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Anotace

Tato disertacni prace se zaméfila na vyzkum casoprostorového chovani, velikosti
domovskych okrskii a zpracovani sezonnich rytmt samcu Siky (Cervus nippon) v honitbé
Hradisté¢ pomoci telemetrického sledovani. Cilem prace byla snaha objasnit nckteré
neznamé aspekty ekologie a etologie tohoto druhu. Sika je introdukovanym druhem, ktery
se v oblasti Doupovskych hor na izemi honitby Hradisté vyskytuje prokazateln¢ od roku
1969. Sbér telemetrickych dat je provadén souvisle od roku 2009 pomoci GPS obojku.
Studijni izemi zahrnuje Sirokou mozaiku rtznych biotopt, které se rozkladaji na plose
35435 ha.

Pomoci ziskanych idaji se podatilo vyhodnotit velikosti domovskych okrskii u samct siky
v zavislosti na v€ku a pouzitych metodach zpracovani dat. Domovské okrsky byly
pomérné stabilni, u sledovanych jedinct se pii mési¢nim odstupu piekryvaly piiblizné¢ ze
tii Ctvrtin, pfi tiimésicnim odstupu zhruba z jedné tietiny. Nasli se vSak i jedinci, ktefi
béhem sezény obyvali n€kolik naprosto odlisSnych domovskych okrskidi. Srovnanim
S ostatnimi publikovanymi udaji bylo zjisténo, ze domovské okrsky sledovanych jelent
patii mezi vitbec nejvétsi znamé domovské okrsky samct, jak v jejich ptivodni domoving,
tak i na mistech, kam byli introdukovani. V prib&hu roku je aktivita jelent dosti variabilni.
Minima dosahuje v zimnich mésicich, naopak zvySena mira aktivity je patrna na jate a pak
také na podzim v obdobi fije.

Pii studiu velikosti domovskych okrski se ukazalo, Ze poloha a velikost okrsku je
V zimnich mésicich znacné ovliviiovana pifikrmovanim zvéte. Toho lze vyuZit v ochrané
lesnich porostii pted poskozenim okusem a loupanim, kdy lze vhodnym rozlozenim
pfikrmovacich mist odvést zvéf mimo nejcitliv§j$i plochy. Poznatky ziskané z
vyhodnocenych aktivitovych dat lze také spole¢né se znalosti velikosti domovskych okrski
vyuzit v mysliveckém managementu k omezeni hybridizace s jelenem evropskym (Cervus

elaphus).

Klic¢ova slova

Sika, telemetrické sledovani, GPS obojek, domovské okrsky, popula¢ni hustoty.



Abstrakt

This Phd thesis deals with time variable spatial behaviour, home-range size and elaboration
of seasonal rhythms of sika deer (Cervus nippon) stags in the “Hradi$té” hunting ground.
The research was based on the use of telemetry equipment. The aim of the study is to at
least partly elucidate several ecological aspects of this species. Sika deer is introduced
species in the Doupovské Mountains; in the “Hradist¢” hunting ground was its presence
first proved in the year 1969. Data have been collected continuously since 2009 using GPS
collars. Study area covers 35,435 hectares and consists of wide variety of biotopes.

The data collected authorized the computation home-range sizes of sika deer stags in
relation to their age with the help of different methods of data processing. Home-ranges
were relatively stable; they overlapped in average from approximately 75% within an
individual in monthly interval. The overlap in three months interval was then about 33%.
However some stags were found in several completely different home-ranges during the
season. As discussed with available research papers, it was found out that monitored sika
deer stags have the largest home-ranges ever recorded; results from their natural range and
also from countries where the species was introduced. Stags” activity was proved not to be
stable within the season. The activity is minimal in the winter whereas increased activity
rate is in the spring and also in the autumn — in the rut.

The home-range size study detected significant impact of game feeding in the winter on the
location and size of particular home-ranges. This phenomenon can be preferably used in
the protection of young forest stands to avoid game damages. The results concerning
activity together with the knowledge of home-range size can be used in game management,

especially to reduce the risk of hybridization with the red deer (Cervus elaphus).
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1. Uvod

Predkladana disertacni prace se vénuje introdukovanému druhu z ¢eledi jelenovitych
sikovi (Cervus nippon). Resenou problematikou je analyza velikosti domovskych
okrskd.

Vyzkum byl realizovan v oblasti Doupovskych hor, kde se sika vyskytuje
ve vysokych popula¢nich hustotach sympatricky s jelenem evropskym jiz nékolik
desetileti. Oblast je dnes ve stfedni Evropé znama hybridizaci siky a jelena evropského
(Cervus elaphus). Sika zde také pusobi velmi vyznamné $kody na mladych lesnich
porostech, a to jak jehli¢natych, tak listnatych. Modelova oblast lezi ve vojenském
vycvikovém prostoru Hradisté, ktera je myslivecky, lesnicky a zemédélsky spravovana
Vojenskymi lesy a statky CR, s.p. Hlavnim typem prostiedi jsou smiSené porosty
s enklavami luk a druhotného bezlesi, které dnes tvoii kfovinné sukcesni porosty.
Se zamérem vyzkumu byl management VLS CR, s.p. seznamen a byl vydan souhlas
pro provadéni vyzkumnych praci pomoci telemetrického GPS zafizeni. Tato studie
navazuje na projekt VLS CR, s.p. se zaméfenim na telemetrii siky, ktery ma pocatek

feSeni v roce 2009, a bylo pfi ném oznaceno 6 jedinct siky.

Sika (Cervus nippon) je puvodnim druhem z vychodni a jihovychodni Asie.
Do Evropy byl introdukovan v pribéhu 19. stoleti (Barto§, 2007). V poslednich
desetiletich dochazi k jeho spontannimu $ifeni (Barto§ 2007, Homolka, Heroldova 2003,
Schutz et al. 2003). Mezi hlavni problémové interakce s autochtonnimi druhy je
povazovana potravni konkurence a s ni souvisejici Skody na zemédélskych a lesnich
kulturach, ale zejména spontanni hybridizace s jelenem evropskym (Cervus elaphus)
(Barto$, Zirovnicky 1981, Gehle, Herzog 1998, Goodman et al. 1999, Nagata et al.
1999). Hybridni jedinci byli zjisténi v obou nasich hlavnich populacich (zapadoceské i
moravské). Tito jedinci jsou nadale plodni a vykazuji znaky obou druhti (Bartos 2007,
Cerveny 2003). Pravé silné ovlivnéni autochtonnich populaci jelena evropského sikou a
jejich naruseni je diivodem potieby studia interakci mezi neptivodnim sikou, pivodnimi
druhy sudokopytniki (kterym je sika novy konkurent) a prostiedim. I piesto, ze

nebezpecnost naruSeni populaci jelena evropského sikou je zndma nékolik desitek let,



jsou mezidruhové vztahy siky v kontinentalni Evropé téméf nezdokumentovany.
Publikovany diikaz zalozeny na ptikladech telemetrie sik a ostatnich druht
sudokopytnikti v Evropé je vzacny (Mann, Putman 1989). Vzhledem K neustale se
zvétsujicimu areédlu rozsifeni v CR (Andéra, Cerveny 2009) jsou znalosti o biologii a
ekologii naSich populaci dosud velice nedostate¢né. Nase bibliografie sik se zamétuje
zejména na potvrzeni hybridizace siky s jelenem evropskym (Barto§, Zirovnicky 1981),
parazitologii a morfometrii (Homolka, Heroldova 2003, Martin et al. 2007) a na skody
na lesnich porostech (Kamler et al. 2007), pfipadn¢ na myslivecky chov sik (Husak et
al. 1986). Zcela chybi jakékoliv relevantni publikace o biologii, ekologii a
mezidruhovych interakcich z Ceské republiky. Vroce 2009 byla publikovana
monografie siky (McCullough et al. 2009), kde autofi konstatuji nedostate¢né znalosti

o interakcich mezi sikou S ostatnimi druhy jelenovitych a prostiedim v Evropé.

Krom¢ mezidruhového kiizeni siky japonského s jelenem evropskym (Bartos,
Zirovnicky 1981, Gehle, Herzog 1998, Goodman et al. 1999, Nagata et al. 1995) doslo
K potvrzeni i dalSich negativnich interakci sik a pravdépodobné i jejich k¥izencd
s autochtonni flérou a faunou v riznych typech prostiedi (Borkowski 2000, Hanaford et
al. 2006), ptipadné i k vyznamnym vliviim na vegetaci v ptivodnim arealu pfi vysokych
popula¢nich  hustotach (lgarashi,Takatsuki 2008, Takatsuki 2009). Velikosti
domovskych okrski (Home range) se v aredlu ptivodniho vyskytu znaéné€ odliSuji podle
charakteru habitatu (Tsuneaki, Takatsuki 2009). Jsou udavany hodnoty od 0,2 km?
(Nagata 2005, Sakuragi et al. 2003) do 1-2 km? (Igota, et al. 2004, Yabe, Koizumi
2003) a dokonce i vice jak 10 km? (Jiang et al. 2006). Jak u jinych jelenovitych, tak
i u sik, jsou divodem migrace dostupnost potravy a riziko predace (Sakuragi et al.
2003). U jelenovitych je také znama sezonni zména domovského okrsku (napf. letni a
zimni) (Fryxell, Sinclair 1988). To bylo potvrzeno i u sik (lgota et al. 2004, Jiang et al.
2006, Takatsuki 2009). Bézné byli migrace mladych jedinci na vzdalenost 10 i vice
kilometrt (Nagata 1995, Satake et al. 1994,). V Japonsku byly charakterizovany 2 typy
behavioralni aktivity. Cast populace je stald - vérna stanovisti, ¢ast populace migruje, a
to bud’ sezonné nebo putuji béhem Zivota (Tsuneaki, Takasuki 2009). To koresponduje
se zjisténim u ostatnich druht jelenovitych (Fretwell 1972). Duvody migrace nebyly

dosud dostateéné vysvétleny. Napiiklad Sakuragi (2003) zjistil, Ze migrujici ¢ast



populace sik nutné neziska vyssi kvalitu potravy nez rezidentni ¢ast populace. OvSem
obecn¢ se ukazuje, ze kvalita potravy hraje pfi migracich dilezitéj$i roli nez jeji
absolutni mnozstvi (Sakuragi et al. 2003). Tradi¢ni migrace jelenl je také urcovana
socialnimi interakcemi mezi Cleny stada (Van Deelen et al. 1998). V kontinentalni
Evropé je dosud jen velmi malo informaci o migraci siki a jejich behavioralnich
aktivitach. Pti telemetrickém studiu jelena evropského v Evropé (Georgii 1980, Kamler
et al. 2007, Sustr et al. 2006, Zsolt et al. 2006) zjistili velmi podobny model migraéniho
chovani jako u sik v Japonsku. Ke studiu pohybové aktivity se nejcastéji pouziva VHF
radiotelemetrie, kterou ovsem v posledni dobé nahrazuje telemetrie pomoci pfistroju
GPS. Kvalita VHF telemetrie je zavisld na vzdalenosti pozorovatele a sledovaného
zvifete, odrazech radiového signalu, Clenitosti atp. (Zweiffel-Shielly et al. 2007).
Naopak u technologie vyuzivajici GPS zafizeni se poloha zaznamenava vzdy v pfedem
definovany casovy interval a nasledné lze data stadhnout na dalku, aniz by byl
pozorovany objekt rusen (Sustr et al. 2006). Rychlost expanze siky v kolonizovanych
prostiedich byla sledovana ve Spojeném kralovstvi (Livingstone 2001, Putman 2000).
Rychlost kolonizace novych prostfedi souvisi S dostupnosti vhodnych lokalit, zejména
mladych a jinych, ¢lovéku hiife pfistupnych porostii. V prosttedi vyhovujici sikovi
dochazi k jeho Sifeni kontinualné rychlosti 3-5 km za rok. Naopak pfi ostrivkovitém
rozsiteni vhodnych habitatti areal sik del$i dobu stagnuje, ale poté nasleduje rychla

skokova expanze (Livingstone 2001, Putman 2000).

Jelen evropsky i sika ziji sympatricky ve vétsing€ svého evropského arealu (Bartos 2007,
Gehle, Herzog 1998, McCullough et al. 2009). Pfi studiu potravni kompetice siky
S ostatnimi jelenovitymi na Britskych ostrovech (Putman 1996) byla zjisténa vysoka
korelace v potravé siky a jelena evropského (0,8-0,9), se srn¢i zvéti byla nizsi (0,52-
0,63). Dtkladné studie o vyuzivani prostiedi sikou a jelenem, pfipadné srncem, nebyly

v Evropé publikovany.



2. Cile prace

Hlavnim cilem této doktorské prace bylo zjistit prostorovou aktivitu siky a stanovit
strategie, které by mohli mit G¢inny vliv na omezeni Skod na lesnich porostech,
na omezeni rozsifovani siky do dalSich oblasti, na omezeni hybridizace s jelenem

evropskym a na stanoveni vhodného mysliveckého managementu.
Konkrétné byly feseny tyto ukoly:
1) Srovnat prostorovou aktivitu, velikost domovskych okrskt, vyuzit prostredi
(habitat use) a pohybovou aktivitu siky na zakladé telemetrického sledovani

jedincti ozna¢enych GPS technologii.

2) Stanovit potencialni interakce mezi sikou a jelenem evropskym a prostiedim

V oblasti spole¢ného vyskytu a vzajemnych konkurencnich vztahd.
3) Navrhnout vhodny management pro populace sledovanych druhti s dirazem

na zastaveni rozSifovani arealu vyskytu siky a s minimalizaci moznosti

hybridizace s jelenem evropskym.
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3. Literarni reSerse
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Obr. ¢. 1 Sika (foto S. Dvordk)

3.1. Metody urceni domovskych okrskii

V soucasné dob¢ se v odborném tisku objevuje mnoho novych metod, jez se vénuji
uréeni domovskych okrskii. Vedle toho se neustidle pouzivaji i star$i metody, které

ke svému urceni nepotiebuji takové mnozstvi dat.

3.1.1. CMR metoda

Odchytova metoda neboli metoda capture-mark-recapture (CMR) vyuziva zpétného
odchytu znackovaného jedince do tzv. Zivolovnych pasti. PouZiva se hlavné k urc¢ovani
riznych populacnich parametrt jako je velikost populace, mira pfezivanim a vékova
struktura dané populace. Tato metoda se dale da vyuzit napt. K uréeni velikosti

domovského okrsku u jednotlivych jedincti, pro prostorovou distribuci domovskych
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okrsku a pro jejich vyuziti. Tato metoda je zakladem pro telemetrické sledovani.
Nové¢ odchyceni jedinci jsou oznaceni ¢ipem, ktery se aplikuje pod kiizi na krku kousek
za slecha. Pro tento druh sledovani jsou velmi vhodné ¢ipy znacky Planet ID, které jsou

urceny pro psy, kocky, hlodavce, konég, osly atd. (Dvoiak 2011, Takatsuki 1980).

3.1.2. Konvenc¢ni radiotelemetricka metoda

X3,Y3

X1,Y

Obr. ¢. 2 Princip triangulacni metody ze 3 stanovist se zndmou polohou. Spojenim

vSech tri uhlu ziskame fix (lokalizace jedince) (Dvorak 2011).

Odhad mista vyskytu zvifete je zaloZen na metod¢ triangulace, tedy na protinani tthlt
ze sméri. Na dvou, nejlépe tfech stanovistich, provedeme méfeni se znamou polohou.
Pomoci smérové antény a piijimace najdeme smér, odkud jde nejsilngjsi signal, a
buzolou zméfime azimut. Protnutim vsech tfi sméra ziskame lokalizaci jedince tzv. fix,
coz je aktudlni poloha sledovaného objektu v terénu. V ptipade, ze telemetrické méteni
provadi jen jedna osoba nebo je mozné pouziti jen jedné antény a piijimace, je realizace
méfeni ze vSech tii stanovist’ ve stejny okamzik neuskutecnitelna. Je proto potieba je
provadét postupné. Pii premistovani méfitele z jednoho stanovisté na druhé dochazi
k casové prodleveé, v niz sledovany jedinec také muze zmeénit pozici, a ziskame tak

12



nepiesnou lokalizaci. Ptfi tomto méfeni je tedy tieba eliminovat ¢asové prodlevy
na minimum, aby byly vysledky velikosti domovského okrsku a trasy pohybu co
nejpresnéjsi (De Solla et al. 1999, Takatsuki 1986).

3.1.3. Telemetrie s GPS technologii

Jedna se v podstaté o stejny zplisob méteni jako v predeslém piipadé s tim, ze obojek je
navic vybaven GPS modulem (Global Position System — globalni pozi¢ni systém)
pro lokalizaci aktualni polohy. Toto zafizeni (dle typu) pracuje s piesnosti od 10
do 15 m. Jednotlivé polohové udaje jsou ukladany do paméti v ur€itych (pfedem
navolenych) &asovych sekvencich. Casové sekvence jsou nastaveny vzhledem
ke kapacité baterie tak, aby vydrzela optimalni zvolenou dobu. GPS zafizeni je dale
vybaveno GSM modulem pro vloZeni SIM karty, ktery poté odesila naétené soufadnice
do cteciho zafizeni pracujictho na bazi VHF/UHF v pozadovaném formatu. Jeho
prostiednictvim se mohou data ptevést na mapovy podklad nebo k dalsimu vyhodnoceni
(Dvorak 2010, Takatsuki 2009, Takatsuki et.al. 2000).

13
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Obr. ¢. 3 Zarizeni a technologie k GPS sledovani (Dvorak 2010)

3.1.4. Zartizeni ke sledovani ozna¢enych jedinca

V soucasné dob¢ se zalind nejCastéji pouzivat obojek S vysilatkou, kterda ma
zabudovany GPS modul.

Zékladem vysilace je GPS zafizeni, které pracuje S pfesnosti 5 az 10 m. Vysilac je
vybaven zafizenim pro ulozZeni zamétenych pozic, obojky je mozno dovybavit dalSimi
senzory - pro sledovani teploty (k méteni dochazi kazdé 2 hodiny), nadmotské vysky,
aktivitovych dat (k méfeni dochazi kazdych 5 minut), senzorem mortality K zjisténi
uhynu zvifete. Tento senzor nas upozoriiuje na Uhyn zvitete, tzn. signalizuje, jestlize

nedojde za 24 hodin k zadnému pohybu.

14



Obojky s vysilackami jsou na ptani zakaznika nastaveny tak, aby zamétovaly pozici
oznacené¢ho jedince kazdé dvé hodiny. Na obojcich mizeme ménit na dalku vychozi
nastaveni pomoci ru¢niho terminalu, a to az na vzdélenost 5 km. Timto termindlem se
také stahuji z obojki data s oznacenim jednotlivych pozic. Tyto udaje je mozné stahovat
do vzdalenosti 5 km, ale pouze v ptipad¢ piimé viditelnosti ozna¢enych jedincu.

Obojky jsou vybaveny VHF vysilacem, ktery slouzi ve spojeni s VHF pfijimacem (R
1000) K orientacnimu urceni polohy oznacené¢ho jedince. VHF signal je mozné
pii optimalnich podminkach zachytit az na vzdalenost 30 km. Vysila¢ je z divodu
uspory baterie nastaven na 12-ti hodinovy cyklus vysilani (Dvofak 2011, Takatsuki
2009).

Velikost obojkil je oznacovana podle velikosti baterie a vahy baterie od 1C s vahou 350
g, ptes 1D, 2D, 3D, 4D, 5D, 6D, po 7D s vahou 1380 g. Pro vyzkum byly vybrany
obojky GPS Plus 2006 Collar od firmy Vectronic Aerospace GmbH, a to konkrétné
obojky GPS Plus 2006 Collar 2D s vahou 600 g a s moznosti zdznamu pramérného
poctu 14 940 zamétfenych poloh, 3D s vdhou 800 g a moZnosti zaznamu primérného
poctu 24 900 zaméfenych poloh, déale obojky 4D o vaze 830 g, bez automatického
rozepnuti obojku, obojky 4D o vaze 980 g s automatickym rozepnutim a moduly GSM.
U obojkl 4D je mozno v optimalnim pfipad€ zaznamenat az 52 500 zamétenych poloh

(www. vectronic- aerospace.com).

Spolehlivost obojkli je u riznych vyrobcii rozdilnd, vétSina vSak dostacuje
ke studiu sezonni migrace. Jako ptiklad je mozné uvést projekt z Japonska, kde bylo
v rozmezi od bifezna 2002 do biezna 2004 nasazeno 21 GPS obojki na 20 jedinct
Vv oblasti vrchoviny Shiranuka na vychodé¢ Hokkaida. Z t€chto 21 nasazenych zafizeni
bylo udrZzeno v provozu 17 obojki a bylo znich ziskdno 20 278 zaméfeni. Doba
sledovani byla 267 +/- 17 dni. Mira uspéSnosti zaméieni 62,9 %. Podil tii
dimenzionalnich uréeni polohy (3D) byl primérné 46,4 %. V rozsahu od 12,8 % do 99
% byly porovnavany hodnoty tspé$ného zaméieni ze tii obdobi (zima, obdobi migrace
a léta). Miizeme konstatovat, Ze ve vétSin€ piipadi byla mira Gspéchu zaméfeni vyssi
Vv zim¢ nez v 1ét€. Byl zjiStén zasadni vliv hustoty porostu (stromové klenby) na miru

uspesného zamétreni GPS obojku. Ackoliv ma telemetrie na bazi GPS své slabé stranky
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souvisejici se znovuziskanim obojku a sbérem dat, poskytuje tato metoda moznost
zaméteni velkého objemu lokaci. Lze konstatovat, ze sbér dat pomoci GPS zafizeni je

vhodnou metodou pro studium migra¢niho chovani si¢i zvéte (Uno, Kaji 2000).

Obr. ¢ 4 Zarizeni ke stahovani dat z obojkii (foto S. Dvorak)

3.1.5. Vyrobci telemetrického zarizeni

Lotek — prikopnik v technologiich GPS telemetrickych obojki. Tato kanadska
spole¢nost prisla prvni s konceptem GPS modulu montovanym na obojky. Obecné Ize
fici, ze se jedna o nejvyznamnéjsiho vyrobce veskerého vybaveni pro telemetrické
sledovani, obojktli, pfijmach a softwaru pro zpracovani aktivitovych dat a sledovani.
V roce 2011 pfinesla tato spole¢nost na trh obojky s kamerou a mikrofonem snimajici
v ur¢itych predem nastavenych sekvencich aktivitu v okoli zvéte. Dalsi zvlastnosti je
senzor polohy hlavy zvifete. Produkty Loteku funguji 1 na jinych platformach jako

Irirdium, Argos nebo Globemaster (www.lotek.com).

Sirtrack — nejvyznamnéjsi vyrobce technologii telemetrického sledovani z Nového
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Z¢landu. Na pocatku se jednalo o nezavisly subjekt pfi kralovském védeckém institutu,
ktery byl pozdéji odkoupen Lotekem. Oba subjekty jsou v podstaté nejvétsimi a zaroven
nejzkusenéjsimi producenty technologii telemetrického sledovani. Zkusenosti nabyté pii
sledovani zvéfe pro NZCRI se nyni podili na wvyvoji sledovacich pomiicek

pro nejvyznamngéjsi projekty v oblasti sledovani zvéie (www.sirtrack.com).

Vectronic — nejveétsi evropska spolecnost zabyvajici se vyvojem a prodejem technologii
pro telemetrické sledovani zvéie, se dale zabyva satelitnimi systémy a druzicovymi
technologiemi. Vectronic téz vytvaii veSkeré suplementy nutné pro telemetrické
sledovani a vyviji softwarové aplikace. Produkty této spolecnosti jsou pouzivany

v ramci projektd realizovanych v CR (Www.vectronic-aerospace.com).

Blue sky - britsky vyrobce telemetrickych a GPS technologii. Na trhu ma v podstaté
nejkrat§i historii. Technologie jsou srovnatelné s ostatnimi vyrobci. Jako inovaci

pouziva senzor srde¢ni ¢innosti (wWww.bluesky.co.uk).

Followit — skandinavsky vyrobce telemetrickych technologii. Primarné se zabyva
vyhledavacimi systémy na bazi GPS, obojky pro telemetrické sledovani jsou jakousi

okrajovou produkci vyuzivanou zejména lokalnimi patrioty (www.followit.com).

Obr. ¢. 5 GPS obojky firmy Lotek (www.lotek.com)
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3.2. Charakteristika domovského okrsku a teritoria siky

Rozdil mezi domovskym okrskem a teritoriem je urcen predevsim velikosti a druhem

zvéte, ktera se na dané ploSe pohybuje.

Domovsky okrsek velkych bylozravca jako jsou kopytnici, obvykle zahrnuje nékolik
rostlinnych spolecenstev, ktera jsou preferovana v souladu snaroky na potravu a
pokrytim jejich pozadavku. V jinych oblastech fluktuuje potravni nabidka domovskych
okrskti v sezonnich cyklech, coz ma vliv na vyuziti domovskych okrskti. Naptiklad
snih, pfesun kopytnikii a jiné, maji za nasledek redukci velikosti domacich okrsk.
Muzeme vzit v Gvahu i vliv predatord. (Cederlund a Lindstrom 1983, Festa-Bianchet
1988, Kie 1999, Lima a Dill 1990).

3.2.1. Teritorium

Z hlediska prostorové aktivity a rozSifeni zvéte jsou mistni pfirodni zdroje jednim
z urCujicich faktorti, druhy potom délime na teritoridlni a neteritoridlni. Teritorium je
podle dnes vSeobecné uznavané definice Jewella (1966): ,,Oblast obhajovana jeho
drzitelem proti ostatnim, kterd miiZe nebo nemusi byt soucasti tzv. domovského,
nicméné je pod kontrolou jejiho drzitele®. Samci, kterym se nepodatilo pro sebe ziskat
teritorium, se nazyvaji ,neteritoridlni“ a obyvaji podobné jako samice domovsky

okrsek.

3.2.2. Domovsky okrsek

Definici domovského okrsku stanovil téz Jewell (1966). Je to ,,omezena oblast, v jejimz
ramci jednotliva zvét nebo celé skupiny zvéfe ziji.* Zatimco teritoria se prekryvaji jen
velmi zfidka, domovské okrsky se prekryvaji Casto a vétSinou zasahuji do nékterého

nebo nékterych teritorii.

Z hlediska ekologickych definici pojmt teritoriality a domovského okrsku je tfeba

zminit jeSté jeden dulezity pojem, jimz je lek. Mezinarodni vyraz lek (odvozeny
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od skandinavského pojmu) nema pro savce v c¢eStiné svij ekvivalent. Jde
0 omezené uzemi, ve kterém se soustfed’uji samci téhoz druhu (Barto§ 2007). U siky

vybiraji lek samice, stejné tak jako u jelena lesniho.

Domovsky okrsek je tedy oblast, ve které se jedinec nebo skupina jedincti pohybuje pii
shanéni potravy, pafeni a vychové mladat a jejiz hranice se mohou piekryvat
S hranicemi ostatnich domovskych okrskl, jak jiz bylo zminéno vySe. Velikost
domovského okrsku se liSi podle druhu savce a pohybuje se v intencich od nékolika
metri ¢tvereCnych az po desitky i stovky kilometri ¢tverecnych. Znacné proménliva
velikost domovského okrsku je i v rdmci jednoho druhu. Velikost je vysledkem rozdilné
pocetnosti druhu, kterd je zavisla na uzivnosti daného prostfedi a na mnozstvi ukryti
(Odum 1977). Napi. domovsky okrsek srny je v olSovém porostu 4,3 ha (produkce
susiny olSového porostu je v 1ét€ 112,4 /100 ha) a v horském opadavém lese 65,3 ha
(produkce susiny horského opadavého lesa je v 1ét¢ 30 t/100 ha). Domovsky okrsek
musi byt tedy tak velky, aby zajistil jednotliveim nebo skupinam téhoz druhu

sobéstacnost. Jinak feceno, je tak maly, jak jen je mozné (Vlasak 1986).

Duvody vzniku domovského okrsku ¢i teritoria jsou dle Begona (1997) nasledujici:
1) Vétsi Sance uniknout predatoriim,
2) Dostatek potravy na co nejmen$im prostoru,
3) Dostatek ukrytii a mist nutnych k pieziti,

4) vyssi reprodukéni ispéch.

Domovské okrsky mohou byt stalé (permanentni) a sezonni (pfechodna), tteba na dobu
rozmnozovani. Domovsky okrsek ma urcitou strukturu — mista pro odpocinek, tkryty,
mista piijmu potravy, u nekterych savet téz mista ukladani trusu, pricemz tato mista
jsou spojena ochozy, po kterych se zvife viceméné pravidelné¢ pohybuje. Domovsky

okrsek a jeho hranice jsou zvéfi obhajovany. Toto se déje n€kolika zptisoby:

1) Akusticky — troubeni jelent v fiji,
2) Opticky — oloupavanim kiry ze stromti medvédy,

3) Chemicky — pomoci vymésku zvlastnich zlaz.
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3.2.3. Potravni vyuziti domovského okrsku sikou

Potravni naroky siky byly zkoumany na ostrové Kinkanzan, ktery ma vyméru 960 ha.
Bylo zjisténo, ze pievlada potrava slozena prevazné z trav Zoysia japonica, Miscanthus
sinensis — ozdobnice ¢inska a bambusu Pleioblastus chino. Tyto druhy tvoii zaklad
potravy. Poskozeni lesnich porosti se projevovalo hlavné v 1ét€, kdy dochazelo
k loupani jehlicnatych dfevin. Podle dosavadnich vyzkumut se zda, ze loupani kiry
na ostrové Kinkanzan neni zptsobeno nedostatkem potravy, ale spiSe vede k dosazeni
spravné rovnovahy mineralnich slozek v téle (Dvorak 2010, Takatsuki 1980).

Na ostrové Hokkaido byly zjistény Uplné rozdilné stravovaci navyky nez na jinych
ostrovech. Zveét v severni Casti se orientovala na potravu, v jejimz slozeni dominoval
bambus, zvéEf z jizni Casti se orientovala pfevazné na plody a potravu, v niz dominovaly

jehli¢naté dieviny (McCullough et al. 2009).

V Cechach byl provadén rozbor potravy siky na Bouzovsku a vysledkem je tento

prehled (Heroldova 1990):

Listnaté stromy a kefe 38,2 %
Jehli¢nany 12,00%
Byliny 12, 0%

Travy 20, 7%
Semena 9,6 %
Kapradiny 3,3%
Drevo a kura 2, 2%
Houby 0,5%

Mechy 0,3%
Zivogidna potrava 1,3%

Dale byl rozbor potravy si¢i zvéfe provadén na Manétinsku, kde bylo dosazeno téchto

vysledkt (Kamler et al. 2007):

Listnaté stromy a kefe 4,2%
Jehli¢nany 20,5%
Byliny 10,0 %
Traviny 23,9 %
Plody a semena 17, 7%
Obili 20,18 %
Borlvka 3,2%
malinik, kapradiny, sitina ojedinéle
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Studie domovského okrsku siky nejsou piilis Casté. Existuje nékolik studii o sezonni
migraci ovlivnéné sn¢hem. Vyska snéhové pokryvky limituje dostupnost potravy. Tyto
studie vsak nejsou pouzitelné v pripadé ostrova Kinkanzan, protoze zde se snih
nevyskytuje. Klima je zde ovliviiovano Pacifickym oceanem (Maruyama 1981,
Takatsuki et al. 2000, Uno, Kaji 2000).

Ostatni studie uvadéji potravni rozbory a vyuziti potravy béhem roku nasledovné.

Zoysia japonica byla hlavni slozkou potravy si¢i zvéte na ostrové Kinkanzan ze 70 %,
Klesala na 14 % béhem zimniho obdobi. Nicméné porovnanim potravnich navyka 20 let
po Takatsukiho vyzkumu provedeného mezi lety 1976 - 1977, kdy Zoysia japonica byla
také hlavni soucasti potravy, ale tvotila 20 az 30 % Vv letnim obdobi a méné nez 10 %

v obdobi zimy (Takatsuki 1980).

Si¢i zveér pii zvySenych stavech zpusobuje vyrazné Skody na lesnich dfevinach.
Na japonskych ostrovech bylo provadéno nékolik studii, které zkoumaly poskozeni
lesnich porostil. Studie z ostrova Kinkanzan shrnuje vyzkum takto:

- vice nez polovina konifer zahrnujicich smrk hondo, jedli nikko, jedlovec
ruznolisty a cypfi$ hinoki byla sloupana sikou. Vétsi ¢ast obvodi stromi byla
poskozena loupanim a v dasledku toho doslo k uhynu poskozenych jedincd
(Yokoyama et al. 2001).

- 75,9% smrkli hondo postizenych loupanim uhynulo. Loupanim nebyly postiZzeny

pouze kmeny buku sieboldova (Akashi, Nakashizuka 1999, Ando et al. 2004).

Na ochranu lesnich porostl, zvlast¢ smrku hondo, zahajilo Ministerstvo Zivotniho
prostiedi Japonska program na ochranu lesti v roce 1986. Od roku 1991 do 2001 bylo
vice nez 22 tisic stromil vybaveno prvky individudlni ochrany kmene pomoci kovovych
folii. Zbyvajici oblasti svyskytem smrku hondo byly permanentné uzavieny
oplocenkami. Rokem 2002 zapocalo opatieni k redukci stavi Siky takového charakteru,
aby bylo dosazeno hustoty populace 10 kust/1 km ¢tverec¢ni do roku 2006 (Ministry of
the environment of Japan 2001).

Populace si¢i zvéte na vychodu ostrova Hokkaidd dramaticky vzrostla béhem 80. let

s absolutnim vrcholem okolo roku 1995. Pozdé&ji pozvolna klesala v zavislosti
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na zvySeni loveckého tlaku kvili neimérnym Skodam na lesnich porostech a

zemédelskych kulturach (Kaji et al. 2000, Uno et al. 2006).

Vsechna zvirata za sledované obdobi

T1.2 K1
1%, ~1%

L2.2
4%
L4
X7 1%
10
x3 0~
1% x12 _
2%
T34 119_ . T110)5
1% 4% 1% °
Graf¢. 1 Vyskyt podle biotopii za vSechny jeleny a za celé sledované obdobi.

Zkratky biotopii viz. tab. 1. (Dvorak 2010).

Vyse uvedeny graf znazoriiuje vyuziti prostiedi sikou v honitbé Hradist€¢ v obdobi
od 31. 8 2009 do 1. 3. 2010. Data byla ziskana ze sledovani péti samct siky.
K sestaveni grafu byla pouzita data z 6800 zaméfeni po vytiidéni chybnych bodi.
K sestaveni grafu bylo pouzito mapovani biotopii AOPK z roku 2001 az 2004, které
vzniklo v souvislosti s vyhlasenim ptaci oblasti Natura 2000 pro oblast Doupovské
hory. Kazdému bodu zaméfeni byl ptifazen soubor biotopt, v ptipadé vyskytu vétsiho
mnozstvi biotopti na dané lokalité byl vybiran biotop podle prevladajicich procent.

Ptehled biotopti je uveden v nasledujicim piehledu se stru¢nou charakteristikou.
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Oznacdeni

Nazev

Charakteristika

L2.2

Udolni jasanovo-
olSové luhy

Ttipatrové az Ctyfpatrové porosty tvofené dominantni ol$i lepkavou
nebo jasanem ztepilym a piimési dalSich listnacu.

L5.1 Kvétnaté buciny Listnaté lesy s pfevladajicim bukem a nékdy s pfimési dalsSich listnaca.
S, .1, | Svetlé lesy s Sipakem, na méné suchych ptidach nebo v
L6.1 Perialp ! ds}<e bazifilni makroklimaticky vlh¢ich oblastech také s dubem zimnim. Bohaté
teplomilné doubravy R
vyvinuté kefové patro.
171 Suché acidofilni Svétlé doubravy s dominanci dubu zimniho nebo letniho, se slabsi
' doubravy primési biizy bélokoré a borovice lesni.
Listnaté nebo smiSené lesy s prevladajicim bukem lesnim a piimési
L5.4 Acidofilni buciny dalsich listnacd nebo jehlicnanl. Kefové patro vétSinou chybi nebo ma
malou pokryvnost.
Svétlé porosty olSe lepkavé, misty se slabou ptimesi biizy pyfité. V
L1.1 Moktadni olSiny ketfovém patie se vyskytuji jefab ptaci, sttemcha obecnd, malinik
obecny a krusina olSova.
Stromové patro je druhoveé bohatsi nez u jinych tipti mezofilnich
L4 Sutové lesy lestnatych lest. Pfevladaji v ném sut'ové dieviny - javor mleé, javor
klen, jasan ztepily, lipa srd¢ita, lipa velkolista, habr obecny a buk lesni.
K3 Vysoké mezofilni a Husté, Casto trnité kioviny, vysoké kolem 2 -5 m, druhové bohaté, ¢asto
xerofilni kfoviny velkoplosné nebo liniové. Vesmés maji vice dominatnich druht.
Svétlé kefové nebo stromové vrbiny s dominanci vrb, ostruzinikd,
K1 Mokftadni vrbiny castym vyskytem kruSiny a s pfimési sttemchy obecné. Vyznacuji se
neostrou hranici mezi kefovym a stromovym patrem.
Lesron kult}lry s Lesni kultury s vysazenymi dfevinami, které nebyly soucasti
nepuvodnimi . , o o .. o “ . oo
X9 A S, ptirozenych lesi, ptipadné v nich mély jen mensi podil - smrk ztepily,
jehliénatymi . . o ,
L. . borovice lesni, modiin opadavy.
dfevinami
Nalety pionyrskgch Spontél}ni nélet.}i piovr.l'}'/'rskych strs)’moxf}’/ch dfc?vir} na n?lesnicvh ploch:éich
X12 dfevin mimo sidla. Nejcastéji jde o mensi lesiky vzniklé na ptivodné nelesni
pudé nebo polni remizky.
Zastaveéné Casti mést a vesnic nebo primyslovych a zemedélskych
X1 Urbanizovana tizemi | objektl, véetné ruderalni bylinné a dieviné vegetace, parkd, stromotadi,
mensSich lesikl a kfovin na volnych plochach mezi zastavbou.
X2 Intenzivné Kultury obilovin a okopanin, zpravidla v rozsahlych lanech nebo i
obhospodarovana pole | mensich polich.
%10 Paseky s podrostem Paseky a holiny, jejichz vegetace druhovym slozenim odpovida
puvodniho lesa bylinnému patru ptivodniho lesa.
1 ivné o L T “
ntenzivne y , Druhové chudé, siln¢ hnojené, nékolikrat do roka se¢ené nebo
X5 obhospodatované . , . y
louky preoravané louky a vysevy travnich smések.
X7 Ruderalni bylinna Porosty ruderalnich a synantropnich bylin, jednoletych i vytrvalych,
vegetace mimo sidla Casto s dominanci invaznich druht.
. , Paseky a holiny s charakteristickou pasekovou vegetaci, ve které jsou
Paseky s nitrofilni : o . . NP ”
X11 vesetaci zastoupeny svétlomilné a na zivyiny naro¢né byliny, u starSich pasek
& kfoviny nebo pionyrské ndletové dieviny.
Extenzivné Lo . .y . , .
X3 obhospodatovana pole Kultury obilovin a okopanin na extenzivné obhospodatovanych polich.
Mezofilni ovsikové Louky nizin a pahorkatin s dominantnim ovsikem vyvySenym nebo
T1.1 . , Yy A N o
louky podhorské louky, ve kterych pievazuji mezofilni travy nizsiho vzristu.
T1.6 I\;g;ka tuzebnikova Zapojené porosty Sirokolistnych bylin vyssiho vzrastu.
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Vegetace vlhkych Stfedné vysoké travinobylinné porosty s dominujicimi sitinami,
T1.10 . o v T , o
naru$enych pud ostficemi a doprovodnymi bylinami vlhkych ptd.
T13 Pohafikové pastviny Kratkostébelné pastviny, narusované travniky a louky kosené vicekrat
do roka.
Uzkolisté suché Vice nebo méné zapojené nizké travniky s dominanci trstnatych travin
T3.3 L . T . .
travniky kosttavy valiské, ostfice nizké, kavylu vlaskovitého.
23 Podhorské a horské Vegetace tvoiena smilkou tuhou a dal§imi druhy trav, doprovazenymi
' smilkové travniky mnoha bylinami.
T15 V1hké pchacové louky | Vlhké az mokré louky s dominantnimi travinami.
T1.2 Eﬁf;e trojstetove Stfedné vysoké louky s dominantnimi travami.
T1.9 Stridavé vlhké, Stiedné vysoké, zapojené lucni porosty s prevladajicim bezkolencem
bezkolencové louky rakosovitym a hojnym zastoupenim dal§ich travin.
T6.1 Acidofilni vegeta(ie Vyskytuji se zde v rizné mife druhy kyselych travniku.
efemer a sukulentd
T4 Mezofilni bylinné Lemy na okrajich mezofilnich lest, zpravidla dubohabiin, mén¢ Casto
' lemy také bucin a vegetace skalnatych svétlin v sutovych lesich.
Sirokolisté suché Z&pOJ ené az fnezernatvf’: travplky ] d.(irvr}lnanmvvaleck.y praporrlte, ’
T3.4 tréavnik ptipadn¢ svetepu vzpiimeného, v nizsi vrstvé zpravidla s vyraznym
Y zastoupenim kostiavy zlabkaté.
R14 Lesni pramenisté bez | Pramenis$té fidce zapojenou bylinnou nebo mechovo bylinnou vegetaci,
' tvorby pénovci v nékterych ptipadech témét bez vegetace.
f . Ploché nebo ¢ockovité vyklenuta ostiicovo-mechova raselinisté s
Nevapnitd mechova y S, , oy - o
R2.2 slatiniste bohat€ vyvinutym mechovym patrem a riizné zapojenym bylinnym
patrem.
M1.1 Rékosiny eutrofnich Strukturné jednoducha, obvykle jedno-az dvouvrstevna vegetace s
' stojatych vod ptevahou bahennich travin.
.. . Kioviny budované hustymi vysokymi kefi, zejména rybizem
K kal | L o 112 P . v s
S15 foviny skal a drolin s alpinskym. Jsou rtizné rozsahlé, od rozvolnénych skupinek kefd az po

rybizem alpinskym

velké porosty na plochach tisicovek m2.

Tabulka ¢. 1 Katalog biotopii Ceské republiky (Chytry et al. 2001)

24




Vsechna zvirata za obdobi
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Graf ¢. 2 Vyuziti porostni piidy oznacenymi jedinci za obdobi 2009 - 2011.

Barevné jsou rozliseny vekové tridy. (Dvorak 2011).

Na uvedeném grafu jde vidét vyuziti porostni pidy za obdobi od 31. 8. 2009 do roku
2011 u péti sledovanych samct. Graf vznikl vyhodnocenim 7000 zaméfeni po vytiidéni
dat. Ke kazdému bodu zamé&feni byla piifazena porostni skupina s vékem. V grafu jsou
barevné oznaCeny veékové tridy, kdy bile jsou ozanceny holiny s vékem 0 let, zluté
kultury s vékem 10 — 20 let, ¢ervené ty¢koviny 21 — 40 let, atd.. V grafu je patrné, ze
samci siky nejvice preferuji kultury do 20-ti let jsou zde zastoupeny 37 %, ostatni

veékove tiidy jsou zastoupeny témeét rovnomeérne.

3.2.4. Faktory ovliviiujici velikost domovskych okrski

Vétsina druhi velkych savcil provadi pohyb, ktery miize byt kategorizovan jako lokalni

ptesun, migrace, disperze nebo jako potulka (McCullough 1985).

Mnoho zvitecich druhli jako hmyz, ryby, ptaci a savci podnikaji pravidelné piesuny,

které jsou oznaCovany jako migrace (Baker 1978).
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Mistni pfesuny jsou ty, které jsou fizené dennimi cestami za potravou, vodou nebo mezi
jednotlivymi tkryty nebo sezonnimi vykyvy jako zména zdroji. Migrace je regulérni

pfesun jedinc mezi prostiedimi (White, Garrot 1990).

Si¢i zver zijici na severu Japonska sezonné migruje. Oproti tomu zveéf na ostrove
Kinkanzan neméni své domovské okrsky sezonné, ale v disledku absence vyskytu
predatorii a neptiznivych podminek jako je snih. Je prokdzano, ze domovsky okrsek je

pozitivné tmérny k velikosti téla (McNab 1963).

Jeleni zvér vzacné méni svij letni domovsky okrsek bez ohledu na migraéni typ.
Vysoka vérnost svému arealu letniho domovského okrsku byla zaznamenana u mnoha
populaci jelenovitych (Brown 1992, Schoen, Kirchhoff 1985, Smith, Robbins 1994,
Tierson, et al. 1985, Uno, Kaji 2000).

Lan¢ kladou potomky a pecuji o n€¢ v letnich domovskych okrscich z diivodu znamého

prostiedi (Adams 1982).

Si¢i zveét prokazuje vysokou vérnost aredlu obou typi domovskych okrskii a
pravidelnym migra¢nim trasam (Sakuragi et al. 2004). Migra¢ni navyky jsou pienaSeny
zlani na kolouchy prostiednictvim uéeni (navyku) (Adams 1982, Nelson 1998).
Nacasovani ptesunt ze zimnich stdvanist’ koresponduji ¢asové s tanim sné¢hu (lgota et

al. 2004).

3.2.5. Vertikalni migrace

Vyzkum velikosti domovskych okrski byl provadén na ostrové Hokkaido ve vychodni
¢asti. Rozloha ostrova je 78 037 km?. Ostrov je znaéné lesnaty, plocha lest zabirad 61%
a povrch ostrova je znaéné vyskove diferencovany. Prumérmé ro¢ni teploty 7-10° C,
srazky 820-1470 mm, primérnd délka snéhové pokryvky trva 50-150 dni. Vzestupni
migranti a sestupni migranti migruji ze zimnich domovskych okrskll v rozmezi biezna.
Névrat do zimnich domovskych okrski se kond od fijna do ledna. Letni domovské

okrsky vzestupnych i sestupnych migrantt jsou Siroce rozprostifeny na uzemi o celkové
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ploSe asi 5734 km?, zatimco zimni domovské okrsky jsou koncentrovany na uzemi
o velikosti 821 km?. Smér migrace viech vzestupnych migranti (90 %) byl orientovan
vychodnim smérem, a vét§ina sestupnych migrantd (86 %) migrovala severnim smérem.
Migra¢ni vzdalenost vSech migrantd byla pruimérné 35,1 +- 3,6 km, coz znamena, Ze
velikost domovskych sezonnich okrskii kolisala v rozmezi od 66 do 125 ha v Iété a

od 74 do 197 ha v zim¢ (lgota et al. 2004).

Opacna vertikalni migrace projevujici se u vzestupnych migrant nebyla nikdy pied tim
pozorovana u si¢i zveéfe nebo jinych jelenovitych. Piedchozi studie vybéru prostiedi
zalozeného na populacni krajiné (sdilené vSemi tfemi migrac¢nimi typy) odhalila, ze
vybér zimniho prostiedi mize byt determinovan pomoci vysky sné¢hové pokryvky a

pokrytim jehli¢natymi dfevinami (Sakuragi et al. 2003).

Migrujici jeleni zvlast¢ vzestupni migranti se opakované pifesunuji na dlouhé
vzdalenosti mezi sezénnimi domovskymi okrsky, i kdyz vyuzivaji relativné omezené
oblasti béhem Iléta a zimy. Letni domovské okrsky vsSech jedincii byly Siroce
roztrousené po vychodnim Hokkaidu. Jedinci z odliSnych zimnich tlup sousedicich
S ostatnimy migranty se také piesunovali na velké vzdalenosti hlavné mezi jezerem
Akan do oblasti letniho domovského okrsku roztrouseného v prefekture Abashiri.
Rozsah sezonni migrace si¢i zvéie z vychodniho Hokkaida byl tedy zna¢ny v porovnani
S jinymi migrujicimi populacemi siky na pevniné (Honsu) (Honma 1995, Maruyama
1981, Miura 1974, Takatsuki et al. 2000, Yabe, Takatsuki 2009).

V ptipad¢ vzestupnych migrantd hraji jehli¢nany dulezitou roli v prib&éhu sezonni
migrace. Vzdy zelené jehlicnaté lesy jsou vyznamné V prostfedi zimovist' z divodu
nizké snéhové pokryvky pod porostem (Bloom 1978, Sakuragi et al. 2003, Wallmo,
Schoen 1980).

Zimni domovské okrsky vSech sestupnych migrantli zahrnuji vice nez 28 % jehli¢natého
porostu, jez mohou poskytnout nélezitou ochranu pro zvéf v momentech hustého

snézeni a sné¢hovych boufi. Vegetace neposkytuje pouze ukryt pied snéhem, dobré
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zivotni podminky a ochranu pfed studenymi teplotami, ale také ukryt pred predatory a

lovci (Hamilton et al. 1980, Nelson, Mech 1981, Takatsuki 1986).

Migrace do vysSich nadmotskych vySek v 1été, kde vegetacni doba zacind pozdéji,
prodluzuje pfistup k vysoko proteinové potravé s nizkym obsahem vlakniny (Albon,

Langvatn 1992).

Vrchovina Shiranuka je povazovana za oblast pfezimovani, kde zvEf preziva i v letech
nejvyssich snéhovych pokryvek v 30 leté periodé (Kaneko et al. 1998).

Si¢i zver prezivajici v téchto utocistich se vyvinula béhem procesu jejiho rozsifovani
do tifi migracnich typt (vzestupni, sestupni a nemigrujici jedinci) (Kaji et al. 2000,
Sakuragi et al. 2003a). Kdyz se nemigrujici jedinci adaptovali na strategii pfezimovani
Vv zimovistich stfednich poloh, nebyli nuceni podstoupit risk migrace ovSem za cenu

dostupnosti potravy nizsi kvality (Sakuragi et al. 2003b).

3.2.6. Strategie nemigrujicich jedinci

Nemigrujici zvét pfezimovavala v zimoviStich stfednich poloh s nizkou snéhovou
pokryvkou s dostatenym pokrytim jehlicnatymi dfevinami a dostatkem porosti
bambusové travy. Nemigrujici jedinci se mohou adaptovat na strategie rezidentt,
jestlize neni migrace nezbytnd, stravi letni sezonu na uzemi, kde je rovnéz moZné
prezimovani. Strategie nemigrujici zvéfe v jednotlivych populacich existuje stejné
dlouho jako u migra¢nich populaci a je zaznamenana u vétsiny druhti jelenovitych (Ball

et al. 2001, Kufeld et al. 1989, Larson et al. 1978, Nicholson et al. 1997).

Populace nemigrujicich jedinct jsou po cely rok ve svych domovskych okrscich,
pficemz tyto domovské okrsky jsou vzdalené od kultur polnich plodin a dopravnich
tepen s velkym provozem. Protoze vSechny migracni typy pouZivaji stejné zimoviste,
velky pohyb zvéfe mé za ndsledek zhorSeni kvality piirozeného prostiedi. Toto
poukazuje na to, ze lokalita zimovisté¢ muze byt relativné chuda vlivem vyssiho tlaku

zvéie pii vysokych populaénich hustotach na zimovisti v zimé (Sabine et al. 2002).
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3.2.7. Nacasovani podzimni migrace

Nékolik studii prokazuje, ze vySka snéhové pokryvky je pro podzimni migraci
jelenovitych zasadnéjsi nez pokles teploty (Smith, Robbins 1994, Tierson et al. 1985).

Napf. jelenec b&loocasy vV Severni Americe zahaji migraci z letniho domovského okrsku

ve chvili, kdy vyska snéhové pokryvky dosdhne 38 cm (Tierson et al. 1985).

U siky na ostrové Kinkanzan bylo prokazano, ze vétSina sici zvétfe opustila na ostrove
Kinkanzan své letni domovské okrsky jest¢ pied prvnim snézenim, respektive

pied prvni sné¢hovou pokryvkou (lgota et al. 2004).

Snéhova pokryvka je v procesu podzimni migrace pravdépodobné spoustécim faktorem.
Se zvysujicim se mnoZstvim snéhu se snizuje dostupnost potravy a energeticky naklad

na shanéni potravy a pohyb vzrista (Parker et al. 1984).

3.2.8. Faktory ovliviiujici sezonni migraci

Dilezitymi faktory, které ovliviiuji sezénni migraci je dostupnost potravy, teplota,
vyska snéhové pokryvky, smérové orientace stanovist a dfevinnd skladba
na stanovistich.

Dulezitym faktorem sezonni migrace populace na ostrové Hokkaidé je bambusova
trava. Energetickd hodnota bambusové travy stejné jako snéhova pokryvka jsou
dulezitymi variabilnimi limity rozprostieni populace Si¢i zvéfe na ostrové Hokkaido
(Kaji et al. 2000). Bambusova trava zvlasté Z. japonica, jez lezi pod sné¢hovou
pokryvkou, je dilezity zimni dietni komponent si¢i zvéfe na vychodé¢ Hokkaida
(Yokoyama et al. 2000). Limitovana dostupnost bambusové travy mize mit silny vliv
na sezonni presuny si¢i zvéte. Si¢i zvet v Tanzawskych horach soustfedénd ve vyssi
nadmoftské vySce v pozdnim podzimu pouze sestoupi niZze v zimnim obdobi po redukci
bambusové biomasy, protoze bambusova trava dochazi pouze ve vysokych horach

prave kvuli velké populacni hustoté (Borkowski,Furubayashi 1998).
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Zimni teploty nemusi byt vzdy rozhodujicim faktorem ovliviiujici sezénni migraci
populace. Migrace do teplejSich oblasti ma za nésledek redukci energetického vydeje
(Silver et al. 1971). Vé&rnost aredlu zimnimu domovskému okrsku byla silna, ale
relativné méné nez k domovskému okrsku letnimu, coZ potvrdila piedchozi studie

(Brown 1992, Schoen, Kirchhoff 1985, Tierson, et al. 1985, Uno, Kaji 2000).

3.3. Porovnani velikosti domovskych okrskii

V roce 2000 bylo na ostrové Hokkaidé oznaceno 9 lani siky. VSechny lané byly
vybaveny obojky pro radiotelemetrické sledovani. Byly oznaceny pouze lang, jelikoz se
piedpokladalo, Ze jsou vérngj$i svym domovskym okrskim nez jeleni. Data byla
ziskavana klasickou triangulaci 1x za tyden v dob¢ od 8 do 18 hodin v dob¢, kdy se lan¢
zdrzovaly ve svych domovskych okrscich. Velikost domovskych okrski byla urcena

metodou Minimum convex polygon (Sakuragi et al. 2004).
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Obr. ¢. 6 Domovsky okrsek zobrazeny metodou MCP. Determinace dennich a

nocnich stavanist (Sakuragi et al. 2004).

Mezi roky 1997 a 2000 bylo imobilizovano 60 lani na ostrové Hokkaido. Byla

zjistovana jejich télesna hmotnost, odebrany krevni vzorky a zvét byla opatiena obojky
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pro radiotelemetrické sledovani, stejné tak us$nimi znamkami (Hamasaki 1998).
Telemetrické obojky byly nastaveny na optimalni vykon tak, aby baterie vydrzela tfi
roky v provozu. Obojky byly dale vybaveny pohybovym senzorem a senzorem
mortality. Poloha byla urovdna pozemni triangulaci nebo vizualnim pozorovanim
(Igota et al. 2004). Méteni byla provadéna kazdych 7 dni. Jestlize nebyla zvéf zaméfena
pozemnim sledovanim, bylo pfikroceno k zamétovani pomoci letadel. Byla kalkulovana
geograficka centra aktivity jako prumér UTM lokaci jednotlivych jelen v jejich
sezonnich domovskych okrscich. Charakteristika sezonnich domovskych okrski
(nadmotskd vyska, vysSe snc¢hové pokryvky, mnozstvi bambusové travy, pokryti
jehlicnatymi stromy, zimni teploty, vyskyt na jiznich svazich) v individudlnich urovnich
krajiny byla kalkulovana pro kazdé centrum aktivity (Narodni agentura pro krajinu
1992).

Od biezna 1997 do kvétna 2002 bylo shromazdéno 7 765 poloh (Igota, et al. 2004). Na
kazdého jedince ptipada 714 +- 67 monitorovani. 10 (18 % z 57) oznacenych jedincii
bylo vyhodnoceno jako vzestupni migranti, kteti preferovali letni domovsky okrsek nize
nez zimni domovsky okrsek nebo ve stejné vysce. 29 jedinct (51 %) byli sestupni
migranti, jejichz domovsky okrsek byl vySe nez zimni domovsky okrsek. 12 (21
%)jedincti bylo vyhodnoceno jako nemigrujici — jejich zimni a letni domovsky okrsek
se prekryval. Zbyvajicich 6 jedinci (11 %) uhynulo nebo data nebyla dostupna

z diivodu poruchy vysilaciho zafizeni (Igota, Sakuragi, Uno 2004).

V dalsi studii pouze jedna dvouletd lan zmeénila svij letni domovsky okrsek za jiny
ve vzdalenosti 36,5 km od pivodniho. Tento domovsky okrsek poté pouZivala po dvé

sezony (Brown 1992, Schoen, Kirchhoff 1985, Tierson et al. 1985, Uno, Kaji 2000).

Hustota populace siky v Ohdaigahara byla zjistovana pomoci blokové pocitaci metody
(11 x od roku 1982 do 1997). Densita vzrostla z hodnoty 20 jeleni/km? v roce 1982
(Fukushima 1984) a na 40 jeleni/km? v roce 1993 (Koizumi et al. 1994).

Primérna hustota si¢i zvéfe v Ohdaigahara na jafe 1977 byla 28 kusi/km?® Populace

byla pravdépodobné stabilizovana (Maeji et al. 1999).
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Domovsky okrsek lani na ostrové Nakanosima v oblasti Hokkaido dosahuje velikosti
od 48 do 60 ha (Takahashi 1998). Narkotizovany byly ¢tyii dospé€lé si¢i lan¢ z komunity
Z. japonica, které byly opatieny radiovymi obojky ATS o vaze 230g s vysilacem 144
mega Herz. Tyto lané patfily mezi nemigrujici jedince Zijici v souvislém porostu
bambusovych travin. Byly vybrany samice, jez zasahuji méné do prubéhu fije. VEk byl

odhadnut na zaklad¢ opotiebeni fezakt (Ohtaishi 1980, Takatsuki 1998).

Dospé€lé lané na poloostrové Boso V prefektuie Chiba v Japonsku maji domovské
okrsky o rozloze od 46 do 246 ha (Shigematsu et al. 1994).

Jedinou vyjimkou jsou lané na ostrové Nozaki v prefektuie Nagasaki, jejichz domovsky

okrsek byl pouze o rozloze 5 az 11 ha (Endo, Doi 1996).

Veskeré domovské okrsky jsou vyjadieny pomoci metody Minimum Convex Polygon
(Mohr 1947).

Pomoci radiotelemetrie bylo téz sledovani provadéno na ostrové Nozaki. V roce 1991
bylo odchyceno 6 lani, které byly vybaveny radiovymi vysila¢i o vaze 50 g (Endo
1992). Nozaki je ostrov o velikosti 740 ha. VétSina ostrova je pokryta stalezelenymi
listnatymi lesy (Endo 1992). Primérna velikost domovského okrsku ma rozmezi od 3,0
ha do 3,6 ha a nebyly zde sledovany zddné vyznamné rozdily b&hem ro¢nich obdobi

(Endo 1992).

Dalsi sledovani probéhlo na ostrovech Hon$u a Kjust, kde sika ukazal velké sezonni
vykyvy v pohybu ve vztahu k nadmotské vysce. Domovské okrsky zde mély velikost
okolo 100 ha a velikost okrskd byla vétsi u jelenti nez u lani (McCullough et al. 2009).

V Irsku u jedinct sledovanych pomoci radiotelemetrie vysla velikost domovskych
okrsku takto: smiSeny les s loukami 18 — 22 ha, dospéla zvet 45 — 55 ha a u mladé zvére
dokonce 60 — 70 ha.

U jedinct siky sledovanych v severnim Skotsku byly velikosti domovskych okrska

podobné jako v Irsku. Ve vychodnim Skotsku, kde v biezovych lesich s janovcovym a
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kapradinovym podrostem byla velikost domovskych okrskii zjistovana pomoci
radiotelemetrického zamétovani, byla stanovena pro jeleny na 60 ha a u lani na 30 — 40
ha (Putman 2000).

Dalsi radiotelemetrické méteni bylo provadéno v hrabstvi Sutherland ve Skotsku, kde se
domovské okrsky u obou pohlavi rozsitily az na 100 ha. Hlavnim diivodem bylo to, ze u
zvéte se uplatiovaly extrémni zvyky, kdy zvéf byla pfes den zalehld v hustém
jehli¢natém lese s podrostem borovice a za potravou V noci piekonavala dlouhé

vzdalenosti, aby se napasla (Putman 2000).

3.3.1. Metody urceni velikosti domovskych okrskii

Pii pouziti metody MCP se u jednotlivych monitorovanych jedincii propojuji
smérovymi polygony nejvzdéalenéjSi zaméfené body do uzavieného obrazce.
Ze zamétenych bodl se museji odstranit hodnoty nepiesné¢ zaméiené, které rozpozname
podle indexu DOP. Pokud tak neucinime, jsou hodnoty MCP zna¢né zkreslené. Plocha
obrazce pak udavd hodnotu velikosti domovského okrsku zaméfenou podle

nejvzdalengjsich bodu vyskytu (Dvorak 2011, Endo et al. 1996, Takatsuki 1992).

Zpracovani zamétenych bodl pomoci metody Kernel extenzi Home Range Tools
vychazi ze vyty€eni co nejmensi plochy, ktera obsahuje dané procento (50 %, 90 %, 95
%) bodu vyskytu. Pii zpracovani je dilezité odstranit ¢isla jednotlivych druzic
ze souboru zaméteni a nasledné zapsat do souboru nuly! V piipad¢, Ze tak neucinime,
program nedokdze domovsky okrsek (Home Range) spocitat a vyhodnotit.
Pii vyhodnocovani dat pomoci tohoto programu je opét dileZité pouzit soufadnice,

Vv kterych jsou odstranéna chybna zaméteni (Dvorak 2011).
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Domovsky okrsek siky japonského (Cervus nippon) - jedinec €. 7805 / okres Karlovy Vary
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Data o vyskytu jedince pofizena v obdobi:
1.9.2009 - 2422011
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Obr. ¢. T Domovsky okrsek metodou MCP (Dvordk 2011)

Jadrovy odhad hustoty vyskytu siky japonského (Cervus nippon) - jedinec €. 7805 / okres Karlovy Vary

o

W s oy vy

*  vyskytjedince
data pofizens 1.9.2009 - 24.2.2011

Jadrovy odhad hustoty vyskytu
) 50% izolinie / plocha 356 ha
[ 90% zolinie / plocha 1158,5 ha
[195% izolinie / plocha 1540,7 ha

Vékova struktura lesnich porostl
vékova tfida / stafi prostu
holna
1./1-20 et
B i 21-400et
00 .2 41-60 et
| IV./61-80 kot
B v 181 100 %t
B 1./ 101 - 120 let
B V. /121 - 140 let
B V17 141 a stardl

34




4. Metodika

4.1. Oblast vyzkumu

Vyzkum byl provadén v severozapadni asti Ceské republiky - v Doupovskych horach
(50° 16 s.3., 13° 7" v. d. Doupovské hory jsou sopeéného pivodu s rozlohou 600 km? a
nadmoiskou vySkou 350 az 934 m. n. m. Oblast se sklada ze dvou casti, které se 1isi
v riznych aspektech. Centralni &ast (cca 330 km?) piedstavuje vojensky vycvikovy
prostor bez osidleni. Tato oblast se sklada téméf vyhradné z listnatych a smiSenych lest,
kfovinnych biotopt s loukami mnoha typl. Tato ¢ast pokryva pfiblizné jednu polovinu
uzemi. Druhd oblast je ptistupna vetejnosti a tvofi ji venkovska krajina s podilem lest,
luk, poli a vétSinou malych obci.

Klimatické podminky studované oblasti lze charakterizovat jako mirné az chladné,
v lednu a v Cervenci se praimérné teploty méni s nadmoiskou vyskou od -4 do -2 ° C a
15 az 19 ° C, ro¢ni srazky se pohybuji od 650 do 1000 mm a délka sné¢hové pokryvky je
mezi  40-120 dny (Quitt1971).

Vyskyt siky v Doupovskych horach byl poprvé zaznamenan v poloviné roku 1960.
Prvni jedinci migrovali do této lokality z Manétinska (zdpadni Cechy), kde se sika
objevil ve volné ptirodé na konci druhé svétové valky (Barto§ 2007). V prvnich
desetiletich byla mistni populace siky nizka, ale postupné se zvysuje az do roku 1990,
kdy pocet ro¢né ulovenych jedinct v centralni Casti (tj. vojensky tjezd) prekrocil dvé
st¢ kusi. Po tomto datu se pocty siky prudce zvysuji, v soucasné dobé je velikost
populace na uzemi, kde hospodaii Vojenské lesy a statky CR, s. p., odhadovana
na 4 000-6 000 ks, tj. od 12 do 18 ks/km?, (v honitbé, na které hospodaii VLS CR, s. p.
bylo v roce 2012 uloveno 1500 ks tj. 25 - 37,5 % z odhadovaného mnozZstvi populace;
nepublikované udaje Vojenskych lesti a statkll). Odhady poctu si¢i populace jsou
zalozeny na podrobném séitdni zvéfe v urCenych oblastech cca 100 ha plochy a
extrapolaci dat do celého vojenského prostoru. K odhadovanym poctim Siky se zafazuji
I kusy z prezimovacich oburek. Do séitani (na zaklad¢ Gstniho sdéleni managementu

VLS, Karlovy Vary) byly také zahrnuty pocty ulovenych jedinct. Data pro c¢ast
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Doupovskych hor mimo honitbu Hradisté nejsou k dispozici, protoze honitby jsou
rozptyleny mezi vice drziteld. Na zakladé sdéleni vlastnikGi honiteb sousedicich
s honitbou Hradisté jsou pocty ulovenych jedinct v téchto honitbach nizsi nez v honitbé
Hradisté. V Doupovskych horach se sika sympatricky vyskytuje s ostatni sparkatou
zveii, srncem obecnym (Capreolus capreolus), jelenem evropskym (Cervus elaphus),
prasetem divokym (Sus scrofa), Castecné také s dankem evropskym (Dama dama) a
muflony (Ovis musimon). Pfirozeni predatofi nejsou pfitomni, ale pomérné intenzivni
odlov se provadi od 1. srpna do 15. ledna. Béhem zimniho obdobi, zejména od konce
listopadu do konce unora, je zvét prikrmovana riznymi doplilkky potravy, obvykle je to
seno, silaz, kukufice a cukrovd fepa. Krmna mista jsou trvald a jsou rovnomeérné
rozlozena po celém uzemi honitby S pfibliznym rozmisténim kazdych 200 ha
(nepublikované udaje Vojenskych lesu a statkl). Mimo honitbu Hradisté je rozmisténi

krmnych mist dokonce i vyssi (vlastni nepublikované odhady).

4.2. Odchyt a znaceni siky

Celkem bylo v letech 2009 az 2014 oznaceno tfinact samcu siky (tab. 2) ve véku 2 az 6
let (jejich vek byl odhadovany na zakladé obrusu zubd, velikosti téla a velikosti parozi
podle Wolfa (1986)). Témto jedincim byly nasazeny GPS Plus obojky (VECTRONIC
Acrospace GmbH, Berlin) v pribéhu let 2009 - 2014. Zpocatku byly pouzity GPS Plus
obojky 2D, pozdgji typy 3D a 4D s GSM modulem. Obojky maji hmotnost 600 - 980 g
Vv zavislosti na typu a jsou schopny zaznamenat od 14.940 do 52.500 poloh. Pifesnost
zaméteni polohy je 5-10 m - ale pouze za optimalnich podminek. Tato pfesnost
zaméfeni je stejna pro vSechny pouzivané typy obojkd a poloha byla automaticky

zaznamenavana kazdé dv¢ hodiny.

Jeleni byli narkotizovani pomoci anestezie ketaminu a Xxylazinu (Hellabrunska smegs).
Tato smés byla vpravena pomoci narkotizacni pusky (PneuDart X — Caliber a stiely
PneuDart 3.0 CC typ) do svall na zadnich nohou. Pouzito bylo 3ml Hellabrunské smési.
Ihned poté, co se jelen stal nehybnym, byl vybaven obojkem a ohledan, aby byly
ziskany zakladni udaje, jako je fyzicka kondice a vek. Po této proceduie (obvykle méné
nez 5 minut dlouh€), byla jelenim intravendzné aplikovéana latka Yohimbini.
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Po aplikaci protijedu byli jeleni monitorovani, dokud se nezotavili a neopustili misto
imobilizace. Tato metoda byla schvalena etickou komisi Ceské zemé&délské univerzity
Vv Praze; prohlaseni &. 0811. Zadné zvife nebylo bdhem schvaleného vyzkumu v letech

2009 az 2013 vazn¢ zranéno, tyrano nebo usmrceno.

ID obojku vek doba sledovani
(dny)
7805a 2 542
7805b 2 66
7806a 2 499
7806b 4 238
7814a 2 603
7817 4 182
8557 3 675
8768a 5 415
8768b 2 356
8775 3 760
9658 2 177
11198a 6 98
11198b 3 128

Tabulka. ¢.2 Tabulka oznacenych jedincu s vékem a dobou sledovani 2009 - 2014

4.3. Zpracovani dat a statistické analyzy

Pozi¢ni data ziskana sledovanim sparkaté zvéte jsou ulozena (pribézné ukladana)
na databazovy server MySQL 5 a nésledné ociStovana o chybné namétené udaje. K
vizualizaci informaci o pohybu jsou vyuzity mapové podklady Google Maps
od spolecnosti Google Inc.

Webové rozhrani aplikace méa vedle zakladniho funkéniho menu, dvé casti: Cast
vybérovou slouZici pro nastavovani parametrt vybéru dat a ¢ast vystupli pro zobrazeni
vysledkil vyhledavani — vizualni a statistické. Kombinace funkcionalit ve vybérové ¢asti
umoziuje sledovat vyskyt jedince v rtiznych obdobich a Zivotnich situacich.

Vybérova cast (funkce):

1 - Vybér jelena — moznost zvolit jednoho nebo vice jelent pro vybér.
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2 — Volba zpiisobu zobrazeni - je mozné zvolit jednotlivé body vyskytu, trasu pohybu a
domovsky okrsek v podob¢ polygonu nebo heatmapy pohybu.

3 — Vybér ¢asového obdobi — je mozné zvolit vybrané posledni obdobi (den, tyden,
mésic, rok) nebo konkrétni obdobi vymezené daty, v obou variantaich pak muzeme

zvolit denni obdobi vymezené ¢asem.

Cast vystupii:

4 — Zobrazeni zadaného vybéru v Google Maps, jednotlivi jeleni jsou odliSeni barevné.
5 — Statistika zadaného vybéru — u zvoleného jedince je informace o poctu zaméfenych
bodt, délce trasy pohybu a velikosti domovského okrsku ve vybraném obdobi.

6 — Informace o datech jednotlivych jelent — obdobi sledovani a celkovy pocet

zaméfenych  pozic.

Pted kazdou analyzou, jak je jiz zminéno, byla piesnost polohovych dat zvySena tim, ze
byly odstranény polohy zaméfené sindexem piesnosti (DOP) vétsim nez 6. Tato
hodnota nebyla zvolena libovolné€, ale v souladu s rozsahem hodnot doporucenych
z jinych studii (Frair et al. 2010, Lewis et al. 2007). Ptivodni soubory dat byly snizeny
Vv zé&vislosti na pfesnosti zaméteni o 1,6 az 25,4 procenta s prumérnym snizenim (+ SD)
11,0 (= 7,1) procent. Je zdokumentovano, ze snizeni miize nastat z riznych divodu.
Jednak jej mohou ovlivnit mista pod hustym porostnim zapojem anebo na strmych
svazich. Tato zaméfeni jsou pak pfedmétem vyssi hodnoty DOP (Frair et al. 2010,
Lewis et al. 2007). Dostupné korekéni techniky uzivaji informace o podminkach
prostiedi napf. lesnatost a pozaduji rizné pravdépodobnosti uspéchu zaméteni (Frair et
al. 2010, Horne et al. 2007b). Vzhledem k nedostatku vyhovujicich mapovych
podkladi, které by poskytovaly spolehlivé informace o zapoji pozemni vegetace
ve vojenském prostoru v Doupovskych hordch, nedoSlo jesté¢ k dostatenému
zmapovani zajmového uzemi. Na druhou stranu, pouziti metody Brownovych mostt
pro odhad rozdéleni (Horne et al. 2007a), mohou byt také povazovany za korekci
zkresleni pozorovani, protoze U¢inn¢ simuluji pohyb trajektorie mezi dvéma po sobé
jdoucimi misty, a tim Castecn¢ kompenzuji chybé&jici pozorovani (Frair et al. 2010).
Opravy proto nemaji 7adny zasadni vliv na vysledné velikosti domovskych okrskii.

Domovské okrsky siky byly zjistovany pomoci metody Brownovych mosta (Horne et al
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2007b ; metoda je oznacovana jako "BB"). Co se tyCe biologickych piedpokladii, tak
tento zpasob uréeni domovskych okrskii mé lepsi uplatnéni oproti tradicni metode
minimalnich konvexnich polygonii nebo metod¢ jadrovych odhadii. Metoda nezahrnuje
zadné predpoklady o tvaru a zakladnim rozdéleni linii a neklade pfili§ velky duraz na
mén¢ dilezité pozorovani u distribu¢nich krajnich bodt. Tato metoda ma oproti metodé
jadrovych odhadd (Kernel metod¢€) vyhodu, ze explicitné fesi tidaje z ¢asovych fad. To
znamend, ze to, co piedstavuje prekdzku pro metodu Kernel, vzhledem k casové
autokorelaci se pouziva jako dulezity zdroj informaci v metodé¢ Brownovych mosti,
kterd tvoii pfislusnou alternativu pro GPS pozi¢ni data (Fischer et al. 2013). Bylo
pouzito 95 % poloh z rozdéleni bodi pro vykresleni domovského okrsku vypocéteného
z celého sledovaného obdobi za kazdé sledované zvife. Tato metoda ma dva klicové
parametry: sigmal, prostorovou variabilitu tykajici se pohybu zvifat (tj.koeficient
diftze) a sigma 2, prostorovou variabilitu zptsobenou pozi¢ni nepiesnosti GPS poloh.
Byl navrhnut parametr sigmal pomoci piistupu navrhovanym (Horne, et al 2007Db)
spoCivajici v odhadu maximdalni pravdépodobnosti pomoci stiednich lokaci. To
znamena, ze nahodna pozorovani byla pouzita jako znamé pozice (tj. konce v ,,BB%),
nebot’ vyrovnand pozorovani byla pouZzita pro odhad parametrii sigmal (tj. Sitky v
,»BB%“). Spolu se v§emi postupy redukci vySe uvedenych dat byl ziskan stfedni (= SD)
Casovy interval mezi nahodnymi pozorovanimi, ktery je 5,1 (+ 2,46) hodin. Byla
pouzita funkce z programu AdehabitatHR pro stanoveni maximalni pravdépodobnosti
odhadu parametru sigmal. Hodnota parametru sigma 2 byla nastavena na hodnotu 15
metrt, ktera koresponduje s GPS polohovou piesnosti. Pro usnadnéni porovnani
vysledkii se starSimi studiem byly také odhadnuty domovské okrsky metodou
konvexniho polygonu (MCP) a metodou jadrovych odhadi (KDE). Metoda MCP byla
pouzita s korekci odlehlych pozorovani, ktera spociva v odstranéni péti procent
(tézisteé je spocitdno jako aritmeticky prumér vSech x-vych a y-vych soufadnic).
Prosttednictvim KDE byla Sitka jadra (,,smoothing parameter) odhadnuta metodou
kiizové validace s pouzitim kritéria nejmensich ¢tverct (LSCV — least-squares cross-
validation). Podobné jako u metody BB byl domovsky okrsek odhadnut jako 95%

vrstevnice odhadnuté hustoty vyskytu (utilization distribution).
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K odhadu ¢asové dynamiky domovskych okrskii byla pouzita metoda Keatinga a
Cherryho (2009). Tato metoda je zalozena na trojrozmérné definici hustoty vyskytu (tj.
nejde jen o pravdépodobnost vyskytu v daném misté, ale i v daném case, tj. jsou zde dvé
prostorové a jedna Casova dimenze), pficemz tato hustota je odhadnuta metodou
nasobeni jader (,,product kernel method*). My jsme pouzili tzv. kvartické jadro (,,bi-
weigth kernel*) a s ¢asem bylo zachazeno jako s linearni (nikoli cyklickou) proménnou.
Vedle sitky prostorovych jader (tzv. ,,bandwidth® ¢i ,,smoothing parameter) zndmych
z KDE, je zde jesté sitka ¢asového jadra (Worton 1989). Siiky obou prostorovych jader
byly nastaveny na 200 m a Siika ¢asového jadra na 30 dni. Ackoli ¢asové jadro bylo
nastaveno tak, aby vysledné odhady reprezentovaly zhruba mési¢ni okrsky, Sitka
prostorovych jader byla stanovena zcela subjektivné, vizualnim porovnanim vyslednych
okrski s daty z jinych studii (Wand and Jones 1995, Calenge et al. 2010). Nicméné
v piedchozi citlivostni analyze bylo zjisténo, ze Sitka prostorovych jader ovliviiuje
pouze absolutni hodnoty velikosti domovskych okrskii, nikoli v§ak strukturu relativnich
rozdili mezi nimi v ¢ase. Tato metoda Keatinga a Cherryho (2009) umoznuje vypocet
statickych dvourozmérnych "fezi" v distribuci vyuziti prostfedi v pfedem definovanych
Casech. Takto bylo ziskano standardni dvourozmérné rozdéleni, ze kterého lze hranice
rozsahu odvodit. Timto zpisobem se odhaduje rozsah (jako 95% objemu obrysu)
uprostied (tj. 15. den), kazdy mésic v prubéhu celého sledovaného obdobi pro kazdé
zvite. Nakonec byly casové tady velikosti domovskych okrskti zatazeny do jednoho
celku spolu s tdaji o snéhové pokryvce stejné jako zacatek a konec lovecké sezony (od
1. srpna do 15. ledna ) a vrcholem fije (od 25. zafi do 25. fijna, nepublikované udaje
z vlastniho pozorovani), takze mohly byt zobrazeny piipadné zmény ve velikosti
domovskych okrskii ve vztahu k témto faktoriim.

Udaje o snéhové pokryvce byly ziskany z Ceského hydrometeorologického ustavu;
stanice Karlovy Vary, 603 m. n. m., cca. 11 km zapadné od centra studované¢ho izemi.
Byl také pocitan piekryv jednotlivych mésict a jejich rozdil, leden - duben, duben -
cervenec, Cervenec - fijen a fijen - leden, aby byla posouzena Casoprostorova dynamika
ve vétsim Casovém rozsahu. Leden, duben, Cervenec a fijen by mély predstavovat
obdobi roku s rliznymi povétrnostnimi podminkami a rGznymi fazemi ristu vegetace
v mirném klimatickém pasmu. Tyto mésice jsou také obvykle pouzivany v Ceskych

klimatickych atlasech (napt. Quitt 1971, Hrn¢iarova et al. 2009). VSechny vypocty byly
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provedeny pomoci R statistického programovaciho jazyka (R Development tym 2008),
verze 2.15, a pomoci balicku AdehabitatHR (Calenge 2006), verze 0.3.4 . Pro
uspotfadani a vizualizaci dat bylo pouzito Microsoft Office Excel 2003 ( Microsoft,
Redmond, WA, USA) a ArcGIS 9.3 (ESRI, Redlands, CA, USA).
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S. Vysledky

Vysledkem vizualizace a shromazd’ovani pozi¢nich dat ziskanych sledovanim sparkaté

y e e

popularizaci vysledkii vyzkumu. Vysledkem je aplikace dostupna prostiednictvim
WWW.
Zakladnimi funkcemi jsou:
e Rezim zobrazeni: vetfejny a personalizovany ptistup
e Zobrazeni polohy vybranych jedinci ve zvoleném obdobi (dny a denni doba)
e Vizualizace domovského okrsku a trasy pohybu ve zvoleném obdobi
e Vypocet velikosti domovského okrsku a délky trasy pohybu ve zvoleném obdobi
e Zobrazeni doplnujicich textovych informaci k vybrané poloze (napf. teplota,

nadmoftska vyska apod.)

Udaje o velikosti domacich okrskil byly ziskany ze sledovani 13 samcti na zakladé
pozorovani o délce 66-760 dnt (pramér 365 dni, cca. 4380 zaméieni). Vzhledem
k velikosti domovskych okrski vypoctenych z nejkratSich datovych soubort, které se
zdaly byt neredlné¢ malé ve srovnani s jinymi hodnotami, byla stanovena minimalni
doba pozorovani na Sest mésici. Tato hodnota byla stanovena jako kritérium
pro zatazeni datové sady k vypoctu primérnych hodnot. Vylouceni tfi jedincii mélo
za nasledek zvySeni stfedni délky pozorovani na 445 dnl (cca 5340 zaméfeni
po vyttidéni dat), v asovém rozmezi 177 az 760  dnu.

Primérna velikost doméciho okrsku (= SD) byla 3620 ha + 4.026 ha (rozsah 239 az
12.671 ha) s pouzitim metody MCP0.95, 1163 ha + 1.292 ha (rozsah 176 az 4828 ha)
metodou BB a 819 + 827 ha (rozsah 114 az 3018 hektarti ) pomoci odhadu K0.95. Dle
ocekavani metodou MCP0.95 vzdy vySly vyrazné vy$s$i hodnoty neZ metodou BB a
metodou Kernel. Mési¢ni velikost domovského okrsku vypoctend metodou KC se lisila
individualné o 91 — 423 ha, stfedni velikost ( = SD) ¢inila 264 + 100 ha.

Casoprostorova dynamika vyuziti prostiedi vypoétena metodou KC zobrazuje jak
individualni tak i sezonni variabilitu. Ve vétsin¢ ptipadt byly vzdalenosti domovskych

okrskt sestavajici z jedné az tii relativn¢ stabilnich hlavnich oblasti od sebe vzdaleny
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obvykle od jednoho do téi kilometra.

Praimérma (+ SD) hodnota indexu Bhattacharyya byla vypoctena pro dvojice
nasledujicich mésicti 0,72 £ 0,07 (rozsah jednotlivych dat je 0,56 az 0,80, absolutni
rozsah byl 0,24 - 0,98 n = 145 dvojic u 13 ks.). Podle o¢ekavani byly nejmensi presahy
domacich okrskli zaznamenany u samcu S nejvétsimi domacimi okrsky (samci 8768b a
9658). V piipad¢ tfimési¢nich obdobi (tj. srovnavani leden-duben, duben- Cervenec,
cervenec- fijen a fijen -leden) bylo stfedni prekryti jen 0,28 + 0,13 (rozsah jednotlivych
prekryti byl 0,00 az 0,50 absolutni rozsah byl 0,00 az 0,78, n = 40 dvojic u 10 ks).

Pfi Castém pozorovani a Vramci lovu zvéfe je mozné zaznamenat velmi zajimavé
odchylky od bézného chovani jelena evropského a siky. Idealnim obdobim
pro pozorovani takovych projevil je obdobi fije, kdy jsou jeleni obou druhti snadnéji
pozorovatelni i za denniho svétla a maji velkou aktivitu. Neni pochyb o tom, Ze
vzéajemna provazanost populaci jelena evropského a siky je vysoka, je vsak velmi t&zké
odchylky od normalniho stavu uchopit a popsat. Zmény probihaji velmi pozvolna a o to
vzacnd si¢i zvef na zemi Doupovskych hor nebyvale rozsitila a stala se nejpocetné;si
sparkatou zvéfi v této lokalité. Sika ma nejhlubsi interakce pravé s jelenem evropskym,
ke kterému ma taxonomicky nejblize a se kterym se i kiizi. Mistni populace jelena
evropského a siky samoziejmé neni izolovana od okoli a komunikuje i s okolnimi
hojnymi populacemi obou druht jelenii. Od roku 2009 je prostfednictvim seridznich
vyzkumi Vv Doupovskych horach vénovana vyznamna pozornost studiu rozvoje

populace siky, chovani a vlivu si¢i zvéte na prostiedi.
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Domovsky
Ev. ¢. Pocet. okrsek | Domovsky okrsek (Kernel) |Sledovani
obojku| Jméno |zaznamii| (MCP) ha ha ve dnech
50% 90% 95%
7805 Petr 6499 1807 356 1159 1540 541
7806 | Marek 5979 4125 415 1520 2083 498
7814 Jirka 4903 2587 486 |1642,00]|2078,00 408
7817 Pepa 2256 1488 104,5 509,6 699,9 181
8557 | Vlasta 1750 2185 468 1570 2111 35
8768 Lad’a 1981 1124 280 1058 1325 165
8775 | Honza 517 406 58 229 317 60

Tabulka ¢. 3 Velikosti jednotlivych domovskych okrskit u oznacenych jelenit (Dvorak
2011).

Ve vyse uvedené tabulce je zobrazeno evidenéni ¢islo obojku oznacenych jelenti, pocet
zdaznamu, které byly vyhodnoceny pifed vytfidénim, velikost domovského okrsku
metodou MCP, velikost domovského okrsku metodou KHR a doba sledovani ve dnech.

Data pochazi z obdobi 2009 az 2011.
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Cloven-hoofed animals spatial activity evaluation methods in Doupov
Mountains in the Czech Republic
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Anotace

Fefeni projekm ,Shér a interpratace pozifnich datrje zaméfeno na vyust pozifnich dat (informace o
pohybujicim se objektu) pro védeckovyzkumnon = pedagogickou finmost v rizmych oblastech (Hvomi
prostiedi, logistika apod ). Zamérem je vytvofit a v realnych podmmnkach owéfit universalnl model pro shéra
naslednon prezentaci dat ziskanych o sledovanem objekiu prostednictvim GPS (Global Positioning Systern).
W £linkm json popsiny modmé rpisoby Zpracovini a vimmalizace dat o pohybech jelens siky v Doupovekych
herach, které slouwH k vyhodnoceni jeho prostorove sktivity. Datovou zakladon pro anslizu a zpracovani mrofi
Tozsahlé soubery dat ziskané na zikladé spoluprace Fakulty lesnické a dfevaiské CZU v Praze s Vojenskymi
lesy a statky CR. s.p.

Klig¢ova slova
Telemetricke sledovanl, GPS, GSM, jelen sika (Cervus nippon), pelygon, quick bull, heat map.

Abstract

The focus of the project Collaction and interpretation of posidonzl data® is placed on the use of positional
data (or the information sbout a moving object) in the scientific research and educational activities in varous
fields such as environmental science, logistics, spatial data infrastmcture, informatdon management, and
others. The objectve of this effort is to create an universal model for collection and presentation of moving
objects data retrieved throngh GPS (Global Positoning System), and to verify the model in practice.

Seweral different approaches to process and visualize data sbout sika deer (Cermus nippon) spatial movements
in Doupov Mountaing are described in the paper The data base is represented with large data files created
through the cooperation of the Faculty of Forestry and Wood Sciences at the Czech University of Life
Sciences in Prague and the Military Forests and Estates of the Czech Bepublic, a state-owned enterprize.

Pieces of knowledge infroduced in thiz paper resulted from soluton of an institutions] research intention.
Internal zrant agency of the Faculty of Economics and Management, Czech University of Life Sciences in
Prague, grant no. 20121043, | Sbér a interpretace pozicnich dat™.

The results of the cloven-hoofed animals spatial activity evaluation methods will be available for Besearch
Program titled “Economy of the Czech Agriculture Fesources and Their Efficient Use within the Framework
of the Multifonctional Agri-food Systems™ of the Czech Ministry of Education, Youth and Sports number VZ
MEM §046070906.

Eey words
Telemetric observation, GPS, GEM, sika deer (Cemms nippon), polygon, quickhull, heat map.

Imtroduction information about daily and sessonal movements

of different species of cloven-hoofed mammals
Due to the growing amount of damages cansad by iz a vital part of complex knowledze of their
cloven-hoofed animals i forests and agricultural biclogy. Without knowing the spatial activiry of
places and due to rse of new species such as sika these species, there is rarely any estimation of the
deer (Cervus nippon), there is a need to inspect evelution of their numbers owing to local migration
spatial acdvities of cloven-hoofed animal: The in the given season of the year. Especially, the
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continuous growth of the area of sika deer presence
in the Czech Republic (Andéra, Cerveny, 2010), the
knowledge in biology, ecology and home ranges of
sika deer populations is very insufficient in spite of
the influence on the local red deer (Cervus elaphus)
population However, the information about sika
deer from its onginal areas are very well known
(Izota et al. 2004, Takatsuki 2009).

The first, the oldest and obviously the most used
way of identification of cloven-hoofed amimals is by
firting of caught animals with an ear tag. The data
that are retrieved comes from random observations,
repeated captures of animals, or occasional shooting
of marked individuals. Therefore, it is needed to
mark a large number of animals so that “there is a
chance to get some information back™. The second
most used method is a telemetric observation
The accuracy of the method 15 dependent on the
number of observations and the method is quite
time consuming (Klitsch, Holesinsky, 2012). The
third, and currently the fast developing method
is to label the animal with a GPS collar (Global
Positioning System) (Lottker 2010). The collar
stores positional data and transmits it through
GSM (Global System for Mobile Communications)
for processing without a physical presence in the
terrain. The data are stored in tabular form, and
provide date, time (UTC), geocentric coordinates
(ECEF), latitude and longitude according to the
WGS 84, and satellite spatial reference system
used for location calculation. In the collar, there is
a sensor of mortality, activity data recording and

automaric relezse mechanism when the collar is
damaged.

Current approaches to spatal data evaluztion are
most frequently based on data transformation mto
some proprietary geographic information software
(GIS) (Halbich, Vosmovsky 2012), (Klitsch
Holesinsky, 2012) where the data processing is
conducted The size of local regions of animals
is senled by the method Kernel Home Range
However, GIS 1s not used for data presentation.

There are three places where the method of animal
observation via GPS and GSM can be found in
the Czech Republic. The first, 2 common Czech-
German project for observations of deer, roe deer
and Eurasian lynx in national parks Bavaria Forest
and Bohemian Forest (Telemetry team 2012). In
the beginning of 2012, the project has been stopped
in the Czech Republic and only the German part
has been operating. The second place is a national
park Bohemian Switzerland where the red deer is
observed (Klitsch, Holesinsky, 2012). Since 2009,
there is a telemetnic observation of sika deer in
Doupov Mountains and since 2010 the observaton
has been extended to red deer (Machacek et al.,
2012). The research is done in the Hradisté area that
is locatad on the military training ground.

The area is maintained by the state-owned company
Military Forests and Estates of the Czech Republic,
Karlovy Vary division Hradiité area is of 35,433
hectares and represents one of the most consistent
area in the Czech Republic.
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The data collected with cooperation of Military
Forests and Estates of the Czech Republic and
the Faculty of Forest and Wooden Sciences at the
Czech University of Life Sciences by observations
in the region of Doupov Mountains were used as
a fundamental data base for analysis and design
of on-line evaluation and presentation of spatial
activities of cloven-hoofed animals.

Material and methods

The main objective of proposed solution is to
visualize collected spatial data that were retmeved
by observation of cloven-hoofed animals and
to enable their use for scientific research and
pedagogical purposes and to popularize research
results. As a result an application available on-line
through WWW was developed. Main projected
functions of the application are such as:
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*  Display mode: public and personalized access

*  Projection of animal position in given period
(dme period and daytime)

*  Visualization of home range and motion path
in given time period

* Calculagon of home range and lenzth of
motion path In given time peniod

*  Dasplay of additional textual information about
position (such as temperature, or alamde)

Based on introductory analysis the positional data
were obtained by observation of cloven-hoofed
animals and then stored in MySQL 5 database
sarver. Next, the data were cleared of erroneous
fizures. Web zpplication was run on Apache web
server. The application core was programmed in
web programming language PHP 5 (Hypenext
Preprocessor) with the use of Nette Framework 2.
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Figure 2. Layout of functions @ application window.
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The visualization of information about movements
was done by means of Google Maps Tom Google
Inc. The communication with Google Maps was
maintained through Google Maps JavaScript API
V3. The visualization was created with JavaScrpt
framework JQuery.

Users can access the data through common
web browsers, and further effort will be put on
development of mobile access.

The web interface has basic menu and two other
main funcuons: selection part where the parameters
of data selection could be set, and output part
where search results are presented — both in visual
and statistic way (see the Figure 2). Combination
of both functions in the selection part enables us
to watch the presence of animals in different time
periods and life conditions.

Description of selection part of application:

1 — Deer selection: one or more animals could be
selected.

2 — Type of presentation: can be displayed as
points of presence, motion path and home range in
the form of polygon or motion heat map.

3 — Time penod: can be selected as last day, week,
month or year, or as a particular period within dates.
In both cases the daynme can be specified.
Description of output part of application:

4 — Display of selection in Google Maps where
each amimal is depicted with different colour - see
the colour scheme in . Deer selecuon™ (1).

5 — Stanstic of selected figures — there 15 the

>
-~

Figure 3. Display of

information about the number of points of presence,
the length of moton path and size of home range
within the selected time penod.

6 — Information about all animals — period of
observation, total number of measured positions
within a time period.

Display of points of presence

The default display of deer position is a&s points
of presence that represent particular positions of
animals. By clicking on points other information
can be obtained such as time of measurement,
temperamre and coordinates. GPS collar records
the position each thirty minutes. If the data are of
a zood quality, especially the measured figures are
accurate as to the number of located satellites they
are stored in the database. The data in database are
then requested with selections.

The position data are two dimensional and they are
processed by JavaScript code with connection to
Google Maps APL

With regard to the response time of the system and
different internet coanection speed of users, the
maximum number of displayed points was limited
to 1500. If the limit is exhausted, which could be
caused by selection of longer time period or by
selection of multiple animals, the points that are
over the limit are omitted. In detail, each point at
position x 1s processed with modulo function (that
produces the remainder of division of two numbers)
such as: number of record MOD each record at
position x is equal or not equal (it depends on how
many records are over limit) to 0. In final turn_ there
are displayed up to 1500 records picked up equally

points of presence.
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from the series of points.

Theoretical number of recorded positions 15 1440,
respectively 1488 per month but in practice, the
number of stored positions is approximately a half
of it due to the clearance of data. The mformation
about the number of stored positions is displayed in
the right bottom corner (see 6).

Motion path

Next function is to display the motion path of
selected animal There are lines connecting the
individual point of presence forming so-called
PolyLines which are projected through Google
Maps APIL In the muddle of each line, there is an
arrow presenting the direction of motion of the
object. The start of path is depicted with letter Z
and the end of path is depicted with letter K. The
coordinates of arrows are calculated as an expected
value of two neighbouring coordinates according
to the formula (it is the same for both width and
length):
LZ-11

LATITPDE = L2 — 5

L1 - first pomnt laatude
L2 - second point latitude

The angle of comrect projection of direction is
counted with function arctg, respectively atan2()
which is a PHP function.

Minimal passed distance 1s calculated according to

the formula:

dlar ding\"
Sa= SLI(S( ;a ) + cos[$int2) « cos{Slat2) ~ sul{s_.:_‘"_i’)

distumce = 2 + aunZ(/v“Sa.\'l - iaj

$dlar and Sding - vanance between two
neighbouring coordinates

£lat] and Siar2 — coordinates of latitude,

atan? — PHP function that gives arctg of two
vanables.

The wvalue iz multiplied by the semi-diameter
of Earth (6372,797 km) to get the total distance.
Results are available in the applicaton window
~otatistisc of selected figures™ (5).

Size of home range — the polygon

One of the most important parameter in observation
of spatial acuvity of cloven-hoofed animals is a
definition of home range. The quickhull algonthm
(Barber et al. 1996) was utilized for the calculaton

The quickhull algorithm iz based on divide and
conquer approach (Li and Klette, 2011). The
convex hull is constructed of two parts, the upper
part called upper hull and the lower part called
lower hull

Upper hull is above the join of two points gl; g3
MBR with extreme coordinates x, gl = min(xi), g3
= max(xi), lower hull is under the join of gi. ¢3.

Above each hull line a5 we look for the farest

Figure 4. Display of path motion.
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point ¢ lying right to the line that will become a
new point joining the convex hull where each line
that was found is disintegrated into two new lines.

Both parts of convex hull are processed separately,
and resulting convex hull is a compilation of both
parts. When creating a convex hull the zlgorithm
does not operate with all points in the inpurt set,
but only with points that are near to convex hull

Despite the quadratic evaluaton of the worst case,
the good speed of algonthm 1s ensured by that.

The algorithm utilizes a couple of recursive calls of
procedure Quickhull for both newly formed lines
ac, ¢b out of onginal line ab (Bayer. 2012).

The size of the polyzon (according to the quickhull)
where the object was moving is calculated with the

Q4 =b

/\/c

Figare 6. Display of home areas in form of polygons (quick bull).
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function Geometry for Google Maps APL
Density of occurance in home range — heat map

The presence of an animal in its home range is
not uniform. The heat maps were used to present
graphically the points of presence with various
density of occurrance (Wilkinson, 2008). The
whole interest area is divided into matrices in which
points are gradually added. When 2 new datapoint is
added to the heat map‘s store, the store is checking
if there is an index for the new data point, i1f not, it
creates one and then checks whether there is a new
maximum or not. If there is a new maximum count,
the store imitiates a global redraw by cleaning the
heat map and then redrawing each data point.

In order to get a comprehensible display of home
range, the treshold of maximum values display
could be set. In our case the eshold value was set
to 2. On the same way, the radius of drawn pomts
was set to 15 pixels. The opacity of the heat map

was set to 60 %. In the beginning, there is only
monochromatic painting that is then repainted with
colours. Red colour represents the highest rate of
occuwrrance, yello is lower, while turqouise and blue
represent the lowest occwrance of an animal.

Conclusions

There 1s an on-line access to sika deer observation
datz in Doupov mountains at the address heup://
jeleni.agris.cz. The observed deers are monitored
with GPS collars that transmitt location data
through GSM. The data are punfied and stored mto
the database.

The above mentioned application enables to select
data and project them into the map. It could be
selected by amimals and by time period. Results
can be presented im various forms: points of
presence, motion path and home ranges depicted as
a polygon in the map (quickbull) or as a heat map
that represent the density of occwrrance. The size

alpha
rgb

Figure 7. Colowr spectrum of density of occurrance as heat maps.

Figure 8. Display of homse arcas a: heat maps.
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Abstract. The sika deer (Cervur nippon) is natve to Japan and East Asia and bas been introduced almost worldwide. Despite the wide
distribution of the species, only few stdies on its home range in non-native areas have been conducted. We focuzed on home range size
and its seasonal and spatial dynamics in an introduced sika deer population in the Doupovske hory M., north-western Czech Republic.
The mean home range size, obtained from ten subadult and adult males, was 3620 ha using the minimum convex polyzon method
1143 ha using the Brownian bridges method, and 319 ha using keme] estimation. The mean infre-individnal home range overlap from
menth to month was about 72 %, but decreased to 28 % when calculated for three-month perieds. The wousually larze home range sizes
observed can be explained by a relatively low population density of the sika deer in the study area and possibly by the non-temritorial
mating strategy of males. The high vahies of sezsonal home range overlap together with the time series of the monthly home range maps
indicate some positional shifts but do not suppert presence of seasonal migration.

Key words: GPS wildlife racking, non-native species, population density, utilization distribation

Introduction

Home range, ifs size, structure, and dynamics,
represents one of the basic ecological charactenstics of
a species. The concept of home range was introduced
by Burt (1943) and since that many factors have been
shown to influence home range size and pattem in
animals (e.g. McNab 1963, Mysterud et al. 2001,
Anderson et al. 2005). Among them environmental
factors (climatic conditions, landscape structure,
availability of food, predation risk. disturbances et )
play a significant role (for instance in mammals:
artiodactyls Larter & Gates 1990, Borkowski &
Furybayashi 1998, rodents Lagos et al. 1995, primates
Singleton & van Schaik 2001, camnivores Herfindal et
al. 2005). Also introduction of a species in to a new
habitat may affect its home range characteristics, as
it de facto means considerable changes in the above
mentioned environmental factors. Home range
charactenistics of a species occurming in a non-native
environment may thus be of major importance and

* Corresponding Author
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may provide important information on its invasive
potential (Swanson & Potman 2009).

The sika deer, Carvus nippon Tenminck 1836, 15 a
medinm-sized deer species native in Japan Korea,
south eastern Siberia, eastern China, Taiwan and
possibly Vietnam (Aramilev 2009, Kawanmea 2009,
MeCullough 2009, b, McCuollough et al. 2009). The
species was widely introduced during the 19% and 20%
cenfuries and it currently occurs in the Brtish Isles,
mainland Enrope (from France to western Russia),
New Zealand, and the USA (Banwell 2000, Bartos
2009, Feldhamer & Demarais 2009, Swanson &
Putman 2009).

Home range size and spatial activity of the sika deer
have been extensively studied within the Japanese
part of its native range (Endo & Doi 1996, Borkowsk
& Furubayashi 1998, Sakuragi et al. 2003, Li et al.
2006, Yabe & Takatsula 2000 and references there
in). As far as we kmow, only four studies have been
conducted within the areas of its introduction: USA
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Fig- 1. Map of the study area with marked sika deer home ranges. Displayed home ranges are estimated using

Brownian bridges method (see Material and Methods).

(Feldhamer et al 1982, Kalb et al. 2013), England
(Uzal et al. 2013). Ireland and Scotland — preliminary
tesults mentioned by Swanson & Putman (2009).
Moreover, majonty of the studies were based on a low
number of individuals —e.g. only a single male and a
female in case of Feldhamer et al. (1982), but see Kalb
et al. (2013); and all vsed the radio-tracking method.
The GPS wildlife tracking, used in our study, provides
some indisptable advantages i companscn fo
radio-tracking. Among them, usually an order higher
number of animal locations and their higher accuracy
are important, even though we are aware of the bias
in the success of locations recorded in forest versns
non-forest habitats (Graves & Waller 2006, Home et
al. 2007a). However, the most important advantage
seems to be the regular recording of locations during
the 24 hour period, as radio-telemetry in practice
usually failed in this aspect and a substantial part of
the previous home range studies is based only on data
from a part of the day. For instance in the sika deer, Li
et al. (2006), Kalb et al. (2013). and Uzal et al. (2013)
used data collected regularly dunng the 24 hours, but
Borkowski & Furubayashi (1998) and Sakuragi et al.
(2003) used only daytime data and Endo & Doi (1996)
did not provide mformation about time distribution
of the sampling. Furthermore, the methed of home-

range estimation suggested recently by Keating &
Cherry (2009) enabled us to analyse and visnalize the
home-range spatio-temporal dynamics in great detail,
depicting home-range size, its position and shape
changes from menth to month.

The main aims of our study were to: 1) detect home
range sizes of male sika deer in an introduced
populaticnusing GPS wildlife tracking and 1) describe
spatio-temporal dynamics of its home-ranges.

Material and Methods

Study area

The study was camied out in the Doupovské hory
Mits.. north-western Bohemia, the Czech Republic (ca.
50°16' N, 13°7" E; Fig. 1). The Doupovské hory Mis.
are volcanic highlands with the area of 600 k' and
elevation from 350 0 934 m a.51 The area consists of
two parts, differing in various aspects. The central part
of the mountain range (ca. 330 kaw’) is a mulitary training
area without any seftlements. This area is comprised
almost exclusively of broad-leaved and mixed forests,
shrub formations, and meadows, each type covering
approximately one third. The second, open access part
of the mountains 1s covered by rural landscape, with
patches of (in descending order of proportion) forests,
meadows, fields, and —usnally small - villages.
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Climatic conditions of the study area can be
characterized as muld fo cold with January and July
mean temperatures varying with elevation from
—4 to =2 °C and 15 to 19 °C respectively, annual
precipitation from 650 to 1000 mm and length of
snow cover 15 from 40 to 120 days (Quitt 1971).

Occurrence of the sika deer in the Doupovské hory
Mts. was first recorded m the nud-1960s. The first
individuals mugrated fo this area from the Manétin
region (western Bohemuia), where sika deer had
occurred m the wild smce the Second World War
(Barto$ 2009). In the first decades the abundance of
the local sika population was low, but it gradually
increased till the 1990s when the number of annually
hunted individuals i the cenfral (1e. nulitary)
part exceeded two hundred. After that, sika deer
abundance grew rapidly, currently estimated by the
Military Forest Management to be 4000 to 6000
inds. —i.e. 12 to 18 inds./km’ in the military training
area (1500 inds. were hunted in 2012 —1e.25t0 37.5
% of estimated abundance; unpublished data of the
Military Forest Management). Estimations of sika
deer abundance are based on detailed counting of
game 1n several ca. 100 ha areas and exfrapolation
of the data to the whole mulitary area. Moreover,
counts from winter enclosures and numbers of hunted
individuals were also considered (Military Forest
Management pers. comm.). Data for the open-access
part of the Doupovské hory Mits. are not available
as they are scaftered among many huntmg ground

Table 1. Summary of home range sizes of the studied sika deer males (age of the animals refers to the time of collar attachment, MCP,

owners, but according to their reports, numbers of
hunted individuals at these hunting grounds and our
personal experience, the abundance seems to be lower.
In the Doupovské hory Mts. sika deer occurs
sympatrically with roe deer (Capreolus capreolus),
red deer (Cervus elaphus), wild boar (Sus scrofa) and
partly also with fallow deer (Dama dama) and moufion
(Ovis orientalis). Natural predators are not present, but
relatively infensive culling management (see above)
15 carried out from 1 September to 15 January. During
the wimnter time, mainly from the end of November
to the end of February, the game is provided with
supplementary food — usually hay, silage, corn and
beet. Feeding places are permanent and are evenly
distributed with an approximate frequency of every 200
ha in the mlitary area (unpublished data of the Military
Forest Management) and even higher in the public part
of the study area (own unpublished estimations).

Deer survey

Thirteen subadult and adult sika deer males (their
estimated age based on tooth wear, body and antler
size according to Wolf (1986) was 2 to 6 years, were
equipped with GPS Plus collars (VECTRONIC
Aerospace GmbH, Berlin) during the period 2009-
2013. At first we used GPS Plus Collars 2D, later also
the 3D and 4D ftypes with GSM module. The collars
are 600 to 980 g in weight, depending on the type, and
they are able to record from 14940 to 52500 locations.
The accuracy of the location, which m our case was

035

— minimum convex polygon method, BB - Brownian bridges method, KC — Keating and Cherry's method). Bold values were not used in the
calculation of the corresponding median, mean and standard deviation (see text for explanation).

DeerlD  Age(years)  Lengthofstudy (days) MCP,,, (ha) BB (ha) Kemel,, (ha)  MeanKC (ha)
7803 2 542 784.2 4082 3193 132

78062 2 499 16816 55438 4383 2541

7806b 4 28 2385 1756 1143 90.6

7814a 2 603 22162 9853 8114 3548

7817 4 182 800.1 5700 2043 2872

8557 3 675 20827 138138 10793 3855

§768a 5 415 1004.7 567.1 4134 1976

§768b 2 356 12670.9 16058 1401.2 2701

8775 3 760 17446 4532 2833 1308

9658 2 177 0086 4 48284 301738 4233

7805b 2 66 1835 1829 64.1 05

1119 6 98 504 8 164 388

11198b 3 128 2163.6 728.3 5362 1849
Mean = SD 447+195.5 36200240264 11630:12021 819328273 2635=100.0
Median 457 1080.4 573.5 4350 232
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. automatically recorded every two hours, 1s about 5-10
m under optimal conditions and 1t 1s identical for all
used collar types (VECTRONIC Aerospace GmbH
pers. comm.).
The deer were mmmobilised by application of the
B ketamine-xylamine anaesthesia (Hellabrun mixture).
Three mullilitres of this mixture were injected mto the
muscles of a hind leg using an injection rifie (Pneu-
Dart X-caliber Gauged CO, nfle; injections: Pneu-
Dart 3.0 CC Type). Immediately after the deer became
- recumbent, it was fitted with a collar and basic data
such as physical condition and age were recorded.
| —— After this procedure (usually less than 5 minute long),
‘ —r the deer were treated by intravenously applied antidote
' ' I (yohimbine) and monitored until they recover and left
e 5 e the immobilisation site. The method was authorsed
Fig. 2. Distributions of the sika deer home range sizes computed by the Ethic committee of Czech University of Life

using the 85 % fixed kemel estimation, Brownian bridges (BB) and  Sciences Prague; statement n. 0811. No animal was
495 % minimum convex polygon (MCP) methods (median indicated 5 !
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Fig. 3. Long-term variation of the individual sika deer monthly home range sizes, calculated using the KC method.
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Fig. 4. Long-term vanation of the sika deer mean monthly home range sizes (the same data as in Fig. 3) in relation to the depth of snow
cover, hunting season and rut.
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Data management and statistical analyses

Before any analysis, we mereased the accuracy of the
positional data by removing all location estimates with
the dilution of precision (DOP) greater than 6. This
threshold was chosen arbitrarily, but m accordance
with the range of values recommended m other
studies (Lewis et al. 2007, Frair et al. 2010). Together
with the location estimation failures, we reduced
the original datasets by 1.6 to 25.4 percent, with the
mean reduction (= SD) being 11.0 (+ 7.1) percent. It
1s well documented that such a reduction can result in
a considerable observation bias, as the locations under
closed canopy cover and/or on steep terrain slopes are
subject to higher DOP values (Lewis et al. 2007, Frair
et al. 2010). Available correction techniques use the
information about environmental conditions such as
forest coverage to apply different probabilities of fix
success to them (Horne et al. 2007b, Frair etal 2010).
Unforfunately, there 1s a lack of satisfactory map
sources providing reliable information on canopy
cover i the military area of the Doupovské hory Mts.,
particularly in the resolution we need. On the other
hand, the use of the Browman bridges approach for
estimating the utilization distributions (Horne et al.
2007a, see below) can be also seen as a correction
of the potential observation bias, as it effectively
simulates movement ftrajectories between any two
successive locations, and thus partially compensates
for the nussing observations (Frair et al. 2010). We
therefore believe that not applymng any explicit
correction did not affect the resulting home ranges
substantially.

We estumated home ranges of the sika deer usmg the
Brownian bridges method (Horne et al. 2007b; referred
here as the “BB” method). Regarding the biological
assumptions inherent to 1t, this method has the same
advantages over the traditional mummum convex
polygon method as the well-known kernel method. This
includes no assumptions about the shape and uni/multi-
modality of the underlyng utilization distribution and
not over-emphasizing the less important observations
near the distribution tails. Qver the kernel method, it
has an additional advantage of explicit dealing with
the time-series nature of the data. This means that
what presents a difficulty for the kernel method due fo
temporal autocorrelation 1s used as an important source
of information in the Brownian bridges method, which
makes the latter an approprate alternative for GPS-
telemetry data (Fischer et al. 2013).

We used 95 % volume contour for delineating the
“life” home range (i.e. calculated from the whole
observation period) from the ufilization distribution

of each animal. The method has two key parameters:
sigmal, the spatial variability related to the animal
movement (1.e. a diffusion coefficient); and sigma2,
the spatial varability caused by positional imprecision
of GPS fixes. We estimated the sigmal parameter
using an approach suggested by Home et al. (2007b),
consisting in the maximum-likelihood estimation
using intermediate locations. It means that only the
odd observations were used as known positions (1.e.
the “ends” of the Browman bridges), whereas the
even observations were used for the sigmal parameter
estimation (1.e. the “widths” of the Brownian bridges).
Together with all the data reduction procedures
mentioned above, this led to the mean (= SD) time
mferval between the odd observations bemg 5.1
(= 2.46) hours. We used the function liker from the
AdehabitatHR package (see below for details on the
software used) for the maximum-likelihood estimation
of the sigmal parameter. We set the value of the
sigma? parameter to 15 meters, which corresponds to
the same posifional accuracy of GPS fixes.

For facilitating comparisons of our results with older
studies, we also estimated the home ranges using the
minimum convex polygon method and using the fixed
kernel method. The former was used with a correction
for outliers consisting in the exclusion of 5 % of data
points farthest away from the centroid determined as
the arithmetic mean of the data points’ coordinates
(the techmque mentfioned eg. m Worton 1995,
Powell 2000; we refer to this method as “MCP 7).
For the fixed kernel method (Worton 1989; referred
to as “K”), the smoothing parameter was estimated
using the least squares cross validation technique,
as suggested by Seaman & Powell (1996). Sumlarly
to the BB method, also here we estimated the home
ranges as 95 % volume contour from the utilization
distribution.

To assess temporal dynamics of the home ranges,
we adopted the methodology of Keating & Cherry
(2009) (here referred fo as the “KC” method). This
methodology is based on the three-dimensional
defimtion of ufilization distribution, 1.e. not only in
two-dimensional space but also in time (and, if needed,
also m the third spatial dimension), and estumates
the utilization distribution using the product kernel
method. We used the bi-weight kernel and treated the
time as a linear variable (instead of a circular variable;
see Keating & Cherry 2009). Apart from the spatial
smoothing parameters (often called “bandwidths™)
commonly known from traditional kernel estimation
methods (e.g. Worton 1989), the Keating and Cherry’s
method requires one additional, temporal smoothing
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paramatar, to define the kemal “width™ in the tme
dimsnsicn We wet both spatal smoothing parametor:
o 200 maters, and the teoporal smoothing parameter
to 30 days. Althowugh the latier parzoeter was st
%0 that the rosnlting home mages would ronghby
reprusent the “month” sstimates (see below). the
by visual comparsoa of the reslting hopse ranges
with the data {for jevtification of this approsch for
duta explomatory purposss ses Wand & Jomes 15983
and Calenge &t al. 2010). Howewer. n the prelinvnary
semEitivity anahysis, we found this paramaeter to affect
cmnly the stwolute vales of beme rape sizes but not
the souctems of thair milxtve diffarsmces In tme.

The method wpables to compute stabc two-
dimgnsional “mts” of the utilivation distribetion i
predefmed tmas, and thes to chifan stmderd-iHke
twen-limensiomal disritetion:, from which the home
rangs boundaries can be derived. In this manmer, we
watimzated home range (as the 95 *: velume contour)
in the mdddle {Le. 17* day) of sach moxth during
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Fig. 6. Spatio-temporal dynamics of the monthly home range of the male 8768h, displaying periodical switches hetween three distinct
patches. Twelve utilization distributions and 95 % home ranges, computed using the KC method, are displayed, covering the period
from February 2012 to January 2013. The ufilization distributions are in grey scale, with darker grey representing higher probability of
occurrence. The comesponding 95 % home ranges are depicted as black solid lines. The marks on the borders are 1 km in width (note the

different spatial scale than in Fig. 5).

examples (see their paper for the arguments as well
as for the index formulation). We also calculated
the overlap between January-April, Apnl-July, July-
October and October-January distributions, to assess
the spatio-temporal dynamics on a larger temporal
scale, as well as to ensure greater independence of
the compared distributions (note that using the KC
method, with the temporal smoothing parameter being
30 days, the successive distributions may be partly
computed using the same data). The month pairs were
chosen arbitrarily. However, January, April, July and
October should represent periods of the year with
different weather conditions and different stages of
vegetation growth in the mild climatic zone. These
months are also typically used m Czech chmatic
atlases (e.g. Quitt 1971, Hméiarova et al. 2009).

We performed all the computations using the R
statistical programming language (R Development
Core Team 2008), version 2.15, namely using the
AdehabitatHR package (Calenge 2006), version 0.3 4.

For data manipulation and visualization, we used the
Microsoft Office Excel 2003 (Microsoft, Redmond,
WA, USA) and ArcGIS 9.3 (ESRL Redlands, CA,
USA).

Results

Data on home ranges were obtamned for 13 males
based on 66 to 760 days (mean 365 days, ca. 4380
locations) of observation. As the home range sizes
calculated from the shortest data sets appeared to be
unrealistically small when compared with the other
values, we decided to set a minimum observation
time of approximately six months as a criterion for
inclusion of the dataset to the calculation of mean
values. The exclusion of three individuals resulted i
the mean observation length of 445 days (ca. 5340
locations on average), ranging from 177 to 760 days
(see Table 1).

The mean home range size (+ SD) was 3620 ha + 4026
ha (range from 239 to 12671 ha) using the MCP,_
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Fig. 7. Spatio-temporal dynamics of the monthly home range of the male 9658, recorded during a long distance movement. Six ufilization
distributions and 95 % home ranges, computed using the KC method, are displayed, covering the period from October 2011 to March
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Fig. 8. Distributions of the intra-individual sika deer home range
overlaps calculated using the Bhattacharyya's affinity index. The
averlap is calculated from menth to month (denoted as 1_Month
method) as well as within three-month periods (i.e. between
January-April,  April-July, July-October and October-January
utilization distributions; denoted as 3_Months method). The
calculation is based on the ufilization distributions estimated using
the KC method (median indicated in bold).

method, 1163 ha + 1292 ha (range from 176 to 4828
ha) using the BB method, and 819 + 827 ha (range
from 114 to 3018 ha) using the K . estimation (see
Table 1). As expected, the MCP,,. method always
produced considerably higher values than the BB
and K methods (see Fig. 2). The monthly home range
size calculated by the KC method varied individually
from 91 to 423 ha with the mean (+ SD) bemng 264 =
100 ha. The temporal dynamics (Figs. 3 and 4) also
exhibited seasonal variations.

The spatio-temporal dynamics of the utilization
distributions estimated using the KC method (Figs. 5 to
7) displayed both ndividual and seasonal variability.
In most cases, the distributions were multimodal,
resulting in home ranges consisting of one to three
relatively stable distinct main patches (sometimes
with a number of smaller patches around), usually
one to three kilometers away from each other. In
two individuals (nos. 8768b and 9658) the behaviour
was slightly different. As shown in Fig. 6, the male
8768b occupied three distinct patches about 10 km
away from each other. Although the BB method was
able to capture this behaviour by creating multimodal
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utilization distribution and home range consisting
of three main parts, the minimum convex polygon
included the whole triangle between the three places,
and thus mostly covered the area never visited by the
deer. Similarly, the male n. 9658 was tracked during
a movement between two distant patches (see Fig. 7),
which resulted in the large home range estimate using
all methods.

The relative spatio-temporal stability of most of the
home ranges 1s also evident from relatively high values
of the home range overlap during studied period (Fig.
8). The mean (+ SD) value of the Bhattacharyya’s
index calculated for the pairs of subsequent months
was 0.72 £ 0.07 (the range of individual means was
0.56 to 0.80, the absolute range was 0.24 10 0.98; n=
145 pairsm 13 inds ). As expected, the lowest overlaps
were recorded for males with the largest home ranges
(the males 8768b and 9658; see Figs. 6 and 7). In case
of the three-month periods (i.e. comparisons between
January-April, April-Tuly, July-October and October-
January distributions), the mean overlap was only
0.28 = 0.13 (the range of individual means was 0.00
to 0.50, the absolute range was 0.00 to 0.78; n = 40
pairs mn 10 inds.).

Discussion

Our study shows that male sika deer from an infroduced
population m north-western Bohemua use extensive
home ranges, which exhibit some seasonal vanability
in size. There are some seasonal geographical shifts
of home ranges; however, the deer do not display
significant seasonal migration.

Most of the information about sika deer home range size
comes from the species’ native range. On the largest
Japanese island, Honshu, home ranges of male deer
reach 10 to 30 ha in the Shimane Prefecture, 40 to 70
ha in the Hyogo Prefecture, 50 to 80 ha in the Tanzawa
Mits., 80 ha mn the Nara Park, 70 to 140 ha m the Boso
Penmsula, 150 ha m the Yamaguchi Prefecture, and
210 ha m the Odaigahara Mts. (Toru & Tatsuzawa
2009, Yabe & Takatsuki 2009 and references there
in). A mean home range size of 192.52 ha calculated
using the 95 % fixed kernel method (173.89 ha usmg
MCP,,.) was recorded in the Nikko National Park (L1
et al. 2006). From the Kyushu Island, only a seasonal
home range size of males is known with the mean of 50
ha (Yabe & Takatsuki 2009). The smallest home ranges
wete recorded in small island populations — for nstance
less than 100 ha in males from the Mage Island (Yabe
& Takatsuka 2009), 10 to 20 ha in females from the
Kinkazan Island (Yabe & Takatsuki 2009) or even 3 to
4 ha on the Nozaki Island (Endo & Do1 1996).
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Qutside Japan, data on home range sizes are available
from the USA from the studies by Feldhamer et
al. (1982) and Kalb et al. (2013), both focusing on
young mdividuals. A single juvenile male studied by
Feldhamer et al. (1982) was radio-tracked only during
the summer months and its home range size was
182.5 ha (calculated by the harmonic mean method).
Values reported by Kalb et al. (2013; 464 to 4121 ha)
are generally congruent with our findings, although
our study includes older males. As far as we know,
the only other published data, describing sika deer
home range size outside 1its native range, come from
the British Isles (Swanson & Putman 2009, Uzal et
al. 2013). Unfortunately, the published preliminary
results (45 to 55 ha for adult and 60 to 70 ha for young
males) from Ireland and Scotland are incomparable
as no details on the methods used and the length
of observation are provided in the publication by
Swanson & Putman (2009) and the study by Uzal
et al. (2013) from England focused only on females
(mean home range sizes in two study areas were 87.37
and 107.76 ha, respectrvely).

Except for Kalb et al. (2013), all above mentioned
values for males are about one order lower than our
findings, but it should be noted that for example Li
et al. (2006) and Feldhamer et al. (1982) carried
out their studies only in a limited part of the year —
in the summer season. In this case it may be more
appropriate fo compare their results with our mean
monthly home range size (264 ha). The monthly home
range size for both sexes in central Japan, specifically
given by (Yabe & Takatsuki 2009), varies from 21
to 284 ha which 1s more or less congruent with our
results. Nevertheless. it should be mentioned that the
absolute value of monthly home range size in our
study may be substantially biased by setting of the
spatial smoothing parameters (see Methods).

If we compare our results with previous studies,
the vast home ranges of sika deer observed m the
Doupovské hory Mts. may have several explanations.
The review by Yabe & Takatsuki (2009) showed that
substantial variability in sika deer home range size
depended on geographical and climatic conditions of
the studied area. The variability 1s usually attributed
to elevation and maximum snow depth, respectively,
and thus migratory or sedentary life style of the
deer (Yabe & Takatsuki 2009). Seasonal migration
between fwo non-overlapping sites due to reduced
food accessibility (McCullough 1985), typically
under a snow cover, as known from some parts of
the natrve area of distribution (e.g. Sakuragi et al.
2003, L1 et al. 2006, Yabe & Takatsuki 2009), could



b a poustble camse of larger homw ranges. Chur data,
bowever, do oot cleasly support thos eveniualty
Althoagh the mean spatial overlaps of bome ramges
in the three-pomth pattern ame much bower than thoss
in e meoath-to-month pabiern, they stll am almost
one thind Momover, the maxinmm wow depth =
the stndy ama us=ally doss not excesd 50 cm, which
is thomght fo be liedtimg for sika dear locomstion
{Takcatsuki 1992) and which may be a possible broak
point betwesn the sedextary and mdgradory bfe syle
(Takcatsuki 1992, Yabe & Talabmki 2009%). Durng
winter mooths, game In the wmdy area was provided
with supplementary food, which may affect deer
morements and hoove mnge sze (Feoima 2012). The
placss whers supplementary food & provided are
distritmied throwghout the stady 2ma (es Matomal
and Mathods) and the sika deer are tus mot forced
to lomg seawomal migrations so fulfil their nutritional
requinsezeats. Based oo owr date, the sda dear n the
Drouporsks hory bt seam to be sedeatary.

The two possbles smceptons among the tracked
azimals, i males with the lazgest bome ranges and
lowr homes ramge ovarlaps (nos. 785D and S5 E), wars
mecorded during Jong-distance movemsat: betwesa
two or thres distamt sies (see Figs. § and 7). Tha
linwited length of observation, especially in cass of
the malk no. #5658 (see Tabk 1), does not allow = b
decide whether this bekawiour is cozmected with thedr
weasomal migmtion, dispemal from natal hoews Eoge
or whether they jast possevied umamally large bome
ranges Moverthaless, the parodical saitches betwosa
fweo or more distinet (more or loss divtant) sites
obiarved in several mdividuals nchoding the dear
ET68k (sea Figs. 5 to T) desarve farther investgation,
covering alio Jocal hakbityt data.

An altemative sxplanation of the lage bome mage
sire of the sika deer recorded in our sdy may bas
in a different, particalarhy low, habifat producthity of
the wndisd area and wids dispersion of food sources
Tt see the oppoiite effect of winter supplemetary
feeding mentioned above) Sat may lead to exisasicn
of the home Tanges. This was indicated by Endo & Dot
{1906), Borkowki & Fembayask (199%) and Tl
of al. (2013} Low habitat prodectivityavailability
of food may ke a possble mason of the observed
weasonal changes m home range sires (see Figs. 3
azd 4), specially the szlagement of bome razges
during spring when the dear need mor emergy for
amtler growth or after mt when ey gather reserves
fior winter. By contrast, the late summer miniemm of
homs mmge size may bo related to high abundance
of food and demse cover at the peak of the vegetaticn

wason (Borkowski & Furobayashi 199E). Also the
winter mizimem of home moge size (Figs. 3 and
4} may be commected with miriticoal reqeirements,
particularly dus to a limvited rate of processing of the
winter low-gquality food available to large mmgulates
in the temyperate rone that leeds to the mdwcbon of
food intake and reducton of bome mage sire (Irvin
& Poak 1983, Clasks & Hondarsom 1984, Mystarud
at 2l 2001 Momover, the winter hoes rangs e
minimum i afected by supplamentary Sedmg (e
above), which possibly allows amicsals to meet theix
mequiTemants almaost 2t 2 singls spot, and of courss by
highor wnergy expemses of locomotion i snow cover
{Mosn 1975) Howewsr, we do mot cxpect that the
Joweer productvity alons woald lead to an ander barger
“amnual” home range sre, considening our preliminasy
dara om fumales from the same ama. which mdirate
omch lower homs range wdzes — basically congruent
with commcaly reporied valuss.

Amother possibility is comnected with populaticn
dansity of the deer and perbegs with male mating
sTategies. Among Carvidas it & nwmal that the wime
of an ndividual hems range is negatively correlated
with the demsify of mdividuals {o.g. Vincent ot al
1993, Kjellander ot al 2004, karima 2013). This affect
is wall prosomnced = sika desr females whers the
Joweent home rangs sizes ware obsarved in very danse
smnall island populaticms (Ende & Doi 1996). When
compamd to the pubBshed data (u.g 10 fo 40 zds./
b 2. Chdaigahara, cantral Tapan — Ands & Shitan
X0{9; I7 6 inds /km® Eanting natioma] park, Taiwan —
Poi 2008 11 %0 12 inds ke Lulworth, England: 14t
4+ ind: km® County Wicklow, Iuland; 4245 inds./
kmn® high dansity pogrlation I Scottland — Swansen
& Putrnan 2009 and reforunces thems i) ca. 47 mmds./
b Einkoaren iland, Japas and ca. 56 mds ke Mage
island, Tapan —Yabe & Takatsold 200% and mferencas
thare in; 310 inds km? Nozaks ixland, Japan —Exdo &
Diad 1588), the demsity of ik deer In the smdied arsa
is mther low and this 2lone may be a reason for the
lzzge hooee mnges.

Sevenal matng factcs are koowm @ sika desr males.
They may maintain 2 “mating temitery”, kesp a
“harem”, or wse stratagies such w ing bond™ and
“sit 2nd wadt” (Endo 2009, Miami ot sl 2009) The
menticned siratugies may vary according topopulation
danadty with a teadency of the “mating teenitomality™

1o be positivaly related to the dansity. In low densities
and diverse landscapes, the “waoding bond” soategy
{mating system whers a male comsorts 23 oestrus
fumala) wromld thes be more advantageous (PMiami
af al. 204% and meferences there @), and larger male
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home ranges can be expected than in a population with
territorial males. However, we observed no significant
changes in home range size during the rut (see Fig.
4), which means that this explanation 1s not absolute.
Moreover, most of the males in our study are below
the age fypical for dominant territorial males — 5 to
13 years according to Miami et al. (2009) — and thus
their typical mating behaviour may have not become
evident so far.

Home range size and spatial activity of deer 1s affected
by human disturbances (Edge & Marcum 1985,
Jeppesen 1987, Borkowsk: & Furubayashi 1998,
Jerina 2012, Uzal et al. 2013), however, their impact
can be different. Deer usually become accustomed to
disturbances that are not in a direct conflict with them,
such as traffic or other noise and light effects (e.g.
Edge & Marcum 1985, Jeppesen 1987). Tlus kind of
disturbance typically does not affect home range size,
but it does mnfluence its spatial position or behaviour
of the ammals as they may for instance use the
affected area only nocturnally (Jeppesen 1987, Uzal
et al. 2013). Military training, which is intensive but
occurs at the limuted and relatively small invariable
places of shooting ranges, and traffic thus probably
have only a negligible effect on the home range size.
On the contrary, the impact of disturbance caused by
intensive hunting may be substantial In areas where
the deer are regularly hunted, their flight distances

Literature

are longer (de Boer et al. 2004), they avoid open
habatats (Kilgo et al. 1998) and their home ranges are
significantly larger (Jeppesen 1987). Although our
sample size precludes statistical testing, there seems
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Impact of interspecific relations betwoen native red deer (Corvr elapkaz) and introdsced sika
deer (Corvaz appen/ on their rutting sexson i the Doupoviké hory Mis.

Z MACHACEX, S DVORAK, M. a2 D ZANRADNX
Facuity of Fontstry and Wood Sciences, Crech Uniwesity of Life Sclences Pragae, Prague, Crech Repullic

Corresponding anthor:

Ing Zovondx Mecadtsx VIS (R, ap. divze Karlowy Vary LS Valed 2p.36 364 55 Cseck Republic
fel. + 420602425981, e~madl. slenck sachscebiivls cx

Game mmagement sticle, 17 pages, 6 Figeses, 1 Table

ABSTRACT: Behaviowe of the sila and rad door dering ruttieg sesain o highly varisble in selaticn 10
vocalimtion, kalutst preforence during the it md caset @ lermmaton of rung. The red doot is & native
spocies m Ceontral Furcpe, bet the areas where il lives in sympatry wath the mtraducad siks deer kave been
incressing in the last three decades. Such stustaon cam be found in the Doupoviké hoey Mis, where siha deer has
been mieasively spreadisg. Hybridieation between the two spociss and clasges in hehavicwr se the mot
importss problems. In dhis study we prove the shifl in suttieg penod shown by both spocies. To evaluale e
shafl in rettieg sesson, we wsed & very exienvive bomgdormn dats sl on doer shot willen the Malitary Traismg
Arcs These chasges occar vy slowly, bowever, and we very dillicull 10 sonike and evalusie in the wild
Basad oo cur reslls, tming of the rultsg seawa b comverged o e mean ruie of 0,62 day per your (g
scdon stans later in the cod door and cmlier 1n the sika doer )

Keywords: natieg sesnn, sflumce, shooting dete, population detily, militery arcs, gane masagenenl

The g smd syschrosestion of e nt md sabsoquent paod of prodecug ofliprng s 3
fundamertal determinant of reproduction = scasoaal cnveonments (Lo of al 2005). This phesomence = mosl
frequendly relaad 10 the Geng of vegetation growth afler wister. Syachronizaton of (he rutl and birth of the
young 15 wsuslly studied =t comection with clieale changes (WAZTIIER ot ol 2002, Counsos 2003, Low et &
2005) o¢ fenmle body condition (see STEVINSON sad BRYANT 2000} The ieflusnce of clhimals chasges ca
nadiversty md e relatod influsaces on phenology asd life history tags we generally knows (PLARD o ol
20148) Assnals living 2 higher clevatons or atitadex s spocics with high plascity alvo Gaquastly exhiba
sdaplasons of life hasory in relstion W breading phenalogy. Asimals livieg = sorbem sress o &t higher
clevatoas usially have & more syscheomized broodng seavon than & individesdy of the ssene species liviag ot
lower clevatioss or closer Lo e ogquator (Lox ot &l 2005} In this study we focusad oo Umisg of the naling
scmos = the md Soor (Cervas daphus) I lrcoding phenology & dependent ca climsle condtscas. For
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cxample, e ml in Ewope begins in the wesl anl mbseqeesty shafls wowands fhe casl, which i ususlly
explainad in Feldlion 1o the conlinenlal chmate of the saslern aesine The Sepemlence of ke cnssl of e ful én
chmate somdibon ik botn desonaraied by s d al. (2000 whes @ a fal deds populibon cn the ke af
R, Secthand, & | 0-day skafl e cnsdl of he ful aocumad in coansclasa with global warssmg aves he persad
al 30 yvesrs Mowadsys e mal = this populaten begis earker than @ 1he pol Whea comparmg eoedag
plemology of decr i Frence end Morway, Low o gl [2009) conzludad thal ismparates 5nd the selais] spimg
et of vepslata giowh were cacalal or e Hiniig and Soclromeaton of he ful. Meverbsles, they il
the [emals weghl also plives | ispomas ssle The nad and tessliore e bath of cffgeing woe more
synchicained in Nafway than in Franse. [n felstion W e, the somlilssn of fsmales in Marvay (sesieral &
sulpsn bady weighl} demonsrated & natably lowsr range than eal of femiles i Frmee. [a Frams, 4 femals
wilh lugher astemn weighl pesslucad ollEprag calisr. Similar remlls wers neposial alss By Lasdmemy of o
{20] i Horway, wha slie el bighs Emele cvolalion spnchmnizasn in bagher popolilion densities, alleil
wilh wme delay, The kablsr siudy alse conlEmad e goncrally kiowa st that older fmales are the fird o Snlsr
the mul (e, the Al ol ovulatsa) [ alss repanad thal femsales thal kad aol avalaal 6 s previoss yeae (ussally
5 & reanl of poce comlilan ), ubsequently cvelatsd selisr Oen did cther fomales of e sene age

The sbafl in @vuliten 16, of ok, felasd (o de oasd af the male ful aad e astvily which 5
inducal by the female esirms phase Male vocalissea = herefoes usually mas promeuncsd when the lemales
cnme min Ber cedrm peak smd leem 4-5 weels (CILMTTOM-BROCE el ALY 19790 Mals scnvily abas
insresses durmyg Bie fal They sl ol relsg Emde, change tie locatoas of theif stmdard hesme Lerilsme
and jain the lemales. A highst aunia of malss s cmoenlsalal ace e famale Activay dusing bath day sl
mghl is abey sgnilaenily iereassd (Casnm e ol 2008, Perm et sl 20090 The likelibeed of beng killad by &
lusier Assd with fhe messwang male vooahmion (MNraR o al D06 Hustmyg of the milmg make des his
very dosp culuial neols = Ceatval Furape and 18 4 part ol the busieg salinon In Ceniral Eurape, e lasgesl
mumbers of rpredluctively active dosr sre sl o he peak al retl (ie in the persssd o mosl imensve
vialioalson |

I recenl dadades, the men-aanve aka dear (Cirnd Aippos) his becn dpreading inls misy aicss 16
Ceniral Eumpe. 11 i3 & spocess erigmatng lrom Asia, mmd il las boon agnilezanily eapanding ik range capocially
in e Ceech Republic, domg & even within Sie Eulinoel mmps of e red deer (Hammod D009, Sike Sser
exlalall 3 high degres of vanakalty ia the matng iviiem {BAarmod o al. 199E). The hafem iyilsm wi feponsd
[Fam Mew Fealind aml Englasd (Purmsaeed as] Mared 15900, resoerce-based lernilomes [om nalive arcas such
a8 Russis aed Japas (Bagmd & al 3003 asl ek iernrmlity noin iamsdesed populstssn ia the Ceech
Repella: (Baismnn el d. 1993), The peak rul astvily his besn ratceled 1o osur betwesa 17-19 (Oewher ia
Autlras (Bazmd et sl M3, enchosure ares) amd durmg Oeioher in e Crech Ropeble: (e rasging
population) (Haisrorn o al. 1993) [mieasive growih in e oka deer population infllusnses the conditon of
lisredl mxsdywicma. Foredl mamagemienl muthonbes pay much allenbon b sl onleing he itanls agansl
desmage Fom anismals, @md o Besary crcles the adlusl e ol e mgulals gase populiticn which allecs the
apecili: oresl coosyems i debaled (SLomeCAK e el 2000 Saka desr everpopulalion md il infllueadcs oa the
sl colimmesd snvenemenl ad on populaies ol olther game speciss is & problam in sasy places acusl the
winkd The ispacl of mo-mlive desr oepeeulstion hes been raoendal and descriled in Math Amercs
(ALviEson of al 1988, Roowey D001, Russaal. e el 3001, Roosey and Wailer 2003) Cheal Brtain



(FuLLes asd Gt 2000, Koy 2001), Ewope (HOMOUXA and HEaotnova 2000, SCHUTz o al. 2005) and
New Zeslsad (STEWART and BuRzows 19891 The speeading of cortsin Soer spocies scross e world sad thewr
influsnce on the envircament is described a5 very mseading (TAKATSUK: 2009)

Compettion for food, the relaled Sasage 10 sgriculterd snd forest stmds, and epecally spoatsscous
Eybradication with the red doer are conederad W be the maun problemstic inleractions of te sila door with the
suloddbonous speciss (BAXTOf asd Zirowviacky 1982, Gouy sd Howoo 1998, GOOOMAN o ol 1999)
Cromstecading with ral deer has been deciued cae of e man Geeats (BARTOS 2009, S ot ol 2010,
BUzmyCra et al. 2012), smd geserally hybeidizaton with sutochihonous spocies is coasidered 10 be one of the
gresiest problens Soe global biodversity (ARNoeD 2008) Hybodustios s fee-anging sosk kay been
molocularly demonsirated caly # 4 fow sitex (MCDEVITT of al 2009, 51006 of sl 2010), asd mainly in Grest
Britain Nevenheless siges of kybeidization are becoming increasngly apparenl in other aress koo

The s of s wady is to Soscribe changes = bebaviour and reproducton phenology in e rod deer
and sike deor in s where Both species e prosent. The shifk n e nulling scason and female ovulaton we
tred W docemnent could be & sign of hyleidizaton and behsviowsl changes.

MATERIAL AND METHODS

Study Area

Rescarch and monilorag was carried cul @ the Dospovale boey Mix, socth-wesion Bobamia, Crech
Repedlac Almost two thinds of the ares e used for miltary purposes (soe Fig. 1) The Military Tesining Ares
(hersinafler seforred 10 23 MTA) i 8 very resrictod public socess snd daking is entirely probabiind. This hes =
mdeaisbie nflusnce on the devalopment of game populstions (LOVAR! o al. 2006} The carrent extent of the
Headifi® MTA is 33161 ka’, which makes it the largent such sea in the Camch Repeblic and cae of the legest
in Central Europe. As & ressl, & number of succesinve forest development sages and growths of shrubn (dog
rose, midland hawthom, blackihorn ) can be found scroe & large srea In o sumber of cases, these alicady kave
trassformad into young docidoous foress (Eurcpean mpen, sycamore, common mb, wild cherry) Large arcas of
these growths have very poce scceis mad are soght out by gume becase of Bheir calmnen and lage food
svailabaey Plast commumities = the Dogpovaké hoey Mis are representad s follows. comiferoes sad smoeed

forests muke up 45%, stmdy endergoing succooncn 39%, and meadows, patures, ooling rasges sl other
srea withoet o ged bush layer 16%. Elevation of the sree rasges froem 350 0 934 maal
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Fig. |. The Doupevshe bory Mis. on a map of e Ceech Republic

Fopulilions of hao sympabrs: deer spsics, the red dess sl wiks deer, sre very abundenl m the
Duujssvike hery Mi Ia focenl decadss, aks Sosi pepulilicns hive spesal spoilsssomly =mle e Coech
Repreila: (Hossoa ks, gnd Hemolnove 2003, asld the Dospovilkd bory Ml arc a gl exsnple of deir acw
rasge Within e MTA, the Dl meabosi of holsd sle deer come [om [963 The wo populatssn
sigaificmily allect sach ather [nirsiwee in ausbery (hunied islivideals) of e el and wila deer in the L 44
verd e iwa in Fig I Slrong infueses of fhe aka doer on e aulochihonoe: rad deer population is e
tesen why inksraction befwsen the intnedueed aika deor sl nsne gpeees of sagulals gaene (o which e sika
in g empetilon) need b ulied
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Diata colleetisn and walis s

The cumenl Hralile® BITA 1 gn isegraial hustisg grouss) (Keslovy Vary regaa in wester Bober)
Since calibliskmenl of the healag giosd in 1953, heating ajpentoas sl gime pojlain msgenal hive
oen carmied st by the Karlovy Vary division of he slale abepras Vojesks lony o staky Cenke sopublily,
stdini peded (hessineller refered 1 e "Milzary Feessiry end Lend™). In this eiflisd hussing sree, devadled
dela on the bunisd lige geme sre collecind Since 2008, the dets s milformly moondal in the “Mysliosl”
[{iame Mimsgeneal) sallwens (oSl by Karel Jaseleh, Yemass Sallwiee). Eleven varishlss are recondad
within 24 hoes of each kil lag ausbes, date of Lill, specees of gase, sex, bunling s, aene af bunisr,
catimiled sge ol e animal, it drsos] weight, citimated lrve weight, rophy, nd sophy point scoss. Hustisg is
conductal sither direelly by smphiyees of the Militiry Fors sl Lands o o e proscnce, and cmpheyoes
rective el remunsralion G kunisd enisaly nd fe soompenvag & sl which snises precis Sl
reconling, The botal enrasd by Docteses sroand an avengge of 2,000 sdivadusls of husted red s sika deer
the Hiaddsd MTA, bowever, B ppulilion his been sy The s samba ol banlsd des wilh
rejessembasan of kunied males i shown in Fig, 3.
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Fig. 3. bvearing populatin of esd end sl desr ia the Headifts BITA over 10 yoan (2004 - 2013) - metal
samber o husted sulividadi

Hunlifg in the malig sedan i casential Gof the Wtsl ausbes of hemtal males (see Fig 4.1 In e last
dix year, make desr afe Busled ales an drive bnls, & bunlieg salsde (he saling Ssiah i3 sore sccessful
this 10 vears go.
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Fig. 4. Humben of buslal mals of the el ed sk desr mohe Headile® MTA doefing 10 veans (3004 - D03L

Hicoa] i defead clservialions il svilustion of Sile of mals Kl s uicd sdol sl killi &6 the hasie
varmble delesnmiog peall and BEsg of B ml As aolsd above, the sctivity of sales duning (he ral S
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comaderahly (Kasvaer o o 2008, Pirmd et al. 2004) and thess o thercfare & higher probaality ol e being
lalled. Ve worked ca e astemplion thal males show the highes spaial acivily dunng e rel Geongil and
Schroder 1533 A the dams B, we miumed thal females enler oeilre conmomdy depending on e anml
thii t=ning s el allodmad by dharderm wealher phensmens (Lo ol al. 2003} This is slss selated wah male
stvily desing e ful, which insrcases wath the ausbar ol inil ] i We also supposed thal he
imisnaly of bunling presiess o conslanl i the sta durmy the rolag persaad. Hunling guided conlsely
scampiny heabng gueds Beoaghaul Soplcmber anld Cetcber. Each husbeg guide his an ssiigaad part al the
busnng anca, snd alles 8 seccsalul beal with the Buster, he his 1o sosmpiny 4 aow huster the asxl diy
Thereliees the nember of hoalerd (am] ala the level of bunbig pressuse) = cinsliml over he calse rolaeg
parazd. Moreowi thise wise no clanpss iathe agpe straciuns al larvealad red desr smd sl desr dusing e sludy
paraad {leiad by Kruskall-Walls ANUYA) mmd e smodisn valus of age waid 4-5 vears in the mal deor and 4
vesid m lhe dika deer [fxocpl 20080 (o supplemenlary mabcnal)

Dhata o docs karvesl were gatheral doniig the persial 2008-2013. For the porpecs of et iludy, e closisd dals
thsl TulfEllsd the fallowing criloris

1. An sl male wis hosied

[

The mdivadusl rype af luanl wik appliad

3. The bunl bk place Bofween | Sopleinber aml 31 Oclaber. The perud wis calendal m 2012 and
2003 when the dodr wess humlad dan in November, Ll the D day when me dedr win healal
desisgg the indrvudusl 1ype ol hust

Table | NHumber of hisvvesiod deer mdiveduak doeving the malmy oesson

Calendai yeu Rl et Sika decs
2004 BiE) 1z
200% 10T ]

2006 2] o0

2047 11 134
2008 114 1T&
2049 136 1T

20310 133 165
iyl 154 152
JPir] 1ED 164
rirl e 120 143




Dernxt observatson sugpests that in the red deer, the rutting seawn ks shifiod o 2 hater paet of the vear
in recent years, while in the sla deer it has slaflad 0 a0 carlier part of the yeor. Tomang of Be fulling seawa in
indnidual yesrs was detarminad weng bunting data We ssumad that the peak of the rullisg semion coincidod
with the sean dale of the bunling seawa.

The potential relatonske betwoen the calendsr year sad the husting semon for cach species wis
sssumal 10 be liscer

Y=a+pX, ¥
where v is the date of husting, x o the calendar yeor and &, 5 = R sre parsmesers. s ceder o vardly the
sleementionad ssumptons, we lestal the null hypothess that the hunting season for rod doer (and for sika deer
separaiely) is indepesdent of the calendsr year

H,:g=0, (2)
sgunsl Be dieevative bypothees St thare is 3 linesr tend
H, :p=0 )

The presmetons of owr model were estimatad by the least squares method and subsegquently & standsd statistical
anslysis wis cned oul Let us descte by & the number of x and y measmemenis caved 0w, by 5 e residesd
standand ervor of the least squares estiesate of (1),

s -%2;:0', -a-bx,) o

and by b m extamate of 3 1ican be shown that, ssssmeg (2) bolds, the fosd slalistic

r-% E (x,-xF (5

batn 2 Stedent s t-disteibution with l-lbpnorbenbn In addson, we can compute the conlidence

inlerval for O s
bt _(a)s ’ﬁ (xl-r (6)

and the confidence sterval fie regresoon line (1) a4

a+brss JIFT] b%. ™

(S 2001 )
To prove the msumpton et the bunting sad retieg scasons convesge, we tesied e homogeseity of the two
euiuunblud b,.wﬁaeb‘ is 2 lemt aquare etimate of e skpe 5, -nhl(l)buddeu-db,n-
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Mﬂ[h‘:ﬂ.llprﬁ: Fow wika Sor. That s o sy thal we isslad the bypoikeini tha ey can be comiidenal o

beestimates of 8 commen 8 [ ie

Hy:g =2, (%)
agunil e slismalive bypothem

H:g=8 (

I il B dharwn (SESHEE D00 1) il the o abalivlic
Hy B =8 (1
whers IE||.-1 b:.ﬁtﬂﬁﬂtl-ﬂrlhp- bz linsas esoddels, ML, assl 71 are comespondung sumbers ol
o uremenly, md
» (L)
where 5| and I, soe redidual stsndernd eemord, hes & Siodent’s t-dininbulion wath J'l,+ﬂ,—‘|-lt|-,:uurﬁ-ﬂ.n,
assussmg il (B} haldy

RESTULTS AND KISCUSS N

Rl dieer Resulis of che evalustion o masle] | 1) are shaws s Table 1.

Taksle 1. Red deer - sxtisaiss ol linsar mode] paraselers

Pt snielest sl rasifs Eul Esvor Tl slalislie
& =405 B ek =182
B 0133% 0] IOE Jns

The vakee of e gt (5] @ T =305 1225 & Mol hypodies (2] can s be repcial @ te sigalicnc
level 0001 snd the essmale ol paraseier Jishes ca & poiinve value. The %505 confidente inlerval for Fis
(0.05, 062} The shifl m the red deer huating ssison b lales woeks appess i be statistically sgniliant

Cnven e relatiamidp Baiwoen the henling scavon ond Che fulling sciocn, we cin ol sssume 3 sl shill n
the rulling scason. A graphic overview of e dais snd the Ninsd model (1) are shown m Fgg. 3
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Sika s

Table 2. Sika deer - sibmales of lincss modd paramslas

Parsmcles Eslimaale Sl Erear Tl slsbra
u B4R 1936 a3%
& —.2123 0 P —-253

The valie ol e slalrass (5= T == 03 @ 1443 dr. Mol by potheiis (1) can again be rgpoisd 8 dignibcinse
leseel 0UD1, Bl the ettimate of parameley [F Lahes On 3 negative value this lime. The 5% conlideny: interval e 0
is |— D_;'i, - ':”:Gl The: il o the siks Soer hustisg Ssakon {and fulling seaacn ) Lo carlier woelis sppears s he

wlabistically sggnilacan (s Fag 6.
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Fig. & Siks deer hunting ssien durmyg e perid under evaliaian

Values of b popreienl the sverags yearly shill of the matng sesson Durisg the stuly period, te shill was 0 338
devi mthe red dees end 0787 Savs in e ke deer. (e renlis revesled that the sating seasen of the ml dees
bsifls by 1338 days Forwerds o you, asd the maling sssen of the sika Soer shills iy 0.2E2 deys Backwands. The
s aling sewaeas o the twi spocies s convengs of e mesn s ol 162 &y par yeas

Finally, we tewind the hypolbsis that the sstimaies 5 sl 8. con be consderad 1o be sstimais of &
-:llmn.un's The walae ol bl statiits (10} s Iﬁq'.:q'ilmdrﬁmlh:uat:q:nuhqulh:] vilee lakes
the vadue of L 001)=2578 | we are sble w ngoct knpothesis (K} & sgnifcence level 001, The

enimvesgenes ol the homling s af Lhe mal docr end aks doo appears 1o be dtaliwbeally sygamficnl

Sirong inleractasng betwesn sike dest asd red deer me descriled in & aumber of gpeciakiosd papes. WoLr
i WAVRLIKEE { 19751976 ) descrdbe bow aka desr affiact the sod desd ful The alualion when a rolng maks
red dea inlenvely repels & weaker indivadusl of i own specics el gooess @ sike Seer nea s females i
enmamenly mentssned SUMINEED (2ial i Bamrorrwsil [958 oven stales tat the aika Seer domaraies ovex e
fed deer “leovaeie il = Sommdershly braver™, MaTISEWRD] asl SUMNSKD {19E) mentson thal Suring he rul,
viung red deer male s altsehed by elder siks desr. The intndused ks deer is equesdy in better physacsl
condian than e domestic deer species, sxamples of which cen be lousd ol over Ewope as well a3 in
populslions @ Morth America (ARMSTRONG 1580, BurTs el ol 1582, Kl 1935, RICHARDSON md
DesaRAls I99E, FELDHAMER and ARMSTRONG 1993) Iaterpedilic relalasi aie mosly Basal on behiysoural
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trits thal s wery dallazell 1o abscsve sl which thesslioes can lead by the apinian Chal imisrasioe between fhe
lical ipeiaci and the sxabe dika desr miy @l be sigaificanl
(weal varmbdey m the ks dser fulling sctvily his boca dessribal acices Europe & well i m small arcsas

al i presence (Jaremrwskl D007, Matuszewskn 198E). The mul usally Bagms in mid-Uetober and oo al
vaiud misnsile aver e, frequenlly bemy roorded o lae m o Dessmber (Woor and VaveunEs 1973
157h, BASKM and DAMELL D00E) A delusfasn seniler b il ieperiad By the lales aothors o kasws Fam e
begirming of development of e ke deer populatacn in the Dowpevike hory M I 1996, when the deasity of
ths mks deor populstion wis sigmlcamtly growmyg aud the honl =i becoming increasinghy nlm ve, meyo iy
al the fulling-3scr hoals were carsd oul m the ssoond all of Oclaber A conlemporary chiomds: dscumsenl,
the jeak of e aika deer ful @ the regaca wis wowd 25 Oclabe In the Morthan Hemigpbate, e nuling seaon
al the red desr wmally ocurs Befween mid-Seplember and mud-{Oclober, and from he stan of e fol the desr s
imakermnl of one another ol move o rolieg e with sdull fsmades (ANLEN 1965, CLUTTOR-BROCK o o
1982} Thioughoe! the nelling season, e deer are sroagly sexuslly active, spend only e than 10 of sme
fraring, snd we selive for cxsentially the entire day (KELLY &l 6l 1987} Local cleamacles describe the peal of
ths degs ral ia the Doupovike bary Mia o Gl betwesn 30 and 23 Seplsmber. The sloemenionad dals indicaie
thel in sreas with puie populaseas, hers s limle overkap belwesn e mitng sswens of he siks desr and rad
det

Visunl clbservalions availahle [am the sy seca sugged gralus] danges in e nullng b of
beth the wika anl rol deer, sipecially o siles with inerosad population dersitaes of e v specics. 1 = allen
pecaibile b ehesree & siks deer fhi Soes mel sefram from vezalizng in the viemily of 2 rezag red Seer in mal-
Seplember. Fallomn yews g, il was almad imposiible W encowles whedlng of a sika decr in Seplemibe.
Roming wicahestion af the aks ooy kave slio undesgons 3 @ gulicast chings aver the decade, although ey
lve ool ben stadisd syilcmaleally in s arca. The clear whols thal coukl Be heird mod Tequeatly e
Pl have Lagely Boen rplacd By vercus smsds that spjeosch Blealing aml even indwalioms: af Bugling
[Hrservale changes have alas acasied in limisg of b rulng seawa, s dafling bunling suoees dsing e
i

A tied slwove, ek o an isleecd evidenss ol exlemove ybridicalion between the astnve red deer sl
the intrslmeed sika deex Mo diresl proal ol e phenasenon is svalable [om Che sres under siudy, bol we can
gssume fh mulusl csbieadisg occurs e o well The fact thal the mulling s ol e oy me
getting cleses highlights the buge s ol hvbriduestion, which can lesd W gradus] sxtinetion of Se s ve speties
o bzl population (ALLIMDORF & . 2001} Our pevelis U indicals st oaly a changs in genes (which was
damoaiiralisd in il Sympalre populaen of e e ind fad desr m Polssd, Baperycks ol &l 200120, bl
sl 8 change = behaviie of he Twa specice [ dhould e sestional hal allough be bebavaural chinges s
very imsemspncuous end dow, they comspomnl wilh peeviom temlis which dhowed el e sesnlting bybral o
winsally conaidered W be a red deer in “pure condilioes™ | Bazmod asd FRoviacky 1982),

Firr & nusbes of years, varsus suthees have been wisnisg of the danger of e siks deer Bag cns of
the most darmingly invasve spocics in Ewape (Bazmd and Fmovracky 1982, Bagmod 2009, Damse 2005,
Bomworwcis ot al 101T) With the massive ipreakng of e aka desr ia Cetral Euiope, il & aoessary
sdertaks immoliale pind Satagemcnl meRiuftl 1B Hop il Spaika asd 6 s ol legal Eesns o
aigaificanily maluce s populaten dcmates
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SUMMARY

When miking observalions anl while henliag, il & poeable b deiod very ialasaling Svapense o e
wisial beharvioud of e ol decs and salia desi. The ideal tise Tof elecrving sch phenomicia @ durmg e nulling
wsian, when indivalusls of bath gpecies se eaily obserable even in e dayiase asd ws baghly etive These s
it ivtel that althesigh e juopulilion of fal desr sl ks dos we Lingsly interconnscted, & i very dilfazull o
mdeend and dewnlbe agmficanl dvesgences from the momal @ale The chinges sos very gradual the
il il i dafficult W chestve i anl sven langer chaages Oeeer the pasl D0 yeirs, o aaprocedenisd
exjuuasn of ke Ny fae wika deer ha lahen placs = the Deupevake bory M. sl this ipecica ki Babaims
the: el auseicul mgolse game m this ses. The alleeses of this spasied on als ungulsle pame Spocieh wil
dacibed m lilsratuie alieady o Dun 40 yeais age (ROWLAMD 196T). The nllusnes dewsibad se very
exicmiive m e swdy encs whene bugs amount of setahle kbt e svalable ke develepment of =
ahimdant populabon. The dapoil mlsabomn eud with the fal do - he ol S50 i leonomiically closssl b
this speizs and cfomdiosdi with . lalivideali s fequently kalled whose speasi determinilion o dilicalt
and moolagrids, end there are othsr manifedsion, loa, o coalEm
cigaliealing. The &hifl in Umisg of (e fllsyg seaosn @ oes uch semlcdaie wheh @ very amksg o
enimparison with e shalbisl by pore popolitions of the ks docr and sod deer. The hocal populations of e
sed deer asl siks dees in e Dok hory M. ses, of coures, sl isolasd fom teir seroedings, ad they
i pemsuaicis wilh aeighbooting dbandnd pepulibiom of the o spaciel. The ialenayve ghowth of B ks
deet populsion mleemxs ml only oy gase specici, bul slio e semounding cnveammenl Al o sulable e,
even the lommesly very spare ke gome cen queckly moliply, live ovverlly and cose o gaafican demags
cupermlly to e dends. Senous meeech ks boen corred oul anse DS with the aim ko soenilon te geowih
alithe sika desr populaten, 8 behayvunes and & inluendos ca e coveommenl in G Deupovikd bary M

even lor cadl g sench
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6. Diskuze

Studie, ktera byla provedena, ukazuje, ze samci siky z introdukované populace
v severozapadnich Cechach vyuZzivaji pomémé rozsahlé domovské okrsky, které
vykazuji sezonni variabilitu ve své velikosti. Jsou patrné sezonni presuny domovskych
okrsku, které vSak nejsou nijak vyznamné. VétSina informaci 0 velikosti domovskych
okrskt siky pochazi z pfirozenych mist jejich vyskytu. Na nejvetsim japonském ostrove
Honsu jsou uvadény velikosti domovskych okrskd pro samce siky 10 az 30 hektart,
v prefektufe Shimane 40 az 70 h, v prefekture Hyogo 50 az 80 ha, v horach Tanzawa 80
ha, v parku Nara 70 ha, na poloostrové Boso 140 ha, v prefektufe Yamaguchi 150 ha a
v horach Odaigahara 210 ha. (Torii, Tatsuzawa 2009, Yabe, Takatsuki 2009).
V Narodnim parku Nikko (Li et al. 2006) byla primérna velikost domovského okrsku
192,52 ha vypocétena s pouzitim metody KHR 95 % a 173,89 ha vypoctena pomoci
okrski samct siky s prumérem 50 ha (Yabe, Takatsuki 2009). Nejmens$i rozsahy
ve velikostech domovskych okrskii byly zaznamenany mezi malymi ostrovnimi
populacemi, naptiklad méné nez 100 ha u samcu z ostrova Mage (Yabe, Takatsuki
2009), 10 az 30 ha u samic z ostrova Kinkanzan (Yabe, Takatsuki 2009) nebo dokonce
3 az 4 ha na ostrové Nozaki (Endo, Doi 1996). Mimo Japonsko jsou udaje o velikosti
domovskych okrsku k dispozici z vyzkumt v USA (Feldhamer, et al. 1982, Kalb, et al.
2013), a to se zaméfenim na mladé jedince. Pouze Vv letnich mésicich byl sledovan
mlady samec prostfednictvim radiotelemetrické metody a velikost jeho domovského
okrsku piedstavovala 182,5 ha (Feldhamer et al. 1982). Hodnoty 464 az 4.121 ha
uvadéné Kalb et al. (2013) jsou shodné s velikostmi domovskych okrskii samct
v Doupovskych horach, i kdyz studie zahrnuje pouze star$i samce. Pokud je znamo,
dalsi publikované udaje popisujici velikost domovskych okrskt siky mimo areal svého
puvodniho rozsifeni pochazeji z britskych ostrovi (Swanson, Putman 2009, Uzala et al.
2013). Bohuzel zvetejnéné piedbézné vysledky (45 az 55 ha u dospélych samct a 60 az
70 hektard u mladych samct) z Irska a Skotska jsou neporovnatelné vzhledem k
nedostatecnym podrobnostem o pouzitych metodach a délce pozorovani Swanson a

Putman (2009); Uzala et al. (2013). Dalsi vyzkum z Anglie byl zaméfeny pouze
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na samice siky (prumérna velikost domovského okrsku byla 87,37 a 107,76 ha). Kromé
udaju z Kalb et al. (2013) jsou vSechny vySe uvedené hodnoty u samci o jeden tad
nizsi, nez bylo zjisténo v Doupovskych horach, ale je tfeba poznamenat, ze napiiklad
Feldhamer et al. (1982) a Li et al. (2006) provedli své vyzkumy jen v omezené Casti
roku - v letni sezoén¢. V tomto piipadé mize byt vhodnéjsi porovnavat jejich vyzkumy
s primérnou mési¢ni velikosti domovskych okrskti samcti siky v honitbé Hradiste (264
ha). M¢&si¢ni velikost domovského okrsku u obou pohlavi ve stfednim Japonsku,
konkrétn¢ (Yabe, Takatsuki 2009), se méni od 21 do 284 ha. Tato velikost domovskych
okrsku se piiblizné shoduje s naméfenymi hodnotami v honitbé Hradisté. Nicméné je
tieba uvést, ze absolutni hodnota mési¢nich velikosti domovskych okrskt v této studii
muze byt vyrazné ovlivnéna nastavenim parametrti prostorového vyhlazeni. Pokud
porovname ziskané vysledky s pfedchozimi studiemi, mohou mit velké rozsahy ve
velikostech domovskych okrski u siky pozorovaného v Doupovskych horach nékolik
vysvétleni. Porovnani s Yabe, Takatsuki (2009) ukazalo, Ze znacna variabilita
ve velikosti domovskych okrskii u siky zavisi na geografickych a klimatickych
podminkach ve sledované oblasti. Variabilita je obvykle pfi¢itaina nadmotské vysce,
maximalni vy$ce sné¢hové pokryvky, a také, zda se jedna o migracni nebo staly zivotni
styl jelena (Yabe, Takatsuki 2009). Sezoénni migrace mezi dvémi lokalitami mtize nastat
v dusledku snizené dostupnosti potravy (McCullough 1985), obvykle je to ale v
dusledku snéhové pokryvky, jak je znamo z nékterych oblasti (napi. Li et al. 2006,
Sakuragi et al. 2003, Yabe, Takatsuki 2009). Tyto argumenty se jevi jako mozna pfi¢ina
znaéné rozlohy domovskych okrskd. VySe uvedené tudaje vSak tuto mozZnost
jednozna¢né nepodporuji. Prestoze pramérné prostorové piekryti domacich okrskia
v tiimési¢nim intervalu je mnohem men$i nez mési¢ni prekryti, je piesto téméf
tietinové. Navic maximalni vySka sné¢hové pokryvky ve studované oblasti obvykle
nepiesahuje 50 cm. Tato vyska je limitujici pro pohyb siky (Takatsuki 1992). Uvadéné
divody mohou byt limitni mezi stalym zplsobem zivota a migracnim zivotnim rytmem
(Takatsuki 1992, Yabe, Takatsuki 2009). Béhem zimnich mésici je ve studované
oblasti poskytovdna zvéti doplikova potrava, kterd mize mit vliv na pohyb siky a
na velikost domovského okrsku (Jerina 2012). Mezi misty ve studované oblasti, kde
bylo doplikové krmivo predkladané, byl sika nucen k dlouhym pfesuntim, aby zajistil

své pozadavky na vyzivu. Na zaklad¢ udaji z Doupovskych hor, honitby Hradisté, se
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zda, ze samci siky preferuji spiSe staly zpisob Zivota. Jsou dvé vyjimky mezi
sledovanymi zvifaty. Samci s nejvét§imi domovskymi okrsky a s malym prekrytim
domovskych okrski (¢. 8768b a 9658) byli zaznamenani i pii pohybu na dlouhé
vzdalenosti mezi dvéma nebo tfemi vzdalenymi misty. Omezena délka sledovani, a to
zejména v pripadé samce ¢. 9658, neumoziuje rozhodnout, zda je toto chovani spojeno
s jeho sezdnni migraci, Sifenim z rodného domovského krsku nebo zda ma pouze
neobvykle velky domovsky okrsek. Nicméné periodické presuny mezi dvéma nebo vice
riznymi (vice ¢i méné vzdalenymi) misty pozorovani nékolika jedinci, vcetné jelena
8768b, si zaslouzi dalsi vyzkum zahrnujici téz Gdaje 0 mistnich lokalitach.

Alternativni vysvétleni velkych rozsahi domovskych okrskli u sledovanych samct siky
ve studii mize spocivat v nizké potravni produktivité stanovist’ studovaného uzemi a
v sirokém rozptylu potravnich zdroji (vidét je i opaény Géinek zimniho ptikrmovani,
které muze vést k zvétSeni domovskych okrski). Toto naznacuje Borkowski,
Furubayashi (1998), Endo, Doi (1996) a Uzal et al. (2013). Nizka produktivita stanovist’
a horsi dostupnost potravy muze byt moznym davodem pozorovanych sezénnich zmén
ve velikostech domovskych okrskll. Zvétseni domovskych okrskl se projevuje zejména
v prib&hu jara, kdy jeleni potiebuji vice energie pro rast parozi nebo po fiji, kdy
shromazduji zasoby na zimu. Naopak v pozdnim 1ét¢ se velikost domovskych okrsku
zmensuje na minimum, coz pravdépodobné nastava v souvislosti s vysokou potravni
nabidkou a hustym krytem na vrcholu vegetaéni sezony Borkowski, Furubayashi
(1998). Také vzimé& mohou minimalni velikosti domovskych okrskti souviset
s pozadavky na vyzivu, a to zejména v disledku omezené rychlosti zpracovani
nekvalitni zimni potravy, kterd je k dispozici velkym kopytnikiim v mirném pasmu, coz
vede ke snizeni pfijmu potravy a snizeni velikosti domovskych okrsku (Clarke,
Henderson 1984, Irvin, Peak 1983, Mysterud et al. 2001). Navic minimalni velikost
zimnich domovskych okrskii je ovlivnéna ptikrmovanim (viz. vyse), které ptipadné
umozni zvifatim splnit jejich poZadavky na potravu prakticky na jednom misté a
samoziejm¢ pokryt vyssi energetické naklady na pohyb ve snéhu (Moen 1976).
Neptedpoklada se, Ze nizsi produktivita prostiedi by sama vedla ke stejné "kazdorocni"
velikosti domovskych okrskii i s ohledem na predbézné udaje o samicich ze stejné
oblasti. Ty svéd¢i o mnohem mensi velikosti domovskych okrskii shodné s bézné

vykazanymi hodnotami.
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Dal8i moznosti je spojeni hustoty populace jeleni zvéfe s moznou dobou fije. Mezi
jelenovitymi je obvyklé, ze velikost jednotlivych domovskych okrskii negativné
koreluje s hustotou populace (napt. Jerina 2012, Kjellander et al. 2004, Vincent et al.
1995). Tento efekt je dobfe patrny u samic siky, kdy nejmensi velikosti domovskych
okrskti byly pozorovany u velmi malych a hustych ostrovnich populaci (Endo, Doi
1996). Pii srovnani hustoty populace s publikovanymi udaji (napf. 10 az 40 ks /km?
V horach Ohdaigahara, centralni Japonsko — (Ando, Shibata 2009), 27,6 ks /km?
narodni park Kenting, Tchaj-wan, 11-12 ks /km? Lulworth, Anglie, 14-44 ks /km?
hrabstvi Wicklow, Irsko, 42-45 ks /km? ve Skotsku (Swanson, Putman 2009), cca 42 ks
/km? na ostrové Kinkazan, Japonsko a cca 56 ks /km? ostrov Mage, Japonsko (Yabe,
Takatsuki 2009), 310 ks /km? ostrov Nozaki, Japonsko (Endo, Doi 1996) je hustota
populace siky ve studované oblasti spiSe nizka, a toto muze byt jeden z dtivodu velikosti
jejich domovskych okrski.

Jsou znamy dvé rozdilné taktiky pafeni u siky. Jeleni si mohou udrzovat "tijné
teritorium ", drzet "harém" nebo pouzivaji strategii "pevného pouta" (leg) a "stoji a
¢ekaji” (Endo 2009, Miami et al. 2009). Uvedené strategiec se mohou liSit v zavislosti
na hustoté populace a na jejich sklonech k "fijnému teritoriu”, coz mize byt pozitivni
vzhledem Kk hustoté populace. V nizkych populacnich hustotach a rozmanité krajiné
strategie "pevného pouta” (pafici systém, kde samec ma fijné samice) je vyhodnéjsi
(Miami et al. 2009). Velké sam¢i domaci okrsky lze proto ocekavat v populacich, kde je
pfevaha samci. Ve studovanych oblastech nebyly zjiStény zaddné vyznamné zmény
ve velikosti domovskych okrskii v pribehu fije, coz znamena, Ze toto vysvétleni neni
prokézané. Navic vétSina samcl ze studované oblasti jsou mladsi jedinci a toto chovani
je typické pro dominantni samce ve véku od 5 do 13 rokt (Miami et al. 2009). Tim i
jejich chovani pfi fiji nemuselo byt doposud ziejmé. Velikost domovského okrsku a
prostorova aktivita jelenovitych je ovlivnéna lidskou ¢innosti (Borkowski, Furubayashi
1998, Edge, Marcum 1985, Jeppesen 1987, Jerina 2012, Uzala et al. 2013), nicméné
dopad této Cinnosti muze byt rizny. Jelenoviti jsou schopni si zvyknout na ruSivé
podnéty jako je doprava, hluk anebo svételné efekty, které pfimo nenarusuji jejich
zivotni prostiedi (Edge, Marcum 1985, Jeppesen 1987). Tyto rusivé podnéty obvykle
nemaji vliv na velikost domaciho okrsku ani nemaji vliv na prostorovou polohu okrsku

ani nemaji vliv na chovani zvifat, které mohou pouzivat postizenou oblast naptiklad
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pouze v noci (Jeppesen 1987, Uzala et al. 2013). Vojensky vycvik ve vojenském
vycvikovém prostoru Hradisté je intenzivni, ale je uskute¢iovan pouze na omezeném a
relativné malém Uzemi stielnic a ma tak pravdépodobné jen zanedbatelny vliv
na velikost domovskych okrski. Naopak zcela opaény vliv na velikost domovskych
okrsklti mize mit ruSeni zplisobené intenzivnim lovem. V oblastech, kde je jelenovita
zvet pravidelné lovena, jsou jejich tnikové vzdalenosti delsi (De Boer et al. 2004),
vyhybaji se otevienému stanovisti (Kilgo et al. 1998) a jejich domaci okrsky jsou
vyrazné vétsi (Jeppesen 1987). Prestoze velikost vzorku sledované populace vylucuje
statistické testy, zda se, ze tendence zvétSovani domovskych okrski byva hlavné béhem

lovecké sezony. Tento trend je vidét zejména pak v loveckych letech 2011 a 2012.

Primérny ro¢ni posun doby fije ve sledovaném obdobi za roky 2003 az 2013
piedstavuje hodnotu 0,338 dne za rok v ptipad¢ jelena evropského a 0,282 dne za rok
v pripad¢ siky. U jelena evropského jde o posun do pozdé¢jsiho obdobi roku, u siky
rychlosti 0,62 dne za rok. Za obdobi 10-ti let dochéazi k vzdjemnému piiblizeni doby fije

jelena evropského a siky celkové o 6,2 dne.

Silné interakce mezi jelenem sikou a jelenem lesnim jsou popisovany v fadé odbornych
praci. (Wolf, Vavrunék 1975-1976). Matuszewski, Suminski (1984) uvadéji, ze hlavné
behem obdobi fije jsou dokonce mladi samci jelena lesniho atakovani starSimi jeleny
siky. Velka variabilita v fijné aktivité siky je popisovana po celé Evropé i v malych
oblastech vyskytu (Matuszewski 1988). Rije vétinou za&ina v poloviné fijna a probiha
S riiznou intenzitou Casto az do prosince (Baskin, Danell 2003, Wolf, Vavrunék 1975—
1976). Tak, jak zmifuji vySe uvedeni autofi, je popisovana situace i v poc¢atcich rozvoje
populaci jelena siky v Doupovskych horach. Jesté v roce 1996, kdy uz vyznamné rostla
hustota populace jelena siky a zintenziviioval se i1 lov, byla pfevazna ¢ast lovu fijnych
jelentt sméfovana do druhé poloviny fijna. Jak plyne z tehdejSich kronik Vojenskych
lest a statkii, probihal vrchol fije v honitbé Hradisté siky okolo 25. fijna.

Jelen evropsky tiji na severni polokouli zpravidla od poloviny zafi az do poloviny fijna,

e

lanémi (Ahlén 1965; Clutton-Brock et al. 1982).
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Mistni kroniky oznacuji za vrchol jeleni fije obdobi od 20. do 25. zaii. Z vyse
uvedenych udaju je patrné, ze v lokalitach s ¢istymi populacemi se fije jelena siky a
jelena evropského v podstaté viibec neprolina.

Vziajemné piiblizovani doby fije upozoriiuje na velké nebezpeci hybridizace, kterd mize
vést az k postupnému zaniku druhu, pfipadné k zaniku lokalni populace (Alendorf et al.
2001).

Na zavér vyzkum ukazal, Ze sika z introdukované populace v severozapadnich Cechach
vyuziva velké rofni domovské okrsky, které ale nezobrazuji vyznamné sezénni
migrace. Domnivame se, ze vysvétleni neobvyklé velikosti domovskych okrskti miize
spocivat v nizké hustoté obyvatelstva a piipadné v saméim zptsobu fije. Dalsi vyzkum

je zapotiebi zaméfit pfedev§im na samice a starSi samce.
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Sika (Cervus nippon), pavodem z Japonska a vychodni Asie, je rozSifen téméf
po celém svéte. Navzdory Sirokému rozsifeni tohoto druhu, bylo provedeno jen malo
studii, které se zabyvaji velikosti domovského okrsku v pivodnich oblastech.

Na adrese http://zver.agris.cz/jeleni je dostupna aplikace pro on-line piistup k datim
ze sledovani siky v Doupovskych horach. Tyto jeleni jsou sledovani s pomoci tzv. GPS
obojkti s funkci odesilani aktualnich dat pomoci GSM. Data jsou ocisténa a nasledné
ukladana do databéze.

Vybéry z databaze je mozné provadét prostfednictvim popisované aplikace. Vybirat
mizeme jednotlivé jedince i sledované obdobi. Vysledky vyhledavani muzeme zobrazit
v n¢kolika podobach: body vyskytu, trasa pohybu a domovské okrsky zobrazené
formou polygonu (Quick Hull) nebo formou Heat map, vyjadfujici hustotu vyskytu.
Pro velikost domovského okrsku a délku trasy jsou provadény statistické vypocty.
Aplikace je urc¢ena piedevSim pro vyuziti dat ziskanych sledovanim jelenii pro potieby
védeckovyzkumné a pedagogické cinnosti.

Primérna velikost domovského okrsku pocitaného u deseti samct byla 3620 ha
S pouzitim metody minimalnich konvexnich polygont, metodou Brownovych most
1163 ha a 819 ha pomoci metody jadrovych odhadd. Primémné piekryti velikosti
domovského okrsku z mésice na mésic bylo 72 %, ale snizilo se na 28 %, kdyz bylo
piekryti vypocitavano pro tfimési¢ni obdobi. Neobvykle velké rozsahy domécich
okrskl lze vysvétlit relativné nizkou hustotou populace siky ve studované oblasti a
pfipadné¢ 1 uUzemni strategii samcl Vobdobi fije. Vysoké hodnoty sezonniho
domovského okrsku a ptekryv meési¢nich domovskych okrski ukazuji na prostorové
ptesuny, ale nepodporuji ptitomnost sezoénni migrace.

Na zavér vyzkum ukazal, ze samci siky z introdukované populace v severozapadnich
Cechich vyuzivaji velké roéni domaci okrsky, ale nevykazuji vyznamné sezénni
migrace. Vysvétleni neobvyklé velikosti domovskych okrskii mize spocivat v nizké
hustototé populace a ptipadné v sam¢im zptisobu zivota vV obdobi fije. Nicmén¢ dalsi

vyzkum zaméfeny predevSim na samice a starsi jeleny je potieba.

91


http://zver.agris.cz/jeleni

Vzhledem Kk masivnimu S$ifeni siky ve Stfedni Evropé je nutné provést okamzita
managementova opatieni k zastaveni Sifeni populace a vyuzit vSechny legalni
prostfedky k vyrazné redukci jeho pocetnosti.

Vhodnym opatfenim k omezeni hybridizace siky a jelena evropského by byla uprava
doby lovu i u samcu tak, aby se doba lovu posunula do konce tnora. Timto opatienim
by doslo k rychlejsi plosné redukci stavii tohoto druhu na celém tzemi Ceské republiky.
Dale je nutné vénovat zvysenou pozornost odlovu siky v obdobi fije jelena evropského
a pokud mozno vytvofit naraznikové zény v oblastech smiseného vyskytu. V téchto
zOnach se snazit omezit odstielem vyskyt siky na nulovou hodnotu.

Z vysledku prace je ziejmé, ze primérny ro¢ni posun doby fije ve sledovaném obdobi
piedstavoval 0,338 dne za rok v piipadé jelena evropského a 0,282 dne za rok u siky
japonského. U jelena evropského jde o posun do pozdéjsiho obdobi roku, u siky

vvvvvv

primérnou rychlosti 0,62 dne za rok.

Vzé4jemné priblizovéani doby fije upozornuje na velké nebezpeci hybridizace, kterd miize
vést az k postupnému zaniku druhu, ptipadné lokalni populace.

Z vizudlniho pozorovani lze zaznamenat obzvlasté v lokalitach se zvySenou hustotou
populaci obou druhu jeleni pozvolné zmény Vv fijnych projevech jak u siky japonského,
tak i u jelena evropského. Hlasové fijné projevy siky zaznamenaly za desetileti také
zmény, studiu zmén hlasového projevu se vSak nikdo v této lokalité systematicky
nevénuje.

Jak je uvedeno vySe, jedna se o nepiimy diukaz extenzivni hybridizace jelena
evropského s introdukovanym sikou. Nicméné se predpoklada, Zze Kk vzajemnému

kiizeni téZ dochazi.

92



8. Seznam tabulek

Tabulka ¢. 1 Katalog biotoptt Ceské republiKy............co.veiueiueiiieeiieiieein.. 24
Tabulka ¢. 2 Tabulka oznacenych jedinct s vékem a dobou sledovani

2009 — 2004 ..o 37
Tabulka ¢. 3  Velikosti jednotlivych domovskych okrskil u oznac¢enych jelend.........44

93



Q. Seznam grafi

Graf¢. 1  Vyskyt podle biotopt za vSechny jeleny a za celé sledované
0] 07 101 o 5 22
Graf ¢. 2  Vyuziti porostni pidy oznac¢enymi jedinci za obdobi 2009 — 2011...25

94



10. Seznam obrazku

Obrazek €. 1 SiKa... ..o 11
Obrazek ¢.2 Princip triangula¢ni metody ze 3 stanovist’ se znamou polohou
spojenim vsech tfi uhla ziskame fix (lokalizace jedince).................. 12

Obrazek ¢. 3 Zafizeni a technologie K GPS sledovani ...................cccccceevvivennn 14

Obrazek ¢. 4__ Zatizeni ke stahovani dat z obojkil...............ccooiiiiiiiiiii i 16
Obrazek ¢.5 GPS obojky firmy LoteK ... 17
Obrazek ¢. 6 Domovsky okrsek zobrazeny metodou MCP. Determinace

dennich a nocnich stdvaniSt..............cooiiiiiii 30
Obrazek ¢. 7 Domovsky okrsek metodou MCP.............ccooiiiiiiiiiiiii e, 34

Obrazek ¢. 8 Domovsky okrsek metodou KHR................o..onn .34

95



SEZNAM POUZITYCH WEBOVYCH STRANEK

o~ W DN oE

Internetova stranka
Internetova stranka
Internetova stranka
Internetova stranka

Internetova stranka

: http://www.vectronicaerospace.com
: http://www.lotek.com

: http://www.sirtrack.com

: http://www.bluesky.co.uk

: http://www.fallowit.com

96


http://www.vectronicaerospace.com/
http://www.fallowit.com/

11.

Seznam pouzité literatury

10.

11.

ADAMS, A.W., 1982. Migration. Thomas, J.W., Toweill, D.E. (Eds.), EIk
of North America: ecology and management. Stackpole Books, Harrisburg,
Pennsylvania, USA, s. 301-321.

AHLEN, 1., 1965. Studies on the red deer, Cervus elaphus L., in
Scandinavia. I1l. Ecological investigations. Viltrevy 3:177-376.

AKASHI, N., NAKASHIZUKA, T., 1999. Effect of bark-stripping by
sika deer (Cervus nippon) on population dynamics of a mixed forest in
Japan. Forest. Ecol. Manag. 113(1):75-82.

ALBON, S.D., R. LANGVATN., 1992. Plant phenology and the benefit of
migration in a temperate ungulate. Oikos 65:502-513.

ALLENDORF, F.W., LEARY, R.F.,, SPRUELL, P., WENBURG,
J.K., 2001. The problems with hybrids: setting conservation guidelines.
Trends Ecol. Evol. 16(11):613-622.

ANDERA M., CERVENY J., 2009. Velci savci v Ceské republice.
Rozsiteni, historie a ochrana. 1. Sudokopytnici (Artiodactyla). Néarodni
muzeum, Praha. s. 88.

ANDO, M., H. YOKOTA, E. SHIBATA., 2004. Why do sika deer,
Cervus nippon, debark trees in summer on Mt. Ohdaigahara, central Japan?
Mammal Study 29(1):73-83.

BAKER, R.R., 1978. The evolutionary ekology of animal migration.
Hodder a Stoughton, London, United Kingdom.

BALL, J.P.,, NORDENGREN, C., WALLIN, K., 2001. Partial migration
by large ungulates: Characteristics of seasonal moose (Alces alces) ranges
in northern Sweden. Wildlife Biol. 7(1):39-47.

BARTOS, L., 2007. Pivod jelena siky v Evropé a hybridizace jelena siky a
jelena evropského. In: jelen sika v Zapadnich Cechach — sbornik referatt z
konference CLS, Praha.

BARTOS, L., J. ZIROVNICKY., 1981. Hybridization between red and
sika deer. 11. Phenotype analysis. Zool. Anz. 207:271-287.

97



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

BASKIN, L., DANELL, K., 2003. Ecology of ungulates: A handbook of
species in Eastern Europe and Northern and Central Asia. Springer. Verlag
Berlin Heidelberg. s. 431.

BEGON, M., HARPER, L.J.,, TOWNSEND, R. C., 1997. Ekologie —
jedinci, populace a spoleCenstva. Vydavatelstvi Univerzita Palackého,
Olomouc. s. 949.

BLOOM, A. M., 1978. Sika black-tailed deer winter range in the
Kadashan Bay area, Southeast Alaska. J. Wildlife Manage. 42:108-112.
BORKOWSKI, J., 2000. Influence of the density of a sika deer population
on activity, habitat use, and group size. Can. J. Zoolog. 78(8): 1369-1374.
BORKOWSKI, J., K. FURUBAYASHI., 1998. Seasonal changes in
number and habitat use of foraging sika deer at the high altitude of
Tanzawa Mountains, Japan. Acta Theriol. 43:95-106.

BROWN, C. G., 1992. Movement and migration patterns of mule deer in
southeastern Idaho. J. Wildlife Manage. 56:246-253.

CALENGE, C., 2006. The package ,,adehabitat for the R software: A tool
for the analysis of space and habitat use by animals. Ecol. Model. 197(3):
516-519.

CALENGE, C., GUILLEMAIN, M., GAUTHIER-CLERC, M,
SIMON, G., 2010. A new exploratory approach to the study of the spatio-
temporal distribution of ring recoveries: the example of Teal (Anas crecca)
renged in Camargue, Southerm France. J. Ornithol. 151: 945-950.
CEDERLUND, G., E. LINDSTROM., 1983. Effects of severe winter and
fox predation on roe deer mortality. Acta Theriol. 287:129-145.

CLARKE, C.M.H., HENDERSON, J.R., 1984. Home range size and
utilization by female chamois (Rupicapra rupicapra) in the Southerm Alps,
New Zealand. Acta Zool. Fennica. 171: 287-291.

CLUTTON-BROCK, T.H., ALBON, S.D.,, GIBSON, R.M.,
GUINESS, F.E., 1982. Red deer: behaviour and ecology of two sexes.
University of Chicago Press. s. 225.

98



23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

CONGRESS, JUNE 30-JULY 4, 1998. Final Program - Abstracts.
Pannon Agricultural University, Faculty of Animal Science, Kaposvar,
Hungary.

CERVENY, J., 2003. Encyklopedie myslivosti, Ottovo nakladatelstvi.
Praha. s. 591.

DE BOER, H.Y., VAN BREUKELEN, L., HOOTSMANS, M.J., VAN
WIEREN, S.E., 2004. Flight distance in roe deer (Capreolus capreolus)
and fallow deer (Dama dama) as related to hunting and other factors.
Wildlife Biol. 10: 35-41.

DE SOLLA SR., BONDURINASKY R., BROOKS R. J., 1999.
Eliminating autocorrelation reduces biological relevance of home range
estimates. J. Anim. Ecol. 68(3): 221-234.

DVORAK, J., 2008. Jelen sika a Skody ptisobené na lesnich porostech ve
vybranych honitbach Plzenska. Lesnicka Prace. 87(2): 12-14.

DVORAK, S., 2010. Diplomova prace. Prostorova aktivita siky
japonského (Cervus n. nippon) v honitbé VLS CR s.p., divize Karlovy
Vary. Ceska zemédélska univerzita. s. 154.

DVORAK, S., 2011. Bakalaiska prace. Telemetrické sledovani siky
(Cervus nippon). Ceska zemé&délska univerzita. s. 82.

EDGE, W.D, MARCUM, C.L., 1985. Movements of elk in relation to
logging disturbances. J. Wildlife Manage. 49(4):926-930.

ENDO, A., 1992. Spatial distribution of rutting male relevant to female
home range in the sika deer (Cervus nippon) in the Nozaki Island. 1992.
PhD Thesis. M Sc thesis, Kyusyu University. Fukuoka. s. 49.

ENDO, A, T. DOI., 1996. Home range of female sika deer (Cervus
nippon) on Nozaki Island, the Goto Archipelago, Japan. Mammal Study
21(1):27-35.

ENDO, A., 2009. Variation in mating behavior of sika deer: Mating
behavior of sika deer on Nozaki Island. In: McCullough, D.R., Takatsuki,
S., Kaji, K. (eds.), Sika deer: biology and management of native and
introduced populations. Springer, Tokyo, Berlin, Heidelberg and New
York: s. 285-296.

99



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

FELDHAMER, G.A., DIXON, K.R., CHAPMAN, J.A., 1982. Home
range and movement of sika deer (Cervus nippon) in Maryland. J.
Mammal. Biol. 47(5): 311-316.

FESTA-BIANCHET, M., 1988. Seasonal range selection in bighorn
sheep: conflicts between forage quality, and forage quantity, and predator
avoidance. Ecology 75(4):580-586.

FISCHER, J.W., Walter, W.D., AVERY, M.L., 2013. Brownian bridge
movements models to characterize birds” home ranges. The Condor 115(2):
298-305.

FRAIR, J.F., FIEBERG, J., HEBBLEWHITE, M., CAGNACCI, F.,
DECESARE, N.J., PEDROTTI, L., 2010. Resolving issues of imprecise
and habitat — biased locations in ecological analyses using GPS telemetry
data. Philosophical Transactions of the Royal Society B-Biological
Sciences 365:2187-2200.

FRETWELL S. D., 1972. Populations in a Seasonal.Environment.
Princeton University Press, Princeton, New Jersey. s. 225.

FRYXELL J.M., SINCLAIR A.R.E., 1988. Cause and consequences of
migration by large herbivores.Trends Ecol. Evol. 3(9):237-241.
FUKUSHIMA, N., MIURA, S., KIKUCHI, Y., MARUYAMA, N.,
TANAKA. H., 1984. Effects of density of sika deer (Cervus nippon). On
floral change and its management in Mt. Ohdaigahara. Nara Natural
Environment Society. Nara, Japan. s. 29-37.

GEHLE, T., S. HERZOG., 1998. Is there evidence for hybridisation
between red deer and sika deer in Germany? Zomborszky, Z., (Eds.), 4th
International Deer Biology Congress.Final Program — Abstracts. s. 121—
123.

GEORGII, B., 1980. Home range patterns of female red deer (Cervus
elaphus L.) in the Alps. Oecologia. 47(2): 278-285.

GOODMAN, S. J., N. H. BARTON, G. SWANSON, K. ABERNETHY,
J. M. PEMBERTON., 1999. Introgression through rare hybridization: A
genetic study of a hybrid zone between red and sika deer (genus Cervus) in
Argyll, Scotland Genetics. 152(1):355-371.

100



44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54,

GRUBB, P., WILSON, D. E., REEDER, D. M., 2005. Mammal species
of the world — A Taxonomic and Geographic Reference. Third edition,
Baltimore. The Johns Hopkins University Press. s. 743.

HAMASAKI, S., 1998. Capture and immobilization of wildlife-Capturing
methods for small and medium mammals. J. Vet. Med. 51:69-73.
HAMILTON, G. D., DRYSDALE, P. D., EULER. L., 1980. Moose
winter browsing patterns on clearcuttings in northern Ontario. Can. J.
Zoolog. 58(8):1412-1426.

HANNAFORD, J., PINN, E.H., DIAZ, A., 2006. The Impact of Sika
Deer Grazing on the Vegetation and Infauna of Arne Saltmarsh. Marine
Pollution Bulletin, 53 (1-4): 56-62.

HARRIS, S., P. MORRIS, S. WRAY, D. W. YALDEN., 1995. A review
of British mammals: Population estimates and conservation status of
British mammals other than cetaceans. Joint Nature Conservation
Committee, Peterborough, United Kingdom. s. 378.

HEROLDOVA, M., 1990. The diet of sika deer (Cervus nippon) outside
the growing season, with a snow cover. Folia Zool. 39 (3): 197 - 206.
HOMOLKA, M., HEROLDOVA, M., 2003. Impact of large herbivores
on mountain forest stands in the Beskydy Mountains. Forest Ecol. Manag.
181 (1): 119-129.

HONMA, K., 1995. Movement patterns and habitat use of sika deer
(Cervus nippon) in Oku-Nikko and Ashio area. Master’s thesis, Graduate
School of Education, Joetsu University of Education, Niigata, Japan.
HORNE, J.S., GARTON, E.O., SAGER. K., FRADKIN, A., 2007a.
Correcting home-range models for observation bias. J. Wildlife
Manage.71(3): 996-1001.

HORNE, J.S., GARTON, E.O.,, KRONE, S.M., LEWIS, J.S. 2007b.
Analyzing animal movements using Brownian bridges. Ecology. 88(9):
2354-2363.

HRNCIAROVA, T., MACKOVCIN, P., ZVARA, 1., 2009. Landscape
atlas of the Czech Republic. Ministry of environment of the Czech

101



55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

Republic and The Silva Tarouca reserch institute for landscape and
ornamental gardening, Praha. s. 332.

HUSAK, F., WOLF, R., LOCHMAN, J., 1986. Danék, sika, jelenec. 1.
vydani. Praha: Statni zemédélské nakladatelstvi v Praze. s. 314.

CHYTRY, M., KUCERA, T., KOCI, M., 2001. Katalog biotopa Ceské
republiky. Agentura ochrany piirody a krajiny CR, Praha. s. 307.
IGARASHI, T., TAKATSUKI, S., 2008. Effects of defoliation and
digging caused by sika deer on the Oze mires of central Japan. Biosphere
Conservation 9(1): 9-16.

IGOTA, H.,, SAKURAGI, M., UNO, H., KAIJIl, K., KANEKO, M.,
AKAMATSU, R., MAEKAWA. K., 2004. Seasonal migration pattern of
female sika deer in eastern Hokkaido, Japan. Ecol. Res. 19:169-178.
IRWIN, L.L., PEEK, J.M., 1983. Elk. habitat use relative to forest
succession in ldaho. J. Wildlife Manage. 47: 664-672.

JEPPESEN, J.L., 1987. Impact of human disturbances on home range,
movements and aktivity of Red deer (Cervus elaphus) in Danish
environment. Danish Review of Game Biology 13(2): 1-38.

JERINA, K., 2012. Roads and supplemental feeding affect home-range
size of Slovenian red deer more than natural factors. J. Mammal. 93(4):
1139-1148.

JEWELL, P. A., 1966. The concept of home range in mammals. In:
Symposium of the Zoological Society of London. s. 85-109.

JIANG, C., KITAHARA, M., TAKATSUKI, S., SUGITA, M.,
YOSHIDA, H., 2006. An ecological study on sika deer on the foot of Mt.
Fuji. Abstracts of 2006 Annual Meeting of the Mammalogical Society of
Japan. s. 55.

KAJI, K., MIYAKI, M., SAITOH, T., ONO, S., KANEKO, M., 2000.
Spatial distribution of an expanding sika deer population on Hokkaido
Island, Japan. Wildlife Society Bulletin 28:699-707.

KALB, D.M., BOWMAN, J.L., EYLEN, B.T., 2013. Dispersal and
home-range dynamics of exotic, male sika deer in Maryland. Eur. J.
Wildlife Res. 40: 328-335.

102



66.

67.

68.

69.

70.

71.

72.

73.

74.

KAMLER, J., JEDRZEJEWSKI, W., JEDRZEJEWSKA, B., 2008.
Home Ranges of Red Deer in a European Old-growth Forest. The
American Midland Naturalist. 159(1): 75-82.

KAMLER, J, HOMOLKA, M., BARANCEKOVA, M,
KROJEROVA, J., DVORAK, J., 2007. Potravni ekologie siky. Jelen sika
v zapadnich Cechach s exkurzi do VVP Hradisté, Sbornik referati. Ceska
lesnicka spole¢nost. Kostelec nad Cernymi lesy, Lesnicka préce, s.r.o. s. 18
- 21.

KANEKO, M., KAJI, K., ONO, S., 1998. An analysis of the change of
distribution accompanying the change of habitat of Hokkaido sika deer.
Honyurui Kagaku Mammalian Science 38:49-59.

KEATING, K.A., CHERRY, S., 2009. Modelling utilization distribution
in space and time. Ecology 90(7): 1971-1980

KIE, J. G., 1999. Optimal foraging and risk of predation: Effects on
behavior and social structure in ungulates. J. Mammal. 80:1114-1129.
KILGO, J.C., LABISKY, R.F., FRITZEN, D.E., 1998. Influences of
hunting on the behavior of White-tailed deer: Implications for conservation
of the Florida panther. Conserv. Biol. 12(6): 1359-1364.

KJELLANDER, P., HEWISON, AJ., LIBERG, O., ANGIBAULT,
J.M., BIDEAU, E., CARGNELUTTI, B., 2004. Experimenthal evidence
for density-dependence of home-range size in roe deer (Capreolus
capreolus L.): a comparison of two long-term studies: Ecology 139(3):
478-485.

KOIZUMI T., SHIBATA, E., TABATA. K., 1994. Condition of sika deer
population on Mt. Ohdaigahara. in Report on conservation of spruce forest
on Mt. Ohdaigahara (1989-1993). Environmental Agency, Tokyo, Japan. s.
35-42.

KUFELD, R.C., BOWDEN, D.C., SCHRUPP, D.L., 1989. Distribution
and movements of female mule deer in the Rocky Mountain foothills. J.
Wildlife Manage. 53:871-877.

103



75.

76.

77,

78.

79.

80.

81.

82.

83.

84.

85.

LARSON, T. J.,, RONGSTAD, O. J., TERBILCOX, F.W., 1978.
Movement and habitat use of white-tailed deer in southcentral Wisconsin.
J. Wildlife Manage. 42:113-117.

LEWIS, J.S., RACHLOW, J.L., GARTON, E.O., VIERLING, L.A,
2007. Effects of habitat on GPS collar performance: using data screening to
reduce location error. J. Appl. Ecol. 44(3): 663-671.

LIMA, S. L., DILL, L.M., 1990. Behavioral decisions made under the risk
of predation: A review and prospects. Can. J. Zoolog. 68:619-640.
LIVINGSTONE, S. R., 2001. The application of GIS to the spread of
introduced Japanese sika deer (Cervus nippon) in Scotland. M.Res. thesis,
University of Edinburgh, Edinburgh, United Kingdom.

MAEJI, I., YOKOYAMA, S., SHIBATA, E., 1999. Population density
and range use of sika deer, Cervus nippon, on Mt. Ohdaigahara, central
Japan. J. For. Res.-JPN. 4(3):235-239.

MANN J., PUTMAN R., 1989. Patterns of habitat use and activity in
British populations of sika deer of contrasting environments. Acta Theriol.
34(5):83-96.

MARTIN, T. BORKOVCOVA, M. DVORAK, J., 2007.
Endoparazitozy jelena siky (Cervus nippon nippon) v lokalité "Plzensko".
Jelen sika v zapadnich Cechach. Kostelec nad C. lesy, Lesnicka prace, S.
44-47.

MARUYAMA, N., 1981. A study of the seasonal movements and
aggregation patterns of sika deer. Bulletin, Faculty of Agriculture, Tokyo
University of Agriculture and Technology 23:1-85.

MASSEI, G., BACON, P., GENOV, P.V., 1998. Fallow deer and wild
boar pellet group disappearance in a Mediterranean area. J. Wildlife
Manage. 62:1086-1094.

MATUSZEWSKI, G., 1988. Sika, Cervus nippon Temminck.
Internationale  Arbeitsgemeinschaft ~ Sikawild, = Mdhnesee-Korbecke,
Germany 5(2):1-9.

MATUSZEWSKI, G., SUMINSKI, P., 1984. Sika deer in Poland. Deer
6:74-75.

104



86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

MAYLE, B.A., 1996. Progress in predictive management of deer
populations in British woodlands. Forest Ecol. Manag. 88(1):187-198.
MCCULLOUGH, D. R., 1985. Long range movements of large terrestrial
mammals. Rankin, M.A., (Eds.), Migration: Mechanisms and adaptive
significance. Contributions in Marine Science (Supplement). Marine
Science Institute, University of Texas at Austin, Port Aransas, Texas, USA.
27: 444-465.

MCCULLOUGH, D.R., TAKATSUKI, S., KAJI, K., 2009. Sika Deer,
Biology and Management of Native and Introduced Populations. Tokyo:
Springer Japan. s. 657.

MCNAB, B. K., 1963. Bioenergetics and the determination of home range
size. Am. Nat. 97:133-140.

MIAMI, M., OHNISHI, N., OKADA, A., TAKATSUKI, S., 2009.
Reproductive ekology of sika deer on Kinkazan Island, northern Japan:
Reproductive success of males and multi-mating of female. In:
McCulough, D.R., Takatsuki, S., Kaji, K. (eds.), Sika deer: biology and
management of native and introduced populations. Springer, Tokyo, Berlin,
Heidelberg and New York: s. 297-317.

MINISTRY OF THE ENVIRONMENT OF JAPAN. 2001.
Management of deer population on Mt. Ohdaigahara. Tokyo, Japan.
MIURA, S., 1974. On the seasonal movements of sika deer population in
Mt. Hinokiboramaru. J. Mammalog. Soc. Jap. 6:51-62.
MOHR,C.0.,1947:Table of equivalent populations of North American
small mammals. Am. Midl. Nat. 37: 223-249.

MYSTERUD, A., BARBERIA, P., GORDON, 1.J., 2001. The effect of
season, sex and feeding style on home range area vs. body mass scaling of
temperate ruminants. Ecology 127(1): 30-39.

NAGATA, J.,, MASUDA, R., YOSHIDA, M.C., 1995. Nucleotide
sequences of the cytochrome b and 12S rRNA genes in the Japanese sika
deer (Cervus nippon). J. Mammalog. Soc. Jap. 20(1):1-8.

NAGATA, J.,, MASUDA, R., TAMAT, H.B., HAMASAKI, K.,
OCHIALI, S., ASADA, M., TATSUZAWA, S., SUDA, K., TADO, H.,

105



YOSHIDA, M.C., 1999. Two genetically distinct lineages of the sika
deer, (Cervus nippon), in Japanese islands: Comparison of mitochondrial
D-loop region sequences. Mol. Phylogenet. Evol. 13:511-519.

97. NAGATA, K., 2005. Home range characteristics of sika deer in Fudakake
of Tanzawa Mountains. Honyurui Kagaku, Mammal Science 45:25-33.

98. NELSON, M. E., 1998: Development of migratory behavior in northern
white-tailed deer. Can. J. Zoolog. 76(3):426-432.

99. NELSON, M. E., MECH, L.D., 1981. Deer social organization and wolf
predation in northeastern Minnesota. J. Wildlife Manage. 77:3-53.

100. NICHOLSON, M. C., BOWYER, R.T., KIE, J.G., 1997. Habitat
selection and survival of mule deer: Tradeoffs associated with migration. J.
Mammal. 78(2):483-504.

101. ODUM, E.P., 1977. Zéklady ekologie. Academia, Praha.

102. OHTAISHI, N., 1980. Determination of sex, age and death-season of
recovered remains of sika deer (Cervus nippon) by jaw and tooth-cement.
Archaeology and Natural Science 13:51-74.

103. PARKER, K.L.,. ROBBINS, C.T., HANLEY, T.A., 1984. Energy
expenditures for locomotion by mule deer and elk. J. Wildlife Manage.
48(2):474-488.

104. PUTMAN R., 1996. Competition and resource partitioning in temperate
ungulate assemblies. Chapman and Hall, London, United Kingdom. s. 47.
105. PUTMAN, R., 2000. Sika Deer. London: The Mammal Society and The

British Deer Society. s. 32.

106. QUITT, E., 1971. Klimatické oblasti Ceskoslovenska (Climatic regions
of Czechoslovakia). Studia Geographica 16: 1-83.

107. RENECKER, L. A., 1989. Overview of game ranching in Canada.
Valdez, R., (Eds.), Proceedings of the first international wildlife ranching
symposium. New Mexico, State University, Las Cruces, New Mexico,
USA. s. 47-62.

108. SABINE, D. L., MORRISON, S. F., WHITLAW, H.A., BALLARD,
W.B., FORBES, G.J., BOWMAN, J., 2002. Migration behavior of white-

106



tailed deer under varying winter climate regimes in New Brunswick. J.
Wildlife Manage. 66(3):718-728.

109. SAKURAGI, M., IGOTA, H., UNO, H., KAJI, K., KANEKO, M.,
AKAMATSU, R., MAEKAWA, K., 2003a. Seasonal habitat selection of
an expanding sika deer population in eastern Hokkaido, Japan. Wildlife
Biol. 9(2):109-121.

110. SAKURAGI, M., IGOTA, H., UNO, H., KAJI, K., KANEKO, M.,
AKAMATSU, R.,, MAEKAWA, K., 2004. Female sika deer fidelity to
migration route and seasonal ranges in eastern Hokkaido, Japan. Mammal
Study 29(2):113-118.

111. SAKURAGI, M., IGOTA, H., UNO, H., KAJI, K., KANEKO, M.,
AKAMATSU, R.,, MAEKAWA, K., 2003b. Benefit of migration in
female sika deer population in eastern Hokkaido, Japan. Ecol. Res.
18(4):347-354.

112. SATAKE, C., TANAKA, T., KOGANEZAWA, M., 1994. Home range
and habitat selection of sedentary sika deer in Ashio Mountains. Abstract of
Mammalogical Society of Japan. s. 64.

113. SHIGEMATSU, Y., OCHIAI, K., ASADA, M., 1994. Animal tracking
by radio-telemetry. Reports of management for sika deer of Boso Peninsula
in Chiba Prefecture, I1. Chiba Prefecture, Japan. s. 27-32.

114. SCHOEN, J.W., KIRCHHOFF, M.D., 1985. Seasonal distribution and
home-range patterns of Sitka black-tailed deer on Admiralty Island,
southeast Alaska. J. Wildlife Manage. 49(1):96-103.

115. SCHOENBERGER, H.U., MATZINGER, H., SCHWYN, G., 1988.
Schweiz: Sudranden. Eick, E., Willett, J.A., Konig, R., Schulze-Schwefe,
K.H., (Eds.), Sika, Cervus nippon Temminck, 1838. Internationale
Arbeitsgemeinschaft Sikawild, Mohnesee-Korbecke, Germany 5(2):1-11.

116. SCHUTZ, M., RISCHA, A.C., LEUZINGERB, E., KRUSIA, B.O.,
ACHERMANNA, G., 2003. Impact ofherbivory by red deer (Cervus
elaphus L.) on patterns and processes in subalpine grasslands in the Swiss
National Park. Forest Ecol. Manag. 181:177-188.

107



117. SILVER, H., HOLTER, J.B., COLOVOS, N.F., HAYES, H.H., 1971.
Effect of falling temperature on heat production in fasting white-tailed
deer. J. Wildlife Manage. 35(1):37-46.

118. SMITH, B. L., ROBBINS, R.L., 1994. Migrations and management of
the Jackson elk herd. U. S. Department of the Interior National Biological
Survey Resource Publication. s. 199.

119. SWANSON, G.M., PUTMAN, R., 2009. Sika deer in the British Isles.
In: McCullough, D.R., Takatsuki, S., Kaji, K., (eds.), Sika deer biology and
management of native and introduced populations. Springer, Tokyo, Berlin,
Heidelberg and New York. s. 595-614.

120. SUSTR, P., BUFKA, L., JIRSA, A., 2006. Migrace a prostorové naroky
jelenovitych (jelen evropsky, srnec obecny) a jejich vliv na vegetaci a
ptirozenou obnovu lesa v oblastech vyskytu piivodnich druht Selem (rys
ostrovid) v centralni Casti NP Sumava, vyzkumny projekt, zavéreéna
zprava. Sprava NP a CHKO Sumava: 2006. s. 61.

121. SUSTR, P., LOTTKER, P., HEURICH, M., 2007. What is the animal
doing there? Combination of position and activity/behavior data from GPS
collars. Sjoberg, K., Rooke, T., (Eds.) Book of Abstracts of UGB
Congress, Uppsala 2007. s. 160.

122. TAKAHASHI, H., 1998. Reproduction and habitat use of sika deer
under food limitation. Ph.D. thesis, Graduate School of Environmental
Earth Science, Hokkaido University, Sapporo, Japan. s. 129.

123. TAKATSUKI, S., 1980. Food habits of sika deer on Kinkazan Island.
Science Reports Tohoku University, Series IV (Biology) 38:7-31.

124. TAKATSUKI, S., 1986. Food habits of sika deer on Mt. Goyo, northern
Honshu. Ecol. Res. 1(2):119-128.

125. TAKATSUKI, S., 1992. Foot morfology and distributions of Sika deer
in relation to snow. Ecol. Res. 7(1): 19-23.

126. TAKATSUKI, S., 1998. A life of sika deer read from a tooth. lwanami-
shoten Publishing, Tokyo, Japan. s. 265.

127. TAKATSUKI, S., 2009. Effects of sika deer on vegetation in Japan.
Biol. Conserv. 142(9): 1922 — 1929.

108



128. TAKATSUKI, S., SUZUKI, K., HIGASHI, H., 2000. Seasonal
elevational movements of sika deer on Mt. Goyo, northern Japan. Mammal
Study 25(2):107-114.

129. TIERSON, W. C., MATTFELD, G.F., SAGE, R.W., BEHREND,
D.F., 1985. Seasonal movements and home-ranges of white-tailed deer in
the Adirondacks. J. Wildlife Manage. 49(3):760-769.

130. TORII, H., TATSUZAWA, S., 2009. Sika deer in Nara park: Unique
human — wildlife relations. In.: McCullough, D.R., Takatsuki, S., Kaji, K.
(eds.), Sika deer: biology and management of native and introduced
populations. Springer, Tokyo, Berlin, Heidelberg and New York: s. 347-
363.

131. TSUNEAKI, Y., TAKATSUKI, S., 2009. Migratory and Sedentary
Behavior Patterns of Sika Deer in Honshu andKyushu, Japan.
MCCULLOUGH, D.R., TAKATSUKI, S., KAJI, K., (Eds.). Sika Deer,
Biology and Management of Native and Introduced Populations. Tokyo:
Springer Japan, s. 273 — 283.

132. TSURUGA, H., SUZUKI, M., TAKAHASHI, H., JINMA, K,
KAJI, K., 1999. Immobilization of sika deer with medetomidine and
ketamine, and antagonism by atipamezole. J. Wildlife Dis. 35(4):774-778.

133. UNO, H., KAJI, K., 2000. Seasonal movements of female sika deer in
eastern Hokkaido, Japan. Mammal Study 25(1):49-57.

134. UNO, H., KAJI, K., SAITOH, T., MATSUDA, H., HIRAKAWA, H.,
YAMAMURA, K., TAMADA, K., 2006. Evaluation of relative density
indices for sika deer in eastern Hokkaido, Japan. Ecol. Res. 21(5):624-632.

135. UZAL, A., WALLS, S., STILLMAN, R.A., DIAZ, A., 2013. Sika deer
distribution and habitat selection: the influence of the availability and
distribution of food, cover, and threats. Eur. J. Wildlife Res. 59(4): 563-
572.

136. VAN DEELEN, T. R., CAMPA, H., HAMADY, M., HAUFLER, J.B.,
1998. Migration and seasonal range dynamics of deer using adjacent
deeryards in northern Michigan. J. Wildlife Manage. 62(1): 205-213.

109



137. VINCENT, J.P., BIDEAU, E., HEWISON, AJ.M., ANGIBAULT,
J.M., 1995. The influence of increasing density on body weight, kid
production, home range and winter grouping in roe deer (Capreolus
capreolus).Can. J. of Zoolog. 236(3): 371-382.

138. VLASAK, P., 1986. Ekologie savct. Academia, Praha. s. 292.

139. Vyro¢ni zprava 2008., 2009. Vojenské lesy a statky, s.p. Praha, s.n. s.
64.

140. WALLMO, O. C., SCHOEN, JW., 1980. Response of deer to
secondary forest succession in southeast Alaska. J. F. S. 26(3):448-462.
141. WAND, M.P., JONES, M.C., 1995. Kernel smoothing. Chapman and

Hall/CRC, London. s. 213.

142. WHITE, C.G., GARROTT, R.A., 1990. Analysis of wildlife radio-
tracking data. Academic Press, San Diego, California, USA.

143. WILSON, R. L., 2000. An investigation into the phylogeography of sika
deer (Cervus nippon) using microsatellite markers. M. S. Thesis, University
of Edinburgh, Scotland, United Kingdom.

144. WOLF, R., VAVRUNEK, J., 1975-1976. Sika vychodni Cervus nippon
Temm. v Zapadnich Cechach. Sbornik Védeckého Lesnického Ustavu VSZ
v Praze 18-19:185-199.

145. WORTON, B.J., 1989. Kernel methods for estimating the utilization
distribution in home-range studies. Ecology 70(1): 164-168.

146. YABE, T., KOIZUMI, T., 2003. Sedentation and migration of sika deer
in Kyushu Mountains. Forest and Forestry in Kyushu 65:1-3.

147. YABE, T., TAKATSUKI, S., 2009. Migratory and sedentary behavior
patterns of sika deer in Honshu and Kyushu, Japan. In: McCullough D.R.,
Takatsuki, S., Kaji, K. (eds.), Sika deer: biology and management of native
and introduced populations. Springer, Tokyo, Berlin, Heidelberg and New
York: s. 273-283.

148. YOKOYAMA, M., KAJI, K., SUZUKI, M., 2000. Food habits of sika
deer and nutritional value of sika deer diets in eastern Hokkaido, Japan. J.
Ecol. Res. 15(3):345-355.

110



149. YOKOYAMA, S., MAEJI, |., UEDA, T., ANDO, M., SHIBATA, E.,
2001. Impact of bark stripping by sika deer, Cervus nippon, on subalpine
coniferous forests in central Japan. Forest Ecol. Manag. 140(2):93-99.

150. ZSOLT, B., SZEMETHY, L., KATONA, K., HELTAI, M., PETO,
Z., 2006. Seasonal distribution of red deer in forest —agricultute habitat in
Hungary. Mammalia. s. 70-75.

151. ZWEIFEL - SCHIELLY, B.,.SUTER, W., 2007. Performance of Gps
Telemetry Collars for Red Deer Cervus Elaphus in Rugged Alpine Terrain
Under Controlled and Free-living Conditions. Wildlife Biol. Manag.
13(3):299-312.

111



Publika¢ni ¢innost

1. Clanek impaktovany

Dvorak, S., Bartak, V., Machacéek, Z., Matéju, J., 2014: Home range size and spatio-

temporal dynamics of male sika deer (Cervus nippon; Cervidae, Artiodactyla) in an

introduced population. Folia Zoologica. 63 (2): 103- 115.

2. Clanek v databszi Scopus

Jarolimek, J., Masner, J., Ulman, M., Dvorék, S., 2012: Cloven-hoofed animals spatial

activity evaluation methods in DoupovMountains in the Czech Republic. Agris on-line

Papers in Economics and Informatics. 4(3): 41-48.

Machacek, Z., Dvorak, S., Jezek, M., Zahradnik, D., 2014: Impact of interspecific

relations between native red deer (Cervus elaphus) and introduced sika deer (Cervus

nippon) on rutting season in Doupov Mts. Journal of Forest Science. (in print).

Matéju, J., Dvorak, S., Tejrovsky, V., Busek, O., Jezek, M., Matéjt, Z., 2012: Current

distribution of Procyon lotor in north-western Bohemia,
Czech Republic (Carnivora: Procyonidae). Lynx, n. s. (Praha), 43(1-2): 133-140.

3. Ostatni vysledky

Dvortak, S., 2011: Telemetrické sledovani siky japonského (Cervus nippon nippon) v

podminkach Doupovskych hor.Telemetricky vyzkum zvéfe, jeho pfinos pro
mysliveckou praxi a feSeni Skod plsobenych zvéti. Sbornik z konference, Kostelec nad

Cernymi lesy, 7 — 8. 4. 2011: 37 — 42,

Dvortak, S., 2012: Telemetrické sledovani siky japonského (Cervus nippon nippon) v

honitbé Hradist€¢ Doupovské hory. Sika japonsky Skody, perspektiva, metody a
technologie vyzkumu, moznosti zpracovani dat. Trendy v oblasti sledovani a vyzkumu

zvére. Sbornik z konference, Dubina 1 — 2. 6. 2012: 49 — 54.

112



Dvorték, S., Mat¢ju, J., Bartdk, V., 2014: Pét let sledovani siky japonského (Cervus

nippon nippon) v Doupovskych horach. Jelen sika. Piehled celorepublikovych
poznatkt. Sbornik z konference, Dubina 16. 5. 2014: 45 — 48.

Dvorték, S., Machécek, Z., Jezek, M., 2011. Telemetrické sledovani jelena siky a jelena

lesniho v Doupovskych horach — piedbézné vysledky. Zoologické dny Brno 2011.
Sbornik z konference, 17.- 18. 2. 2011: 57.

Dvorak, S., Machacek, Z., Jezek, M., Ceweny, J., 2011. Telemetric tracking of the sika

deer and the red deer in the Doupov mountains — preliminary results. XXXth 1UGB
CONGRESS (International Union of Game Biologistst) AND PERDIX XIII Barcelona.
Book of abstract 5.-9. 9. 2011: 301.

Jezek, M., Dvordk, S., Machacek, Z., Kusta, T., 2013. Jak se zije jelentim sika v Ceské
republice? Zoologické dny Brno 2013. Sbornik abstraktii z konference 7.- 8. 2. 2013:
98-99.

113



