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1. Uvod

Trendem poslednich desetileti je pfesun lidské populace do mést. V literatufe (napf. Douglas
& James 2014) se uvadi, ze v méstském prostiedi dnes Zije vice nez polovina lidské populace,
navic neustalé rozSifovani mést je velmi rychlé, podle nekterych predpokladi bude ve méstech
(v rozvojovych zemich) v roce 2030 zit az 80 % obyvatel. Mésta sice pokryvaji pomérné malou
cast zemského povrchu (celosvétove asi 4 %), ale jejich ekologicka stopa daleko piesahuje jejich
hranice a fidi zmény zivotniho prostiedi od lokalniho az po globalni méfitko (Goddard et al.

2009).

Mezi mnoha lidskymi ¢innostmi, které zptisobuji poskozeni a dokonce ztraty stanovist, je
urbanizace jednou z téch, jejichz dopady jsou nejhorsi, nebot’ zplisobuje rozsahlé zmény v
globalni distribuci organismi (Chapin et al. 2000) a ubytek az vymirani velkého mnozstvi
puvodnich druht (McKinney 2002). Tento prudky pokles biodiverzity ma velmi negativni
ekologické nasledky, naptiklad zménu ekosystémovych procest, a tim padem i pokles odolnosti
ekosystému vi¢i zménam Zivotniho prostiedi (Chapin et al. 2000). Vysoky podil zastavby
zpusobuje zvySovani teploty vzduchu, na zménu atmosférické chemie navazuji zmény kolob&hii
zivin, rdstu rostlin, je ovliviiovana hydrologie povodi, zvySuje se hluk, dochazi k posunim
v trofické struktufe a dynamice potravnich siti, samozifejmé sem patii 1 problematika zavleceni
exotickych druhi a nasledné potlaceni druhi domacich apod. (Goddard et al. 2009). Zmény, ke
kterym nésledkem urbanizace dochazi, nejsou uniformni vrédmci celého mésta, naopak je
prokazano, ze se objevuji podél gradientu od ruralnich oblasti smérem do centra (Pauleit &
Breuste 2011). Navic urbanizace je dlouhodobym procesem a trvalou zménou, na rozdil od
jinych lidskych zasahi, jako jsou téZba nebo zemédé€lstvi, jejichz nasledna obnova je realngjsi a

jednodussi (McKinney 2002).

Intenzita urbanizace a koncentrace populace ve méstech samoziejme zptisobuje to, ze ¢im dal
vice lidi se stava ¢im dal vice izolovanymi od ptirody. Zde je proto potieba podtrhnout obrovsky
vyznam meéstské zelené, kterd je pro mnohé obyvatele mésta jedinou pfilezitosti pro denni
kontakt s ptirodou a ma méfitelné Gcinky — fyzické i psychické piinosy (Fuller et al. 2007),
nebot’ lidsky blahobyt je kladné ovliviiovan interakci s pfirodou a pobytem v ni (Dallimier et al.

2012). Lidé reaguji pozitivné jak na vyS$$i rozmanitost druhtl, tak na pocetnost jednotlivych



taxonomickych skupin. Obecné jsou lidmi nejvice vnimany statické slozky biodiverzity

(vegetace), na druhém misté jsou pak ptaci (Fuller et al. 2007).

Urbanizace se déa do jisté miry sloucit se zachovanim biologické rozmanitosti, je vSak tieba
chranit méstské zelené plochy a poskytnout jim vhodny management, ktery umozni jejich
udrzeni a poskytne tocist¢ mnoha druhtim. Krajinna ekologie v méstském prostfedi by meéla
idedln¢ fungovat na bdazi interdisciplinarniho pfistupu, ktery pokladd méstskou krajinu za

socioekologicky systém, ve kterém je integrovan ¢loveék se zivotnim prostiedim.

Tato diplomové prace sestava ze dvou rukopist, které se snazi postihnout integraci cloveéka
s méstskou zeleni. Prvni studie se zabyva zjiStovanim vztahli mezi funkénim a prostorovym
usporadanim méstské zelené a diverzitou ptacich spolecenstev, na prikladu malého lazeniského

meésta.

Druha ¢ast je vénovana hledani pozitivnich G¢inki zelené na percepci ¢lovéka. Jako
konkrétni zelené plochy byly vybrany parky, nebot’ jsou cilené¢ navstévované, mizeme tedy
testovat, jaky maji jednotlivé elementy relativni vliv a zda vedou/nevedou ke spokojenosti
navstévnika. Navic parky jsou povazovany za velice vhodna stanovisté pro mnoho druhi rostlin
a zivocichu a tedy pro zachovani biologické rozmanitosti. Vybér byl zuZen pouze na zamecké
parky, tedy mista, kde se jak pfirodni, tak historické hodnoty stfetdvaji S ocekavanim
navstévnikt. Zamecké parky obecné se nachéazeji v tésné blizkosti Slechtickych sidel a uz od dob
jejich zakladani slouzily jako misto pro reprezentaci a pfijemné traveni volného Casu. Cilem
prace bylo pfedevsim zjistit, jak jsou lidé schopni vnimat biodiverzitu, jak hodnoti estetickou a

pfirodni hodnotu této krajiny a jaky ma na n¢ pobyt v tomto prosttedi dopad.



2. Vliv vegetace na diverzitu ptaka na piikladu lazeniského mésta

2.1. ReSerse

2.1.1. Zelena infrastruktura

Pfirodni infrastrukturu mésta mizeme rozdé€lit na zelenou, kam patii veskera méstska zelen, a
modrou infrastrukturu, do které fadime vodni plochy a vodni prvky. Do zelenych prostor ve
méstech patii predev§im méstské parky, zahrady, uli¢ni zelen, travniky, zelen zastaveb (dvory),
mestské a priméestské lesy. Mlzeme sem ale dale zaradit 1 hibitovy, golfova hiisté, rumisté a
opusténé plochy, nebo naptiklad tzv. ,,greenbelts” — soustfedné pasy zelené (Dallimier et al.

2012).

Funkce méstské zelené se rozdéluji do dvou hlavnich skupin — ekologické a socialni. Mezi
ekologické funkce fadime funkci klimatickou (sniZzovani znec€is$téni ovzdusi, snizovani teploty,
zvySovani vlhkosti ovzdusi, regulace mikroklimatu), funkci hydrickou (rozlozeni povrchového
odtoku v ¢ase, apod.), funkci edafickou (ochrana proti erozi a také zvySovani kvality pudy),
funkci fytobiologickou, zoobiotickou a piirodoochrannou. Méstska zelenn je také dulezitd pro
poskytovani ekosystémovych sluzeb (Tratalos et al. 2007), tedy benefitt, které ekosystémy lidem
rekreaci, zachovani druhové rozmanitosti a naptiklad stabilitu plidy. Mezi socidlni funkce pak

patii funkce rekreacni, hygienické, estetické, psychologické a ekonomické.

Meéstska vegetace je v ramci kazdého mésta rozprostfena nerovnomérng. Dievinny 1 krajinny
pokryv na vefejné i soukromé piadé je ovliviiovan mirou zastavby prostiedi,
sociodemografickymi faktory i ¢lenénim méstskych ¢tvrti (Phama et al. 2013). Je prokazano, ze i
pies jistou izolovanost od okolni pfirozené krajiny a i pies znac¢né lidské vlivy ma vegetace ve
méstech tizkou navaznost na okolni pfirodni prostiedi — je formovana stejnymi klimatickymi

faktory (Ramage et al. 2013), jako prostfedi mésta obklopujici zvenci.

Méstska zelen je stejné jako téméf kazdy jiny kus pfirody v ohrozeni. Logicky nejvice
znatelny a destruktivni je vliv Clovéka, ktery ohroZuje zelenl zneciSténim, zdstavbou a

vandalismem. To zplsobuje zmensovani, izolovanost a fragmentaci zelenych ploch. Na druhou



stranu je tento biotop samoziejmé pfedmétem ochrany, dale také probihad zaclenovani méstské

zelené do izemnich pland (u nas napt. v ramci méstského USESu).
2.1.1.1. Parky

Méstské parky tvoii vyznamnou ¢ast méstskych zelenych prostor, plni predevsim rekreacni a
estetickou funkci. Jsou definovany jako vymezené méstské oteviené prostory s dominujici
vegetaci a vodnimi prvky, obvykle vyhrazeny pro vetfejné vyuziti. Jsou Casto vétSi nez ostatni
méstské zelené plochy, mohou ale mit i menS$i, ostrivkovity charakter. Parky jako jeden

konkrétni typ méstské zelené tvoii zejména dulezity ,,hotspot™ biodiverzity (Nielsen et al. 2014).
2.1.1.2. Zahrady

Vedle parkt je dilezité¢ v§imat si vyznamu soukromych zahrad, které tvoii jednu ze slozek
méstské zelené, v mnoha méstech dokonce mohou byt i slozkou jedinou. Zahrady poskytuji
znacné benefity pro biologickou rozmanitost, protoze tvoii vzdjemné propojenou sit’ zelené a
mohou vyrazné zmirnit §kodlivé dopady urbanizace. Zahrady jsou vyznamnymi stanoviSti samy
o0 sob¢, ale zaroven pomahaji zlepSit propojenost ostatnich méstskych zelenych prostor — funguji
jako koridory (Goddard et al. 2009). V n¢kterych méstech tvoii vétSinu méstské zelené stromy,
které se nachazeji na soukromych pozemcich, ovSem jejich stin ¢asto padd na vefejnd mista,

tudiz poskytuje ekosystémové sluzby vetejnosti (Mincey et al. 2013).
2.1.1.3. Staré stromy

Staré stromy hraji specialni ekologické, historické a krajinné role (nejen) ve méstech (Jim &
Zhang 2013). Naptiklad studie zaméfené na vztah stafi parku a rozmanitosti ptakil se bez
vyjimky shoduji, ze pfitomnost starych stromil v parcich podporuje diverzitu ptakd, protoze
umoznuje existenci druhtim se specifickymi pozadavky na stanovisté (napf. Nielsen et al. 2014).
Staré¢ stromy, mnohdy dutinové, slouzi nejen jako uto€ist€¢ mnoha ptacich druhi, ale i druhi
saproxylického hmyzu — napf. pachnika hnédého (Carpaneto et al. 2010). Pfesto se v této
problematice mnohdy setkavame s nesouhlasem a nepochopenim vefejnosti, staré stromy (vice
pak 1 mrtvé dievo — také velice dillezitd slozka daného habitatu) nékdy byvaji vnimany zaporné,

a to jak z estetického hlediska, tak z hlediska bezpecnosti. Ochrana biodiverzity by méla



zahrnovat péci o staré stromy v méstskych oblastech, stejné tak jako o stromy dutinové a mrtvé
dfevo, podpora vetejnosti by se méla dat ziskat pomoci lepsi informovanosti — je velice dilezité,
aby si vefejnost méla moznost uvédomit obrovsky vyznam starych stromd pro zachovani
biodiverzity, naptiklad pomoci informacnich tabuli. Poté by jiz nemélo byt tak t¢zké kombinovat

rekreacni a kulturni hodnoty méstskych parkti s hodnotami ekologickymi.
2.1.2. Ekologicky vyznam vegetace ve méstech
2.1.2.1. Chlazeni

Zmény prirodniho a méstského prostiedi vedly v poslednich desetiletich k vyznamnym
zméndm lokalnich mikroklimatickych podminek. Nadmérné piehiivani mést zplisobené hustou
zastavbou vede k ostrovnimu tepelnému efektu. V literatufe se objevuji doklady o rtznych
intenzitach tohoto jevu, od zvyseni teploty o 0,6 °C az po zvySeni o 12 °C (Vidrih & Medved
2013). Tepelny efekt mésta zvySuje spotiebu energie pro chlazeni a zpisobuje v méstském
prostfedi niz8§i tepelnou pohodu. NejicinnéjSim zmirnénim efektu je snizeni vstfebavani
slune¢niho zafeni (vytvofenim stinu), k ¢emuz jsou potieba prvky s vys$sim albedem a prvky,
které chladi pomoci odpafovani — ob¢ tyto podminky spliiuje pravé integrace zelenych ploch.
Vznika tak ,,park coolong island, definovany piedevs§im pro extrémni letni dny. Rzné studie
potvrdily hypotézu, Ze plochy zelené patii k nejchladnéjSim mistim ve méstech. Chen a Wong
(2006) uvadeji mistni chladici G¢inek parkt az 8,2 °C, Vidrih & Medved (2013) ho odhadli na
4,8 °C. Chladici ucinek zelené plochy znaéné zavisi na hustoté¢ a velikosti stromi. Optimalni
hustota vysadby pro ochlazeni je vypocitana na 45 stromi na hektar, v€k idedlné okolo 50 let.
Zvysenim vegetacniho pokryvu pidy z 10 % na 70 % se Gc€inek zvysi z 0,5 na 3,6 °C. Vzhledem
ke zvySenému latentnimu tepelnému toku z evapotranspirace, se zvySuje primérnd denni

relativni vlhkost 0 12 % (Vidrih & Medved 2013).

Napiiklad néktera mésta v Cing, tedy v zemi s nejvétsim méfitkem urbanizace na svété,
zaznamenavaji neustalé zvySovani teploty vzduchu, teplota ve méstech Casto presahuje 40 °C.
Meéstska zelen je proto pro zdejSi obyvatele velice dilezitd, del§i a Casté ndvstévy zelené
ptinaseji vyznamné zlepSeni fyzickych a psychickych stranek lidského Zzivota (Zhang et al.
2013).



2.1.2.2. Biologicky vyznam obecné

Hodnota historickych starych parkti nebo zameckych zahrad jako kulturniho dédictvi je
vcelku jasna, ovSem jejich vyznam pro zachovani biologické rozmanitosti je Casto trochu
opomijen (Lohmus & Liira 2013). Ochrana stanovist’ pro zachovani biodiverzity se tradi¢né tyka
spiSe velkych, biologicky rozmanitych a predevsim relativné nedotéenych ptirodnich stanovist’ a
ekosystémt (Lovell a Johnston 2009). V poslednich desetiletich ovS§em narlsta zajem o
méstskou biodiverzitu a vyznam méstskych ,,pfirodnich® habitatii, napiiklad parky se vyznacuji
vysokou trovni rozmanitosti stanovist’ a heterogenitou mikrostanovist. Vzhledem k tomu, ze
rozmanitost zivo¢ichii a rostlin ma tendenci korelovat s komplexitou stanovist a s diverzitou
zelen¢, méstské parky mohou mit velice pozitivni dopad na biologickou rozmanitost, i kdyz
jejich hlavnim ucel je rekreac¢ni (Nielsen et al. 2014). Navic posileni biologické rozmanitosti v
méstskych ekosystémech muze mit pozitivni vliv nejenom na kvalitu Zivota (Fuller et al. 2007),
ale i na vychovu obyvatel mést k ochrané zelené¢ (Savard et al. 2000). Obecné jsou méstské
zelené oblasti pomérné bohaté na rostlinné druhy, a i kdyz obsahuji vysoky podil nepiivodnich

druhi, ¢asto Vv nich nalezneme i mnoho druhti ohrozenych (Schmidt et al. 2013).

Co se tyka ZivociSné fiSe, u vSech zkoumanych skupin druhli bylo prokazéano, Ze parky jsou
pro né¢ velmi vhodnym uto¢istém. Obzvlasté dobie byli prostudovani ptaci. Rozmanitost
pfirodnich stanovist’ a heterogenita mikrohabitatli obsaZena zejména ve vétSich a starSich parcich
je nejvice rozhodujicim faktorem pro celkovou druhovou bohatost a slozeni (Nielsen et al. 2014),
vyznamnou roli také hraje rtiznoveékost stromi, proto se parky se staly domovem pro urcité
druhy, které se stavaji ¢im dal vzacnéjsimi v Kklasickych komerénich lesich. Lohmus & Liira
(2013) uvadgji, ze park muze pied¢it dokonce nékteré lesy v nékolika jednotlivych strukturalnich
charakteristikdch, a miZze tak byt pro ochranu pfirody velice cenny. Ukézalo se, Ze strukturalni a
funkéni slozitost, ktera spliuje specifické pozadavky riznych taxond, mize byt vyuzita jako
ucinny prostiedek, jak neptimo zhodnotit kvalitu stanovisté a jeho biologickou rozmanitost.
Jednou z pficin vysoké kvality parkt je jejich sloZzeni — dominuji zde listnaté opadavé dieviny, a
to je hlavni predpoklad pro optimalni sezoénni dynamiku (intenzita svétla v podrostu, vytvareni
vhodnych mikroklimatickych podminek pro lesni druhy, apod.). Dalsi vyhodou je, Ze tyto stromy

jsou casto staré (coZ v obhospodafovanych lesich Casto jiz nenajdeme), ¢imzZ je jejich vyznam



nedocenitelny. Naopak nevyhodou parkli oproti lesim muze byt nedostatek mrtvého dieva,

vhledem k jejich specifickému managementu (Lohmus & Liira 2013).

Jednou z hlavnich vyzev ochrany biodiverzity je omezit dal$i degradaci a ztratu vysoce
kvalitnich stanovist. Nastésti dnes existuje stale vétsi povédomi o biologickych piinosech parkt
a méstské zelen¢ celkove, a tim padem jejich mozné vyuziti v ochrané a podpofe biodiverzity
(Nielsen et al. 2014). Hlavnim faktorem, ktery nékdy omezuje parky stat se vyznamnym mistem
pro zachovani biologické rozmanitosti, jsou pozadavky vefejnosti na rekreaéni vyuziti a
bezpecnost. Strukturalni zjednoduseni totiz vede ke snizeni biodiverzity, naptiklad zmenSovanim
plochy kefového patra jako pfiznivého Stanovisté ptakt a malych zvifat (Lohmus & Liira 2013),
stejn¢ tak jako Kaceni starych stromt z divodu rizika ohrozeni bezpeénosti (Carpaneto et al.

2010) apod.
2.1.2.3. Vyznam méstské zelené pro dalsi skupiny Zivocichi

Ackoli urbanizace obecné vede K poklesu biodiverzity, jsou piipady taxont, které mohou
dosahnout vysoké hustoty pravé v méstskych stanoviStich. Napfiklad, méstské parky v San
Franciscu podporuji vyssi primérmné abundance ¢melaki (Bombus spp.), nez dva jiné parky
mimo méstské hranice (Goddard et al. 2009). Populace bézné zaby Rana temporaria ve Velké
Britanii zaznamenaly pokles ve venkovskych oblastech, ale zvySuji se jejich pocty v méstskych
parcich a zahradach. Toto je ale spiSe jen ojedinélé, ve vétsin€ ostatnich piipadd je abundance i
diverzita zivoCichll ovlivnéna mnoZstvim a kvalitou dostupné vegetace. Tato korelace se
objevuje jak Vv zahradnim, tak v krajinném m¢éfitku, tfeba na prikladu studie diverzity
bezobratlych v zahradach (Smith et al. 2006). Vyznamnou roli pro vyskyt mobilnich organismi
hraji biokoridory (Vergnes et al. 2012), neboli krajinné prvky, které piedchazeji negativnim
dopadim fragmentace. Kazdy druh ma rozdilnou odpovéd na strukturu krajiny a rozdilnou
schopnost rozptylu a na zéklad¢ této schopnosti a propojenosti okolniho prostiedi se odrazi
abundance jednotlivych druhii. Naptiklad brouci, jakoZzto méné mobilni organismy, jsou vice
citlivi na zvyseni fragmentace biotopu, jejich pohyb z okraje mésta smérem do méstské krajiny, a
se zdaji byt vice citlivi na kolisani struktury vegetace smérem z ptiméstskych oblasti do center,

coz miize ovliviiovat jejich schopnost udrzet své populace v méstském prostfedi, nicméné 1



Vv ramci ptakl lze nalézt druhy, které maji mensi mobilitu a jejich populace siln€ reaguji na
fragmentaci zelen¢. Dale byla také zkoumana zavislost vyskytu malych savcti na urbanizaci,
studie prokazaly, ze tyto taxony jsou citlivé na lokalni disturbance ve méstech (Croci et al.
2008). Kazdopadné koridory maji velky vyznam pro zlepseni biodiverzity, zvlasté v hodné
fragmentovanych krajinach (spojuji méstskou zelen a zvySuji rozsifeni druhit ve méstech), a to je

tteba brat v tvahu pfi planovani vhodného managementu.
2.1.2.4. Avifauna jako vhodna monitorovaci skupina

Problematika ekologie volné Zijicich zivocichli obyvajicich mésta ma Siroky kontext, jedna
se o zalezitost zasahujici do vice odvétvi ekologie, jak teoretické, tak aplikované. Urbanizovana
krajina jako habitat je relativné mlada a extrémné dynamickd, jako dikaz mulze slouzit to, Ze
kolonizace mést nékterymi druhy je stale v procesu. Teorie fika, ze druhova bohatost, pocetnost
a diverzita se snizuji se zmenSujici se kvalitou urbanizované krajiny, rostouci dopravou,

znecisténim vzduchu a hustotou zastavby (Biadun & Zmihorski 2011).

Jako modelovou skupinu pro zkouméani vlivu urbanizace na biodiverzitu si mnoho autort
vybira praveé avifaunu. Ptaci se ukézali byt vhodnym a zaroven dobfe méfitelnym indikatorem.
Obecné se da fici, Ze béhem poslednich desetileti pocetnost a diverzita ptacich druhii v
kultivované krajiné klesaji v diisledku silné urbanizace, kterd ma vazné dopady na vyuziti pudy a
Vv tésném okoli mést diky stale intenzivné&j$imu zeméd¢lstvi (Meffert & Dziock 2012). Biadun &
Zmihorski (2011) béhem své Sestadvacetileté¢ studie zaznamenali negativni trendy ubyvani

meéstskych druhi, hodnota poklesu je uvadéna asi 0,2 druhu za rok.

Zcela logicky se ocekava, Ze mistni druhova bohatost ptakli ve vysoce fragmentovanych
krajinach je ovliviiovana charakteristikami dané konkrétni zelené plochy. Dilezitou roli vSak
hraje 1 povaha okolni krajinné matrix, a to je zejména dilezit¢ v oblastech pozménénych
lidskymi aktivitami. Nejvyznamnéj$i je pfitomnost a blizkost jinych vhodnych stanovist. Studie
na téma prostorové struktury byly provadény v riiznych méstech o rtizné velikosti. VéE&tsinou se
testuji hypotézy tykajici se mistni druhové bohatosti vztazené k charakteristikaim zelenych ploch
(rozloha a charakter vegetace), intenzité urbanizace v okoli ploch a k izolaci ploch od nejblizsiho

ptirodniho pozistatku. Mistni pta¢i diverzita, velikost ploch a vegetace nejsou v prostorové



autokorelaci, zatimco intenzita urbanizace okolo ploch a izolace ploch jsou prostorové
autokorelovany. Diverzita druhti ptakt je spojena piedev§im s velikosti ploch a diverzitou
stroml a kefl, zatimco bylinné patro nema vyznamny prokazatelny vliv (Husté et al. 2006).
Evans et al. (2009) dosli k zavéru, ze vétsi zelené plochy podporuji vétsi a stabilngjsi populace
ptakt. Podobné vysledky se vztahuji i na fadu dalSich taxonil obyvajicich méstské prostredi, jako
jsou obojzivelnici, savci a brouci. VSechny vyzkumy tykajici se ptac¢i druhové bohatosti se
také jevi vek stromd, ktery byva pouzit jako vysvétlujici proménna (Biadun & Zmihorski 2011).
Dale je prokéazéano, Ze negativné jsou méstska ptaci spoleenstva ovlivnéna fragmentaci krajiny.
Naopak pozitivné ptaci reaguji na zlepSeni strukturdlniho sloZeni zelené, druhovou bohatost

dfevin a ptipadné doplinkovou potravu (Evans et al. 2009).

Ptaci jsou také citlivi ke krajinné kompozici a konfiguraci zelenych prostor v méstskych
oblastech — dulezitou roli pro n¢€ proto hraje heterogenita zastavby (podil riznych typt budov a
zelené a konfigurace — prostorové usporadani zelené). Pozitivni vliv kefového patra na hojnost
hmyzozravych druht je vyssi v oblastech s vysokou hustotou stiedné vysokych budov.
Abundance vSezravych druhii se zvySuje s vegetaci, naopak na holém pidnim pokryvu byva
nizka. Ptakim obecné vyhovuje zéastavba s riznymi vySkami budov, vice neZ shluky budov
podobné vysky (Pellissier et al. 2012). Zatimco druhova bohatost ptakd v ruralnich oblastech
zavisi na zemépisné Sifce (klesa s rostouci), méstska druhova bohatost s ni tolik spojena neni

(Evans et al. 2009).

Mezi vyznamné slozky struktury méstské vegetace patii ulice s alejemi, které tvoti specificky
a zfetelny rys méstské krajiny (Murgui 2007). Jako efektivni koridory mezi fragmenty méstské
krajiny a napiiklad pfilehlymi lesy se jevi Zivé ploty. ZlepSeni propojitelnosti méstskych
stanovist' s okolni volnou krajinou hraje dileZitou roli pfi zachovani druht a je néastrojem na
podporu populace Zivotaschopné lesni fauny, pfedevsim ptactva. Davies & Pullin (2007) ukazuji,
ze abundance a diverzita ptac¢ich druhi jsou pozitivné korelovany s poctem a hustotou zivych

plotii a s jejich zvysujici se strukturalni sloZitosti a kontinuitou.



Dalsim typem méstského prostfedi mohou byt opusSténa mista, nevyuzité pozemky uvnitf
méstskych aglomeraci, s fidkou zeleni. Casto se zde vyskytuji ohrozené ptaéi druhy, a tak maji

tato mista velky potencial pro ochranu ptirody (Meffert & Dziock 2012).

Dalsim habitatem, u kterého muize klesat biologickd rozmanitost druhli vlivem urbanizace,
mohou byt naptiklad travni porosty na rozhrani méstského a venkovského prostiedi, predevsim
proto, ze dochazi k jejich fragmentaci a zménam ve vyuziti (Fischer et al. 2013), tudiz ptaci jsou

znevyhodnéni klesajicim mnozstvim vhodnych mist pro hnizdéni ¢i hledani potravy.

Chamberlain et al. (2004) zkoumali ptaci spoleCenstva v zavislosti na piimém gradientu
urbanizace. Vice nez polovina ze vSech druhii ve mésté zjisténych je prikazné spojena s
lokalnim gradientem urbanizace, nékolik druhii ukazuje nejvyssi pravdépodobnost vyskytu v
mistech ve vice urbanizovanych lokalitdch, ostatni druhy se s nejvétsi pravdépodobnosti
vyskytuji uvnitt venkovskych nebo ptiméstskych lokalit a maji vztah ke gradientu zahradniho
stanoviSté a vyskytuji se v mistech s nejvétsim vegetacnim krytem. Tato spolecenstva jsou si
podobna predevsim diky velikosti zahrad a potravni nabidce na danych lokalitach. Z vysledkl
vyplyva, ze pravdépodobnost vyskytu mnoha druhii v zahradéach je zavisld na okolnim habitatu

spise nez na zahrad¢é samotné (Chamberlain et al. 2004).

Ptaci diverzita ve méstech muze také byt ukazatelem pro hodnoceni funkénosti rliznych typi
méstskych zelenych prostor. Mésto si mizeme stratifikovat na ¢tyfi zony (centrum, residencni
stavby, zelené prostory a periferie; Sandstrom et al. 2006) a ptaky nalezené v téchto zonach
rozClenit do Ctyf ekologickych skupin (podle klesajici miry specializace — datloviti, druhy
hnizdici v dutinach, lesni ptaci a méstské druhy). Celkové je samoziejmé& jisté, Ze druhova
bohatost ptakli v centru mésta a obytnych oblastech je niZ8i ve srovnani se zelenymi prostorami a
periferii. Datloviti, dutinovi a lesni ptaci ukdzali rostouci trend v poc¢tu druhli (a stejné tak
jednotlivell) z centra smérem do periferie, zatimco méstské druhy ukazaly trend opaény, coz
souvisi se zvysujicim se mnozstvim a kvalitou vegetace z centra do periferie. Dulezité jsou ale i
ostatni prvky, které souviseji s pfirodni strukturou zelené, napt. mrtvé dievo, pafezy ¢i polomy,
které v méstské zeleni vétSinou nenajdeme. Toto zjisténi podtrhuje vyznam toho, Ze management
meéstské zelené by mél byt vymysSlen detailné tak, aby byla udrZzena vysoka strukturni

rozmanitost (Sandstrom et al. 2006).
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Konkrétni piiklad vyzkumu uvadi Biadun & Zmihorski (2011). Studie byla provedena
V Polském mésté Lublin, které ma necelych 500 000 obyvatel, po dobu 26 let. Vystupy studie
indikuji, Ze rostouci urbanizace ma piimy vliv na diverzitu i abundanci ptakti ve méstech, faktory
jsou popsany v predchozi kapitole. Pta¢i spoleCenstva ovliviiuje jak krajinny kontext (areal,
vzdalenost k centru), tak znaky prostiedi (vék stromi, podklad, mrtvé okoli). Kompozice hnizdni

avifauny je také ovlivnéna geografickou lokaci, vyvojem urbanizace a aspekty okolni krajiny.
2.1.3. Obecna doporuceni pro management zelené ve méstech

V kontextu rychlé urbanizace hraje ochrana biodiverzity ve méstech nesmirné¢ vyznamnou
roli, jednak pifi minimalizaci vymirani druht, zaroven ale i ve ,,vymirani“ lidského kontaktu
s pfirodou (Goddard et al. 2009). Adekvatni méstské uzemni planovani, tak, aby vysledek
vyhovoval v§em a po vSech strankéach, neni jednoduché, nebot’ vyzaduje skloubeni pozadavki na
meéstské uspotfaddani se snahami o ochranu biodiverzity a ptirody celkové. Je proto potireba
kombinace pfistupii pro podporu jak ochrany biodiverzity, tak lidského blahobytu ve méstech
(Fischer et al. 2013). Je logické, ze obnovy zelenych ploch — jejich navrat k pfirozenému stavu —
nejsou Vv centrech mésta tak jednoduché jako ve volné krajin€. Nicméné ochrana a spravny
management zelenych ploch ve méstech mize hrat vyznamnou roli v zachovani biodiverzity.
Navic vzhledem K faktu, Ze urbanizace nevyhnuteln¢ roste a zelen trvale narusuje, je ¢im dal vice
akutni hledat kompromisni feSeni a minimalizovat tak neblahy dopad na biologickou

rozmanitost.
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2.1.4. Shrnuti

pro zvySeni ptaci druhové bohatosti a diverzity ve méstech. Pozitivni efekt stromi pievazuje nad
negativnim vlivem uzavieného prostoru a budov. ZvysSeni podilu stromli v méstské matrix se zda
byt nejslibnéjSim a nejefektivnéjSim opatfenim pro zvySeni poctu druhti ptakia. Dale vyplyva, ze
slozeni dfevin je pro ptaky velice dulezité, a to idedln¢ ve vyrovnaném pomeéru listnatych a
jehli¢natych druhii dievin. Dostupnost jehli¢natych a listnatych dfevin neni vliv pouze na
pritomnost ¢i nepiitomnost druhti, ale také jejich hojnost. Ochrana a vysazovani stromt a vétSich
ketti optimalizuje vertikalni strukturu vegetace a je povazovana za nejvice u¢inné dlouhodobé
opatfeni k posileni jak ptaci bohatosti, tak diverzity. Obrovsky vyznam pak ptredstavuji staré

stromy jako hnizdni pftilezitosti pro mnoho druhti nejen ptak.

Sandstrom et al. (2006) potvrzuji, ze dostate¢né mnozstvi ptirozené vegetace, jako jsou velké
stromy a vicevrstva struktura vegetace, jsou dulezit¢é komponenty pro udrzeni vysoké ptaci
druhové diverzity v méstském prostiedi. Evans et al. (2009) uvad¢ji dilezitost velikosti zelené
plochy pro ptaci spoleCenstva, zvétSeni velikosti zelené plochy (tak, aby vznikla alespoii 10 ha

souvisla plocha) a tim padem zmenSeni izolace pravdépodobné zvétsi druhovou bohatost.

Dtlezitou roli ve struktufe zelené hraje kefové patro. Prehnané prociSténi podrostu za
ucelem zvySeni estetické a rekreacni hodnoty a zlepSeni viditelnosti v ptiméstskych lesich nebo
meéstskych parcich mélo negativni dopad na ptaci populace, nebot’ kiovinné patro poskytuje
ptdklim nejen prostor pro hnizdéni, ale 1 misto pro hledani potravy a slouzici jako ochrana
(Heyman 2010). Dobrym kompromisem se jevi byt pouze ¢astecné procisténi, nebylo zjisténo, ze
by tento management mél negativni U¢inky na ptaky a zaroven tyto plochy mohou plné podpofit

rekreacni hodnotu a dobrou viditelnost v daném zeleném prostoru.

Je tfeba si uvédomit, Ze méstska zelen nezahrnuje jen vetfejné oblasti, jako parky, ale patii do
ni 1 soukromé zahrady, které jsou n¢kdy jako zdroj pro zvySeni méstské biologické rozmanitosti
trochu podceiniovany. Jednak jsou vyznamnymi stanovisti samy o sobé&, ale zaroven zlepSuji
propojenost ostatnich meéstskych stanovist, protoze mohou fungovat jako koridory. Velmi

podstatnou slozkou je také obecné povédomi, informovanost a osvéta ohledné této problematiky.

12



Goddard et al. (2009) uvadéji, ze je velice dulezité koordinovat méstsky zahradni management
Vv ramci okolni krajiny, coz mimo jiné posili ekologickou konektivitu, naptiklad piitomnost

ptilehlé zahrady mize zvysit druhové bohatstvi méstského parku.

Této tématice se vénuje rukopis ¢lanku ,,Diverse vegetation in a spa town supports human

social benefits of urban birds” v ptiloze této prace (kapitola 6.1.).

Za nejvyznamnéj$i vysledek této prace povazujeme skuteCnost, ze se Oproti ocekavani
prokazal pozitivni vliv liniovych struktur (aleje, meze, atp.) na Sifeni lesnich druhd do rozlohou
mensiho mésta. Jako dal$i vyznamny vysledek jsme prokéazali vazbu druhii na jejich typické
biotopy, coz je v souladu s literaturou. Zejména jsme vsak testovali vyznam struktury kefového a
stromového patra. Nase vysledky potvrdily pozitivni vliv kombinace vysokych stromil
zavétvenych aZz k zemi s porosty kiovin, které hosti charakteristické spektrum druhti. Stejné tak
jsou dobfe rozliSené druhy vazané na jehli¢naté a listnaté dieviny. V zavéru prace jsme testovali
vnimani ptac¢iho zpévu riiznych stanoviStné vyhranénych skupin ptakd u navstévniki parkd.
Jednoznacna preference pévcli vazanych na staré dutinové stromy ukdzala preneseny vyznam

téchto stromtl pro navstévniky parkii ve méste.
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3. Socialni benefity méstské zelené pro lidsky blahobyt

3.1. ReSerse
3.1.1. Socialni vyznam

3.1.1.1. Psychobenefity

Jak bylo jiz zminéno, je prokézano, ze zelené plochy pfispivaji k lepsi kvalité lidského Zivota
ve méstech (napt. Tyrvdinen et al. 2007). Méstské veiejné zelené prostory nabizeji obyvatelim
prilezitosti ke zlepSeni jak fyzického zdravi a jejich psychické pohody, tak potencialné rozvijeji
pozitivni citové vazby, smysl pro identitu a usnadnuji zotaveni z duSevni tnavy (Dallimier et al.
2012). Jinymi slovy, méstska zelen poskytuje socialni a estetické vyhody pro obyvatele mést,
prilezitosti pro venkovni rekreaci, zlepsuje okoli domova a pracovniho prostiedi, ma pozitivni
dopady na fyzické a duSevni zdravi, pfispiva k redukci stresu a poskytuje pfijemnd mista
k pobytu, zlepsuje klimatické podminky (teplota, vitr, voda), snizuje hluk z mésta, chyta prach,
poskytuje stin, zvySuje ceny nemovitosti v jejim stinu ¢i blizkosti se vyskytujicich a v neposledni
fad¢ udé€luje kulturni a historické hodnoty (Tyrvéinen et al. 2007). Tato mista také usnadiuji
prospésné socialni interakce (Adevi & Martensson 2013). Zhang et al. (2013) dale uvadeéji
uvolnéni napéti a preventivni zdravotni pfinosy, zivotni spokojenost (nejen) starSich lidi,
zduraznéni nehmotnych lidskych potieb a udrzitelnost spole¢nosti. Méstska zelen predstavuje
pro obyvatele mésta denni kontakt s ptirodnim prosttedim, se kterym by mnohdy jinak neméli
moznost se v uspéchaném zivoté pravidelnéji setkavat. Parky a zahrady jsou vysledkem
dynamické interakce lidi se zeleni, tvofi klidné a pohodlné regeneraéni zazemi a uci nas, jak
pouzivat své smysly a zptijemnit si tak pobyt (Adevi & Martensson 2013). | pfes znacnou
modifikaci nam zelen poskytuje pfirozenou a estetickou rozmanitost krajiny v zastavéném
prostiedi (Manuel 2003), do jisté miry i kontakt s ,,divoc¢inou®, ackoli tento pojem neni uplné

striktné vymezen a kazdy z nas ho mize chapat v trochu jiném rozsahu (Lupp et al. 2011)

Mira uc¢inku a atraktivnosti zelené je urCena piedevs§im jeji kvantitou a kvalitou, stejné tak
jako jeji dostupnosti. Tyrvéinen et al. (2007), dokonce uvadéji, ze zelené prostory by mély v
idealnim pfipad¢ byt tak blizko, aby se k nim dalo dostat do 5 minut chiize od bydlisté (to
odpovida piiblizn¢ 400 metrim), coz potvrzuji Zhang et al. (2013), navstévnici vyuzivaji zelené

plochy vétSinou v zavislosti na jejich velikosti a vzdalenosti od mista bydliste.
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3.1.1.2. Uzdravovani

Jiz dlouho jsou zndmy méfitelné kladné vlivy zelené pii riznych typech zotavovani a
uzdravovani. Naptiklad pacienti po operacich, ktefi maji z pokoje vyhled na zelen, se uzdravuji
rychleji nez ti s vyhledem na zastavbu, Gdajné maji i mensi bolesti (Ulrich 1984). Dale je
uvadéno napiiklad snizeni umrtnosti na onemocnéni obeéhového systému, kladny vliv na dychaci
soustavu, méné¢ navstév u psychologl, zlepSovani nalady, zvySovani socialnich interakci,
zlepsovani kognitivniho vniméni, redukce psychické tnavy a stresu a dokonce snizovani miry
kriminality (Dallimier et al. 2012). Celkové je zde jista korelace mezi vy$§im podilem zelenych
ploch a lep$im zdravim. Zejména vSak duSevni zdravi se zda byt s pfitomnosti zelené v okoli
propojeno. Pfistup k pfirodnim prosttedim ma také souvislost s mentdlnim uzdravenim u

vvvvvv

zivotnimu stylu, t€Zkym nemocem, atd. (Adevi & Martensson 2013).
3.1.1.3. Lidsky blahobyt

Ptirodni svét je kognitivné regeneracni, a tak usnadiiuje zotaveni z duSevni Uinavy a nabizi
prilezitost k zamysleni. Prostiedi podobna piirodé¢ poskytuji pozitivni smyslové zkuSenosti a
fyzickou a psychickou pohodu (Adevi & Martensson 2013). Ptitomnost zelené hraje dulezitou
roli pii 1é¢bé stresu. Studie Adevi & Martensson (2013) se vénuje terapeutické tiloze ptirody (ve
form¢ zahrady) pii rekonvalescenci ze stresu (fyzické, kognitivni a duSevni problémy),
v dynamicko-psychologickém pohledu na misto studie ukazuje potencialni ulohu vyuziti pfirody

jako mista pro usnadnéni samoregulace fyziologickych, psychologickych a socialnich potieb.

Teorie zvana ,,Attention restoration theory* tika, ze nase vizualni dojmy z ptirody mohou
obnovit formu fizené pozornosti, kterd je nezbytna pro kazdodenni fungovani a blahobyt. Zcela
logicke je, Ze pfirodni prostfedi ma mnohem lepS$i regeneracni schopnosti neZ zastavéné zony.
Zelen je spojena s mnoha pozitivnimi zazitky z interakce lidi S pfirodou a je vnimana jako

bezpecny a uzitecny prostor pii jejich uzdravovani (Adevi & Martensson 2013).
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3.1.2. Vnimani a vliv biodiverzity na lidsky blahobyt

Kladny vliv zelen¢ (a celkové ptirody) na lidsky blahobyt je zfejmy. Zatim o néco mén¢ je
znamo o dulezitosti kvality této piirody, tedy da se fici biodiverzity. Touto problematikou se
zabyvaji naptiklad Fuller et al. (2007), ktefi jednoznac¢né dospivaji k nazoru, ze psychologické
benefity se zvysuji s druhovou bohatosti méstskych zelenych prostor a ze uzivatelé do urcité

miry i dokdzou vnimat rozdily v druhové bohatosti.

Existuje ovSem pomérné malo studii pfimych efekti nebo mechanismu, které stoji za vlivy
specifickych biologickych komponent zelenych prostor na kvalitu lidského zivota (Brown &
Grant 2005). Vétsinou je totiz zivotni prostfedi obecné brano jako uniformni, casto
charakterizované jednoduse jako mnozstvi nebo proximita zeleného prostoru. Tento pfistup tak
ignoruje biologické komponenty, které jsou typicky méteny v urbanni ekologii, jako tieba praveé

druhova bohatost (Dallimier et al. 2012).

Nicméné Fuller et al. (2007) zcela jisté ukazuji méfitelnd pozitivni propojeni mezi druhovou
bohatosti méstské zelené a blahobytem navstévniki. Stupeil psychologického uzitku je pozitivné
korelovany s druhovou bohatosti rostlin, méné pak s ptaky, navic u obou taxonli vnimana

bohatost koresponduje s bohatosti skutecnou (Fuller et al. 2007).

Do rozporu s Fullerem et al. (2007) se dostava novéjsi studie Dallimier et al. (2012), ktera
naopak ukazuje pomérné slaby vztah mezi skute¢nou druhovou bohatosti (rostlin, motyla ¢i
ptakti jako meéfitkem biologické rozmanitosti) a psychologickym blahobytem méstskych
obyvatel a navstévnikli zelenych prostor. OvSem objevuje se zde pozitivni korelace mezi
barevnou a prostorovou pestrosti, kterou uzivatelé dokazou vnimat a urcit. Navstévnici tak
ziskaji pohodu z mist, ktera vnimaji jako biologicky rozmanitd, a to 1 v pfipad¢€, Ze nejsou
schopni identifikovat, kterd mista jsou ve skute¢nosti vice druhové bohat§i. Moznym
vysvétlenim tohoto rozporu miize byt to, Ze lidé obecné maji pomérné nizké znalosti a omezené
schopnosti potiebné k vnimani biodiverzity. Zjisténi naznacuji, ze pokud se uzivatelé nachazeji
ve vice ekologicky komplexnim a rozmanitém prostoru (jako jsou polopfirozené biotopy),
neexistuji zadna trvald propojeni mezi skutecnym a vnimanym bohatstvim, coZ opét evokuje

nedostatek ekologickych poznatkt (Dallimier et al. 2012).
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Kdyz byly studovany jednotlivé komponenty biodiverzity, bylo zjisténo, ze psychicky
blahobyt je na vyssi arovni ve vefejné pfistupnych a fizenych méstskych vefejnych parcich, které
obsahuji vice druhti rostlin, a lidé tam také reflektuji vyssi estetické porozuméni pro vice bohata

rostlinna spolecenstva (Dallimier et al. 2012).
3.1.3. Znalost pfirody

Vysledky vyzkumut vychazejicich z dotaznikovych Setieni se vesmés shoduji, Ze obyvatelé
meést, tedy lidé, ktefi jsou casto od piirody pomémé odfiznuti, o pfirodé maji urCité znalosti,
obecné vSak tyto znalosti nejsou nijak zvlast’ vysoké ani podrobné. Fuller et al. (2007) uvadéji,
ze lidé nejptfesnéji hodnoti viditelné statické slozky biodiverzity, zejména tedy rostliny
(rostlinnou bohatost). Vnimani ptakt a naptiklad motyld, jako vice skrytych slozek méstskych
ekosystémdu, jsou uz pak mén¢ presna. Dallimier et al. (2012) potvrzuji, Ze lidé obecné maji
pomérné chudé znalosti potfebné k vnimani biodiverzity. Obecné tyto znalosti nejsou ovlivnény
typem rekreacni ¢innosti a ¢etnosti a délkou navstév, logicky vSak podléhaji véku respondenti a

urovni jejich vzdélani (Heer et al. 2003).

Urcita nevédomost a neznalost pfirody miize také vést k nepochopeni vefejnosti. Tato
problematika se mize dotykat mnoha riznych oblasti z4jmu, naptiklad kaceni starych stromut
nebo projektu ekologické obnovy. Podpora vetejnosti je pfitom pomérné klicovym bodem (van
Marwijk et al. 2011). Jinymi slovy, lidé ob¢as nesouhlasi s konkrétnimi opatfenimi, ktera jsou
v pfirodé aplikovana. Ackoli obnova se obecné zaméfuje na konkrétni uzemi, mize mit vliv i na
okolni oblasti, coz se nemusi libit naptiklad zeméd€lcim. Nesouhlasit také mohou turisté¢ a
nebot’ maji obavy, Zze obnova muze vést k vizualni neatraktivnosti oblasti (van Marwijk et al.
2011). Vse by ale pomémn¢ jednoduse méla napravit lepsi informovanost vefejnosti. To
predstavuje vyzvu, predev§im v planovani ochrany biodiverzity, spolu s plany pro zlepSeni
blahobytu. VétSina populace dnes zije ve méstech, je proto nezbytné€ nutné, aby lidé rozuméli

vyhodam, které¢ mohou plynout z udrzovani kvalitnich zelenych prostor (Dallimier et al. 2012).
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3.1.4. Shrnuti

Nordh & Ostby (2013) navrhuji, ze by parky mély byt projektovany tak, aby byly dobie
izolovany od rusivych prvka okolniho mésta, m¢ly by obsahovat co nejvice piirodnich slozek a
také poskytovat dostatecné mnozstvi mist k posezeni. Zhang et al. (2013) zdaraziuji

diverzifikaci méstské zelen¢ (jako prostoru k rekreaci) — multifunkénim usporadanim prostoru.

Dale se jako vhodna jevi strategie budovani hustsich siti (klidné mensich) zelenych ploch, tak
aby byly dostupné do 500 m od bydlisté, coz by vedlo k vyssi navstévnosti zelené. A tak by se
méla vénovat pozornost koordinaci riznych krajinnych prvki, aby byla zvysena vhodnost parki
pro rekreaci, ale zdrovenn byla udrzena estetickd hodnota a pfirozenost s ekologickymi a

biologickymi funkcemi.

Je stale dilezitéjsi, aby ubyvajici zelen méla vysokou kvalitu a poskytovala pozadované
vlastnosti. To nemusi nutné¢ znamenat obrovské parky, i malé zelené plochy (a i pasivni vyuziti
zelené — napt. vyhled z okna) maji vysoky potencial z hlediska kladného vlivu na Zivotni
prostiedi i estetické hodnoty daného mista (Tyrvéinen et al. 2007). Preference krajinnych prvka
pochazeji pfedevsim ze zakladnich fyzickych, mentalnich a bezpecnostnich potieb (Zhang et al.
2013). Studie Nordh & @stby (2013) ukazuje, Ze ptirodni slozky jako je trava, kvétiny, voda a
stromy (kefe) jsou vysoce hodnocené prvky v parcich. Malé méstské parky tak mohou
poskytovat fadu vyznamnych aktivit pfedev§im pro obnovu, ale i pro socidlni a fyzické zdravi.
Kladné je vnimana barevna pestrost a prostorovd heterogenita dané¢ho mista. Pro navstévniky
parku je také dilezita urcita ptehlednost a pocit bezpecnosti (naptiklad zaploceni), dostatek mist
K posezeni, vegetacné oddélené prostory apod. Protoze si lidé chodi do parku vesmés

odpocinout, byva Casto dulezité, aby udrzba parku neprobihala v nav§tévnich hodinach.

Tato problematika je dale rozebrana v konceptu* rukopisu ,,Social benefits of wild nature

for human good feeling (perception)“ v priloze (kapitola 6.2.).

* O koncept rukopisu se jedna proto, Ze jeden ze spoluautorii jest¢ nedopsal metodickou ¢ast ke

zpracovani dotaznikovych Setfeni, tudiz rukopis zatim neni ve finalni podobé¢.
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Nase vysledky potvrdily jiz zndma fakta o problematickém vnimani biodiverzity lidmi.
Navstévnici parkd (studovany byly parky v Ceském Krumlové, Hluboké a Tteboni) v podstaté
nebyli schopni rozliSit rozdilné pocty ket a stromd, a to prakticky ani v pribéhu vegetacni
sezOny. Pfitom shodné uvadéli pritomnost ket a stromt jako vyznamny prvek parkii. Preference
ptaciho zpévu provedena stejné jako v prvni studii, ale ve tfech parcich, ukazala podobné
vysledky. Pozitivné jsou vnimani drobni pévci obyvajici dutiny, coz podtrhuje vyznam
zachovani starych stromi v parcich. Byla také analyzovana motivace k navstévé a rozliSeny,
Casteéné v souladu s literaturou, pievazujici motivace (a) znalostni, (b) odpocinkova a (c)
zazitkova. OdliSné motivace v tfebonském parku souviseji jednak s vySSim zastoupenim
rezidentll, jednak s pobytem lazeniskych hostl a pacientl. Obé tyto skupiny maji odliSna
o¢ekavani, nez turisté. Pozornost vénovana vetejné zeleni se tedy vyrazné odrazi ve vnimani a

hodnoceni kvality mista a ma pozitivni vliv na prozitek a naslednou opakovanou navstévu.
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4. Zavér

Jednim z hlavnich poselstvi moderni ochrany pfirody je, ze biologicka rozmanitost ma
svou vnitini hodnotu. Spojit zachovani biologické rozmanitosti a zvySeni lidského blahobytu ale
stale zavisi na jesté lep$im pochopeni interakci mezi lidmi a pfirodou (Dallimier et al. 2012).
Naptiklad zvySenim barevnosti a promeénlivosti prostoru Ize vytvofit kvalitni méstské prostiedi,
jak pro vétSinu druhii organismil ve mésté zijicich, tak pro lidsky blahobyt, nebot’ méstska zelen
je vnimana jako integrovana soucast mésta, poskytujici Sirokou $kalu sluzeb, jak volné Zijicim
zvitatim v méstskych prosttedich, tak lidem. Myslenka ekosystémovych sluzeb by pfti planovani
zelen¢ méla byt podrobné rozvijena, predevsim z hlediska jejich socidlniho hodnoceni. Socialni
ocenéni ekosystémovych sluzeb by mélo fungovat jako nastroj s cilem umoznit ob¢aniim, aby
vyjadrili své ndzory a podileli se na rozhodovani, coz pak miiZze udrzet ¢i dokonce zvysit jejich
blahobyt (Felipe-Lucia et al. 2015). Dale je potieba rozvijet multidisciplinarni a
interdisciplinarni vyzkum v téchto oblastech (James et al. 2009). Ekonomové, ekologové i
sociologové by tedy méli tedy spolupracovat a své plany a rozhodnuti délat spolecné (Pauleit et
al. 2011). Kli¢em je také planovat dopiedu, vytvéiet tedy dlouhodobé orientované ptistupy, uz
jen proto, ze se zde bavime o zeleni, tedy néem, co se vyviji v dlouhodobém horizontu. Pauleit
et al. (2011) zdtraznuji jako hlavni nastroj pro vhodné feSeni méstského zeleného prostoru jeho
multifunkénost. To mlzZe napiiklad znamenat, Ze 1 pro primarn€ monofunkéni prostor (napft. pro
socialni ucely) je ¢asto mozné najit i jiné funkce (ekologické) a naopak. Jedna zelena plocha tedy
muze poskytnout velké mnozstvi funkci pro vicenasobné pouziti, navic tato propojenost funkci
mize byt vyhodna i vtom, Ze nékteré doplikové funkce by jinak nemohly existovat samy o
sobé. Multifunkénost jako strategie muze posilit Glohu urbanni zelen€. Dalsi strategii je
propojenost zelenych prostor ve mésté, coz predev§im posili moznost Sifeni druhli a podpofi
metapopulac¢ni dynamiku. Konektivita pomoci koridord by méla byt klicovym aspektem pii
méstském planovani a pii navrhovani zelené 1 modré infrastruktury mésta. Toto ma pak
samoziejm¢ 1 kladny vliv na lidsky blahobyt ve méstech (Pauleit et al. 2011). Navic Evropska
umluva o krajin€ nerozliSuje mezi méstskou a ostatni krajinou, jinymi slovy zahrnuje i prostiedi
intravilanu. Planovani méstské zelené je tedy vlastné ze zdkona soucasti krajinného planovani,
proto by samoziejmé mélo byt také feSeno, jak napojit urbanni krajinu na okolni, protoze

vyznam tohoto propojeni je obrovsky.
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6. Prilohy

6.1. Prvni rukopis

Diverse vegetation in a spa town supports human social benefits of urban birds
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Abstract

The study of the effect of an urban-rural gradient and the importance of urban green
patches for saving bird diversity is a commonly studied phenomenon. Despite this, it is usually
studied in the context of big cities, where these effects are more pronounced. In the present
study, we studied how these phenomena affect the avicoenoses in smaller spa town, where
landscape protection supports benefits of biocultural diversity. We assessed the effect of the
occurrence of microhabitats (especially particular tree and shrub forms) within the urban-rural
gradient on bird fauna composition. We found that the urban-rural gradient in towns is not as
significant as in cities, because the effect is covered with more complicated multi-layered
vegetation structure. For the management practice we declare the high importance of vegetation
continuity from the periphery to city centre bypassing the isolation of green patches. A
proportion of deciduous and coniferous trees and its spatial heterogeneity are important for the

occurrence of small songbirds. Next we conducted a questionnaire research with the park visitors
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and found that there is a bicultural benefit from the appearance of songbirds in large urban parks,
especially in the spa town. The clear preference of song birds by park visitors highlights the

social benefit of bird diversity.

Keywords: Urban vegetation, Green Infrastructure, Birds, Spa Town, Human Perception

Introduction

Urbanisation is rapidly increasing around the world (Gaston 2010) and urban green
infrastructure plays among other functions a major role in saving biodiversity in cities (Werquin
et al. 2005). The ongoing process is associated with fundamental land-cover and land-use
changes (Pauleit & Breuste 2011). Birds are significantly affected by urbanisation in term of
species richness and community structure and have been thoroughly studied in this respect (e.g.
Biadun & Zmihorski 2011). Most studies have explored the relation of birds to habitats and have
focused on avian assemblages along urbanisation gradients (Blair & Johnson 2008) or on
comparison of urban and neighbouring rural areas (Pellissier et al. 2012). Biotic homogenisation
and decrease of specialist species are caused mainly by a high proportion of artificial habitats in
urbanised areas (Fanelli & Batisti 2014). Nevertheless, the most important habitat types which
enhance bird richness in large cities are urban green patches (Husté et al. 2006; Croci et al.
2008). Urban green and blue infrastructure and especially wooded habitats such as parks
represent hotspots of avian diversity (Pellissier et al. 2012; Ferenc et al. 2014a). Woods and
parks represent remnants of natural and semi-natural habitats hosting woodland species
(Fernandes-Juricic 2004; Crocci et al. 2008). Because of the fragmentation and suppression of
parks by transport infrastructure and new buildings major conservation efforts should focus on
the maintenance of habitat diversity and the structural complexity of vegetation (Fontana et al.
2011). Habitat features such as vegetation structure and woody plant composition influence the
abundance, diversity and bird composition to a fine degree (Fontana et al. 2011; Pellissier et al.
2012). The main site factors influencing the proportion and number of tree layer-dependent
species include a balanced mixture of coniferous and deciduous trees, the dominance of native
species, the proportion of older trees and the number of shrubs (Chace & Walsh 2006; Sandstrém
et al. 2006). Although the direct effect of vegetation structure is repeatedly illustrated, the
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comprehensive and detailed evaluation of particular stand attributes and woody species

composition is still lacking.

The area of forest patch together with vegetation diversity of trees and shrubs affects bird
richness positively, whereas neither herbaceous plants nor, surprisingly, patch distance to the
nearest large forest remnant have a significant effect (Husté et al. 2006), although the negative
isolation effect on richness is repeatedly reported in agricultural landscape or in riparian habitats
in Australia (Watson et al. 2005; Palmer et al. 2008). Conversely, urban space has constituted an
open area for introducing plant and animal species directly and indirectly for a century (Sukopp
2002; Garaffa et al. 2009).

The importance of wild plant and animal life to humans is repeatedly described together with
suggestions on how to translate botanical and zoological inventory studies into urban planning
(Sukopp et al. 1995). The maintenance of habitat diversity and structural complexity of
vegetation and the enhancement of functional connectivity are priorities in terms of conserving

existing patches (Fontana et al. 2011).

Management practices often concentrate on recreation, aesthetic and security services, but
green space is very important for landscape perception and feelings of well-being (Dallimer et al.
2012). Nothing can replace municipal parks in towns and cities, where birds represent one of the
most important groups thanks to their popularity and conspicuousness. Management practices
should support biocultural diversity vicariously throughout the most influential habitat attributes
(specific, feasible and affordable management recommendations). City park is not supposed to
recreate ,,naturalness®, the green space they create is actually a human landscape. At the site
scale, management practices should focus on maintenance and promoting species-diverse and
older tree stands, with an artificial mixture of coniferous and deciduous trees. The presence of a
few old trees or small area of urban standing water enriches the bird community. The total
amount of tree cover supports the species richness of woodland avifauna in the surroundings.
The main factors affecting bird richness that could inform effective planning in particular green
patches are a high proportion of old tree stands (Donnelly & Marzluff 2006), a balanced mixture
of coniferous and deciduous trees (Fontana et al. 2011), dominance of native species (Palomino
& Carrascal 2006), and the number of shrubs (Sandstrom et al. 2006). These form the structural
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diversity of vegetation (Evans et al. 2009) although the comprehensive evaluation of particular

vegetation effects on a more detailed scale is still lacking.

Personal feelings and safety are also very important aspects of management practices and
the spatial planning of green space. The former natural and old cultural landscape with a mixture
of diverse trees and more layers of shrubs and understorey herbs provides many benefits for
human well-being in cities and their surroundings. The health benefits of biodiversity are most
important (Fuller et al. 2007) for older people in smaller spa towns, where careful maintenance
should result in native vegetation of the highest quality in terms of ecological and, especially,
aesthetic functions (Wilde et al. 2015). Parks become a rest and relaxation zone and provide a
meeting-place that improves social connections between residents and guests (Townsend &
Weerasuriya 2010). Diverse and valuable old trees together with nature-like parkland area are
preferable in both European (Edwards et al. 2011) and Asian culture (Jim & Zhang 2013; Zhang
et al. 2013), although differing in horticultural tradition. Parks have been created by people, so it
is possible to talk about biocultural diversity. This concept has provided a new, more complex
and integrated perspective on the diversity of life, as diversity in both nature and culture (Maffi
2014). An inextricable link between biological and cultural diversity was formed because of
close connection between human history and nature (Mathez-Stiefel et al. 2007). And in these
cases, humans are not considered to be those who threaten nature; conversely, they are part of
(Maffi 2007). A city is a human environment therefore the diversity found there is a biocultural
product determined by the historical developments. City parks are a human landscape, the
variety was done by people, provide today a benefit to the whole cultural spectrum (various

interest groups).

The aim of our study was to investigate key gradients that maximise bird species richness
and woodland bird occurrence in green space. We explored small-scale factors of vegetation
cover which enhance the abundance of bird species. We focused on the manageable attributes of
vegetation cover, especially old tree stands and tree diversity in relation to the presence of
woodland birds. In central parks we explored visitors' perceptions of the voice of birds nesting in

cavities in older trees.

We investigated factors affecting species richness of bird communities in urban space

situated in the small spa town of Tteboni, which is surrounded by wooded landscape with a high
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proportion of fishponds. In particular, we tested the relationships between local bird richness and
urban patchiness, urbanisation intensity (urban-rural gradient), vegetation characteristics and

social perception.

We used statistical approaches first to explore the spatial structure when investigating the
relationship between bird assemblages and patch features. We predicted higher bird species
richness in places with more diverse vegetation that may affect availability of food and nest sites
for breeding birds, and a higher proportion of woodland birds in stands with old trees. We also
predicted a positive effect of water elements on wetland birds. Finally, we predicted a positive
effect of songbirds in chateau gardens and municipal parks in terms of the good feelings and

positive perceptions of green space of park visitors.

Materials and methods
Study area

The study took place in Ttebonisko Landscape Protected Area, Biosphere Reserve, and
Bird Area, southern Bohemia, Czech Republic (49°00°N, 14°45'E, altitude 435 m a. s. 1.). Tiebon
is a small spa town with a population of about 8,500 inhabitants. It has a moderate climate with
an average annual temperature of 7.8 °C and the average temperature of the growing season
(April to September) is 14 °C. Average annual precipitation is 600-620 mm, and the air humidity
of the Ttebon Basin is relatively high because of a large amount of open water surface. The
natural vegetation comprises acidophilous oak, pine and beech woodlands, watercourses and
fishponds with alder and willow swamps, and open wetlands. There are very evident signs of
long-term human interventions in natural stands ca. 900 years ago. Altogether, there were 21
counting points, representing dominant habitats in the town and its surroundings (Fig. S1, in
ESM).

Data collection

We surveyed birds with the point count method (Bibby et al. 1992; Sutherland et al.
2005) within and outside a 100 m fixed radius during the 2013 season on four days from early to

late spring (15 April, 2 May, 22 May, 17 June). At each sampling site we recorded all birds seen
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and heard during a five-minute counting period. We recorded the probable breeding (active nest
finding, birds delivering food or carrying breeding material) or simple presence of birds within
the 100 m diameter. We recorded simple presence outside the 100 m diameter as well. For each
recorded species, we counted the number of recorded individuals (breeding pairs). Bird counts
started 30 minutes before sunset and lasted for five hours. On each date, we varied the sequence
of points visited to avoid daytime bias. We conducted counts only during clear, calm days

without rainfall or heavy wind.
Habitat characteristics

We determined tree and shrub species composition and its coverage inside a buffer
surrounding each point (with a radius of 50 metres). We used a nine-degree scale of abundance
and dominance (Domin-Hada¢ scale) for estimation of vegetation cover: degree 1 is about 1-2%
of the area; 2: 34 %; 3: 5%; 4: 6-7 %; 5: 8-15 %; 6: 16-25 %); 7: 26-50 %; 8: 51-75 %; and 9:
76-100 %. Then we explored local environmental variables characterised by type of vegetation
and buildings for each point. We used proportions of these habitat categories to describe the
habitat composition of sample points. We specified the coverage for each vegetation layer (E3 —
trees, E2 — shrubs, and E1 — herbs). Then we determined the percentage of each vegetation
height on each point: trees and shrubs below 5 m in height (H0), between 5 and 10 m (H1), and
above 10 m (H2). We also estimated the percentage of the crown height and shape of present
trees: C1 — crown covering all of the tree down to the ground, C2 — crown covering two-thirds of
the height of the tree, and C3 — crown covering the upper third of the tree. The next step was the
identification of the growth form of trees and shrubs and sampling the coverage of columnar
(fastigiated, F1), conical (F2), pyramidal (F3), round-headed (F4), open (F5), weeping
(pendulous, F6), prostrate (F7), globular (F8), horizontally branched (F9), and low-branched (F0)
growth forms (Fig. 1). We divided the shrublands into four growth form groups: individual rare
shrubs (KO0), shrubs of the same height (K1), vertically differentiated shrubs (K2), and climbing
shrubs (K3). We categorised the herb layer in the following groups: stand without vegetation
(roads etc.; T0), non-flowering lawn with frequent mowing (T1), flowering lawn mown two or
three times per year (T2), high lawn mown once a year or not mown (T3), flower-bed with
annuals (T4), perennials (T5). We defined coverage for each of these groups for each patch. The

next parameter described the spatial and age structure of total vegetation cover: young
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vegetation up to 5 m in height (M), even-aged and even-levelled vegetation (S), multi-levelled
vegetation (Q), clear double-layer (étage) vegetation — E2 at least 25% (D), even-aged vegetation
spatially separated or of different heights (R). We compared the buildings with the height of
trees: Z0 — under 5 m, Z1 between 5 and 10 m, Z2 more than 10 m. The density of the buildings
(Build) was expressed as a percentage of the built area on each patch. Concurrently, we used
digital aerial photographs to determine the proportion of land-cover categories on the perimeter
around each point with a radius of 100 m for: buildings (B), forests (F), meadows (M), wetlands
(We), water (Wa), roads (R), garden/orchard (G), park/cemetery (P).

Questionnaire research

The question aimed at visitors' preference for birdsong was an addition to a more
extensive survey of the gardens and parks of chateaux in the south of Bohemia (Navratil et al.
2015). We used the basic segmentation criteria such as gender and age for homogenisation of our
respondents in terms of their motivation to stay in the park. A profile of our respondents was:
gender female 63.4 %; age 18-25 years 16.2 %, 26-35 years 17.6 %, 36-45 years 16.9 %, 46-55
years 16.9 %, but with a higher proportion of spa stay visitors aged 56-65 years 19 % and more
than 66 years 13.4 %. Although the number of respondents was relatively low at 142, the results

are reliable because we obtained a representative selection.
Statistical analysis

We employed variance to quantify the relative effect of environmental parameters and
spatial position on species pattern over the eight groups of explanatory variables that we had
compiled. In order to evaluate the role of spatial autocorrelation we investigated patterns of
species composition pairwise among taxa by comparing the partial standardised pairwise Mantel
statistics, and between taxa and distance matrix, with the randomisation method in PC-ORD v. 6
(McCune and Mefford 2011). We detected no significant relation of bird or tree patterns to the
distance matrix, and therefore we assumed that the species matrices were unaffected by common
spatial patterns. We detected similarity between any two pairs of adjacent points three times. In
two cases these points merged and in only one case did we separate them (the chateaux and the
municipal parks). Because the potentially breeding and present bird patterns were highly

correlated (Table 1), we kept only potentially breeding birds in the analyses and excluded the
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others. We tested the gradient of spatial position on the community variation by trend surface
and third order polynomial (Legendre and Legendre 2012; Smilauer and Leps 2014). We centred
latitude and longitude and computed all third order terms (N, Ec, NcEc, N, Ec?, NG2Ee, E¢2Ne,
NS, E&).

To identify the relationship between birds and vegetation we first analysed and
summarised the composition of woody plant species. We performed gradient analyses in further
steps. We extracted the plant variation from the Detrended Correspondence Analysis (DCA
length of gradient 6.178) data. Next, we correlated the first three DCA axes with the
environmental variables for their interpretation. Then, we took the first three ordination axes
from the DCA analysis of vegetation and used them as the environmental variables in a
subsequent analysis of birds. We tested the bird species-environmental interrelations with DCA,
in which we used the resulting vegetation pattern as a covariable. We selected a method with a
unimodal species response to environment supported by the length of the main ecological
gradient in the DCA (the lengths of the largest gradient were 4.047 for breeding and 7.747 for
distant birds, respectively; for an explanation see Smilauer and Lep$ 2014). To describe the
supposed interrelations between an individual species of birds and their correlation with different
environmental factors we used a multivariate analysis. We additionally computed both
unconstrained and constrained ordinations with the Canoco for Windows v. 5 software package
(ter Braak and Smilauer 2012; Smilauer and Leps§ 2014). We log-transformed bird abundance for
the canonical correspondence analysis (CCA) and down-weighted the rare species. We evaluated
the explanatory effects of particular environmental variables in MCPT by the stepwise forward
selection procedure that selected variables with the best fit of species data. We arbitrarily

assumed 4999 as the number of permutations.
Results
Vegetation

We detected a total of 29 (10 coniferous and 19 deciduous) genera of tree species and 32
(5 coniferous and 27 deciduous) genera of shrub species (see Appendix in ESM). The most
varied patches, in terms of trees, were municipal and chateau parks, a cemetery, and private

gardens. We found the highest number of trees and shrubs together in a private garden (31
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species), then in a municipal park (23 species). The most common species (according to the
number of patches which occur) are oak (Quercus robur), lime (Tilia cordata), birch (Betula
pendula), Norway maple (Acer platanoides), and willow (Salix sp.). According to coverage of
each species, the order is similar, continuing with Norway spruce (Picea abies), and apple tree
(Malus domestica). The most common species of shrubs were cedar (Thuja plicata + T.
occidentalis), juniper (Juniperus sp. div.), and lilac (Syringa vulgaris). The most common
growth form of trees and shrubs were F4 (Quercus robur, Tilia cordata, Aesculus
hippocastanum), F3 (high conifers, Picea abies, Abies sp. div., Pinus sp. div), F2
(Chamaecyparis sp., Thuja sp., Picea omorica) and F8 (Rosa sp. div., Syringa vulgaris, Corylus
avellana, Salix sp.div.). Using the variation analysis to evaluate the partial effect of
environmental variables we concluded that only the herb layer was not significant, and
surrounding land-cover had a strong effect on tree pattern (Table 2).

Birds

In total, we recorded 78 bird species on 21 points in three categories of spatial pattern (69
breeding, 75 present and 50 distant bird species). The most frequently sampled (species that
occurred on the highest number of points) were common chiffchaff (Phylloscopus collybita),
common blackbird (Turdus merula), great tit (Parus major), European robin (Erithacus
rubecula), common starling (Sturnus vulgaris), yellowhammer (Emberiza citrinella), black
redstart (Phoenicurus ochruros), Eurasian blackcap (Sylvia atricapilla), blue tit (Cyanistes
caeruleus), and Eurasian collared dove (Streptopelia decaocto). The most numerous species
(species that occurred in the largest numbers) were house sparrow (Passer domesticus), common
blackbird (Turdus merula), common chiffchaff (Fringilla coelebs), common house martin
(Delichon urbicum), western jackdaw (Corvus monedula), Eurasian collared dove (Streptopelia
decaocto), great tit (Parus major), Eurasian blackcap (Sylvia atricapilla), European greenfinch
(Chloris chloris), and common chaffinch (Fringilla coelebs). In analysis of variation the
breeding birds were affected by all variables excluding the type of herb layer, whereas distant

birds were associated only with land-cover and tree and shrub forms (Table 2).
Town habitats

We extracted patterns of birds which were probably breeding at the counting points by
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using the classification approach (cluster analysis, see Fig. S2). As a result, we distinguished four
quite well-defined groups of species. The first includes species connected with semi-aquatic and
open-field habitats like the common grasshopper warbler (Locustella naevia), corncrake (Crex
crex) or yellowhammer (Emberiza citrinella), that were reported in both NE and SW outskirts.
Most of these species rarely tend to live in urban habitats. The other group includes species
connected with forest or park habitats represented e.g. by orioles (Oriolus oriolus), flycatchers
(Muscicapa striata, Ficedula albicollis) and robins (Erithacus rubecula). The third group
contains species adapted to specific urban habitats like buildings (feral pigeon — Columba livia f.
domestica, sparrows — Passer sp. or swallow — Hirundo rustica) or gardens (serin — Serinus
serinus or European collared dove — Streptopelia decaocto). The last group includes generalist
species represented e.g. by the great tit (Parus major), chiffchaff (Phylloscopus collybita) or
blackcap (Sylvia atricapilla).

The cluster analysis based on data of distant birds did not show any well-defined group of
species. Some species tend to score high matrix coding; nevertheless, these groups contain very
distinct species in terms of their habitat requirements. The occurrence of birds in distance at each

point is only very slightly affected by the habitat offered at these points.
Urban-rural gradient

The gradient of spatial position on the community variation show only the significant
orthogonal terms of coordinates, in northern (N¢) and eastern (E.%) directions (Fig. S3). The total
effect is relatively low compared with effects of other habitat characteristics including the tree
and shrub pattern (Table 2). Birds connected with woodland and forest habitats (coal tit —
Periparus ater, Regulus species, wren — Troglodytes troglodytes and dunnock — Prunella
modularis) occur further east. This is the direction in which most of the extensive woodlands are
situated and therefore from this direction the woodland species more easily penetrate the urban
habitat.

The results of CCA for breeding bird species (Table 3, Fig. 2) explain the urban-rural
gradient by the proportion of buildings against the tree layer cover along the first axis and the
effect of diverse vegetation structure (double-levelled shrub and tree layers with tree crowns

down to the ground) along the second axis. Bird species reflect these gradients separately. The
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occurrence of highly synantropic species like the feral pigeon (Columba livia f. domestica),
house martin (Delichon urbica), swallow (Hirundo rustica) or sparrow (Passer sp.) increases
with the increasing building density. On the other side of the first axis bird species dependent on
tree hollows (willow tit — Poecile montanus or green and grey-headed woodpeckers — Picus
viridis, P. canus) or large trees (rook — Corvus frugilegus, wood pigeon — Columba palumbus or
jay — Garrulus glandarius) are present. The probability of occurrence of these species increases
with increasing occurrence of large trees with hollows and with the percentage of the treetop
coverage. On the rural side of the gradient (positive values of the second axis) species inhabiting
mostly wood edges (wren — Troglodytes troglodytes or river warbler - Locustella fluviatlis) or
open fields and meadows (skylark — Alauda arvensis, corncrake — Crex crexor common
grasshopper warbler — Locustella naevia) are evident. At localities inhabited by these species,
shrubs and trees with the crown reaching the ground (typically willow species - Salix sp.div.)

occur most often.

The results of CCA for breeding birds filtering out the effect of geographical coordinates
(N and E2; Fig. S3) and the urban-rural gradient of landcovers (DCAL axis; Fig. S4) still
showing the gradient from bird species specific for buldings (feral pigeon — Columba livia f.
domestica, house martin — Delichon urbica, swallow — Hirundo rustica or sparrows — Passer sp.)
to species of wooded habitats, but besides this gradient a group of birds inhabiting small shrubs
of globular growth form (and their surroundings) is recognisable (Fig. S5). It is interesting that
within this group species inhabiting predominantly urban shrubs in gardens and parks (lesser
whitethroat — Sylvia curruca, linnet — Carduelis cannabina or tree sparrow — Passer montanus)
are mixed here with species specific to rural, agricultural shrubs (whitethroat — Sylvia communis,
yellowhammer — Emberiza citrinella or chiffchaff — Fringilla coelebs). Small rounded shrubs are

important places for these species in terms of nests or territorial display.

The analysis of bird species occurring at a distance from the counting points confirms the
existence of a group of birds inhabiting open habitats with species typical of small shrubs
(willow warbler — Phylloscopus trochilus) or groves (green woodpecker — Picus viridis, buzzard
— Buteo buteo) but also species typical of semi-aquatic habitats (sedge warbler — Acrocephalus
schoenobaenus), which occurs in the proximity of fields and meadows. The hawfinch

(Coccothraustes coccothraustes) occurs as a distant species in points where typical synanthropic
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species occur most often. Hawfinch is another species typical of gardens or other small groves

within the urban habitat.

We detected a significant correlation between the occurrence of particular breeding bird
species and the presence of particular shrub/tree forms (Fig. 2, Fig. S5). The most significant
effect was evident in the case of the round-headed form, which is very often present at large
broad-leaved trees (often nesting tree hollows). Hollow nesting bird species (starling — Sturnus
vulgaris, flycatchers — Ficedula and Muscicapa sp., tits - Paridae, great spotted woodpecker —
Dendrocopos major and nuthatch — Sitta europaea) and canopy dwellers (wood pigeon —
Columba palumbus, wood warbler — Phylloscopus sibilatrix or chaffinch — Fringilla coelebs) are
the most frequent inhabitants of this vegetation form. The occurrence of canopy dwellers (the
above-mentioned species) was also related to the pyramidal shape, which is most often found on
large conifers. Both these results confirm the dependence of some bird species on the occurrence
of parks with large old trees (deciduous as well as conifers) in the urban habitat. These bird
species can be generally referred to as woodland species. This is why we decided to analyse

these species separately in further analyses.
Woodland species

The occurrence and diversity of birds which prefer woodland habitats significantly
increases with the occurrence of round-headed forms of tree crowns, the overall percentage of
the treetop coverage and the representation of parks in the land cover, whereas it decreases with
increasing representation of building in the land cover. Forest birds prefer large trees with round-

headed and dense crowns in parks and avoid dense housing developments.

The more detailed analysis of forest birds (Fig. S6) shows that the pyramidal shape (typical of
many conifer species) of trees is preferred by the birds which predominantly inhabit coniferous
or mixed forest (goldcrest - Regulus regulus or coal tit — Periparus ater) but also wood and
forest generalists (willow tit — Poecile montanus, dunnock — Prunella modularis, robin —
Erithacus rubecula, blackbird — Turdus merula or chaffinch — Fringilla coelebs). Surprisingly,
some urban species (jackdaw — Corvus monedula, or collared dove — Streptopelia decaocto) also
prefer this shape, probably within gardens and parks. The round-headed tree and shrub form

(typical of deciduous species) is significantly not preferred by typical urban birds (house martin
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— Delichon urbica, house sparrow — Passer domesticus, feral pigeon — Columba livia f.
domestica, swallow — Hirundo rustica, black redstart — Phoenicurus ochruros) and is
significantly preferred by habitat generalists (robin — Erithacus rubecula, great tit — Parus major,
chaffinch — Fringilla coelebs, blackcap — Sylvia atricapilla or chiffchaff — Phylloscopus
collybitta), broad-leaved woods specialists (spotted flycatcher — Muscicapa striata, wood
warbler — Phylloscopus sibilatrix or nuthatch - Sitta europaea) but also species specific to

coniferous woods (coal tit, both Regulus species or dunnock — Prunella modularis).
Landcover

The analysis of the effect of particular land-covers found in the urban habitats shows two
well-defined and supported groups of nesting birds. The best differentiated groups are species
which occur near buildings, despite these are the real building breeder (feral pigeon — Columba
livia f. domestica, swift — Apus apus or sparrows — Passer sp.) or garden species (collared dove —
Streptopelia decaocto, redstarts — Phoenicurus sp., swallows — Hirundo rustica, Delichon urbica
or Fringillidae species). The second group are species typical of parks (icterine warbler —
Hippolais icterina, fieldfare — Turdus pilaris, rook — Corvus frugilegus, great woodpecker —
Dendrocopos major or hawfinch — Coccothraustes coccothraustes). The analysis of the distant
birds shows again a well-defined group of birds specific to buildings. Besides this, species
specific to wetlands and water bodies (heron — Ardea cinerea, gull — Chroiocephalus ridibundus,
coot — Fulica atra, ducks — Anas platyrhynchos, Bucephala clangula and several warbler species
— Acrocephalus sp., Lucustella sp.) are distributed separately, depending on the appropriate
habitat.

Perception of birds by garden and park visitors

Garden and park visitors prefer some bird voices to others (Fig. 3, chi-squared = 42.3671,
df = 16, p-value = 0.00035). Songbirds belonging to the agricultural landscape (skylark — Alauda
arvensis, yellowhammer — Emberiza citrinella, blackcap — Sylvia atricapilla) and town parkland
(great tit — Parus major, chaffinch — Fringilla coelebs) are preferred to birds typical of habitats
such as buildings (sparrow — Passer sp., house martin — Delichon urbica, swift — Apus apus) and

fishponds (gulls — Chroiocephalus ridibundus, reed warbler — Acrocephalus scirpaceus, coot —
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Fulica atra). Visitors are neutral as regards woodland bird voices (cuckoo — Cucuclus canorus,

woodpecker — Dendrocopos major).

Discussion

The species richness of cities was relatively independent of the overall number of species
breeding around them (Ferenc at al. 2014b). Our results show that the bird diversity in smaller
towns is comparable to those found in large cities. For example, the total number of bird species
in Paris suburbs was 57 in an area of 236 km? (Husté and Boulinier 2011) and 52 in Prague parks
(Ferenc et al. 2014a, 543 km?). This is significantly fewer than in our research (78 species, 8.5
km?) even though the area under study was much smaller. At least comparable diversity was
found in other studies within small towns as well (e.g. Biadun and Zmihorski 2011). The
majority of studies have explored the larger and surrounding areas of cities, although smaller
towns are more common in the Central European landscape, but a minority population lives
there. In contrast to cities, which are occupied by a relatively uniform set of species which
tolerate the particular conditions of a diverse and built-up environment (Pellissier et al. 2012),
towns host many species of the traditional rural landscape (Garaffa et al. 2009; Mikula et al.
2014). Both smaller towns and larger cities are similar in birds to habitat pattern, although the
diversity patterns are directly dependent on the overall diversity patterns of the region (Ferenc et
al. 2014b). Townscape is not very different from cityscape in terms of the structure and character
of the main habitats. The townscape provides the same urban environment and very similar
urban habitats, albeit with less abundant populations. The total number of bird species in the
town could be higher than in the city, but with lower diversity and population size (Biadun and
Zmihorski 2011).

In terms of metapopulation dynamics small populations in towns represent stepping
stones and connect the cities among them. Surprisingly, however, city species are insular in
extension (MacDougal-Shackelton et al. 2011), and their populations are genetically uniform
(Vangestel et al. 2012; Jensen et al. 2013). There may be two possible explanations. Smaller
populations in towns may face higher genetically induced erosion because of drift and isolation

effects (Major et al. 2014) or high predation (Thorington and Bowman 2003) and thus they are
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replenished and genetically subsidised by the city populations. This allows gene flow among
more distant large cities. Alternatively, city birds face a higher impact of pollution, which
reduces fertility (Eeva and Lehikoinen 1995; Orlowski et al. 2014) and again results in the
necessity for genetic support from the town sink populations. Towns act like a source of genes
for several neighbouring cities. It is probable that take part on the genetic uniformity of urban
birds.

Multivariate analyses of the bird community in the town of Ttebon gave us a picture of
five well-supported groups in terms of the land-cover they prefer within the town. The best
defined group includes birds which mostly inhabit buildings and gardens (represented e.g. by
sparrows — Passer sp., feral pigeons — Columba livia f. domestica or swifts — Apus apus). The
other well-defined and well-supported group contains park dwellers, and the third includes
woodland birds, e.g. woodpeckers (Picidae). The fourth and fifth groups are merged in some
analyses and include birds of the agricultural landscape and waterbirds of the wetlands.

These groups confirm what we know about the effect of urban-rural gradients on bird
coenoses in towns and cities. Most studies demonstrate a functional urban-rural gradient, which
is expressed as the ratio of green area against the built area. This gradient is best documented in
places where urban green infrastructure is continuously connected with periurban greenland,
where woodland bird coenoses gradually decrease with the loss of woody green. Forest bird
species poorly penetrate the urban environment (Hodgson et al. 2007; Tremblay and St Clair
2011) and therefore they often use stepping stones such as parks (Andersson and Bodin 2009) to
enter urban habitats. We tested the net effect of urban-rural gradients by filtering out the effect of
vegetation structure. We were able to show that there are some woodland species specific to
parks which do not occur in the suburban woodlands (e.g. Picus woodpecker, icterine warbler —
Hippolais icterina, flycatchers — Ficedula sp. Muscicapa sp. , fieldfare — Turdus pilaris or rook —

Corvus frugilegus).

In terms of vegetation structure most studies prove a positive humped (unimodal) effect
of equal proportions of deciduous and coniferous trees (Fontana et al. 2011; Léhmus and Liira
2013; Mycko et al. 2014). This is the logical result of better utilisation of the different spatial
structure of trees and its higher diversification. A positive effect of a combination of tree and

shrub vegetation is also documented, whereas herb layer has no effect. We tested more detailed
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characteristics in terms of tree growth and shrub forms and the character of herb layers. Against
our expectations we did not find a significant influence of detailed architecture. We were able to
show the effect of only two tested forms: pyramidal, typical of conifers, and round-headed,
typical of large, broad-leaved trees. This confirms the importance of the presence of both
conifers and deciduous trees within urban habitats. It is quite surprising that the effect of other
growth forms was low, although several species seemed to tend to inhabit preferably some
specifically formed shrub forms (especially members of the family Fringillidae breed very often
in small and often cut conifers in gardens — Stastny et al. 2006). Nevertheless, the effect of these

growth forms was not significant.

Additionally, we were able to show the high importance of old hollow trees with deep
cavities for the diversity of woodland species. These trees host a variety of herbivores, provide a
rich food supply and cavities for bird nesting (especially hollow-bound species). Furthermore,
the presence of old trees in the nest surroundings increases the survival of forest hollow-bound
bird species (Jackson et al. 2013) that are common in parks. Parks, where large deciduous and
coniferous trees with hollows occur are considered as very important habitats within the small
town. Parks are generally considered as more important for diversity than agricultural woods
(Lohmus and Liira 2013; Nilesen et al. 2013; Isaac et al. 2014), because within the park the old
trees can live longer and therefore provide more habitats for hollow breeders or bark foragers.
That is the reason why parks are today an important neorefugium for forest bird species, and

often very rare species.

The presence of water and wetland elements helps to increase species richness, in line
with other studies, and contributes to habitat diversity (e.g. Ferenc et al. 2014a). Waterbirds tend
to inhabit suitable water bodies even within urban habitats (Murray et al. 2013). Even the
presence of water bodies in the surroundings of the urban area may increase the bird diversity as

waterbirds often use urban habitats for foraging (Dorn et al. 2011; Vaananen et al. 2011).

In concordance with the high importance of parks for diversity are the results of the
questionnaire research (Navratil et al. 2015). The visitors to gardens of chateaux and municipal
parks significantly preferred the parkland bird voices to others. At the same time the visitors
identified three kinds of benefits as the most important. knowledge, entertainment and relaxing

activities. Green spaces within the urban habitats have without doubt a very positive
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psychological effect on the city inhabitants (Roovers et al. 2002; Tyrviinen et al. 2006; Dallimer
et al. 2014; Schwartz et al. 2014). Moreover, this effect increases with increasing biodiversity
within these habitats (Fuller et al. 2007; Dallimer et al. 2012). The park bird community should
thus play an important role as a motivating factor in general well-being, cultural tourism,
physical activities (Schipperijn et al. 2013) and recovery from stress (Adevi and Martensson

2013). Similar effects may also apply to wetlands within urban habitats (Manuel 2003).

Conclusions

Birds in smaller towns behave similarly to those in big cities and together they constitute
significant long-term stable communities. The urban-rural gradient in towns is not as significant
as in cities, because the gradient effect is particularly covered with more complicated multi-
layered vegetation structure. As regards management practice we emphasise the high importance
of vegetation continuity from the periphery to the city centre bypassing the isolation of green
patches. A proportion of deciduous and coniferous trees and their spatial heterogeneity are
important for the occurrence of small songbirds. Old trees are necessary for hollow nesting bird
species. Although urban environment conserving the diversity in terms of trees and birds as a
biocultural product as determined by its historical developments. Due old trees have been
planted, birds nest or live in the city are closely related to cultural factors. A social benefit
accrues from the appearance of songbirds in large urban parks, especially spa towns, which
strongly supports natural therapy, health, positive perception and good feelings of spa patients.
The clear preference for songbirds by park visitors highlights the social benefit of bird diversity.
Although our dataset is small and local, our results indicate their strong compliance with more
extensive studies. Therefore we conclude that our results are relevant and robust and we can say
that our unique description of the relationship between urban birds and growth forms of woody

species should have general validity.
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Tables

Table 1 Similarity patterns (results of Mantel test) comparing the species patterns of three groups
of birds and trees recorded in spa town Tiebon. Significant relations are highlighted in bold
letters. Explanations: r — correlation coefficient; p = proportion of randomized runs with
r(X*Y|C) more extreme or equal to the observed r(X*Y|C); for positive association, p = (1 +
number of runs >= observed)/(1 + number of randomized runs).

Birds breeding present distant Trees
present r 0.97

p 0.0001
distant r 0.285 0.272

p 0.002 0.004
Trees r 0.636 0.639 0.128

p 0.0001 0.0001 0.093
Distance r 0.134 0.167  0.009 0.014
matrix p 0.113 0.069 0443 0421
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Table 2 Variation of bird and woody species pattern explained by environmental variables using
CCA analysis in spa town Tiebon. Only significant variables and their significant particular
levels or interactions are reported (significance levels are: bold p < 0.001, italic p < 0.01, normal
p < 0.05). The total variation was different in particular groups (values were 2.2 for breeding
birds, 5.65 for distant birds and 4.56 for trees and shrubs).

Variance % F-rat P Terms/levels
Breeding birds
Cover of vegetation layers 0.69 31 2.560 0.0002 El E3
Buildings  cover and Build, Z1, Z2
height 0.62 28 2.201 0.0008
Vegetation height 0.59 27 2.076 0.0004 H2
Crown height and shape 0.71 32 2.667 0.0002 C1,C2,C3
Spatial and age structure ~ 0.91 41 2.122 0.0002 D, Q+R
Shrub compactness 0.56 26 1.376 0.0604 KO
Growth forms of trees 1.18 54 1.413 0.0462 F3, F4
Land-cover 1.31 59 2.196 0.0002 B,F,M,R, G+P
DCA1,
DCA of trees and shrubs ~ 0.81 37 2.303 0.0002 DCA2,DCA3
Spatial gradient 0.43 19 2.174 00018 N EZ
Distant birds
Vegetation height 0.11 19 1.312 0.0524
Spatial and age structure 0.18 31 1.365 0.0071 Q
B, R, M, G+P,
Land-cover 0.26 47 1.326 0.0021 We+Wa
Trees and shrubs
Cover of vegetation layers 1.08 24 1.662 0.0004 El, E3
Buildings  cover and Build, Z1
height 1.02 22 1.539 0.0048
Vegetation height 0.68 15 1.488 0.0142 HO, H2
Crown height and shape 0.82 18 1.877 0.0006 C1,C2,C3
Spatial and age structure ~ 1.32 29 1.522 0.0026 M, D, Q+D
Shrub compactness 1.32 29 1.522 0.0012 KO, K3
F1+F3, F4,
Growth forms of trees 2.52 55 1.373 0.0032 F5+F6,F8+F0
B, F, We, M+R, G,
Land-cover 2.33 51 1.434 0.0004 P
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Table 3 Conditional effect of predictors in a constrained (see Fig. 2) and partial CCA ordinations
of breeding birds in spa Ttebon. In partial analysis the effects of geographical coordinates and
the score of the first DCA axis of trees and shrubs were excluded from the analysis by covariates
(see Fig. S5).

Name Contributi Explain pseudo-F P Partial Partial Partial

on % % contrib. % pseudo- P

F

Buildings 20.4 18.7 4.4 0.0002 6.4 1.5 0.0736
Crown cover 2/3 10.9 10.0 2.5 0.0012
Crown down t08.9 8.2 2.2 0.005
ground
Form: round-7.4 6.8 1.9 0.018 19.3 3.8 0.0002
headed
Double-layer 59 5.4 1.6 0.05
structure
Vegetation height 8.4 1.7 0.027
below 5 m
Form: globular 6.9 1.5 0.064
Form: open 7.2 1.6 0.033
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Figures

Fig. 1 Tree and shrub forms: F1 columnar, F2 conical, F3 pyramidal, F4 round-headed, F5 open,
F6 weeping, F7 prostrate, F8 globular, F9 horizontally-branched, FO low-branched. According
Hessayon (2008)
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Fig. 2 Biplot of species composition of nesting birds in spa town Tieboii showing the results of
CCA analysis (Table 3). Bird abundances after log transformation were related to vegetation and
habitat properties. The urban-rural gradient is explained by the increasing proportion of building
area against the proportion of trees along the first axis (explained variance 22.8 for species data
and 46.5% for species-environment relation, respectively) and the effect of diverse vegetation
structure (double-levelled shrub and tree layers with tree crowns down to the ground) along the
second axis (12.6 and 25.7 %, respectively). The species are labelled by the first three letters of
generic and specific names (see Appendix 1 in ESM).
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Fig. 3 Preference of birds voices of species typical for different habitats in spa town Tiebon.
Respondents were visitors of chateaux garden and municipal park (n = 142). The arrows show
the preference direction and the power of rejection null hypothesis of independence (chi-square
test for independence, bold arrow p < 0.001, middle p < 0.01, and normal p < 0.05). The
significance values of groups are results of chi-square tests of positive or negative preference.
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Appendix 1: List of tree, shrub, and bird species recorded in 21 sampling points in spa
town Trebon (south Bohemia, Czech Republic). Numbers indicate on how many points
each species occurred

Tree layer species:

Abies sp. 4 (= A. alba, A. grandis, A. homolepis, A. nordmanniana), Acer platanoides 8, Acer
pseudoplatanus 1, Aesculus sp. 3 (= A. hippocastanum, A. pavia), Alnus glutinosa 3, Betula sp. 9
(= B. papyrifera, B. pendula, B. pubescens), Carpinus betulus 3, Castanea sativa 1, Fagus
sylvatica 4, Fraxinus excelsior 5, Chamaecyparis sp. 1 (= Ch. Lawsoniana, Ch. nootkaensis),
Juglans regia 3, Larix decidua 2, Liliodendron tulipifera 2, Malus domestica 6, Metasequoia
glyptostroboides 1, Picea abies 6, Picea glauca 1, Picea omorica 2, Picea pungens 8, Pinus mugo
1, Pinus nigra 1, Pinus silvestris 8, Pinus strobus 3, Pinus uncinata 2, Platanus x acerifolia 1,
Populus balsamifera 1, Populus tremula 3, Prunus avium 5, Prunus domestica 1, Prunus persica
2, Pseudotsuga mensiesii 1, Pyrus communis 2, Quercus robur 12, Quercus rubra 2, Salix alba 9,
Salix sp. 1, Sorbus aria 1, Sorbus aucuparia 4, Taxodium distichum 2, Thuja sp. 5 (= T.
occidentalis, T. plicata), Tilia sp. 11 (= T. cordata, T. euchlora, T. platyphyllos, T. x americana),
Ulmus sp. 1.

Shrub layer species:

Berberis vulgaris 4, Buxus sempervirens 2, Cornus sp. div. (= C. stolonifera, C. plicata) 1,
Corylus avellana 4, Cotinus coggygria 1, Crataegus monogyna Rosea 2, Forsythia sp. 1, Frangula
alnus 5, Hedera helix 5, Chamaecyparis sp. 4 (Ch. pisifera, Ch. orientalis), Juniperus communis
6, Juniperus sabina 3, Ligustrum vulgare 1, Magnolia sp. 1, Mahonia aquifolium 1, Mespilus
germanica 1, Pinus uncinata 1, Pyracantha coccinea 1, Rhododendron sp. div. 5, Rhus typhina 2,
Ribes aureum 1, Robinia pseudoacacia 1, Rosa canina 3, Rosa sp. 3 (R. glauca, R. rugosa, R.
rubiginosa), Rubus sp. div. 4, Salix integra ‘Hakuro Nishiki’ 2, Sambucus nigra 3,
Symphoricarpos albus 3, Syringa vulgaris 6, Taxus baccata 5, Thuja sp. 7, Viburnum opulus 1,
Vitis vinifera 2, Weigela florida 2.

Juvenile tree species in shrub layer:
Tilia sp. 5, Acer plataniodes 3, Carpinus betulus 4, Salix alba 4, Salix caprea 2, Salix fragilis 1,
Sorbus aucuparia 1.

Bird species

Breeding:

Acrocephalus palustris 4, Acrocephalus scirpaceus 1, Aegithalos caudatus 2, Alauda arvensis 2,
Anas platyrhynchos 2, Apus apus 4, Carduelis carduelis 3, Certhia brachydactyla 1, Certhia
familiaris 1, Coccothraustes coccothraustes 5, Coloeus monedula 1, Columba livia f. 2,
domestica, Columba palumbus 8, Corvus corone 2, Corvus frugilegus 2, Crex crex 1, Cuculus
canorus 5, Cyanistes caeruleus 12, Delichon urbicum 5, Dendrocopos major 7, Dendrocopos
medius 2, Dendrocopos minor 3, Emberiza citrinella 6, Erithacus rubecula 11, Ficedula albicollis
7, Fringilla coelebs 16, Garrulus glandarius 7, Hippolais icterina 1, Hirundo rustica 8, Chloris
chloris 12, Linaria cannabina 2, Locustella fluviatilis 2, Locustella naevia 3, Luscinia svecica 1,
Motacilla alba 6, Motacilla cinerea 1, Muscicapa striata 6, Oriolus oriolus 8, Parus major 18,
Passer domesticus 9, Passer montanus 8, Periparus ater 2, Phasianus colchicus 5, Phoenicurus
ochruros 1, Phoenicurus phoenicurus 9, Phylloscopus collybita 18, Phylloscopus sibilatrix 3,
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Phylloscopus trochilus 3, Pica pica 4, Picus canus 2, Picus viridis 4, Poecile montanus 3, Poecile
palustris 3, Prunella modularis 2, Regulus ignicapilla 4, Regulus regulus 2, Serinus serinus 7,
Sitta europaea 12, Streptopelia decaocto 14, Sturnus vulgaris 1, Sylvia atricapilla 17, Sylvia
borin 4, Sylvia communis 2, Sylvia curruca 5, Troglodytes troglodytes 4, Turdus merula 18,
Turdus philomelos 1, Turdus pilaris 5, Turdus viscivorus 3.

Present:

Accipiter nisus 2, Acrocephalus palustris 4, Acrocephalus scirpaceus 1, Aegithalos caudatus 2,
Alauda arvensis 2, Anas platyrhynchos 3, Anser anser 1, Apus apus 8, Ardea cinerea 1, Buteo
buteo 1, Carduelis carduelis 4, Certhia brachydactyla 1, Certhia familiaris 1, Coccothraustes
coccothraustes 9, Coloeus monedula 1, Columba livia f. domestica 2, Columba palumbus 8,
Corvus corone 6, Corvus frugilegus 5, Crex crex 1, Cuculus canorus 5, Cyanistes caeruleus 14,
Delichon urbicum 5, Dendrocopos major 7, Dendrocopos medius 2, Dendrocopos minor 3,
Emberiza citrinella 6, Erithacus rubecula 11, Ficedula albicollis 7, Fringilla coelebs 16, Garrulus
glandarius 8, Hippolais icterina 1, Hirundo rustica 12, Chloris chloris 12, Chroicocephalus
ridibundus 1, Linaria cannabina 2, Locustella fluviatilis 3, Locustella naevia 3, Loxia curvirostra
1, Luscinia svecica 1, Motacilla alba 8, Motacilla cinerea 1, Muscicapa striata 6, Oriolus oriolus
8, Parus major 18, Passer domesticus 9, Passer montanus 8, Periparus ater 2, Phasianus colchicus
5, Phoenicurus ochruros 1, Phoenicurus phoenicurus 8, Phylloscopus collybita 19, Phylloscopus
sibilatrix 3, Phylloscopus trochilus 4, Pica pica 5, Picus canus 2, Picus viridis 4, Poecile
montanus 3, Poecile palustris 5, Prunella modularis 2, Regulus ignicapilla 14, Regulus regulus 2,
Serinus serinus 7, Sitta europaea 12, Streptopelia decaocto 13, Sturnus vulgaris 13, Sylvia
atricapilla 17, Sylvia borin 4, Sylvia communis 2, Sylvia curruca 2, Troglodytes troglodytes 4,
Turdus merula 17, Turdus philomelos 11, Turdus pilaris 6, Turdus viscivorus 4.

Distant:

Acrocephalus schoenobaenus 1, Alauda arvensis 2, Anas platyrhynchos 1, Anser anser 3, Apus
apus 1, Ardea cinerea 2, Bucephala clangula 1, Buteo buteo 1, Coccothraustes coccothraustes 1,
Coloeus monedula 2, Columba livia f. domestica 1, Columba palumbus 1, Corvus corone 3,
Corvus frugilegus 2, Cuculus canorus 6, Cyanistes caeruleus 1, Delichon urbicum 2,
Dendrocopos major 1, Dendrocopos medius 1, Emberiza citrinella 2, Erithacus rubecula 2,
Ficedula albicollis 2, Fringilla coelebs 7, Fulica atra 1, Garrulus glandarius 1, Hippolais icterina
1, Chloris chloris 1, Chroicocephalus ridibundus 5, Linaria cannabina 1, Locustella naevia 1,
Oriolus oriolus 2, Parus major 7, Passer domesticus 1, Passer montanus 1, Phasianus colchicus 6,
Phoenicurus ochruros 6, Phoenicurus phoenicurus 1, Phylloscopus collybita 1, Phylloscopus
sibilatrix 1, Phylloscopus trochilus 2, Pica pica 1, Picus viridis 3, Regulus ignicapilla 1, Sitta
europaea 2, Streptopelia decaocto 6, Sylvia atricapilla 6, Turdus merula 11, Turdus philomelos 1,
Turdus pilaris 1, Turdus viscivorus 2.
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Supplementary material

Fig. S1 Map of the study area of Tteboni spa (South Bohemia, Czech Republic) showing its
position in the Czech Republic and the positions of the 21 points. Source of map:
http://lwww.mapy.cz.

55


http://www.mapy.cz/

Fig S2 Two-way cluster analysis of (A) breeding, (B) present and (C) distant birds. The matrix of
shaded squares represents the sample X species matrix, while the dendrograms show the
clustering (Euclidean distance, Ward’s method). The intensity of the shading is proportional to
the abundance of the species. The axes show information remaining for sample unit (left) and
species (top) clustering. The names are labelled by the first three letters of genera name and three
letters of species name (see Appendix 1). Localities are coded with “L” letter.
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Fig S3 — Biplot diagram of CCA analysis testing the effect of the geographical position of
particular sample points on the bird composition (the first axis explained 13.7 % variance of
species data; the second axis explained 5.8 %). The significant effect of the orthogonal terms
of coordinates in eastern (Ec2) and northern (Nc) directions are shown. The species are
labelled by the first three letters of generic and specific names (see Appendix 1 in ESM).
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Fig. S4 DCA ordination biplot of trees and shrubs show the largest gradient (the total sum of
eigenvalues 4.558) from prevailing exotic (left) to wild domestic (right) species. The first
(horizontal, DCAL) and second (vertical, DCA2) axes explain 15.1 % and 7.1 % of species
variation, respectively. The species are labelled by the first three letters of generic and
specific names (see Appendix 1 in ASM). The scores of land-cover (LC) categories are
passively projected: garden/orchard (G), buildings (B), roads (R), park/cemetery (P),
meadows (M), water (Wa), forests (F), wetlands (We).
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Fig. S5 Ordination biplot of partial CCA analysis of species composition of nesting birds in
spa town Ttebon. Bird abundances after log transformation were related to vegetation and
habitat properties, when the effects of geographical coordinates from the CCA analysis (Fig.
S3) and the score of the first axis of DCA analysis (Fig. S4, describe the effect of land-
cover) on the urban-rural gradient were subtracted to covariates. The urban-rural gradient is
explained by the proportion of buildings and the open tree and shrub form (F5) against the
round-headed tree forms (F4) along the first axis (explained variance 21.9 % for species data
and 45.4 % for species-environment relation, respectively) and the effect of low (HO) and
globularly formed (F8) shrubs along the second axis (12.3 and 25.6 %, respectively). Thirty
six best-fitting species are shown. The species are labelled by the first three letters of generic
and specific names (see Appendix 1 in ESM).
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Fig. S6 Species response of breeding birds related to round headed (F4, subplot A) and
pyramidal tree forms (F3, subplot B), respectively. Response curves are fitted with GAM
(d.f. = 2, stepwise selection using AIC, Gaussian distribution). Significance level based on
the F statistics for all species p < 0.05. The species are labelled by the first three letters of
generic and specific names (see Appendix 1 in ASM).
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6.2. Druhy rukopis (koncept)

Social benefits of living nature for human good feeling (perception)
Social benefits of living nature for human good feeling (perception)
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# Department of Ecosystem Biology, Faculty of Science, University of South Bohemia,
BraniSovska 31, 370 05 Ceské Budgjovice, Czech Republic
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Bohemia, Studentské 13, 370 05 Ceské Budg&jovice, Czech Republic

Abstract

Introduction

Recently, with the growing rate of urbanization, people move to the cities and (especially
in larger cities) are increasingly isolated from nature, which can have far-reaching
consequences for them. It is proven that nature (not necessarily the wilderness itself, but also
the green areas of the towns and cities) has a positive effect on both physical and mental
health. The urban nature belongs both green (urban parks, gardens, street greenery, lawns,
urban and suburban forests, cemeteries and greenbelts; Dallimier et al. 2012) and blue
infrastructure (water areas and water features), respectively. Such places can be for many

residents the only contact with nature.

Many studies confirm the high importance of urban green spaces for human well-being,
for example Tyrvdinen et al. (2007) reported an increase of the quality of life in cities,
Dallimier et al. (2012) added an improvement of the physical health and psychological well-
being of the population, recovery and healing of diseases, treatment of stress (for example
garden therapy; Adevi & Martensson, 2013). Also the aesthetic, cultural, and historical
values of green infrastructure and providing pleasant places to stay play a significant role
(Tyrvdinen et al. 2007). A potential for improving social interactions is also important
(Adevi & Martensson 2013). Furthermore, green spaces within cities can be useful as places
for biodiversity conservation (eg. Dallimier et al. 2012), they can improve the quality of the
landscape, or perform ecological functions (Schipperijn et al. 2013). However, recreational
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activities may also have negative effect on wildlife in the frequently visited areas (Heer et al.
2003).

Sometimes we can also see negative reactions from the public to the green spaces, in
terms of safety (feeling not safe) or aesthetics (some components, eg. old trees, can be
perceived as not aesthetic or well-tended). For example, too dense vegetation is perceived
negatively just for safety reasons (Zhang et al. 2013). Also, various projects of ecological
restoration of these areas do not always meet with the approval of the public — for example
tourists sometimes have concerns that recovery may lead to visual unattractiveness of the
area (van Marwijk et al. 2011). All this may be improved by better public awareness.

People have of course certain expectations from the green infrastructure. They either
come with some specific requirements, or their perception is only subconscious, in both
cases the nature affects them, they perceive its value, and its quality has a demonstrable
effect on them. The extent of effect and of attractiveness of the green spaces is mainly
determined by its quality and quantity, as well as its accessibility (Tyrvidinen et al. 2007).
People subconsciously get good feeling from the places that they perceive as diverse and
various (Dallimier et al. 2012). Primarily the static components (trees, flowering plants, etc.)
are perceived, from the mobile fauna mainly birds are registered (especially their singing,
which supplements the natural environment), then for example butterflies and other visually

interesting animals.

The motivations for visiting green spaces are various, the most common seems to be
relaxation, recreation, staying in natural environment a seeing natural (Fuller et al. 2007) and
historical components on that place. Tyrvéinen et al. (2007) reported important properties of
green spaces (that are convenient for a visit and well-being): peace, a feeling of the natural

environment, and near-natural aspect.

Special type of urban green spaces are chateaux parks and gardens. They had more
values, from representative and collectible to economic and education importance in the past.
Today they role is especially a high aesthetic, cultural, historical and natural values. Chateau
parks and gardens are located close to the aristocratic residences, and since the time of their
foundation they are used as places for pleasant spending of leisure time. In the questionnaire
research of our study, we focused on visitors of the chateau park in a small spa town
(Tteboti) and other two chateau parks (Hluboka nad Vitavou and Cesky Krumlov) in South

Bohemia. We tested the visitors” preferences of single elements in the park, motivation for
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visit, the perception of biodiversity and natural values, or possible financial evaluation of

attractiveness.

The research follows a previous one (Navratil et al. 2015), extending the previous one by
perception of birdsong and its positive influence on the good feeling of visitors in the park.
We recognised what types of birdsongs are preferred, sorted according the environment in
which the birds live.

Materials and methods
Study area

Our study was located in three gardens in South Bohemia, Czech Republic, near well
known and popular chateaux; they share a common history with. The gardens have slightly
different attributes; therefore they are logically attracted by different motivation groups of
people.

Ttebon is a spa town; the main emphasis is put on relaxation and promotion of well-
being. We can find here a Renaissance Chateau, with a chateau garden (ca 5 ha), connected
with an integral municipal park inside the town (Navratil et al. 2015). The total continuous
green area is almost 10 ha. The garden consists of a park meadow with solitary trees, lined
with stands. There is also a parterre with flower beds, two-stage terrace, deciduous solitaires,
and groups of conifers, as well as azaleas, rhododendrons, and flower beds of annuals
(Pavlatova & Ehrlich 2004).

The importance of the Cesky Krumlov town is primarily cultural. The major purpose of
visit is sightseeing (this town is important as a UNESCO World Heritage Site); the aim of
the town and the park is to attract visitors. The Baroque garden in Cesky Krumlov was
formed according to the principles of the Viennese Belvedere Rococo style, later a
Romanticist garden. In 19" century it was changed to a new modern English landscape park,
which was restored in 1970’s (Navratil et al. 2015).

In Hluboka, the chateau rebuilt formerly a Gothic castle restored later to Renaissance
chateau in Neo-Gothic romantic “Windsor-like” style; the large English landscape park
contains also a small winter garden and a riding hall. This park is significant by exceptional

landscape architecture inspired by Bad Muskau, formed by Theodor Rehder, son of
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Muskauer garden director Jacob Heinrich Rehder. It is an example of aristocratic

landscaping in the style of William Kent and Humprey Repton (Hunt 2004).

Data sampling

The data were collected by questionnaires in three parks (Tfeboi, Hlubok4, and Cesky
Krumlov), in years 2013-2014. The respondents were asked to assess the degree of the
importance of some aspects on a five point Likert scale, where 5 means “very important for
me”, contrasting to 1 “not important for me at all”. In this way, we detected their motives of
visitation (visiting chateau; having a rest in pleasant environment; getting to know the
representation in the surroundings of the chateaux, visiting a place with an interesting
history; or having a snack or lunch, dog walking or having fun. The degree of the
attractiveness of these elements was tested: accessible lawn with seating, flowerbeds,
flowering shrubs, ornamental trees, old trees, well-treated roads and enough seats, children’s

playground, mini zoo, live music, and learning about cultural and landscape history.

The respondents were also asked about their satisfaction with the infrastructure in the
park (parking, refreshments, toilets, seats), and about their interest in information
(information boards, potential tour with a guide, etc.). Then their opinion on the dogs and
cyclists was tested. We also examined the socio-demographics of the respondents (gender,

age, distance of the place they live).

Each respondent was asked to estimate the number of tree and shrub species in the park.
Next, respondents listened to two recordings of birdsong from which they chose the one they
perceive more pleasant. The birds were sorted into five groups — birds belonging to
agricultural landscape (skylark — Alauda arvensis, yellowhammer — Emberiza citrinella,
blackcap — Sylvia atricapilla), woodland (cuckoo — Cucuclus canorus, woodpecker —
Dendrocopos major), built habitat (sparrow — Passer sp, house martin — Delichon urbica,
swift — Hirundo rustica), fishpond (gull — Chroiocephalus ridibundus, reed warbler —
Acrocephalus scirpaceus, coot — Fulica atra), and town parkland (great tit — Parus major,
chaffinch — Fringilla coelebs). Ten pairwise choice sets were created this way, when random

choice was presented to each respondent.

Data analysis
Significance of differences in motivations and park elements grouped by the different

segmentation factor was tested using non-parametric Kruskal-Wallis test due the non-normal
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distribution of respondent’s assessments. The estimated tree and shrub species richness was
computed after logarithmic transformation of species numbers, and analyzed using factorial
ANOVA nested by park, with repetitions of seasonality nested in park. The differences in the
average values of richness were investigated with the Tukey HSD unequal N post-hoc test.
Each pair-wise combination of bird voice preference was tested separately using chi-square

test of independence.

Principal component analysis (PCA) was used to describe and check the relationships
between particular answers. The resulting groups are ideally orthogonal along four PCA
axes. To avoid the collinearity the values of PCA scores were assigned to all respondents to
identify their belonging to motivation groups.

Results
Socio-demographic characteristics of the visitors

The total number of respondents in all three gardens was 442 (Ttebon 142, Hluboka 150,
Cesky Krumlov 150 respondents), 58 % of women. The most frequent age was between 26—
35 years (32 % of respondents), then 18-25 years (20 %), 36-45 years (17 %), 46-55 years
(16 %), 5665 years (10%), and over 66 years 6 % of respondents. Significantly more of
elderly visitors (the two last age categories — 19 and 13 %) occur in spa town Ttebon. In
terms of distance of the place they live, most respondents come from more than 100 km
away (34 %), 24 % from distance of 51-100 km, 17 % from 21-50 km, 15 % from 6-20 km
and local inhabitants are 10 %. In Ttebon spa, 70 % of visitors come from a distance greater
than 50 km (35 % 51-100 km and 35% above 100 km). In Cesky Krumlov most visitors
(tourists) come from the largest distance (43 % above 100 km), while local inhabitants are
only 5%. We were also interested how many parks do people visit per year. Most people (55
%) visit 2-5 parks per year, only 17 % of our respondents visit more than 5 parks a year. The
least number of visited parks were detected among respondents in Ttebon, we found there

14% of spa guests.

Main motives to visit the garden

First, we investigated the main motives of garden visitation (Fig. 1) — on the first place is
having a rest (average value 4.1), second reason is getting to know the representative area in
the surroundings of the chateaux, visiting a place with an interesting history in relation to
visit the chateau. Having a snack or lunch, dog walking or having fun are the last motives of
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visiting a park. On average, 57% of respondents visited the chateau. In Cesky Krumlov it
was even 71%, in Hluboka 66%, while in Tfeboni only 33%.
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Fig. 1: Percentage of individual responses on motivation to visit; P1A — having a rest in
pleasant environment; P1B — getting to know the representation in the surroundings of the
chateaux, visiting a place with an interesting history; P1 — visiting chateau; P1C — having a
snack or lunch, dog walking, or having fun. For summary statistics see Table S1 in
Supplementary material.

The value of elements in the garden

The respondents were asked about their satisfaction with the park, the average value was
4.62 (4.94 in Tiebon, 4.39 in Hlubka, and 4.54 in Cesky Krumlov). Well-treated roads and
enough seats (average 4.3) have the highest evaluation, on the contrary, the smallest value

(average 2.7) have a children’s playground, mini zoo and live music, respectively (Fig. 2).
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Fig. 2: Percentage of evaluation of elements in the garden; S — the overall respondent’s
satisfaction in the park; P2B — well-treated roads and enough seats; P2A0 - accessible lawn
with seating; P2A4 — old trees; P2A3 — ornamental trees; P2A1 — flowerbeds; P2A2 —
flowering shrubs; P2D — learning about cultural and landscape history; P2C — children’s
playground, mini zoo, live music. For summary statistics see Table S1 in Supplementary
material.

The differences between the three parks

Some aspects are in all three parks perceived in a similar way; however, we can find
a variety of local differences (Fig. S1). In Tiebon, there is a lack of interest in potential
guided tour in the park; respondents visit only few parks a year; the general interest in
information is relatively low here. Maybe because of the location of the park, a lot of
respondents only go through the park or walk a dog. The highest satisfaction with the
infrastructure (seats, refreshments, toilets and parking) is here and also the biggest
disagreement with cyclists (only 8% of respondents would allow a bicycle parking rack and
a dedicated area for cyclists and 57% of the visitors would ban their entry to the park). On
the contrary, in Hluboka and Cesky Krumlov almost half of the respondents would tolerate
or welcome bicycle parking rack and a dedicated route. Also in these two parks, the interest
in information about landscape and cultural history is higher then in Tiebon. In Cesky
Krumlov, a lot of visitors would appreciate a guided tour. Respondents in Hlubokd and
Cesky Krumlov also visit more parks per year than in Tfebon. In Hlubok4, people estimated
a higher number of shrub species. In Cesky Krumlov we found higher proportion of younger

visitors coming from greater distances (more tourists).

Interest in information

A total of 51% of visitors want to learn more about tree and shrub species in the garden.
In Tiebon and Cesky Krumlov information boards are missing, nevertheless, the visitors in
Ttebon spa are not interested in more information, compare to other parks. We can see a
similar lack of interest in the potential tour with a guide. Nearly half of people (44%) reject
it, 38% want it for free. The absolute minimum would to pay more than 2 EUR (2% of
respondents), 17% of the visitors would pay it. The slightest interest in any tour seems to be

in Ttebon (65% of people rejects it).

Motivation groups
Respondents are classified into several groups according to their motivation of visiting
the park, which were defined along the four PCA axes (Fig.S2). The 1% PCA axis

distinguished a major motivation knowledge that was represented by groups of knowledge-
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oriented people who visited the chateau and want to see the representational surrounding of
it. They want to learn about the cultural and landscape history; they are interested in
information boards about the trees in the park (even if they already have found some boards
there), as well as they would like a potential tour with a guide (for 2 €). The old trees,
flowering shrubs, ornamental trees or flowerbeds represent a high value to them. Overall,
these visitors reflect the greatest satisfaction in the park. The opposite group represent the
youngest people (less then 25 years), living here (or up to 5 km); they just go through the
park or walk the dog. They are not interested in a guided tour in the park; they even do not
visit parks at all. According to these respondents, the dogs could be off leash in the park.

The 2™ PCA axis reflects the second most important motivation to have a rest, there
are predominantly people between 46-55, 56-65 and over 66 years, especially women, often
living in great distances (over 100 km), they could be spa visitors who go to the park to relax
and stay in pleasant environment, they require well-treated roads and enough seats. The park
maintenance work would disturb them (because they came to have a rest here). A guided
tour would be welcomed (for free). Contrary, the opposite group included active tourists.
The most frequent age is between 26 and 35 years. These people visit even 6 or more parks
per year; they often search the information in guidebooks. They would like a bicycle parking
rack and a dedicated area for cyclists. They evaluate the park infrastructure (the number of

benches, the refreshments, parking places and toilets) very positively.

The 3" and 4™ PCA axes defined last differing motivation groups. The fifth group
includes men who do not visit parks at all, they would forbid the entry of both cyclists and
dogs, and they do not want music there. The sixth group consists of the youngest
respondents who would permit a bicycle parking rack and area for cyclists. They appreciate
open lawn with seating. The last motivation group was parents with children; they prefer
having rest in the park, they want a children’s playground and mini zoo there. They evaluate
the flowerbeds, flowering shrubs, ornamental trees, and old trees with the highest values, and
would pay for a guided tour to 50 CZK. They appreciate well-treated roads and enough

seats.

Estimation of plant species richness
We asked the respondents about the number of species of trees and shrubs in the
park, the estimation should reflect their perception of biodiversity. The average estimations

in individual parks are relatively balanced; tree species estimation in Tiebon was 24 (+13.7),
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in Hluboka 25 (£13.3), in Cesky Krumlov 22 (£11.0); shrub species in Tiebon 23 (+12.0),

Hluboké 26 (+17.8), and in Cesky Krumlov 20 (+14.7).

The highest number of tree and shrub species was estimated in Hluboka, which

reflects the real situation — there is the most significant tree layer (presence of exotic species)

and also a lot of shrub species. In Ttebon, native species of trees are dominant, there is a few

of shrub species, especially rhododendrons. The lowest number of tree and shrub species

was found in Cesky Krumlov, which corresponds to the estimation — the respondents

assessed here the lowest numbers of all the parks.

We also examined the estimation of diversity of trees and shrubs in the park

depending on the resident status (Fig. 3). Although this differences were significant for both

the shrubs and trees in Cesky Krumlov, after logarithmic transformation of species richness

only shrub richness differ between Hluboké and Cesky Krumlov parks.
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Fig.3: The estimation of tree species (E3n) and shrub species (E2n) depending on the
residential status of visitors in three parks in south Bohemia. The Tukey HSD post-hoc test
show only significantly different values between shrub estimations in Hluboka and Cesky

Krumlov.
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Following analysis investigates whether a season has effect on the estimation of the
number of species. Our hypothesis was, that for example in Ttebon, where Rhododendrons
are majority shrub species, respondents would estimate higher number of shrub species in
May and early June, when they are flowering with various colors. On the contrary, the
lowest numbers are estimated in this season in this park (Fig. 4). Interesting results came
also from Hluboké garden, where noticeably higher numbers of shrub species are estimated
in autumn compare to Cesky Krumlov (Table S3), which can be explained by diversity of

colors of leaves in this season.
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Fig. 4. The estimation of tree species (E3n) and shrub species (E2n) depending on the
seasonality; spring | — May and early June; spring Il — June; summer — July and August;
autumn — September and October. The Tukey HSD post-hoc test show only significant
different values between summer shrub estimation in Hluboka and Cesky Krumlov.

The preference of birdsong
The test of preference of birdsong has a clear result, the park bird species are

significantly the most positively perceived group of birds. Also the birds of agricultural
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landscape are preferred before the birds typical for habitats such as buildings or fishpond.

Woodland bird voices have the neutral perception (Fig. 5).

Buildings
p=0.001
Park / \ Meadow
p<0.0001 p<0.01

Woodland e— Fishpond

ns. p=0.0001

Fig. 5: Preference of birdsongs typical for different habitats; the arrows show the preference
and the power of test between groups (chi-square test, bold arrow p < 0.001, middle p <
0.01, and normal p < 0.05). The significance values are results of chi-square tests of
goodness fit of positive or negative group preference.

Discussion

As already mentioned, this research follows the previous one (Navratil et al. 2015), some
questions were identical to the previous questionnaires to prove their validity. Motivation for
visit and evaluating the elements in the park have very similar results (in contrast with
Navratil et al. 2015, where the most common purpose of visit is obtaining the knowledge of
the history, we have on the first place having a rest). Other answers will usually show new
insight into the situation; moreover, we compare individual parks among themselves. The
preference of birdsong in the parks is also innovation.

There is a wide range of interests in parks — heritage protection, nature conservation,
commercial use (often associated with the destruction of naturally or historically valuable
artifacts). Finding compromises is difficult, but not impossible. One possible solution is to
increase the importance of parks in tourism because they are close to major attractions
(chateaux), the tourism may develop in accordance with the requirements of conservation —
sustainable tourism. A key aspect is the motivation of visit. According to a study Kucera et
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al. (2013) the main reasons for visiting the chateau gardens and parks are: staying in a
pleasant environment to visit the castle, walk associated with rest and sitting with family or
friends and play with children. The visitors positively evaluate the overall aesthetic value
including landscape or garden composition, ornamental trees, flower beds or other elements,
including small buildings.

A study by Roovers et al. (2002) in an intense recreational used urban forest shows that
visit frequency and length are negatively correlated and strongly determined by the distance
covered from the residence to the forest. Preferences and perceptions are influenced not only
by social characteristics but also by the recreation activities and people’s specific interests
and demands.

The motivation for learning about history rest is positively correlated with increasing
age, the growing interest in the history and environment, as well with growing number of
visited parks and chateaux (Navratil et al. 2015). In our study, also a distance of the place
where the visitors live is an important aspect. Local people are significantly less interested in
information about history, in contrast with visitors from greater distances. People interested
in history and nature are also potentially willing to pay a higher fee when charging entrance
to the park (Navratil et al. 2015), but this is also linked to the appropriate service level

expectations (Kucera et al. 2013).

Maas et al. (2009) conducted an interesting study. They investigated the relationship
between level of education, monthly income, and recreational needs of the people. The
conclusion is that the amount of green space in the environment is less important for people
with high socio-economic status, while people with lower incomes or with lower levels of
education need more greenery in their environment. Zhang et al. (2013) confirmed these
results to some extent.

Heer et al. (2003) assess the ecological and biological knowledge as relatively high (they
investigated forest visitors). The most of the respondents is aware of forest functions, their
types and species diversity and is able to identify or recognize at least part of the plant and
animal species typical of the forest. These skills are not affected by type of recreational
activities and the frequency and duration of visits, however, by the age and their level of
education (Heer et al. 2003).

Lindemann-Matthies et al. (2010) measured the ability of people to perceive diversity (of
grassland vegetation) by estimating the number of species. They found out that mean
perception of species richness increased with true species richness (but respondents slightly

overestimated at low and underestimated at high diversity levels). Our results also confirmed
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that people are able to estimate the number of species to a certain extent; in the parks with
higher species richness higher average numbers of species were estimated. Lindemann-
Matthies et al. (2010) also determined that respondent's aesthetic appreciation of grassland
vegetation increased with true species richness. This can be applied to parks and gardens; in

our study, the respondents reflect very high satisfaction in all three species-rich parks.

On the contrary, Dallimier et al. (2012) determined that people have relatively poor
knowledge necessary for the perception of biodiversity (in their research, photographs of
most widespread species of birds, butterflies and plants were shown to respondents, and only
two people (0.002%) correctly identified all of the images, while 27.3% of respondents could
not even name the species). Their results also show that respondents with good knowledge

about wildlife are more successful in assessing the level of biodiversity.

Dallimier et al. (2012) are in their study also not consistent with the results of other
studies (e.g., Fuller et al. 2007, Lindemann-Matties et al. 2010). Dallimier et al. (2012) did
not find a consistent relationship between actual plant, butterfly, and bird species richness
and the psychological well-being. But well-being shows a positive relationship with the
richness that people perceived to be present; that could be explained by poor biodiversity
identification skills, as mentioned above. The lack of connection between the perceived and
actual richness could be caused by the fact, for example, that the respondents perceived to be
more species present when the amount of tree cover was higher. People have a limited
capacity to perceive objective measures of the urban natural environment correctly
(Dallimier et al. 2012). In our study, we confirm, that for people it is easier to perceive a
spatial heterogeneity and colorfulness than a number of species (for example, in Hluboka,
the higher average number of shrub species were estimated in autumn, by the greatest
colorfulness).

Social and biological functions of the urban greenery can be definitely combined in
designing the management; nevertheless, all the interventions need to be well-considered.
The proper management of the urban greenery should ensure that greenery will perform
general purpose for increasing biodiversity, provide ecosystem services, create opportunities
for contact with nature and enhance human well-being (Fuller et al. 2007). Spatial planning
should provide high quality environment and achieve aesthetic, social, economic and
environmental advantages (Zhang et al. 2013).

The green spaces should be of high quality and provide the required properties, which
does not necessarily mean large built-up parks with lawns and tree plantations, most people

appreciate nature nearby areas, like for example forests (Tyrviinen et al. 2007). To increase
75



human well-being, for example more different types of urban green spaces (providing
everyone access to what suits him best) should help. Habitat heterogeneity increases better

perception of biodiversity and getting benefits from it (Fuller et al. 2007).

Conclusion

In our study, we focused on the perception of diversity in the chateau parks and gardens,
as a specific type of urban greenery. Using the estimation of the number of trees and shrubs
in the parks, we found that people generally reflect more color variety and spatial
heterogeneity than the number of species. Birdsong is considered as an integral part of this
environment, the most preferred group are park birds species. A colorful, spacious and well-
treated green area is a benefit for visitors who want to come back, everything should be
accompanied by appropriate infrastructure of the whole park; then it will all lead to high
satisfaction of the visitors. Moreover, a satisfied guest enjoying the pleasant environment of
the park will make a positive feedback and will recommend this place to other people. This
will lead to higher number of visitors and sustainability of the economics of the town; then

the town would be able to invest in the renewal and improvement of the infrastructure.
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Supplementary material

Table S1 Mean (confidence intervals, C.I.), median (quartile) and standard deviation values of
motivations to visit and evaluation of elements.

Mean Confidence Confidence Median Quartile Std.Dev.

P1 3.75 3.64 3.85 4.0 2.0 1.15
P1A 411 4.02 4.20 4.0 1.0 1.00
P1B 3.77 3.66 3.88 4.0 2.0 1.16
P1C 2.75 2.61 2.89 3.0 3.0 1.49
P2A0 |4.00 3.90 411 4.0 2.0 1.12
P2A1 |3.70 3.59 3.81 4.0 2.0 1.19
P2A2 |3.62 3.51 3.73 4.0 2.0 1.18
P2A3 [3.87 3.77 3.97 4.0 2.0 1.08
P2A4  |3.89 3.79 3.99 4.0 2.0 1.11
P2B 4.26 4.18 4.35 4.0 1.0 0.90
P2C 2.67 2.55 2.78 3.0 2.0 1.20
P2D 3.16 3.04 3.28 3.0 2.0 1.24
S 4.62 4.55 4.68 5.0 1.0 0.68
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Fig S1 Canonical correspondence analysis show the questionary data variation along the citizenship
to individual parks (horizontal and vertical axes explain 74 and 26 % of variation, respectively). A2 —
respondents 26-35 years old; A4 — respondents 46-55 years old; D3 — respondents living 21-50 km
far away; D4 — 51-100 km; D5 — more than 100 km; C3 — to forbid entry for cyclists; T1 — people
who found information boards; H1 — no music in the park; H4 — music in the park; PP2 — dogs on
leash; Pa — satisfaction with parking; O3 — interest in a guided tour in the park (for 2 €).
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Fig. S2: Seven motivation groups inspected by principle component analysis (PCA). All
variables (motivations, park elements, segmentation criteria) were centered and standardize.
The site effect of park was filtered out. The 1% and 2" axes (A) explain 7.6 and 4.7 %, the
3" and 4™ axes (B) explain 4.3 and 3.5 % of variance of questionary data, respectively. O1 —
no interest in a guided tour; O2 — interest in a guided tour (for free); zam — people who
visited the chateau; Fe — women; Al — respondents 18-25 years old; A6 — respondents over
66 years old; PP1 — to forbid entry for dogs; C1 — bicycle parking rack for cyclists; K1 —
people who do not visit parks; K2 — people who visit 2-5 parks a year; K3 — people who
visit more than 6 parks a year; D1 and P3F — local poeple; To — satisfaction with toilets; Ob
— satisfaction with refreshments; Ud — respondents who would be disturbed by maintenance
work in the park in visiting hours.

©
o
P1
P1B
P2D
P2A4
K2/ / N p
P2A2 027" [Fe &3 \ag i
D5
- P2B N3 ,
d
\ Ad .
) * /
’ 3 \ L1 P *
-0.8 0.6
©
o
F2
02 ELLLETYS
PP2 R ., 6
+*C3 D4 K1 .
& “
o~ *
.. “
H2 : H1 %
P3A ' - N3 :
5 &
N2 R
.
K2 \
P2C poa1\F4\ P2A3 7
. +P1A -
; P2A0 P2A2 .
N PPL
. : v .
-0.6 0.6

79



Table S3 Test of of tree (A) and shrub (B) richness estimated by respondents visiting three parks in
South Bohemia. The factorial design of residential (D1) was used in ANOVA nested by citizenship
to park with seasonal repetitions.

Tree SS d.f. MS F p
Intercept 830.0549 |1  |830.0549 [3763.561 (0.000000
park 1.6002 |2 |0.8001 (3.628 0.027403
"D1" 0.5184 |1 0.5184 |2.350 0.125990
season 0.4877 |2 ]0.2439 |1.106 0.331937
park*"D1" 0.9087 |2 |0.4544 |2.060 0.128709
park*season 1.3436 |4 |0.3359 |1.523 0.194510
"D1"*season 1.1888 |2 |0.5944 2.695 0.068696
park*'D1"*season 0.9342 |3 |0.3114 |1.412 0.238688
Error 93.7339 425 |0.2206

Weighted Marginal Means (some means not observed)
Current effect: F(3, 425)=1.4119, p=.23869

Vertical bars denote 0.95 confidence intervals
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park D1 |season

logE3n |logE3n |logE3n |logE3n

mean Std.Err. |-C.1. +C.I. N

1 [Tr |0 |spring [3.212041|0.070799 3.072881 3.351201 44
2 |Tr |0 |summer |2.964090 |0.070008 [2.826485 3.101695 |45
3 |Tr |0 |autumn |2.931063 |0.078271 2.777216 |3.084910 |36
4 |Tr |1 |spring |2.825891 |0.191725 |2.449044 |3.202737 |6

5 |Tr |1 |summer 3.335542 |0.210024 2.922727 |3.748357 |5

6 |Tr |1 |autumn [3.051215|0.191725 |2.674368 3.428062 |6

7 |Hlu |0 |spring |3.127575 |0.063325 |3.003106 (3.252043 55
8 |Hlu |0 |summer |3.151042 |0.085742 [2.982511 3.319573 |30
9 |Hlu |0 |autumn |3.113182 |0.070008 [2.975577 |3.250787 |45
10 Hlu |1 |[spring [2.999579 |0.166039 2.673220 |3.325938 |8
11 |Hlu |1 |summer [3.000128 [0.177503 2.651236 |3.349021 |7
12 |Hlu |1 |autumn [3.341176 |0.210024 2.928361 |3.753992 |5
13 |[CK |0 |spring |2.959260 |0.066415 2.828716 3.089803 50
14 |CK |0 |summer |3.088683 |0.059168 [2.972386 |3.204981 |63
15 |CK |0 |autumn |2.959892 |0.087208 |2.788480 |3.131304 |29
16*|CK |1 |spring

17 |CK |1 |summer |2.733376 [0.177503 2.384483 |3.082268 |7
18 |CK |1 |autumn |2.484907 |0.469628 |1.561824 |3.407989 |1
(B)

Shrubs SS Degr. of MS F p
Intercept 755.4785 |1 755.4785 2348.435 |0.000000
park 7.2541 |2 3.6271 |11.275 |0.000017
"D1" 2.4526 |1 2.4526 |7.624 0.006009
season 2.9290 2 1.4645 |4.552 0.011061
park*"D1" 22318 |2 1.1159 |3.469 0.032040
park*season 13350 |4 0.3337 |1.037 0.387464
"D1"*season 1.0777 2 0.5388 |1.675 0.188540
park*"'D1"*season |1.9255 |3 0.6418 1.995 0.114037
Error 136.7201 425 0.3217
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4.0

Weighted Marginal Means (some means not observed)
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Type Il decomposition
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logE2n |logE2n |logE2n |[logE2n

mean StdErr |-C.I. +C.I. N

spring |3.071927 |0.085506 |2.903860 (3.239994 |44
summer 2.985838 |0.084550 |2.819649 (3.152027 |45
autumn (3.038380 0.094530 |2.852575 |3.224185 |36
spring |2.631599 |0.231551 |2.176471 (3.086726 |6
summer |3.372007 |0.253651 |2.873440 (3.870573 |5
autumn |2.374115 |0.231551 |1.918988 |2.829243 |6
spring |2.963971 |0.076479 |2.813647 (3.114294 |55
summer |3.300644 |0.103553 |3.097105 (3.504183 (30
autumn (3.212973 |0.084550 |3.046785 |3.379162 |45
spring 3.123023 |0.200529 |2.728871 (3.517175 |8
summer |3.261112 |0.214374 |2.839746 (3.682477 |7
autumn |3.221609 |0.253651 |2.723042 |3.720176 |5
spring |2.650931 |0.080212 |2.493270 (2.808592 50
summer 2.982987 |0.071458 |2.842531 (3.123442 63
autumn |2.837889 0.105323 |2.630870 |3.044907 |29
spring

summer |2.382938 |0.214374 |1.961572 |2.804304 |7
autumn |1.791759 0.567181 0.676930 |2.906589 |1
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