UNIVERZITA V PRAZE

Fakulta Zivotniho prosedi

Katedra aplikované ekologie

Analyza pri¢in a prevence sketi zvéire s dopravnimi pro-

stiredky v silniénim provozu

Disertaéni prace

Obor: Aplikovand a krajinna ekologie
Doktorand: Ing. Bc. Petr Smid, DiS.
Skolitel . Doc. RNDr. Emilie Pecharova, CSc.



Prohlasuji, Ze jsem disetdai praci na témaAnalyza pri¢in a prevence
stieti zvéie s dopravnimi proskedky v silniénim provozu* vypracoval samostat-
né, pod odbornym vedenim doc. RNDr. Emilie Pecharovgs.@ale prohlaSuji, ze

jsem uvedl vSechny literarni prameny a publikaegkterych jsenterpal.

Leden 2018

Ing. Bc. Petr Smid, DiS.

stranka 2
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Anotace

Diserta&ni prace se zabyva analyzodeft zvéie s dopravnimi prostdky
v silniénim provozu na Gzemi cel&eské republiky. Kolize byly vyhodnocovany za
obdobi od roku 2007 do roku 2016 v souvislosti drpmkami, pi kterych k nim
dochéazelo jako nd&procni obdobi, denni doba, p&ivnostni podminky, viditelnost
apod. V praci jgeSena prevence a nasledriynék opateni, které bydamto stetim
mely bud’ predchéazet, nebo jim zcela zabranit.

Sledované kolize, které jsou v praci uvedeny, &Sinou tykaji pouze vel-
kych Zivasichi, neba strety s menSi a8 nejsou nikde evidovany zejménatddu
malé Skody vzniklé na majetku.

Kli ¢ova slova: zwef, kolize, pozemni komunikace, dopravni pfedek, bezpmost

provozu, prevence, migraceétg, bezpénostni opaeni, ekodukt
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Abstrakt

This thesis analysis the conflicts of motor velscbenflicts with animals in
the area of the Czech Republic. Collisions were\aiidbe evaluated for the period
from 2007 to 2016 and under of conditions in whilbby occured, such as season,
day time, weather conditions or visibility. The Walso addressed prevention of and
the subsequent effect of the measure, which wolldevahese conflicts either pre-
vent or completely prevented.

Collisions, which the work usually large mammalgcéuse conflict with
smaller animal sis never recorded because of tladl pnoperty damage.

Keywords: animals, conflicts, roads, means of trasnportfitrafafety, migration

animals, ecoduct, prevention, security
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1. Uvod

V dnesdni dob je na naSich silnicich stéle vice a vice dopravipiostedki.
Hustota silniniho provozu se neustale zvySuje a to takovym temp@e na tento
problém neni mozné adekvéta rychle v plném rozsahu reagovat. Proto pod koly
motorovych vozidel zahyne kazdy deé&kalik desitek mozna i stovek kiugivoci-
chi. Neni mozné zajistit, aby Zivichové nebyli ohroZeniipmigraci - grekonavani
piekdzek v podabpozemnich komunikaci. Neustale se zvySujicigat budovani
vSech typ komunikaci neni dostate¢ predem zvazovana v kontextu fungovani
krajiny a nasled& naprojektovana tak, aby byla zaji$a gedevSim bezgmost [re-
pravovanych osob ale i ochgdni volng Zijici ZiveciSné druhy. Vyznamnou rolifpd-
stavuje také Uprava terénu, ktera je veliidedita pro pohyb Zivé&chi, protoze po-
kud budou citli¢ propojena mista migéaich objeki s gilehlou krajinou, je velmi
pravdEpodobné jejich akceptace ziichy (Andl et al. 2006).

Je také zapétbi zvazit, jaké dkledky nmiZze mit naprosta izolace populaci Zivo-
¢ichu zpasobena Uplnym oplocenim a zahkfdim vstupu na komunikaci. Na druhé
strarg, v piipact existence migraich objekd, stale hrozi riziko getu Zivaicha s
mtorovymi vozidly. Jak dostateé pd@ty migranich objeki, tak oploceni komuni-
kace maji sva opodsta&mi. K jejich kombinaci jeieba gistupovat velmi obaztne
a se znalosti krajinnych struktur i mignéch tragGorcicova 2011).

V disert@&ni praci je kladen i#az na porovnani stavu nehodovosti
v souvislosti se gty zwie s motorovymi vozidly od roku 2007tdel timto datem se
kolizni udalosti s Zivéichy nikde neevidovaly a pokud ano, hap divodu vzniku
velké Skody na majetku nebo vazného &ndrosob, tak bylo vSe dokumentovano
pouze v papirové podsébktera je v sokasné dob témei nedohledatelna. Od roku
2007 se sety a nehody zmly digitalne zpracovavat, postuperasu dochazelo
k upresiovani tchto dat zejména v poddldoplreni presného mista udalosti, vidi-
telnosti v doB nehody, povtrnostnich podminek, vzniklé Skody apod. Docdssmé
doby se vSak nikde neeviduje, sjakym Zichem ke getu doSlo. Po konzultaci
sieditelem dopravni policie zda by bylo moZndéidat takovouto informaci
k uvadnym datim, bylo sdleno, Ze ve #Sin¢ pripadh se srazené zd nepod#
nalézt a v jinych fipadech by byla identifikace velmi obtizna. PorainZpracova-
nych dat v disertai praci se tyka let v rozmezi 2007 — 2016 s tientehto problém

bude nadale ve spolupraci s Poli€iéské republiky sledovan i nasledujici roky.
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Rozhodujici bude takésmsna a kvalitni medializace s@asné situace ¢R jako jed-
no z hlavnich preventivnich opani, ktera budou moci omezit tyto kolize a zachrani

desitky Ziva@icha denrg, nehled na bezpénost osob uzivajicich dopravni phest-

Ky.
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2. Cile prace

Cilem disertani prace je ziskani co nejpodr@ich, nejkvalitgjSich a za-
roven aktuélnich dat o stech z¥ie s motorovymi proggdky na pozemnich komu-
nikacich na celém Gzentieské republiky, dat o mistech, kde dasjgji dochazi
k migraci zZiva@&ichi, vyhodnoceni o jaké Zi¢ahy se jedna a zda je mozné migraci
odklonit jinym snérem. Ziskané udaje co nejpodréprvyhodnotit a nasledhzpra-
covat do grafické podoby za pomoci mapovych podkladystému GIS. Navrhnout
co mozna nefinngjSi a nejjednodussi ogahi k zabraéni, nebo alespo
k vyznamnému sniZeni kolizi. Po dokage zajmovymi organizacemi nebo Policii
Ceské republiky aplikovat vysledky do metodickyctstomi PCR, verejnych data-
bézi a preventivnich systémP¥inosem disertmi prace budouddecké poznatky o
migraci z\¥tfe, o mistech, kde ngjstji dochazi ke getim s motorovymi vozidly a

navrhyresSeni.

2.1.Model vyzkumu

Vyzkumna oblast

Nehodovost na pozemnich siinich komunikacich ¢R v gi¢inném vztahu

s vyskytem Ziveéichu

Vyzkumné téma

Priciny a prevence stti motorovych vozidel se 2w

Obecné vyzkumné otazky

1) Jaky je vztah mezi kvantitou a typem kolize dopfavehody
2) Jaky je vztah mezi \Wsimi podminkami, kvantitou a typem nehody
3) Jaky je pedpoklad vztahu mezi hodnotou materialni GUjmgdpa po aplikaci

navrhovanych preventivnich opermi
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Design vyzkumu

Vyzkumna oblast

Nehodovost na pozemnich silihich komunikacich vCR v p¥i¢ginném vztahu

s vyskytem Ziv@&icha

! 1

Vyzkumné téma

Pri¢iny a prevence sketi motorovych vozidel se zéfi

Obecné vyzkumné otazky

Jaky je vztah mezi
kvantitou a typem
kolize dopravni neho

Jaky je vztah mezi \&j
Simi podminkami, kva vztahu mezi hodnoto

titou a typem nehody materialni ajmy ped &
dy po aplikaci navrhova
nych preventivnich

Jaky je pedpoklad

opaten

Specifické vyzkumné otazky

Jaky je vztah mezi
kvantitou a nehodo
s lehkym zra#énim
Jaky je vztah mezi
kvantitou a nehodo
s €zkym zrargnim

Jaky je vztah meazi
kvantitou a nehodo
s Umrtim

Jaky je vztah mezi
letnim obdobim a
kvantitou nehod
Jaky je rozdil mezi
zimnim obdobim a
kvantitou nehod

Jaky je vztah mezi
hodnotou preventiv
niho opaiteni a ma-
terialni ujmou do-
pravni nehody
Jaka je pedpoklada
n& hodnota materi-
alni gjmy po instala
ci preventivnich
opateni
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3. ReSerSe

3.1. Liniové stavby — fragmentace krajiny

Zkoumanym prvkem v této disett# praci je krajinaCeské republiky frag-
mentovana liniovymi dopravnimi stavbami. Pod pojmiaagina si niize kazdyclo-
vék predstavit gco jiného. Jak uvadi Sklaikia (2003), jinak vnima krajinu archi-
tekt, jinak bude vnimat krajinufjpodowdec, jinak historik, ekonom, zetlec,
politik nebo unglec. Nejmég pozmeénénymi jsou krajiny horskych holin a lesni kra-
jiny, naopak nejvice ipménéné jsou zergdélské a urbanizované krajiny (Matyas,
2017). Problematika liniové fragmentace dopravrifastrukturou je soustdna
predevsim do ze#délské a urbanizované krajiny.

Podle zdkon&. 114/1992 Sb. Zakona o oché&aprirody a krajiny ve zéni
pozcjSich gedpidi zni definice krajiny takto Krajina je c¢ast zemského povrchu
s charakteristickym reliéfem, tkena souborem fudkeé propojenych ekosysténa
civilizacnimi prvky“. Liniové stavby, zejména datmiho a rychlostniho typu, toto
propojenost prakticky vyktuji.

Definice krajiny Ize podle Skletky (2003) pojmout také jako: geomorfolo-
gické pojeti krajiny, geografické pojeti krajinykadogické (krajirt — ekologické)
pojeti krajiny, architektonické (fukké — estetické) pojeti krajiny, historické pojeti
krajiny, demografické pojeti krajiny, uflecké pojeti krajiny, emocionalni pojeti
krajiny pog. jako chapani krajiny jako vyrobniho prostoru.

Nejlépe vystiznou definici vSak dle mého nazortajekterou jsentasto sly-
chal na pednaskéach, Ze krajina je obrazem lidifikjieobyvaji.

Fragmentace krajiny patk nejvyznamgjSim faktotim, které negativh
ovliviuji charakter krajiny a populace véliijicich zivaiicha. Jde o proces,ipkte-
rém dochazi k rozdieni souvislych biotop do mensich a izolovéjsich celki a za-
rovei ke tvorkE migratnich bariér (Andl, 2013, Jaeger, 2000, Edelhoff et al. 2016).

Fragmentace krajiny provazi celou historii lidst¥anto jev se prohloubil s
rozStenim €Zby nerostnych surovin, rozvojemupnyslu a Zelezgni a silnéni do-
pravy. Zasadnim problémem fragmentace je otazKaljgjsné miry. V saiasné
dokg jsou hlavnimi rizikovymi aktivitami vystavba obytrh souboit mimo zasta$-

na Uzemi obci a vystavba dopravni infrastruktunowych dalnic, silnic a Zelezni
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nich koridofi. Rizika fragmentace jerdba zohlednit § planovani vyuZziti krajiny
(Crooks et al. 2017, Gurrutxaga et Saura, 20147 #013).

Rychla urbanizace se vyraznprojevila na sniZzeni zefklské mdy.
V dusledku toho jsou pozorovany vyrazné éowm krajinného razu a jeho slozeni
(Dewan et al. 2012). Lorencova et al. (2013) uwalsve préaci podobné vysledky,
7e vCeské republice dochazi k vyznamnému sniZeni okdg. fFrragmentace zem
délské pdy se tak stava vekterych zemich limitujicim faktorem pro udrzitelné
hospodéeni (Sklentka et al. 2014, Estreguil et al. 2013). Fragmentaajiny ma
také velky vliv na zachovani biologické rozmanitasEvrops (Chapron et al. 2014,
Jaeger et al. 2011). Problémem fragmentace kragnye svych vyzkumech@eské
republice zabyvaji nd&pTkadlec et al. (2012), Skokanova et al. (2012)5t4 et al.
(2014), Divisek et al. (2014), Stambergova (20Dtfek et al. (2000), Stejskal
(2005), Gdulova (2007), Trpak et al. (1984, 20012, Forman, et Colligne (1993),
Mimra, Sklentka (1994).

3.2. Dopravni infrastruktura v CR a jeji vliv na populaci Zivatichi

Rozvijejici se dopravni infrastruktura @R tvori pro migraci zivaichi
v mnoha pipadech térr nepgekonatelnou fekazku (obr. 1). Jedna se zejména o
silni¢ni komunikace, ale v neposledatk i Zeleznéni st’. Dopravni infrastruktura je
jednim z vyznamnych faktdrregionalniho rozvoje, nebozaji¥uje spojeni mezi
lidmi a hospod&skymi subjekty v prostoru. Silémi s’ je nutné stale rozvijet
v souladu s rozvojem spdleosti a hospodéko-ekonomickymi faktory. Jednou
Z moznosti je stavajici komunikacedbmodernizovat, nebo budovat nové, aby moh-
ly prevzit zatz stavajici sé (Kos-

novsky 2014). Frekventované ko-
munikace pedstavuji proradu or-
ganisni bariéry, které jim brani ve
volné  phchodnosti  krajinou,

k dalSim vlivam pati ptimy zabor

biotopi pii stavie komunikaci (Zi-

e

obr.¢. 1 - St hIavn|ch 5|Ina:n|<;h kondou VCR keS 2002). Jeigjmé (Trombulak
(www.mapy.cg

2003), Zze komunikace maji nega-

tivni vliv na biologickou integritu suchozemskyckiddnich ekosystéin Toto potvr-
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zuje fada dalSich autdy nag. Kraft (2012), Van der Ree et al. (2015), Baclkalet
(2017), Zimmermann et al. (2017).

Silnice maji negativni mnohostranny vliv na ekoégsg, etre vyraznych
dopad: na pohyb vola Zijicich Zivaichd. JelikoZz dlouhodobé z&ny v krajing vli-
vem dopravy fedstavuji velky problém, jsou v poslednich letetddptem mnoha
studii a praci u nas i v zahraéniStudie ¥tSinou vychazeji z historickych pramign
topografickych map, leteckych a druzicovych snimk tohoto divodi byli ekolo-
goveé v Evrop vyzvani, aby rozéili studium bariérovych dopadednotlivych silnic
(Bischof et al. 2016). Dopravni infrastrukturouCeské republice v souvislosti
s bariérovymi dopady se zabyviedevsim naip Frantal et al. (2013) — jizni Morava,
Kraft et al. (2014) — regionalni ¢sta, Novosak et al. (2013) — Ostrava a okoli. Ve
SWté jsou to pak nafp Arpaciket al. (2016), Mehrtash (2016), Sarile{2016), Pet-
rovici et al. (2016), Ambroziak et al. (2013) dalSi

Za hlavni rizikové faktory pro populace zirchi je povazovano igdevsim
zenedélstvi (chemické os&bvani monokultur, vznik rozsahlych pastevnich dreal
oplocovani pozemy, primysl (vystavba pmmyslovych ared a to &tSinou mimo
dopravni infrastrukturu,é€ba nerostnych surovin), vystavba obytnych soiuber
doprovodné infrastruktury (vystavba individualniabjekti i celych satelitnich #s-
tecek, obchodni zény mimo zony dosavadni dopravnastfuktury),dopravni nfra-

struktura (problém vystavby novych dalnic, silnic a Zelezrfisndél, 2003).

3.3. Dopravni komunikace jako bariéra

Bariéru v krajig miZzeme definovat jako titou prekazku, zabrandi hraz,
ktera brani zivdichim (pog. rostlindm) v pekonani vzdalenosti z mista na misto.
Bariéry mohou mit i roli ochrany Zi¢@hu pii vstupu na pozemni komunikaci. Pod-
statné je uiit, do jaké miry fisobi bariéra pro zivichy jako gekazka — potencialni
nebezpeéi a do jaké miry jako ochranagal timto nebez@ém (Martolos et al. 2014).

Jiné pojeti komunikace jako bariéry definuje Aseenst al. (2017): bariéra je
zvySena hrana nebo omezeni, které ma negativnhalikontinuitu pirodnich stano-
vist, maze podnitit bariérovy dinek kuili ruSeni a zvysit tak umrtnost Zisigha.
MuZe se jednat také o tvz. bariéry neviditelné teldikdvé (Bendsten, 2009, Bennet
2017), které jsou pro Zi¢ahy stejré omezujici, ale postupnou domestikaci si na

tento druh bariéry 2¢ zvykne a nasledné jipstava svymi smysly vnimat (ligurel et
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al. 2016). Na druhé strarse mnoho vyzkufnzabyva tim, zda jsou bariéry zaiwa
jici vstupu z¥ie na komunikaci bezpeé i pro cestujici ve vozidlech (Nycz 2016).
Clovékem untle vytvorena bariéra iedstavuje pro populaci valrzijicich Zi-
vocichu zasadni negativni fenomen, kterému se jednotliuéydnemohou a nesfia
prizpasobit. Zvlask vysoce frekventované komunikace, jako jsou dalaicgchlost-
ni silnice, jejichZz hustota v kraginstale neurérné roste, pedstavuji pro migraci Zi-
vocichi mnoha druh ¢asto nepekonatelné fekazky (Andl et al. 2006, Jones et al.
2014).
Pro mnohé velké savce neni dopravni bariérdakematelné, nebezgeou ji

déla hustota provozu a rychlost vozidel (Aanen 1991).

3.4. Migrace a mortalita Zivo¢icha zpasobena skety s dopravnimi pro-
stredky

Za migraci ziveichu je povazovan hromadny snovany pohyb velkého po-
¢tu jedind daného druhu z jednoho mista na druhé (Si@nR003, Riviud et al.
2016, Apollonio et al. 2017). V této praciggevsim hromadny sfrovany pohyb
velkych sava.

Migrace se da také popsat jako souhrnny vektorerggk pohyk voln¢ Ziji-
cich Zivaticha v krajing. Casténa migrace, v nizgkteré populace migruji sezéfn
zatimco jiné nikoliv, jsou spateou strategii chovani u migrujicich diyhvéetrg
bezobratlych, ryb, ptdka savé (Chapman et al. 2011Migracnim profilem se ro-
zumi prostor, ve kteréem dochazi kélkeni migrani cesty s komunikaci (Artet al.
2011, Panzacchi et al. 2016).

Migrace z¥ie a silnéni komunikace jsou velmi slozité systémy, kterésby
méli pii kazdém navrhuikZzeni navzajem respektovat & gvém planovani vystaveb
zhodnotit mistni podminky pro maximalni soulad ikngjs pozemni komunikaci
(Andel et al. 2006). Ztrata, fragmentace a degradaceost’®’ vSude na Zemi vyvo-
lava stale ¥tSi pozornost § identifikaci krajinnych prvk, které podporuji pohyb
zvitat (koridory) nebo mu braniigkazkam).

Pras rizné druhy savickazdor@né neustale migruji, je velmi slozité a dopo-
sud ne zcela jasné. Zigichové mohou migrovat z mnohawbdi, jako je nap hle-
dani potravy, rozmnozovani, vyskyt rusivych elemeftyto migrace se oztaji
pohyby &Zné, nebo denni (Garrah et al. 2015).i@a migruji jako jedinci i jako
celé skupiny v tznych r@nich obdobich (Li et Yin 2014). Li et Yin (2014)zdklili
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a navrhli podle stavajich tredddva zmisoby migraci, které se snazi aplikovat
v praxi. Dosli k z&gram, Ze jedinec {) migraci méa daleko mensi Sanci nafiti nez
celad skupina zivécha, coZz po provedeném vyzkumu v této dis@rfapraci mohu
spochybnit a to zejméndipiekonavani bariér v podéipozemnich komunikaci.

Chovani migrujicich zvat ve styku s dalnici popsal také ve své praci Zike
(2002), kde uvadi, Ze pokud migrujici jedinec narez dalnici, nize vznikly pro-
blémiesit hiznymi zpisoby jako nap:

- Zméni sner pohybu a opusti migéai trasu - k tomuta‘eSeni se jedinec

rozhodne, pokud nema jasny cil migrace,

- MuZe sledovat dalnici do té doby, dokud nenajde vkoahigracni objekt
k pitekonani pekazky,

- Prebthne dalnici po jejim povrchu (pokud neexistuje &a), coz mze mit

za nasledek s#t s motorovym vozidlem.

Dulezitou ochranou Ziwichu je také vegetace kolem pozemnich komunikaci,
Desai (2012) uvadi, Ze je peba rostliny vysazovat a to nejen podél komunikalei,
i v mistech, kde jsou pmyslové zony. Identifikace vzté@hmezi krajinou a typy
mortlity Zivocichi na komunikacich je nezbytné pro vyisai prediktivnich modél
a navrhovani zmiijicich opateni, zejména v heterogenni krgjifFreitas et al.
2015), kde je Siroky rozsaftiaka na ekologické procesy. Tyto vztahy mohou mit
za nasledek pozitivni i negativni dopady na biatkgu rozmanitost (Karlson et
Mortberg, 2015).

Pokud dojde ke sttu zwie s motorovym prostdkem, v 99% to znamena smrt
pro srazené zig¢ a v mnohaifpadech také zr&ni pro osoby v fislusném vozidle.
Od roku 2007 do roku 2016 zéeto v disledku stet se z¢ii na nasich silnicich4
osoh 82 osob bylo&ce zragno a 841 bylo zraimo lehce. Celkem se stalo 63 599
nehod. Z mého pohledu jsou &gsla velmi alarmujici. Na japonskych japonskych
silnicich se za rok standiblizné30 000 nehod se &ki (Shinoda 2003). V Rusku
tyto nehodycinni cca 500 000 &t se z¢ii rocné (Groot et Hazebroek, 1996). Ve
velké Britanii jecislo steti zveie s motorovym vozidlem cca 30 000 az 50 0G0
(Langbein et Pulman 2005). Dotaznikovou metodowld8siler (2004) Kislu koli-
zi se z¢# na $védskych silnicich. Opratieské republice, kde jsou tytdetty evido-
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vany az od roku 2007, je v Britské Kolumbii zaloZBtazovy systém uz vice nez 20
let (Sielecky, 2003). Zcela jisthemohou za tyto &ty jen zviata, pokud byidici
jezdili dle predepsanych fedpisi a v nebezpsych Usecich igdvidali takovyto
stret, vedlo by to ke snizeni nehodovosti.

Reakci zuiete na kolizi s vozidlem se zabyva Lima (2015, 30P@dle gho
se zvfata v mnoha fipadech dokazi srézce vyhnout svyrfirggenymi schopnost-
mi. Zavisi také samdejme na rychlosti jizdy, reakdidice pog. elektronické detek-
ci vozidel. Dle jeho vysledk maji diky modernim systéim v automobilech savci
vétSi Sanci naieziti pi prekonavani komunikaci. Ve &¢ jsou vyzkumy zagiené i
na stety vodnich savcs locgmi nebo naopak #&ity letadel s ptaky. Nebyl zazname-
nan rozdil setu ve vysokych nebo v malych rychlostech letadetiék tak nedokaze
reagovat a $¢tu se vyhnout Sty ptaki s vozidly na pozemnich komunikacich a
moznosti jejich sniZzeriesSi experimentathnag. DeVault et al. (2017). Kolize ptak
s vozidly zmisobuji vdZzné bezprostni, finadni a ochran&ké situace po celém
SWwté, ale ficiny takovych srazek jsou Spétpopsany. Ptak ne#pobi motorovému
vozidlu fatalni Skodu, istava lezet u krajnice, popzakliren ve vozidle &idic vét-
Sinou tuto kolizi okamzé nezaznamena.

Rytwinski et Fahrig (2013) se snaZi pieshictvim undle vytvorenych simu-
laci zjistit, jak reaguje na projigdci automobily z¢t a steji jako DeVault et al.
(2017) se snazi experimentélpriblizit realnym podminkam, jaké mohou nastat
v prirock. Oba autéi shodré potvrzuji schopnost pték zvirat reagovat na provoz na
silni¢énich komunikaci a uvazuji o schopnosti ndvyku rizempéné situace. Borda-
de-Agua et al. (2014) v Portugalsku zkoumali giihimortalitu sovy palené. Vysled-
ky ukazuji na fakt, Ze neustale ram§iani dopravni infrastruktury ime vést
k postupnému vyhynuti sovy palené. Vzhledem k mivdzsjiho vyskytu jsowisla
velmi vysok& a poukazuje na tento fakt Portugald&éni organy.

O’Shea et al. (2016) studuje, zda za vyznamnym éimynetopyt mohou byt sety
s vozidly. Ve svém vyzkumu ovSem nenaSel jedifipau, ktery by 8l souvislost s
automobilem, za velky get uhynulych netopyr mohou dle jeho vysledkvétrné
turbiny, intenzivni bote, viny veder a sucha.

NejcasgjSi fatalni kolizi jsou kolize s obratlovci hmotries nad 10 kg.

V Ceské republice je n&stji strazenou zii prase divokéSus scrof zajic polni
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(Lepus europaeus)isSka obecna\(ulpes vulpes srnec obecnyJapreolus capreo-
lus) (Andél et al. 2011, Slajer, 2016).

V Brazilii zaznamenal Huijser et al. (2013) v salosti se silnini mortalitou
26 druhi savd@ na sedmi hlavnich silnicich ve st&ao Paulo. Jednalo se hap psa
htivnatého Chrysocyon brachyurjysocelota stromovéhd ¢opardus tigrinuy mra-
venegnika velkého Myrmecophaga tridactylanebo kapybaruHydrochoreus hyd-
rochaery$. Z jeho vyzkumu jeizjmé, Ze vhodné oploceni v kombinaci s ekoduktem
ma vyznamny vliv na snizeni mortalityée. Je #ejmé, Ze ke skupinam Zisicha
nejvice postizenych fragmentaci presii pati druhy, které vyuzivaji rozsahlé aredly
a k jejichz biologické strategii patdlouhé migrani presuny. K takovym péit pie-
devsim velci savci jako vik, rys, megtiynebo los a jelen (Hlag&013).

V Ceské republice se problematikou mortality Ziebt zabyva Centrum

dopravniho vyzkumu, které na www strankach htipuil.srazenazver.caubliku-

je aktudlni udaje zpracovateli dostupné. Z publédoxch vysledis (Obr. ¢. 2) je
vSak patrné, Ze zpracovana data jsokmhaegesna a neposkytuji dostéme veri-
fikovatelnou informaci. Rozdeni kategorii zviat na kategorii prase/srnec/zajic/pes

neodpovid realitkolizi se zvfaty na pozemnich komunikacich.

Obr ¢. 2: Pa‘et srdzek s vybranymi zigisnymi druhy (pevzato:_http://www.srazenazver).cz

[ prase divoke 7 smes obeenj ] zaiiz poinf pes doriac

. nin- Al an al Akl ﬂ— H” H.T H: i im ”H'

2d20°7 Uns2

Vyznamnym druhem, kterému je

Castoshc

vénovana pozornost zejména ochranou

pifrody ve s¥té i u nas, je vydralut-

f 0 ra lutra) (Hauer et al. 2002, Polednik
.| etal 2009, Kasalova, 2013, Hiavét
Obr. 3 Aktualni stav znalosti o nalezech| al. 2017). Centrum dopravniho vy-

srazené vydry na komunikaci. (zdroj: . . C e
http:/Awww.vydrynasilnici.cz) zkumu vsak tuto situaci fesi.
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V dnesdni dob se kolizni situaceéeSi nejastji oplocenim silnic a dalnic, coz

A4

ma za nasledek znemai migrace z¥te. NejwtSi nevyhodou ovSem je cenova

naranost a udrzba (Kostka et Prasil 2015).

Vlastnim terénnim

a silnic [. tfidy

Setenim  byly  zjiSény

(‘,eské republika Stav oploceni dalnic
.
y

mnohé nedostatky, které
z oploceni kolem pozem-
nich komunikaci nedaji
,<ochrance Zziveichi“, ale

naopak jejich zabijaky.

ro— Neni mozné, aby oploceni

Obr. 4 — Stav oploceni dalnic a silnic fidy (www.rsd.cz) bylo navrfeno a nasledn

zrealizovano tak, Ze je jeho

ukonteni rekolik metmi pred z#&atkem dalSiho op&ni v podob nag. svodidel.
V takovéto mezie vznikd smrtelné misto pro &y ktera po vstupu na komunikaci,
kde druha strana je celopl@aplocena, nema nejmensi Sanci najit cest, npz
samozejm¢ v 99% kori srazkou s projizgicimi vozidly. Oploceni kolem silnic
popisuje Ascenasao et al. (2013), kdy tvrdi, Z® jeejEinngjSi zpisob jak zabranit
témto stetim, ovSem na druhou stranu tvrdi, Ze je tuto vysigebieba dokonale
naprojektovat, aby nedochazelo ke zbgten Uhymim diky Spatné realizaci a na-
sledné udrz& Velmi podobné nebo stejné vysledky ve svych ptacivadj i Sho-
emaker et al. (2014), Hussain et al. (2016), Ashwtnal. (2016), Clement et al.
(2015), Wang et al. (2017).

Migra ¢ni objekty

Podle Andla (2011) jsou migréni objekty takov&asti krajiny, které slouzi
Zivocichum k usgsSnému pekonani bariéry, na které hrozi nebezpsmrceni zve-
te. Pati tedy k vyznamnym opgnim, které maji za nasledek snizeni bariérového
efektu silnic a délnic. Obeénze tato opdaeni rozélit na podchody (pod Urovni
dopravy) a adchody— ekodukty (nad arovni dopravy).

Podchody slouzi k migraci mensich zhiahi, naopak nadchody jsoudeny
pro stedni a velké zZivéichy (Ancl 2011). V praxi se vSak ukazuje, Ze toto réed

ni neni zcelaiesné (Garrag et al. 2015)ilady z Narodniho parku Banff (Kanada)
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je mozné pouZzit jako vzor vho#liprove-
denych ekodukti podchod (Rogala et al.
2011).0Od vybudovani dalnice do stas-
nosti vyuzilo unglé prechody a podchody
11 druhi savd@, v¢etrg medwda hnedych,
lost a pum nejméhve 200 000 fipadech.

/ 4 ¥ y v ’ . b4 7
Obr. 5. funkni ekodukt — Kanada, Banff V sowasné dob je vCeske repub-
(Rogala et al. 2011).

lice vénovana velkd pozornost hlayn

ekodukfim a to nejen proto, Ze jsou nejdrazSimi migfeni objekty. Jejich projekto-
vani neni \Ceské republice na dobré trovfiiasto dochazi k tomu, Ze vznikne po-
tkeba spojit d¥ vesnice nebo dva zeklské pozemky femosénim pres komunika-
ci a k tomu se vyuziji dotace z Evropské uniélegené na ekodukty. Nasleduje jeho
vystavba, kde nasledrprojizcEji automobily nebo zewulska technika a na toko-
vém to ,ekoduktu” z¥t jen €Zko spatime. Vlastnim Séenim na jednom z ekoduikt
umis€éném na novém obchvatu z D1 na |éti¥taclava Havla bylo za pomoci foto-
pasti zjiSéno, Ze pes uvedeny ekodukt nigslo jediné zvie. Tento fakt mohl byt
ovlivnén vysokou hustotou provozu v dané oblasti, nebamstat€nou dobou pro
adaptaci zdte po vystavb.

Problém vystavbyéthto objektt ma ogt celoswtovy dopad. Ovaskainen
(2013), uvadi, Ze jefgba tyto objekty dostate¢ piedem planovat a nasbirat ade-
kvatni data pro jejich vhodné umist. DalSimi autory, kigé se timto problémem
zabyvaji, jsou nap Prestamburgo et al. (2016), Candrea-GrigoraSileicultura,
(2015), Martolos et al. (2014),t&ickova (2017), Kepelkova (2014), Vikova
(2017).

V Ceské republice je v séasné dob realizovano #kolik ekodukf, které
jsou v provozu uz &kolik let, nag. Ekodukt Hraldivka (od roku 2008), Ekodukt
Kletné (od roku 2009), Ekodukt Zefiyod roku 2005), Ekodukt Vote(od roku
2006), Ekodukty Cholupice (od roku 2010), Ekodub&tka (od roku 2010), Eko-
dukt JeniSov (od roku 2006), Ekodukt Dolni Gjezd (oku 1999) a dalsi.

Na zéklad jednani s pracovnikiRSD v roce 2015 bylo zji&ho, ZeRSD za-

¢ne @i ptipraw a vystavk ekodukfi vyuzivat novou metodiku, ktera bude &pat

stranka 19



v posuzovani kombinace ekologickych variggieni na sildhich komunikacich. Do
budoucna by tato zéna mEla vést kvelké Uspge finartnich prostedki a
k vyznamnému zdokonalergichto staveb.

3.5. Hustota provozu a jeji vliv na mortalitu Zivocichia

Hustota neboli intenzita provozu je hlavnim ukalestevytizeni komunikace.

Nejcastji se udava tvz. i pramér dennich intenzitwyww.ceskedalnice.gz
V roce 2012 jsem terénnim Batim zjistil, Ze v Useku dalnice D1, 25 km - sjezd
MiroSovice projede v dabod 12 hod do 13 hod $mPraha cca 4000 automahil
pokus byl provaéh v mesici z&i. V roce 2016 projelo na tom samém Useku ve stej-
nou denni dobu cca dvojnasobné mnozstvi vozidédkgvém provozu nema zei
Sanci pejit komunikaci, aniz by nedo3lo ke srazcegingk zabran, které se
v sowtasné dob instaluji podél silnic, se ukaze az pikaolika mesicich moznéa i le-
tech. Pokud budou na tyto zabrany vhodavazovat ekodukty, nadchody nebo pod-
chody pro zét, pak maji velkou Sanci nargkonani &chto bariér a nafpozenou
migraci (Swenson et al. 1193, 2000, #inet al. 2007). Dale se monitoringu vlivu
vystavby silnic na konkrétni druhy zaf wnovali nap. Konopka et Hell (2001) a
Huber et Klusak (2006). Jako faktory, které mohelivait mortalitu zwie, se nej-
castji uvadji technickéieSeni komunikace, jako jsou hiagirka, svodidla, st
komunikace, hustota dopravy, rychlost vozidel, &ayptraktivita navazujicich bioto-
pu, dale to pak rize byt nap. motivace zwvat k plekonani komunikace atd. (luell et
al. 2003, Keller 1999). 8ity se z¥ii se v ptibéhu roku stavaji népstji za Sera a
asvitu (Grenier 1973, Rattey et Turner 1991, GaeeiConway 1999). Také podle
Peeka et Bellise (1969) a Carbaugha et al. (197&)casto vyuziva Sera a tmy pro
piekonani pozemni komunikace. To, Ze silnice mohowystedku vést k rozpadu
populace divoké z%e, potvrdili ve svych studiich napFahring et Merriam (1994),
Garrah et al. (2015), Bennet (2017). Saunders bbbkl¢1991) uvadigkolik prikla-
da, prad jsou pozemni komunikace a doprava jako takovaywelgrvkem i amrt-
nosti divoké zére: migra&ni trasy jsou rozéleny pozemnimi komunikacemi, &vse
stretdva s dopravnimi prdastky, protoZze se pohybuje podéisupnych silninich
koridoni, zwt muze nachazet na silnicich zdroje potravy jakoinagechliny apod.
Sledovanim dopaddopravnich komunikaci na va@rzijici savce se anuji
nag. Saeki et Macdonald (2004), Clevenger et Walth@0%, Rico et al. (2007),
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Sawyer et al. (2016). Vliv konkrétnich pozemnichmkmikaci, pedevSim frekven-
tovanych dalnic a rychlostnich silniesi nap. Alexander et Wateers (2000), Baofa
et al. (2006), Huijser et al. (2016), Rytwinskiét @016). Metody sledovani sayc
jejich biotopové vazby a naroky na charakter gemBt¥i migraci vybranych druin
Zivocichu byly popsany jak v zahrafii(nag. Aberg et al. 2000, Swenson et Angel-
stam 1993), tak i Ceské republice (n&pCerveny et al. 2007, Sustr et Jirsa 2007,
Keken et al. 2011, Jutka, 2017).
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4. Metodika

4.1 ReSeni Gzemi, rozdeni zivaticha, data od RCR

Disertani prace jereSena v rozsaheské republikyCeska republika svoji
rozlohou 74 864 kmDé&li na 14 kraj, poset obyvatel je v saiasné dob cca 10,5
mil. V Ceské republice zabira 41% ornédp, 11% pastviny, 34% lesy a 14% ostatni
plochy. Délka Zeleznice se uvadi 9 444 km a pozeimkdmunikaci je cca 55 432

km. (www.czso.czwww.sydos.cy.

Aby byl vyzkum efektivni, bylo zaptebi zkoumat vSechny typy pozemnich
komunikaci v celéeské republice. Podle zakona 13/1997 Sb. Zakormzenpnich

T2

a) Dalnice — je pozemni komunikace dgma pro rychlou dalkovou a mezistatni
dopravu silninimi motorovymi vozidly, ktera je budovana bezirovym
kiizenim s odélenymi misty napojend pro vjezd a vyjezd, kterdsmérove
odctlené jizdni pasy. Dalnice jeipustna pouze siltinim motorovym vozi-
dlam, jejichz nejvysSi povolena rychlost neni niz&z stanovi zvlastnirpd-
pis.

b) Silnice— je vaejre pristupna pozemni komunikacesana k uZziti silninimi a
jinymi vozidly a chodci. Silnice tv silni¢ni st’. Silnice se podle svéhodar-

ni a dopravniho vyznamu rafdji do &chto ¥id:

» Silnice I. tFidy, kterd je uéena zejména pro dalkovou a mezinarodni do-
pravu. Silnice I.itidy vysta¥na jako rychlostni silnice je &gna pro rych-
lou dopravu a je ifistupna pouze siltiim motorovym vozidlm, jejichz
nejvyssi povolena rychlost neni nizsi, nez stamgldstni pedpis. Rych-
lostni silnice ma obdobné staveélirchnické vybaveni jako dalnice.

» Silnice Il. tFidy, ktera je uéena pro dopravu mezi okresy.

« Silnice Il . tFidy, ktera je uéena k vzajemnému spojeni obci nebo jejich

napojeni na ostatni pozemni komunikace.

c) Mistni komunikace —je vaejr¢ pristupna pozemni komunikace, ktera slouzi

pievazré mistni dopra¥ na uzemi obce. Mistni komunikace se dale ¢logel
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podle dopravniho vyznamu,deni a stavehkintechnického vybaveni déyr
tiid.

d) Uegelova komunikace —je pozemni komunikace, ktera slouzi ke spojeni jed-
notlivych nemovitosti pro pégby viastnik téchto nemovitosti, nebo ke spo-
jeni tchto nemovitosti s ostatnimi pozemnimi komunikaceméebo
k obhospodi#&vani zenidélskych a lesnich pozemKz. ¢. 13/1997 Sb.).

Data zahrnuta do vyzkumu v disené praci byla ziskana od Policigeské
republiky a vlastnim terénnim &ehim. V sodasné dob policie nehody — #bty
zvéie s motorovymi vozidly eviduje velmi detailnimigmbem: je zjiBovana poloha
s presnosti na 1 m, peétrnostni podminky v dabnehody, s#telné podminky a
mnoho jinych atribut, které jsou poté velmi déb vyuzitelné fi ruznych statisti-
kach a vyzkumech. BohuZel jsou evidovany pouzedijz&, @i kterych doslo ke
zrareni osob, nebo vznikla Skoda na majetku. Nikde neké evidovano, s jakym
druhem z¢ie ke stetu doSlo. Vlastnim Setnim bylo zjis&¢no, Ze se ve &Sin¢ pri-
padi jedna o ziveichy stednich nebo velkych drahtedy druti od velikosti zajice,
lisky, vydry nebo jezevce. MenSi druhy¢te i sttedu nezpsobi téndt Zadnou

Skodu, proto tyto udalosti nejsou nikde evidovany.

Zajmové Zzivaichy jsem pro pdeby vyzkumu rozdil do nekolika skupin,

podle jejich vztahu ke kolizim v sikni dopra¥:

Obojzivelnici — jsou ziv@ichové s jedinenym Zivotnim cyklem. Svym vy-
vojem jsou vazani na voddi@lespa velmi vihké prostedi). \EtSina z nich procha-
zi metamorfoézou. Tato radikalnfgstavbadla umoziuje obojzivelnikm piesidlit na
sous. Obojzivelniky nalezneme v tropech i za seémepolarnim kruhem v nizinach
v okoli velkychtek i ve vysokohorskych pasmech, trvalych jezeregioustnich
podminkach (Vajnar 2017). Obojzivelnici s&lidnezi ocasati obojzivelniky a Zaby
(Prach 2014). Tento druh Zigcht ma vyznamny vliv na nehodovost vozidel. Mno-
hokrat se stalo, Zefipmigraci Zzab doSlo ke smyku vozidla a naslednédé&hinter-
netové zpravodajstvi www.idnes.ewedlo Ze: Jisice obojzivelnik v kraji ted’ v
dok¢ jarniho tahu putuji, aby si zaloZili novy Zivominaji ale pod koly aut. Chybi
dostatek zabran, které Zaby navedou k progusthebo nddobam ochranéa Nekde
dokonce ochran&ké snahy zkrachovaly Kvaverzi mistnich.“Tento problém je

piedevsim v blizkosti rybnika mokadi, bohuzel opt mohu potvrdit, Ze za celou
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dobu mého vyzkumu jsem neregistroval opat-
feni upozaiujici na tento problém,ipstoze
dopravni zn&a ,pozor Zaby“ je v platnosti
od 1.1.2016 (obr. 6, 7). Jednou z vyjimek je
podkrusnohti, kde byly tyto dopravni zia

ky na rekolika mistech uplatmy. Zde se

vSak jedna pouze o komunikace niZiy.

Velci a drobni savci— v Ceské re-
publice je nejastji strazenou z#i prase

divoké Sus scrofg zajic polni [Lepus euro-

paeus) liSka obecna\(ulpes vulpes srnec

T 'l « obecny Capreolus capreolusjAndél et al.
Obr. 6, 7: uplate@ni dopravni zné&ky ) . . , .
.pozor 2éby“ v okrese Sokolov a Cho- 2011) Z G!lVOdU Ve|lk05tl Z\/ifete jSOU V praCI
mutov (KCT, odbor Krudné hory Soko-

lov, fchomutovsky.denik.cz) zahrnuta zejména data, kdy doSlo kietst

prak s zivaiichem od velikosti zajice nebo

lisky, jelikoz mensi z&t nezmisobi vozidlu térét Zadnou Skodu, a tudiZz neni nehoda
(sttet) nikde hlaSena a zaznamenéana.

Ptaci jsou meég vyznamnou ficinou nehod vozidel. Ke kolizim dochazitv
Sinou ve vysoké rychlosti vozidla, kdy ptak nestilkomunikaci pelett. Na do-
pravnim prosedku pak zpsobi Skodu v podabpraskléhatelniho skla nebo dkte-
rého z plastovyckiasti vozu. Set v takovéto podabma pro zviie smrtelné néasled-
ky. Na jednom km pozemni komunikac& R uhyne réné cca 75 ptak (Safranek,
2000). ®mto stetim se dle zji&nych vysledk neda jakymkoli zfisobem zabranit.
Jediné co by mohlo pomoci je snizeni rychlosti, g¥zhledem k rozloZeni drtih

pozemnich komunikaci nemoZzné (Kociolek et al. 2011)

Pro tuto studii byla pouZita data poskytnuta Pblieské republiky, Policejni
prezidium, Analytické odéeni od roku 2007 do roku 2016ie@d rokem 2007 byly
nehody evidovany pouze v papirové pafoktemto datim neni v sotasné dob
piistup. V poskytutych statistikdch jsou zavedenyzeoty kolize, které wly za na-
sledek bd’ zrareni osob, nebo vznik Skody na majetku. Velké mndastalosti neni
v policejnich statistikach zaevidovanabec - z dvodu nenahlaSeniistu ridicem,

neba nevznikla Zzadna Skoda, pokud Slo o malého &ola tak si setu fidi¢
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v mnoha pipadech ani nevSimne. kgsto tyto kvalitni statistiky poméhaji v mapo-
vani gchto kolizi.

V praci jsou téz pouzita data ziskana vlastnimnigi@ Setenim v mistech,
kde ke stetim dochazelo néastji nebo v mistech, kde toto riziko hrozi a neni zde
Zadné upozormi profidice.

Ke grafickému znazoemi a zpracovani dat bylo praghledrjSi vykresleni

pouzito vyhodnoceni v GIS.

4.2  Zpracovani dat
Zpracovavana data jsem r@itldo nasledujicich skupin a podskupin:
Identifikator (statistick&islo nehody)

1) 1-2 znak = kraj

2) 3-4 znak = okres

3) 5-6 znak = utvar

4) 7-8 znak = rok

5) 9-12 znak = ptadovécislo

« Datum acas
* Nasledky nehody(stav do 24 hodin po udalosti)

1) Kolik osob bylo usmrceno
2) Kolik osoby bylo &zce zragno
3) Kolik osob bylo lehce zramo

+ Celkova hmotna Skoda

* Powtrnostni podminky v dobé nehody

1) Neztizené

2) Miha

3) Na paatku dest

4) Dé¥

5) Srézeni

6) Namraza, naledi

7) Narazovy vitr (boni, vichiice apod.)
8) Jiné ztizené podminky

» Viditelnost
1) Ve dne, viditelnost nezhorSena vlivem pomostnich podminek
2) Ve dne, viditelnost zhorSena (svitani, soumrak)
3) Ve dne, zhorSena viditelnost vlivem gtwostnich podminek
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4) V noci, s véejnym os¥tlenim, nezhorSena pé&vnostnimi podmin-
kami

5) V noci, s véejnym os¥tlenim, zhorSena pétrnostnimi podminkami

6) V noci, bez véejného osttleni, nezhorSena pstrnostnimi podmin-
kami

7) V noci, bez véejného osttleni, zhorSené p@trnostnimi podminkami

Druh pozemni komunikace

0) Dalnice

1) Silnice 1. tidy

2) Silnice 2. tidy

3) Silnice 3. TFidy

4) Uzel (tj. kizovatka sledovana ve vybranychkstech)
5) Komunikace sledovana ve vybranyckstech

6) Komunikace mistni

7) Komunikace delova

8) Ostatni sotasti komunikace

Cislo komunikace
Staniéeni komunikace v kilometrech

Druh vozidla

0) Moped

1) Maly motocykl (do 50 ccm)

2) Motocykl (etre sidecai, skatii, apod.)
3) Osobni automobil bezwésu

4) Osobni automobil sifvésem

5) Nakladni automobil @etre multikary)

6) Nékladni automobil sifvésem

7) Nakladni automobil s né&gem

8) Autobus

9) Traktor

10)Tramvaj

11)Trolejbus

12)Jiné motorové vozidlo (ze¥delské stroje atd.)
13)Jizdni kolo

14)Povoz, jizda na koni

15)Jiné nemotorové vozidlo

16)Vlak

17)Nezjisenofidi¢ ujel

18)Jiny druh vozidla
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Tabulka 1: Ukazka vstupnich da€R

P P p |p|P|P|P e lp
Y X 1 2a 2b |36 1: 1bs 103 KE 1 18 | 10
1054887 747355,3 002100160082 4.1.2006 225| 5| 0| 0| 20000 1 | 4
1039981| 732580 002100160248 5.1.2016 2880 0 | 0| 0| 25000 1 | 4
1050269| 7281159 002100160471 9.1.2006 1960| 0 | 0| O| 6000 | 1 | 4
1041748| 726399| 002100160497 10.1.2016 2060| 0 | 0| 0| 55000| 1 | 4
1042911| 728108,9 002100160685 13.1.2016 4185 0 | 0| 0| 15000| 1 | 4
1050834| 742027,f 002100160786 1.1.2016 2560 0 | 0| 0] 20000 1 | 1
1051338| 732433,9 002100160886 17.1.2016 2160 0 | 0| O| 6000 | 5 | 5
1043324| 735704,3 002100160895 18.1.2016 730| 5| 0| 0| @00 | 1 | 2
1050156| 727749] 002100160949 18.1.2016 18BO| O | 0| 0| 20000] 5 | 5
1037380| 733193,1 002100160953 18.1.2016 2180 0 | 0| 0| 6000 | 1 | 4
1049547 749457,8 002100161183 21.1.2016 1985 0 | 0| 0| 10000 1 | 6
1037073| 739100,9 002100161194 22.1.2016 630| 6| 0| 0| 68000| 1 | 4
1039214 731971,8 002100161267 22.1.2016 1855 0 | 0| 0| 15000 1 | 6
1053204| 738768,9 002100161421 26.1.2016 1230 0 | 0| 0| 72000 1 | 1
1052363| 749763,8 002100161496 27.1.2016 1880 0 | 0| 0| 25000 1 | 6
1050144| 735116,4 002100161625 29.1.2016 2230 0 | 0| 0| 25000| 1 | 4
1039598 733493, 002100161653 31.1.2016 [30 | 5| 0| 0| 20000 1 | 4
1047573| 730521,1 002100161926 4.2.2006 1785 O | 0| 0| 10000 1 | 4
1043101| 7480952 002100161930 4.2.2006 1860 0 | 0| 0| 30000 4 | 5
1050443| 746087, 002100162055 7.2.20016 5%40| 6| 0| O |1%p000| 1 | 4
1049174| 747823,8 002100162210 9.2.2006 2185 0 | 0| 0| 83000| 1 | 4
1043509| 729729,6 002100162213 11.2.2016 ©00| 5| 0| 0| 10000 1 | 1
1051728| 729671,2 002100163216 27.2.2016 745| 5| 0| 0| 50000 1 | 1
1048254 744523,8 002100163908 9.3.2006 1368] 0 | 0| 0| 35000 1 | 1
1050196 734876,3 002100163953 10.3.2016 140| 4| 0| 0| 10000 1 | 4
1057700| 746966,2 002100164144 14.32016 130| 6| 0| 0| 40000 1 | 4
1051476 732464,8 002100164213 14.3.2016 1855 0 | 0| 0| 26000| 1 | 4
1045984 725816,2 002100164285 15.3.2016 2385 O | 0| O 15000 1 | 4
1051128| 731448,6 002100164441 17.3.2016 2160 0 | 0| 0| 41000 1 | 4
1043500 729893| 002100165022 29.32016 BO | 5| 0 | O | 70000| 1 | 4
1050152| 7350235 002100165109 30.3.2016 120| 5| 0| 0| @00 | 1 | 4
1043559| 747340,1 002100165110 30.3.2016 605| 5| 0| 0| 10000 1 | 4
1047361| 723587,6 002100165180 30.3.2016 2080| 0 | 0| O 45000 1 | 2
1047729| 728679,4 002100165212 31.3.2016 1080| 0 | 0| 0| 10000 1 | 1
1049028 737112| 002100165371 2.4.2016 520| 5| O | O | 3000| 1 | 4
1057290| 746869,4 002100165525 4.4.2006 2085 O | 0| 0| 30000 1 | 4
1056058| 747844,4 002100165608 6.4.2006 B2 | 5| 0| 0| 38000| 1 | 4
1051327 731423,3 002100165609 6.4.2006 [15| 6| 0| 0| 30000 1 | 4
Vysvétlivky:

Sloupec y, x - mapové stadnice
Sloupec n.pl- identifikator (statistickéslo nehody)
Sloupec p2a - datum
Sloupec p2b <as

Sloupec p36 - druh pozemni komunikace
Sloupec p37 <islo komunikace
Sloupec p38- stateni komunikace v kilometrech

stokorunach

nehody

Sloupec p44 - druh vozidla
Sloupec p13a -
Sloupec p13b - ¢Fce zragno osob
Sloupec p13c -
Sloupec p14*100 - celkovd hmotna Skoda

usmrceno osob

lehce zraro osob

Sloupec p18 - pairnostni podminky v dab

Sloupec p19 - viditelnost
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5. VYSLEDKY A DISKUSE

5.1. Obecné vysledky

Po zpracovani surovych dat do podoby k jejich wWu#ilo provedeno &ko-

lik srovnani za jednotlivé roky v celéR. Nejvice nehod bylo zaznamenano v roce
2016, nejmédav roce 2009. Po roce 200&lka nehodovost v podélsrazky se zsi

klesajici tendenci, ovSem od roku 2010 s& ogpidre zvySovala (obr. 8).

12000 + 10448

10000 - 9199
7936

8000 - gg7030

6000 A
4000 A 280

2000 A

=
—
o
™~

Obr. ¢. 8 — P@et steti za jednotlivé roky 2007 — 201
celaCR

2010
2011
2012
2013
2015
2016

25000 7 22676

Obr. ¢. 9 — P@et stetii za obdobi let 2007 — 2016 n|
v&ech druzich komunika€R

Dle dopravni policie za tuto
situaci miZze neudmirny nafnst
silnicniho provozu, ktery se kaz-
dorané zvySuje takovym tem-
pem, Ze na tento trend neni
mozné reagovat v poddbbez-
pecnostnich opdeni nebo vy-
stavbou dalSich pozemnich ko-
munikaci.

Nejvice stetr vCR bylo za
uvedené obdobi zaznamenano na
silnicich 1. tidy — 22 676. R
rozdkleni pozemnich komunika-
ci podle zakona. 13/1997 Sbh.
Zakona o pozemnich komunika-
cich tvai nejdelSic¢ast silnéni
sit praw silnice 1. fidy, vysle-
dek bude zcela jist ovlivnén
praw timto faktorem. Druhym
nejwtsim pdtem steti jsou
ozn&eny komunikace 2.fidy,
jsou to tvz. okresni silnice, které
jsou také hoja vyuzivany do

vesnic a malych gst (obr. 9).
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Analyza f¥i¢in a prevence gtii zvére s dopravnimi pro&dky v silnEnim provozu

Obr. ¢. 10: A: Evidované sety se z#i v letech 2010 — 2016 (celkovycpbd45829), B: gety v roce
2010 (3219skti), C: stety v roce 2011 (36937stii), D: st'ety v roce 2012 (5513/&thi), E: stety

v roce 2013 (6348 &ttii), F: st'ety v roce 2014 (7409/stii), G: stety v roce 2015 (9199/stii), H:
strety v roce 2016 10448/8ti).
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5.2.

Obecné vyzkumné otazky

5.2.1 Jaky je vztah mezi kvantitou a typem kolize dopravihnehody

Porovnani mezi kvantitou a

140

120

100

typem dopravni kolize v letech 2007

az 2016 je vztah, ktery ukazuje na
= pocty dopravnich nehod

v jednotlivych letech a nasledky

|| dopravni nehody ve smyslu ziguh

0 T T T T T T T T T 1
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 O

br. 11 — P@et zrarhych osob za obdobi let 2007

osob. Nasledky jsou rozlény do 3

2016 \celéCR skupin a to na nehody s lehkym

zrarénim, €zkym zragnim a umr-

Stiety se zvéfi v letech 2010 - 2016 \A

tim osob. Zkoumano bylo také,
v jakém r@nim obdobi se zranilo
nejvice osob. Za zkoumané obdobi
let 2007-2016 bylousmrceno 14

&?&g‘; osoh tézce zrawno bylo 82 osob a
R lehce zradno bylo 841 osob, fr

merné tedy doSlo ke zrami kazdou

Obr.

¢. 12 — Stety zv¥re s vozidlem 2010 — 2016
s umrtim nebaekym zragnim osob

68 nehodu (obr. 12).

K nejvice nehodam se zrarim v jednotlivych nisicich dochazelo:

2007 duben &jen k usmrceni osoby doSlo v dubnu &tkw

2008 duben a srpen k usmrceni osoby dogkrvenci aijnu

2009 duben &dervenec k usmrceni osoby v tomto roce nedoslo
2010 kwten a srpen k usmrceni osoby doskewnu

2011c¢erven a zA k usmrceni osoby doSlo¢ervenci, srpen a #a
2012 kwten a z&8 k usmrceni osoby v tomto roce nedoSlo
2013c¢erven a srpen k usmrceni osoby doslo ta&érvnu a srpnu
2014c¢ervenec a srpen k usmrceni osoby v tomto roce fedos
2015¢ervenec srpen k usmrceni osoby doslo v srpnu

2016 kwten a z& k usmrceni osoby doSlo v &wnu
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Velice zajimavé zji®hi je, Ze nejvice nehod se z¥afm nebo dokonce
s usmrcenim osob dochazelo v letnicksiwich ani jedna nehoda v zimnickisitich
nentla za nasledek zr&ni nebo usmrceni. Bliz§im vyhodnocenim a konzultaci
s dopravni policii bylo zjigho, Ze k nehodam v letnichésicich dochazi ve&tsine

piipadi ve vysoké rychlosti a préw tohoto dvodu se nehoda neobejde bez rén

5.2.2. Jaky je vztah mezi vréjSimi podminkami, kvantitou a typem ne-
hody

Ve vyzkumu bylo vyznamné zatieni na Udaj, kdy a za jakych podminek
dochéazelo k nehodam. Tento Ud#&ppzuje fakt, v jaké denni d@ba za jakych po-
vétrnostnich a viditelnostnich podminek kéetitm dochazi a tedy i za jakych pod-
minek dochéazi k migraci Zie. Podle &chto udaj mohou byt naslednnavrhovany,
projektovany a nasledrinstalovany bezpmostni prvky, které by mohly branitret
tam se zvfaty. Nagiklad, pokud ke setim nefastji dochézi ve dne za neztizenych
powtrnostnich podminek a za dobré viditelnosti nebudemto Useku instalovan
prvek, jehoz¢innost bude zavisla na odrazuéwl projizdjicich vozidel. Pokud

bude s vysSi frekvenci dochazet kéetdtn v noci a za ztizenych péwnostnich

podminek, nebude na

v e .
w000, g téchto mistech insta-
4500 T | A
ovana nhap pouze
. I i @ Ve dne, viditelnost nezhorSena viivem d 0 ravn |, Z na(a
3500+ 11— puvélrnbslnich podminek p
| Ve dne, viditelnost zhor§ena (svitani,
| | soumrak) ( A /)
3000 O Ve dne, zhor$ena viditelnost viivem ktera‘ by mOhIa byt
povétrnostnich podminek
2500111 | f a I I |oVnoci s vefejnym osvétlenim, nezhorsena Z
povétrnostnimi podminkami Ieh Ce ﬁeh | ed n Uta) y
20004111 1 |V noci, s vefejnym osvétlenim, zhor$ena
povétrnostnimi podminkami . v
- L LIl g ] |3V noci, bez vefejného osvétleni, nezhordend| ale bude Zde é]aky
1500 povétrnostnimi podminkami
BV noci, bez vefejného osvétleni, zhorsena o , ,
000t T Loeereeosiinpooni swtelny  (reflexni)
500 mi=iw nim il
I prvek (obr 13).
0

2007 ‘ 2008 ‘ 2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 2015 ‘ 2016 ey P Ve
) o o ) Zjisténé uda-
Obr 13 — Pdet steti se zv¥/i v souvislosti s petrnostnimi podmin-
kami v dol nehody je by tedy ndly byt

jakousi ruckou
pro Policii Ceské republiky p nasledném projektovani bezpesti silntniho pro-
vozu ve spolupraciaznych organizaci, jakymi jsou BESIRediteslvi silnic a dalnic
apod.
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Tabulkac. 2 — P@et steti se z¢ri v souvislosti s petrnostnimi podminkami v délmehody

2007 | 2008 | 2009 | 2010|2011 | 2012 | 2013|2014 | 2015 | 2016
Neztizené 7263 | 6373 | 2493 | 2829 | 3353 | 5017 | 4568 | 6676 | 8397 | 9416
Mlha 127 | 181 | 54 61 | 97 | 139 | 86 | 194 | 155 | 170
Na po ¢atku dest & 247 | 175 | 103 | 117 | 112 | 146 | 155 | 254 | 308 | 411
Dést’ 312 | 259 | 125 | 140 | 117 | 184 | 178 | 284 | 306 | 366
SnéZeni 48 | 43 42 72 22 49 67 27 73 97
Namraza, naledi 13 22 15 32 13 39 21 29 21 50
Narazovy vitr 9 7 2 1 0 4 5 9 7 4
jiné ztizené 10 21 4 5 7 15 15 19 27 30

Tabulkac. 3 — P@et steti se zvri v souvislosti s viditelnosti v ddbehody

2007| 2008| 2009| 2010| 2011| 2012| 2013| 2014| 2015 2016

Ve dne, viditelnost nezhorSe-
na vlivem powtrnostnich 2659|2262| 859 | 912| 1225%1722|1673| 2480|2448 2740
podminek

Ve dne, viditelnost zhorSena | gas | 493| 152 174 220 247 281 397 1288591
(svitani, soumrak)

Ve dne, zhorSena viditelnost
vlivem powétrnostnich pod- 165 | 155| 60 59 61 97 88 152 111 144
minek

V noci, s véejnym oswtle-
nim, nezhor$ena poétrnost- | 304 | 308| 192 181 205 309 290 408 565 692
nimi podminkami

V noci, s vékejnym oswtle-
nim, zhorSena po¥trnostni- 39 39 17 27 18 31 30 3( 3
mi podminkami

NV

37

V noci, bez véejného oswt-
leni, nezhor$end poktrnost- | 3949| 3540| 1396| 1708| 1849| 2927| 2532| 3705 4562| 4974
nimi podminkami

V noci, bez véejného osét-
leni, zhorSena poutrnostnimi | 331 | 284| 162 196 148 233 201 320 326 366
podminkami

Nejvice nehod

%
0001 I se dle vyhodnocenych
4500 e
- o .
4000 A |~ |@ Ve dne, viditelnost nezhorsend viivem Udap Stalo v nOCI' bez
povétrnostnich podminek
35001 | |~ |m Ve dne, viditelnost zhorsena (svitani, soumrak) Vei’.ej n é h o Osml e n I’ a
30007 ([ | a Il |l |OVedne, zhorena viditelnost viivem
A povétrnostnich podminek R .
25007 | @ I Il I |0V noci, s vefejnym osvétienim, nezhorsena VldlteanSt nebyla nl'
povétrnostnimi podminkami
2000 | I [ [mVnoci, s vefejnym osvétlenim, zhorSend . .
povétrnostnimi podminkami Jak on |Vr]éna po%tr-
15007 I [~ |@Vnoci, bez vefejného osvétleni, nezhorSena
povétrnostnimi podminkami , . , .
1000 Il [~ =V noci, bez vefejného osvétien, zhorsena n Ostn Imi pod min kam |
500 ul il o,
(tab. 2). Rekvapujici

2007 ‘ 2008 ‘ 2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 ‘ 2015 ‘ 2016 ‘ . i
Obr. 14 — Pdet steti se z¥/i v souvislosti s viditelnosti v déb byI ZJiIS€ny Udaj’ ze

nehody velmi vysoky pdet
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nehod se stal ve dne, kdy viditelnost také nebyjak rovlivnéna powtrnostnimi
podminkami.

Podle &chto zjisénych Udaj mohou byt naslednnavrhovany bezgaostni
prvky piimo konstruované pro dané podminky.

Obdobné vysledky pro igdni Evropu uvadi na&pHothorn et al. (2012).
Duvody mohou byt nejen niZSi denni intenzity dopraatg, také horsi jizdni pod-
minky a méa sjizdnych silnic v zimnim obdobi, kdy se vozidiahgbuji pomaleji
(to plati zejména pro prvni, druhéfatt tidy silnic a ostatnich silnic). Nicmé&ngini
autdi tvrdi, Ze dochazi k mirnému zvySeni vyskytu kiobe zviaty pré¢ v zim-
nim obdobi, naifklad ve Svédsku ( Wahlstrém a Liberg, 1995).

5.2.3. Jaky je piredpoklad vztahu mezi hodnotou materialni Ujmy fFed a

po aplikaci navrhovanych preventivnich opateni

V poslednich letech se problémerfeti se z¥ti zatalo zabyvat vice instituci
jako je nap. Centrum dopravniho vyzkumu, BESIP, nebo Polit@ské republiky.
Kolem dalnic a rychlostnich silnic se¢ado s instalaci oploceni nebo tvz. pachovych
oplocenekReditelstvim silnic a daini€R bylo vypsano &kolik verejnych zakazek,
kteri byly zvéejnéné se nap zadanim,P rednetem stavby je umigti oboustranné-
ho oploceni dlesa dalnice D1 v useku 66,320 - 75,920. Stavajbbceni je jiz v
nevyhovujicim stavugipadre zcela chybi. Se@asti zakazky je v méspriibehu plotu
odstrareni vSech pgezi. Vzhledem k tomu, Ze doSlo k lokalnémdrvedeni oploceni,
neni mozné kompletni oplocerie@ obdobim vegetaiho klidu realizovat, nebge
nutné danowdst stroni vykacet. Objekt oploceni dalnici bude slouZgdevsim k
zamezeni vstupud'e a osob do prostorelesa dalnice. Po dobudovani oploceni by
melo dojit ke zvySeni bezfrosti provozu. Oploceni je séasti stavebniho povoleni
a je nutnou podminkou pro Smou kolaudaci stavby. Nasledprobehne v obdobi
vegeta@niho klidu kaceni strofiy které je socasti této zakazky Predpokladana cena

zakazky za uvedeny usek byla 22 mié vww.verejna-soutez.3z

Zakazky byly vypsany v nedavné dob v sodasnosti teprve dochazi k jejich
dokortovéani. Zjistit nebo porovnat jaky majiciaek, tedy zabrami steti zweie
s motorovymi vozidly bude trvat minim&mekolik mésiai, proto bude pdeba vy-

zkum ogEt aktualizovat, aby bylo mozné s jistotou zhodndtinek preventivnich
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opateni v podob oploceni silntnich komunikaci. UZ t& je ale ejmé, Ze pro z%
budou mit tyto migréni bariéry negativni dopad v podomigrani bariéry, kterou
nebude snadné&gkonat.

Za obdobi vyzku-

3% | mu byly porovnany vznik-

Ié hmotné Skody, které

zpasobily nehody

TOKY

-8E8BBEEHS

Vv podolE steti se zfi.

Skoda byla vzdy ib Sete-

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ __ &4 ni nehody odhadnuta poli-
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Skodav mil. K &

Obr. ¢. 15 — Vznikla hmotna 3koda v jednotlivych letech pouze piblizné hodnoty,

RS N J N | I " G 4

cii, takze mohu uvad

kdy po prohlidce vozidla a
nasledné opravmohla Skoda viist nebo naopak klesnout. N&i$i Skoda vznikla
v roce 2016 a to 370 334 50 Kti celkovém pétu nehod 10 448 (tab. 4. obr. 15).
Tento rok byl zaznamenan Zmy naist nehod. Hcinou mize byt nap zvysSeni
hustoty dopravy a denni doji&d az rekolik desitek kilometk za praci. Naopak,
nejmensi Skoda byla v roce 2009 a to 111 985 90(iK celkovém pétu nehod
2804, kdy byl také zaznamenan prudky pokles dopcavnehod jako takovych (tzn
jak dopravnich nehod #pobenych sety se z¥ii, tak klasickych dpravnich nehod).
Toto mohlo byt zpsobené zavedenim bodového systénilRva lidé si davali ,utsi
pozor“ @i poruSovani siliinich pravidel. Celkem za sledované obdobi bylo atahl
no 63599 nehod (srazek sesidy, kdy byla vyislena celkova hmotna Skodeaeo1
824 300 K¢&. Pri ziskani dat z od pojdvacich spolénosti se daiedpokladat realna

hmotna Skoda vyraznvyssi.

Tabulkac. 4 — Pa@et steti se zvri v souvislosti s viditelnosti v ddbehody

Rok 2007 | 2008| 2009  201( 2011 2012 2013 2014 20151620
(Sk%da VK 253 223 111 126 144 217 203 250 298 370
mi

Potet nehod 7936/ 7030 | 2804| 3219] 3693 55183 6348 7409 9199 10448
Primer K¢

(tis) ko- 31938| 31835| 39937 39292 39208 39440 32110 33B69 32475453b4
da/nehoda
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Obr. ¢. 16 — oploceni dalnice D1 (vlastni foto
2016)

Obr. ¢. 17 — oploceni délnice D1 (vlastni foto
2016)

Obr. & 18 — oploceni dalnice D1 (vastni foto 2017)

Na obrazkw. 16 a 17 je za-
chycen rovny usek dalnice D1 na 68
km ve smdru na Brno. Na tomto
useku byly v minulosti zaznamenany
strety se z¥ii velmi ¢asto a to i na-
vzdory tomu, Ze jde o velmiig-
hledny uUsek s viditelnosti na ®b
strany na #kolik stovek metii. Bu-
de velmi zajimavé porovnani, zda na
tomto Useku dalnice et nehod
klesl, coz lze vzhledem
k instalovanému oploceni¢ekavat.
Dle mého nazoru, kde dojde ke sni-
Zeni stet, jinde dojde zase k jejich
naristu, nebé migraci z¥ie nelze
zabranit. Pokud se ale tgintjakym
zpisobem dostane za tuto bariéru,
nema pi dneSnim hustém provozu
sebemensi Sanci naegiti.

Na prvni pohled je oploceni na obr.
18, 19 instalované velmi kvalin
vzdy po rEkolika metrech jsou fir
chody (branky) pro tdrzbu nebo pro
jiné &ely potebné kolem dalnice.

Oploceni je ve vyborném stavu,

Obr. ¢. 19 — oploceni dalnice D1 (vlastni foto 2017)

vybudované fed rekolika roky.
U premostni, jak je vidt na ob-
razku ¢. 20, je zakodeni prove-
deno az ke zdi, takZzedtdi zvie
nema sebemensi Sanci projit.

Naopak, jak je viét na obrazki.

21 Usek dalnice D1 kilometr 42 az
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Obr. ¢. 20 — oploceni dalnice D1 (vlastni foto 2017)

43 je zcela bez jakéhokoli
oploceni. Tento Usek je tedy pro
zveét jedingm moznym mistem,
kde mohou jpekonat bariéru

v podolg silnieni komunikace,

pokud by ovSem na druhé stéan
nebylo oploceni jiz instalované.
Proto mize mit toto misto pro

zvet naprosto devastujici nasledky

a samoejne je nebezpéné i proiidice v osobnich automobilech.

Obr. ¢. 21 — oploceni dalnice D1 (vlastni fof
2017) — bez oploceni

Obr. ¢. 22 — Pozemni komunikaddcany u
Prahy snér Mukaov (vlastni foto 2012)

Po dobu mého vyzkumu jsem t&hmikde nezaznamenal dopravni geai ke snizeni

rychlosti z divodu vyskytu z¥te na komunikaci, nebo dokonce &ka upozotujici

fidice na zvySeny vyskyt z¥e. Vyjimkou je nap je Gsek Ri¢an u Prahy do obce

Mukarov a op&né, kde jsou dopravni ziRy upozonujici fidice na mozny vyskyt

zveéte a dopravni zréka snizujici maximalni povolenou rychlost na 60koathviz
obr. & 22 a 23 (Smid, 2012). V stasné dob v lokalité tyto znaky chybi a ikdyz
v daném mist dochazi ke setim stale, neni zde zadné upozomd nebo varovani,

které by tyto nehody eliminovalo.
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Na interneto-
vych  stran-

kach
(www.azznak
y.cz) jsou
uvedeny ceny

za jednotlivé

Obr. & 23 — Pozemni komunikace Mude dopravni zna-
Obr. ¢. 24 — Dopravni smer Ricany u Prahy (vlastni foto 2012)

znareni upozotujici na ceni. Po-

vyskyt zvie

www.azznaky.cz) rovnanim ceny za jednu dopravni Zkia cca 1500 K a

naslednou hmotnou Skodou vzniklou istédku dopravni

nehody v piméru 32 tis. K& je Zejmé, Ze nejlew)Sim preventivnim op&tnim je
instalace dopravniho z&eni a to bd’ v podol& sniZeni rychlosti, nebo upozaiici
fidice na moznost vyskytu ke na pozemni komunikaci.

Poté uz by stdla zmena podminek havarijniho poj&ti, kdy by @i nedodrzeni po-
volené rychlosti nebo nerespektovani dopravnih@eamiaupozaiujicicho na vyskyt
zwveéte dochazelo ke kraceni pojistnéhogoliy jako je tomu v mnoha zemich fap

Svédsko, Norsko (osobni konzultace pigjigna Kooperativa a.€eskéa republika).

Sezénni bariéry proti migraci
obojzivelniki pres komunikaci (obr. 25)
oploceni (vtomto fipact zab v okrese
Karlovy Vary) svadi migrujici zaby do
propustku — podchodu.

Pokud vtomto obdobi migruji

Obr. ¢. 25 — Ukazka opaeni pi migraci Zab | stovky Zab, je nebezpena obou stra-
v okrese Karlovy Vary (mm.denik.cz)

nach: dochazi kvelké devastaci objzi-

velnika pri projeti automobilu (desitky jedify, ale miZze dojit i ke vzniku smyku,
coZ miZe mit za nasledek zr&m osob ve vozidle a vzniku hmotné Skody.
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Obr. 5.26 — Zvie zachycenég
v oploceni (zdroj neznamy)

Na obr. ¢. 26 je demonstrovana tristni
situace - jak mize dopadnout zig&, které se bude
pi

Dovedeme si asi ipdstavit jak muselo tip.

snazit ekonat své migraci oploceni.
VySka oploceni je iejm¢ vyhovuijici, ale velikost
jednotlivého ,oka“ by nila byt rozhodd mensi,
aby zde z¥ nemohla takovymto Zobem

uviznout nebo naopak mensigprokhnout.

Pozitivnim gikladem prareSeni ochrany 2¥e i (Castniki silnicniho provozu
by pro nds mohl bytifklad kanadského narodniho parku Banff (obr. 27kély; jsou
ieSeny nejen bariéry oploceni (obr. 27 B) viditedaydil v provedeni oploceni mezi

CR a Kanadou), nadchody a podchody préfzsle i eliminace vstupu Zie na ko-

munikaci v mistech dopravnich uzlreflexni vystrazna upoza¥ni i dopravni zna-

¢eni. Sodasré jsou nav&tvnici ndrodniho parku upozmvani inform&nimi letaky

na ¢erpacich stanicich, informyaich centrech i recepcich hateb zpisobu jizdy

v oblasti bohaté na 2

A: Rolovaci zabrany proti vstupu &e na

dopravni uzel

Wildlife

Passage
Crossing A

YAnimaux Sauvages

< 503
bk,

D: Kapacitni podchod pod dalnici
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oploceni

ol
Bézné dopravni zrigni v mistech s vyskyter

>

E: Veterni pozorovani z¥e na silnici zvéie a omezenou viditelnosti (zaka)

Obr. 27: Fiklad /eSeni v Narodnim parku Banff- Kanada (foto: Pechiar@005).
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6. ZAVER

V praci jsem dosyl k jednozn&nému za¥ru - mortalita z¢fe na pozem-
nich komunikacich ¥R ma neustéle se zvysujici tendenci. N&i#ai vyzkumu,
ktery jsem provadl v ramci své diplomové prace v roce 2012 (Smid23Gsem
zjistil, Ze naprostadtSina silnic neni nijak proti gtim se z¥#i chrargna a ani na
toto riziko fidi¢ neni upozorén. Téngt nikde jsem neregistroval dopravni Zeai
ke sniZeni rychlosti nebo dokonce &ka upozoiiujici na mozny vyskyt zite.
Tam, kde znéka byla, v sotiasné dob neni, i kdyZ jsou stale n&chto mistech
evidovany nehody.

V souwtasné dob je velky trend ohrakieni dalnic oplocenim, bohuzel nejsou
jest vSude dokotena a vysledek tohoto opani bude zji$n az nasledujici roky.
Podobnym trendem jsou tzv. ,pachové ohradniky* munikaci nizSichiid, které
vS8ak vyzaduji trvalou udrzbu. 2k (zejména sr&i z\ef, ¢erna z¥r) si na tento typ
zabrany velmi rychle zvyka argstava ji respektovat. Z tohotdwbdu neni mym
cilem zakouit vyzkum disertani praci, ale pokkgvat v rem i do budoucna. Data,
kterda mam moznost ziskat od'R jsou pro tento vyzkum &tejni a velmi precizni.
Rozhodi je nelze nahradit vlastnim terénnimigetm, ale vhodhje doplnit.

Nejvice nehod se stalo na pozemnich komunikacieh2l.tidy, coz je sa-
mozejmé ovlivnéno tim, Ze komunikaci tohoto druhu j&€R nejvice (tab. 5). Cel-
kovéa délka silnic a dalnic €R je necelych 56 000 km z toho dalnice maji 1250
km, silnice 1. tidy 5811 km, silnice 2iidy 14587 km, silnice 3fidy 34130 km

(www.rsd.c3.

Tabulkac. 5 — Pa@et stet: (2010 - 2016) fepateno na 1 km celkové délky komunikaci
(vlastni vypoet)

Druh pozemni | Potet stteti se | Délka  pozemni | Poket streti na 1
komunikace ZVeFi komunikace (km) km

Dalnice 3557 1250 2,8

1. tFidy 22676 5811 3,9

2. tFidy 19967 14587 1,3

3. tFidy 14473 34130 0,42

KusSta (2011) uvadi, Zetsty zwie s motorovymi vozidly néastji ovliviuje

¢as udalosti a ®sic, ve kterém ke igtu doSlo. Uvadi, Zze ngstji dochazelo
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k nehoddm kolem 22:00 hod. a druh& vina srédZeléwalst kolem 6:00 hod. ranni.
Dale uvadi, Ze neastji dochazelo ke getim v mésici dubnu a kétnu a dalsi résic

v paradi byl prosinec. Z vysledk z celé CR, které jsem zpracoval lze s timto
tvrzenim souhlasit. Naopak z vyslédiokresu Praha vychod (Smid et Pecharova
2013) se tyto udaje rozchazeji, jelikoz haproce 2008 bylo nejvice srazek ¥sfti
kvétnu a nasledoval &sic listopad, v roce 2009 bylo nejvice nehodésiti kwitnu

a nasledoval gsicfijen.

Nejvice nehodse dle mnou vyhodnocenych UGilatalov noci, bez véejné-
ho oswtleni a viditelnost nebyla nijak ovlivnéna powtrnostnimi podminkami.
Prekvapuijici je zji&ny Gdaj, Ze velmi vysoky @et nehod se stal ve dne, kdy vidi-
telnost také nebyla nijak ovli¢na powtrnostnimi podminkami. Obdobné vysledky

pro stedni Evropu uvadi Hothorn et al. (2012).

Davody mohou byt nejen niz8i denni intenzity dopralg,také horsi jizdni
podminky a méasjizdnych silnic v zimnim obdobi, kdy se vozidtzhgbuji poma-
leji (to plati zejména pro prvni, druhéfatt tidy silnic a ostatnich silnic). Nicmén
jini autai tvrdi, Ze dochazi k mirnému zvySeni vyskytu kioke zviaty pra¥ v
zimnim obdobi, nagklad ve Svédsku ( Wahlstrém a Liberg, 1995).
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Traffic infrasructere and its maffie fows has rapidly developed in recemt decades. This development
brings benefics to socety, bt on the otwer hand has many pegitive impacts o the anviromment
Amiig the most significant impacts of road traffic is direct man ality of free-ranging animals diss o vehi-
cle ool shons.

The maiin alm of this stisdy was to compare thie significance of traffic Intensi ty fusctes tiomn and wigelate
behaviouml patfems with the probability of wngulate vehicle collisions (UWCs) ocourrence in e Czech

ﬁx"m: Republic. Our research question was wisetier the probability of UWC ocowmence is influenced mainly

Ungulste by vehicle traffic related Gomrs (waffic intensity, mad types) or by wnmlate |ocomotony actvity.

Traffic martality We wsed Information on UWCSs from 2011 & 2013, We used Spearman’s rank p comelation cosfficients

Locametary tor encaimd e rel attonships between LW 3 and traffs |ntens ty fuctsation, and between UWVC S amd the loog-

GFS telemetry iy activity of red deer and wild boar dudng 24-h cycles in respective mumnis.

Empinal datz The results indicate that e traffic intensty s not always te main fotor caesng the VO A thonou g
analysts of our data showed that the main peaks of UWCs oocur at dme when animals huve the highest
locomtery activity. Ouer study proves high negative cormelation betwesn traffic intensiny fhecneation
arsd UVEs an motona ays and expressways, which means engulates tand to avid erossing roads st peak
traffic inteqesiny. Mextt our snedy clearly shows that lecomotory activity of wrgulates (s a mone inportant
factar i probability of UVE incide nes ©han traffic intensity in the case of fist-, second-, third-class mads
and other mads.

& 2018 Heevier Ll All rights reserved.

1. Introduction Among the maost negative effects of traffic infrastructure and is

traffic flows are direct taking of land and transformation of natural
biotopes (Fahrig and Rytwinskd, 2009; luell et al, 2003; Keken
et al, 2013: KuSta et al, 201d4a; Santos amnd Tabarelli 2002;

Road network and vehide traffic are a significant environmental
bumden causing loss of bindiversity and threatening public health

all ower the world (Ehodes et al, 2014; Roger et al, 2011;
Tmombulak and Frissell, 2000; Wei et al, 2014). Continuonsly
expanding traffic infrastructure has a great impact on populations
of free-mnging animals. In the Caech Republic, the total length of
motorways is 751 2 km and expressways count for 460 km. The
complete network of motorways and expressways is supposed to
be almost douhbled in the fumre (944km of motorways and
1228 km of expressways} (Directorate of Roads and Motorways
af the CGzech Republic, 2014). Therefore, we can assume there will
be increasing pressure on wildlife and the importance of UVCs in
the field of conservation ecology.

* {ormespond mg authar.
E-mil addrees: lnostadild crucr (T, Kuftal

hittp: e anterrgy TE1 181 A e 2007 4008 ML
D525 75 350 2016 Elsevier lid. All rights neserved.

Trombulak and Frissell, 2004), frgmentation of natural biotopes
{Dudanier o al, 2013; Forman et al. 2003; [uell et al, 2003),
migration impediment {Polak et al, 2014; Rodriguez-Maorales
ctal, 2013; Steiner et al, 2014} and maortality resulting from road-
kill {Ascens3o et al, 2013; BeniterLoper o al, 2010; Bi a al,
2013; Bissonetbe and Kassar, 2008; Chkritza et al, 2008; luel
et al, 2003; Kufta et al, 2014b; Langevelde and [aarsma, 2004;
Meumann et al, 200 2; Polak et al, 2014).

Concerning the abowe, ungulate-vehicle collisions {LVCs) are
curently being discussed intensively as these accidents often
mesult not only in property damage, human injuries and casualties,
but also in destroying popuolations of ungulates {Ghkritza et al.,
2M0; Groot and Harbmek, 1996) The oocumence of UWCs
throughout the day and year is not random (Diaz-Vamla et al.,
2011; Lagos et al, 20012; Madsen et al, 2002; Rodriguer-Maorales
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et al, 2013). Its prohahility carrelates with factomrs regarding the
traffic Aow on a road network such as raffic intensity, prevalent
vehide type - wehicke dimensions {width and length) (aarsma
et al., 2006}, driving speed {eg. Diaz-Varda et al, 201 1; Thurfjell
et al, 2015) and ungulate behaviour and spatial actvity {Clair
and Forrest, 2000; Litwaitis and Tash, 2008; Mesingset et al,
2013; Steiner et al, 2014; Thorfjel et al, 2015)

Many species of free-ranging animals are killed on roads. Howe-
ewver, it is UVCs that most studies deal with. As for the absolute
number of collisions or animals killed, ungulates do not epresent
the bigrest amount of the acddents. The main reason why there
are so many studies dealing with UVCs is the result of collisions
with these animals. An UVC usually leads to major property dam-
age and it may resolt in human injury or casualty {(Groot and
Hazebroek, 1996).

In the Crech Republic. most accidents imvolve roe deer {Capresius
capreolus), red deer {Cervues elophus) and wild boar (Sws sorof)
(ferveny et al  2013; Ministry of Agricultire of the Czech Repubflic,
heminafter: MACR, 201 4; Mrtka and Borkoveowd, 201 3), These spe-
cies have been proven to have circadian and seasonal behaviowral
patterns {( Cerveniy et al, 201 3; Mesingset et al_, 201 3). Their activity
is thus subject to a number of changes, which areinfluenced mainly
by the season { Dingle and Drake, 2007 ; Jepsen and Topping, 2004),
changes of vegetation and availability of food (Jambimek et al.
2014), reproductive behaviour etc. (Cagnacd et al., 201 1; Cervend
et al, 2013; Rodriguez-Momles et al., 2013 ) For instance, during
cold winter periods with snow cover, they gather into groups with
low spatial activity (Cerveny et al, 2013). These groups disperse in
spring and summer {eg. Gmot and Hazehroek, 1996, Kusta et al,
2014a; Mateos{uesada, 2005). Herbivorous wngulate circadian
thythms tend tobe set by grazing cycles, during which animals are
most active { Cerveny et al, 2013)

As a result of mainly human acton, there has been a shift in
free-mnging ungulate activity. The peak of the locomotory activity
ooours at sunrise and sunset {Cerveny et al. 2013; Groot and
Hazebroek, 1996; Halkonen amd Summala 2001; Mateos-
Cuesada, 2005; Steiner et al, 2094; Thurfjell & al, 2015). These
behavioural patterns of free-ranging ungulates may cause regular-
ity and gy clicity of UVC occurrence: collisions are most frequent in
spring and summer (eg. Gmot and Hascbroek, 1996; Mateos-
Cuesada, 2005} or during sunrise and sunset { Rodrguez-Marales
et al, 2013; Steiner ot al. 2014), which may be related to sodal
behaviour of free-mnging ungulates,

Another impartant factor which is considered a cause of UVCs is
tmaffic intensity level. Most stodies only define general traffic
intensity, but just a few take into account its fluciaton during a
seaspn or 24h {ep Dhaz-Varela et al, 2011; Seiler, 2004
Thurfjdl et al. 2005} Furthermome, many studies dealing with
the mlation of traffic intensity fucmaton to NG significantly
contradict one another. Therefore the impact of traffic intensity
fluctuation on UVCs has nmot yet been fully clarified (Bissonstie
and Kassar, 2008; Gagnon et al, 2007 )

The main objective of this study is to compare the significance
of waffic intensity fluduation and ungulates behavioural patterns
with the pmbability of INWC aooccurrence in the Czech Repuhblic
Our resparch question is whether the pmbability of UVC ooour-
rence is influenced mainly by wehide raffic related factors {traffic
intensity, mad types) or by ungulate locomotory activity.

2. Materials and methods

2 1. Srudy orea

Our study was conducted in the Czech Republic, which is a
landlocked country with an area of 78867 km®, population of

10512 400 inhabitants, and population density of 133 inhahi-
tantsfknr (Czech Satistical Office hereinafter: C50, 201 4), The cli-
mate is modemte, transitory between continental and oceanic. The
largest part of the territory is covered by arable lands {38% ), Forests
account for 34% of the teritary, other agricultural plots {(ex per-
manent grassland)] for 15% built-up and other areas for 11% and
water surface covers 2% (C50, 201 4).

According to the Road and Motorway Directorate of the Czech
Republic { 201 4), the total kength of road infrastructure in the Czech
Republic  is 55757 km  The motorway  density  is
981 km 1000 km?.

2.2 Dt collection

221 Wildlife-vehicle collision

We used information on wildlife-vehide collisions in the Ceech
Republic compiled by the Traffic Police of the Czech Republic dur-
ing 2011-2013 (Police of the Crech Republic, 2014). The data ool-
lected for each collision included the date, ime, and the exact GPS
position: However, the animal species involved is not recorded by
the paolice. The data from the Traffic Police are not records of all
wildlife-vehicle collisions in the Czech Republic but only records
of such acddents in which the charader of the accident led to
the requirement for a police officer to have visited the scene of
an accident (death of persons, injury of persons, tol damage
exceeding 100,000 CZK or damage caused to a third party)

Weassumed that the data represent collisions mainly with roe
deer, red deer, and wild boar. These are the most numemus ungu-
late species in the Czech Republic and they are also subject to
hunting; in 2014, 100395 roe deer, 169484 wild boars and
23378 red deer were shot (MACE, 2014).

Wi used the following road categories for the purpose of this
study: (i) Motonways and expressways, (ii] First-class roads, {iii}
Second-class mads, Third-class roads and other roads (A 1L A
maotarway is 4 road ommunication designed for fast-moving,
long-distance and international traffic by road maotor vehides,
and it is constructed without crossings at grade, with separated
points allowing the link-up with entry and exit and with separated
direction driving lanes. An expressway is 3 road with limited
access, constructed for fast-moving traffic, and has similar techni-
cal equipment as the motorway. Fimst-class roads are designed
especially for long-distance and internatonal traffic. Second<lass
roads are designed for raffic between districts. Third-class roads
and other roads are designed for linking communities with one
another or for their linking to other road communications (Fig. 1).

Traffic intensity information for respective roads was based on
methodalogy by Hartn® and Martolos (20013}, the authors of the
ruiddines for estimating mad trafficintensity. The goidelines were
approved by the Czech Ministry of Transport. Traffic intensity is set
for res pective months and mad categories based on dired counting
of passing wehicles. For the porpose of this study, traffic intensity
was specifically set asthe average percentage distribution of traffic
intensity at each hour of the day (hereinafter traffic intensity fuc-
tuation) during each month of the year and on respective mad
categories,

222 Adivity of free ranging animls

Many studies present wild animal dreadian activity in a similar
way. Daily locomotory activity of most species of ungulates thus
exhibit bimadal distribution during a 24 h cycle, with a significant
correlation af activity peaks at sunrise and sunset even in different
types of landscape, which was proved by studies about (i) red deer
in the Alps { Geomzii and Schrider, 1983), in North America (Green
and Bear, 1990}, in Northemn Sweden (Cederlund, 1989), in Ger-
many {Berger et al, 2M02) in Germany and Morth Americ
{Ensing et al, 2014}, in Poland {Eamleor et al, 20407); {ii} me deer
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Fig 1. Aoad map of the study area. the Crech Republic.

in Germany {Stache et al, 2013; Kmp-Benesch et al, 2013), in
France {Bonnot et al, 2013; Fagon ot al, 2013, {iii} wild boar in
Spain {Cahill et al, 2003), Poland {Podaolskd et al, 201 3; Thurfel
et al, 2015} To demonstrate and confimm previously published
data about locomotory activity, GPS telemetry data of red deer
and wild boar from three areas in the Czech Republic (described
below] were used & soume informaton about circadian activity
behavioural patterns of animals in the context of wildlife-vchicle
caollisions,

This comparison of behavioural studies and our monitoring
allows us to declare a universal behavioural pattem in wild ani-
malzin the context of Road Ecology. This behavioural pattern (with
the peaks synchmnized in accordance with sunset and sunrise| is
thus valid for red deer, roe deer and wild boar. Toshow the course
of locomotory activity in our paper, we chose red deer as the rep-
resentative of ruminants, and wild baar, whose locomotory activity
durng a day may partially differ from rominants due to its
antipredatory strategies and particular behaviour

Information on locomaotory activity of ungulates, particularly
red deer and wild beoar, during the day and respective month of
the year, was obtained from the madoed individuals® position data.
We used Global Positioning System {GPS) - collar (Vectmonic Asro-
space, Berlin, Germany}l The animals were immaobilized by means
of the Hellabrunn mixture at capture facilities or in free nature. The
method was autharised by the Ethic Committee of the Crech
University of Life Stences in Pragoe; statement Mo, 0811, No ani-
mal was injured during the study. The overall number of racked
animals in 2012-2015 was 25 red deer (12 females, 13 males)
and 18 wild boars (14 females, 4 males) The number of marked

animals fully comesponds with numbers of monitored animals in
other papers presenting results of telemetry tracking (Admdos
o al., 2008 — 7 individvuals; Godvik et al., 2009 — 62 individuals;
Rivrud et al, 2010 - 47 individuals; Kropil et al, 2015 - 20 individ-
uals; Thurfjell et al., 2009 — 17 individuals) GPS<ollas recomded
the position of the animals every hour. The data from the oollars
weme relayed using a GPS module The ungulate locomotory activ-
ity was thus defined as movement velodty in km/h between two
successfully recorded positions following one another (Thurfjell
ot al, 2015L The data on ungulate locomotary activity were pro-
cessed in AroGIS 10.0 software (ESRL 2014). In order to increase
the accuracy of each GPS location, all location estimates with the
DOP (dilution of precision) > 7 were removed from the dataset
{Lewis et al, 2007; Frairet al, 2010}

GPS tracking of ungulate locomotory achvity was made at three
locations with different environmental characteristics. The first
location was Sumava Mational Park representing a woodland
mountain landscape with scarce network of mainly  lower
{second- and third-) class mads The secand location was Doupony,
a military area with restricted human disturbance and a laroe
amount of natural successive vegetation (ther is almost no traffic
infrastructure). The thind location was the Piselk region, an inten-
sive agricultural landscape with forest patches and dense netwark
of mostly fist- and second-class roads.

23, Storisticol onalyses

The Oriana 402 softwam (Kovach Computing} and droolar
statisics were used to examine distribution of UWCs with respect
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tothe different road categories and month of the year (ie to assess
the degree of seasonality and the mean month of the peak of
UWCsl We calmulated a mean vector for each group of UWCs by
means of vector addition. Rayleigh's test was used to determine
significant deviations from wmiform distribution of the mean vec-
tors, The null hypothesis for this test says that UVCs are uniformly
distributed and they occur every month with equal frequency.
The Statistica 12 software { StatSoft, Inc, 2013 ) was used to cal-
culate Spearman’s rank p correlation coeffidents between UVCs
and raffic intensity fluctuation, and between UVCs and the loco-
matory activity of red deer and wild boar during 24-h cydes in
respective months The level of significance was set at 53,

3. Results

Altogether, we gathered 15,242 records of UVCs from the Czech
Republic ower a 3-year period Further on, we analysed and
asspssed 219,055 pieces of posifon data and used them to estab-
lish ungulate locomaotory activity (97,312 CPS positions of red deer
females, 71,603 red deer males, 29,697 wild boar females, 20443
wild boar males}.

Distributions of UVCs during the year on respective road cate-
gories together with traffic intensity in respective manths {yearly
tmffic intensity varability] are shown in Fig. Z The results proved
a strong statistical dependence of the number of collisions on the
season (Le. months of the year); with the mean vector being in
June on motorways and expressway (n=765 Z=-TGE907;
p=0000), in August on frstclass roads (n=5797; Z=61.07;
p=0000) and in Octwober on third<lass roads and other roads
(n=86B0; Z=75118; p=0000). It is thus appamnt that U=
occurred most frequenty on first-, second- and third-class roads
and other roads in spring and avtumn Conversely, W= were
the least fregquent in winter, when wraffic intensity level was far
below the yeady average On motorways and expressways, the
highest number of UWCs cocwmed in spring. There is a dear pattern

T. Kudra et al fSaffty Scen 91 (2017 ) 105- 113

in traffic intensity distribution within a year with the lowest inten-
ity in winter months.

Spearman’s rank correlation coefficients for the number of UVCs
and traffic intensity fluctuation are shown in Table 1. The resolt
value of correlation coefficent explains the dependency relation
between the number of collisions and traffic intensity Auctuation
during a 24-h cyde in mspective months, A statisically significant
negative correlation (e the higher traffic mtensity, the lower
probahility of UVCs) ocours anly in spring and summer periods.
This dependency is evident mainly on motorways and
EEPTEESWAYE,

Traffic intensity values during a 24-h cyce had the same trend
in each month of the year. For this reason only two months {Jan-
uary and July ] were selected as representative samples for resolt
demaonstration. Results for the other months are identical.

Traffic intensity peaks along with peaks of UVC incidence dur-
ing a 24-h cycle are shown in Fig. 3, It demaonstrates that traffic
intensity during 3 24-h cyde has the same trend in bath months.
In contrast, UVC trends are remarkably different in each manth.
Peaks of UV incidence roughly correspond with dawn and dusk
times in respective months, Peaks of UVC inddence thus shift with
dawn and dusk during a given month. That hints at the fac that
probability of UVC incidence is connected with ungulate locomao-
tory activity, which reaches its peak at dawn or dusk, mther than
with traffic intensity fluctoation.

Cormlation cocffidents describing dependency mte betwemn
numbers of UVCs and lncomotary activity of red deer and wild boar
durnng a 24-h oycle are shown in Tables 2 and 3. A strong positive
carrelation was proved in the case of ed deer onfirst-, second- and
third-dass roads (Table 2} Motorways and expressways did not
show the same dependency. As for wild boar, positive comelation
was discovered betwesn a mumber of UVCs and locomotory actv-
ity during a 24-h cycle not anly on first-, second- and third-class
roads and other roads but also on motorways and expressways
{Table 3).

Motorways and expressways. First-class roads Second-class, third-class roads
and other roads
Uenareaer .i_ __denary Dexesher .I. iy Decombar L Jamsry
e fea Tt Ry £ i i
F\.l:-'rmtllz Fediiuigiy Wirwiati b Fehmiary Niwgimiben 1 Fabiary
#

A March - Octooer ||
\ |

) )
I 1
J Aprl Seprlamiten

Jpne

Il

\Marh  Octorer |
|

Al Saprimiser'

Aumust tay

Hg 2 Dutrbutions of UWEs dunng the yer on repecive moad ategones together with traffic misnsity in respegtive momths. Note: The X-axes shows traffic intensty
distrihutian in respective mamths during the year (red palygon ) For the purpose of ths figure, raffic mtenmty distribution is expresed 25 deviation from annual average
traffic imenzity which equalks 100 (e dotted corcle ) The Yo shows peraentage d it bubion. of UWC oouemenoe mrespectve months of the year (For nterpretation of the
refeamoe o @mlkurm this figure legend, the reader & refarad to the web version of this artcke.)

Table 1

Spearman’s rank mrelition cosfidens between 3 mumbe of UWES and traffic mensio fluomaton durng 2 24-h oycle in respective momths i the Crach Republic
Manths L n nL e V. WL VIL Wi e X i ML
Motorways, SxpreEswaEys -0y —{1E Sk ST 0.7 -0LE7 L] -0.50 ~LT7 -QLH2 -034 07
Prrst-class raads - 00 -0 LY i | B afa o ~0LG3 %G00 0.
Zemnd-, third -dass roads and ather roads 19 iR 1] ~ (s 028 -0 -85 L] 031 ~L19 LG 034 034

ol values ae sigmficant at p < 05
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Table2

Spenrman's onk cameloon coefidents hawesn 2 number of UVCs 2nd lommaotory activry of red deer.
Manths L i i, . V. Vi ViL L e X X (I
Motorways, expresways L] LiTLi] i ili ] 45 a4 0zs naz oxy 0 LiTig ~ 05
Firstclss roads 0s: L1k ] LiE ] ass Ll as3 (1= 3 [l LB ] 066 s 056
Secand- ghird -d =3 mads and other roads e 086 o7s 63 s Ll LB nsz ass 054 LY a7

Hold values are sigmficant & p< DS

Table 3

Spmrman's onk cameliton cosfficants baween 2 mimber of UWCs and lommotary activity of wild boar.
Manths L Il . v V. Wl WiIL Vil 1 H HIL
MOtorw s, EXITECWAVE 0a7 1z a6 05 [1¥=] [T kil nxz 034 o (L] i3y
Fimtclass roads 03% as7 L] (U5 076 0is 074 3 063 as2 LE L] L)
Secand-gthird - cliss noodsand other roads [RE] 03 [T ] 053 ol 0ss 63 034 019 iz i o

Bold walues are sigm ficant 2 p<00S

UV process and looomotory activity of red deer during a 24-h
cycle in Jamuary and July (these months were selected as represen-
tative samples for result demaonstmtion) are shown in Fig 4 It
demanstrates that in both months, peaks of UV incidence corme-
spond with peaks of locomotory activity of ed deer, which ooour
at dawn and dusk in respective months

Fig. 5 shows UVC process and locomotory activity of wild boar.
It clearly demaonstrates the same pattem as in the case of red deer,

Fiz. & shows moming and evening paaks of looomaotory activity
of red deer along with morning and evening peaks of UVE ind-
dence and also tmes of sunrise and sunset in respective months
of the year. The diagram clearly demonstrates that development
of these gquantifes has the same trend all year mound.

4 Dismussion and conclusion

Oror esults demonstrate that UV ocour least freguently in
winter {mainly from January to March, see Fig. 2 ). The same results
far Central Eumpe were obtained by Hothorn et al. (2002) and
Pokorny (20061 The reasons may be not only lower daily traffic
intensity but also waorse driving conditions and less passable roads
in winter which make passing wehicles move slower (this is valid
mainly for fimt-, second-, and third-class roads and other roads).
Another reason could be seasonal lack of tall wegetation along

mads which implies that ungulates are seen prior to their crossing,
However, other authors claim that there is a slight increase of inci-
dence of UVCs in the winter period for example in Sweden
(Wahlstrom and Liberg, 1995). That is probably caused by different
cimate condidons and emvironment. Overall, the trend of UVCs
presented in this paper is more or less identical with seasonal
and daily distribution of UVCs in Great Britain (langbein and
Putman, 2006} or Spain (Diaz-Varela et al, 2011; lagos et al,
2012; Rodriguez-Maorales et al, 2013)

The relation between tmffic intensity and the number of UVCs
has led to different conclusions being presented in studies pub-
lished wup o now. Some authors pmoved dependendes (eg
Almander =t al, 2005; Allen and MoCullongh, 1976; Bashom
et al, 1985; Beniter-Loper et al, 2000; Dyer et al, 2001; Gagnon
et al, 2007; Gunsan et al, 201 1; Langevelde and Jaarsma, 2004;
leblond et al, 2012; Romin and Bissonette, 1996, Seiler 2005;
Trombulak and Frissell, 2000} while others did not or they even
denied them {eg Hissonette and Kassar, 2008; Carbangh et al,
1975; Fodge et al, 2007; Madsen et al, 2002; Steiner et al,
2014). Our smdy proves a high negative correlation between traffic
intensity Aucuation and UVCs on motorways and expressways
{Table 1) That means ungulates tend to avoid cossing roads at
peak traffic intensity while they prefer crossing at times of lowest
traffic, which carresponds with Verhoom {1994 | Doing so, they
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make their attempt to cross the road maore likely to be successful
This result is identical with the study by Ramp et al. (2005, which
zays that less than 10 percent of UVCs ooour at peaks of traffic
imensity. An interesting finding is the difference in ooowmence aof
peaks of UVEs between January and July in the context of traffic
intensity peaks. In January the peak of UVCs is quite close to the
aftemoon peak of traffic intensity but, on the contrany, the peak
of UVCs in july is quite distant from the aftemoon peak of taffic
intensity.

The results of our study indicate that locomotory activity of
ungulates is a mare important factor in probability of IVC ing-
dence than traffic intensity in the case of first-, second-, thind-
class roads and other roads Funthermaore, our results show that
seasonal variability of locomotory activity for wild boar, roe deer
and red deer is not significantly different and remote migmations
are very rare. Durng the mesearch we moorded only 2 migrations
longer than 10 km (wild boar 60km, during two weeks, then
returned to the home mnge; and red deer BOkm, and then oom-
pied an area of about 400 ha). The monitored animals roamed
mostly in their core home mnges {300-2800 ha). Finally, our analy-
et revealed that ungulate locomotory adtivity demaonstrates the

same bimodal distribution during 24-h oycle also in different habi-
tat types.

COhurresults arein accordanoe with studieshy Barsmaet al | 2006)
and Verboom {1994), which state that an increase in traffic volume
may lead to such a Aow of wehicles that prevents individual animals
Irom crossing the mad. Another reason why collisions happen at
periods of lower traffic intensity (nsually at night) may be not only
thelow trafficintensity but also, and moresignificanty, higherloco-
matary adtivity of ungulates at that tme (Steiner et al. 2014;
Thurffell et al, 201 5). Most ungulates tend to reach theirmovement
peak before sunrise and after sunset, which was confirmed by other
sudies (eg Gagnon et al., 2007, Groot and Haebroek, 1996;
Haikonen and Summals, 2001; Lagos o al, 20012, Mateos-
Cuesada, 2005; Fodriguer-Morales et al, 2013; Steiner et al,
2084) Cur study discovered that with herbivorous ungulates { red
deer) this activity is more synchronized (Table 2 Fig &) than with
omnivorous ungulates {wild boar){ Table 31

Chur results are also in accomlance with other studies focusing
on generl behavioural pattems of wildlife (ie. not with studies
forusing only on toad ecology; eg Georgii and Schroder, 1983;
Cederlund, 1989; Berger et al, 2002; Stache ot al, 2013),
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The peaks of locomatory activity also comelating with sunrise
and sunset were even demonstrated in animals living in captivity
{Pépin et al, 2006), or in their predators: ez grey wolf {Gonis
Tupus) (Theuerkauf et al. 2003) or lynx {Lyne bnx) (Podolsk
ot al, 2013}

In the case of red deer, a positive comelation between Jocomotory
activity and UVCs (Table 3) was unequivocally proved on fist-,
second- and third dass roads and other roads. UVEs aocur mainly
at sunnse and sunset { Fig. 4 L Traffic intensity on motonsays and
expressways is highduring most of the day, which repels them from
roadsof this category and thus itis the main factor influencing col-
lisions with the animals on the roads. That corresponds with the
chart by Seiler { published in huell ot al, 2003) which shows that ani-
mals are repelled from crossing a road with traffic intensity over
10000 vehices aday, Additionally, wediscovered that animalstend
to avoid crossing mads with traffic intensity over 10000 vehicles a
day (which is the traffic intensity of most motorways and ecpress-
ways inthe Czech Republic) but only during the traffic peak During
lows traffic intensity periods, UCV s ooour.

Another positive correlation bebween the number of UVCs and
locomatory actvity was proven for wild boar on motorways and
expressways. That may be caused by the fact that wild boar are
active throughout the night {Fig. 5) when the tmffic intensity on
motorways and expressways signifiantly decreases (Barios and
Martnlos, 201 2], msulting in a lower disruptive effect. The animals
thus attemnpt to cross the motorway which may lead to a collision.
By contrast, locomotory activity of red deer is highest at sunrise
and sunset and then declines remarkably { Fig. 4).

The results indicate that the significance of raffic intensity fuc-
tuation is not always the main facor causing UVGs. Traffic inten-
sity is an important factor in the case of motorways and
expressways, where traffic intensity is very high and has a very
sirong disturbing effect Generally it seems that a mare important
factor in UVC phenomenon is behavioural patterns. The main peaks
of UVCs occur at the ime when animals are the most active, which
is at sunrise and sunset

According to some studies {eg. luell et al, 2003], the annual
maortality rate of some common animals caused by wildlife-
wvehide caollisions is estimated to be 1-4% of the total morality
rate The data about ULV ocourrence used in this smdy indicates

that the rate will be higher among ungulates as just the accidents
the police were called to totalled 2 5% in comparnison to annual cul
ling. The study by Mrtka and Borkovoova (2013 ) suggests that
LW Cs are the most frequent cause of roe deer death. However, it
is essential to take into account that road traffic mortality is really
a significant negative impact on animals. yet not the only one
{Seiler, 2002)

Future studies should also include locomotory activity of roe
deer, because roe deer-wehide oollisions account for the wast
majority of all acddents {Mrika and Borkovoova, 20031 The litera-
ture available on the topic dearly shows that locomaotory activity
af this species does not differ from locomotory activity of red deer
with its peaks at dusk and dawn (eg. Lamos et al., 2012; Rodriguez-
Momles et al, 2013; Steiner et al, 200 4; Thurfjell et al, 2015}
Bazed on our findings, we also recommended focusing future
research on the mobvation of ungulates to physical activity and
their effort to cross the road. Further on, research should foous
on fundamental, specific local factors, eg. changes of the struciure
of crops, small landscape stnuctures, etc. in the vicinity of roads,

The information obtained about UVCs could be effectively used
to design mitigaton measures, which may significantly decrease
their numbers. This study proved that UNCs are significantly influ-
enced by locomotory activity of ungulates. The problem could be
solved asa part of forest management by means of intense supple-
mentary feeding which would make ungulates remain in a limited
area and prevent them from orossing roads while loo king for food.
It is also essential to inform and instruct drivers about the risks of
ungulates entering the road at dawn and dusk times Another
affective measumre would be putting a lower speed mit on high
rsk road sections in this period (Seiler, 2005), which would be
indicated by road signs. A mitigation measure such as odour repel
lents (Kuita of al, 2015) should be introduced mainly in spring
(April, May), pmspectvely in autumn { October, Movemnber ] In this
periods LV Cs are the most frequent.
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Abstract.

Among the major processes affecting the nature and the fimetional structure of the countryside can
include suburbanisation. both of a residential and commercial nature. The aim of this work is to
highlight the pnneiples of developing commercial suburbanisation in the vicinity of selected lughway
segments in the South Moravian region {Czech Republic). In particular, to laghlight the processes of
identification. description and assessment of the attractiveness of locations for the constmiction of
commercial centres. We nsed as our tool for spatial analysis ArcGIS 9 3 software. Along segments of
the D1 and D2 motorways we 1dentified areas of commercial areas within one kilometze of the axis of
each motorway. For each of these areas we identified attributes of the monitored areas such as; slope
of land, the level of the protection classification of agncultural land. areas on a perpendicular distance
to the axis of the hichway. or the direct distance to the motorway exit. From the results it can be stated
that_ in the case of both motorways, the areas occupied by commercial premises are approximately 7.6
times larger than the area of the highway itself. It 15 crtical that n both cases, there 15 a significant
buld-up of the most fertile agnenlhmal soils with Class I and 1T protection of Agncultural Land Fund
(ALF) land (80.6% of D1 sites; 41% of D2 sites). Furthermore, in three of the four cases. 1t is proven
statistically that the localisation of commercial areas is dependent on highway exits.

Kev words;
annexation of habitat, framentation of the landscape, spatial planning. the development of transport
infrasticture

Introduction.

Linear road constmaction is one of the most important factors causing landscape fragmentation (Chero
& Onamdaa, 2009), while acting as a barrier between these fragments (Andrén. 1994; Andsl et al.,
2003). The degree of fragmentation of the landscape is determined by, smeng other things. the dE'EIEE
of development of road transport in the given country (Miko & Hodek, 2010). The landscape
fragmentation by linear transport projects affects the landscape and environmental guality not only 1n
the immediate vicinity of buildings, but also in a much wider area - the so-called "road affected zone"
(Forman & Alexander, 1998; Lm et al., 2008; Keken et al, 2011a). While naturally-ocouming barmers
can increase biodiversity (Cumn & Harmson, 1988), man-made bamiers, on the other hand, decrease
bicdiversity (Li et al, 2010} This fragmentation 15 distinguished by primary and secondary ecological
effects (Forman 2000; Eeken ot al.. 2011b). The primary effects are meant a3 those that are divectly
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caused by linear butldings: the barmer effect (van der Fee et al.. 2011), collision between the
existence of ransport and wildlife (Gleason & Jenks, 1993; Sielecka, 2000; Felix et al.. 2007; Kusta et
al_, 2011} and the annexation of habitats for the body of commmication (Broker, 2003; Trocme et al |
2003; Burel & Baudry, 2005). Secondary effects are operating mdirectly, an example of which may be
the development of commercial areas in the vicimsty of motorways (Bissonete & Fosa. 2009). On the
regional and super-regional scale, these impacts are multiplied by the factor of density of the transport
networks (Hawhaker & Radeloff 2004), where high values result in a complete or partial
reconfiguration of the landscape - not enly in the space that houses the highway. but also in the "road
affected zome” (Forman & Alexander, 1998, Liu et al | 2008; Keken et al. 2011a). Direct and indirect
effects of the construction and operation of road building are dealt with by the relatively young, but
hughly mnaltidisciplinary, scientific field of "Foad Ecology” (Fee et al,, 2011).

The i1ssues of urban processes, especially in the economically developed countries of the world, focus
on the process of suburbanisation, which 13 closely linked to the development of fransport
infrastructime (Bicik & Jeledek. 200%). Subwbanisation is one of the processes changing a mumber of
sub-components of the environment and manifests itself in a complex, character-changing landscape in
the area (Havel & Chuman 2011). Such suburbanisation usually cccurs when a certain standard of
living is reached and the development of transport infrastructure increases (Hnilidka, 2003).
Commercial suburbanisation is the movement of commercial. mdustnal or other activities outside of
the adminisirative boundanes of cities. mostly close to large traffic routes. (Urbankowva, 2003).

Very important, indirect, effects associated with the development of transport infrastructure also
include the elevated pressures of larger civilizations and the accompanying constmiction of reads along
lines of communication — the highway's ‘commercial landscape” (Hlavad & Andgl, 2001; Pomport] &
Chuman, 2010}, Commercial subwbanisation in general carmies a high demand for space and fransport
accessibility, so commeercial buildings sre generally concentrated i the vicimty of motorways or
miajor transport junctions (Gregoreik, 1997

Dhinng the last forty years, the Czech Fepublic has seen sipnificant changes m the structure of the
mumn side (Andél et al . ?ﬂﬂgj One of the main causes for this trend is seen to be suburbanisation
{Pomport] & Chuman 2010}, which has spread across the Czech countryside, and can be put into the
context of transport infrastructure. The landscape often adnuts, thanks to the suburbanisation
processes, major changes that are potentially threatening to a whole line of imreplaceable landscape
functions (Fomport et al., 2008).

Material and Methods.

Siudy area.

Thas work evaluates the development of commereial subwrbamisstion in the immediate viemty of
segments along two highways. These are segments of the D1 and D2 motorways in the South Moravia
region (Czech Republic) (Figure 1). The area of the region 15 719333 sq km, with a population
density of 137 inhabitants per sq km: the largest city 1s Bmo with 370,000 mhabatants.

The D1 motorway is the major motorway in the Czech Republic with the largest transport capacity.
The section in the South Moravian region iz 53 km long with a2 maximum intensity of 65,000 vehicles
per 24-hour period and a minimum intensity of 32,900 vehicles per 24 hours. The D2 motorway is 61
km long with a maxoum imtensity of 48,300 vehicles per 24-hour peniod and & minimum traffic
intensity of 12,200 vehicles per 24 hours (traffic intensities as reported in 2010). The D2 is located
only in the South Moravian region and leads from Bmo to the border with the Slovak Bepublic.
Observations on both the highways were set to a distance of 1,000 m (1km) from the axis of the
lughway in Both directions.

The Czech Republic ranks among the leaders in Europe in the density of roads per sgkm (0.7 km (' 1
sqkom). The total length of roads up to 2012 was 55,742 km; however the length of motorways in
operation 15 745.1 km.

Figure 1 The area of interest.
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Data caﬂgcﬁm.

For the evaluation of the development of commercial suburbanisation we used freely available data
from the website www.ceoportal gov.ez. For the definition of the monitored areas of the D1 and D2
motorways, and adjacent commercial areas. we used current orthophoto maps of the Czech Republic
cenia_rt_ortofotomapa_aktuaini, Using this layer and the 4rcGIS version 9.3 software, we created
layer lmes for the D1 and D2 motorways. Furthermore, we created a polygen layer of neighbouring
commercial areas. To determine the owmners of the land and the way 1t 15 nsed, we used data from the
Czech Institute of Surveying, laver wms cuzk.cz.

Data analysis.

In the study areas. we camed out an analysis of the current state of deplovment of commercial areas,
which were divided into categories;

1) Petrol Stations, a bulding or facility from which fuel 15 sold or put into a vehaele's fisel tank. For
purposes of this stady we focused on petrol stations that melunde parking, refreshments. etc.

2) Commercial centres, amongst which we included shopping centres, motor-rests and parking areas.
3) Logistic centres, places for ransfer. storage or packaging of goods or deposiing containers.

4) Agrieultural enterprises, areas and facilities designated for agricultural production.

5) Industmal enterprizes, areas and facilifies designated for indusinal production with facilities.
parking etc. . and faciliies for semins energy production businesses or mining areas.,

&) Premises used for securing techmical services and infrastructure, areas of transpert infrastructure
{such as rest areas, areas of technical services for the maintenance of roads and ghways, etc.).

T} Services with a predomunantly transport-related use which cannot be classified — such as car
sales/parts logistics centres.

£) Brownfield sites, deserted areas without use.

9) Other areas, areas which do not fall mto any of the above categories {e.g unidentifiable premises.)

Momitored site atmibutes;

* Sloping lands (according to the prevailing values) cn which are the momitorad areas:

1: Flat plape 0 © - 3 °; 2: Slight inclination 3 * - 7 °; 3: Moderate slope 7 ° - 12 °; 4: Strong inclination
122 - 17 %; 3: Steep slope, escarpment 17 ° -23° =23 ®; & Cutside the data (land designated to act as
a forest).

= Classification of protection of the Agrniculhiral Land Fund (according to current values):
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Ist Protection class; recognised as the most valuable land. which can be obtamed from the Apnicultural
Land Fund only rarely, primanly for projects related to restoring ecological stability of the landscape.,
ot for line construction of major importance.

II Protection class; agricultural land which has a superior production capability. It 15 usually highly
protected land. removable only conditionally from the Agncultural Land Fund with regard to
planning. and enly conditionally usable for construction purpeses.

III Protection class: land with an average production capacity, which can be used in land planning for
construction and other non-agricultural uses.

IV Protection class; land with a largely below-average production capacity, with only limited
protection, and even be used for the constmaction of other non-agncultural purposes.

WV Protection class; agneultural land with a very low production capacity. These fields are mostly for
dispensable agricultural purposes. Possibly other, more effective use than agricultural is allowed.

VI Protection class; Cuiside the data (land designated to remain or act as forest).

* Characteristics of localisation of sites in relation to the highway (Figure X):

(1) The perpendicular distance from the seometric centre of a commercial area to the axis of the
highway (in mefres)

() The distance of commercial areas from the nearest exit sites in an east-west direction {(D1), or
south-north (D2) (in metres),

{3) The distance of commercial areas from the nearest exit mn the west-east (D1) and north-south (T12)
{im metres).

Pictare 2: Charactenstics of localisation of areas i relation to the highway (example: D1 motorway)

The dispersion of commercial areas in the vicinity of highways.
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The area of interest (mdividual motorway) was segmented inte equal length transects of 200 m in
width with a 1000 m buffer on baoth sides. The D motorway was divided into 313 segments of equal
width. The D2 was divided into 201 segments of egual width (Picture 3).

* The categonsation of individual sections of those areas where there are commercial premises present
(1 - the existence of a complex, lighlighted in red), and those where there are no commercial premmses
{0 - absence of the premuses, without colouring), (Picture 3)

» A measured distance of each segment which includes existing commercial areas (black arrows) and
segments with no commercial complexes (blue armows) to the nearest motorway exit (rounded to 50
metres)

» The resnlts were statistically evaluated using regressive equations in the programme statistics.

Picture 3: Distribution of segments with a commercial area (1 - lnghlighted red) and without
commercial areas (0 - no colourng).

Results.

Caregorisation of each commercial area.

In the area of nferest on the D1 morotway there were generally idenfified 129 commercial

the largest represented category was industnal areas with 36%: and on the other hand, the least
represented categories were brownfields with 3. 237%:; 2.32% were commercial centres, and other areas
comprised 2.32%. The area of interest on the D2 was identified as having a total of 78 commereial
areas; the most represented category was again industrial areas with 39% and the least rep:mt&& of
the categomies were logistic centres with 0. others with 0, and commercial centres with 3.84%; (Table

L.

Table 1: Overview of categones of commpercial areas m the vicimity of the D1 and D2 motorways in
the South Moravian region

Atmributes of the sites of Interest.

The area around the D1 motorway.

In terms of geomorphology on the site of interest on the D1 motorway, it was found that in the flat
plane category there are located 83 sites (64.34%6). On land with a shight slope, there were 34 sifes
banlt (26.35%). Land with a medium slope had 1 site (0.758%%). On areas with the categones of
pronounced or steep slope there were no sites found. Eleven sites were located on land desigmated for
forestry use. or ontside of the available data.

When identifying the class of the protection class of Agnicultural Tand Fund resources for the land on
which mdividual commercial premises are situated, it was found that 74 sites (57 35%) were on land
with protection Class T Agnicultural Land Fund (ATF); 30 sites (23.25%) were found on plots with
Class T protection of ATF. 11 sites (8.32%) on plots with Class ITI protection of ALF. 1 area {0.78%)
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on Class IV protection of ALF and 2 areas (1.53%) on plots with Class V protection of ALF. Eleven
plots were located outside the available data.

When analysing the location of commercial premises due to the motorway, it was found that the
average distance from the area’s nearest motorway exit in the direction west-east (direction Prague-
Brmo-Ostrava) was 1,218 m The average distance from the commercial area’s nearest motorway exit
in the direction east- west (direction Ostrava. Brmo to Prague) was 1,183 m and the average
perpendicular distance from the axis of the highway was 460 m (Table 2).

Table 2: Atmbutes of localization of commercial areas In proximuty to the D] motorway (In mefres)

Median Meodus Arithmetic Standard
mean deviation

Dhstance of commercial areas from the
nearest exit i the west-east direction R 18 L a4
Ihstance of commercial areas from the
nearest exit in the east- west direction 800 o 1 i
Distance from the geometric centre of
a commercial area to the axs of the 450 150 460 187
highwav

When analysing the distance of segments {with commercial areas and without any commercial areas)
to the nearest exit, we found: Exits in an east-west direction {Ostrava, Bmo towards Prague) F (1.513)
= 93482 p=.00242 5td. Emmor of estimate 49782 on a sigmificance level o= 0.03; Exits downlall in
the direction west-east (direction Prague to Bmo-Ostrava) F (1.313) = 18.172 p <00003 Std Emor of
esimate 49114 on a sigmficance level @ = 0.05. In both cases 1t was statistically significant that the
serments with commercial areas are closer to the motorway routes than the segments without
commercial areas. The total mumber of segments which have a commercial area was 140 (44.72
segments with no commercial area 173 (55.28%)

2%) and

The area of interest near the D2 highway.

In terms of geomorphology on the area of mnterest along the D2 motorway it was found that. m the flat
plane category there are 36 sites (71.80%%), in the category of moderate slope there were 11 complexes
(14.10%), in the mid-slope, significant slope and steep slope there were no sites represented. Eleven
sites were located on land designated for the forestry function, or outside the available data.
Appropnation of land in the proxinuty of the D2 highway. From the perspective of agnculfural land,
there were 11 areas (14.10%:) n plots with protection Class 1 ALF; 21 areas (26.9%:), on plots with
protection Class TATF, 27 areas (34.65%:) on plots with protection Class T AT, & areas (10.23%),
and on plots with protection Class IV ALE. On land with Class V ALF protection we found no areas.
11 sites were located outside the available data.

Localisation of commercial areas relative to the D2 motorway body; the average distance of the
commercial area from the nearest motorway exit in the south-north direction (from the border with
Czech Republic to Bmo) was 1.983 m_ The average distance of commercial areas from the nearest
highway exit in the north-south direction {from Bmo towards the Czech Republic’s border with
Slovakia) was 1494 m The average perpendicular distance of areas from the axis of the highway
slopes was 431 m (Table 3).

Table 3: Atimbutes of localisation of commercial areas near the D2 motorway (in metres)

Median Modus Arithmetic Standard
misan deviaticn

Distance of commercial areas from the 875 50 1983 2274
negrest exit m the south-north direction
Distance of commercial ar=as from the g25 200 1494 1628
nearest exit in the north-south direction
distance from the geometric centre of a 375 150 431 279
commercial area to the axis of the
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When analysing the distance of segments (with commercial areas and without any commereial areas)
to the nearest exits, it was found that exits in the direction of south-north {from the border with
Slovakia and the Czech Fepublic towards Bmo) F (1.201)=2.6457 p =10491 5td Emer of estimate
49057 at a significance level o = 0.03; exits in the north-south direction (the direction towards Bmo
and the Czech border with Slovakia) F (1.291) =2 6437 p <. 10491 5td. Error of estimate 49037 at a
significance level a = 0.05; exits in a north-south direction (Bme/Czech Fepublic border towards
Slovakia) F (1.201}=13.376 p = 00030 Std. Ermor of estimate 48185 at a significance level o= 0.03.
It was significantly demonstrated that the segments with the existence of commercial colomzation are
closer to the motorway exits than segments without commercial colomsation in the north-south
direction (the direction of Brmo towards the Czech border with Slovakia). In the south-north direction
{from the border with Slovakia and the Czech Eepublic towards Bmo), this dependence was marginal
Total mmmber of segments with the existerce of commercial areas was 119 (40.89%) and the mumber
of segments with no commercial areas was 172 (39.11%).

Discussion.

Transport routes divide the countryside into ever smaller and smaller segments (Moss, 1993;
Fosenzweig, 1995; Hlavad & Andél, 2001; Verboom et al, 2007; Otero & Onaindia, 2009; Kusta e
al., 2011}, which become isolated by bamriers. Apart from those transport routes, commercial areas can
also, in this context, be also considered as bamiers.

Countryside fragmentation is influenced by a number of factors, whether it is socio-economdc or
envircnmental - on global. regional and local levels (Forman, 1993). In the case of secondary
development of commereial suburbanisation m the viemity of roads, the bamer effect 15 multiphed.
The area of land sccupied by commercial premises in both motorway sections of the D1 and D2 in the
South Moravian region is several times the area occupied by the highway (the D1 motonway area is
2.023 sq km the area of commercial premises around it is 3.285 sq kme the D motorway area is 1.663
sg.Jom, the area of commercial premises around the D2 motorway 1s 4.372 sq kmy).

In terms of the inter-connection between highways and commercial suburbamsation, it 15 difficult to
judge what values can be reached from the road-affected zones. The primary negative effects of
transportation such as neise emission or exhaust pollution are already knovwn from vamous stidies -
Saunders et al , 2002 discovered that changes to the landscape matnxes are most pronounced around
toad-affected zones at between 20 to 300 metres from the body of the roadway. The width of road-
affected zones m relaticn to influencing the landscape matnix can vary from a distance = 5 mup to 100
or 1000 metres - depending on the type of countryside, season. traffic density, orlentation to the
compass points. efc. (Reed et al., 1996; Saumders et al., 2002, Wer et al, 2010). Forman & Deblingeer,
20040 estimated the average width of reads in the road- affected zones in the State of Massachusetts (in
the context of mfluencing landscape structure) at 600 m: Eigenbrod et al | 2009 observed the impact
of road transport on selected types of frogs. They concluded that in four of the seven species observed
in that those that were In a road-affected zone of 230 - 1000 m, a significantly reduced density of
population. In terms of avifauna, the different effects of road transport on birds inhabiting forest and
wild birds inhabiting feld ecosystems were observed (M. Fetjnen et al . 1095; B Reijnen, 1995;
Eeijnen et al., 1996). For species inhabitmg forest commmmities, it was observed that the mumbers of
bird populations was lowered by one third at a distance of 650 m from the ketbside. In contrast, in
spectes mhabiting open grass and field ecosystems, the road-affected zone was established at a
distance of 930 m from the highway (Forman & Deblinger 2000).

Fesults of owr study suggest that the breadth of road-affected zone in relation fo the dissemination of
commercial suburbanisation is mostly affected by localisation and the mowber of motorway exits,
which make accessible a wider areq of interest. The average distance from exits to the commereial
areas on to both highways ranged from 1,183 mto 1,983 m The most attractive lecaliies are m close
proximity to exits and close to the highway or within a distance of several nndrad metres from the
motorway ax1s (the average perpendicular distance from the axis of commercial areas i 207 highway
sites was below 500 ).

In many cases. m the spaces between the motorway and commercial areas, there are natural segments
{sparse foliage or permanent grass cover) which are isolated within an area smaller than that which
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some species need to survive. Such sites are losing their environmental functions. Sinular findings
were presented in the study by Dufek, Jedlifka & Adamee. 2011, The problem with these bictopes is
usually the lack of habitat management.

Akinbam & Fadare, 1998 showed that the negative effects of transport infrastructure are related
either to the construction of fransport routes (fagmentation of sites). or with 1ts usage (enussion of
noise, dust, exhaust gases), however the problematic issue of secondary development of commercial
suburbanization was not mentioned
Commercial suburbanisation 15 today an integral part of almost all major transport routes (Sykora &
Ohirednifek, 2007} In terms of accessibility and strategic location this trend is logical, however non-
conceptualisation and non-compliance with the principles of the protection of ALF land, create a threat
to both the economic and emvirenmental character of the countryside - especially in the vicinity closest
to larger urban agglomerations, where we can often meet mega.!omma-:: warehouse areas which. by
their size, occupy considerable quantities of high-quality land (Lipsky, 2000; Sykora & Oufednicek.
2007. The foremost problem is mainly that of the building of large 1slands of commercial areas that do
not respect the coumtryside character or the architecture of Tural sites (Sykora & Oufednicek, 2007).
The existence of commercial subwhanisation near highways 15 also reflected in a lugher traffic load.
According to Seltzer (2002) and Pucher (2002) automobile traffic will significantly alter the stucture
of sites and 1t is precisely this new structure that requires an increased demand of vehicular traffic. The
question still remains aroimd whether that increased mobility 15 the canse or the result of
suburbanization, both commercial and residential. Fesidenhial suburbamszation (Charednicek. 2007) and
conmmercial suburbanisation (Sykora, Oufedniéek, 2007) are both reflected in the environments of
large agglomerations wath roughly the same mtensity, but have a different impact on the social and
physical environments of metropolitan areas. Construction ocours not only near urban areas but also m
convenient locations (Oufednicel: & Temelova, 2008). Thanks to nearby highways, commercial
suburbanisation 1s not restricted to the hinterland provided only by big cities - its existence can be
traced along almost the entire length of moterways. Of course, with increasing distances from the oty
there are changes m the categories of existing comumercial areas along laghways. In the lunterland of
towns there are located mostly logistical and commercial cenfres, while agricultural and industrial
complexes also tend to exist beyond the limits of big cities Localisation of new commercial functions
in a suburban area and beyond can cause a reorgamisation of the environment (Owiednicek: &
Temelova 2004) At present, the mode nfdﬂ'elnpmmtﬂfresldental and commercial areas is
influenced by legislative measures and development policies, which determine how the land is re-
cultivated (Hanson, 2006}, However, in practice, the results of this study prove that these development
concepts and policies appear to be wholly inefficient and inadequate in terms of any rational protection
of ATF land resources.

Picture 4: Dispersion of segments both with commercial areas and without any commercial areas in
relation to the nearest motorway exit
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Conclusion.

The study shows that the D1 and D2 motorways located in the South Moravian region are tied to large
commercial construction areas. These areas are dependent on being sited near motorways and
maotorway exats for their livelihood but we cannot say that the complexes are only built in the
immediate vicimity of motorway exits. The results were stafistically sigmificant; that in three out of
four motorway segments studied. the commercial areas are closer to the motorway exits, rather than in
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those segments without commercial areas. The constmaction of conmercial complexes in the vicinity
of motorways in the South Moravian region was camied out in accordance with the legizlative
frameworks which. however, have not sufficiently protected the ALF land - because there are 80.6%
of the D1 sites and 41% of the DY sites bnlt on land which we have identfied as having either Class
or Class IT protection of ATF land, or on agricultural land - ie. land which is the most valuable. What
15 unforhmately persistently absent in the context of the development of commercial suburbanisation,
along with the development of transport infrastructure, 1s any contemplation of the term
irrgplaceability, which provides us with good agricultural land. The question is whether the path
towards repair 15 through stricter observance of existing lemslative frameworks or by defining new,
tougher and more efficient laws. The continuation of this frend in the firture could mean not only
problems for agneulture. but could entail safety nisks for the Czech Republic. For the last nine years
the Czech Republic has lost more than 35,000 hectares of agricultural land  Sklenicka (2011) warns
that thiz represents an almost three-fold increase in the histonical speed of the process. In 2000 there
was seen the loss of agricultural land totalling 1.700 heetares, while in 2007 and 2008 there was the
loss of an area of over 3,000 hectares per year.

Picture 5: An example of secondary development of commercial suburbanisation near highways in the
Czech Republic
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Abstract

The paper analyses the collisions of animals widams of transport in road
traffic in the entire territory of the Czech Repualih connection with tourism. The
collisions were evaluated for the period from 282016 under the different condi-
tions in which they occurred, for example, seasiome of day, weather conditions,
visibility and the like. The development of the riugn of accidents in individual pe-
riods and the scope of damage in relation to thksioms are analysed in such a
manner as to allow for comparison of any financesdources spent on prevention
with damage that has already occurred.

Keywords: wild game, collisions, roads, means of transpaaffic safety, preventi-

on, safety precautions, tourism, destination(s)

INTRODUCTION

Road traffic density is continuously rising at suchate that it is not possible
to respond adequately and quickly to this problBmad transport can generally be
divided into freight and passenger transport; isspager transport, the main reasons
are business and recreational trips. In Europenth@r means of transport for indi-
vidual recreation is the passenger car (75% in Rab7a lesser extent bus and air-
plane. The journeys are mainly organised indivigug80%), and only about 15%
are purchased from travel agencies and operatatatkBva, Zichova 2014). Indivi-

dual passenger car tourism is a significant actidsk factor.
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The ever increasing need to build all types of soachot adequately considered
and designed beforehand in such a manner as toeenminly the safety of the
transported people and subsequently also to prof&tigame and prevent fatal col-
lisions. A significant role in safety is also landping, especially landscaping of
highways and motorways (Adldet al. 2006).

It is also necessary to consider the potential @pmsnces of absolute isolation
of animals by fencing and preventing their accesghe road. On the other hand,
when migration structures are used, there isatilsk of animal mortality. Both an
adequate number of migration objects and fencinip@froads have their justificati-
on, and it is necessary to combine them very prilgleonsidering both riskéGor-
¢icova 2011).

The study focuses on a comparison of the accidatin connection with the
collisions of motor vehicles with game in the past, since 2007 for the reason that
these events were not digitally recorded beforge date and the data are practically
unavailable at present. Since 2007, collisions aceddents have been digitally pro-
cessed and in time information has been expandgécwlly in the form of the spe-
cification of the precise sites of the events, \lsghility at the time of the accident,
weather conditions, damage incurred and the lik&otunately, to date no infor-
mation about the specific animal involved in thdlisimn is recorded anywhere.
Such information would be significant especiallyténms of accident prevention and
the implementation of specific measures.

The decisive factor is timely and quality media e@age of the current si-
tuation in the Czech Republic. This shall be ohthe major preventive measures to
help reduce these collisions, significantly inceetise safety of people using means
of transport and save dozens of animals every day.

The objective of the study was to collect and eatdata about animal collisions
with motor vehicles in the entire Czech Republic e period of 2007-2016. To
process this data in the minutest detail possiibtetey to ascertain the causes of the-
se events. Furthermore, to evaluate the colligiemdt and obtain data about damage
occurring to personal property and health in otdespecify the consequences of the
collisions and how dangerous they can be. To makeffart to design the most ef-
fective and simple measures to prevent or at lggsificantly reduce these collisi-

ons.
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Traffic infrastructure in the Czech Republic and its impact on the

animal population

The developing infrastructure of the Czech Repuiplimany cases is an al-
most insurmountable obstacle for migrating animakss mainly concerns roads but
also the railway network. The transport infrastauetis one of the significant factors
of regional development because it connects peapiebusiness entities in space
within the scope of business and recreational gysn

It is thus necessary to continuously develop thedroetwork. One of the
possibilities is either to modernize the currerad® or build new roads to reduce the
load on the current network (Kiadvsky 2014). Frequented roads constitute a barrier
for many animals and prevent them from free moverttmough landscape; further
impacts include direct annexation of biotopes duthe construction of roads (Zikes
2002). The animals subsequently seek ways in wisiadbvercome these barriers, or
search for*weak point% in the barriers, which then creates a higher regkrbad

users.

Roads as a barrier

We can define a barrier in the landscape, for exeygs a certain obstacle,
hindrance or barrier preventing animals from mowviragn one place to another. On
the other hand, the barriers may play a role ingutong animals from entering
roads. It is thus significant to determine the degto which the barrier acts as a
barrier for the animals potential risk and the extent to which it acts astgrtion
from such risk.

Another concept of roads as barriers according Asae (2017) may be that
the barrier is a raised edge or restriction thatdhaegative effect on the loss of natu-
ral sites and may create a barrier effect becalisegasference and thus increase the
mortality rate of animals. It may also concern atled invisible barriers, i.e. noise
barriers that restrict the animals to the samengéxbait due to gradual domestication,
animals get used to this type of barrier and sulsatty stop perceiving it with their
senses (llgurel 2016). On the other hand, manyarekestudies are considering whe-
ther the barriers that prevent animals from enggetire roads are even safe also for

travellers in cars (Nycz 2016).
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An artificial man-made barrier has a significangatve impact on the popu-
lation of game to which the individual species aatnhor do not adequately adapt.
Highly frequented roads such as highways and matgsywwhose density in the
landscape continues to grow disproportionately, inseirmountable obstacles for
many species of migrating animals (&hdt al. 2005).

For many large mammals, the transport barrier tsimsurmountable (tab. 1),
but the traffic density and vehicle speed makeaiigerous for the animals and road
users (Aanen 1991).

Tab. 1 - Factors that impact road migration acegydo Martolose et al. (2014).

Factors Probability of animals entering the communication
Increases t Without influence Decreases ﬁ
Heterogeneous land-| Homogeneous lands-| Urbanized landscape
Landscape type scape, the predomi-| cape
nance of natural
elements
Accompanying In field In woods Without vegetation
vegetation of road
Traffic intensity Low Medium High
Level of communi- | At terrain level, on a | In a deep cut On high embankment
cation slight slit or em-
bankment
Fence of road Without fence Partly fence Fully genc
Migration objects Witout migration | - With migration ob-
objects jects
Day time Twilight, sunrise Night Day
Season Spring, autumn Summer Weather

Animal mortality rate caused by collisions with meas of transport

If an animal collides with a motor vehicle, in 9%%the cases it entails the de-
ath of the animal and in many cases also injurtheopersons involved as well as
significant material damage.

From 2007 to 2016, 14 people died, 82 sufferemgglinjuries and 841 suffe-
red minor injuries as a result of collisions withiraals on our roads. The total num-
ber of accidents was 63,599. It is quite certaat the animals are not to blame for
all these collisions; if the drivers respected rihed traffic rules and anticipated such
a collision in these dangerous sections, this weedldice the accident rate. But there

is an acute lack of adequate information aboutddwegerous sections and risk of
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collision with animals in the Czech Republic, whalbstantially differs from many
other European countries (Germany, Netherlands).

Lima (2015) discusses the response of the animablision with a vehicle.
According to him, in many cases, the animal is bépaf avoiding the collision by
natural instinct. Naturally, this also depends be tesponse of the driver and
electronic detection of the vehicles. Accordinghion, modern systems in motor
vehicles give mammals a greater chance of surwhain crossing roads.

In the Czech Republic, the animals that are magjuiently hit are wild boar
(Sus scrofg European harelépus europaeusyed fox {ulpes vulpesand Euro-
pean roe deeapreolus capreolufAndél et al. 2011). It is clear from his research
that suitable fencing in combination with an ecatdoas the consequence of redu-
cing the risk of accidents.

Animal migration and roads are very complicatedesys that should mutually
respect each other in every crossing design, amdbttal conditions must be evalu-
ated during each case of construction planningrfaximum coherence between the
landscape and the roa@ndél et al. 2006).

The behaviour of migrating animals in relation he thighway was also de-
scribed by ZiksS (2002) in his work, in which he states that & thigrating animal
encounters a highway, it may solve the arising lemokin various ways, for example:

- By changing direction of movement and abandaif the animal does not

have a clear migration destination.

- The individual may move along the highway untfinids a suitable migration

object for crossing the obstacle.

- It runs across the highway surface, which may tesub collision with a

motor vehicle.

Planting vegetation along roads is an importanhfof protection for animals
and a method for preventing collisions. Desai e(2012) states that it is necessary

to plant vegetation, not only along the roads,disi at sites with industrial zones.

Currently, this situation is often solved by fergithe roads and highways,
thus blocking animal migration. However, the bigggisadvantages are high costs
and maintenance (Kosiea 2015).
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Actual field research revealed many deficienciehjctv do not make the
fences around the roatigrotection for the animalsbut rather their killers. It is not
possible to build a fence in such a manner therminates a few metres before the
start of the next measure in the form of, for exena crash barrier. Such a gap is a
fatal point for the animals, which enter the roadeve the other side is completely
fenced off and the animal thus has no chance tbifsnway back, naturally resulting
in 99% of cases with a collision with passing védsc The fences around the roads
are described by Ascenasao (2013), who statest tedhe most effective method for
preventing such collisions, but he emphasises thair construction must be
designed perfectly to prevent unnecessary deatles tdupoor realisation and

subsequent maintenance.

Traffic density and its impact on collisions and aimal mortality rate
The traffic density or intensity is a major indicabf road load. According to

the Internet resouragww.ceskedalnice.¢4t is most commonly presented as the, so-

called, annual average daily intensities. Howetrex,destination and journey distan-
ce are not evaluated in relation to the accideat, iae. the ratio of recreational trips
to the total load and accident rate is not considler
Concerning the visitation rate of the individualrist destinations, people mostly
travel by passenger car. Naturally, this is relatethe problem of collisions between
vehicles and animals on the roads. According tac@Eeurism, the most visited pla-
ces in the Czech Republic are Prague followed byZlBO in Zlin, industrial monu-
ments in Dolni Vitkovice and the latest top degiore— Aqualand Moravia. Signifi-
cant destinations are also the mountain regionséSa, Krkono3e), which are very
popular with tourists in the Czech Republic (KIu#gw016), and the spa regions
(Bozati, 2015). Further destinations for mainly tleal population are significant
recreational regions such as Sazava and the Uppsravcatchment areas, Bohemi-
an Paradise, Lipno, South Moravia and the like. Jtheneys by passenger car to
these areas are associated with a high risk asmsilwith animals because the holi-
day-makers often depart on Friday in the late aften hours and return on Sunday
in the evening, often in low visibility conditiormsd without adequate physical rest.
According to the Road and Motorway Directorate, omvtys and first-class
roads are the most frequented.
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Fig. 2 — Traffic intensity on the motorways and first-clasgads in 2016 (the
thickness of the line indicates the relative loathe road)

The highest number of accidents occurred on fasd second-class roads,

which is naturally influenced by the fact that these the most common roads in

the Czech Republic. The total distance of motorweayd roads in the Czech Re-

public is almost 56,000 km, of which 1,250 km aretonways, 5,811 km are first-

class roads, 14,587 km are second-class road34hd80 km are third class roads

(www.rsd.c). Generally, the Czech Republic ranks Zistterms of the number of

fatal traffic accidents in the EU (www.autoklub.cZhe table (1) shows the num-

ber of collisions in relation to the distance af thdividual types of roads.
Table 1- Number of collisions (2007-2016) converted to 1 @&fhrtotal road

distance

Number of colli- | Length of roads | Number of colli-
Types of roads . .

sions (km) sions 1 km
Motorway 3380 1250 12,8
1. class 22676 5811 3,9
2. class 19967 14587 1,3
3. class 14473 34130 0,42
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METHODOLOGY

The Czech Republic has an area of 74,864 km2 amd than 55,000 km of
roads. The data used in the research was acduiradthe Police of the Czech Re-
public and the auth® own field research. At present, the Police resdhd acci-
dents- collisions of animals with motor vehicles in a highality manner; the lo-
cation is ascertained with a precision of 1 m eather conditions at the time of the
accidents, light conditions and many other attebuhat can be applied very well in
various statistics and research. Unfortunatelyy amdllisions to which the police
were called and in which people were injured orandamage to property occurred
are recorded. There is no record of the type ahahinvolved in the collision. The
authors own research revealed that most of the casesvenwoedium or large ani-
mal species, i.e. species from the size of a liaxe otter or badger. Upon collision,
the smaller animal species cause almost no dantagleand for this reason, these

events are not recorded anywhere.

The basis of this work was the acquisition and @ssig of data on collisions of
motor vehicles with animals from 2007 to 2016 ie #mtire territory of the Czech
Republic. The data were acquired from the authown field research on the indivi-
dual roads and the study of police statistics, Wiuigntain records of the events that
resulted in death or personal injury and also thegnts that resulted in damage to
property. The data were subsequently processedegratated into several groups for
a more detailed analysis:

— map co-ordinates
— date of the event
- time of the event
— type of road on which the event occurred
— vehicle type
- death toll
— persons with severe injuries
— persons with minor injuries
— total material damage in hundreds of crowns
— weather conditions at the time of the accident
- visibility
The map data from the ARC GIS system were usethiclearer represen-

tation and processing of the data.

stranka 88



RESULTS AND DISCUSSIONS
After processing the source data into the form lnmcWv it is used, several compa-
risons and visualisations of individual years werade for the entire Czech Repub-

lic.

12000+

10000+

8000+

6000+

4000+

number of accident

2000+

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
years
Fig. 3— Number of collisions for the individual years iretperiod 2007 2016 for

the entire Czech Republic

The highest number of accidents was recorded 6,20 lowest in 2009.
After 2008, the rate of accidents involving cobhiss with animals had a declining
trend, but rapidly increased again from 2010. Adoag to the traffic police, this

situation is due to the disproportionate increas®ad traffic.

stranka 89



25000

20000

;;;;;

15000

10000

number of accident

5000+

3 .

(6] T T T
0 1 2 3 4 5 6 7 8
types of road

Fig. 4 — Number of collisions in the period 2007-2016 ontgfles of roads in the
Czech Republic

(O - Motorway, 1- First-class roads, 2 Second-class roads,-3Third-class roads,
4 — Node (i.e. a monitored crossroads in selected tpwis Road monitored in se-
lected towns, 6 Local road, 7— Utility road, 8 - Other parts of roads)

KusSta (2011) states that collisions between aniraals motor vehicles are
most often influenced by the time of the event amahth in which the collision
occurred. He states that accidents mostly occuateabout 10 p.m. and the second
wave of collisions occurred at about 6 a.m. ltigHer stated that collisions occurred
most frequently in April and May, and the next ntom line was December. From
the results for the entire Czech Republic, whichprecessed, it is possible to agree
with this claim. On the contrary, from the resufsthe Prague East District (Smid
2013), these data differ, since in 2008, for insgaMay had the highest rainfall fol-
lowed by November, in 2009 the largest number efdsnts occurred in May fol-
lowed by October.

According to my data analysis, the highest numbexcoidents occurred at
night, without public lighting, and the visibilityas not influenced in any way by the
weather conditions. A surprise is the ascertairead that a very high number of
accidents occurred during the daytime when thénitsi was also not influenced in

any way by the weather conditions (Smid et al. 2014
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Similar results for Central Europe are presented Hgthorn et
al. (2012) and Pokorny (2006). The reasons maybemly the lower daily intensi-
ty of transport, but also worse driving conditicarsd less passable roads in winter
when vehicles run at lower speeds (this appliesiynao first-, second- and third-
class and other roads). Nevertheless, other autumtend that there is a mild in-
crease in the occurrence of collisions with animalshe winter, for example, in
Sweden ( Wahlstrom and Liberg, 1995).

The highest number of collisions on first-clasad® in the Czech Republic
for the given period- 22,676. During the classification of the roads adog to Act
No. 13/1997 Coll., the Road Act, the largest p&ithe Czech road network is com-

posed of first-class roads; the result shall celgdve impacted by this factor.

13 86
14000000

12000000+ 11 69

10000000+

8000000

6000000

amount (euro)

4000000

2000000+

0

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
years

Fig. 5— The scope of damage to property in the period ZI& for the entire

Czech Republic (in euro).

The highest damage to property occurred in 2016th@ amount of
€13,974,886, while the least was in 2009 in the arhof €4,225,879. The total da-
mage in the period 2007-2016 in connection witHisiohs with animals on the
roads for the entire Czech Republic is €83,087,19average, one traffic accident
results in damage amounting to €1,306.

If we focus on the health and safety of peoplectvis the highest priority of
the research, we ascertained that in the periagi@stion a total of 923 people were
injured, of whom 5 people unfortunately died ofithejuries.
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Teaffic accidents caused by collision with animals

®  prafic socidents with heavy injuries
® Sl trafic socidants 1.2 000 000

Fig. 6 — Collisions between animals and vehicles 2010-2@H6ilting in death or
severe injury of people.

Figure 6 shows the places where severe injurgkidaots) or death of peo-
ple (red spots) occurred in connection with thdisioh of a vehicle with an ani-

mal.

Table 2 -Number of collisions (2007-2016) - comparison & summer ho-
lidays (with a higher road usage associated witiism) and selected months (be-
fore and after the holidays)

Years 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
ﬁgﬁgg‘;r 1360 | 1111 438 [885 |558 |885 |1027 |1277 | 1558 | 1691
X';rifh Tl 1428 | 1036 | 447 | 436 |611 |813 |969 |1242 | 1371 | 1808
September | o0 | 1594 | 482 | 708 | 641 | 1221 | 1169 | 1385 | 1803 | 1954
- October

Table 2 shows the number of accidents that occuduenhg the summer holi-
days when the traffic on the roads should have begrer for reason of travel (holi-

days, transport of children going for holidays #nel like). For comparison, the peri-
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ods April-May and September-October were selectedralom. We determined that
the holidays do not have any significant impacttwenumber of accidentscollisi-
ons with animals. The holiday period is not eveifiedént in the overall number of
traffic accidents (www.autoklub.cz). Overall, inetlperiod 2007-2016 there were
10,799collisions during the summer holidays; during f#etected months of April
and May22,892collisions occurred and in September and Octdiemetwerel 2,093
collisions. The reason for the lower number of dlecits may thus on the contrary be
lower traffic on the roads during the summer holgléhan in other months during
the year. People are taking holiday and are netlirag to work every day. On the
contrary, in the period of April-May, animals anglily active (migration) and wea-
ther conditions are generally worse. These resuéisalso confirmed by the accident
statistics of the AutoklubBR (http://www.autoklub.cz).

Table 3— Number of collisions (2007-2016) - comparison a f@hristmas
season and the same days in the selected montl) (May

Years 2007| 2008| 2009| 2010| 2011 | 2012| 2013| 2014| 2015| 2016
Christmas

53 45 22 18 22 38 42 55 70 44
24, 25, 26
May

76 65 21 31 31 57 75 50 87 94
24, 25, 26

A further comparison was between the Christmasoseashen road traffic
should have been higher again, especially for reaséamily visits and trips to win-
ter resorts. Table 3 shows that the number ofsiotis does not differ significantly
and, on the contrary, the number of collisionstdame day of a month selected at
random (May) is higher. Overall, the Christmas sgda the years in question regis-
tered 409 collisions, and 587 collisions occurredie same days in another month.

From the stated results, we can thus state thatrelkedays or summer holi-
days do not have any significant impact on the dnghumber of accidents in con-
nection with collisions between animals and motehigles. The problem is year-
round and it is not possible to focus only on imdiial months because the result

shall not differ in any way.
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Fig. 7— Graphic representation of collisions for the peradd2007-2016 (available

data from the Czech Republic).

The coloured spots in the figure show the accidentse individual years in the
entire territory of the Czech Republic. By plottitite precise GPS co-ordinates, it
was possible to get an overview of the densityhete collisions. Unfortunately, this
data is missing in part of South Bohemia, the reds®ing the recording of data on
so-called’ Euro form$, where the accidents are recorded by hand oma dod are
not digitalized. These data are currently unavélaénd their subsequent processing
will be very difficult. However, for quality resear and a clear view of the situation
in the Czech Republic, these data are indispendsdnlause field research allows us
to get only an idea of these events but not theiggesituation.

CONCLUSION

In this paper, we confirmed the fact that collisamith animals on the roads in
the Czech Republic have a continuously rising treéktdthe beginning of research,
(Smid 2012), we ascertained that the great majofitpads are not in any way pro-
tected against collision with animals and drives @ot even warned of this danger.
Road signs to reduce speed or any signs warningt dbe possible presence of an
animal were virtually absent. On the contrary, ¢hemas a decline in the number of
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warning traffic signs although the concerned roactiens are still registering acci-
dents.

A great trend at present is fencing of the motomydyt unfortunately the fences
are not completed everywhere. The result of thisasuee shall be verified only in
subsequent years. There is fear that the resthissfmeasure shall not be significant-
ly positive because the fences are not safely ceteglat many points and animals
can without any difficulty enter the road at th@sénts. These places are extremely
risky because drivers do not assume danger indim 6f animals on the road. If
such a situation arises, the animal is incapablénding its way back through the
fence and away from dozens of passing motor vehicle

A similar trend is so-called scent fencés on the lowerclass roads, which,
however, require continuous maintenance. Wild géeseecially roe deer and wild
boar) quickly get accustomed to this obstacle aopissperceiving it. For this reason,
it is almost impossible to permanently complets tieisearch; instead, it must be but
continued into the future along with monitoring ttkevelopment of the situation in
connection with the implemented measures. For s, these blue illuminated
fences mean safety against collision and redudedtain.

The basis of prevention must be quality awarenésbeopopulation. The war-
nings for drivers that collision with an animal magcur should be posted at points
most frequented by the drivers. Various leafletsyoag this information at petrol
stations, at least in three world languages, wbeld good start for this prevention.
It is further necessary to inform the public in thedia, such as, on the radio, televi-
sion and internet. We have never heard any warafnguch a problem on traffic
radio broadcasts for drivers. A great benefit caalkb be so-called unsolicited text
messages in which the operator sends SMS messag&sning various types of
information at random according to the current fmea of the mobile telephone
users. In the course of our research we did nostexgany warnings on digital in-
formation signs installed on the most frequenteédbizroads and motorways in re-
cent years, not even during normal travel (avepgsonal travel distance of approx.
100,000 km). A further potential solution, one thatdnt be so expensive, is road
signs warning drivers about the potential dangecallisions with animals. These

cost only tens of euro, but may be a very usefut@of information.
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In conclusion, it is also necessary to state tratcannot only blame the animals as
such for these collisions, as people are much rtobéame— excessive speed that is
unsuitable for the road conditions, inattentivevithg, the poor technical condition of
the vehicle and the like. If a system were esthbtisin the Czech Republic that is
identical to those that exist, for example, in Naywwhere the insurance company
reduces indemnity in a relatively drastic way umt@termining a violation of the
road traffic conditions stipulated by law (for exale excessive speed), the number

of accidents could be significantly lowered.
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Abstract

This research deals with analysis and preventiowebicles conflicts with
animals in the Prague East area. In this work wariconditions usually occurring
during conflicts are taken into account, such asuahweather factor or visibility in
a different time of day.

Further in the work is dealt with possible preventand measures for these
conflicts through various ways that are either entlly in use and already prevent
these conflicts or vice versa exist but are notlugee work is mainly focused on the
large mammals; smaller animals are not includethéenwork because vehicles con-
flicts with these animals are very rare and unréedr

Keywords: animal, road traffic, road safety, landscape,ratign

. Introduction

One of the effects of vehicle traffic is still densnd increaseing risk of con-
frontation with the game. Construction of a new svay communication means for
animals is an serious obstacle that must be overamra daily basis and if there are
not sufficient measures considered in advance éwemt these obstacles such as
warning signs, consequences can be fatal. A sugmifirole also plays modifying of
the terrain, which is very important for a natucahnection with the surrounding
environment. If spaces of migration object arertdanected with the adjacent land-
scape, it is estimated that animals use it @\red al. 2006).It is also necessary to
consider what consequences can have the shedarasad the animals caused by a
complete fencing and by preventing the entry i@ ¢communication. On the other
hand, if the migration objects are used, therdilisasrisk of mortality for animals.
Sufficient number of migration objects as well aading communication has their
justification and combining them needs to be cagrgeid very carefully and it is
always necessary to consider both the risks {i&ava 2011).The core part of the
work is mainly focused on the mortality of large mrmaals on selected roads in the
District of Prague-East. Furthermore, it is focusedthe factors, which cause the
deaths of large mammals on the basis of the datingldl from 2007 to October
2011.
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. The objectives

The main aim of the work was to obtain data abbetdashes game with mo-
tor vehicles in the district Prague East and taess these data as fully as possible,
graphically display them and determine the cau$disese events and try to suggest
what might be the most effective and simplest messto prevent, or at least a sig-
nificantly reduce in these collisions.

. Landscape

There are quite a large number of definitions f@ term landscape. Accor-
ding to Sklenika (2003), landscape is perceived differently bghdect, scientist,
economist, farmer, politician or an artist.

Fragmentation of the landscape is the serious @nopivhich has negative
impact on the landscape character and wildlife padfmns. In the process of frag-
mentation continuous biotopes are divided into &nand more isolated and mi-
gration barrier are formed. Landscape always usddetfragmented but industrial
development, mining, railway and road traffic endeththis phenomenon. The cru-
cial question of fragmentation is to which extérnis bearable. Currently the main
risk factors are residential building and consiarcof transport infrastructure — new
highways, roads, and rail corridors. The risk ofdscape fragmentation must be ta-
ken into consideration when planning the use al$aapeswww.mzp.cz).

. Traffic infrastructure in the Czech Republic and its influence on animals
population

Traffic infrastructure in the Czech Republic is stamtly developing and mo-
re roads that are barriers for animas are builgaRiing traffic infrastructure, forget
one of the major obstacles for the animals, whécbficourse the rail network cannot
be omitted. Trombulak (2003) suggests that infuastmre has a negative effect on
the biological integrity of terrestrial and aquagicosystems, and the main negative
effects according to him include:
- Physical changes in the environment
- Modification of animal behaviour
- Mortalities as a result of a crash with vehicle
- Mortalities of fauna during the road construction
- Changes in the chemical environment
- Expansion of exotic effects
- An increase of the civilization pressure

. The mortality of animals caused by crashes with thenotor vehicles

The number of killed animals as a result of a smh with motor vehicles is
growing every year. The ever-increasing frequerficyramsport, which is related to
the increasing number of motor vehicles on the spaldefinitely the main reason.
According to Dufek et al. (2000) animal mortality the most significant effect of
fragmentation. Kotlaskova (2010) states that ahclaish the game is a car accident
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not caused by driver, during which the wildlife @uail, or part of it, was found on the
site of a traffic accident, or near the site ofaific accident, and also following is
valid:

. Persons were not injured during this accident
. There was not any technical defect on the vehiegnted or found
. A driver had not used alcoholic beverages, or adlaelictive substances

"Mortality caused by collisions with vehicles isopably the most visible im-
pact of transport on wild species. The most inftis@rfactors can be found near the
roads, for example fencing, alleys, crash bare¢cs"(Andl et al. 2005).

Police Department that keeps track on the conftiétsrotor vehicles provi-
des us following numbers.

In 2007 (since when statistics are kept) 7936itatcidents caused by colli-
sion of the game was registered in the Czech Republwhich total estimated loss
on property was 253 461 800 CZK. That year thesalants killed 3 people, 14 pe-
ople were seriously injured and 72 people wereraguightly.

In 2008 there were 7030 collisions with game wihireated loss on property
223 802 CZK, 2 people were killed and 7 peopleevsgariously injured and 84 were
injured lightly.

In 2009, there were 2804 collisions with game veistimated loss on proper-
ty 111 985 900 CZK. Nobody was killed that yeart 8ypeople were badly injured
and 61 people were injured lightly.

In 2010 there were registered 3219 accidents vatheg estimated total loss
on property was 126 482 000 CZK. 1 person wasckiltat year, 3 people were seri-
ously injured and 63 people were injured lightly.

In 2011 there were 3693 accidents, estimated lasgroperty was 144 797
200 CZK. That year 3 people were killed, 11 peopéze seriously injured and 63
people were injured lightly (police of the CzechpRklic Police Presidium of the
CZECH REPUBLIC, 2011).

It is important to further evaluate this issue, daese animal mortality is the
most visible impact which traffic has on wildlife.

6. Migration animals

According to Sklertka (2003) migration is the motion of a large numbgr
individuals of the species from one place to anotiegration can also be described
as a general concept of all the moves of wild atenrathe countryside. Migration
profile is the space where there is a crossingrofgration path with traffic commu-
nications (Andl et al. 2011).
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Migration paths and traffic roads are both very ptar systems and local
conditions should be considered when planning anldlihg crossing (And et al.
2006).

Migration of mammals is not fully understood phemmon, reasons for mi-
gration can be various, for example food, distugb&ements, reproduction and so
on, migration for this reasons is called commondaily migration (Muller and
Berthould 1997).

ZikeS (2002) described strategies of animal behaweden confronted with

the highway:

. Change of the direction and leaving the area

. Moving alongside the highway until there is a pbkestrossing point
. Crossing the highway which can lead to the crash thie vehicle.

7. Methodics
7.1  An evaluation of the data obtained from the Policefdhe Czech Republic

The essential of the work was to obtain and eveltie data about the
vehicle accidents with the wild animals from 200iluSeptember 2011 in the Pra-
gue East district. The data were obtained by #ld fiesearch of the traffic on the
roads in the above mentioned district and combimiéd evaluated data from the
police statistics. There are registered data oatlwedents, which caused the death or
injury of the passengers or also the accidentssiwtaused the damage of the pro-
perty. The data were divided into the following gps for detailed analysis.
. GPS coordinates

. Date of the accident

. Time of the accident

. Kind of the road, where the accident happened

. Kind of the vehicle

. How many people died

. How many people heavy injured

. How many people light injured

. The total costs of the damage of the property imdneds of CZK
. The weather conditions in time of the accident

. The visibility

After the analysis the data were evaluated anphgeally shown in the pro-
gram ARC GIS (geographic information system) fa timal summary and to use for
possible prevention and application for the warrohg potential accident which can
happen on the road.

8. The results
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8.1. Conflicts of wildlife CR

From obtained material there were evaluated ddtesashes of vehicles with
game on traffic road all over the Czech Republithie period from 2007 until Sep-
tember 2011 (fig. 1).

Fig. 1 — The number of accidents from to 2007-20litthe Czech republic

The result is that most accidents was in the y8a87 17936). By contrast, in
2009, the number of accidents decreased rapidiygwvalue 2804. In 2011the num-
ber of accidents was only 2640, but accidents ezerded only until the month of
September and the end of the year is not included.
In comparison the number of individual crashestlfi@r entire CR evaluated by the
type of communication for example: highway — 15%8idents, first class road —
8852 accidents, second class road — 6941 accidbimtsclass road — 4914 accidents
etc.

Most of the car crashes with game in the Czech Blepduring the years
2007 — 2011 took place on the first class roads dhow that most of the crashes
was registered in the 2007 (8852)

The first class roads are the most frequent typmofmunication and also the
longest communication system in the Czech Repubhie.numbers of crashes might
interfere with this fact.

On the other hand, not such a big number of crashelBighways may be
caused by the fact that highways are shorter mniettres than the first class roads
and they are also much busier, which may be reygelor the game.

Fig.2 — The number of accidents from to 2007-20li+the Prague of the
East

8.2.  Conflicts of wildlife Prague of the East
From all the evaluated data were further chosew thdse related to Prague
East area These data were further processed aogadodinethodology (fig. 2)

Most accidents in the district Prague East happdtie year 2007 (158) and
the number of accidents is decreasing every yeaichamight be influenced by the
disciplinary scoring system introduced in the Cz&wpublic in 2006. Since then
drivers try to rides lowly and obey the road rules there is less accidents including
the crashes with game. Also more people is awatlkeos$ituation try to find the way
how to lower the mortality of animals on the roafischnological progress can also
play a role, because drivers in modern cars are @mbkpot the animal sooner and
react in more flexible manner (fig. 4).
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Fig. 4 — The number of accidents from 2007— 201]159|dt Prague of the East

Places of accidents captured in system GIS foeeasientation.

There is less points than actual accidents on F¥@.3, because individual
points in many areas overlap, since they are theepivhere the conflict occurs re-
peatedly.

Most accidents were registered in December 2007|eat accidents were
registered in February 2009, March 2009, 2010 ame 2011 (tab. 1). Every year
the most accidents occurred in month of May.
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Years/month Lo I oL fIve | Ve VI [VIE L EX | X XL [ X

1821 9 8 | 14| 13| 16| 14 |24

2007 8 8 5

2008 13| 3 8 12| 19| 13| 9 8 | 11| 13| 14 |10
2009 9 7 1110(14|110| 4 | 5| 4 (13| 8 | 8
2010 3 1 1 2 113| 8 (10| 9 6 | 6 [12(9

2011-9 7 4 7 8 14| 1 7 9 5

Tab. 1 — The number of accidents per months fro@v202011-9 in the district Pra-
gue of the East

Most of the crashes was with personal vehicle, @ &@bists the exact number
of accidents according to the vehicle type.

Type vehicle/years 2007 2008 2009 2010 2011-9

Motorcycle 1 2 3 0 1
Car without a trailer 135 109 68 62 49

Car with a trailer 2 0 0 0 0

Truck 11 16 13 9 3

Truck with a trailer 0 1 0 0 1
Truck with a long trailer 6 3 5 4 7
Bus 2 1 4 5 1

Not detected — the driver miss| 1 1 0 0 0

Tab. 2 — The number of accisdents from 2007 — Zirlthe district Prague of the
East divided by type of the vehicle

The data were also evaluated according to the goesees of the accident.
These data might be influenced by the fact thatlitimm of persons involved is mo-
nitored only 24 hours after the accident.

The very fortunate outcome of the research is ilbédbdy was killed in this kind of
accidens in mentioned years.

All these accidents happened during the time of Vesbility and under dif-
ficult weather conditions, which make it more ditflt for driver to react on unex-
pected situation. During these accidents the vehat$o crashed with another ob-
stacle after the collision with the game.

9. Conclusion

In this work | conclude that mortality of game ¢ troad should be given far
greater importance. When evaluating data it wasddhat around communications,
where there may be a conflict with wildlife are preventive measures taken. Traffic
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signs suggesting reducing the speed because ufilidide can be hardly ever found
on the roads. The only exception is a part of Hvach Ricany u Prahy to Mukav,
where there are signs informing drivers about (il#s of wildlife occurrence on
the road and where the speed limit is reduced tkné@er hour.

The results clearly show that in the evaluatedogemnost accidents happened
in the year 2007, further it was found out, thastmaf the accidents happened regar-
dless the year on the second class roads withdbd gisibility and under normal
weather conditions.

Fortunate finding, however, was that during thegenes nobody was killed.
Considering the costs of 1 km of highway, whichalsout 300 millions crowns
(www.rsd.c2 the price of the traffic sings informing driveabout wildlife negligible
(www. adoz-znaecni). Unexpensive is also fencingee planting which would pre-
vent the entry of game on the road. Mediatisatisn has a great potential in preven-
ting these accidenst.

This research will contribute to general awarerddkis phenomenon as well
to development of navigation system for driversjovhwould inform them when
driving through the areas with higher risk of gapassing the road.
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Abstract

This research deals with analvsis and prevention of vehicles conflicts with antmals m
the Eastern part of the central region of the Czech republic. In this work various factors
are taken into consideration. such as annual weather factor and weather conditions. type
of vehicle, visibility in a different time of day and others.

Further the work deals with possible prevention and measures for these conflicts
through various means that are either currently 1n use but are not effective or already
exist but are not used. The work will describe the effectiveness of all the means m the
Czech republic that prevents conflicts.

The work 15 mamly focused on the large amumals starting with hare or fox  smaller
ammals are not mentioned as velucles conflict with them are very rare and go
unreported or drvers even don't noticed them. In work wall also quantified the total
damage which was 1n conflicts.

Keywords: animal, conflict. road safetv, landscape. nugration, prevention
1. Infrastructure of traffic

The purpose of traffic 1s providing relocation of goods. people and information withm
space and time_ Traffic also pavs for one of the most developed economical sphere. due
to its purpose and importance in national economy can be compared to mndustry and
agriculture. Traffic enables realization of national and international division of labor and
therefore also a high productivity of agniculture. mdustry and business. Development of
traffic infrastructure leads to the faster, smooth and safer supply to population. supports
expansion of settlements. unifies varous areas into one econonuc complex. enables
wealthier life for inhabitants and so on [1]. Wiale advantageous location of a certam
region can be beneficial to 1ts development 1n this perspective peripheral location can be
seen as problematic [2]. There are two sides to every com. even though traffic
development seems rewarding it also brings severe nisks to nature and emironment in
general [3]

2. Negative impacts of infrastructure

Roads have a wide mmpact on wild anmimals. Traffic impacts nature in negatrve wayv at
least i four different means. First these are direct destroving of ecosystem at places of
traffic construction works. The construction works brings disturbing factors to the
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environment, such as noise. seismic changes. visual disturbances and also higher
civilization pressure on formerly inaccessible areas [3]. furthermore 1t 15 a chemical
pollution caused by exhaust gas, road dust, salt etc. [4]. Other sigmificant problems
caused by traffic infrastructure are velicle clashes with game and so called a barner
effect of roads [4] wlhich draws attention of word scientists within past couple of years
[5].The bagrier effect means that migration of amimals through the landscape 15 disabled
by traffic mfrastructure [4]. The big roads such as ighwavs and motorways play the
main tole and the bammer effect caused by this kind of roads leads to landscape
fragmentation [6].

3. Landscape fragmentation

Andél (2003) [4] reveals the ongin of the word fragmentation from the latin word
fragmentum which stands for a small part or a separate piece. Therefore fragmentation
means separating of landscape into small. divided pieces which are not capable of long
term functioming [7]. Traffic 1s not the only factor responsible for the landscape
fragmentation. Since the beginmng of the human management 1 nature and especial
after Neolithic revolution fragmentation took place and divided landscape into separated
segments. Fragmentation itself 15 not the mam problem. what 1s problematic 15 1ts
FroWing extent.

4. Traffic mortality

The barrier effect as well as traffic mortality has a large impact on population lowering
and elimination of genetic diversity in population [8]. In some cases traffic mortality 1s
s0 high that even exceeds the mumber of natural death causes and therefore has negative
impact on population numbers of some wild animals [9]. Was monitored the ecological
impact of roads and came to the conclusion that car clashes with game m last thirty
vears are very likely to be the more frequent cause of death than hunting and therefore
the main cause of death of terrestrial vertebrates. This sad truth 1s responsible for the
fact that people likely see an animal killed by car than the same species alive in the
nature [9].

5. The factors affecting traffic mortality

The factor affecting traffic mortality of animals are very different. Mumber of studies
proved that mortality in total correlates especially with the traffic intensity, speed of
vehicles, landscape structure and terrain topography [10]. Another finding reveals that
high risk of clash correlates with low wvisibility and unsatisfactory state of road surface
[11]. The age or sex of amimals as well as the season can also play a role in the collision
probability and also long distance nugrating species are i higher risk of the clash with a
vehicle [12].

0. Safe passing of roads enabling factors

Safe passing of roads enabling objects for ammals are called migration objects and can
be divided according to different perspectives. The main perspective is a relation to
traffic degree; we divide accordingly [13]:

» Underpasses — tube, frame. mouth style
s Commmucation bridges — multi-purpose bridge, special bridge
» Overpasses — bndges over commumication , tunnels (mined. excavated)

Underpasses and overpasses should be comparable in thewr functioning As it was
mentioned above especially temram conditions and vertical alignment are taken into
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consideration when deciding between using of different safe passing enabling objects
[14]. One special rvpe of overpasses 15 worth mentioning and 1t 15 that for squirrels.
dormuice and other small ammals connecting two wood complexes among
commuiication sides. These overpasses are built in the tree crown high and are erther
made as a special kind of footbridge or using toll gates [13].

A mumber of methodological tools for example mugration potential can be used to
evaluate efficiency of certamn nugration profile [13].

7. Supporting measures of migrate objects

Supporting measufes are a very important aspect m using mugrate objects as they
enables smooth integration mnto enviromment. himitation of disturbing mfluences of
traffic and stopping amimals from entering roads [13].

s Terram modification and mnstallation of animal shelters

o Modification of vegetation in surrounding area

s Vegetation stripes

s Vegetation on nugration body
8. Methodic
Source of data used
Evaluated data were obtamned from the Police of the Czech Republic and from the
Czech police presidmum. analvtical dovision m Prague and also from actual terram
survev. These statistics are not perfect because of their mcompleteness but 1n the scale
of the Czech Republic can be considered complex for the wide number of factors which
are taken mto consideration. such as exact coordinates of accident, weather conditions
and time, The statistic I use cover onlv the accidents of higher importance which cause
damage on vehicle or injury or even death of a person which mean the vehicle clashes

with big ammals. Ammals from the size of fox. otter or hare are ccourning mn these
statistics.

Evaluated area

The analyzed area 1s the east to north-east part of Central Bohenua region 1 particular
districts Meélnik Mlada Boleslav., Nynburk, Kolin and Kuma Hora, prcture nr.l (red
marked areas).
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Picture nr. 1 — Central Bohenma region wath analyzed district [15]
9. Results
9.1 Car clashes with game in Czech Republic (2007 — 2013}
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Picture nr. 2 - Car clashes with game in Czech Republic 2007 — 2013 (October)

Police statistics provide data since the vear 2007 only. Long term monitonng 15 going
to be necessary for the evaluation of efficiency of measures taken on the
comnmnications. Data from long term monttoring will show spots of higher risk m
future co we can react accordingly. So far we can use 7 years of momitoring. years 2007
— 2013 (October), picture nr. 2 shows distnbution of car clashes with game in these
years.

Int the picture nr. 2 there 15 a decreasmg number of car clashes with game trend visible
in comparison with the year 2007. The smallest number of accidents ( 2 804) was
recorded in the year 2009. Unfortunately in the next years the numbers of clashes were
growing however still not reaching the 2007 and 2008 level. The vear 2013 is not m
terms of accidents complete. data from the months November and December are not
available vet and therefore a significant number of accidents are nussing in the picture.
Average mumber of accident o the months November and December according to
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previous vears was estimated on 933, If we count the vear 2013 as an average the last
column of the table would prove an increasing trend with a number of 5978

In terms of matenial damage on property monttored in these vears the number 15
1241123 600 CZK. The expenses covening biological damage and repatnation of
species o environment are oot included otherwise the number would be obviously
much bigger. Table of damage on property 1s in the picture nr. 3.

L8] 2008 b 2012 A3

2007 2010 2011
Years

200 0O0 000

Picture nr. 3 —Material damage caused car clashes with game 2007 — 2013 (October)

9.2 Car clashes with animals the east to north-east part of Central Bohemia region
(districts Mélnik, Mlada Beleslav. Nynburk. Kolin and Kutna Hora)

The first information I was interested 1n was a number of accidents i particular vears.
In picture nr. 4 can be seen that highest number of accidents happened in the vear 2012
and that was 361. followed by the vear 2013 with 337 accidents and as it was mentioned
above. 1n the year 2013 we are nussmg statistic from the moths November and
December in wlach higher degree of accident frequency can be predicted.
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Picture nr. 4 - Number of accidents in vears 2010 — 2013 (October) in districts Mélnik.
Mlada Boleslav. Nynburk, Kolin and Kutna Hora.
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Furthermore accidents were selected accordmg to the particular months. The higher
number of accidents happens m the month of May and October. The smallest number 15
in February. In the rest of the months the numbers are about equally distnbuted m all

gIVen Vears.

9.3, Distribution of clashes in time
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Picture nr. § - Distnbution of clashes 1 time dunng a day m the years 2010 — 2013
{October) 1n districts Mélnik. Miada Boleslav, Wymburk. Kolin and Kuma Hora

Dhstribution of accidents according to the tvpe of communication picture nr. 7. The
highest number of clashes in all monitored vears takes place on the first class roads.
Accidents on the second and third class toads are comparable in frequency. On
highwavs there 15 nearly 90% less accidents comparing to the first class roads. This fact
1s caused by difference between lengths of the comnminication. There 1s not a very rich
net of lughways in the Czech Republic and they are also better protected from being
accessed by apimals.
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Picture nir. 7 — Distnbution of clashes with anmmals according to communication type in
the years 2010 and 2013 (October) 1n districts Mélnike. Mlada Boleslav. Nymburk. Kolin
a Kutna Hora
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10. Conclusion

Tt 15 obvious from obtamed results that car clashes with amimals are not rare and thev are
not rapidly decreasing either. Further monitering of the simation and exanunation of
new measures of animal protection and migration protection is necessary. Also
measures which are already in practice need a momtonng to evaluate thewr efficiency. In
my opinion it 15 important to stress the cooperation and mnformation shanng berween
professionals who construct animal bridges and other bwldings vsed for migration of
amimals over the roads. I suppose that the Czech Republic has a large potential for
improvement of cumrent situation because the level of fragmentation 15 not cntically
high vet and we can use extended knowledze from westem countries where thus topic 15
stuched for longer time peniod.
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Analyza moznych @i¢in a prevence sketu motorovych vozidel se
zvéri v okrese Praha-vychod

Abstract

This research deals with analysis and preventiowebicles conflicts with
animals in the Prague East selected area. In thik warious conditions usually
occuring during conflicts there are taken into ardpsuch as annual weather factor
or visibility in a different time of day.

Further in the work is dealt with possible prevemtand measures for these
conflicts through various means that are eithereruly in use and already prevent
these conflicts or vice versa exist but are negeduThe work is mainly focused on
the large mammals because smaller animals arenclotded in the work as vehicles

conflict with these animals are very rare and naehecorded.

Keywords: animal, road transport, road safety, landscapgration

Uvod

Jednim z dsledki stale hustSiho automobilového provozu je i zvySese
bezpei stretu se z¥ti. Vybudovani novych dopravnich komunikaci znampna
Zivocichy nemalou fekazku, kterou musi kazdodenpiekonavat. Pokud nejsou
piedem zvazena dostatg& opateni, kterd by getim mohla zabranit, jako nap
upozorreni prostednictvim dopravni zri&y, miZze mit tento fakt fatalni nasledky.

Vyznamnou roli pedstavuje také Uprava terénu, ktera je velitedta pro
piirozené sziti s okolim. Pokud budou vzajémpnopojena mista migéaich objeki
s pilehlou krajinou, je odhadovano jejich upatbeni Zivgichy (Andl et al., 2006).

Je také zaptebi zvazit, jaké @kledky mize mit naprosta izolace ziiohu
zpiasobenda uplnym oplocenim, tedy zakr@im migrace. Ale i v fipac pouziti mi-
gratnich objekt, stale hrozi riziko mortality Zivacha. Jak dostaté pa@ty mi-
granich objeki, tak oploceni komunikace maji sva opodstatra je nutné fistu-
povat k jejich kombinovani velmi obiegre (Andél et al., 2011).

StZejni cast prace je zakhena na mortalitu velkych savama jednotlivych

pozemnich komunikacich v okrese Praha-vychod &idey které zgsobuji Uhyny
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velkych savé. Prace vyuZiva dat ziskanych v obdobi od ledn& 20xijna roku
2011.

Cile
Cilem prace bylo ziskat data dgetech z¢ie s motorovymi vozidly v okrese
Praha-vychod a pokusit se navrhnout co mozn&megjSi a nejjednodussi ogani

k zabragni nebo alespok vyznamnému snizenidhto kolizi.

Krajina

Krajina, pro tento pojem existuje velké mnoZzstfinic. Jak uvadi Skledka
(2003), jinak vnim@ krajinu architekt, jinakippdowdec, historik, ekonom, zefu-
lec, politik nebo urdlec.

Fragmentace krajiny vystavbou komunikacitp&t nejvyznamsgjSim pro-
blémim, které negativhovliviiuji charakter krajiny a populace veélaijicich Zivaii-
chi. Jde o proces,ipkterém dochézi k rozteni souvislych biotojp do menSich a
izolovargjSich celki a zarové ke tvorl# migratnich bariér. Fragmentace krajiny
provazi celou historii lidstva. Situace se zhorSilezstenim €Zby nerostnych suro-
vin, rozvojem pimyslu, Zeleznini a silnéni dopravy. Zasadnim problémem frag-
mentace je otadzka jeji unosné miry. V &mné dob je hlavni rizikovou aktivitou
vystavba obytnych souhibrmimo zastatna Uzemi obci a vystavba dopravni infra-
struktury — novych dalnic, silnic a Zelezmich koridoii. Rizika fragmentace jédba
zohlednit i planovani vyuziti krajiny (www.mzp.cz).

Pojem fragmentace krajiny vychazi z latinskéhaalfragmentum (Glomek,
zlomek, kousek). Fragmentace je proces, kdy s& cefpada na dil kusy, zlomky.
Fragment je zde vniman jakocity odpad, ktery jiz nema plnohodnotné vlastnosti
puvodniho celku (And et al., 2005).

Lipsky (2000) uvadi, Ze kazda krajina ma svojicifiekou strukturu, kazda
zmeéna v krajinné strukft¢ ma vliv na energomaterialové toky v krgjimvliviiuje

prichodnost a obyvatelnost krajiny &mi jeji celkové charakteristiky.

V praxi se celistvost krajiny roztlije do dvou samostatnych, ale provaza-
nych okruf:
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» fragmentace krajiny z pohledu celistvosti krajinmyeelki — hlavnim meto-
dickym postupem je definice tzv. nefragmentovanylasti,

» prichodnost krajiny ve vazina konkrétni dopravni stavby — hlavnim meto-
dickym postupem je stanoveni migného potencialu stavby a nasledny na-
vrh  konkrétnich  technickych ogehi k zaji&ni prichodnosti

(www.enviweb.cx

V sowasné dob, vzhledem k ndistajicimu pétu motorovych vozidel na
komunikacich, nefize stavajici siliini st uspokojit naroky lidské populace. Proto
se neustale buduji nové siini komunikace, které jsou pro ziiohy téenei negre-
konatelnou fekazkou. Jak uvag And¢l et al. (2006), hodnoceni dopadu komunika-
ce pro faunu a floru je nutné vztahovat k SirSirapmovému Gzemi a k celé siti in-
frastruktury, ke které dana komunikaceipat

Dalni¢ni a silnéni st’ je ttreba budovat s ohledem na krajinu a vyskyt &io
cha, nejlépe v souvislosti s udrzitelnym rozvojem. kltdiny rozvoj pedstavuje
alternativni model vyvoje spaleosti, oproti dominujici industrialni ekonomice.-Od
razi girozené environmentélni limity hospadkého tistu; politiky zaloZzené na této
koncepci prosazuji uvedeni hospiské#Eho a spotenského vyvoje do souladu s ka-
pacitami ekosystéfm se zachovanimifodnich hodnot a biologické rozmanitosti
prostedi a rozvoj (tzv. Zprava Brundtlandové) z r. 1987 takto: ,Udrzitelny roz-
VOj je takovy rozvoj, ktery zajisti pfgby sodasnych generaci, aniz by bylo ohroze-
no splrni poteb generaci fjstich, a aniz by se to¢ld na dkor jinych narad

(Www.mzp.cz).

Dopravni infrastruktura v CR a jeji vliv na populaci Zivatichi

Dopravni infrastruktura se ¢R neustale rozviji a na nasem tzemi vznikaji
stéle dalSi silrini komunikace, které jsou pro migraci Ziiahu témet negekonatel-
nou gekazkou. Kdyz hovidme o dopravni infrastrukte, nenizeme opomenout
jednu z dalSich velkychipkazek pro zivéichy — Zeleznini st.

Trombulak et Frissell (2000) studovatideckou literaturu zabyvajici se eko-

logickym dopadem silnic. DoSli k zé&wim, Ze pozemni komunikace maji negativni
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vliv na biologickou integritu suchozemskych i vocmiekosystérin Mezi hlavni
negativni efekty podle nich gat

o fyzikdlni zmeny prostedi Ziva&ichu

* modifikace chovani zivacha

* mortalita @ srazkach s dopravnimi prostky

e mortalita Ziv@ichu pri vystavi@ silnicnich komunikaci

» chemické zminy prostedi Ziva&icha

* rozSiovani cizokrajnych efeltt

» zvySeni civiliz&niho tlaku.

ZikeS (2002) uvadi, ze frekventované dopravniycgstedevsim komunikace
dalnicniho typu) vyznam ovliviiuji okolni girodni prostedi. K nejvyznamgsim
vlivam pati predevSim skutaost, Ze komunikacer@dstavuji pra‘adu organistin
bariéry, které brani volné jchodnosti krajiny.

Andél et al. (2005) rozdlili hlavni rizikové faktory — rizikové aktivity -pro
populaci ziv@ichua takto:

e zemedélstvi — chemické ossivani monokultury, vznikajici pastevni arealy,
oplocovani pozemk

e pramysl — vystavba gimyslovych aredi, vétSinou mimo dopravni infrastruk-
turu, €Zba nerostnych surovin

« vystavba obytnych soubibra doprovodné infrastruktury — hlavnim problé-
mem je vystavba individuélnich objéka to i celych satelitnich &stetek a
obchodnich zén mimo zény dosavadni dopravni irnkgiry

» dopravni infrastruktura — problematika vystavby yav dalnic, silnic a Ze-

leznic.

Mortalita Zivo éichi zpisobenda skety s dopravnimi prosiedky

Patet usmrcenych Zivachu v dasledku stetu s motorovymi vozidly je kaz-
dorain¢é dost vysoky. Za tento problém zcelagistuZze neustale se zvySujici frek-
vence dopravy ad&si paiet motorovych vozidel na sikmich komunikacich. Ze je
amrtnost Zivaichu nejznangjsi disledek fragmentace lokalit a kazdém® jsou mi-
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liony Zivocichi usmrceny fi kolizich s vozidly, uvagi ve svém projektu And et
al. (2003).

Kotlaskova (2010) uvadi, Zefst se z¥ii je dopravni nehodou nezawviou
fidicem, @i které dojde ke #ktu vozidla se 24 a i které je z¢f nebo jejicast
nalezena na misdopravni nehody nebo pobliz mista dopravni nehDdje pro ni
plati, Ze:

» pii tomto stetu nedoslo ke zr&ni osob,
* nazw®astreném vozidle nebyla uplkabvana ani zji&na technicka zavada,
» uftidice nebylo zji&no poziti alkoholickych napdjnebo jiné navykové lat-

ky.

Jestlize jsou tyto podminky sgimy, véc dopravni nehody, kdy doSlo keest
tu vozidla se z&ti, se na mistdopravni nehody doklada na ,,Protokolu i@tst se
zvéii“. Pokud ovSem neniéktera z échto podminek sptma, dokumentuje se tato
dopravni nehoda na ,,Protokol o netiedsilnicnim provozu“ a zpracovava se jako
velka dopravni nehoda. \fipadt, Ze se uhynuléa 2v na mist dopravni nehody na-
chazi, vyjezdova sluzba jir@da opravéné osob mysliveckého sdruzeni, v jehoz
honitbs ke stetu doSlo (Kotlaskova, 2010).

~Mortalita zpisobena kolizemi ziwdchu s vozidly je pravépodobr nejvidi-
telnéjSim vlivem dopravy na volhzijici druhy. Faktory, které mohouisty zwie s
motorovymi vozidly ovlivnit, jsou fedevsim okoli sil@nich komunikaci (vyska
svodidel), oploceni, vysadba vysoké zélerebo rychlost vozidel” (And et al.,
2005).

Data ziskana od PoliciéR, ktera kazdorné eviduje stety motorovych vo-
zidel se z¥ii v celéCR, jsou uvedena v Tab. 1.

Timto problémem jef¢ba se i nadale zabyvat, nébuortalita z¢te na po-
zemnich komunikacich je praggbdobré nejvice viditelnym ukazatelem sitmii

dopravy dopadajici na zZivizhy.
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Tabulka 1. Evidované gty streti se z¢ii za obdobi leden 2007 aziz2011 na

Uzemi celéR. Zdroj dat: Analytické odtleni Policejniho prezidia, PoliciéRr.

Nasledky nehod Rok

2007 2008 2009 2010 2011-9
Patet nehod 7936 | 7030 | 2809 3219 3693
Skoda na majetku v mil. & 253,5 | 223,8 | 112,0| 126,5| 1448
Patet usmrcenych osob 3 2 0 1 3
Patet €Zce ragnych osob 14 8 9 3 11
Patet lehce ragnych osob 72 84 61 63 63

Migrace zivocichu

Podle Skleriiky (2003) je migrace hromadny srovany pohyb velkého po-
¢tu jedindi daného druhu z jednoho mista na druhé.
cich Zivaichia v krajiné. Migraénim profilem se rozumi prostor, ve kterém dochazi
ke kiizeni migr&ni cesty s komunikaci (Agtlet al., 2011).

Migrace trasy z&te a silnéni komunikace jsou velmi slozité systémy, které
by se ndly pii kazdém navrhu #Zeni navzajem respektovany & planovani vy-
stavby by nily byt hodnoceny mistni podminky pro maximalni solukrajiny s po-
zemni komunikaci (And et al., 2006).

Otazku pro raizné druhy savckazdor@né migruji, doposud nikdo newgsil.
Zivogichové migruji z mnohattvoda (nag. hledani potravy, rozmnozovani, vyskyt
ruSivych elemerif). Tyto migrace se ozfaji jako pohyby Bzné nebo denni (Muller
et Berthould, 1997).

Chovani migrujicich ziveicha ve styku s dalnici popsal ZikeS (2002). Uvadi,
Ze pokud migrujici jedinec narazi na dalnicijzm vznikly problémiesit nasledu;ji-
cimi zpisoby:

e zmeni sner pohybu a misto opusti — k tomutseni se jedinec rozhodne, po-

kud nema vytyeny jasny cil migrace,
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* muze sledovat dalnici do té doby, dokud nenajde viiadigraini objekt k
piekonani pekazky,
» prebhne dalnici po jejim povrchu, cozide mit za nasledekist s motoro-

vym vozidlem.

Na frekvenci pebihani ma vlivada faktoi (Zikes, 2002):

» charakter okolni krajiny a denzita&e v okoli,

* niveleta dalnice ve vztahu k okolnimu terénu, kggrkata zei piekonava
dalnici po jejim povrchu zpravidla v mistech, keynjivelita dalnice v Grovni
okolniho terénu,

» doba existence dalnice, nebe zwt zvykld na komunikaci aipvystaviE
noveé komunikace dochazicksgjSim viehum,

» svodidla, kterad zejména siracerna z¥i nerada fekonava,

» oploceni délnice, které nelzégionat.

Metodika — vyhodnoceni dat ziskanych od Polici€R

Data byla ziskana od Polioigeské republiky a z Analytického ogldni Poli-
cejniho prezidia. Data jsou zpracovavana a evidawahroku 2007 — do &sice zéi
2011. V tchto statistikach jsou evidovany pouze ty nehoda@osti, které iy za
nasledek umrti nebo zré&m osob a také ty udalosti, kde doSlo ke &kiod majetku.
Samozejme statistiky neeviduji vSechnyisty dopravnich prostdki se z¥ii, ne-
bot” mnoho udalosti neni nahlaSenoiwadu nulové Skody na majetku nebo $esi
fidi¢ nevSimne, pokud jde o malého Ziacha. | gesto jsou statistiky dobrym po-
mocnikem pi mapovanid&chto udalosti.

Zpracovana data obsahuji hapocni dobu, denni dobu,fipkteré doslo ke
stretu, p&asi, viditelnost a ozgani komunikace, na které k udalosti doslo. Déle jso
pouzity udaje z vlastniho terénnihoigef na mistech, kde k udalostem dochazelo
negastji. Ke zpracovani dat byl pouzit systém ArcGIS prehledrjSi vykresleni
udalosti.

Vysledky

Stirety vozidel se z¥¥i na Gzemi celd’R
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Ze ziskanych dat byly vyhodnocenyesy zwie s dopravnimi prostdky na
pozemnich komunikacich v cel®R a to za obdobi let 2007 78011 (Obr. 1).

Nejvice nehod bylo zaznamenano v roce 2007 a 36 ighod. V roce 2009
byl patet nehod vyraznnizsi (2804 nehod). V roce 2011 je sice uvedefepoehod
pouze 2640, ale nehody jsou zaznamenany pouzessizcezéi a do konce roku se
jisté patet stetii navysil. Pro srovnani ptu stett pro celouCR bylo vyhodnoceno,
na jakych kategoriich pozemnich komunikaci vznikegizky nejastji (Obr. 2).

Nejvice steti v celéCR za sledované obdobi bylo na pozemnich komunika-
cich 1. tridy (8852 nehod). Ze zpracovanych dat vyplyva, égioe nehod na po-
zemnich komunikacich 1ritly bylo nahldSeno a evidovano v roce 2007 (2931 ne
hod).

Pozemni komunikace 1iidy jsou vCR nefastjsi kategorii komunikace.
Vysledek nehod je mozna ovligm pra timto faktem. P&y nehod na dalnicich
jsou naopak ovlivény tim, Ze jejich satet kilomet v CR je oproti komunikacim 1.
tiéidy nizSi. DalSim ukazatelem menSihatposteti na dalnici nize byt fakt, ze z
duvodu hustSiho provozu se&\boji tuto komunikaci fekonavat a ragi se ji vy-

hne.
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Obrazek 2. Peet nehod na jednotlivych komunikacich za obdobi7268 2011-9.
Data pro Uzemi cel€R. Zdroj dat: Analytické oddeni Policejniho prezidia, Policie
CR.

Pozn.: * uzel (kiZovatka sledovana ve vybranychkstech).
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Stiety vozidel se z¥#i v okresu Praha-vychod

Ze ziskanych dat byly dale vybrany pouze ty Udkjeré se tykaji seth v
okrese Praha-vychod. Tyto udaje byly dale zpracpdhe metodiky (Obr. 3).

K nejvice nehodam v okrese Praha-vychod do3lnésjako v celéCR, v
roce 2007 (158 nehod), ity nehod v dalSich letech segpnizuji.

Vlastnim Seenim bylo zji&no, Ze od doby zavedeni systému bodového
hodnoceniidi¢t (01.07.2006) se rapidrsnizuji i grestupky zfisobené v souvislosti
se silnénim provozemRidici se snazi jezdit pomaleji a dodrzovat siltiipredpisy,
proto miZze steti se z¥ii ubyvat. DalSim moznym ukazatelem je fakt, Zeestéte
lidi se touto problematikou zabyva a snazi se haé&eni ke sniZzeni mortality &e
na pozemnich komunikacich.

Snizujici se nehodovost visledku srazky motorového vozidla seidvmiaze
ovliviovat i fakt, Ze dopravni prasdky se neustale zdokonaluji svymi elektronic-
kymi systémy didi¢i mohou na vzniklé udalosti s nahlym vyskytengizvna komu-
nikaci reagovat pruiji a bezpeéngji a tak zabranit neha@dObr. 4).
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Nehody za jednotlivé roky 2007—-2011-9 v okresenBnaychod, kde k neho-
dam dochézelo, jsou pro lepSi orientaci zakreslesystému GIS. Ze zakreslenych
Gdaji se ntize zdat, Ze pmt nehod neodpovida grafu na Obr. 3, ale jednobody
se v mnoha Usecictigkryvaji, nebé existuji mista, kde keigtim dochazi opako-
varg.

Nejvice nehod bylo evidovano v prosinci roku 2@0Faopak nejmémnehod
bylo evidovano v unoru roku 2009dznu roku 2009, 2010 adervnu 2011 (Tab.
2). K nejvice nehodam dochéazelo ve vSech leteckisiainkwtnu.

Nejvice stetl se z¥fi za uvedené roky bylo vzdy s osobnim automobim.
Tab. 3 je zaznamenartgsny pdéet udalosti s jednotlivymi druhy motorovych vozi-
del.

Tabulka 2. P&et nehod za jednotlivé ¢mice v letech 2007 az 8011 v okresu
Praha-vychod. Zdroj dat: Analytické adeni Policejniho prezidia, PoliciéR.

Mésic
Rok

l. . . Iv. V. VI. /I I IX. | X. Xl | XIL.
2007 8 8 5 18 21 9 8 14 13 16 14} 24
2008 13 3 8 12 19 13 9 8 11 13 14 1d
2009 9 7 1 10 14 10 4 5 4 13 8 8
2010 3 1 1 2 13 8 10 9 6 6 12 9

2011-9 | 7 4 7 8 14 |1 7 9 5 - .

Tabulka 3. Péet nehod v letech 2007 azzd011 v okrese Praha-vychod. Réeai
podle druhu vozidla.

Druh vozidla Rok
2007|2008 | 2009 | 2010| 2011-9

Motocykl 1 2 3 0 1
Osobni automobil bezfwésu 135 | 109 68 62 49
Osobni automobil sifvésem 2 0 0 0 0
Nakladni automobil 11 16 13 9 3
Nakladni automobil sifvésem | 0 1 0 0 1
Nakladni automobil s nésem | 6 3 5 4 7
Autobus 2 1 4 5 1
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Nezjis€no —fidi¢ ujel 1 1 0 0 0

Déle byla vyhodnocena data podle nasikediehody. Vysledna data jsou
ovlivnéna tim, Ze stav astrénych osob je monitorovan pouze do 24 hodin po ne-
hock.

Za sledované obdobi, z celkovéha:ipo526 nehod v okrese Praha-vychod,
nebyla i stretu usmrcena Zadna osoba. Dle mého nazoru togezieynejSi zjist-
ni z celého pizkumu. VSechny tyto nehody se staly za sniZzendeldisti a za zti-
Zenych povtrnostnich podminekRidi¢i za snizené viditelnosti a ztizenych ptov
nostnich podminek nedok&zi tak rychle reagovatamklou situaci a vozidlo ie-
stane byt ovladatelnéfiRéchto nehodach vozidlo porstu se z¥ti nasleds narazi-

lo do jiné gekazky.

Diskuze

Na zéklad vysledki prace je jisté, Ze je nezbytné se v budoucisledré
zabyvat mortalitou z&%e na pozemnich komunikacich. KdyZz vezmeme v pdmza
sledované obdobi let 2007 <zd011 zahynulo po &tu s motorovymi vozidly cca
500 kus zvéfe pouze v okrese Praha-vychod (c€R to bylo cca 23 000 kiszve-
ie), je feba tento problérresit.

ZikeS (2002) uvadi, Ze frekventované dopravniycggtdevsim komunikace
dalniéniho typu) vyznam& ovliviuji okolni girodni prostedi a pedstavuji pradadu
organisnii temet negekonatelné bariéry.

Zjisteni pri terénnim Séeni potvrzuji vysledky ZikeSe, napntenzita dopra-
vy automobiti na délnici D1 mezi VSechromy (Exit 15) a MiroSaaiai (Exit 21) je
cca 60 000 vozidel za 24 hodin((R).

P¥i této frekvenci provozu jeifpkonani dalnice D1, aniz by nedoSlo kietst
s motorovym vozidlem, té& nemozné. Proto Ize tvrdit, Ze takovato bariérarfe
Zivogichy nepfichodna.

Kusta (2011) uvadi, Zeisty zwie s motorovymi vozidly néastji ovlivuje
¢as udalosti a ®sic, ve kterém ke igtu dosSlo. Uvadi, Ze ngstji dochazelo k ne-
hodam kolem 10 hodiny ¥erni, druh& vina srazek nastavala kolem 6 hodingira
Dale uvadi, Ze n&astji dochazelo ke getim v mesici dubnu a k&tnu a dalSi résic
v paradi byl prosinec. Z vysledkz celéCR, které jsem zpracoval Ize s timto tvrze-
nim souhlasit. Naopak z vysladikresu Praha-vychod uz se tyto Udaje rozchazeji,
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nag. v roce 2008 bylo nejvice srazek ¥siti kwtnu a nasledoval ésic listopad, v
roce 2009 bylo nejvice nehod wsici kwtnu a nasledoval #&siciijen.

K zabrarni steti zvéfe s motorovymi vozidly Ize pouzi€kolik typu pro-
stredki. Jedna se napo pisluSenstvi k vozidim vydavajici vlivem proudiciho
vzduchu pi jizdé vysokofrekvemni tony, které odrazuji 2y, pachové oplocenky
umiseéné podél vozovekizna optick& zéazeni, ktera zfpsobuji prudké odleskyip
prijezdu motorového vozidla. Havranek (2007) uvaditidéo problémem se zaby-
va rekolik autoffi, ktefi navrhuji fizna opateni, nap. intenzivrgjsSi zvuk klaksonu,
tlumeni s¢étel automobil pii spateni zwie, pouzivani Zlutych stel v reflektorech
automobil, swtelné a odrazivé efekty. Uvadi, Ze u Zadnyckchtb z&izeni nejsou
zpravy o konkrétnich vysledcich (www.myslivost.cz).

Z vlastniho Séeni provedeného dotazy mysliva v honitke Pribyslav (okres
Havlickav Brod) bylo zjiS€no, Ze pachové oplocenky se v poslednich letedtor t
honitke velice os¥dcily. Tyto oplocenky, které sgibvaji v instalaci #ewného
sloupku, na ktery se nanese specialni hmota oldsapachy odpuzujici 2¥, jsou v
této oblasti instalovany stadastji. Nevyhodou je, Ze jsou od silnic neustale odeizo
vany a pouzivany pro soukroméely.

NejjednodussSim opinim, které by mohlo zabranitetu zwfe s motorovym
vozidlem, je dle mého nazoru dopravni &ggrd. MiZze se jednat o dopravni zha
upozonujici na vyskyt zéie nebo dopravni ziku omezujici rychlost v daném Use-
ku.

Jako dalSi moznost prevence vznikchto steti mizZe byt instalace systému
do automobilu, ktery dokazédice upozornit na zvata ve vozovce a dokonceéep
nimi i automaticky zastavit. Tento systém se skladadarovéhgidla a infra&ervené
kamery, ktera sleduje situadigal vozidlem. Systém funguje jak za tmy, tak z&lav
a fidi¢i se udaje mohou promitat dypiimo na pedni sklo automobilu, na palubni
desku nebo upozortiidi¢e na vyskyt z¥te zvukovym signalem (Volvo Car Corpo-

ration).

Zaveér

Mortalit¢ zwte na pozemnich komunikacich by sel mprikladat &tSi vy-
znam nez doposud. Okoli komunikaci, kd&zm dochazet keigttu se z¥ii, neni v
naprosté ¥tSing nijak chragno proti €Emto nehodam. Té#i nikde jsem neevidoval
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dopravni zn&eni ke sniZzeni rychlosti zidodu vyskytu zéie na komunikaci nebo
dokonce znéku upozoiiujici fidice na zvySeny vyskyt 2Zie. Jedinou vyjimkou je
usek zRi¢an u Prahy do obce Mukav, kde jsou instalovany dopravni 2kg upo-
zomujici fidice na mozny vyskyt e a dopravni zrika sniZujici maximalni povo-
lenou rychlost na 60 km/hod.

Z vysledki prace je jmé, Ze nejvice nehod za sledované obdobi let-2007
2011-9 bylo jak v cel€R, tak i v okrese Praha vychod v roce 2007. Déale bjs-
téno, ze nejviceéthto nehod v cel€R vznikalo na pozemnich komunikacich 1.
tiéidy na rozdil od okresu Praha-vychod, kde bylo icejsteti na pozemnich komu-
nikacich 2. tidy v noci, bez viejného oswtleni, viditelnost nezhorSena paknost-
nimi podminkami.

P¥i cerg cca 300 mil. K za stavbu 1 km dalnice (www.rsd.cz) je cena za jed
nu dopravni zngku pohybujici se wadech stokorun (www.adoz-znaceni.cz) zane-
dbatelna. To samé plati ¥ipact oploceni nejnebezpegjSich Usek nebo v pipact
vysadby devin, které by zabranily vstupu & na pozemni komunikaci. Prevenci
vzniku steti motorovych vozidel se 2¥i by také mohla byt&tSi medializace tohoto

problému.

Podékovani
Déekuji Policii Ceské republiky a Policejnimu prezidiu, zejména ppligr. Petru
Sobotkovi za poskytnutd data, ktera byla pro vaméce nezbytné. Déleskuji Doc.

RNDr. Emilii Pecharové, CSc. za odborné a metodiadeni prace.
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