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Abstrakt

Zabyvala jsem se studiem faktor(, které mohou ovliviiovat kvalitativni a
kvantitativni vliastnosti hnizdnihno spolecenstva ptdkd v méstskych parcich
a arboretech. Studovala jsem avifaunu triceti parkd v Ceské republice.
Tyto parky mély rozdilnou velikost a vegetacni strukturu. Shromdazdila jsem
data o diverzité a denzité ptdkd pomoci pouZiti pdsové metody, kterd
predstavuje modifikaci metody liniové. Jak jsem ocekdvala, druhovd
diverzita ptdk( rostla se zvétiujici se velikosti plochy parkl a také
s velikosti plochy vodnich téles v parcich, se stafim parkd a s narUstajici
proporci strom0 a kefd. Druhové bohatstvi ptdkd nebylo ovlivnéno
izolovanosti park®. Diverzita dutinovych druh0 porzitivné korelovala
srostoucim vékem park®, plochou parkl a pokryvnosti stromU a kefd
uvnitt i v okoli parkd. Na zavér jsem analyzovala denzitu ptdako.
Zaznamenala jsem, Ze denzita ptdkd byla vyssi v parcich situovanych
v cenfru mésta nez v parcich na okraji mésta. Ptaci denzita negativné
korelovala s narUstajici pokryvnosti vegetace v okoli parkd. Tato prdce
rozsiruje  vysledky studii diverzity ptdkd realizovanych v urbdnnim
prostfedi. Zahrnuti téchto poznatkd do managementu méstskych parkd

a pldnovdni mést mize podpoiit biodiverzitu v méstském prostredi.
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Abstract

| concerned with research of factors that might affect quantitative and
qualitative features of breeding bird communities in urban and suburban
parks and arboretums. | explored avifauna of 30 parks in the Czech
Republic. These parks had different size and vegetation structure. |
collected data about bird diverzity density with using band modification
of line transect method. As | expected, bird species diverzity increased in
spite of increasing size of park area and area of waterbodies, age of
park and with increasing proportion of shrubs and trees. Number of bird
species was not affected by isolation of parks. Diversity of hole-nesting
species positively correlated with age of park, park area and tree and
shrub coverage inside and outside of parks. Finally, | analyses bird
density. | found that density of birds was higher in the parks situated in
the centre of cities than in parks in the edges of cities. Avian density
correlated negatively with increasing vegetation coverage in the
surrounding of parks. This thesis extends previous findings of studies of bird
diverzity realized in urban environment. Involvement of these findings into
management of urban parks and urban planning might support

biodiversity in urban enviroment.
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UvoD

Urbanizace a Zivotni prostredi

Proces urbanizace je jednim ze zdvazinych faktor(, které vyrazné ovlivauji
druhové bohatstvi organismU jak v lokdinim tak i celosvétovém méritku
(Turner 2003, Stochat 20064). Nevyhybd se ani svétovym hotfspotim
biodiverzity (Ferndndez-Juric & Jokimdki 2001) a mize byt zafazena mezi
jednu z hlavnich pficin snizovani druhového bohatstvi nasi planety
(McKinney 2002, Miller & Hoblbs 2002,).

V soucasné dobé dochdzi k populaéni a méstské explozi a to
rychleji nez kdykoli jindy v minulosti. Nejvyraznéj§i je tento jev
v rozvojovych zemich, kde vyplyvd zintenzivni migrace obyvatel
z venkova do mést. Na pocdatku nového fisicileti zastupuiji obyvatelé mést
jiz polovinu svétové populace a tento pocet se kazdy den zvysuje o
180000 (http://www.osn.cz/). V budoucnu tedy globdini méstskd
populace prevysi pocet obyvatel venkova. Do roku 2030 je
predpokldddn ndrlst méstskych obyvatel o témér 2 miliardy.

Pro odpovéd na to, jaky budou mit tyto skutecCnosti odraz na
svétovou biodiverzitu, zatim nemdme dostatek védeckych podkladd a
studii ztohoto prostredi (Turner 2003, McDonald et al. 2008). Jedno je
viak ziejmé, v dUsledku intenzivnino urbdnniho a sub-urbdnniho rozvoje
dochdzi k radikalnim zméndm ve strukture zZivotniho prostredi (McDonnell
& Pickett 1990) a to zejména narusenim pUvodniho kontinudiniho rézu
krajiny vyraznou fragmentaci prfirodniho prosttedi a degradaci jeho
kvality, coz se vyznamné€ podepisuje na celosvétovém druhovém
bohatstvi (Wilcox & Murphy 1985, Hanski 1998 ). Dopad urbanizace a s ni
spojené fragmentace prostredi se lisi jak v rznych typech habitatd, tak i
v rozdilné mire ovliviiuje konkrétni druhy organism0 (Haila 2002).

Neni divu, Ze problematika urbanizace a jejiho dopadu na
diverzitu se stavda dUlezitou oblasti zaimU nynéjsi ekologie (Stochat 2006,

Murgui 2007). Ochrana a obnova biodiverzity v urbdnnich oblastech je



velmi vyznamnd pro management zivotniho prostredi (Chamberlain et
al. 2007).

Rovnovdina teorie ostrovni biogeografie

Biodiverzita je jednim z hlavnich konceptd v ekologii a existuje mnoho
pristupU k jejimu studiu. Jednou z nejvyznamnéjsich teorii zabyvaijicich se
biodiverzitou je rovnovdind teorie ostrovni biogeografie (MacArthur &
Wilson 1967). Teorie se zabyva faktory ovliviujicimi druhovou diverzitu
ostrovy, pficemz za ostrov je povazovdn jakykoli biotop obklopeny jinym
typem prostredi. Rovnovdazind teorie vychdzi z predpokladu, ze pocet
druh0 na ostrové je vysledkem dynamické rovnovdhy mezi imigraci a
extinkci, dynamické proto, Ze druhy na ostrové neustdle podléhaiji
vymirdni a zdroven jsou imigraci stejnych nebo novych druh(
nahrazovany (Kalmar & Currie 2006). Tato rovnovdha se odviji od velikosti
a izolovanosti ostrova. Druhovd diverzita pozitivné koreluje s plochou
ostrova a negativné s rostouci mirou izolace ostrova.

Predpokladem teorie je, ze vétsi ostrov mUze poskytnout rozsdhlejsi
nabidku zdrojU, atf uz se jednd o potravu, Ukryty nebo vhodny prostor pro
rozmnozovani. NdarUst poctu druhU s plochou je viak predevsim ddn
vzorkovacim efektem: kazdé ekologické spoleCenstvo tvori nékolik mdlo
béinych a fada vzdcnych druhU (Begon et al. 2005); s narUstajici
plochou pak nevyhnutelné narlstd pravdépodobnost zaznamendni
novych vzadcnych druh0.

Izolace je ddna odlehlosti ostrova od zdroje potencidlnich
kolonizdtord. Takovy zdroj mUzZe predstavovat jak pevnina, tak jiny ostrov.
Rychlost migrace bude pozitivné korelovat s klesajici vzddlenosti ostrova
od zdroje imigranty. Je-li pocet druhU osidlujicich ostrov nizky, pak bude

mira imigrace novych druhU vysokd, protoze na ostrové se nachdzi jesté



mnozstvi neobsazenych nik. S narUstajicim poltem ,,obyvatel” ostrova
bude rychlost imigrace klesat.

Mensi ostrovy mohou udrzet populace s nizsSim poctem jedincl nez
ostrovy vétsi velikosti. Je to zpUsobeno rozdiingm mnozstvim zdroj0, které
jsou na rozlehlejsich ostrovech zpravidla bohatsi (Begon et al. 2005).
V malych populacich nardstd riziko genetického imbreedingu a s tim
souvisejici hromadéni skodlivych recesivnich alel v genofondu populace
(Tkadlec 2008). Takové populace jsou mnohem vice ndchylné k extinkci
a snadnéji se mohou dostat do extink&niho viru, kdy snizeni genetické
variability spolu s enviromentdlnimi a demografickymi zménami spolecné
ddle redukuje pocet jedincU v populaci a cini ji stdle citlivéjsi a
zraniteln€jsi vuci dalsim faktordm (Primack et al. 2001). Z toho vyplyva, ze
na malych ostrovech obyvanych mensimi populacemi druhU, je rychlost
vymirdni druhU vyssi nez na véfsich ostrovech, nebot mensi populace
sndze podléhaji extinkci, zejména vlivem nahodilych fluktuaci
v populacni dynamice (Begon et al. 2005).

V pUvodni podobé ostrovni teorie predpokiddd jen vliv plochy na
extinkci a vliv izolace na imigraci (MacArthur & Wilson 1967). Pozdéji byla
teorie rozsifena o dopliujici vlivy plochy na imigraci a izolace na extinkci
(Begon et al. 2005). Miru imigrace organismuU Vv souvislosti s plochou
ostrova popisuje cilovy efekt (target area effect). Podle této teorie
rozlehlejsi ostrovy predstavuji pro kolonizatory efektivnégjsi cil a ztoho
plyne i vyssi mira imigrace na tyto plochy (Gilpin & Diamond 1976, Begon
2005, Murgui 2007). Pro aktivni imigranty je snazsi zaznamenat pritomnost
vétsino ostrova. Cilovy efekt plati i pro pasivni migrace, s rostouci velikosti
ostrova narfstd pravdépodobnost ,zasazeni* této plochy pasivnim
migrantem (Lomolino 1990).

Vztah mezi izolaci a extinkci druh¥ bere v Uvahu tzv. zdchranny
efekt (rescue effect). Pokud je mira imigrace jedincd na ostrové vysokd,
dochdzi ksnizeni rizka extinkce. To je ddno fim, Ze novi imigranti
obohacuji genofond populace, redukuji frekvenci recesivnich
homozygotU v populaci a prispivaji tak k vyssimu fitness. U druht s dobrou
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schopnosti disperze bude i mira imigrace vyssi a z toho plyne vyznamny
podil imigrace na z&dchranném efektu (Brown & Kodric-Brown 1977). Pro
vysvétleni vztahu mezi velikosti plochy a diverzitou bude tedy také
zasadni hlubsi porozuméni zdkonitostem migraci Zivo&icht a faktorOm,
které je ovliviuji (Murgui 2007).

| pres uvedené komplikace s cilovym a zadchrannym efektem by se
Casem meélo vysledné druhové bohatstvi ostrova ustdlit jako vysledek
dynamické rovnovdhy mezi neustdle probihajicim vymirdnim a imigraci
druh0 (MacArthur & Wilson 1967). Ddle MacArthur & Wilson (1967)
podotykaiji, Ze sklon pfimky vyjadfujici vztah mezi druhovym bohatstvim a
plochou bude mit strmé&jsi sklon pro ostrovy nez pro pevninu. Pricinnou je,
Ze kolonizace ostrovU je relativné ndrocnéjsi nez kolonizace probihajici
na pevniné. S tim souvisi i vétsi pravdépodobnost vyskytu vzdacnych
druhU na pevniné ve srovndni s ostrovy (Kalmar & Currie 2007).

Velky pfinos rovnovazné teorie pro biologii ochrany pfirody spociva
v tom, ze se dd snadno aplikovat na rdzné typy habitatd a to nejen
ostrovnich, ale i Sirokou $kdlu suchozemskych. Pojem ostrov totiz nemusi
vyjadfovat pouze konkrétni kus pevniny uprostted ocednu, ale s frochou
fantazie mizeme vnimat napr. remiz jako ostrov zelené uprostied more
orné pUdy, lesni palouk jako ostrov v ,,ocednu” stromU nebo rybnik jako
ostrov v, mofi" suché zemé (Begon et al. 2005). Proto jsem se pokusila
rovnovdaznou teorii ostrovni biogeografie aplikovat ve své prdaci,

konkrétné na urbdnni a sub-urbdnni parkové prostredi.

Vyznam meéstskych parko

Vyznam parkd, arboret a dalsich forem zelené v méstském prostredi je
jednoznacny nejen pro rekreaci, ale i pro ochranu prirody. Tento vyznam

narUstd ruku v ruce se stdle intenzivnéjsi urbanizaci. Z ochrandiského
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hlediska predstavuji méstské parky velice cennd refugia pro mnoho
organismU (Ferndndez-Juric & Jokimdki 2001).

Habitat urbdnnich parkd se v mnoha ohledech li§i od pUvodniho
prostredi, joko priklad Ize uvést rozdiiny celkovy vegetacni pokryv,
obvykle chudsi zastoupeni jednotlivych vegetacnich pater, pozménénd,
zpravidla chudsi druhovd skladba, odlisnd potfravni nabidka atd. Dalsi
komplikaci predstavuiji lidské disturbance, které jsou v méstském prostredi
zpravidla vyraznéjsi nez v prostredi prirodnim a mohou hrdt roli v regulaci
populaci zivocichU (Jokimdki 1999, Hanski 1998).

Predeslé studie urbdannino prostredi ukdzaly, ze méstské parky maiji
nejvyssi druhové bohatstvi ptdkd ze vsech urbdnnich habitatd (Jokimdaki
& Suhonen 1993, Jokimdki 1999). Biologické studie tohoto prostredi jsou
proto zdsadni pro zachovani biodiverzity v oblasti lidskych sidel. Bez
dostatecnych védeckych podkladd nebudeme schopni zvolit vhodny
management pro tyto cenné habitaty (Tighman 1987, Niemeld 1999;
Savard et al. 2000, Ferndndez—Juric & Jokimdki 2001), pricemz zpUsob
managementu souvisejici s komplexnosti habitatu md& vyznamny vliv na
druhové bohatstvi park( (Schwartz et al. 2007).

Sledovanim kvantitativnich  a  kvalitativnich  zmén zoocendz
mUZeme ziskat cenné podklady vyuZitelIné pro volbu vhodnych opatieni
zmirmujicich negativni vliv zmén krajiny zpUsobenych lidskou cinnosti.
Zvlastniho vyznamu v tomto ohledu nabyvaji vyzkumy avifauny (Vyrut
1990). Ptdci jsou vseobecné& vyuzivani ve vyzkumu jako vhodni
bioindikatofi zmnoha divodui. Jednak vykazuji Sirokou skdlu druhoveé
specifickych ndrokd na vilastnosti prostredi, v némz se vyskytuji a tak svou
pritomnosti indikuji stav a vhodnost podminek a zdroju daného biotopu
(Angelstam et al. 2004, Sastrdbm et al. 2006). Navic jsou ve srovndni
s jinymi obratlovci dobre identifikovatelni af uz podle hlasovych projevd
nebo na zdkladé pozorovdni (Chace & Walsh 2006). Terénni data o
konkrétni avifauné je mozné pomeérné rychle ziskat a to nejen zdznamy o
pritomnosti, ¢i nepfitomnosti, ale rovnéz informace o abundanci a
denzité v daném biotopu. Z téchto divodU predstavuji ptdci vhodnou

12



skupinu k vyzkumu vlivu rdzné miry a formy urbanizace na biotu (Padoa-
Schioppa et al. 2006).

HYPOTEZY A PREDIKCE

Cilem mé prdce bylo zjistit, které enviromentdini faktory maiji vyznamny
vliv na biodiverzitu v urbdnnim a sub-urbdnnim prostiredi. Za urbdnni
prostfedi povazuji jaddrové oblasti mést, kde véfSinu povrchu tvori
zastavénd plocha. Naopak sub-urbdnni prostredi v této prdci definuii
jako oblasti s relativné nizsim stupném zdastavby, jednd se o okraje mést,
predmeésti a vesnice.

Pfedpoklddala jsem ndr0st biodiverzity, tedy celkového poctu
druhU, vlivem téchto faktor(: rozioha, stéfi parku, pocet hnizdnich dutin
a budek, pokryvnost strom0 a kefd uvnitf a v okoli parku, pfitomnost
vodni plochy a mirmy nebo nulovy management. Negativni korelaci
druhového bohatstvi sem ocekdvala s mirou izolace parku. U nadmorské
vysky parku jsem neocekdvala zadny vliv na druhové bohatstvi, protoze
rozpéti nadmorské vysky sledovanych parkd bylo velmi malé.

V pfipadé dutinovych hnizdicd jsem predikovala ndrist diverzity
druhU spolu srostouci rozlohou, pokryvnosti stromd, ddle vyssim stéfim
parku a s mnozstvim hnizdnich dutin a budek. U pozice parku na okraiji
mésta jsem rovnéz predpoklddala ndrdst dutinovych druh( také spolu
srostouci proporci vegetace v parkovém okoli. Naopak negativni
korelaci jsem predpokliddala s rostouci nadmorskou vyskou, pokryvnosti
bylin a intenzivnim parkovym managementem.

U denzity ptdkl (ks/10ha) jsem ocekdvala, Ze bude stoupat
s narUstajicim stupném urbanizace, tedy od sub-urbdnni oblasti smérem

k centru mésta.
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METODIKA

Tato diplomovad préce je prezentovdna jako rukopis odborného clanku.
Proto zde uvdadim jen struény ndstin  nejdilezitéjsSich metodickych
aspektl této prace. Detaily najde ctendr v rukopise na strané 30.

Zabyvala jsem se studiem avifauny urbdnniho a sub-urbdnniho
prostredi, konkrétné se zamérenim na ptaci spolecenstva celkem 30-ti
méstskych a zdmeckych parkd a arboret na Moravé. Vyzkum probihal
v obdobi od kvétna do ¢ervna 2008 za pouziti pdsové metody, kterd
predstavuje modifikaci metody liniového fransektu (Sutherland et al.
2004). Zamérila jsem se na zhodnoceni, které faktory prostredi hraiji
vyznamnou roli v utvdreni druhové diverzity ptakd urbdnnich parkd.

Pfi studiu téchto faktord jsem vychdzela zvyse zminované
rovnovdziné teorie ostrovni biogeografie, nebotf méstsky park si mzeme
rovnéz predstavit jako ostrov zelené obklopeny ocednem budov, silnic a
dalsich lidmi modifikovanych ploch. Skrze tento ,ostrovni pristup"
mUzZeme hloubéji porozumét zdkonitostem podminujicim distribuci ptdkd
v urbdnnich oblastech a ndsledné vychdzet ztéchto podkladl pifi
stanoveni managementu parkd (Ferndndez—Juric &Jokimdaki 2001).

Testovala jsem tedy vliv velikosti a izolovanosti parku. Vliv téchto
dvou proménnych na druhovou diverzitu nabyvd s narUstajici
fragmentaci prirodniho prostredi na vyznamu (Arén 1994). Jako dalsi
mozné testované signifikantni faktory jsem zvolila nadmorskou vysku, vék
parku, mnozstvi hnizdnich dutin a budek, pomérné zastoupeni
jehlicnatych a listnatych strom0 uvnitf parku, vegetaéni pokryv uvnitt
parku — procentudini zastoupeni bylinného, kefového a stromového
patra, pritomnost a velikost vodni plochy, vegetacni pokryv v okoli parku,
pozici parku v urbdnnim prostredi — zda se nachdzi na okraji urbdnni
oblasti &i uvnitt. Jako méfitka izolace parku slouZily ndsledujici proménné:

obvod parku, vzddlenost okraje parku od okraje nejblizsi zemédélské
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pUdy a vzddlenost od okraje parku k okraji nejblizsiho lesa, ktery byl

proporéné vétsi nez 10 ha (Murgui 2007).

V ndsledujicim prehledu uvadim strucné jednotlivé faktory,

predpoklady (Tab. 1) a zjisténé vysledky.

Tab. 1: Prehled testovanych proménnych, ocekdvany vliv a pouzitd

literatura

faktor

vliv

citace zdroje

nadmorskd vyska

rozloha

st

dutiny, budky

pokryvnost bylin
pokryvnost kef(
pokryvnost stromu

vegetacni pokryvnost v okoli

vodni plocha

pozice parku — centrum

pozice parku - okrgj
izolace

management

Stevens (1992), Begon et al. (2005)

MacArthur & Wilson (1967), Jokimdki (1999),
Cornelis & Hermy (2004), Chamberlain (2007)

Ferndndez-Juric (2000), Sandstrom et al. (2006)

Peterson & Gauthier (1985), Luniak (1992),
Jokimdki (1999), Ferndndez-Juric & Jokimdki
(2001)

Thompson et al. (1993), Ferndndez-Juric a
Jokimé&ki (2001)

Jokimdki (1999), Ferndndez-Juric & Jokimdki
(2001), Chamberlain (2007)

Tilghman 1987, Storch et al. (2003),
Chamberlain et al. (2007),

Hohtola (1978), Jokimdki (1999)

MacArthur & Wilson (1967)

Jokimdaki (1999), Schwarz et al. (2008)
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TESTOVANE PROMENNE

Nadmorskd vyska

Nadmorskou vysku sledovanych park0 jsem méfila v metrech nad
morfem pomoci Google Earth. Obecnym predpokladem je, Zze druhové
bohatstvi negativné koreluje srostouci nadmorskou vyskou. Tento fakt
souvisi s izolovanosti a rozlohou, protoze horskd spoleCenstva zpravidla
zaujimaji mensi plochu nez podobnd spoleCenstva nizin a navic byvaji
vice izolovand. Nizinnd spoleCenstva jsou naopak soucdsti krajinného
kontinua a umoznuji snadné&jsi disperzi (Begon et al. 2005).

J& jsem viak ocCekdvala, Ze nadmorskd vyska nebude ovliviovat
druhové bohatstvi mnou sledovanych parkd (Tab.1), protoze rozpéti
jejich nadmorskych vysek bylo velmi malé. Ve statistickych analyzdch se

faktor nadmorské vysky neprokdzal jako vyznamny.

Rozloha

Rozlohu parku jsem mérfila v hektarech pomoci geoinformatického
programu Janitor (http://janitor.cenia.cz/). Pfi testovdni viivu velikosti
plochy parku na biodiverzitu jsem predpokiddala, Ze druhové bohatstvi
bude s rostouci plochou pozitivné korelovat (MacArthur & Wilson 1967,
Jokimdaki 1999, Cornelis & Hermy 2004, Chamberlain et al. 2007, Murgui
2007, Prugh et al. 2008).

Ve véfsim parku mUzeme ocekdvat vyssi pocet druhU, nebot je
pravdépodobné, Ze rozsahlej§i plocha umozniuje pritomnost pestrejsino
vzorku habitatd, a tudiz predstavuje bohatsi z&sobu zdrojU, at uz se jednd
o potravu, Ukryty, hnizdni dutiny qj. Rozsdhlé parky tedy predstavuji
vyznamnou zdkladnu pro podporu biodiverzity urbdnnich oblasti
(Ferndndez-Juricic & Jokimaki 2001). Mensi parky jsou schopny udrzet

pouze mensi populace, které jsou zpravidla vice zranitelné, protoze
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sndze podléhaji extinkci, zpUsobené napf. ndhodnymi fluktuacemi
v populaéni velikosti v pribéhu roku (Murgui 2007). Navic potravni zdroje
jsou v mensich parcich zpravidla omezené vlivem narUstajiciho vlivu
okrajového efektu, kdy mUZieme predpoklddat nizsi biomasu
bezobratlych (Zanette et al. 2000).

Vysledkem analyzy faktoru rozlohy parku je jeho vyrazné pozitivni
vliv na druhové bohatstvi avifauny parku, v€etné diverzity dutinovych

hnizdicU, coz odpovidd vyse uvedenym faktom.

Stari parku

Stafi parku nebylo moiné presné urCit, proto jsem jako ndhradni
proménnou pouzila primérny obvod kmene stromU ve sledovanych
parcich. Mérila jsem obvody kmenU (ve vySce ramen) viech stromu
v pdsu 10 m po obou strandch fransektu.

Je pravdépodobné, 7ze ¢im déle park existuje, tim vétsi je moznost,
Ze se zde ptdci usadi. Vyssi stdrfi parku podporuje kolonizaci novymi
druhy, neboft starsi parky jsou zpravidla prezentovdany pestrejsi a slozitéjsi
strukturou habitatu, kterd je vysledkem zmén ve vegetacni strukture
béhem let. Vék parku indikuje sloZitost prostfedi a umoznuje druhim
vyuzit alternativni zdroje, které v mladsich parcich obvykle nejsou k
dispozici napr. starsi doupné stromy. Takovy park muize ptdkim
nabidnout mnohem Vveétsi nabidku potfravnich zdrojo a hnizdniho
substradtu a predstavuje zivotni prostor i pro ty druhy, které se vyznacuiji
specifickymi  pozadavky na prostredi  (Ferndndez-Juric  2000b,
Ferndndez—Juric & Jokimdki 2001) .

Ocekdavala jsem tedy pozitivni korelaci mezi biodiverzitou a stafim
park® (Tab.1). Statistickou analyzou se tato predikce potvrdila a faktor se
ukdzal jako signifikantni a to jok ve vztahu k celkovému druhovému

bohatstvi tak i k diverzité dutinovych druh0.
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Pritomnost hnizdnich dutin a budek

Mnozstvi hnizdnich dutin a budek jsem pocitala pfimo v terénu na
stromech rovnéz v pdsu deset metr0 po obou strandch transektu.
Pfitomnost hnizdnich budek rozsifuje nabidku hnizdnich prostord,
podporuje biodiverzitu a zvysuje populaci dutinovych druh( (Jokimdki
1999, Ferndndez-Juric & Jokimdki 2001). Dutinovi hnizdici preferuji parky
vyssiho stdri. Tyto biotopy jsou totiz prezentovany zpravidla starsimi stromy
s SirSimi kmeny, u nichz je vyssi pravdépodobnost vzniku hnizdnich dutin.
Vyvadéni mlddat v dutindch je vyhodnou strategii, nebot dutiny poskytuji
UcCinnéjsi ochranu pred preddtory a nepfiznivym pocasim. Hnizdni
Uspésnost dutinovych druhld je tedy zpravidla vyssi nez u ptdkd
vyuzivajicich jiny typ hnizdniho substratu (Peterson & Gauthier 1985).
Predpoklddala jsem pozitivni vliv pfitomnosti hnizdnich budek a
dutin v parku na biodiverzitu (Tab.1). Pfedpoklad se statisticky potvrdil,
nebotf faktor byl signifikantni jaok pro celkové druhové bohatstvi, tak i
konkrétné pro dutinové druhy. Tato zjisténi nejsou prekvapivd, protoze
dutiny a budky jsou atraktivni pro dutinové hnizdice a tim zvysuji druhové

bohatstvi avifauny parku.

Pokryvnost vegetace uvnitr parku

Pokryvnost vegetace uvniff parkd jsem uréila na zdkladé Brown-
Blanquetovy stupnice (Moravec 2004). Procentudini zastoupeni stromU a
bylin v celkové pokryvnosti sem odhadla na zakladé leteckych fotomap
a pokryvnost kef0 na zdkladé odhadu primo v terénu, protoze fotosnimky
nemohly poskytnout spolehlivd data co se tyce pokryvnosti kerU.
Pokryvnost vegetace v urbdnnich parcich je obvykle nizsi ve
srovndni s jinymi prirodnimi habitaty. Rovnéz zastoupeni jednotlivych

rostlinnych pater byva chudsi. Parky se zastoupenim jak jehlicnatych tak i
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listnatych strom( obecné& hosti vyssi pocet druhd ptdkd nez parky se
zastoupenim pouze jednoho typu stromU. Parky s komplexnéjsi a pestre;jsi
vegetacni skladbou mohou totiz poskytnout vice dostupnych potravnich
zdrojU a Ukryt0 a tak zqjistovat Zivotni prostredi pro Sirsi druhové spektrum
ptdkd (Thompson et al. 1993, Ferndndez-Juric & Jokimdki 2001).
Predpokladem je, ze Cim pestrejsi je vegetacni struktura parku,
zejména pak kefové a stromové patro, tim bohatsi byva i avifauna
v ném sidlici (Tab.1). V provedenych statistickych analyzadch druhové
bohatstvi pozitivné korelovalo s rostouci pokryvnosti strom0 a kef(, coz
neni prekvapivé, protoze pravé stromy a kefe predstavuji pro véetsinu
druh® ptdkd vhodny substrat pro hnizdéni a vyvadéni mladat. Naopak
negativni korelace se ukdzala u pokryvnosti bylin, kdy ndrist jejich
proporce snizoval druhovou diverzitu. Stejné signifikantni byly vyse

zminéné faktory i pro diverzitu dutinovych hnizdicU.

Vodni plocha

V kazdém parku jsem zaznamenala pfitomnost Ci nepritomnost vodni
plochy. Pomoci fotomap jsem poté vypocetla procentudini zastoupeni
vodni plochy v celkové rozloze parku.

Pritomnost vodni plochy je vyznamnd pro podporu biodiversity
v méstskych parcich (Tighman 1987, Chamberlain et al. 2007).
Vyznamnou roli hraje i velikost vodni plochy, coz jako vyznamny faktor
ovliviuijici distribuci ptdk( v prostredi zaznamenal napf. Storch et al.
(2003). Nékteri ptaci primo preferuji pritomnost vodni plochy, at uz jako
hnizdni prostfedi, zdroj potravy nebo pro potreby komfortnino chovdni
atd. Ferndndez-Juricic & Jokimaki (2001) poznamendvaji, zZe
pernamentni zdroj vody mUze do parku prildkat i vzdcné druhy ptdkd,
které jinak v parcich nevykazuji bézny vyskyt, jako priklad uvadéji

prfitomnost konipase horského (Motacilla cinerea) v Madridském
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méstském parku. Tento druh je typicky pro okoli horskych bystfin, ale
béhem zimniho obdobi se vyskytoval v parku, kde se nachdzela uméle
vytvorend vodni plocha.

Podobné zkusenosti jsem ziskala i ve zkoumanych parcich, kdy
jsem zaznamenala zvyseni pestrosti druhové skladby avifauny parkd
obsahujicich vodni plochu a rovnéz statisticky byl tento faktor
signifikantni. Vyznamnou roli ve vztahu k rostouci druhové diverzité ptdkd

hrdla zejména rozloha vodni plochy a jeji proporce v parku.

Pozice parku

U kazdého parku jsem urCila zda se nachdzi v centru mésta nebo na
jenho okraji. Ve sméru narUstajici urbanizace klesd druhovd diverzita a
naopak narUstd denzita ptdakd (Hohtola 1978, Jokimdaki 1999).

Ocekavala jsem vyssi druhové bohatstvi v parcich situovanych na
okraji mést (Tab.1). U parkd v centru mést jsem na zdkladé teorie ostrovni
biogeografie predpokliadala, ze budou vice izolovdny od okolni krajiny a
tak rovnéz druhové chudsi, tato predikce se ale statisticky neprokdzala.
Poloha parku neméla signifikantni viiv jak na celkovou diverzitu ptdkd,
tak ani na druhovou pocetnost dutinovych hnizdicd. Naopak ve vztahu
k denzité se poloha parku v urbdnnim prostredi ukdzala jako signifikantni.
Potvrdily se vySe uvedené poznatky Hohtoly (1978) a Jokimdkiho (1999),
kdy denzita pozitivné korelovala s narUstajici urbanizaci, smérem k centru

mésta tedy byla vyssi.

lzolovanost

Jako méritka izolovanosti parku jsem zvolila ndsledujici proménné (podle

Murgui 2007): obvod parku (m), vzddlenost k nejblizsi zemédélské pidé a
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vzddlenost k nejblizSimu lesu vétsimu nez 10 ha. Vzddlenosti jsem mérila
v mefrech od okraje k okraji pomoci geoinformatického programu
Janitor (http://janitor.cenia.cz/).

Vliv izolace parku na druhovou diverzitu ve studiich zabyvajicich se
meéstskymi parky nebyl vyznamny (Jokimdki 1999, Ferndndez-Juric &
Jokimdaki 2001, Murgui 2007). Pri nedostatku efektu izolace mohou hrat roli
napr. zalesnéné ulice mésta, jako potenciondini koridory zvysujici
konektivitu prostfedi. Navic mohou poskytovat alternativni potravni
nabidku a hnizdni substrat. Na druhou stranu mohou koridory zvysit
pritomnost preddtord a tak i zvySovat Umrtnost jedincU vyuZivaijicich
tento habitat (Ferndndez-Juric 2000a, Ferndndez—Juric & Jokimdaki 2001).
Nebezpedli hnizdni predace roste ve sméru urbanizace, je tedy nejvyssi
v cenfrech mést. Zasadni roli pfitom hraje viditelnost hnizda, kterd
koreluje se strukturou vegetacniho zdpoje. Nejvice zranitelnou skupinu
pritom predstavuji druhy hnizdici na zemi (Jokimdki et al. 2005).

Vzhledem k teorii ostrovni biogeografie jsem ocekdvala negativni
vliv izolace na biodiverzitu, ale podobné joko ve vyse uvedenych
studiich se tento faktor statisticky neprokdzal joko signifikantni. Tyto
vysledky viak nejsou prekvapivé, protoze stredoevropskd krajina obecné
vykazuje velkou miru konektivity pro tak vysoce mobilni organismy jako
jsou ptdci. Nejvétsi vzddlenost parku od nejblizsiho lesa nad 10 ha Cinila
8.3 km, coz je pro ptdky zanedbatelnd vzddlenost, kterou jsou zpravidla

bez vétsich obtizi schopni prekonat.

Management

Parky jsem rozdélila podle stupné managementu do fii kategorii:
a) sintenzivnim  managementem  (pravidelné  sekdni  trdvniku,

zastfindvani kefd a stromU a dalsi zahradnické Upravy)
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b) s mirnym managementem (pouze sekdni travy jedenkrdt max. dvakrat
do roka)
c) bez jakékoli udrzby

Schwartz et al. (2008) zjistil, ze v intenzivné obhospodarfovanych
parcich byla biodiverzita ptdkl vyrazné nizsi nez v parcich s mirnym,
nebo vlbec zddnym managementem, pricemz parky s mirnym
managementem mély podobné druhové bohatstvi jako parky bez
z&saht. Ddle podotykd, Ze druhy, které byly v tomto urbdnnim habitatu
vzacné, se meénily podle stupné managementu parku nejvice a
preferovaly pravé mirny nebo zddny management (Merops apiaster,
Muscicapa striata, Phylloscopus trochilus). Naopak druhy béiné
v urbdnnim prostredi, adaptované k vyuzivani jeho zdrojd, nepreferovaly
ani jeden typ managementu parkd (napf. Passer domesticus, Columba
livia).

Predpoklddala jsem rovnéz, ze vliv managementu parku bude mit
signifikantni vliv na druhové bohatstvi ptdkd, ale statisticky se v mém

pripadé tento predpokiad nepotvrdil.
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SOUHRN

Zabyvala jsem se studiem faktord ovliviujicich kvantitativni a kvalitativni
vlastnosti  hnizdnich ornitocendz méstskych a zdmeckych parkd «
arboret. Zkoumala jsem spolecenstva ptdkd v celkem fficeti parcich
v Ceské republice s pouzitim pdsové metody, kterd je modifikaci metody
liniove.

Z&sadnim faktorem ovliviujicim biodiverzitu byla plocha parku, jeji
vliv byl vyznamny i ve vztahu k dutinovym hnizdicdm. Parky mensi velikosti
oviem nejsou bezvyznamné, nybrz jako tzv. ndslapné kameny mohou
usnadnit pohyb organismU fragmentovanou krajinou. Navic mohou
obsahovat zdroje, které jsou v dané oblasti vzdcné a vrozsahlych
fragmentech chybi (Fischer a Lindenmayer 2002). Za téchto podminek
jsou tedy i mensi fragmenty prirodni krajiny vyznamné pro ochranu
druhové diverzity a rovnéz parky mensi velikosti mizeme poklddat za
cenné z hlediska ochrany prirody.

Dalsimi  vyznamnymi faktory pozitivné korelujicimi s druhovym
bohatstvim parkd byla prfitomnost hnizdnich dutin a budek, pokryvnost
vegetace uvniff parku a pritomnost a velikost vodni plochy. Diverzita
dutinovych druh0 byla, kromé vlivu plochy, také pozitivné ovlivnéna
stéfim  parku  (reprezentovanym  primérnym obvodem kmenu),
pritomnosti hnizdnich budek a dutin, pokryvnosti vegetace uvnitf parku a
navic i pokryvnosti vegetace v okoli parku.

Denzita ptdkd byla signifikantné vyssi u parkd situovanych v centru
zastavby nez u park( na okraji, poloha parku md tedy vyznamny viiv na
denzitu avifauny v urbdnnim prostredi. Vliv nadmorské vysky, pomérné
zastoupeni listnatych stromU, izolace a intenzita managementu parku se
v této studii neprokdzaly jako signifikantni faktory ve vztahu k biodiverzité
ptdkd véetné dutinovych druhi.

Se stdle narUstajici  urbanizaci predstavuji  biologické  studie
v urbdnnim prostredi cenné podklady pro ochranu pfirody v téchto

oblastech. Tyto poznatky mohou byt zafazeny do managementu
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méstskych parkl a dalsich typ0 verejné zelené&, navic mohou byt
zahrnuty do pldnovdni vystavby mést a dalsich urbdnnich ploch, tak aby
byla podporfena biodiverzita organismi i vtomto cClovékem vyrazné

modifikovaném prostredi.
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Abstract
Urbanisation is one of important processes associated with
fragmentation of natural ecosystems and decline of biodiversity. Urban
parks, situated inside towns and farmland, are important refugia for
many organisms including birds. We studied factors that might affect
avian species richness in these "“vegetation islands in the sea of human-
made landscapes. We selected 30 urban parks of varying size and
vegetation structure in the Czech Republic. Data on avian species
richness and breeding density were collected with band modification of
line transect method. As predicted, the number of bird species increased
with increasing area but was not affected by isolation of parks. Avian
diversity further increased with area of water bodies, tree stem perimeter
(a surrogate measure of vegetation age) and was inversely related to
grass vegetation coverage. Thus, parks with higher proportion of tree
and shrub cover supported larger number of species. Analyses of
diversity of hole-nesting species showed that their diversity increased with
stem perimeter, park area, and free and shrub coverage both within
and outside focal parks. Finally, we tested which factors influence
cumulative density of birds. Overall avian density was higher in urban
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than in sub-urban parks and was correlated negatively with increasing
vegetation coverage in areas surrounding focal parks. Our study thus
extends previous findings of larger-scale studies (urban vs. non-urban
areas) to smaller urban vs. sub-urban scales. Utilization of these findings in
urban planning and park management might positively influence

biodiversity in parks.

Key words: urban parks, species-areq, species-isolation, the equilibrium

theory of island biogeography, biodiversity, fragment landscape

Introduction

A process of urbanisation is one of the major factors moulding global
biodiversity (Jokimdaki 1999, Wilcox and Murphy 1985). Cities are
environments extremely modified by humans with typically only small
fragments of the original habitats present (Jokimd&ki and Suhonen 1993).
Thus, studying impacts of urbanisation on biodiversity are one of the
priorities of current ecology (Murgui 2007). The preservation and recovery
of biodiversity in urban areas has also become an important issue in
environmental management (Chamberlain et al. 2007). Study of urban
biodiversity is currently critical for want of ecological knowledge in urban
planning (Tiighman 1987 Niemeld 1999; Savard et al. 2000, Ferndndez-
Juric and Jokimdaki 2001).

The purpose of this study was to test which factors determine
diversity and abundance in avian communitfies in urban parks. Urban
parks are important hotspots of biodiversity in built up areas (Ferndndez-
Juric E and Jokimdaki 2001). Knowledge of factors responsible for changes
in biodiversity in urban areas might inform urban park management and
planning. We used birds as bioindicators of quality of enviroment. Birds
are useful in this respect because they typically require the existence of

various habitats at different spatial scales, they are also relatively
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conspicuous and easy to survey in comparison to other taxonomic
groups (Angelstam et al. 2004, Sandstrém et al. 2006).

Previous studies showed that urban parks have the highest diversity
of birds among all urban habitats (see Jokimaki and Suhonen 1993,
Jokimdki 1999). Therefore, it is essential to understand factors that
determine diversity of birds in order to select suitable management for
urban parks.

Because biodiversity is one of the main concepts in ecology,
various ways to study were developed. One of the most important
approaches is the equilibrium theory of island biogeography developed
by MacArthur and Wilson (1967). This theory considers effects of area
and isolation on biodiversity. It assumes that species number positively
correlates with increasing area and decreases with growing isolation.
Although the theory was originally developed for islands it can be
applied on any patchy habitats. From this point of view urban parks are
vegetation islands inside the ocean of buildings. Through the island
approach we can understand the patterns which determine birds
distributions in urban areas and exploit it for the management of urban
birds (Ferndndez-Juric and Jokimd&ki 2001). However, island biogeograhy
alone is insufficient to explain overall patterns of biodiversity (Prugh et al.
2008). Thus, it is important to detach the effects of area from additional
factors, which can influence species richness (Jokimdaki 1999).

In this study we aimed to explain bird species richness, diversity of
hole-nesters (see below) and overal cumulative density of individual birds
in urban parks. We predicted that avian diversity would increase with
area (MacArthur and Wilson 1967), presence of water bodies
(Chamberlain et al. 2007), park age (Ferndndez-Juric 2000, Sandstrom et
al. 2006), number of breeding holes and nest boxes (Luniak 1992,
Jokimdaki 1999, Ferndndez-Juric and Jokimdki 2001), and cover of shrulbs
and trees inside and around urban parks (Sandstrom et al. 2006). Also
isolation (MacArthur and Wilson 1967) and altitude (Stevens 1992) are
known to affect (negatively) the diversity but we did not expect them to
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be important per se because of the small altitudinal and geographic
scale of the present study. Instead of isolation by distance we predicted
that proportion of built-up or farmland areas around parks will decrease
diversity in parks. Further, we expected that avian diversity will be higher
in sub-urban than in urban parks and will by higher in less intensely
managed parks than in those with larger human effects on vegetation
structure (e.g., mowing, shrub cutting).

Hole-nesters are specific and ecologically important group of birds
(Virkkala et al. 1994). This is because hole-nesters are crucially
dependent on mature vegetation which provides them with trees of
sufficient size to support their breeding holes. Such vegetation is also
preferred by some endangered avian taxa (Rosenvald and Lohmus
2003). Thus, hole-nesters are better indicators of biological quality of
environment than other avian species. Therefore, we repeated our
analyses for the subset of hole nesting species. We predicted that mainly
number of available nest holes and boxes and/or age of park (perimeter
of trees) are responsible for diversity of these species. In contrast, other
factors (such as water coverage) should not be important predictors of
hole-nester diversity.

In respect to density of individual birds we anticipated increased
density in urban in comparison to sub-urban parks (Jokimdaki 1999). Other
important positive factors might be number of nest boxes and holes,
proportion of water area, and built up area and vegetation coverage

around park.

Methods

Study area and bird census

We conducted the study in urban parks and arboretums in Moravia,

Eastern part of the Czech Republic. All data were collected from April fill

June 2008. We choose 30 parks which totalled 288 ha (Table 1). Parks

were selected so as to vary in size, isolation, vegetation cover and other
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factors that we predicted to be important in affecting avian diversity
(see above).

In order to determine quantitative and qualitative structure of bird
communities we surveyed each park three times. The visits were done
with two weeks gaps between them. The surveys were undertaken
between 06:00 and 11:00 a.m. (C.E.T.) when activity of most bird species
is maximal (Bibby et al. 2000). Data were collected only on days when
the weather was good (no rain o strong wind).

We used the band modification of the line transect method
(Sutherland et al. 2004). In each park, we selected a line fransect so as to
cover the whole area of the park and all types of habitats within the park
proportionally to their coverage. The length of fransect was proportional
to park area (park area vs. transect length: rs = 0.98, n = 30, P < 0.0001).

We walked slowly at constant speed along the line transect. The
time spent in each park varied from 15 minutes to 2 hours, depending on
the size of the park. We registered all heard and seen birds in the belt 50
m wide (i.e., 25 meters on both sides from the line as recommended by
Janda & Repa 1986). Birds flying in the direction of our walk were
excluded to prevent double counting. All data were collected by same

observers (EC and TW) to avoid inter-observer bias.

Habitat measurements

For each park, we determined following characteristics (Tables 1, 2):

1. Geographical coordinates (using Google Earth).

2. Altitude in m above sea level (using Google Earth).

3. Area of the park (ha).

4. Park age. Despite substantial efforts, we were unable to get reliable

data on park age. Thus, we used perimeter of tree stems as a surrogate

measure of vegetation age. We argue that this might be, in fact, a

better measure of park age than time elapsed from the establishing of

the park. This is because relatively old parks can undergo extensive tree

cutting; then the actual age of the vegetation could be smaller than
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overall age of relatively younger park. There is no reason to expect that
avian communities should be affected by age of the park per se, yet
birds clearly depend on the qualities of vegetation in the park
independently of mere park age. We measured perimeters at breast
height (120 cm above ground) of all frees that were within 10 m distance
from both sides of our transects. Depending on the size of the park and
structure of vegetation near the transect we measured between 2 and
726 trees per park (park area vs. number of frees measured: rs = 0.64, n =
30, P =0.0002).

5. Number of breeding holes. We inspected all trees within 10 m on both
sides of transect (i.e., all trees with measured perimeters) and counted
all natural hollows or bird boxes. We pooled the number of both natural
holes and human made nest boxes in one variable.

6. Forest type. We determined type of the free (coniferous or
broadleaved) for all trees within 10 m from transect. We then calculated
percentage of deciduous trees. This variable was continual.

7. Vegetation coverage within park. We employed Brown-Blanquet scale
to estimate percentual vegetation cover of trees, shrubs and grass,
respectively (following Moravec 2004). Estimates of tree and grass
coverage were done by eye using aerial photographs. Shrub cover was
estimated in the field (aerial photographs cannot provide reliable
information for estimates of shrub cover).

8. Vegetation coverage in park surroundings. Proportions of areas
covered with vegetation (trees and shrubs), buildings and agricultural
farmland (fields and pastures) were estimated within 500 m from park
outside edge (following Murgui 2007). We used JanMap application in
the geoinformatics Janitor program (http://janitor.cenia.cz/).

9. Water coverage. In each park, we determined area covered with
water (lakes, rivers) and calculated percentual coverage. This variable

was continual.
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10. Position in relation fo urban environment. We differentiated two levels
of this nominal variable: parks surrounded by buildings (urban parks) or
parks bordering with farmland (non-urban parks).

11. Perimeter of each park (m) (following Murgui 2007).

12. Distance to the nearest farmland (m).

13. Distance to the nearest forest (greater than 10 ha ) (Murgui 2007).

14. Management of park. We differed three groups of parks according
to level of management: managed (regularly gardening, mowing grass,
cutting shrubs etc), moderately managed (only mowing grass once or
twice a year) and unmanaged (free of any gardening).

Measures of park isolation (11-13) were performed in the Janitor
program. All distances (12 and 13) were calculated as minimum distance
from the edge of the focal park to the edge of nearest agricultural area
or forest, respectively.

Park perimeter (Murgui 2007) was found to provide essentially the
same information as park area (s = 0.97, n =30, P < 0.0001). We

therefeore excluded this redundant variable from further analyses.

Bird community characteristics

1. Avian biodiversity (total number of species). Cumulative number of
bird species detected acoustically or visually (data pooled for each
park) during three surveys in each park.

2. Number of hollow nesters (total number of species breeding in natural
hollows and/or nest boxes). Hollow nesting species included the great
spotted woodpecker (Dendrocopos major), Syrian woodpecker
(Dendrocopos syriacus), grey woodpecker (Picus canus), green
woodpecker (Picus viridis), nuthatch (Sitta europea), great fit (Parus
major), blue tit (Cyanistes careuleus), crested tit (Lophophanes cristatus),
coal tit (Periparus ater), marsh ftit (Poecile palustris), collared flycatcher

(Ficedula albicollis), and starling (Sturnus vulgaris).
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3. Density (number of individual birds per 10 ha). We used total
cumulative number of all individuals of all bird species from three surveys

as a proxy for bird abundance and divided it by three.

Statistical analyses

Data on vegetation coverage (grass, shrubs, trees) within parks were
strongly inter-correlated (all rs > 0.46, n =30, all P < 0.01). To avoid multi-
collinearity (see Graham 2003) we used PCA. PC1 explained 65.7% of
variation in the data and was positively correlated with trees (rs = 0.75, n
=30, P <0.0001) and shrubs (rs =

0.84, n =30, P < 0.0001) and negatively with grass (rs = =0.85, n =30, P <
0.0001).

Data on coverage in the surroundings were also partly
intercorrelated. Farmland coverage correlated negatively with both
vegetation cover (rs = —0.46, n =30, P = 0.01) and buildings coverage (rs =
-0.82, n =30, P < 0.0001). However, vegetation cover did not correlate
with buildings coverage (rs = —0.06, n =30, P = 0.76). We again run PCA.
PC1 explained 63.0% of variation in the data and correlated negatively
with farmland coverage (rs = —0.98, n =30, P < 0.0001) and positively with
buildings coverage (rs = 0.91, n =30, P < 0.0001). In contrast, PC2 (which
explained 37.0% of data variation) correlated positively with vegetation
cover (rs=0.94, n = 30, P <0.0001).

Distance to nearest farmland and forest above 10 ha positively
correlated (rs = 0.47, n =30, P = 0.009). PC1 of the two variables explained
68.2% of variation and correlated positively with both (rs = 0.66 and 0.95
respectively, both P < 0.0001). We used this PC1 as a measure of overall
isolation of the park.

We first tested effects of all explanatory variables of interest in
separate univariate models. Then, we tested their effects in multivariate
models, separately for (1) overall species richness, (2) hole-nesters
species richness, and (3) overall bird density. Originally we fitted full
models with variables 2-13 (see the list above). We sequentially removed
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non-significant terms (at conventional a = 0.05) to get the minimal
adequate model. We checked all models for linearity of effects,
normality of errors and homogenity of variances and we found them
satisfactory (Grafen and Hails 2002). Results are presented as means +
S.E.

Results

Species richness

Univariate models showed that number of bird species recorded in parks
increased with area, number of nest holes and nest-boxes and also with
water coverage (Table 2). Influence of area and water coverage was
significant also in the multivariate model (Table 3). Additionally, stem
perimeter and vegetation coverage within park (PC1) positively
covaried with species richness. The latter indicates that number of bird
species in parks increased with increasing tree and shrub coverage but
decreased with increasing grass coverage. However, coverage within
park (PC1) correlated with area and water coverage, therefore we did
not include the coverage with the other variables into one model (see
Graham 2003) but calculated two separate models (Table 3).
Significance of stem perimeter suggests that age of park has positive
effect on bird species richness.

Interestingly relationship between area and species richness was
strictly linear (Table 2). Second order polynomial regression of species
richness against area showed that quadratic area term was non-
significant (t2,27=—0.46, P=0.65).

Hole-nesters

Such as in previous univariate models the effect of area was also

significant in analyses of hole-nesters. Area had positive influence on

number of hole-nesting species (Table 2). Other variables with significant

positive effects were stem perimeter, number of holes and nest boxes
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and also coverage within parks (PC1). Positive effects of PC1 suggest
that tree and shrub coverage supports higher diversity of hole-nesters.
Multivariate analyses supported conclusions based on univariate
models. Also here areq, stem perimeter, and coverage within park (PC1)
had positive effects on presence of hole-nesters (Table 4). Additionally,
species richness of hole nesting birds positively covaried with coverage
outside park (PC2), suggesting that hole nesters diversity increased with

increasing vegetation cover in the parks surroundings (Table 4).

Bird density

Univariate models supported our prediction that bird densities are on
average higher in urban than in sub-urban areas (Table 2). Variable
“coverage outside park” (PC2) significantly negatively covaried with
bird densities in parks suggesting that vegetation cover in surrounding
areas might “canalize” birds away from human settlements. Bird densities
also tended to decrease with increasing proportion of deciduous trees in
parks.

In the multivariate models backward elimination of non-significant
terms gave final reduced model with only one variable. Solely location of
the park significantly affected bird density (f128=2.62, P=0.01). As
predicted, bird densities were on average higher in urban areas
(33.0+2.5 birds/10 ha) than in non-urban ones (24.0+2.4 birds/10 ha).

Discussion
Species richness
We found that species richness of bird communities in parks positively
correlated with area, perimeter of tree stems (surrogate measure of age
of park), number of available nest holes and boxes, coverage of water
and cover of frees and shrubs.

Positive effect of area on species richness is the most important
factor affecting diversity at all scales, from local (Chamberlain et al.
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2007, Prugh et al. 2008) to global (Kalmar and Currie 2006). Additionally
to sampling effects, we can expect that the more area the more species
because there are more types of habitats and more sources of food and
cover. Large parks have more complex structure of habitat and for these
reasons they can provide suitable base for bird species richness
(Fernandéz-Juricic and Jokimaki 2001). Small parks are more
predisposed for random extinction because there are lower population
of birds that are more vulnerable to random population fluctuations than
larger populations (Murgui 2007). Further, probability of bird immigration
is higher for large parks, because they presented larger targets for
migratory organisms include birds (Gilpin and Diamond 1976, Begon
1997, Murgui 2007). In addition, resources in small parks are poorer than
in larger parks, which can be a result of cumulative influence of edge
effects (see Zanette et al. 2000). On the other hand we stress that small
parks are not unvalued, because they can serve as stepping stones and
in this way facilitate movement of organisms through landscape (Fischer
and Lindenmayer 2002). Under these conditions we may consider also
small parks as valuable for conversation of nature in highly fragmented
urban areas.

We found that age of park covaried positivelly with species
diversity. Clearly, the more years park exists higher the probability that
birds settle there. Higher age of park supports colonisation of new
species also because older parks present richer and more complex
habitat, that is the result of long-time cumulative changes in structure of
vegetation. Other things being equal, supplies of resources (food, cover,
breeding substrates etc.) are larger in older as compared to younger
parks.. Older parks thus present more breeding opportunities for birds
with specific habitat requirements (Fernadndez-Juric 2000b, Ferndndez-
Juric and Jokimdki 2001) .

Presence of water bodies is important for support of biodiversity in
park (Tighman 1987, Chamberlain et al. 2007). Some kinds of birds prefer
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presence of water for breeding or feeding. Permanent water source in
park can atftract also some rare species that are not common in urban
habitat (Ferndndez-Juricic & Jokimaki 2001) For example, in our study we
recorded these species bounded on water source which are not-usually
in urban parks: Motacilla cinerea, Galinulla chloropus, Aythya fuligula.
Avian species richness positively correlated with increasing cover of trees
and shrubs. This probably follows from the fact that most species we
detected in parks also breed there (own unpubl. data), and most such
species built their nests in shrub and/or tree vegetation. Parks with
complex habitat ensure living space for wide species spectrum of birds
The more various composition of vegetation and layers the more bird
species with different requirements for habitat can exploit it. (Thompson
et al. 1993, Ferndndez—Juric a Jokimdaki 2001).

Park isolation (distance to other vegetation “islands”) had no
staftistically significant effect on avian diversity (see also Tighman 1987,
Jokimdaki 1999). This findings is not suprising — the central European
landscape shows high connectivity for highly mobile organisms such as
birds. The average distance from nearest forest larger then 10 ha was
1500 m and the maximum distance was 8300 m. These are negligible

distances for birds.

Hole nesters
Similarly to overall species richness, effect of area was also significant
and positively correlated with richness of hole nesters.

As predicted, diversity of hole-nesters was mainly determined by
availability of nest boxes and nest holes. Presence of nesting boxes and
holes enhances breeding options for many species, and thus support
biodiversity (Peterson and Gauthier 1985, Jokimdki 1999, Ferndndez-Juric
and Jokimdki 2001). Importantly, hole-nesters are generally over-
represented among endangered bird species (see Virkkala (2006). Thus,
age of vegetation (and, consequently, of parks themselves) can be a
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crucial factor from conservation point of view. In the paper from
Jokimdaki (1999) interesting findings, that the number of nest boxes was
the most important variable explaining the occurence of the cavity
neesting pied flycatcher, but not for the other cavity nesters such as
Parus species, in the city parks. Positive correlation between hole nesters
and present of nest boxes can be probably generically specific.

Also age of park (surrogately measured by perimeter of trees)
was significant factor correlating with diversity of hole-nesters.

Number of hole nesters positively correlated with free and shrub
coverage within park. Trees provide breeding holes whereas shrubs
provide food for many hole nesters (e.g., insects for fits or nests with eggs
and/or nestlings that can be predated by woodpeckers; Weidinger
2009). Additionally we found out that richness of hole nesters positively
covaried with coverage of vegetation around park. This may be
explained by additional foraging opportunities available there for hole-

nesters (especially woodpeckers with larger home ranges).

Breeding density

We found that bird densities are higher in parks situated inside of city
than on the urban edge. This finding parallels that of Jokimdaki (1999) who
found that bird densities increased with increasing gradient of
urbanization, but bird species richness showed opposite relationship (see
also our Results). We also detected negative correlation between density
and vegetation coverage outside of park. Probably, when there is
suitable vegetation available outside park, birds select such non-urban

habitats. Under such conditions densities inside urban parks will decline.

Conclusions

Biogeographic studies of birds in urban environment typically focused

either on determinants of species richness within urban environment

(Chamberlain et al. 2007), or compared urban and strictly non-urban
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areas (Bessinger and Osborne 1982). Here, we extended the scope of
these studies to “middle scale” whence we compared various aspects of
avian communities between strictly urban parks and parks on the
outskirts of towns. We found that also in this scale there are important
diversity and breeding density gradients that parallel those documented
for larger spatial scales. As predicted, area and vegetation but not
isolation were main determinants of avian diversity. Further, we suggest
that diversity of hole-nesters might be a more relevant parameter for
conservation efforts than overall avian species richness. This is because
overall richness is mainly determined by relatively common species that
are not priority for environment conservation (Orme et al. 2005). In a
contrast, hole-nesters are over-represented among endangered and
consequently conservationally important taxa. Based on our results we
suggest that current management practices in parks (mowing, shrub
cutting) might be less important factor affecting avian communities.
Instead, leaving more trees to mature to increase overall age of
vegetation seems to be more important for maintaining the diversity of

hole-nesters and other avian species,
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Table 1 Overview of studied parks and public gardens (ordered according to park
area). Parks are classified as three types: “castle parks” (c), “urban parks and gardens”

(u), or "arboretums” (a). Coordinates, altifude and area are given.

Park location (name) Park N E Alfitude  Area
type (m asl) (ha)
Konice C 49° 35’ 16 °53° 423 0.28
Rikovice c 49°22°  17°26° 204 0.80
Hrubgice c 49°26° 17°11° 210 1.03
Laskov c 49 °35° 17°00 "~ 301 1.35
Prestavlky C 49 °23’ 17 °28° 243 1.54
Citov c 49° 277 17°19° 201 1.74
Drevohostice c 49 °25° 17 °35° 239 1.85
Prostéjov U 49° 287 17°06° 223 1.89
Jesenec c 49 °36° 16°51° 495 1.90
Bila Lhota a 49 °42° 16 °58° 290 2.42
Olomouc (Archbishop’s garden) c 49° 367 17 °16° 217 2.44
Rokytnice C 49° 28’ 17 °23° 210 2.54
Lipnik n.B. U 49 °317 17 °34° 233 2.67
Pavlovice c 49 °28° 17 °33° 300 3.60
Veselicko C 49 °31° 17°30° 358 4.21
Chudobin c 49 °417 17 °01° 260 4.66
Nové Zamky c 49 °43° 17 °01° 245 4.93
Tovacov C 49 °25° 17°17° 200 5.31
Olomouc (Bezruc’s public ) )
garden) u 49 °36 17°16 220 6.44
Olomouc (Cech’s public garden) U 49 °36° 17 °14° 222 7.15
Dobroslavice c 49 °52° 18 °08° 308 9.14
Kromériz (Flower garden) C 49 °17’ 17 °22° 205 10.03
Kvasice c 49 °14° 17 °28° 191 14.22
Pferov U 49 °27° 17 °27° 210 15.73
Olomouc  (Smetana’s  public i i
garden) U 49 °35 17°15 219 15.83
Cechy pod Kosifem c 49 °32° 17 °02° 253 19.95
Novy Dvir a 49 °56° 17° 46° 345 21.71
Kravare c 49 °557 17 °59° 240 35.20
HoleSov c 49 °20° 17 °35° 232 35.48
Kroméiiz (Chateau garden) ] 49 °18° 17 °23° 191 52.30
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Table 2 Results of univariate analyses explaining species richness, overall bird density

and number of hole-nesting species, respectively. Data were collected by band line

fransect method in 30 parks in the Czech Republic. Degrees of freedom are 1, 28 for alll

regression models except of management effects with df=2,27. For details on

explanatory variables see Methods.

Explanatory variable Species richness Hole nesters Density
Estimate+SE t P Estimate+SE t P Estimate+SE t P

Altitude (m asl) —0.03+0.02 -1.61 0.12 -0.01+0.00 -1.53 0.14 -0.01+0.03 -0.01 0.99
Area (ha) 0.41+0.07 5.62 0.001 0.06+0.02 3.35 0.002 -0.26+0.15 -1.75 0.09
Stem perimeter (cm) 0.04+0.03 1.39 0.17 0.01+0.01 2.13 0.04 0.05+0.05 1.09 0.28
Nest holes and boxes 0.26+0.12 2.21 0.04 0.06+0.02 2.43 0.02 -0.16x0.19 -0.83 0.41
Deciduous frees (%) 0.05+0.07 0.7 0.49 0.01+0.01 0.74 0.47 -0.19+0.09 -2.02 0.05
Coverage within park

1.69+0.88 1.94 0.06 0.38+0.18 2.14 0.04 -0.27+1.4 -0.2 0.85
(PC1)
Coverage outside park

0.04+0.95 0.05 0.96 -0.12+0.19 -0.61 0.55 0.09+1.41 0.06 0.95
(PC1)
Coverage outside park

1.14+1.22 0.93 0.36 0.27+0.25 1.09 0.29 —4.59+1.64 -2.81 0.009
(PC2)
Water coverage (%) 0.78+0.27 2.93 0.007 0.09+0.06 1.62 0.12 -0.05+0.46 -0.1 0.92
Location -1.38+1.26 -1.26 0.28 0.45%0.25 1.82 0.08 4.51£1.72 2.62 0.01
Isolation (PC1) -1.20+1.09 -1.1 0.28 -0.32+0.22 -1.45 0.16 2.29+1.61 1.42 0.17
Density of trees /1 ha -0.01+0.02 -0.43 0.67 0.0001+0.003  0.05 0.96 0.02+0.02 0.83 0.41

F P F P F P

Management - 0.08 0.92 - 0.73 0.49 - 291 0.07
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Table 3 Results of multivariate models explaining species richness. Two alternative
minimal adequate models are shown. When included in model (a) the variable
“coverage within park" was the last variable removed with backward elimination
procedure because it was marginally non-significant (estimate = 0.99+0.54, t=1.86,
P=0.07). For details see Methods.

Explanatory variable EstimatetSE P

(a)

Area (ha) 0.37£0.06 6.16  0.0001
Water coverage (%) 0.55+0.18 3.12 0.004
Stem perimeter (cm) 0.04+0.02 2.05 0.05
(o)

Area (ha) 0.38+0.06 6.02  0.0001
Stem perimeter (cm) 0.05+0.02 2.62 0.015
Coverage within park (PC1)  1.39+0.57 2.45 0.021

Table 4 Results of multivariate model explaining number of hole nesting species in parks.

Explanatory variable EstimatetSE P

Stem perimeter (cm) 0.02+0.004 3.93 0.0006
Coverage within park (PC1)  0.48+0.13 3.66 0.0012

Area (ha) 0.05+0.01 3.33 0.003

Coverage outside park
(PC2)

0.44£0.17 2.55 0.017
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