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Abstrakt

Smrk ztepily (Picea abies) je hospodarisky vyznamnou dfevinou. Zejména
v poslednich letech je vystaven stresovému pUsobeni abiotickych i biotickych vliva,
na které citlivé reaguje. Také dalSi hospodarsky vyznamné dreviny, jako jsou napft. dub
letni (Quercus robur) a zimni (Quercus petraea), jsou v soucasnosti poskozovany
vicero stresory. Zaroven, vzrlstaji spoleCenské pozadavky na pfirodé blizsi lesni
hospodareni a podporu biodiverzity. Proto je nezbytné Sifeji vyuzivat moznosti
biologické ochrany lesa. Datloviti ptaci, jsou taxonem dokonale propojujicim
biologickou ochranu lesa s biodiverzitu, nebot jsou predatory lesnich skidcU, indikuji

kvalitu prostiedi a zejména tesanim dutin umoznuji vyskyt mnoha dalsich organismu.

Pfedlozena prace shrnuje vysledky Ctyf terénnich studii. V prvni studii, jsem se
zabyvala vlivem péstovani smrkovych monokultur na vyskyt ptakd, s ohledem na
biotické, porostni a krajinné charakteristiky. Druha prace byla zaméfena na srovnani
biodiverzity vlesich s dominanci plvodniho dubu letniho (Quercus robur) a
neplvodniho dubu ¢erveného (Quercus rubra). Ve treti praci jsem studovala vliv
managementu a dalSich charakteristik méstskych lu¢nich porostl, na diverzitu
ptak(l. Ctvrta prace se zabyva otazkou, zda datloviti ptaci ovliviiuji pfeZivani hnizd
lesnich mravencl. Soucasti disertacni prace je také review, zabyvajici se vyskytem a

ekologickymi vazbami vybranych druh( datlovitych ve smrkovych lesich.

Z nasSich vysledkl vyplyva, Ze na vyskyt datlovitych ptakd ve smrkovych lesich méla
kladny vliv pfitomnost listnatych stromU a pocetnost tesafikovitych broukdl. Srovnani
vyskytu ptak( v porostech sdominanci dubu letniho a cerveného ukazalo, Ze
neexistuji vyznamné rozdily v druhovém bohatstvi, zplsobené druhem prevladajici
dreviny. O néco vysSi pocty druhl ptakd, byly zaznamenany v porostech dubu
¢erveného. Ze zaznamenanych tfi druht datlovitych, preferovala Zluna Seda (Picus
canus) plochy sdubem letnim. Zfaktor(, ovliviujicich vyskyt ptakd v luénich
spoleCenstvech, se jako signifikantni ukazaly, vyskyt dfevin a vzdalenost od
zastavéného Uzemi. Zluna zelend (Picus viridis), se ¢asté&ji vyskytovala na plochach
svySSim zastoupenim drfevin a pobliz zastavénych uUzemi. Strakapoud velky
(Dendrocopos major), byl Castéji zastizen rovnéz na plochach s vyskytem drevin,

avSak vzdalenych od zastavéného Uzemi. Lov mravenc( datlovitymi ptaky béhem



zimniho obdobi neovlivnil nasledné prezivani hnizd, pravdépodobné diky teplé zimé a

pfitomnosti délnic v povrchovych vrstvach kupy.

Klicova slova: biodiverzita, datloviti, dub, lesni mravenci, management, ochrana

lesa, ptaci, smrk



Abstract

Spruce (Picea spp.) is a tree species of significant economic importance; however, it
is highly susceptible to various abiotic and biotic stressors, which have become
increasingly prevalent in recent years. Other economically valuable tree species,
such as pedunculate oak (Quercus robur) and sessile oak (Quercus petraea), are
similarly threatened by the prevailing environmental conditions. Concurrently, there
is a growing societal demand for the adoption of biological methods in forest
protection and the enhancement of biodiversity. Woodpeckers (Picidae) are a
taxonomic group that effectively bridges the objectives of biological forest protection
and biodiversity promotion. They serve both as predators of forest pests and as
bioindicators of environmental quality and species diversity across other faunal

groups.

This paper synthesizes the findings of four field studies. The first study investigated
the influence of spruce monoculture cultivation on avian occurrence, considering
biotic factors as well as stand and landscape characteristics. The second study
compared biodiversity in forest stands dominated by the native summer oak and the
non-native red oak (Quercus rubra). The third study examined the impact of
management practices and urban grassland characteristics on bird diversity. Lastly,
the fourth study explored the relationship between woodpecker activity and the

survival of wood ant nests.

The results indicate that the presence of deciduous trees and the abundance of
longhorn beetles (Cerambycidae) had a positive effect on woodpecker presence in
spruce forests. A comparison of bird abundance between red oak and summer oak
stands revealed no significant differences in species richness attributable to the
dominant tree species. However, slightly higher bird species diversity was observed
in red oak stands. The Grey Woodpecker (Picus canus) exhibited a preference for
areas with a higher presence of summer oak. In urban grasslands, the presence of
woody plants and proximity to built-up areas were key factors influencing avian
diversity. The Green Woodpecker (Picus viridis) was more frequently recorded in areas
with greater tree cover and near urban areas, while the Great Spotted Woodpecker
(Dendrocopos major) was more common in areas with trees but located further from

urban development. Ant predation during the winter months did not significantly



affect the subsequent survival of ant nests, possibly due to mild winter conditions

and the presence of workers in the upper layers of the mounds.

Keywords: biodiversity, birds, forest protection, management, oak, spruce, wood

ants, woodpeckers
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1. UVOD

Lesy pokryvaji pfiblizné jednu t¥etinu Gzemi Ceské republiky, pfitemz v nékterych
regionech rostou témér na poloviné uzemi. Smrkoveé lesy rostou na necelé poloviné
porostni pldy, jejich velkd Cast je péstovana v monokulturach (MZe 2023).
Monokulturni pase¢né hospodareni je z hlediska produkce i ekonomiky, velice
efektivni zplsob hospodareni. Dfevo z takto péstovanych lesl je proto celosvétoveé
nejvyznamnéjsSim zdrojem drevarskych vyrobk( (Carle, Holmgren 2008; Cubbage et

al. 2010).

Nevyhodou monokulturnich lesli, oproti smiSenym porostlim, je jejich vyssi
nachylnost k poskozeni biotickymi i abiotickymi faktory (Huuskonen et al. 2021). Sila
a frekvence disturbanci v evropskych lesich v poslednich letech vzriista (Romeiro et
al. 2022). Zaroven, se zvysSuje jejich zranitelnost a tento trend bude pravdépodobné
pokracovativ budoucnu (Venaldinen et al. 2020; Forzieri et al. 2021). Stfedni Evropa
bude v dUsledku klimatickych zmén celit poklesu srazek a narlstu teplot, , coZ se
projevi v dal§im sniZzeni obranyschopnosti stromu proti plsobeni $kidcl a patogent

(Jactel et al. 2019; Forzieri et al. 2021).

Z téchto dlivod(, je nezbytné pfijmout véasna opatieni smérujici ke snizeni poskozeni
lest. Na krajinné Urovni, se jedné napfiklad o zvySeni heterogenity les, spocivajici v
péstovani vyssiho poctu drevin, mozaikovity vyskyt riznych typa porostd ¢i vékovych
trid. Vétsi rozmanitost lest, mlzZe zlepsit jejich odolnost a obranyschopnost a tim
omezit rozsah Skod (Marini et al. 2022). Dalsi moznosti, jak zvysit heterogenitu les(,
je vysadba neplvodnich druh( dfevin. Jez mohou byt odolnéjsi vici pusobeni
stresovych faktor( a jejichZz odolnost v(c¢i plsobeni skiidcl a patogen( vzrista se
vzdalenosti od mist jejich plvodniho vyskytu (Gadgil, Bain 1999; Potzelsberger et al.
2021).

Dulezité je také dodrZzovani zasad ochrany lesa, véetné vyuzivani biologické ochrany
(Ramsfield et al. 2016; Gullino et al. 2022; Fischbein, Corley 2022). Biologicka
ochrana je ekologicky Setrna a udrzitelna metoda, ktera vyuziva pfirozené nepratele

Skldcq, k regulaci jejich populaci. Tato metoda hraje klicovou roli v integrované



ochrané proti Skddclm, protoZe snizuje potfebu pesticidl a minimalizuje naruseni

Zivotniho prostiedi (O’Neil et al. 2003; Fischbein, Corley 2022).

Vyuziti biologické ochrany, mlzZe byt finanéné vyhodné, ucinné a tedy i dlouhodobé
udrzitelné (Trumbore et al. 2015). V lesnich ekosystémech je vyhodné udrzovat vySsi
biologickou diverzitu, jez je v pficinné souvislosti se stabilitou lesd. Proto je tfeba
soustfedit sily na udrzeni a obnovu biodiverzity (Mori 2017). Zavadéni trvale
udrzitelného hospodareni v evropskych lesich, je zd{iraznéno v narodnich strategiich
a realizovano prostiednictvim pravné zavaznych i nezdvaznych néstrojd. Jsou to
smeérnice EU o stanovistich a smérnice EU o ptacich, strategie EU v oblasti biologické
rozmanitosti a rlizné systémy certifikace (Bastrup-birk et al. 2017; Matias et al. 2024).
Lesnici, by proto méli vyuzivat Setrné metody péstovani lesa a ¢ast pfijmU, vyuZivat ke

zlepsSeni stavu lest (Brockerhoff et al. 2008).

Nejprve bude nutné zaclenit podporu biodiverzity do planovani lesniho
managementu a prekonat problémy pfi aplikaci pland. Mezi hlavni problémy patfi
predevSim neurcité definovani biodiverzity, a nedostatek objektivnich podkladd,
vyuzitelnych pro néavrh alternativnich a uc¢innych zpUlsob( lesniho hospodareni

(Kangas, Kuusipalo 1993).

Monokulturni lesy, jsou ¢asto povazovany za druhove chudé, tzv. zelené pousté (Sky,
Wagner 2007). Ve své praci, jsem se proto snazila zhodnotit vliv vysadby smrku
ztepilého na ptadi spoleéenstva. Na desitkach lokalit po celé Ceské republice jsem
sledovala vyskyt ptakl ve vztahu k biotickym, porostnim a krajinnym
charakteristikdm. Ve druhé studii, jsme se zaméfili na rozdily vdruhové diverzité
meéstskych lesli, sdominantnim vyskytem introdukovaného dubu cerveného a
plvodniho dubu letniho. Ve tieti studii, jsme se zabyvali faktory zptsobujicimi zmény
v biodiverzité méstskych luk, véetné vlivu dfevinné vegetace. Ctvrtd studie
vyhodnocuje vliv zimni predace lesnich mravencU datlovitymi ptaky na prezivanijejich
hnizd. Posledni prace obsahuje souhrn informaci o vybranych druzich datlovitych

ptakd a jejich ekologickych vazbach.

Ve vSech studiich jsem sledovala spolecenstvo ptakd véetné datlovitych. Ptaci jsou

totiz idealnim taxonem, citlivé a rychle reagujicim na zmeény v kvalité prostredi.



JakoZzto soucéast potravnich fetézcl, jsou pfimo i nepfimo ovliviiovani zménami
v ekosystémech (Furness, Greenwood 2013; Vallecillo et al. 2016). Diky jejich
relativné snadné detekovatelnosti a dlouhodobému sledovani, lze dobfe posoudit
zmeény v jejich spole¢enstvu (Magurran et al. 2010; Schmeller et al. 2012). Zvlastniroli
mezi ptaky zaujimaji datloviti, ktefi nejenze indikuji stav prostifedi a diverzitu ostatnich
druh( ptakd, ale néktefi jejich zastupci patfi také mezi tzv. ekosystémové inzenyry.
Tesanim dutin umoznuji vyskyt mnoha dalSich organism(, ¢imz zvy$uji biodiverzitu
uzemi. V neposledni fadé jsou datloviti vyznamnymi predatory, vyuzitelnymi v ramci

biologické ochrany lesa (Vélova, Véle 2019).

10



2. CiLE PRACE
Cili prace bylo:
(i) zpracovat review o ekologickych vazbach datlovitych ptakd,

(ii) popsat a porovnat spolecenstva ptakl (véetné datlovitych) v lesich s riznymi typy

managementu,

(iii) urcit souvislost mezi environmentalnimi a prostorovymi charakteristikami,

lesnim managementem a vyskytem ptakd,

(iv) zhodnotit vliv datlovitych ptakd na prezivani hnizd lesnich mravencU.

11



3. ROZBOR PROBLEMATIKY

3.1 Lesni hospodarstvi

ve

V Ceské republice pokryvaji hospodaiské lesy témér tii Stvrtiny lesnich ploch

(MZe 2023). Jejich hlavnich funkci, je pfedevsim produkce dieva (Farrell et al. 2000;
v Evropé (Surminski 2007). Z tohoto davodu, byly od pfelomu 18. a 19. stoleti plvodni
listnaté lesy intenzivné premeénovany na smrkové monokultury. Pvodni smrkové lesy
se obvykle vyskytuji pouze ve vys§Sich nadmofrskych vySkach, nejsou primarné uréeny
k produkci difeva a vesmés se jedna o lesy zvlastniho urceni (Vacek, Balcar 2004;
Mikolas et al. 2019; MZe 2023). Smrkové monokultury v sou¢asné dobé rostou na
velké &asti stfedoevropské lesni pldy (Spiecker 2003). V Ceské republice jejich
rozloha mirné klesa, presto maji témér poloviéni zastoupeni. V roce 2022 rostl smrk
ztepily na 46,8 % porostni lesni pady (MZe 2018, 2023). Hospodaiské smrkové lesy,
jsou ¢asto péstovany mimo pfirozené rozsifeni smrku, na stanovistich s nevhodnymi
pldnimi a klimatickymi podminkami. To zvySuje nachylnost smrku k biotickému a
abiotickému poskozeni (Spiecker 2003; Cassagne et al. 2004; Drever et al. 2006;
Neuner et al. 2015). Smrk je tedy hospodarsky vyznamnou dfevinou, ale zaroven patfi
k dfevinam citlivym vaci abiotickym (napf. vichfice, sucho) a biotickym (lykoZrouti,
defoliatori) vlivim. Péstovani lesti s dominanci smrk{, je nezadouci také kvili vlivu na
okolni prostiedi. Holose¢né hospodareni, se mUze projevit zejména degradaci pUdy,
¢izménou slozZenirostlinnych a ZivociSnych spolecenstev (Messenger 1980; Saetre et
al. 1997; Barbier et al. 2008; Horak et al. 2019). Z mnoha studii vyplyva, ze lesy
s pfevahou neplvodnich jehli¢natych dfevin, maiji ve srovnani s plvodnimi dfevinami,
niz$i druhovou rozmanitost i nizsi abundance vyskytujicich se druht (Fahy, Gormally
1998; Cassagne et al. 2004; Barbier et al. 2008). Pokles druhové diverzity, je v rozporu
svizemi moderniho, trvale udrzitelného, lesniho hospodafstvi (Angelstam et al. 2004).
| tyto skutecnosti vedly k pozadavkim na nahrazeni smrkovych monokultur,
pUvodnimi druhy dfevin (Soucek, Tesaf 2008). Pfitomnost smrku vS8ak mUlze mit na
biodiverzitu i pozitivni vliv (Irwin et al. 2014; Horak et al. 2019). Nahrada smrkovych
porostll tedy nemusi vzdy pusobit jednoznac¢né pozitivné. Péstovani smrku

v monokulturach tedy neni vhodné zcela opustit. V vahu je nutné vzit i skute¢nost,

12



Zze udrzitelné lesnictvi musi biodiverzitu nejen chranit, ale také poskytovat
ekonomické sluzby (Bengtsson et al. 2000).

Také duby maiji pro ¢lovéka dulezity hospodarsky, ekologicky a kulturni vyznam
(Johnson et al. 2003; Haneca et al. 2009; Costello et al. 2011). Dubové porosty
pokryvaji znaénou &ast rozlohy les(i v Eurasii a Americe (Johnson et al. 2003). V Ceské
republice rostou na necelych osmi procentech porostni pldy (MZe 2023). Obdobné,
jako v pfipadé smrku, dochazi posledni dobou k vyznamnému naruseni dubovych
porostu, v disledku kombinace abiotickych a biotickych (véetné antropogennich)
faktord (Sallé et al. 2014). Jako priklad lze uvést narlist abundance podkorniho
hmyzu, napf. bélokaza dubového (Scolytus intricatus), druhu, jez profituje ze
suchého ateplého pocasi (Mezei et al. 2022; Machacova et al. 2022).

Z pavodnich druhl dubl, se na nasem uUzemi miZeme setkat predevsim
s dubem letnim a dubem zimnim. SpiSe okrajovy vyskyt maji duby pyfity (Quercus
pubescens), d. cer (Quercus cerris), d. mnohoplody (Quercus polycarpa), d.
jadransky (Quercus virgiliana) a d. balkansky (Quercus frainetto) (Burianek et al.
2013). Z neplvodnich druht se v lesich mizeme setkat z dubem ¢ervenym (Buridnek
et al. 2013). Ten patii mezi deset nejhojnéjSich neplvodnich druh( vysazovanych v
evropskych lesich (Burianek et al. 2013; Brundu, Richardson 2016). Dub ¢erveny se
pfirozené vyskytuje v Severni Americe, konkrétné ve vychodni poloving USA a
jihovychodni ¢asti Kanady (Sander 1990). Do Evropy byl prvné dovezen v 17. stoleti
jako okrasna dfevina. Od konce 19. stoleti, je vyuzivan také v lesnictvi (Nicolescu et
al. 2020). Diky kvalitnimu dfevu a dobrym produkénim vlastnostem i pfi rlstu na
chudych pldach je dub cerveny stale vyznamnou lesni dfevinou, ktera se péstuje v
fadé evropskych zemi (Sander 1990; Nicolini, Topp 2005; Stefanéik 2011, Nicolescu
et al. 2020). Dub ¢erveny se od plvodnich dub lisi vlastnostmi svého dieva, které je
hustsi, pevné, tuhé, s dobrou zpracovatelnosti, impregnaci a Stipatelnosti, coZ z ng;j
¢ini univerzalni dfevo pro vyrobu feziva, nabytku a dyh (Nicolescu et al. 2020). VétSina
porostd dubu &erveného v Ceské republice, byla vysazena, jako pfidoochranné
dreviny v 80. letech 20. stoleti. Tyto porosty, dosud nedosahly své zralosti. (Miltner,
Kupka 2016). Ackoliv se jedna o neplvodni druh, vytvaii dub ¢erveny stanovisté
vhodnda pro vyskyt mnoho dalSich druhl rostlin a zZivocich(, véetné ochranafsky
vyznamnych, (Kubiak 2006; Woziwoda et al. 2017). Zaludy dubu &erveného mohou

slouzit ZivoCichlm jako alternativni zdroj potravy (Bieberich 2016). Jeho vyznam bude
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s probihajici zménou klimatu, pravdépodobné jesté vzristat, (Nicolescu et al. 2020).
Dub cerveny, ma pomérné dobrou odolnost vaéi znecisténi ovzdusi a
tracheomykdéznim chorobam, coz je vyhodné pro jeho péstovani ve méstském
prostredi (Stefanéik 2011; Miltner, Kupka 2016).

Méstské lesy jsou specifickym typem lesl, vnichZ jsou jeSté vice nez
v béZnych hospodarskych lesich cenény a podporovany jejich mimoprodukéni funkce
(O’Brien et al. 2022). Smeésty a jejich obyvateli, jsou méstské lesy historicky
dlouhodobé spjaty a c¢asto pokryvaji znaCnou ¢&ast urbanizovanych oblasti
(Konijnendijk 2018).

Proto neni prekvapivé, ze plni celou fadu funkci, véetné socialnich sluzeb
(napf. rekreace a péce o zdravi), ochrany zZivotniho prostfedi (napf. ochrana pfirody,
ochrana vody a ovzdus$i) a zlepSeni zivotnich podminek (napf. mirnéni, tlumeni
nezadoucich klimatickych podminek ve méstech), jsou také zdrojem mnoha
pfirodnich produktl (napf. hub, medu, ovoce a zvéfe) (Konijnendijk 2008; Irga et al.
2015; Meyer, Schulz 2017). Produkce dfeva je mozna i v méstskych lesich, ale jeji
vyznam je ¢asto niz8i nez ve venkovskych hospodarskych lesich (Konijnendijk 2008).

Je znamo, ze méstské prostfedi negativné pozmeénuje nékteré ekosystémové
funkce a environmentalni parametry. Napfiklad aktivita dekompozitorl a kolobéh
Zivin, mohou byt ovlivnény pozménénym biotickym, chemickym a fyzikalnim
prostfedim mést. Tento vliv se mize projevit napf. horsi kvalitou pldy v méstskych
lesich, s dopadem na dalSi slozky ekosystému (Carreiro et al. 1999). Proto ma
ochrana dfevin a zejména jejich pavodni skladby, v méstském prostiedi pozitivni
dopad (Amini-Parsa et al. 2020). V nékterych regionech (v€etné stfedni Evropy), je
nabidka plvodnich druh( dfevin, které jsou pro lesniky ekonomicky dulezité,
pomérné nizka. Tato skute¢nost byva pfi¢inou nizkého poctu dfevin, které jsou v
meéstském prostiedi dostatecné odolné a zaroven vhodné pro plnéni ekosystémovych
sluzeb. Proto, bylo v minulosti béZzné péstovat v méstskych lesich neptvodni druhy
drevin. Jejich vyhoda spociva ve vyssi toleranci vici antropogennim i biotickym
tlakiim (Sjoman et al. 2016). Krome jizZ zminéného dubu ¢erveného, patfi mezi tyto
druhy napf. douglaska tisolista (Pseudostuga menziesii) nebo borovice vejmutovka
(Pinus strobus). Dfevo neplvodnich druh(, je diky Sirokému spektru vyuziti,
podstatnou surovinou evropského dievarského pramyslu (Potzelsberger et al. 2020).

Péstovani neplvodnich druht dfevin, je ¢asto povazovano za nezadouci, z divodu
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jejich vlivu na biodiverzitu a to i navzdory skutec¢nosti, Ze mohou lépe odolavat

Skddciam (Richardson, Rejmanek 2011; Sjoman et al. 2016).

3.2 Ochrana lesa

Lesy v Evropé, Cesko nevyjimaje, se vposlednich letech, vddsledku
klimatickych zmén i dalsich faktor(, potykaji se zhorSenim zdravotniho stavu.
Zaroven, také dochazi ke vzniku nemalych hospodarskych §kod i neblahému vlivu na
Zivotni prostredi (Jaime et al. 2024, Toth 2020, Cienciala 2024). Lesni dfeviny jsou
oslabovany kombinaci vysSich teplot a nedostatku srazek ve vegetacnim obdobi
(Taccoen et al. 2021). Zejména jehliCnaté dfeviny nasledné neuspésné celi
zvySenému tlaku podkorniho a dfevokazného hmyzu (Kubiak et al. 2017; Sommerfeld
et al. 2021; Knizek et al. 2023). Silna napadeni $kidci a patogeny vedouci azZ k jejich
odumfeni se nevyhybaiji ani listnatym dfevinam (Machacova et al. 2022). V boji proti
hospodarsky neZzadoucim organismim, je Zadouci postupovat dle principl
integrované ochrany lesa. Ta mimo jiné klade d(iraz na prevenci i vyuZiti metod
biologické ochrany lesa, za pomoci antagonistickych organism( (Svestka et al. 1998).
Vyznam biologické ochrany lesa vzrista také v dusledku tlakli na omezeni pesticidl
kvali jejich vedlejsim efektlim, spocivajicim vdopadu na necilové druhy, i
kontaminaci zivotniho prostiedi rezidui a naslednym vlivim na lidské zdravi

(lyaniwura 1991; Syafrudin et al. 2021).

Vramci biologické ochrany lesa se vyuzivaji antagonistické organismy schopné
ovlivnit prezivani Skiidct a snizit tak jejich populacni hustoty, pomoci pfirodé blizkych
metod, jez mohou byt v urCitych pfipadech i ekonomicky vyhodné (Holusa, Weiser
2005; Kenis et al. 2017). Mezi regulatory bezobratlych sklidct patfi patogeny (napf.
houby - Beauveria bassiana, bakterie - Bacillus thuringiensis, Ci polyedrické viry),
parazitoidi - nej¢astéji patfici do fadu blanokfidlych (Hymenoptera) a dvoukfidlych
(Diptera), parazité - hlistice (Nematoda) a predatofi - mravenci, ptaci (Holusa, Weiser
2005; Liptak et al. 2013; Klapwijk et al. 2016; Resnerova et al. 2022). Vyznam
jednotlivych skupin, je vzajemné provazany a liSi se, mimo jiné, vzavislosti na
lokalnich, environmentalnich podminkach (Stiling, Cornelissen 2005). Mezi

vyznamné predatory ze skupiny bezobratlych ZivocCichl patfi lesni mravenci, jez
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dokazi ochranit stromy pred silnymi Ziry ve vzdalenosti aZ desitek metr( od hnizda
(Adlung 1966; Sorvari, Sorvari 2009). Z obratlovcl, se jedna napf. o prase divoké (Sus
scrofa), jez pfi pradmeérné hustoté jednoho jedince na ha, dokaze zredukovat pocet
housenic ploskohrbetky smrkové (Cephalcia abietis) az 0 70 % (FUhrer, Fischer 1991).
Mezi vyznamné predatory, vyuzitelné v ramci ochrany pred $kadci, patfi také ptaci
(Benayas et al. 2017). Pfikladem je sykora konadra (Parus major) (Royama 1970;
Yuzyk, Chaplyhina 2021). Sykory dokazi snizit mnozstvi housenek az o pétinu (Mols,
Visser 2002). Housenky, ale také brouci, jsou ¢etné zastoupenou slozkou potravy
brhlikG (Sitta sp.), jez dokazi znacné navysit svoji abundanci vzavislosti na
dostupnosti potravy, véetné skldcl (Ceia et al. 2016; Yasuda et al. 2024). DUlezZitymi

predatory lesnich skiidcUl jsou také datloviti ptaci (Vélova, Véle 2019).

3.3 Biodiverzita

Vyznam biologické ochrany rostlin vzriista s druhovou bohatosti Uzemi (Kazemi et al.
2018). Kromé toho, ma biodiverzita klicovou roli, pfi poskytovani dalSich ekologickych
sluzeb na vSech hierarchickych urovnich. Pozitivné ovliviiuje kvalitu Zivota lidi ve
méstech i v lesich (Carrus et al. 2015; Mori 2017). Podpora druhové diverzity v krajiné
by proto méla byt spole¢nym cilem soucasnych snah o ochranu lesa a ochranu
pfirody (Dearborn, Kark 2010; Mace et al. 2012; Mori 2017). Kromé vyskytu rliznych
typl biotopld, maji na biodiverzitu uzemi velky vliv jeji charakteristiky, napf.
konektivita, Casoprostorova kontinuita, intenzita managementu a sni spojené
sukcesni stadium (Small et al. 2006; Nielsen et al. 2014; Buchholz et al. 2020). Mnohé
z téchto parametrl jsou spojeny s fragmentaci stanovist. Fragmentace prostiedi je
klicovym prvkem ovliviiujicim vyskyt druh( a dynamiku jejich populaci. Je také
pravdépodobné dlvodem pocetnéjsiho vyskytu jedincd v nevhodnych biotopech,
nez-li by odpovidalo teoretickym predpokladim (Ewers, Didham 2006; van
Langevelde 2015). Vliv fragmentace mUZe byt sniZzen vytvafenim umeélych biotopd,
zlepSujicich konektivitu Uzemi (napt. aleje, sady nebo zelené strechy). Jejich vyznam
neni univerzalni, lisi se v zavislosti na konkrétnim taxonu. Krajinné prvky, dostatec¢né
pro malé a stfedné velké savce, mohou byt nedostatecné pro bezobratlé a rostliny
(Angold et al. 2006; Braaker et al. 2014). Napfiklad datel ¢erny je schopen hnizdit

v malych reziduich starych porostd, ale i v jednotlivych starych stromech, rostoucich
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na holinach po tézbé drfeva. Ponechani rezidui starych porostl v hospodaiskych
lesich, pozitivné ovliviiuje vyskyt datla, a v dlisledku toho, i vyskyt na ném zavislych
Zivocisnych druht (Zawadski 2023). Obecné plati, Ze méstské druhy jsou tolerantni k
fragmentaci a vyznacuji se vysokym kolonizanim potencialem, lesni druhy byvaji

vice specializované (Sattler et al. 2014; Vélova et al. 2021).

Dopady fragmentace stanovisSt na druhy, se liSi v zavislosti na mobilnich
schopnostech organismu a jeho ekologickych narocich. Je napfiklad znamo, ze
eurytopni druhy jsou fragmentaci ovlivnény méné negativné, nez druhy
specializované na konkrétni typ prostfedi (Croci et al. 2008; Rosch et al. 2013). Ve
fragmentované krajiné maji vyhodu mobilni druhy, zatimco pro sedentarni organismy,
ackoliv mohou prezivat delSi dobu, je jejich budouci lokalni vymizeni pravdépodobné
(Stoll et al. 2009). Antropogenni vliv homogenizace prostredi v dlsledku lesniho
hospodareni, ¢i urbanizace je nezfidka studovan na rostlinach a ptacich (McKinney
2008; Horak et al. 2019). Lepsi pfehled o vyvoji stavu Zivotniho prostredi lze ziskat
studiem taxon0 s rlznou mobilitou, Zivotni historii a potravnimi strategiemi

(Concepcion et al. 2015; Véle et al. 2023).

Dlouhodobé sledovani trend( a zmén na urovni druh( a spolecensteyv, je nezbytné,
pro posouzeni sou¢asného stavu a mozného budouciho vyvoje (Nielsen et al. 2009;
Schmidt et al. 2023). Monitoring, také poskytuje informace o dodrzovani
mezinarodnich umluv o snizovani Ubytku biologické rozmanitosti (Puppim De Oliveira
etal. 2011). Pri studiu biologické rozmanitosti, se jako dllezity ukazuje, multitaxonovy
pristup, kdy se studuje vice taxonl najednou, na jedné lokalité (van Klink et al. 2022).
Pokud se pouZije vhodnd metoda statistického vyhodnoceni, mlzZe jeden taxon,
pouzity ke studiu, do urcité miry, zobrazit trend jiného taxonu, diky jeho podobnym
naroklim na faktory prostredi (Westgate et al. 2017; van Klink et al. 2022, Vélova et al.
2023).

Urbanizované oblasti se rychle rozsSifuji na ukor vice ¢i méné pfirodnich oblasti, coz
se odrazi ve zménach biodiverzity (Kowarik 2011). Zejména ve srovnani s jinymi typy
antropogenne silné pozmeénénych krajin, lze mésta z hlediska biologické rozmanitosti
povazovat za jedinec¢né ekosystémy (Kihn et al. 2004, Faeth et al. 2011). Rist mést je
¢asto spojen s poklesem rozmanitosti rostlin, bezobratlych a obratlovc( v krajinném
méfitku (McKinney 2008). V oblastech s vysokou mirou urbanizace, dochazive vétsiné
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pfipadd, ke ztraté biologické rozmanitosti. Naopak, v lokalnim méfitku, mUze byt rist
mest jednou z pficin, relativné vysoké biodiverzity a pfirozené se nekombinujici

mozaice spolecenstev v méstskych oblastech.

Ve srovnani s intenzivné obhospodafovanou krajinou, €i intenzivné vyuzivanymi
hospodarskymi lesy, je ve méstech obvykle vétsi heterogenita ploch, protoze zde
existuje mozaika pfirodnich, polopfirodnich, zastavénych a opusténych ploch
(Jongman 2002; Kiihn et al. 2004; McKinney 2008). Napfiklad odumfielé vétve strom(
rostoucich v méstskych lesich a na soukromych zahradach, jsou klicovym biotopem

pro datlovité ptaky (Frohlich, Ciach 2022).

S rGistem mést ubyva pfirozenych stanovist a organism, které jsou na nich zavislé.
dalSich negativnich faktorll spojenych surbanizaci (Concepcion et al. 2015).
Napfiklad, u datlovitych ptakd urbanizace limituje habitatové specialisty a podporuje
generalisty. Zmény ve spolecenstvech datlovitych ptakd v méstské zastavbé, mohou
mit kaskadovy Ucinek na celé spolecenstva organism, zavislych na mrtvém drevé,
véetné dutinovych hnizdi¢d, saproxylického hmyzu a dfevokaznych hub (Johansson
2021, Frohlich 2022). Rozvoj mést, ktery omezuje zdroje mrtvého dreva, proto
pfedstavuje vaznou hrozbu, pro biologickou rozmanitost. Naopak udrzitelny
management meéstské zelené, spocivajici napf. v zachovani urcitého mnozZstvi
mrtvého dfeva, muize zmirnit dopady na biologickou rozmanitost a snizit jeji ztraty
(Frohlich 2022). Urbanizace a suburbanizace, tak vytvareji nové vyzvy pro ochranu
biologické rozmanitosti (Puppim De Oliveira et al. 2011). V Uzemich s nizkou mirou
urbanizace, nemusi byt tento trend tak Skodlivy, jako ve vysoce urbanizovanych
oblastech. Nékteré druhy, ¢i vySSi taxony, dokonce na urbanizaci reaguji pozitivhé
(McKinney 2008; Vélova et al. 2023). Vyssi pocetnost nékterych druhli ve méstech, se
mUZe pozitivné projevit na jejich vyskytu mimo mésta, napf. v lesich. Pocty druhd, i
pocetnost dutinovych ptaku, jsou vyssi v pfiméstské krajiné, kde ptéaci profituji z nizsi
fragmentace lesl. Soucasné, mohou vyuzivat zdroje, nachdazejici se Cetnéji v

blizkych urbanizovanych uzemich (Blewett, Marzluff 2005).

Biodiverzitu lest ovliviiuje druhové sloZeni dievin, véetné vyskytu druht neptvodnich
(Vélova et al. 2021, 2023). Vysazovani nepavodnich druht dfevin v Evropé, bylo
zapocato jiz ve stiedovékych lesich, a to zdavodu, produkénich i estetickych.
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Systematické a ploSné rozsahlejsi péstovani introdukovanych drevin v lesich, i jako
nelesni zelené, zapoCalo zejména béhem 18. a 19. stoleti a snahy o péstovani
introdukovanych druhl pokracuji dodnes (Alizoti et al. 2022; Novak 2023). Jednou
z Siroce rozsitenych neplvodnich drevin, je dub ¢erveny (Majekova et al. 2024). Ten
mUZe pfirozené regenerovat na Ukor plvodnich evropskych druh( dfevin a ovliviiovat
pfizemni vegetaci (Oosterbaan, Olsthorn 2005; Chmura 2013). Proto, je v Evropé
neékterymi odborniky povazovan za invazni dfevinu. Tato skutecnost je Castym
argumentem snah o omezenijeho vysadby (RiepSas, Straigyte 2008; PySek et al. 2012;
Nicolescu et al. 2020). Invazni druhy ¢asto pfinaseji hrozby pro biodiverzitu, jako je
zvy$end mira vymirani plivodnich druh(l a pozménéni genetického slozeni plivodnich

populaci (Pysek et al. 2020).

Je znamo, Ze invazni dfeviny ovliviiuji lesni prostiedi tim, ze snizuji hustotu
obnovy plvodnich druh( drfevin a ¢asto homogenizuji druhovou skladbu. Invazni
dreviny také zpUsobuji zmény v procesu kolobé&hu Zivin (Hejda et al. 2009; Aerts et al.
2017; Sibikova et al. 2019). | vlivy neptvodnich dievin na biodiverzitu jsou obecné
povazovany za negativni (PySek et al. 2020). Napfiklad narGst zastoupeni
neplvodnich druht dfevin, by mohl zvySovat vnitrodruhovou konkurenci ptaka, ktefi
neplvodni druhy nepreferuji (Onodi 2021). Nicméné to nemusi byt vzdy pravda, lesy
s dominantnim vyskytem nepUvodnich druh( dfevin, mohou byt z hlediska druhové
bohatosti srovnatelné (Horak et al. 2021). Napf. srovnani druhové bohatosti ptak( i
dalSich taxon( zivocichl, v porostech dubu c¢erveného a dubu letniho, ukazalo
znacnou podobnost. Nutno ovSem pfipustit, Zze podrobnégjsi vysledky popisujici
odezvy jednotlivych druhd, byly mnohem komplexnéjsi (Véle et al. 2023). Pokud se
nepUlvodni druh, jako napfiklad trnovnik akat (Robinia pseudoacacia), vyskytuje jako
pfimés v porostu s dominanci ptvodnich druh(, byva strakapoudem velkym vyuzivan

pro shanéni potravy (Gorman 2020).

Jednim ze zpUsobd, jak uréit vliv managementu na biodiverzitu, je pouZiti
taxon(, které jsou dobfe znamé a potencialné citlivé na zmény prostredi (Siddig et al.
2016). Nejcastéji pouzivanymi indikatory jsou ¢lenovci, ptaci a rostliny (Oettel, Lapin
2021). Zejména ptaci, jsou vhodnym taxonem, Casto vyuzivanym v ekologickych
studiich, i kdyz pfi vyuziti ptak(, je nutné brat v potaz, provazanost mnoha parametr(

spolecenstev (LeSo 2003). Obecné jsou vSak pro potreby indikace dostatecné citlivi
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na zmeény lesnich stanovist a struktury mikrostanovist. Jejich ekologické vazby jsou
dobre znamé (Roberge, Angelstam 2006; Evans et al. 2009; Eglington et al. 2012).
Navic, diky své dobré mobilité, Casto rychle reaguji na zményv lesich (Hansson 2000).
Jsou obzvlasté dobrymi prediktory zmén ve vyuzivani krajiny (Hausner et al. 2003).
Slozeni ptac¢iho spolecenstva, zavisi predevSsim na druhovém zastoupeni dfevin a
z néj, odvozenych kvalitativnich charakteristik stanovisté i okolnich ploch (Hausner
et al. 2002; Véle et al. 2023). Ptaci v lesich mirného pasma jsou Casto vysoce
specializovani na listnaté nebo jehlicnaté stromy a nékteré druhy, jsou dokonce
zavislé na pritomnosti konkrétni dfeviny, jak ukazuje pfiklad datlika tfiprstého

(Mikusinski et al. 2018).

3.4 Datloviti

Celed datloviti, spadajici do fadu $plhavcl (Piciformes), je v Ceské republice
zastoupena deseti druhy: krutihlav obecny (Jynx torquilla), zZluna Seda (Picus canus),
Zluna zelena (Picus viridis), datel Cerny (Dryocopus martius), strakapoud velky ,
strakapoud jizni (D. syriacus), strakapoud prostfedni (D. medius), strakapoud
bélohfbety (D. leucotos), strakapoud maly (D. minor) a datlik tfiprsty (Picoides

tridactylus) (Hudec, Stastny 2005).

Datloviti ptaci (Picidae) predstavuji specifickou skupinu, jejiz druhova rozmanitost
Uzce souvisi s bohatstvim dalSich ptacich druhl v lesich. Diky tomu, lze datlovité
vyuzit jako indikatory druhové diverzity ptak( (Mikusinski et al. 2001; Roberge,
Angelstam 2006; Drever et al. 2008). V porovnani s jinymi ¢eledémi ptakl se datloviti
vyznacuji nizkym rozptylem. Jsou silné teritorialni, dospéli jedinci zlstavaji ve svém
teritoriu po cely Zivot a tato teritoria neopoustéji ani v zimé (Winkler, Christie 1995;
Gorman 2004; Pechacek 2006). Typicky natalni rozptyl, se pohybuje do 12 km od
mista vylihnuti (Pechacek 2006). Hnizda datlovitych mohou byt od sebe vzdalena i
stovky metr( a ¢asto jsou opakované vyuzivana (Pechacek, Kristin 2004; Smith 2007).
Opusténé dutiny datlovitych ptakd vyuziva mnoho dalSich druh Zivocichl (Newton
1994). Datloviti také rychle reaguji na strukturni zmeény lesa, napf. na narlist objemu

mrtvého dreva, resp. hmyzu jej obyvajiciho (Dufour-Pelletier 2020).
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V lesnich ekosystémech maiji datloviti ptaci nezastupitelny ekologicky vyznam.
Dutiny, které vytvareji, slouzi jako utocisté pro mnoho dalSich druh( Zivoc¢ichd. Jedna
se zejména o tzv. sekundarni dutinové druhy, jejichz vyskyt v hospodarskych lesich je
Casto limitovan nedostatkem dutin (Newton 1994). Mezi bezobratlé ZivoCichy
vyuzivajici tyto dutiny patfi saproxylicky hmyz, vosy (Vespoidea) a motyli
(Lepidoptera). Z ptakQ jsou to naptiklad sykoroviti (Paridae), lejskoviti
(Muscicapidae), brhlikoviti (Sittidae), pusStikoviti (Strigidae) a holuboviti
(Columbidae). Mezi savce vyuZivajici dutiny patfi mySoviti (Muridae), veverkoviti
(Sciuridae), netopyroviti (Vespertilionidae) a plchoviti (Gliridae) (Korpimaki 1984;
Kirby, Drake 1993; Johnsson 1993; Czeszczewik, Walankiewicz 2003; Wesolowski,
Rowinski 2004, 2012). Vyznamnym druhem pro ohroZzena spoleCenstva
saproxylickych brouk( bukovych lest ve stfedni Evropé je strakapoud bélohibety,
ktery je povazovan nejen za jejich desStnikovy druh (Angelari et al. 2024). Mnozi z
téchto ZivocCichl rovnéz prispivaji k regulaci populaci hospodarsky nezédoucich
organismu (Civantos et al. 2012). Z pohledu tvorby dutin je nejvyznamnéjSim druhem
datel ¢erny, ktery je jedinym tvircem velkych dutin a tim padem klic¢ovym druhem
evropskych lesll (Johnsson 1993, Kosinski et al. 2010). Datloviti ptaci také predstavuji
idealni druhy pro Sifeni organismu rostoucich na stojicich kmenech stromu, zejména
se jedna o epifytické liSejniky (Lichenes), mechorosty (Bryophyta), fasy (Chlorophyta)
a houby (Fungi) (Johansson 2021).

Datloviti ptaci jsou kompetitofi nejen mezi sebou, ale i mezi ostatnimi obratlovci.
Pritomnost datll je napfiklad negativné korelovana s vyskytem Zluny zelené (Haila,
Jarvinen 1977).V zemeédélskeé krajiné Casto kavky obecné (Corvus monedula) vyhangji
datly Eerné z nové vytesanych dutin (Hansen 1984). Veverky obecné (Sciurus vulgaris)
mohou pfivysokych pocetnostech vyznamneé negativné ovliviiovat hnizdni uspésnost
strakapoudt (Smith, 2005). Na druhou stranu, strakapoud velky, tvorbou dutin vytvari
podminky vhodné pro vyskyt saproxylickych bezobratlych ZivocCichl (Kirby, Drake
1993), ¢imz nepfimo pozitivné ovliviuje i ostatni datlovité ptaky, diky zvySené
potravni nabidce (Smith 1997). Tyto slozité ekologické vazby fadi datlovité mezi
indikatory ekologickych zmén. Napfiklad datlik tfiprsty je vhodnym indikatorem

¢asovych a prostorovych zmén krajiny. Je také povazovan za indikatora pfirodnich
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lesll a celé gildy sekundarnich dutinovych druhl ptakd (Derleth et al. 2000; Roberge,
Angelstam 2006).

Zpracovana reSerSe se dale podrobnéji zabyva tfemi druhy datlovitych ptakd: datlem
¢ernym, strakapoudem velkym a datlikem tfiprstym. Ostatni druhy datlovitych,
vyskytujici se na uzemi Ceska (krutihlav obecny, Zluna $edd, ?luna zelena,
strakapoud jizni, strakapoud prostfedni, strakapoud bélohtbety a strakapoud maly),
jsou z ekologického hlediska neméné vyznamné, avSak jsou vesmés méné pocetné
nebo jsou méné vazané na typy lesd, jimz jsem se vénovala béhem postgradualniho

studia.

Datel ¢erny vyuziva rizné druhy stromu pro tesani dutin. Jedna se ¢asto o buk lesni
(Fagus sylvatica), borovici lesni (Pinus sylvestris), smrk ztepily a dalsi druhy (Lang,
Rost 1990; Johnsson 1993; Angelstam, Mikusinski 1994; Ahlén, Tjemberg 1992 in
Mikusinski 1995). Preferovany priamér stromu je ¢asto zavisly na druhu dfeviny a
pohybuje se mezi 30-40 cm (Johnsson 1993; Ahlén, Tjemberg 1992 in Mikusinski
1995). Preferuje stromy s meékcim dfevem, bez nizkych vétvi, v prostfedi lesa s méné
hustym porostem, ¢imz minimalizuje jak eneregetické ztraty, tak i riziko predace
(Puverel 2019). Jeden par datll potiebuje mit k dispozici nékolik dutin, které ¢asto
méni mezi hnizdnimi sezénami, nékteré z nich vyuziva opakované. Je to z hlediska
energetické uspory a poctu prezivSich mladat vyhodnéjsi (Kosinski 2019). VétSina
opétovné vyuzitych dutin k hnizdéni, se nachazi v Zivych, oslabenych ¢&i teprve
nedavno uschlych stromech (Rolstad et al. 2000; Bocca et al. 2007; Wesolowski

2011).

Strakapoud velky, oproti datlovi ¢ernému, vyuziva pro tvorbu dutin uzsi stromy.
Devadesat procent dutin strakapouda velkého se nachazi ve stromech o priméru 28
cm nebo SirSich (Smith 1997). Pokud se jedna o zivy strom, spokoji se strakapoud i s
mensim pridmérem (Hanson 1992). Pro tesani dutin si vybiraji vysoké stromy,
umisténé v porostech, kde jsou i jiné stromy vzrostlé (Barrientos 2010). V pralesech,
strakapoud tesa dutiny pfedevsim v tlust§ich kmenech (median 50 cm) (Hebda et al.
2017). Strakapoud velky silné preferuje mrtvé stromy, ne ve vSech pfipadech, je ale
upfednostiuje. Jednd se napfiklad o uschlé duby, které nejsou ke hnizdéni

strakapoudt vyuzivany. Jejich suché dfevo brzy ztraci kliru a jadrové dievo se stava
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tézkym a nevhodnym materialem pro tvorbu dutin (Glue, Boswell 1994; Smith 1997;
Michatek, Miettinen 2003). Na rozdil od jinych datlovitych ptakd je pramérny stupen
rozpadu stromd, vyuzivanych strakapoudem velkym, relativhé nizky (Michatek,
Miettinen 2003). Strakapoud velky ¢asto obsazuje vice neZ jednu dutinu (Cramp
1985). Stromy vhodné ke hnizdéni jsou ¢asto vyuzivany opakovaneg, pficemz 17 %
hnizdnich stromU bylo vyuzito jiZz v pfedchozim roce a celkové bylo znovu vyuZito ke
hnizdéni vice nez 21 % strom0 (Glue, Boswell 1994; Smith 1997). Objem hnizda u
strakapouda velkého se pohybuje v rozmezi 3,5-3,7 L (Carslon et al. 1998; Remm et
al. 2006). VétSinu dutin vysoko nad zemi tesad vkmeni (cca 80 %), méné dutin je
umisténo ve vétvich. Pfiblizné dvé tfetiny hnizdnich dutin jsou umistény ve vngjsich
viditelnych defektech dreva, v jizvach a jejich blizkosti (Cikovic et al. 2014, Hebda
2017).

Vyznam daltlovitych ptaku, jako vyraznych pfirozenych regulator populaci skidcu,
je prokazovan opakované (Overgaard 1970; Torok 1988; Mikusinski 1995; Fayt et al.
2005; Alder, Marsden 2010; Flower et al. 2014). Presto, je jejich cilené vyuzivani v
ochrané lesa, dosud velmi omezené. Z pohledu ochrany lesa lze datlovité ptaky
hodnotit dvéma uhly pohledu. Prvnim dhlem pohledu je poSkozovani dfevni hmoty
datlovitymi ptaky, pfi hledani potravy nebo pfi tvorbé hnizdnich dutin (Hadfield,
Magelssen 2006). Druhym uhlem pohledu, je predacni tlak datlovitych. Datloviti
populacné ovliviiuji vybrané skupiny Zivocich, jak prospésnych (lesni mravenci), tak
i Skadcl (listoZravy, podkorni a difevokazny hmyz). Pfi lovu xylobiontniho hmyzu,
mohou poskozovat dfevo, avSak dfevo je jiz znehodnocené chodbami jejich kofisti.
Vyznamnéjsi poskozeni mize vzniknout pfi tesani dutin. Datloviti ptaci vybiraji strom
ke hnizdéni v zavislosti na fazi zivota stromu, kvalité dreva, rychlosti pfirlstu,
druhovém sloZeni stromu, zastoupeni fragmentovanych a okrajovych ¢asti porost( a
selekci mezi predacnim a kompeti¢nim tlakem (Blanc, Martin 2012). Druhové
zastoupeni doupnych stromd se na jednotlivych lokalitach Llisi (Wesolowski,
Tomiatojé 1986; Hansson 1992). Pfestoze, byla hnizda zaznamenana i ve zdravych
¢astech stromd, vétsinou k jejich stavbé vyuZivaji stromy poskozené mechanicky
nebo stromy poskozené plsobenim hub (Wesolowski, Tomiatojé 1986; Johnsson

1993; Smith 1997; Hardersen 2004).
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Potravni naroky datlovitych, jsou v souladu s pozadavky ochrany lesa. Datloviti
hledaji potravu nahodné pfi pohybu po kmeni, a jakmile ji detekuji, zamérné a
energicky se zaméfi na jedno misto, kde se snazi mechanicky proniknout ke kofisti.
Po nékolika klovanich nasleduje kratkd pauza, béhem které, ptaci soustfedéné
poslouchaji, s cilem presné lokalizovat kofist. Mohou detekovat kofist také vizualnég,
napfiklad pozorovanim zavrtovych otvord. Pod snéhem, dokazi napfiklad vnimat i
malé pohyby mravencl rodu Camponotus (Nuorteva et al. 1981). Druhy s vétsi
hmotnosti téla a delSim zobakem, maiji SirSi spektrum velikosti potravy. Primérna
velikost kofisti a jeji objem vzrlstaji s velikosti téla ptak( (Torok 1988). Druhy vice
zavislé na larvach, zijicich ve dfevé, jako je napfiklad strakapoud velky, maji mensi
snlsky, nez druhy zavislé i na jinych zdrojich potravy (Koenig 1986). Také doba
hnizdéni datlovitych, v temperatnich lesich, je evolu¢né synchronizovana s dobou
vyskytu nejvétSiho mnozstvi larev (Torok 1990; Pasinelli 2001; Wiktander et al. 2001).
Na pocet mladat datlovitych ptakd, a tedy i na populacni hustotu, ma vliv mnoZstvi
potravy béhem hnizdni, i mimo hnizdni sezény (Fayt 2003). Pfi dostatku potravy se
zvySuje i abundance datlovitych, coz je vyhodné pro regulaci populaci skadcu.
V obdobi hnizdéni, vyuzivd strakapoud velky, pro ziskavani potravy ve smiSeném
porostu, zejména habr obecny (Carpinus betulus) a lipu malolistou (Tilia cordata).
Potravu shira nizko na Sirokych ¢astech kmene. Zatimco, v mimohnizdnim obdobi,
vyuziva vice smrk ztepily a dub letni. Potravu sbira vysoko, na tenkych nebo uschlych

vétvich (Stanski 2023).

V potravé datlovitych nalezneme larvy a dospélé jedince mnoha druhl broukd
(Coleoptera), msic (Aphidoidea), tiplicovitych (Tipulidae), mravenct (Formicidae),
srpic (Mecoptera) a ¢ervcl (Coccoidea) (Pettersson 1983; Torok 1988). Soucasti
potravy datlovitych je napfiklad kozlicek osikovy (Saperda carcharias L.), ktery patfi
mezi nejvyznamnéjsi zivocisné skldce topold v Evropé (Cramer 1954; Tichy 1963;
Nuorteva et al. 1981). Datloviti dokaZzi snizit pocet larev kozli¢kd, pfiblizné o 12 %
(Tichy 1963). Napfiklad strakapoud bélohfbety, je schopen ulovit jednu larvu za 15—
20 minut a celkem 30-50 larev za den. Dva tydny stary strakapoud, spotfebuje
pfiblizné 25 g potravy denné, pficemz jedna larva kozli¢cka vazi 0,7-1,5 g (Reinikainen
1979in Nuorteva et al. 1981). Jedno dvoutydenni mladé, tak denné pozie 17-39 larev.

Pfesné udaje o vlivu ptakl na populace kofisti v evropskych lesich, jsou vzacné. Ale
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obecné lze fici, Ze populace ¢lenovcl (Arthropoda) (zejména larev), dokazi datloviti
ptaci zredukovat o 19-98 %, ¢asto se jedna pfiblizné o 50 % (Fayt et al. 2005; Bohm
et al. 2011). Samice strakapouda velkého a jeji mladata, vyuzivaji jako zdroj potravy i
halky vinatky jilmové (Eriosoma lanuginosum), kdy poziraji nejen samotné mSice, ale
i jejich medovici (Londei 2022). V potravé datlovitych ptakd, nejsou vSechny taxony
jen skddci; napfiklad lesni mravenci rodu Formica, maiji jednoznacéné pozitivni pfinos

pro ochranu lesa (Véle, Modlinger 2017).

Klrovci (Scolytidae), tesatikoviti (Cerambycidae) a pavoukovci (Arachnida) jsou
dominantni slozkou potravy datlika tfiprstého. (Fayt 2003; Pechacek 2004; Romero-
Calcerrada, Luque 2006). Datlik tfiprsty, reaguje pocetné i behaviordlné na
pfemnoZeni klirovcovitych a je povaZovan za jejich dlleZitého predatora (Pechacek
2004). Mortalita kofisti, zavisi na hustoté datlik(, pocetnosti a velikosti kofisti a na
nepfimych vlivech. S rostouci pocetnosti klrovcovitych broukl, stoupd i jejich
zastoupeni vjidelni¢ku datlik(i, coz umoznuje datlikim hrat klicovou roli, pfi regulaci
kGrovcl v jehlicnatych lesich. V lesich s epidemickou a pandemickou populaci
klrovcd, dosahuji datlici srovnatelnych hustot, coZ naznacuje, jejich klesajici
numerickou odpovéd, pfi nejvysSich hustotach kofisti. Déje se tak pravdépodobné
kvali zvySenym teritorialnim interakcim (Fayt et al. 2005). V porostech s vysokou
abundanci karovcl, mize hnizdni hustota datlik(l vzrlst az Ctyficetpétkrat, ve
srovnani s porosty bez premnozeného kirovce. Datlik sbird potravu nejen v lesnim
prostredi, ale i mimo néj, ke sbéru potravy rad vyuziva i paseky (Imbeau, Desrochers
2002). Nejvice potravy nachazi na mrtvych jehliCnanech, pfedevSim na smrku
(Romero-Calcerrada, Lugue 2006), ale vyuziva také rozpadajici se listnaté stromy.
Preference stromu, je u datlika zavisla na rocnim obdobi. V pozdnim jaru az lété, lovi
v lesich s listnatymi stromy a na rozpadajicich se stromech. Od pozdniho léta do
¢asného jara, jejich potravu tvofi téméf vyhradné podkorni hmyz, sbirany na
jehlicnanech. Vtomto obdobi, vyrazné preferuje druhy vazané na smrk ztepily.
V zimnich mésicich, tedy lovi pfednostné ve smrkovych lesich. Béhem letnich
mésicu, v potravé prevladaji larvy dievokazného hmyzu, predevs§im tesafikoviti a dalsi
brouci a pavouci (Fayt 2003; Pechacek 2004). Kvili relativné malé velikosti, mohou
klrovci pfedstavovat méné vhodnou potravu, pro rychle rostouci mladata (Pechacek,

Kristin 2004). Napfiklad klrovci, dosahuji délky pfiblizné 0,6 cm, zatimco alternativni
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kofist, jako jsou tesafikoviti nebo pavouci, dosahuje velikosti 1,3 cm (Pechacek,
Kristin 1996). Béhem celoro¢niho sledovani potravnich preferenci datlika, bylo
zZjiSténo, Ze se v potravé datlik(l nachazi také plzi (Gastropoda), ¢lenovci (nalezejici
do 11 celedi), ale i semena rostlin. Zastoupeni jednotlivych taxonl v potravé datlika,
se lisi, mezi hnizdnim a mimohnizdnim obdobim. Mezi pohlavimi, nebyl prokazan
rozdil. Potrava mladat, je obdobna jako u dospélct. Na stromech, které datlik vyuziva
k lovu potravy, je zastoupeno vice druhl, nez kolik je skute¢né loveno. Larev
tesafikovitych, je natéchto stromech ménég, nez kolik se nachaziv exkrementech, coz
doklada potravni preference datlikd. U pavoukovc, byl podil v potrave stejny, jako na

stromech (Pechacek, 2004).

Datel Cerny je potravni specialista (Bocca et al. 2007). V celé Eurasii dominuji v jeho
potravé mravenci, zejména mravenci rodu Camponotus a larvy saproxylickych
broukl. Vétsinu potravy, nachazi v jehlicnatych lesich, ale lovi také na listnatych
stromech (Mikusinski 1995). Pfi shanéni potravy se vyhyba lesnim okrajam (Bereczki
et al. 2015). Mezi jeho typickou kofist, patfi mravenec obrovsky (Camponotus
herculeanus), mravenec lesni (Formica sp.), lykozrout smrkovy (Ips typographus),
lykozrout borovy (I. sexdentatus), kozlicci (Monochamus spp.), kousavec korovy
(Rhagium inquisitor), pilofitky (Sirex sp.), kozlicek (Saperda perforata) a bélokaz
brezovy (Scolytus ratzeburgi) (Mikusinski 1995). Primérny denni pfijem potravy,
datlimi mladaty, je pfiblizné 76 g, coz odpovida vice nez 27 jedinclim kofristi. Délnice
a vyvojova stadia mravencu tvofi vétsinu (96 %) jeho potravy, nejc¢astéji se jedna o

mravence zijici v kmenech strom0. Zbyvajici ¢ast potravy, datla c¢erného, tvofi

pfedevsim hospodarsky nezadouci druhy (Gal 1970).

Strakapoud velky, lovi potravu prfedevsim ve starSich porostech, ale nevyhyba se ani
pasekam (Rolstad et al. 1995). Potravu lovi na zivych i mrtvych stromech a na zemi
(Rolstad et al. 1995; Osiejuk 1998; Smith 2007). Jeho potrava zahrnuje mSice
(Aphidoidea), dvoukfidlé, sekace (Opilionida), klopuSkovité (Miridae), motyly a
brouky (Torok 1988). Dominantni zastoupeni v potravé strakapouda velkého, maji
zejména brouci, ale také semena SiSek a nektar. Semena SiSek tvofi znaénou ¢ast

jejich stravy po cely rok (Osiejuk 1998). U smrkovych SiSek strakapoudi preferuji

vvvvv
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et al. 2017). Potravni chovani strakapoud( velkych, je charakterizovano vysokou

plasticitou, ktera se méni v zavislosti na dostupnosti potravy (Osiejuk 1998).

Moderni lesnictvi, od zac¢atku dvacatého stoleti, ovliviiuje datlovité ptaky rlznymi
zpUsoby hospodareni. Coz datlovité ptaky ¢astecné i ohrozuje, nebot jsou zavisli na
pfitomnosti mrtvych a rozkladajicich se stromu. V hospodarskych lesich je o 70 %
méné mrtvého dfeva, nez v lesich bezzasahovych (Wesolowski et al. 2005). Stojici
mrtvé stromy o prameéru vétSim nez 20 cm, jsou v hospodaiskych lesich pétkrat méné
Casté, nez v bezzasahovych lesnich uzemich (Walankiewicz et al. 2002). Srovnani
poctu druh(l a pocetnosti datlovitych ptakd, v lesich Bialowieze, ukazuje, Ze v
bezzdsahovych lesich, je vice druhl a vy$si abundance, nezZ v lesich hospodaiskych
(Walankiewicz et al. 2011). Datloviti, jsou také ovlivnéni pfitomnosti plantazi
neplvodnich druhl stromd(, které méné casto vyuZzivaji k tvorbé dutin a ke hnizdéni
(Gjerdé et al. 2005; Barrientos 2010). Ve skuteCnosti, i pfes tyto informace, lze
biotopové pozadavky datlovitych, skloubit s pozadavky na tézbu dfeva (Virkkala

2008).

Pocetnost datlik(, v hospodarskych lesich, je pfimo umérna plose, zbyvajicich
vhodnych les a mnozstvi mrtvého dreva. Napfiklad lesy, s holose¢nym zplisobem
hospodareni, jsou pro datliky tfiprsté vhodné, pouze po dobu 10-30 let (Bltler et al.
2004). Prostorova mozaika lesli po tézbé, neposkytuje optimalni konfiguraci pro
hnizdici datliky (Franklin et al. 1997). Datlik tfiprsty, je tak v disledku konvencéniho
lesniho managementu omezen, habitatovymi i potravnimi zdroji (Imbeau et al. 1999;
Imbeau, Desrochers 2002). V ¢astech lesu, kde dochazi k tézbé, se velikost populace
mUZe snizit az na pouhych 14 % plvodni velikosti. Ve fragmentech nevytéZzenych
lesl, jsou datlici tfikrat méné pocetni, ve srovnani s neobhospodafovanymi lesy
(Wesolowski et al. 2005). Zpusob lesniho hospodareni, zde hraje klicovou roli.
Selektivni téZba stromu, vytvaii maloploSnou dynamiku mezer, kterd mize zajiStovat
dlouhodobé vhodné habitaty s dostatkem suchych strom{. Podle modelu
vytvofeného Romero-Calcerrada, Luque (2006), se datlici tfiprsti, soustrfeduji v
nejkvalitnéjSich biotopech, s ohledem na mnozstvi zdrojli, druhové slozZeni dfevin a
strukturu lesl. Tyto biotopy, byvaji vzdaleny vice neZz 50 m od cest a vice nez 600 m

od obydlenych uzemi. Zbytky starych lesU, jsou klicové, pro zachovani populace

27



datlikl, uvnitf mozaiky, ¢lovékem vyuzivanych lesl (Imbeau, Desrochers 2001).
Biotopové naroky datlikll, jsou jednoznaéné v rozporu s komerénimi lesnickymi
¢innostmi a s pozZzadavky lesniho hospodareni na ochranu lesa (Butler, Schlaepfer
2001; Imbeau, Desrochers 2002; Wesolowski et al. 2005). Po provedené tézbg, je
¢asto primérna plocha zbyvajicich vhodnych habitat( niZsi, nez kriticka plocha,
ktera se pohybuje kolem 30 % (Andrén 1994; Imbeau, Desrochers 2002).
Disturbancéni historie lesnich ploch, se odrazi ve vlastnostech populaci
saproxylickych broukd, coZ také ovliviiuje vybér habitatd ptaky. Kontinualni udrzovani
heterogenity ve strukture lesa, vede ke koexistenci mnoha stadii rozkladajiciho se
dfeva, a tedy, i ke stabilnimu mnozstvi potravy, pro datlovité ptaky (Kuuluvainen

2002).

Datel ¢erny, reaguje na lesni hospodareni odlisné. Od konce 19. stoleti, se ve stfedni
a zapadni Evropé rozsifuje, v dlsledku opétovného zalesnovani a pozitivné reaguje
predevsim na vzrastajici plochu jehlicnant (Mikusinski 1995). Ve srovnani s vétSinou
dal8ich zastupct Celedi datlovitych, je méné citlivy na zplsoby lesniho hospodareni
(Tjernberg et al. 1993; Mikusinski 1997; Rolstad et al. 1998). Strakapoud velky, je
prfizplsoben fragmentovanym lesim a bézné se vyskytuje i v malych fragmentech
(napf. Bianconi et al. 2003; Onodi, Csorgé 2013). Tyto fragmenty, mohou byt
prilezitostné obsazeny nestalymi jedinci nebo malym poctem pari a mohou slouzit

jako naslapné kameny, dllezité pro lokalni dynamiku populace (Bianconi et al. 2003).

Datloviti ptaci, tedy hraji klicovou roli v lesnich ekosystémech nejen diky své
schopnosti vytvaret dutiny, které podporuji biodiverzitu, ale také jako regulatofi
populaci $kiidcl, coz prispiva k udrzeni zdravé stability lesnich porostl. Pocetnost
datld, sev poslednich letech ve stfedni Evropé zvysSuje, v disledku klimatickych zmén
a vyssi dostupnosti potravy, ktera je dlisledkem rozsahlého odumirani les(l ve stfedni

Evropé (Edworthy et al. 2011; Askeyev et al. 2022; Singh et al. 2024).

3.5 Hnizda lesnich mravencu

Lesni mravenci (Formica sp.), jsou dlleZitou slozkou ekosystému. ZvysSuji padni pH,
koncentrace Zivin a ovliviiuji vyskyt rostlin (Jilkova et al. 2011; Sondej, Domisch 2022).
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Pfimo i nepfimo ovliviiuji spoleéenstva zivocCichl, véetné lesnich $kidc( (Laakso
1999; Adlung 2009). Hnizda lesnich mravenct c¢asto vymiraji v dlsledku lidské
¢innost (Eeva et al. 2004; Véle, Frouz 2023), proto je dulezita jejich ochrana (Balzani
et al. 2022). Snahy o ochranu a vyuziti mravencl v ochrané lesa ve stfedni Evropg,
zapocali v sedmdesatych letech devatenactého stoleti (Akce Formica). V ramci této
aktivity, dobrovolnici mapovali hnizda, osekavali vegetaci rostouci na hnizdech a v

pfipadé ohrozeni, pfenaseli hnizda na bezpecna mista (Dano 2002).

Zpocatku, byly nad hnizdy stavény ochranné kryty, za uCelem omezit poSkozovani
mravencich hnizd datlovitymi ptaky (Dafo 2002). Tyto kryty sestavaly z ocelové, Ci
dfevéné konstrukce a pletiva (Hruska 1982). Sledovani hnizd prokazalo, Ze stavba
kryt zvySovala jejich prezivani (Miles 2008). Béhem zimy, totiZ datloviti ptéaci
vyhrabavaji chodby do hnizd, kde lovi zimujici délnice. Toto chovani, byva pozorovano
zejména u zluny zelené, méné Casto u zluny Sedé, datla ¢erného, strakapouda
prostifedniho, s. velkého a strakapouda malého (Rolstad, Rolstad 1995; Mikusinski
1997; Berberich, Berberich 2023). V dobé nedostatku potravy, mohou byt mravenci
stéZejnim zdrojem, umoznujicim preziti ptakd (Rolstad et al. 2000). Z ekosystémového
pohledu, je krytovani hnizd sporné, nebot také datloviti ptaci, jsou prospésni pro
ochranu lesa (Virkkala 2006). Stejné jako mravenci, i datloviti, lovi Skiidce, véetné
podkorniho hmyzu (Fayt et al. 2005; Edworthy et al. 2011). Jejich hnizdni dutiny, jsou
vyuzivany mnoha dal$imi druhy Zivocich(, véetné hmyzozravych ptaka. Datloviti, tak
nepfimo podporuji biodiverzitu (Vélova, Véle 2019). Od instalace krytl, bylo pozdéji
upusténo, nebot je financné i casové narocna a neudrzované kryty, mohou hnizda
mravencl poskozovat (Klein 2005; Miles 2008). V poslednich letech, dochazi k
narastu abundance datlovitych ptak( ve stfedni Evropé (Edworthy et al. 2011;
Askeyev et al. 2022; Singh et al. 2024). Sjejich abundanci, soucasné vzr(sta
poskozovani hnizd lesnich mravencUl (Berberich, Berberich 2023). Naskyta se otazka,

zda neni vhodné, opét zacit chranit hnizda lesnich mravencl pfed poskozovanim.
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4. METODIKA

Metodika sledovani ptakd, byla ve vSech tfech studiich stejna. Ptaci byli sc¢itani
bodovou metodou (et al. 2013). V patnacti minutovych intervalech byly zaznamenany
vSechny druhy, které byly vidény nebo slySeny do vzdalenosti 20 m od stfedu plochy.
Preletujici ptaci nebyli zaznamenavani. Relativné maly polomér scitaci plochy,
umoznuje maximalizovat poc¢et zaznamenanych druht, nebot eliminuje moznost, Ze
nékteré ptaky (napf. obyvajici koruny strom() nebude mozné zjistit. Rovnéz nam
umoznil vztahnout vyskyt ptakd k mérenym atributdim stanovist, vétsi polomér, by
mohl zasahovat do porostnich okraji nebo do okolnich porost( (Salek et al. 2010;
Hostetler, Main 2016). To lze dolozZit na pfikladu smrkovych porostl, kdy maximalni
povolena Sitka, je dvojnasobek primérné vysky stromd, tj. pfiblizné 60 m) (MZe 2018;
Horak et al. 2019). Ve vSech studiich byly ptaci sc¢itani dvakrat, béhem jarniho
obdobi, coz umoznilo detekovat ptaky ozyvajici se vodliSné dobé. Scitani jsem
provadéla v dobé od svitani do pozdnich rannich hodin a pouze ve dnech s vhodnymi

klimatickymi podminkami (bez desté, bez teplot vySSich nez 20 °C).
4.1 Ptaci ve smrkovych monokulturach

Ptaky jsme studovali na 43 lokalitdch, rovnomérné rozmisténych po celé Ceské
republice. Ze studie, jsme apriori vyloucili lokality, kde byl smrk ztepily potencialné
plvodni (19 lokalit) (Nozi¢ka, 1957, 1972), ¢i naopak chybél (9 lokalit). Vzdalenost
mezi jednotlivymi lokalitami, byla min. 35 km. VSechny plochy, se nachazely v
dospélych (tj 100 £ 10 let) lesnich porostech, kde byl pfevladajici dievinou smrk

ztepily.

Jako zavislou proménnou, jsme pouzili vyskyt ptacich druh(. Jako nezavislé
proménné, jsme zvolili devét environmentalnich prediktor(l, rozdélenych do tfi
kategorii. Prvni kategorie, zahrnovala biotické faktory a odrazela vztahy mezi ptaky a
pocetnosti potencialni kofisti. Za timto Uéelem, jsme do kazdého porostu umistili
vetvovy lapak, sloZeny ze Sesti Cerstvé ufiznutych smrkovych vétvi, svazanych do
podoby Zebfiku (Véle a Horak, 2018). Svazky, byly umistény na kmen smrku ztepilého,
uprostied kazdé zajmové plochy, tj. v misté s¢itaciho bodu ptakd. Horni okraj lapaku,

se nachazel ve vySce pfiblizné 3,5 m nad zemi. Lapéaky, byly umistény v poloviné
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bfezna a odneseny v poloviné kvétna. |lhned po deaktivaci, jsme sloupli kliru a
v laboratofi jsme spocitali poc¢ty larev a dospélct klirovcl a tesafik(l. V kazdém
studovaném porostu jsme také spocitali pocet hnizd mravencd, jeZ nalezela k roddm

Camponotus spp., Formica spp. a Lasius spp.

Druha kategorie prediktor(, zahrnovala porostni charakteristiky zkoumanych lesnich
porostl. Konkrétné jsme zkoumali korunovy zépoj, pocet poskozenych stroml a
mnozstvi ¢erstvého mrtvého dfeva. Korunovy zapoj, byl méfen pomoci kruhového
objektivu Sigma 4,5 mm 1:2,8 DC HS, s rybim okem. Fotografie byly pofizeny v dobé
prvniho monitoringu ptakl, severné od stromu s lapaky, ve vySce 2 m nad zemi.
VSechny fotografie byly nasledné vyhodnoceny pomoci programu Gap Light Analyzer
2.0. Pocty stojicich poskozenych strom( a mnoZstvi mrtvého dieva, byly zjisStovany na
stejné plose, na které probihal monitoring ptak( (kruh o poloméru 20 m). VSechny
smrky se zlomenymi vétvemi, odfenou klrou a dalSimi defekty, byly zapocitany jako
stojici poSkozené stromy. Do objemu mrtvého dfeva, byly zahrnuty vSechny kusy lezZici
na zemi (o prameéru > 5 cm) a stojici zbytky kmen(. VSechny stojici zbytky byly
zmeéreny. Rozmeéry dreva leziciho na zemi, byly méfeny na &tyfech transektech a
nasledné prepocitany na celou plochu porostu (Adolt et al. 2013). Terénni prace

probihaly v roce 2018.

Treti kategorie prediktor(l, se tykala struktury lest v SirSim okoli. V kazdém porostu
jsme stanovili zastoupeni smrku a listnatych drevin. Nasledné jsme pomoci GIS,
vypocitali plochy jehlicnatych a listnatych porostd v okolnich lesich, vymezenych

kruznicemi o polomérech 2, 5, 8,10 a 15 km (EEA 2016).

Pro analyzu prostorové autokorelace zavislych proménnych, jsme pouzili balicek
»spdep® Pouzili jsme globalni Moranovo | a testovani vyznamnosti pomoci 199
permutaci. VSechny zavislé proménné, které byly vyznamné ovlivhényjsme pouziliv
naslednych statistickych vypoctech. Kazda autokovarianta byla pouzita jako

nezavisla proménna (de Frutos et al. 2007).
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Vy$e uvedené zplsoby vyuZiti lesnich porostd, jsme analyzovali pomoci prostorového
rozdéleni. Vypocitali jsme pokryvnost kazdé nezavislé proménné, v péti kruzich
(poloméry 2, 5, 8, 10 a 15 km) se stfedy v misté pozorovani. Pouzité poloméry byly
optimalni pro analyzy vliv na ptaky (od 2 km), protoze maji nejlepsi odezvu, pfi
mensich vzdalenostech, bychom analyzovali struktury porostd, nikoliv vyuZiti krajiny.
Vyhnuli jsme se prekryvim mezi pozorovacimi body v krajiné a mezi nimi (max.
polomér byl 15 km) (Horak et al. 2013; Horak 2016). Nejprve jsme pouzili balicek HH
pro vypocet faktoru inflace rozptylu (VIF) k posouzeni potencidlni multikolinearity
mezi zpUsoby vyuZiti krajiny. ProtoZe jsme mezi nezavislymi proménnymi nepozorovali
multikolinearitu (VIF = 2), pouzili jsme pfi prostorovém rozdéleni vSechny typy lesnich

porost(.

Druhova bohatost, byla testovana na normalitu pomoci kombinace histogramu a
Shapiro-Wilkova testu. Pro jednotlivé poloméry jsme sestavili zobecnéné linearni
modely (GLM), se sledovanou druhovou bohatosti ptakd, jako zavislou proménnou a

tfemi kategoriemi lesnich porostu.

V GLM jsme jako zavislou proménnou pouzili pozorovanou druhovou bohatost ptak{
(Gaussovo rozdéleni) a tfi kategorie nezavislych proménnych (biotické faktory,
charakteristiky lesnich porostd a vyuzZiti krajiny). Jehli¢naté lesy ve vzdalenosti 15 km
jsme vyloucili z ddvodu multikolinearity s biotickymi faktory a charakteristikami

porostd.

Pro vybér nejlepsich GLM, jsme pouzili balicky nlme, pgirmess a MASS. Vybér model(
byl zalozen na kritériu AAICc < 2. Pouze tyto modely byly dale vyuzivany (Burnham a
Anderson, 2002). Nakonec bylo porovnano 12 GLM. Pro vizualizaci vybraného GLM,
jsme pouzili balicek car. Pro analyzu vlivu na datlovité jsme pouzili GLM s
kvaziPoissonovym rozdélenim. V analyzach jednotlivych druh(, jsme pouzili GLM s
binomickym rozdélenim. Do analyz, jsme zahrnuli pouze druhy s péti a vice

pozorovanimi. VSechny statistické analyzy byly provedeny v programu R.
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4.2 Ptaci a nepuvodni dieviny

V této studii, byl porovnavan jeden neplvodni a jeden plvodni druh dfeviny.
Konkrétné jsme porovnavali vliv dvou dub(, plvodniho dubu letniho a neplvodniho
dubu ¢erveného. Jednalo se o duby vzrostlé (tj, starsi 80 let). Studie byla provedena
vroce 2017, vméstskych lesich mésta Pardubice. Studijni lokality byly soucasti
fragment( méstskych lesl (o rozloze = 800 ha), vyuzivanych, jako hospodaiskeé lesy.
Konkrétné jsme studovali 10 lesnich fragment(. Tyto lesni fragmenty byly od sebe
oddéleny nelesnimi krajinnymi prvky. V kazdém lesnim fragmentu, jsme vybrali ¢tyfi
plochy (tj. stejny poCet policek v ramci stratifikovaného navrhu). Na dvou plochach se
nachazely porosty dubu Cerveného, na dvou dubu letniho. Souhrnné jsme tedy
studovali 20 ploch, s dubem &ervenym a 20 ploch s dubem letnim. Kazda studovana
plocha méla prdmér 40 m (1 256 m?), s konkrétnim stromem (dub ¢erveny nebo dub
zimni) uprostfed. Nejednalo se o monokulturni porosty, jako pfimiSené dfeviny, se
v porostech vyskytovaly bfiza bélokora (Betula pendula), jasan ztepily (Fraxinus
excelsior), javor mlé¢ (Acer platanoides), topol osika (Populus tremula), smrk ztepily
(Picea abies), borovice lesni (Pinus sylvestris), trnovnik akat (Robinia pseudoacacia),
lipa velkolista (Tilia platyphyllos), lipa srd¢ita (Tilia platyphyllos), olSe lepkava (Alnus

glutinosa), buk lesni (Fagus sylvatica) a tfeSen ptaci (Prunus avium).

V rdmci studie, jsme se zabyvali, vyskytem tii taxonl, kromé ptak( (reprezentujicich
skupinu s dobrou schopnosti Siteni), jsme studovali brouky (reprezentujici skupinu se
stfedni schopnosti Sifeni) a pldni makrobezobratlé (reprezentujici skupinu se slabou
schopnosti Sifeni). Kromé poctu zjisSténych druh( (zavisla proménna), jsme sledovali
7 nezavislych proménnych.Korunovy zapoj, ktery vyjadfuje mikroklimatické a
svételné podminky, byl méfen pomoci fotografii pofizenych smérem vzh(ru ve vysce
1,5 m nad zemi za pouziti fotoaparatu s rybim okem. Snimky byly opét nasledné
analyzovany v programu Gap Light Analyzer 2.0 (Frazer et al. 2000). VSechny ostatni
studované proménné, byly méreny v kruhu o prdméru 40 m (Loskotova, Hordk 2016).
Podily obou studovanych druhl dub( v rdmci stromového patra (%), byly vypocteny
jako mira zastoupeni plvodniho a neptvodniho druhu v kazdé ploSe. RovnézZ jsme
stanovili druhové bohatstvi ostatnich strom(. Déale jsme kvantifikovali mrtvé drevo

listnatych stromU, nebot odrazi charakter studovaného lesniho prostiedi (Horak et al.
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2016). Objem mrtvého dfeva, byl stanoven véetné vSech kust lezicich na zemi (o
praméru > 5 cm) a stojicich zbytk(l kmen( (Adolt et al. 2013). Primér stromu,

rostouciho uprostied plochy, byl méfen v prsni vySce.

K analyze druhové bohatosti, sloZeni spolecenstev a odezvy jednotlivych druht jsme
pouzili datové matice popisujici pfitomnost/nepfitomnost druhd. Tento pfistup
umoznil srovnanivysledkd u taxont studovanych odliSnymi metodami. Pro vizualizaci
odezvy druhové bohatosti jednotlivych skupin na procentuadlnim zastoupeni
studovanych druht dubl jsme poutzili atributové grafy. Odezva zavislych proménnych
byla zaloZena na celkovém poctu druh(. Tato informace byla vizualizovdna pomoci
zobecnéného linearniho modelu. Krokovy vybér (stepwise selections), byl pouzit pro
srovnani mezi nulovym, linearnim, kvadratickym a kubickym GLM, a to na zakladé
korigovanych hodnot Akaikeho informacniho kritéria. Pro hodnoceni vlivu na ptaky
jsme pouzili Gaussovo rozdéleni. Pro vyhodnoceni vyskytu druhl, jsme pouZili
kanonickou korespondenc¢ni analyzu, s unimodalnim rozdélenim (vyskyt druhd byl
zaznamenan jako pfitomnost, resp. nepfitomnost). Procentualni zastoupeni
plvodnich a neplvodnich dfevin, jsme analyzovali, jako dvé spojité proménné.
Odezva jednotlivych vyskytld druht byla analyzovana pomoci vizualizace biplotd s t-
hodnotami. VSechny ostatni nezavislé proménné (otevienost koruny, tloustka kmene,
mrtvé difevo a pocet druhl stroml) byly zahrnuty jako kovariaty. Uvedené

mnohorozmeérné analyzy byly provedeny v programu Canoco 5.12.

4.3 Ptaci na méstskych loukach

Vroce 2017 jsme studovali 34 méstskych travnatych ploch rozmisténych na uzemi
mésta Pardubic. Plochy byly vzajemné izolovany plochami s jinym zplisobem vyuZiti.
VSechny travni porosty byly zemédélsky vyuzivany jako louky nebo s nedavno
ukon&enym hospodarfenim. Louky se nachazely ve vzdalenosti do 10 km od centra

mésta. Jejich rozloha se pohybovala od 0,2 do 149 ha (priimér 28 ha).

V rdmci studie, jsme se zaméfili na tfi taxony ZivoCichl a cévnaté rostliny. Kromé
ptakd, se jednalo o suchozemské plze a motyly. Taxony byly zvoleny s ohledem na
odlisné schopnosti rozptylu (Gétmark et al. 2008; Horak et al. 2013; Jackson, Fahrig

2014). Pfedpokladali jsme, ze zivoCichové s nejhorSimi rozptylovymi schopnostmi,
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budou vice reagovat na strukturu vegetace a management izemi, zatimco mobilngjsi
ptaci budou silnéji reagovat na strukturu krajiny (Jokimaki 1999; Aguirre-Gutiérrez et
al. 2017). Jako vysvétlujici proménné jsme zvolili jedenact environmentalnich
prediktor(l rozdélenych do tfi kategorii. Prvni kategorie zahrnovala biotické faktory a
odrazela vztah slozeni spoleCenstva daného taxonu s druhovou bohatosti ostatnich
studovanych Zivoc¢iSnych taxonU (napf. druhové slozeni ptakd s druhovou bohatosti
suchozemskych plz{ a motyld) a cévnatych rostlin. Rostliny byly pouzity pro jejich
ddlezitou roli pro vyskyt Zivocichl (napf. jako potrava nebo Ukryt). Nakonec jsme
ziskali Gtyfi biotické proménné: rostliny, suchozemské plze, motyly a ptaky. Druhou
kategorii prediktor(, byly strukturni charakteristiky studovanych luk. V této kategorii,
jsme zkoumali intenzitu obhospodarovani na lokalité, a to pomoci semikvantitativni
Skaly: od opusténych (bez koseni), kosenych (kosenych jednou ro¢né nebo
mozaikovité), intenzivné kosenych (kosenych dvakrat az tfikrat roéné) a periodicky
kosenych (kosenych v zavislosti na vySce porostu) luk. Zaznamenavali jsme také
procentualni pokryvnost holé plidy a dfevinné vegetace (odhad s rozliSenim 5 %). Treti
kategorie prediktor( se tykala, miry fragmentace stanovist. Pro kazdou studovanou
louku, jsme vypocitali vzdalenost od nejblizSiho travniho porostu, jako podobného
typu stanovisté a od nejblizSi zastavéné plochy, jakozto nejméne pfirozeného typu
vyuziti krajiny ve méstech. Vypocitali jsme také obvod kazdé studované plochy,
protoZze v méstské krajiné je vhodnéjsim prediktorem biodiverzity nezli rozloha (Horak
2016). Abychom zohlednili ¢asoprostorovou kontinuitu lokality, rozdélili jsme kazdy
travni porost do tfi kategorii na semikvantitativni Skale: recentni (pfitomny teprve od
roku 2003), stfednévéky (pfitomny od roku 1966) a stary (pfitomny nejméné od roku
1844). Podkladem byly letecké snimky z roku 2003 (mapy.cz), vojenské topografické
mapy z roku 1966 (archivnimapy.cuzk.cz) a mapy stabilniho katastru z let 1834-1844

(archivnimapy.cuzk.cz).

V8echny analyzy byly provedeny v programu Canoco 5 (Smilauer, Leps 2014).
Potencialni prekryv rozloZzeni druhového slozZeni tfi studovanych taxon( byl vypocten
pomoci detrendované korespondencéni analyzy, s vyuzitim prvni a druhé osy pro
vizualizaci. Prispévek raznych prediktor( (biotickych, strukturnich a fragmentacnich)
k vysvétleni druhového slozeni jednotlivych studovanych taxon( jsme hodnotili

pomoci kanonické korespondenc¢ni analyzy s 9 999 permutacemi.
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4.4 Hnizda lesnich mravencu

Studie probéhla ve smrkovych lesich, pobliz Nového Mésta pod Smrkem (okres
Frydlant). V zafi 2022 jsme vybrali 116 hnizd mravence Formica polyctena. U kazdého
hnizda jsme zméfili pramér a vysku, vyhodnotili aktivitu délnic, korunovy zapoj a
pokryvnost vegetace na hnizdech. Primeér a vyska byly méfeny s pfesnostina 5 cm.
Korunovy zapoj a zar(ist hnizd vegetaci byly odhadnuty s pfesnosti 10 % na zakladé
zastinéni oblohy nad hnizdem, resp. procenta povrchu kupy pokrytého vegetaci (Véle,
Frouz 2023). Aktivita délnic byla hodnocena na stupnici od 0 do 4, podle poctu
pozorovanych délnic pohybujicich se po povrchu hnizda. V fijnu, tj. v dobé pfed
ukon&enim aktivity délnic byla hnizda zkontrolovana. Zadné hnizdo nebylo v této dobé
poskozeno. V bfeznu 2023, na zacatku aktivity délnic po zimnim obdobi, jsme
spocitali poCet chodeb vyhrabanych ptaky v jednotlivych hnizdech a zméfili jejich
hloubku. Pét hnizd, ktera byla poskozena z jinych dtvodd, bylo ze studie vyloucenp. V
zafi 2023 byla opétovné zmeérfena velikost zbyvajicich 111 hnizd a znovu stanovena
aktivita délnic. Méreni velikosti hnizd a aktivity délnic, bylo provedeno podle

standardnich metodik pouzivanych pro inventarizaci hnizd (Hruska 1990; Dario 2002).

Vzhledem k tomu, Ze prameér a vyska hnizd spolu koreluji, byl pfi analyzach pouzit
objem hnizd. Ten byl vypocten, jako primérny objem tfiosého elipsoidu (Frouz, Finer
2007). Proménna ,zména aktivity“, byla vypocCtena, jako aktivita délnic ve druhém
roce pozorovani, od niz byla ode&tena hodnota aktivity v prvnim roce pozorovani. Vliv
pocCtu chodeb na zménu aktivity délnic a objemu hnizda byl testovan pomoci Kruskal-
Wallisova testu. Zavislost poctu chodeb na aktivité délnic, objemu hnizda,
korunovém zapoji a pokryvnosti vegetace byla testovana pomoci zobecnénych
linedrnich modell s kvaziPoissonovym rozdélenim (Pekar, Brabec 2020). VSechny

vypocty byly provedeny v programu RStudio 2024.04.2+764 (RStudio Team 2020).
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5. VYSLEDKY

Predlozenad disertacni prace vznikla na zakladé ¢tyf publikovanych praci a jednoho
rukopisu, zabyvajicich se problematikou, jez odpovidé stanovenym cilim. Clanky
jsou pfilozeny jednotlive.

Prvni publikace se zabyva vlivem péstovani smrkovych lesl na vyskyt ptak( véetné
datlovitych, rovnéz obsahuje vyhodnoceni faktord, které vyskyt ptak{ ovliviuji:

Vélova L., Véle A., Horak J., 2021: Land use diversity and prey availability structure
the bird communities in Norway spruce plantation forests. Forest Ecology and
Management 480: 118657. https://doi.org/10.1016/j.foreco.2020.118657

Druhad publikace vyhodnocuje vliv péstovani dubu letniho a neptvodniho dubu
¢erveného na diverzitu tii taxont Zivoc¢ichd, véetné ptaka:

Véle, A., Vélov4, L., Plewa, R., Tuf, I.H., Mikovcova, A., Brestovanska, T., Rada, P.,
Mock, A., Horak, J., 2023: From leaf litter to crowns: Response of animal biodiversity
to native and non-native oak vegetation. Forest Ecology and Management 534:
120856. https://doi.org/10.1016/j.foreco.2023.120856

Treti publikace obsahuje vysledky studie o managementu méstskych luk na diverzitu
vybranych taxon(, véetné ptaka:

Vélova, L., Véle, A., Peltanova, A., éaféf'ové, L., Menendéz, R., Horak, J., 2023: High-
,Medium-, and Low-Dispersal Animal TaxaCommunities in Fragmented Urban
Grasslands. Ecosphere14(2): e4441. https://doi.org/10.1002/ecs2.4441

Ctvrta publikace je review o vyznamu a ekologickych nérocich z pohledu ochrany
lesa nejvyznamnéjsich druht datlovitych ptak(:

Vélova L., Véle A., 2019: Vyznam datlovitych ptak( v ochrané lesa: review. Zpravy
lesnického vyzkumu 64: 77-84.

Patym vysledkem je rukopis, zabyvajici se dopady predace lesnich mravenc(
datlovitymi ptaky na prezivani mravenist:

Véle, A. Vélova L., : Impact of woodpecker predation on the survival of wood ant
nests.
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ARTICLE INFO ABSTRACT

Keywords: Norway spruce (Picea abies) is one of the most important target trees in forestry. In Central Europe, it is grown
Bark beetles primarily in forest plantations. However, the distribution area of this tree species is declining due to climate
Woodpeckers

change and trends toward sustainable forest management. The question how artificial habitats such as planta-
tions influence the native biota is still unclear. We aimed to investigate the influence of spruce plantations on
bird communities at the country level. We focused on birds in relation to biotic, stand and land use character-
istics. We studied bird communities (including woodpeckers) throughout the Czech Republic. All sites were
situated in mature spruce forest plantations. Birds were sampled using the point count method, and nine envi-
ronmental predictors were considered to potentially affect the bird community. Our results indicate that the
representation of deciduous trees (within stands and in the surroundings) and longhorn beetles (as prey) have a
predominant effect on the species richness of birds, including woodpeckers. The effects of longhorns and de-
ciduous trees in the stand were positive, while deciduous forests in the surroundings had a negative effect. We
also found several species associated with spruce, even in plantation forests. An important finding regarding the
future management of spruce stands is that bird communities exhibited a strong relationship with spruce, even
outside of its native range. Admixture with deciduous trees was favorable at the stand level, while at the
landscape level, there is the need for adequate spruce-dominated forests, and deciduous forests may serve as
obstacles. We argue that plantations cannot only be seen as tree farms or green deserts but also be used for
biodiversity management. Nevertheless, it is important to leave deciduous trees within the stand until the end of
the rotation period, as birds find food and nesting places in these trees.

Canopy openness
Longhor beetles
Landscape cover

1. Introduction questions is recognizing how such artificial habitats influence the native

biota.
Tree plantations are the most important source of timber products. The Norway spruce (Picea abies) is one of the most important eco-
Therefore, they generate large amounts of money (Carle and Holmgren, nomic trees in Europe (Surminski, 2007). For this reason, since at least

2008; Cubbage et al.,, 2010). Plantations are often considered green
deserts (Acosta, 2011; Qui, 2014). Nevertheless, foresters that use sus-
tainable methods of silviculture to manage forests can use the resulting
income to improve the actual state of the forests (Brockerhoff et al.,
2008). Two of the most important questions related to such forests are as
follows: What is the optimal representation of forest plantations with
respect to more natural forest management approaches? Where should
they be located? One important part of any attempt to answer these

the end of the 18th century, the original deciduous forests have been
converted into spruce plantations. Currently, spruce plantations grow on
a large part of Central European forestland (Spiecker, 2003); for
example, in the Czech Republic, spruce has a greater than 50% repre-
sentation in forests (MZe, 2018). Plantations are often grown outside the
natural distribution of spruce in habitats with inadequate soil and cli-
matic conditions. This causes the spruce trees to be susceptible to biotic
and abiotic damage (Spiecker, 2003; Cassagne et al., 2004; Drever et al.,
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2006; Neuner et al., 2015; Holusa et al., 2018). Therefore, spruce is a
commercially important tree but is also one of the most endangered
because of abiotic (e.g., windstorm, drought) and biotic (bark beetles,
defoliators) threats. Spruces planted in plantations cause undesirable
environmental conversion. This can be reflected by a change in the
composition of plant and animal assemblages (Saetre et al., 1997;
Barbier et al., 2008; Hordk et al., 2019). Many studies have indicated
that nonnative coniferous trees have a lower species diversity and
abundance than native ones (Fahy and Gormally, 1998; Cassagne et al.,
2004; Barbier et al., 2008), which is inconsistent with the visions of
modern sustainable forestry (European Commission, 2003). These facts
and arguments, and in particular the conservation of biodiversity, have
driven the call for the replacement of spruce monocultures with native
tree species (Soucek and Tesal, 2008). Nevertheless, the effect of spruce
forest substitution may not always be clearly negative. Some studies
have shown that the presence of spruce can also have a positive effect on
biodiversity (Irwin et al., 2014; Hordk et al., 2019). It was recently
claimed that sustainable modern forestry must not only conserve
biodiversity but also provide economic services (Bengtsson et al., 2000).
This is important for spruce plantations in Europe than for most of other
trees (Surminiski, 2007; Carle and Holmgren, 2008; Sisak and Novotny,
2016).

One way to determine the influence of management on biodiversity
is the use of taxa that are well known and potentially sensitive to
environmental changes (Siddig et al., 2016). Birds in particular are
sufficient taxa frequently used in ecology. They are sensitive to forest
habitat alterations and microhabitat structure, and their ecology is well
known (Roberge and Angelstam, 2006; Evans et al., 2009; Eglington
et al, 2012; Irwin et al., 2014). Moreover, because of their good
mobility, they often respond quickly to changes in forests (Hansson,
2000). They are especially good predictors of changes in land use at a
landscape level (Hausner et al., 2003). The composition of the bird
community depends on tree species composition and the habitat quality
features derived therefrom, such as physiognomy, productivity, and
surrounding area composition (Hausner et al., 2002). Birds in temperate
forests are often highly specialized on deciduous or coniferous trees, and
some species are even dependent on spruce presence (Mikusinski et al.,
2018).

‘Woodpeckers are a special group of birds. Their species richness is
often closely correlated with the richness of other birds at the stand
level, and therefore, they can be used as an indicator of overall bird
richness (Mikusiniski et al., 2001; Roberge and Angelstam, 2006; Drever
et al., 2008). Among birds, woodpeckers are relatively poor disperses.
Adults often stay in one area throughout their whole life. Many species
are territorial. Furthermore, they do not leave their breeding territories
even during winter (Winkler and Christie, 1995; Gorman, 2004;
Pechacek, 2006). Their typical natal dispersal is relatively short
(Pechacek, 2006; Ciudad et al., 2009; Gil-Tena et al., 2013). The nests
can be often used repeatedly (Smith, 1997; Pechacek, 2004). The
abandoned cavities of these birds are used by many other animal species
(Newton, 1994). The black woodpecker (Dryocopus martius), a creator of
large cavities, is considered a keystone species of European forests
(Johnsson, 1993; Kosinski et al., 2010).

For these reasons, forest managers should pay attention to birds.
Birds serve many functions in ecosystems, such as acting as predators,
scavengels, seed dispersers, seed predators and pollinators. In summary,
they can be considered ecosystem engineers (Whelan et al., 2008). In
Europe, long-term studies and explorations of population trends have
shown significant losses of forest birds of up to nearly 20% (Gregory
et al., 2007; Virkkala, 2016). For example, Gregory et al., (2007)
considered habitat alteration caused by forest management to be one of
the main causes of the decline in boreal forest birds. Unfortunately,
Mahon et al. (2014) predicted a further decline in the abundance of birds
in coniferous forests in the next 100 years. The causes of the decline in
bird species are climatic and habitat changes and their combinations
(Virkkala, 2016). The causes of declines observed in specific regions
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cannot be generalized or extrapolated to a wider geographic scale. In-
dividual regions differ in terms of species pool, abiotic factors, habitat
types and the interscale interaction of processes in space and time (Wells
et al., 2011; Wiens, 2011). Therefore, further studies are needed to
understand how and why bird species dynamically respond to local and
landscape-scale forest attributes (Wells et al., 2011). This fact, related to
the declining area of spruce plantations, was the main reason for the
focus of owr study. The specific aim of our work was to evaluate the
influence of Norway spruce plantations on bird communities at the
country level. This study is timely because in the context of climate
change, there has been an intensive reduction in spruce plantations as a
result of drought. There has also been an uncontrolled increase in the
abundance of phloeoxylophagous insects, which cause large-scale
dieback of spruce forests (Knizek and Liska, 2020). Specifically, we
focused on the occurrence of birds in relation to the biotic, stand and
land use characteristics of Norway spruce forest stands. Contrary to the
tropics, there is still insufficient knowledge about the impact of tree
plantations in temperate regions on birds.

2. Methods
2.1. Study area

Forests cover approximately one third of the area of Czech Republic
(=~34%). More than one half of all forests are with the Norway spruce
(~54%), most of which are plantations. Native spruce usually occurs at
high altitudes (approximately from 700 m a.s.l.). These forests are
generally without timber production and located in protected areas
(MZe, 2018).

We studied birds in Norway spruce plantation forests. Therefore, we
excluded sites where the Norway spruce was potentially native
(Nozicka, 1957; 1972). The aerial distance between the individual areas
was always greater than 35 k. All patches were situated in mature (i.e.,
with an age of 100 =+ 10 years) stands. Finally, we studied birds at 43
sites distributed throughout the Czech Republic (Fig. 1).

2.2. Bird sampling

Birds were sampled using the point count method from the center of
the stand (Horak et al., 201 3). All individuals that were seen or heard 20
m from the center (with the exception of birds flying overhead) were
recorded within 15-minute intervals. The radius of 20 m allows us to
maximize the number of recorded species and eliminates the possibility

Fig. 1. Distribution of the studied sites of bird communities with dominance of
the Norway spruce (Picea abies) in the Czech Republic.
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that some birds (e.g. inhabiting tree-top canopy) cannot be detected. It
also allowed exactly described habitat attributions (Sdlek et al., 2010;
Hostetler and Main, 2016). In the case of the plantation forests, a larger
radius could contain the surrounding stands (Hoiak et al., 2019) — the
maximum allowed width of the commercial plantation stand in the
Czechrepublic is twice of the average tree height (MZe, 2018). Each site
was sampled twice during spring 2018. This is according the bird
mapping methodology (Bejcek and Stastny, 2014) and allowed to visit
all sites by the same person (i.e. avoid potential sampling bias).
Counting was carried out from dawn until the late morning and only on
days with suitable weather conditions (no rain, no temperatures
exceeding 20 °C).

2.3. Environmental parameters

We used nine environmental predictors classified into three
categories:

The first category included biotic factors and reflected the relation-
ships between the birds and the abundance of potential prey. For this
purpose, we placed a bundle consisting of six freshly cut spruce branches
(bound as a ladder) in each stand (Véle and Hordk, 2018). The bundles
were placed on the stem of a Norway spruce in the middle of the stand (i.
e., the sampling point for birds). The upper edge of the bundle was
located at a height of approximately 3.5 m above the ground. The
bundles were activated (placed) in the middle of March and deactivated
(replaced) in the middle of May. Immediately after deactivation, we
peeled off the bark and counted the numbers of bark beetle (Scolytinae;
mean = 12.1, min = 0, max = 127) and longhorn beetle (Cerambycidae;
7.8, 0-76) larvae and adults in the laboratory. We also counted the
number of ant nests (Formicidae; 0.8, 0-7) (namely, Camponotus spp.,
Formica spp. and Lasius spp.) in each studied stand.

The second category of predictors included the stand characteristics
of the studied forest stands. Specifically, we studied canopy openness
(32.0, 22.31-49.84%), the number of damaged trees (3.7, 0-11) and the
amount of fresh deadwood (2.7, 0-30 m®). Canopy openness was
measured using a Sigma 4.5 mm 1:2.8 DC HS circular fisheye lens.
Photographs were taken at the time of the first bird monitoring near the
trees with bundles and standardized according to the tree in the north-
ern pait of the photograph and at 2 m above ground level. All photo-
graphs were then evaluated using Gap Light Analyzer 2.0. The numbers
of standing damaged trees and amount of dead wood were determined in
the same area that the bird monitoring took place (circle with a radius of
20 m). All spruces with broken branches, scraped bark, and other defects
were counted as standing damaged trees. Volume of deadwood was
determined by estimation, including all pieces lying on the ground (with
adiameter >5 cm) and the standing remnants of tree trunks. All standing
remnants were measured. The dimensions of wood lying on the ground
was measured on four transects and then recalculated on the whole
surface of the stands (Adolt et al., 2013).

The third category of predictors was related to land use. We measured
the representation of spruce (84.7, 50-100%) and deciduous trees (6.0,
0-50%) within each stand. Then, we used GIS to calculate the areas of
coniferous and deciduous forest cover in 2 (494.1, 7.3-1 170.1 resp.
38.3, 0-600.5 ha), 5 (2 119.5, 91.8-5 343 resp. 284.7, 0-4 157.1), 8 (4
762.4,127.5-10 357.3 resp. 695.6, 0-28 518.6), 10 (7 174.2, 174.9-294
141.5 resp. 1 049, 0-9 158.6) and 15 (15 205, 597.8-31 122.7 resp. 2
330.1, 0-16 497.8) km radii (EEA, 2016).

2.4. Statistics
All statistical analyses were performed in R.
2.4.1. Spatial autocorrelation
For analysis of the spatial autocorrelation of dependent variables, we

used the package spdep. We used the global Moran'’s I and significance
testing using 199 permutations. All dependent variables that were
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significantly influenced by space were used in subsequent statistical
computations with autocovariates. Specifically, each autocovariate was
used as an independent variable (de Frutos et al., 2007).

2.4.2. Spatial partitioning

We analyzed the abovementioned land uses of forest cover using
spatial partitioning (Fig. S1). We computed the cover of each indepen-
dent variable in five circular areas with centers at the observation point.
We used 1adii of 2, 5, 8, 10 and 15 km. The radii used were optimal for
analyses for birds (from 2 km). They have the best response to the largest
radius and at lower distances we would analyze stand structures and not
land use (Hordk et al., 2013). We avoided overlaps between and among
landscapes of observation points (to 15 km). Thus, we used independent
landscapes (Hordk et al., 2016). First, we used the package HH for
computation of the variance inflation factor (VIF) to assess potential
multicollinearity between land uses. As we did not observe multi-
collinearity (VIF > 2) among independent variables, we used all forest
cover types in spatial partitioning.

The species richness was tested for normality using combination of
histogram and Shapiro-Wilk test. We fit generalized linear models
(GLMs) for particular radii with the observed species richness of birds as
the dependent variable and three forest cover categories. The radius
with the best whole-GLM adjusted explained variance (Hordk et al.,
2016) was then used in subsequent analyses (Fig. 51).

2.4.3. Generalized linear models

We used the observed species richness of birds (Gaussian distiibu-
tion) as the dependent variable and three categories of independent
variables in the GLMs (biotic factors, forest stand characteristics and
land uses). We excluded coniferous forests at 15 km due to multi-
collinearity (VIF = 3.18) with biotic factors and stand characteristics.
The independent variance of individual variables explained by the cat-
egories was computed using variance partitioning (Zasadil et al., 2020).

For best-subset GLM selection, we used the packages nlme, pgirmess
and MASS. Model selection was based on the criterion of AAICe < 2.
Only these models received substantial support and were considered
when making inferences (Burnham and Anderson, 2002).

Finally, 12 GLMs were compared (Table S1). A comparison of
reduced deviance between models was performed using ANOVA with a
X2 distribution. As the AAIC did drop significantly (P > 0.05), we chose
the GLM with the best AICc.

We used the package car for visualization of the selected GLM.
Pearson residuals were used, and the relationships between the depen-
dent and independent variables (with relationships with all other in-
dependent variables included in final GLM) were visualized. For the
analysis of woodpeckers, we used a GLM with a quasi-Poisson-
distributed dependent variable. We used GLMs with a binomial distri-
bution for dependent variables in individual species analyses. We
analyzed only species with five or more observations.

3. Results

We observed 28 bird species (Table $2). The mean number of species
per locality was greater than seven (min = 4; max = 11). Fringilla coelebs
was the most frequent, with 39 occurrences. Regarding the occurrence
of woodpeckers, Dendrocopus major was the most frequent and was
observed at 33 localities, Dryocopus martius was observed at seven lo-
calities, Picus viridis was observed at five localities, and Picus canus was
observed once.

3.1. Bird community

The variance explained by the overall GLM (i.e., with all predictors
included) was 42.7%, and the GLM was significant (F = 2.56; P =
0.025). The species richness of birds was the most influenced by the land
use category, followed by the biotic factor category, while the stand
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category was the least important (Table 1). Specifically, birds in the
spruce plantations were positively influenced by the amount of possible
prey in the form of longhorn beetle larvae. We observed a negative effect
of deciduous forest coverage within 15 km (Fig. 2).

Longhorn beetles and deciduous forests in the surroundings had
significant effects (Table S3) and, furthermore, were present in all best-
subset GLMs (Table S1). The results after GLM selection of independent
variables indicated that increasing the number of longhorn beetles had a
positive effect (t = 2.75; P = 0.009) and the coverage of surrounding
deciduous forests had a negative influence (t = —3.50; P = 0.001) on
bird species richness. The land use characteristic of deciduous trees was
included in six GLMs, and Norway spruce was included in five. Canopy
openness was included in seven GLMs, and the other two variables were
included in no GLMs. The biotic characteristic bark beetles was included
four times, while ants were never included (Table S1).

3.2. Woodpeckers

The number of woodpecker species was the most influenced by the
number of longhorn beetles and the representation of deciduous trees in
a stand. Increasing values of both variables significantly increased the
number of woodpeckers (Table 2).

3.3. Species responses

We found significant responses for one woodpecker. The black
woodpecker (D. martius) was positively associated with the representa-
tion of deciduous trees in a patch (t = 2.44; P = 0.021).

Significant responses of other bird species were as follows: the
common firecrest (Regulus ignicapillus) was negatively influenced by the
number of bark beetles (t = —2.42; P = 0.022). The European robin
(Erithacus rubecula) was positively associated with ant nests (t = 2.15; P
=0.040) and the amount of fresh deadwood (t = 2.76; P = 0.010). The
common chiffchaff (Phylloscopus collybita) was negatively affected by
the area of deciduous forests in the surroundings (t = —3.44; P = 0.002)
and favored increasing canopy openness (t = 2.30; P = 0.029). The
Eurasian blackcap (Sylvia atricapilla) was positively associated with the
number of bark beetles (t = 2.34; P = 0.026) and representation of
spruce (t = 2.13; P = 0.041). The common wood pigeon (Columba pal-
umbus) was negatively affected by the representation of spruce (t =
—2.26; P = 0.031).

Other abundant species, i.e., D. major, P. viridis, Turdus philomelos,
Fringilla coelebs, Parus ater, Regulus regulus, Parus major, Sitta europaea
and Troglodytes troglodytes, were not influenced by the studied charac-
teristics. The rest of the species were not analyzed due to the small

Table 1

Relationship of bird species richness with the environment of the Norway spruce
plantations in the Czech Republic. GLM with normal distribution of the depen-
dent variable was used, significant P-values are shown in bold.

Category  Ind. Variable t Est. SE P
-

Biotic 0.164  Bark beetles ~1.36  -1.24e %% 223"  0.185
Longhom 2.20 3.68¢ %% 1.65¢%  0.036
beetles
Ants -0.10 -2.21e°*  216e "  0.919

Stand 0.070  Canopy 1.84 7.43e % 4.04e7%  0.076
openness
Fresh —0.02  -7.73¢ %% 4.05¢ %  0.985
deadwood
Damaged 0.50 4727 9.43¢7 0620
trees

Land use  0.277  Spruce 1.48 3.08e % 2.08e % 0149
Deciduous 1.98 6.50e ** 329e % 0.057
Deciduous 362 -263¢ % 727¢ %  0.001
15 km
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number of occulrences.
4. Discussion

Our results indicated that the representation of deciduous trees and
the number of longhorn beetles had a predominant effect on the species
richness of birds, while the coverage of deciduous forests in the sur-
roundings had a negative influence.

Altogether, we observed 28 bird species. It is not easy to compare this
amount of species with other studies. The structure of managed and
natwral spruce forests is considerably different, and the number of
recorded species depends on the character of the studied plots, which
can be strongly heterogeneous (Leso et al., 2019; Bujoczek et al., 2020).
Nevertheless, we can see that some authors that studied akin ecosystems
found highly diverse number of species. Salek et al. (2010) found 43
species of birds in a similar habitat of secondary spruce forests. How-
ever, the comparison is difficult as they also studied forest edges. Edges
were prefeired by more than half of the species recorded in all treat-
ments. Higher number of species was presented by Felton et al. (2014) —
i.e., 36 species — from mature stands of the managed spruce plantations
in southern Sweden. Less comparable are data from the natural spruce
forest, which are generally found at higher altitudes — Saniga (2009)
found 46 species of birds in three areas in the natural spruce forests in
Slovakia and Bujoczek et al. (2020) observed 17 bird species in mature
spruce stands in Poland.

4.1. Influence of deciduous trees and prey

We evidenced a positive effect of longhorn beetles (Cerambycidae),
which can serve as prey for birds. It is known that in spruce stands,
longhorns mainly attack weakened trees or can weaken healthy trees
(Evans et al., 2004). Such trees are also susceptible to attack by other
potential pests, such as defoliators (Evans et al., 2004; White, 2015).
Therefore, their feeding activity should increase the total prey amount
and leads to higher abundance of insect predators and parasitoids
(Hedgren, 2007). As in the case of abovementioned defoliators, other
insects can be additional bird food. The impact of bark beetles was not so
significant, despite the fact that their ecological impact is similar. The
possible reason is delayed reaction of bird predators to enough prey
(Kuno, 1987) and longer development of longhorn beetles (compared to
bark beetles; Kiistek and Urban, 2013). Several indirect factors could
also have influence — such as dying of trees due to insect infestation,
which is associated with changes in undergrowth and shrubs and which
is particularly suitable for ground-nesting species (P1zepiora and Ciach,
2020). However, the positive effect of the low canopy closure was not
demonstrated and the occurrence of ground-nesting species was rare.
Therefore, the variable of the abundance of long horn beetles can be
considered as important factor.

We found a positive effect of deciduous trees within the stands
dominated by Norway spruce. The most likely reason is that the pres-
ence of deciduous trees can increase the number of other resources. Each
tree species provides a different food source for birds (Holmes and
Schultz, 1988). It has also been shown that deciduous vs. coniferous
trees provide different microclimates and food resources for arthropods
(Ozanne, 1999). As shown by this study, arthropods associated with
trees should be an important part of the prey of not only woodpeckers
but all birds — even seed-eaters that feed insects to their brood (Wilson
et al., 1999). The composition of tree species within stands can indi-
rectly affect which bird species successfully exploit the habitat and, thus,
affect the structure of the bird community (Holmes and Schultz, 1988).
We observed only one negative relationship (C. palumbus) with spruce,
which can be explained by poor conditions for the construction of nests
on spruces. Columba palumbus belongs to a larger group of birds that use
both deciduous and coniferous trees (Girard et al., 2004). To increase
the number of bird species and the number of individuals, the presence
of deciduous trees is necessary (Jansson and Andrén, 2003; Felton et al.,
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Fig. 2. Relationship of the bird community with the environment of the Norway spruce plantations in the Czech Republic. The results of significant predictors
obtained using partial regression are visualized by Pearson residuals and gray regression lines.

Table 2
Relationship of woodpeckers with the environment of the Norway spruce
plantations in the Czech Republic.

Category Variable t Est. SE P
Biotic Bark beetles 0.44 173 % 3.90e % 0.661
Longhorn beetles 2.21 1.58e % 7.14e" % 0.035
Ants -1.65 1.52¢ % 9.22¢ 0.109
stand Ganopy openness ~0.95 —~1.64e %2 1.73e 0.350
Fresh deadwood 0.87  1.51e® 1.73¢ % 0.389
Damaged trees 1.57 6.32¢ % 4.03e % 0.127
Land use Spruce 0.96 8.49¢ % 8.90e 0.347
Deciduous 2.31 3.24e % 1.40e 0.028
Deciduous 15 km ~1.70 —5.28¢ % 3.10e 0.099

2011), which corresponds to our results.

A different result was observed for the forest matiix in the sur-
roundings, where a negative relationship with the representation of
deciduous trees was found. This appears to be in contrast to stand
conditions. Nevertheless, the main reason of the reaction at the land-
scape level is that we sampled the community of spruce stand-associated
birds. Therefore, they thrive under admixture with other trees but also
suffer in areas without sufficient spruce-dominated stands in their sur-
roundings. This may also be due to the close relationships of some
species (for example, the common firecrest) with spruce together with
their dispersal abilities (Batary et al., 2014; Kosicki et al., 2015). An
inappropriate matrix may limit individuals’ abilities to colonize suitable
habitats (Villaid and Haché, 2012) because the matrix influences the
permeability and functional connectivity of forests in the landscape
(Zasadil et al., 2020). An isolated island in the matrix of other tree
species can differ in species richness only slightly due to the invasion of
matrix birds (Palik and Engstrom, 1999). Furthermore, a sufficiently
large area of a suitable forest type should be important for more
specialized species (Virkkala et al.,, 1994; Virkkala and Rajasaikka,
2006).

4.2. Woodpeckers

The number of woodpecker species was positively influenced by the
longhorn beetles and the representation of deciduous trees in a stand. As
also mentioned above, longhorn beetle larvae are important food
component, and birds actively pluck them from wood (Gorman, 2004;
Pechacek and Kiistin, 2004). They are appropriate food for both young
and adults, especially at the time of nesting, because they are more

nutritious than bark beetles (Pechacek and Kristin, 2004).

4.3. Individual species

Potential food availability was the most likely cause of the other
dependencies of individual species on the environment in the spruce
plantations. The occurrence of the Eurasian blackcap in the stands with
bark beetles appears to be questionable. The diet of the Eurasian
blackecap mainly includes larval butterflies, not beetles (Altegrim and
Sjoberg, 1995). Therefore, it is possible that the presence of bark beetles
was only a consequence and indicated the higher abundance of lepi-
dopteran defoliators. Both insect taxa may have linked spatiotemporal
infestation patterns (Goodsman et al., 2015). Generally, species nesting
in the shrublayer prefer forests with insect outbreaks (Saab et al., 2014).
The amount of food can also explain the dependence of the European
robin on ants and new deadwood. Ants (including saproxylic) can serve
as prey for robins (Poulsen, 1956) but mainly have indirect effects. They
spread aphids and vegetation around the nests and thus increase di-
versity. Both of these changes affect the amount of potential food for the
European robin (Rubashko et al., 2011; Novgorodova, 2015). Therefore,
the relationship with ants is only a sign of the availability of other food
sources. Specifically, deadwood is also a habitat for many invertebrates
(Radu, 2006), which can serve as another source of food. The common
chiffchaff favored increasing canopy openness. Canopy openness is
associated with a different structure and diversity of vegetation as well
as different microclimates and amounts of irradiation (Liira et al., 2007;
Veéle et al., 2016). It is associated with larger numbers of invertebrates
(Kosulicetal.,, 2016; Véle et al., 2016) and hence again supports the food

supply.
5. Management implications

Our results show that spruce plantations can be suitable habitats for a
moderate number of bird species. Plantation spruce forests could host a
diverse forest bird community under conditions of incidence of decid-
uous trees within stand. Important is low representation of deciduous
trees in surrounding forest matrix. Many associated bird species were
those that are originally restricted to mountain and foothill coniferous
forests. Thus, they occur in nonindigenous plantations at lower alti-
tudes. The similar relationships of woodpeckers, and other birds with
the observed parameters, indicated the suitability of woodpeckers as
bioindicators. Their preferences for an abundance of insects also indi-
cated their possible positive contribution to forest protection, namely,
biocontrol (Edworthy et al., 2011).
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In this study, we support the need for further studies on bird com-
munities of forest plantation in temperate regions — including those
based on factors at the landscape scale (Jokimaki and Huhta, 1996;
Drapeau et al., 2000; Huhta et al., 2004). Greater inner habitat (forest
stand) diversity could increase the diversity of birds at the landscape and
regional levels. From a local point of view, it is important to allow the
deciduous, and especially economically uninteresting, trees on which
birds find food and nesting places to grow in stands until the end of the
rotation period. Furthermore, such trees can be left during the future
cutting of the stand as standards or as a green tree retention.
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ARTICLE INFO ABSTRACT

Keywords: The change in tree species composition is an important process influencing forest biodiversity worldwide.
Birds Therefore, it is important to reveal its actual impacts on forest biodiversity. We selected three animal groups
Be_edes . (birds, beetles and soil macroinvertebrates) with different dispersal abilities to answer the following scientific
Flightless invertebrates . B . . .
Oal forets question: how does the replacement of a native tree species, pedunculate oak (Quercus robur), by the non-native
Non-native tree red oak (Q. rubra) affect the species richness and compositions of the analyzed animal groups?

We selected ten lowland woodlands surrounding the city of Pardubice (Czech Republic). In total, forty patches
with twenty in mature native oak and twenty in mature non-native oak were studied in the 2017 vegetation
season.

We found that the effect of the tree species on the species richness was mainly negative for both oak species.
The samples with the highest species richness coincided with stands containing mixed native and non-native oak
trees. The species composition results indicated that several species avoided red oak, but highly similar numbers
of species indicated the same avoidance of the native oak.

The results of our study revealed that the effect of non-native vegetation was not as profound as expected,
compared to the effect of native vegetation. Neither native nor non-native vegetation significantly affected even
flightless fauna. Nevertheless, the extensive planting of non-native trees is not advantageous for many known
reasons (e.g., invasibility). An important approach when using non-native trees like red oak in forests is to plant
these species admixed or interspersed. In these cases, the impacts of non-native species on the biota are not
necessarily negative.

1. Introduction (Konijnendijk, 2008). Therefore, it was obvious at times in the past to

use non-native species when planting urban forests. The advantage lies

The replacement of native tree species with exotic trees is an
important and actual issue in forestry. In some regions (including central
Europe), the supply of native tree species that are commercially
important for foresters is relatively low. This scarcity sometimes limits
the selection of trees that are suitable for fulfilling ecosystem services
and exhibit resiliency in harsh environments. Cities and their sur-
roundings represent a particularly specific type of forest area

* Corresponding author.
E-mail address: jakub.sruby@gmail.com (J. Hordk).
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in their higher tolerance of anthropogenic pressures and lower risk of
attack by pests and diseases (Sjoman et al., 2016). These species, such as
red oak (Quercus rubra), Douglas fir (Pseudostuga menziesii) or eastern
white pine (Pinus strobus), are now integral components of the timber
production industry in Europe due to the wide spectrum of uses for their
wood (Potzelsberger et al., 2020).

Forests are historically connected with cities and often cover a
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significant portion of their areas (Konijnendijk, 2008). These forests
provide multiple functions, including social services (e.g., recreation
and public health), environmental protection (e.g., nature conservation,
‘water protection and air protection), and improved living conditions (e.
g., moderate urban climate conditions); forests are also sources of many
natural products (e.g., mushrooms, honey, fruits, and game species)
(Irga et al., 2015; Konijnendijk, 2008; Meyer and Schulz, 2017). How-
ever, timber production is also possible in urban forests (Poleno, 1985),
but sometimes it has less importance in urban areas than in rural com-
mercial forests (Konijnendijk, 2008). Some ecosystem functions and
environmental parameters have been confirmed to be altered in urban
forests (Carreiro et al., 1999). Therefore, protecting the original
composition of trees would have a positive influence (Amini Parsa et al.,
2020).

The abovementioned red oak is one of the ten most abundant non-
native species planted in European forests (Brundu and Richardson,
2016). Red oak occurs naturally in North America, specifically in the
eastern half of the USA and the southeastern part of Canada (Sander,
1990). This tree was introduced to Europe in the 17th century as an
ornamental plant and has been used in the forestry industry since the
end of the 19th century (Nicolescu et al., 2020). Due to its high-quality
timber and good production even in nutrient-poor soils, red oak is still
an important forest tree that is grown in a large number of European
countries (Nicolescu et al., 2020; Stefancik, 2011; Nicolini and Topp,
2005; Sander, 1990). Its importance is likely to increase with ongoing
climate change (Nicolescu et al., 2020). Red oak has a relatively good
resistance to air pollution and tracheomycosis disease (Stefancik, 2011;
Miltner and Kupka, 2016), and this trait is especially important in urban
environments. Red oak is also known to create habitats for other species,
including species that are critical conservation-wise (Kubiak, 2006;
Woziwoda et al., 2017). The acorns of the red oak can be used as an
alternative food source for animals (Bieberich, 2016). Red oak differs
from native oaks in the properties of its wood, which is denser, stronger,
stiffer, and with better workability, impregnation and splitting poten-
tial, making it a versatile timber for lumber, furniture and veneer
(Nicolescu et al., 2020).

This tree is often considered an invasive plant in Europe (Nicolescu
et al., 2020; Pysek et al., 2012; Riepsas and Straigyte, 2008), and this
fact is used to reasonably limit its planting. Invasive species often
introduce biodiversity threats such as increased native species extinction
rates and modified genetic compositions of native populations (e.g.,
Pysek et al., 2020). The red oak can naturally regenerate at the expense
of native European tree species, and it affects ground vegetation (Oos-
terbaanm and Olsthorn, 2005; Chmura, 2013).

In our study, we focused on the varying biodiversity of urban forest
stands with different compositions of introduced red oak and indigenous
pedunculate oak (Quercus robur). Our study was timely and important
because the impacts of non-native species cannot be easily generalized.
These impacts vary across species, regions and ecosystems; further, not
only the abundance of non-native species but also the incidence of these
species can induce changes in the forest structure (Pysek et al., 2020).
Specifically, the novelty of our work is its focus on the response of three
ecologically different groups representing a dispersal ability gradient:
good-dispersal-ability birds, moderate-dispersal-ability beetles, and
poor-dispersal-ability flightless soil dwellers. Regarding the ecological
aspects of these groups, they are often used as indicators of biodiversity
elements and as environmental indicators (e.g., Gregory et al., 2008).
Birds, beetles, land snails, centipedes, millipedes, and terrestrial isopods
are diverse groups that are present at many trophic levels; therefore,
they provide a good indication of general biodiversity (Orgiazzi et al.,
2016; Eglington et al. 2012). Some of these animals often respond to
anthropogenic changes over short time frames (Chace and Walsh, 2006)
as anthropogenic activities can change frequently in urban areas. These
groups also play important roles in organic matter cycling, nutrient
cycling, bioturbation, soil aeration and pollination (Orgiazzi et al.,
2016). Finally, they can serve as food sources for other animals
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(Torok,1990).

Our aim was to analyze the effects of native vs non-native oak trees
regarding their representation in forest patches on the species richness,
species composition and individual species incidence of three different
animal groups. Namely, we expected that birds, which have a good
dispersal ability, would be less influenced by tree species than flightless
soil dwelling invertebrates, while beetles, which have a moderate
dispersal ability, would be somewhere in between.

2. Methods
2.1. Study forests and area

One non-native and one native tree species were compared in this
study. Specifically, we compared the influence of two oaks: mature (i.e.,
over 80 years old) native pedunculate oak (Q. robur) and non-native red
oak (Q. rubra) patches (Fig. 1). Most red oak stands in the Czech Re-
public were planted as soil improving trees during the 1980 s (e.g.,
Miltner et al., 2017), and these stands still have not reached maturity.
Thus, the optimal conditions with enough mature stands for this study in
the Czech Republic were found in the Polabi lowland: specifically, in the
surroundings of Pardubice.

The Pardubice city agglomeration in the Czech Republic covers an
area of more than 80 km? and is home to 100,000 citizens. The city is
distributed in a flat lowland area (with a mean elevation of 240 m a.s.l.)
on the confluence of the Labe and Chrudimka Rivers. The climatic
conditions in the study region are characterized by an average annual
precipitation total of 535 mm and an average annual temperature of
9.6 °C. The potential natural vegetation belonged to Melampyro nemor-
osi-Carpinetum and partly to Pruno-Fraxinetum associations (Neu-
hauslova, 1998). There is a mosaic of cambisols, regosols, luvisols and
fluvisols soil groups (Tomasek, 2014). Our study patches were part of
urban forest fragments (=~ 800 ha in size) managed as commercial for-
ests. Specifically, we studied 10 forest fragments: Nemosice (21.8 ha;
50.01547 N, 15.78821E); Popkovice (24.7 ha; 50.02098, 15.71257E);
Rosice (98.4 ha; 50.05034 N, 15.72643E); Spojil (371.0 ha; 50.04623 N,
15.83865E); Svitkov (32.9 ha; 50.02482 N, 15.73941E); Trojice (10.8
ha; 50.03651 N, 15.74321E); Cihelna (11.6 ha; 50.04544 N,
15.77049E); Studanka (93.2 ha; 50.03458 N, 15.81847E); Starocernsko
(94.3 ha; 50.02750 N, 15.85006E); and Malolanské (35.8 ha; 50.03267
N, 15.87029E); these forest fragments were isolated from each other by
disparate non-forest land use types (Fig. 2).

In each forest fragment, we chose four patches (i.e., an equally
stratified design framework), including two red oak and two peduncu-
late oak patches. Thus, we ultimately studied 20 red oak patches and 20
pedunculate oak patches. Silver birch (Betula pendula), ash (Fraxinus
excelsior), Norway maple (Acer platanoides), aspen (Populus tremula),
Norway spruce (Picea abies), Scots pine (Pinus sylvestris), black locust
(Robinia pseudoacacia), large-leaved lime (Tilia platyphyllos), European
alder (Alnus glutinosa), European beech (Fagus sylvatica) and wild cherry
(Prunus avium) were present in the stands as admixed or interspersed
tree species. Each studied patch had a diameter of 40 m (1 256 mz) with
a particular tree (red or pedunculate oak) in the center.

2.2. Studied animal groups

We studied (i) birds (representing a group with a good dispersal
ability), (ii) beetles (representing a group with a moderate dispersal
ability) and (iii) flightless soil dwelling macroinvertebrates (represent-
ing a group with a poor dispersal ability).

Birds were sampled using the standard point count method. The
counting points were located in the centers of the patches. All individual
birds that were seen or heard within a patch were counted. This radius
was chosen due to the mosaic structure of the forest stands, meaning that
the forests were not large areas of tree monocultures (Horak et al.,
2019). This approach ensures that species occurring in surrounding
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Fig. 1. Native oak patch with a higher number of tree species (left) and non-native oak patch with low tree species richness in urban forests in Pardubice

(Czech Republic).

Fig. 2. Distribution of the study forests (grey) and patches (black marks) in the surroundings of Pardubice (black line is a cadastral territory), Czech Republic.

environmentally different stands were not recorded (Velova et al.,
2021). We did not counted birds that were seen flying overhead. We
started the counting when birds were settled. Birds were recorded in 15-
minute intervals. Based on the standard central European forest bird
mapping methodology (Bejcek and Stastny, 2014; Reif et al. 2010), each
patch was sampled twice in spring 2017. Counting was carried out from
dawn until late morning only on days with suitable weather conditions,
including no rain, humid air, and temperatures below 20 °C (Obhlidal,
1977; Vélova et al., 2021). The total number of species detected from
both observations was used in the analysis.

Beetles were sampled using crossed-panel window tree traps (Horak
et al., 2019). The traps were attached to the trunk of an oak tree in the
center of the patch and oriented to face south. Each trap consisted of four
transparent plastic panes (one panel 0.3 x 0.5 m), a protective top, and a
funnel leading to a container filled with a solution of water and salt with
a small amount of detergent. Due to our previous experience in which
accidental damage to our sampling tools occuired in urban areas (Vele
and Horak, 2018), we set the traps to such that the collecting jar was at a

height above 2 m. With this setup, the traps were not attractive to citi-
zens and were not damaged. All the traps were activated on the same day
at the beginning of March and deactivated at the end of September 2017.
Trapped beetles were collected regularly every two to three weeks based
on climatic conditions. The identification of beetles was performed by
RP, partly using the standard keys for central European beetle fauna. In
the case of beetles, we excluded rove beetles (Staphylinidae) due to their
difficult identification and lower predictive value in forest environments
(Parmain et al., 2015).

Soil dwelling invertebrates consisted of land snails, millipedes, cen-
tipedes, and terrestrial isopods. The sieving was conducted twice. In this
study, millipedes, centipedes, and terrestrial isopods were sampled by
sieving a mixture of litter and soil collected to a depth of 5 cm (Gonzalez
et al.,, 2021; De Smedt et al., 2020). We sampled three locations (with
size of 50 x 50 cm) under the oak tree distributed in each studied patch.
First, sampling was performed in accordance with the beetle trap acti-
vation in March. We used, in this case, a two-handed round sifter with a
sieve made from iron mesh with a diameter of 6 mm. The sifted material
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‘was then placed into a fabric bag. All sieved material was placed into
Berlese funnels to extract individual invertebrates on the same day that
the sieving was conducted (Gonzalez et al., 2021; De Smedt et al., 2020).
Land snails were gathered in the same way but were sampled separately
from other invertebrates due to their need for suitably humid weather.
The snail samples were taken during suitable weather conditions in
August. The inorganic fraction and organic particles of the samples were
separated in water, and the shells and shell fragments were extracted by
hand after drying (Coufal et al., 2023). Soil dwellers were identified by
AP, IHT and AM, partly using standard keys for central European fauna.

2.3. Independent variables

We measured 7 independent variables in this study (Table 1). The
canopy openness, an expression of the microclimatic and light condi-
tions, was measured at a viewing angle of 180° at two times: (i) out of
season (March) and (ii) during the vegetation period (August). One
photograph was taken of each patch at the location where the window
trap was placed (sampling point), on the south side of the central tree, at
a height of 1.5 m above the ground. We used a camera with a fisheye
converter and Gap Light Analyzer 2.0 (Frazer et al., 2000) to evaluate
the photos.

Next, environmental variables were measured at the circular patch
scale swrrounding each tree on which a trap was set. All of the studied
variables were measured in a circle with a 40-m diameter (Loskotova
and Horak, 2016). The proportions of the two studied oak species in the
tree canopy layer (%) were calculated as a measure of the (iii) native and
(iv) non-native species in each patch. (v) The species richness of other
trees was also determined. (vi) The dead wood of broadleaf trees was
quantified, as this reflects the studied forest environment (Horak et al.,
2016). The volume of deadwood was estimated, including all pieces
lying on the ground (with diameters >5 cm) and the standing remnants
of tree trunks. All standing remnants were measured directly (Adolt
etal., 2013). (vii) We also measured the diameter at breast height (DBH)
of the central tree of each stand in cm.

2.4. Data analyses

To analyze species richness, species composition and individual
species, we used species 1/0 data matrices. The reason was that this
approach led to comparable results for groups studied differently.

To visualize the responses of species richness of particular groups to
the percentages of the studied oaks in the tree species composition, we
used attribute plots in an ordination space. The size of the dependent
variable was based on the total number of species. This information was
visualized using a generalized linear model (GLM). The stepwise selec-
tions among the null, linear, quadratic and cubic GLMs were derived
based on the corrected Akaike information criterion (AICc) values. We
used the Gaussian distribution for birds and beetles and the Poisson
distribution for soil dwellers.

Table 1
Descriptive statistics of the independent variables of studied patches in urban
forests in Pardubice, Czech Republic. Note that values in parentheses are per
hectare.

Variable Mean Min Max

Canopy openness out of the vegetation as5.71 25.45 64.90
season (%)

Canopy openness in the vegetation period ~ 23.19 13.04 39.63
(%)

Tree diameter at the breast height (cm) 39.2 21.0 68.5

Deadwood of broadleaf trees (m*) 0.47 0.01 215

(3.74) (0.08) 17.12)

Native oalc (%) 28.75 0 80

Red oak (%) 20.38 0 85

Tree species (nr.) 4.6 2 9
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The response table contained presence-absence data, so a unimodal
method was used in the case of species composition. We used canonical
correspondence analysis (CCA). To achieve data normality, we square-
root transformed the response data derived for soil dwellers. We used
9999 unrestricted permutations and applied a leverage coirection to the
residuals. We derived the percentages of native and non-native trees
from the tree species composition data and analyzed the results as two
continuous predictors.

The response of all individual species incidences was analyzed using
visualization of t-value biplots.

All other independent variables (canopy openness, DBH, dead wood
and number of tree species) were included as covariates.

These analyzes were done in Canoco 5.12.

3. Results

We heard or observed 34 bird species (mean 7.58 + 0.27 SE per
patch; Table S1), identified 194 beetle species (18.70 + 1.03; Table 52),
and reared 46 species of soil dwelling macrofauna (4.93 + 0.40;
Table S3).

3.1. Effect of oak tree species on species richness

The GLM-selection approach resulted in the selection of the
quadratic GLM for all three analyzed groups (Table S4).

As shown from the combined trend of the statistically significant
effects (F = 5.1; P = 0.003) of the studied independent variables on the
bird species richness, an increasing number of red oaks had a mainly
negative effect on the species richness, and the same effect was seen for
the pedunculate oaks (Fig. 3a).

A statistically significant effect (F = 8.2; P < 0.001) of the studied
independent variables was found on the species richness of beetles.
Increasing abundances of red oak and pedunculate oak negatively
affected the species richness (Fig. 3b).

We also found a statistically significant effect of the studied inde-
pendent variables on the species richness of soil dwelling macrofauna (F
=19.2; P < 0.001). An increasing percentage of red and native oaks was
related to lower soil fauna species richness (Fig. 3c).

3.2. Effect of oak tree species on species composition

The all-axis test of bird species composition was not significant
(pseudo-F = 1.2; P = 0.15). The explanatory variables accounted for
7.18 % of the derived variance. The effect of red oak abundance had a
significant effect (pseudo-F = 1.8; P = 0.024) on the species composition
of birds, while native oak did not. Other covariates did not have sig-
nificant effects (Table 55).

The species composition of beetles was not significantly influenced
by the oak species (pseudo-F = 1.0; P = 0.46). The explanatory variables
accounted for 5.95 % of the measured variance. The independent effects
of individual oak species did not significantly affect the species
composition of beetles. The only covariate with a significant effect was
spring canopy openness (Table S5).

The species composition of soil dwellers was not significantly influ-
enced by the oak species (pseudo-F = 1.0; P = 0.50). The explanatory
variables accounted for 5.97 % of the derived variance. Canopy open-
ness in spring and the amount of dead wood were covariates that
significantly influenced the species composition (Table S5).

3.3. Effect of oak tree species on species incidences

There were no bird species significantly associated with native oak
abundance. Five species (Certhia familiaris L. 1758, Corvus corax L. 1758,
Corvus cornix L. 1758, Cuculus canorus L. 1758 and Cyanecula svecica (L.
1758)) were significantly positively associated with red oak abundance,
while Erithacus rubecula (L. 1758) was negatively associated.
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Fig. 3. Visualization of the response of the (a) bird, (b) beetle and (c) soil dweller species richness to the abundances of red (non-native) and pedunculate (native)
oaks in Pardubice urban forests (Czech Republic). The thickness of the isolines reflects the trend (as indicated by the black arrow in (a)) of the species richness
response to the environment based on the quadratic GLM. The thickness of the isolines reflects the species richness, their shape reflects the quadratic GLM.

Regarding the species associations with native oak, 15 beetles (Cis
castaneus (Herbst 1793), Clytus arietis (L. 1758), Ischnomera caerulea (L.
1758), Latridius hirtus Gyllenhal 1827, Leiopus taeniatus (Gmelin 1790),
Litargus connexus (Geoffroy 1785), Mycetophagus quadriguttatus Miiller
1821, Ptinomorphus imperialis (L. 1767), Pycnomerus terebrans (Olivier
1790), Rhaphitropis marchica (Herbst 1797), Stictoleptura maculicornis
(De Geer 1775), Thanasimus formicarius (L. 1758), Tropideres albirostris
(Schaller 1783), Typhaea stercorea (L. 1758) and Xylotrechus antilope
(Schonherr 1817)) were significantly positively associated and four
(Aplocnemus impressus (Marsham 1802), Korynetes caeruleus (De Geer
1775), Oenopia conglobata (L. 1758) and Trixagus dermestoides (L. 1766))
significantly negatively associated with native oak. Five species
(Ampedus nigroflavus (Goeze 1777), Cychramus variegatus (Herbst 1792),
Dorcatoma flavicornis (F. 1792), Globicornis nigripes (F. 1792) and Rha-
gonycha lignosa (Miiller 1764)) were significantly positively associated
and one (Cortodera femorata (F. 1787)) was significantly negatively
associated with red oak.

One soil dwelling species, Hyloniscus riparius (Koch 1838), was
significantly positively associated with native oak abundance and two
species (Trachelipus rathkii (Brandt 1833) and Trichoniscus pusillus
Brandt 1833) with red oak.

4. Discussion

The responses of all studied groups were, surprisingly, nearly the
same. We found that the species richness of birds, beetles, or soil
dwellers decreased with increases in the number of mature red oak and
pedunculate oak trees within a patch. However, there was no significant
discrimination in species composition by the oak species. We could not
conclude that there were any differences among these animal groups
with good, moderate, and low dispersal abilities. Regarding the indi-
vidual species responses, we found that the effects of non-native and
native oak trees were nearly similar, with nearly the same number of
species affected by the abundance of each studied tree species.

4.1. Impacts of nonindigenous trees

Invasive tree species are known to affect the forest environment by
decreasing the regeneration density of native tree species and often
homogenizing the species composition. Non-native tree species can
cause alterations in decomposer activity and the nutrient-cycling pro-
cess (Aerts et al., 2017; Hejda et al., 2009; Sibikova et al., 2019).
Moreover, they may be affected by the altered biotic, chemical, and
physical environments of cities; e.g. due to the relatively poor soil
quality of urban forests (Carreiro et al., 1999). The impacts of non-native
trees on biodiversity are generally considered to be negative (Pysel
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et al., 2020). Nevertheless, this is not always true (Horak et al., 2021).
Our data partially supported the idea that nonindigenous tree environ-
ments can have nonsignificant impacts on biota. The effects of red and
native oaks observed in our study were relatively similar from the group
perspective; of course, the more specific results detailing the responses
of individual species were much more complex and not so simple.

Nevertheless, nonindigenous species can provide different abiotic
habitat conditions than those offered by native species (Finch, 2005;
Schmid et al., 2014). These differences have been predicted to be
effectively reflected in changes in ground-dwelling arthropod commu-
nities, which was not the case in our study. One of the reasons the
findings may have differed from expectations could be that the analyzed
tree replacement did not have purely positive or negative effects
(Buchholz et al., 2015). One possible explanation is that native oak tree
species are phylogenetically related to non-native oaks. Therefore, the
difference is not so conspicuous compared to trees from different genera.
Another reason suggested recently is that arthropod diversity in non-
native tree stands depends more on colonization from the surround-
ings (Gopner and Ammer, 2006).

4.2. Birds

The number of bird species was influenced negatively by oak tree
species in the studied patches. It is known that a relatively small number
of bird species are strictly tied to oak trees (Stastny et al., 2021). Many
studies have shown that the composition of tree species rather indirectly
affects the structure of the bird community as a consequence of the
higher vegetation structure complexity and food composition (Batary
et al., 2014; Camprodon and Brotons, 2006; Holmes and Schultz, 1988;
Velova et al.,, 2021). The reason for the negative response may have been
the fragmentation of the studied oak forests by the urban environment.
Another reason could be our sampling period, as oak-dominated forests
may be more important for birds during the time of nesting when birds
require food for their brood. It is also possible that the relatively high
coverage of other deciduous trees in the study area complements the
oak-dominated habitats and supports more specialized birds.

Focusing on particular species, the Eurasian treecreeper, common
raven, hooded crow, and common cuckoo preferred red oak dominance.
The preference of corvids for red oaks was not surprising, because red
oaks supposedly have a more structured crown (Kupka and Vopalka-
Melicharova, 2020). Therefore, it may be easier to build nests in red oak
crowns than in pedunculate oak crowns (Kovér et al. 2015). The
Eurasian treecreeper is a passerine that nests in the semi-cavities
(Slastny et al. 2021) found in the many semi-broken branches of red
oak (Kupka and Vopdlka-Melicharova, 2020). This species hunts ar-
thropods exclusively on tree trunks (Kuitunen and Tormala, 1983).
Thus, the reason for its preference for red oak could be the fact that the
bark of the red oak is noticeably less coarse than that of the pedunculate
oak (Sander, 1990). This may provide better camouflage options, which
is important for protection against predators (Nokelainen et al., 2022).
The more frequent occurrence of the cuckoo bird found in red oak may
be associated with the occurrence of its hosts, such as Eurasian tree-
creeper (Moksnes and Roskaft, 1995). The abovementioned disruption
of wood due to broken branches, which is more common in red oak than
in pedunculate oak (Kupka and Vopalka-Melicharova, 2020), may also
contribute to an increased food supply (Nicolai, 1986; Sander, 1990).
The negative impact of red oak on European robin may be through
predation of ground nests by corvid species (Juskaitis, 2021).

4.3. Beetles

Increasing the abundances of red oak and pedunculate oak nega-
tively affected beetle species richness. Oak forests are often species-rich
habitats (Vodka and Cizek, 2013), but they are also known to be
dominated by non-specialist species (Milberg et al., 2014). Our findings
supported this conclusion and the model developed in a past study
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(Vogel et al., 2021). In previous studies, hotspots of oak-beetle systems
were predicted in habitats that included other deciduous tree species.
However, this was not fully supported by our results. Recent research
(Vogel et al., 2021) revealed that oak trees are highly important for
specialized beetle guilds, such as dead wood-dependent beetles.

Independently, the oak species did not have a significant effect on the
species composition of beetles. Regarding species association, more
species were associated with native oaks. Surprisingly, this also included
T. formicarius which hunts mainly for spruce bark beetles (Wegensteiner
et al., 2015). One of the reasons is that the coarser bark of native oaks
may give it more space and greater protection from predation by birds. It
may also respond positively to food abundance, with higher numbers
expected in the more drought-prone native oak trees. Oak trees are
highly suitable for its potential prey (i.e., bark beetles) when conifers are
admixed (Véle and Horak, 2018), which are also the prefeired tree of
this clerid beetle. The same is true for C. femorata, which avoided
patches with a high representation of red oaks but is a conifer associate
(Slama, 1998). Other ples include C. cast L. connexus and
M. quadripustulatus, whose higher numbers have also been observed in
native oaks. The poorer health status of native oaks may be the cause of
the increased occurrence of saproxylic beetle species like C. arietis,
L. hirtus and L. taeniatus (Lemperiere and Marage, 2010; Milberg et al.,
2014; Miiller et al. 2015). The negative dependence of A. impressus was
surprising, as this is a typical oak-associated species (Kolibac et al.,
2005). In contrast, A. nigroflavus showed a preference for red oak. It is
known to develop in rotten wood in higher parts of trunks and in broken
branches. This is very akin to the beetle species discussed above.
Therefore, red oak stands probably offer a higher number of this kind of
microhabitat because, according to the literature, these habitats do not
occur extensively in native oak trees (Mertlik, 2017; Lindhe et al., 2005;
Lindhe and Lindelow, 2004). Cychramus variegatus is a saproxylic fun-
givorous beetle, and red oak species are susceptible to strong fungal
infections and broken-off branches, which may have led to this observed
relation (Lee et al., 2016; Schigel, 2007). The difference in the response
of species, as compared to that published in the literature, was not very
surprising. It was recently suggested that the differences in the demands
in commercial forests of many species, as compared to those in conser-
vation forests, are greater than previously thought (Mladenovic et al.,
2018).

4.4. Soil dwelling macroarthropods

The comparison of the two oaks species did not reflect any clear
discrimination for soil dwelling species. Similarly, Kohyt and Skubala
(2013) did not find remarkable differences between mite communities
under red and pedunculate oaks. This result could be connected with the
amount and quality of organic material, which is important for organ-
isms living in litter and in the upper soil layers (Horak et al., 2021).
Therefore, it was relatively surprising that no response to the dominant
tree species was observed, as the rate of decomposition of red oak leaves
is slower than that of pedunculate oak leaves and, therefore, there is
more organic leaf litter in red oak-dominated stands (Straigyte et al.,
2009). Nevertheless, the most likely reason for this result is that even
native oak trees have relatively long-decomposing leaf litter (Lyford,
1943), and the amount of leaf litter is probably the reason for the
relatively high arthropod richness in the red oak litter (Kohyt and
Skubala, 2013). Indeed, it has been suggested that the leaf litter of some
exotic oaks could be more palatable for native millipedes than that of
native oak due to differences in their chemical composition (Gerlach
et al., 2012).

Regarding species, H. riparius has a preference for moister soils
(Hopkin, 1991), similar to native oak. Trichoniscus pusillus is strongly
dependent on an appropriate composition of leaf litter, which may
explain the higher incidence of patches dominated by red oak (Kautz
et al., 2000). Rathke’s woodlouse (Trachelipus rathkii) was found only in
red oak forests, but this species is a typical forest species that lives
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mainly under bark and prefers relatively old oak trees (Bozanic et al.,
2013). It prefers dense herbage, and its higher presence in red oaks may
be caused not directly by the species of oak but by other environmental
parameters (Aleksanov, 2016).

4.5. Relationship to oaks in general

The results herein based on species composition and richness
revealed surprising information: all groups had either no response or a
negative biodiversity response to both oak species. This means that an
increasing abundance of red or native oak in a tree species composition
generally leads to decreases in the species richness of birds, beetles, and
soil dwellers. It appears that the mix of tree species in forests provided
optimal conditions for forest fauna. We expected that the effect of the
forest composition on birds would result mainly from the prey avail-
ability (e.g., Vélova et al., 2021), which would be relatively similar for
both tree species. Nevertheless, beetles and mainly soil dwelling in-
vertebrates could be influenced by any differences (spring canopy
openness) much more than birds. Both oak species have relatively
poorly degradable leaves. This may be the reason for the results obtained
herein regarding the responses of invertebrates. Gentili et al. (2019)
considered that the presence of decomposed organic layers may have
contributed to low or modified arthropod levels. Faster leaf decompo-
sition provides better food quality for isopods and millipedes (David and
Handa, 2010). This may be an important reason why the results revealed
no preference for the dominance of either studied oak tree species.
Furthermore, in comparison with other deciduous trees, oak leaves are
known to decompose more slowly (Cornelissen, 1996). In addition, oak
litter from urban forests decays more slowly than rural litter (Carreiro
et al., 1999).

5. Conclusions

The biota species richness was generally less affected by the pro-
portion of non-native oak species or native oak species than we pre-
dicted. Importantly, planting non-native tree species to a high extent is
still not desirable for many reasons (e.g., invasibility or legal re-
strictions). Nevertheless, based on our results obtained for animals with
different dispersal abilities, we can see that planting North American red
oak (Q. rubra) in the forests of Central Europe is not undesirable from the
biodiversity conservation perspective. One possible reason for the small
observed effect of non-native oak trees could be the phylogenetic
relatedness of native and non-native oak. Red oak is more closely related
to European oaks than to other non-native trees (e.g., Douglas fir).
Another reason could be that non-native forest trees have a smaller
negative environmental impact than exotic non-forest species that are
often invasive, as indicated in previous research conducted in urban
forests (Buchholz et al., 2015). Data from other studies have indicated
that when non-native species are planted in smaller percentages and in
smaller areas, their impacts on biota are not always negative (Finch,
2005; Gofner and Ammer, 2006). Additionally, this work provides
important information not only for non-native species, as a mix of
different tree species always facilitates a more diverse range of animals.
This effect can also be seen in our results. Our findings are consistent
with those of other studies, confirming that non-native species do not
have a negative effect on biodiversity, which corresponds more to forest
structures (Kriegel et al., 2021; Hanzelka and Reif, 2016; Horak et al.,
2021). Although we studied urban forests, we believe that the results of
both the above study and our study can be generalized to managed
forests.
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INTRODUCTION

Cities can be considered unique ecosystems from a biodi-
versity point of view (Faeth et al, 2011). Urbanized
areas are rapidly expanding at the expense of more or
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Abstract

Urbanized areas are rapidly expanding into a variety of habitats. Urbanization and
suburbanization are often associated with changes in biodiversity, which are natu-
rally influenced by biotic interactions and abiotic habitat characteristics. The main
cause of changes caused by suburbanization is fragmentation. Its impacts vary
between animals with different dispersal abilities. We focused on studying the
responses of three taxa with different dispersal abilities: birds as a relatively
high-dispersal taxon, medium-dispersal butterflies, and low-dispersal land snails.
‘We studied how biotic factors as well as habitat structural and fragmentation char-
acteristics explain the community composition of the three study taxa in urban
grasslands in the city of Pardubice (Czech Republic). Birds were the most
species-rich taxon followed by butterflies. Land snails had species-poor grassland
communities. Species composition analysis indicated species overlap among the
studied taxa. Bird species composition covaried with butterfly species richness and
reciprocally. Both taxa were significantly influenced by the amount of woody vege-
tation within the grassland. Bird community composition was also influenced by
fragmentation characteristics, namely the distance to the nearest built-up area.
Urban growth most likely leads to changes in the characteristics of animal commu-
nities associated with former lowland natural grasslands, deteriorating the commu-
nities of low-dispersal land snails while allowing birds that have generally higher
dispersal abilities to thrive. Our results show that in assessing the impact of urbani-
zation on biodiversity, attention should also be paid to low-dispersal animal taxa.

KEYWORDS
biodiversity, biotic interactions, fragmentation, land use

less natural areas, which is reflected in biodiversity
changes (Kowarik, 2011). Biodiversity plays a key role in
providing ecological services at all hierarchical levels
and has an impact on the quality of human urban life
(Carrus et al., 2015). Therefore, the support of biodiversity
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amendments in urban landscapes should be an aim of
present nature conservation efforts (Deaborn & Kark,
2010; Mace et al., 2012).

Urban growth is often associated with a decline in the
diversity of plants, invertebrates, and vertebrates at the
landscape scale (McKinney, 2008). In contrast, at the local
scale, urban growth may be one reason for the relatively
high biodiversity and unlikely recombinant communities
within urban areas compared with other human-modified
landscapes (Kiihn et al., 2004). Compared with the inten-
sively farmed countryside, cities usually have a greater het-
erogeneity of areas because there is a mosaic of natural,
semi-natural, built, and abandoned areas (Kiihn et al.,
2004; McKinney, 2008). Therefore, seminatural grassland
habitats, such as meadows, lawns, domestic gardens, and
public parks, play important roles in native biodiversity
within cities (Albrecht & Haider, 2013; Braschler et al.,
2021; Loram et al, 2007, Smith et al, 2005, 2006).
Moreover, similar habitats can play an important role
for humans and in the sustainable development of cities
(Hordk et al., 2018; JaneCek et al., 2019).

In addition to the occurrence of various habitats, their
characteristics (connectivity, spatial-temporal continuity,
succession stage, and management intensity) strongly
influence the biodiversity of these areas (Buchholz et al.,
2018; Hordk et al., 2013; Nielsen et al., 2014; Small et al.,
2006). Many of these parameters are associated with habi-
tat fragmentation. Fragmentation can be considered a key
element influencing the occurrence of species and the
dynamics of their populations, and it is probably the reason
why some low-quality habitats contain more individuals
than their theoretical capacity (Ewers & Didham, 2006;
van Langevelde, 2015). Artificially created urban and rural
habitats (e.g., orchards or green roofS) increase connectiv-
ity. Nevertheless, corridors that are sufficient for small- and
medium-sized mammals could be insufficient for inverte-
brates and plants (Angold et al., 2006; Braaker et al., 2014).
Generally, urban species have a tolerance for fragmenta-
tion and are characterized by high colonization potential
(Sattler et al., 2010).

The impacts of habitat fragmentation on species may
vary significantly depending on the organism'’s dispersal
ability together with its ecological requirements. For
example, eurytopic species are known to be less nega-
tively affected by fragmentation than other species (Croci
et al., 2008; Rosch et al., 2013). Some sedentary organ-
isms may survive for longer times, but their future local
extinction is probable (Stoll et al., 2009).

The environmental requirements of different groups of
animals are different, which reduces generalization of the
knowledge. A possible way to overcome this problem is to
study impacts on biodiversity with the use of a multitaxon
approach (Braschler et al, 2021; Gerlach et al, 2013).

In these studies, it is appropriate to study taxa with differ-
ent dispersal abilities. Therefore, we focused on studying
the responses of three taxa with different dispersion and
movement capabilities, namely, relatively high-dispersal
and mobile birds, medium-dispersal butterflies, and seden-
tary mollusks (G6tmark et al., 2008; Hordk et al., 2013;
Jackson & Fahrig, 2015). We predicted that animals with
the worst dispersal capabilities would be more responsive
to vegetation structure and local land use, while more
mobile birds would strongly respond to landscape struc-
ture (Aguirre-Gutiérrez et al., 2017; Jokimaki, 1999).

It is known that the occurrence and abundance of
the three aforementioned taxa (land snails, butterflies,
and birds) are strongly influenced by environmental con-
ditions (Furness & Greenwood, 1994; Kent et al., 2013).
Some species are also good biological indicators (Gerlach
et al., 2013) as well as important components of grassland
biodiversity. In our study, we focus on the factors that
cause changes in urban grassland biodiversity through a
novel view (using high-/medium-/low-dispersal animal
taxa). We examined not only the species composition
but also biotic factors and structural and fragmentary
parameters of grasslands, with the aim of contributing to
the knowledge of these habitats, which are declining and
neglected (Albrecht & Haider, 2013; Wesche et al., 2012).

MATERIALS AND METHODS
Study area

We studied 34 urban grasslands distributed within
Pardubice city (50.04° N; 15.78° E), Czech Republic, and
isolated them from each other. The Pardubice agglomera-
tion covers an area of 77.7 km? and has ca. 100,000
inhabitants. The city is distributed in the flat lowland
area (mean altitude of ca. 240 m above sea level) between
the Labe and Chrudimka Rivers. Boundaries of grass-
lands were demarcated by patches with another use. All
grasslands were used for agriculture, whether as hay
meadows or recently abandoned haying. Locations of
meadows ranged from the city center (Pardubice castle)
to 10 km in diameter. Their area (mean: 28 ha) ranged
from 0.2 to 149 ha. Their selection was based on our pre-
vious studies with 40 grasslands (Horak, 2016; Horak
et al., 2022); as six sites vanished during the time, we
finally studied 34 sites.

Study groups and environmental
parameters

We studied three taxa: land snails, butterflies, and birds.
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Land snails were surveyed by manual collection of
standardized samples. We took samples composed of the
litter and upper soil layer to a depth of 5 cm. The final
volume was 5 dm?. The samples were obtained from five
representative spots, avoiding the edges, and sampling
lasted approximately 15 min. Samples were obtained dur-
ing suitable weather conditions in August 2017. After dry-
ing under laboratory conditions, the inorganic fraction
and organic particles of the samples were separated in
water (Horak et al., 2013). The shells and shell fragments
were extracted by hand after another drying period.
Individuals were identified to the species level in the lab.

Butterfly data were collected using visual observations
on timed (15 min) survey walks (Hordk, 2016) with visits
regularly distributed throughout the period from late spring
to early autumn 2017 during suitable weather conditions
(Pollard & Yates, 1993). Each site was visited six times.
Butterflies were identified at the species level in the field.

Bird data were sampled using the point count method
from the center of the grassland (Hordk et al., 2013).
Individuals seen or heard within a distance of 20 m from
the center (Vélova et al., 2021) were counted. We did not
count birds flying overhead. Birds were recorded during
15-min intervals, and each site was sampled twice in
spring. Counting was carried out from dawn until late
morning only on days with suitable weather conditions
(no rain, temperatures not exceeding 20°C).

We used 11 environmental predictors classified into
three categories. The first category included biotic factors
and reflected the relationship of the community composi-
tion of a taxon with species richness of the other studied
animal taxa (e.g., bird species composition with species
richness of land snails and butterflies) and of vascular
plants. Plants were used for their important role in struc-
turing animal communities (e.g., diet or shelter). Plants
were sampled once at each site in May (before haymaking)
using the timed survey method (15 min) suitable for this
type of study and environment (Hordk et al., 2022). Plant
surveys were standardized by the time during which all
species of plants found were recorded. The aim was to
compile a plant list rather than to assess the abundance of
each plant species. This method led to the same sampling
effort at all sites. Most plants were identified in the
field, except for several individuals that were collected,
preserved as herbarium samples, and identified later.
Finally, we had four independent biotic variables: plants
(mean = 33.08; SE = 1.67; min = 17; max = 53 species),
land snails (0.79 + 0.16; 0-3 species), butterflies (7.41 + 0.41;
1-13 species), and birds (4.94 + 0.41; 0-10 species).

The second category of predictors was the structural
characteristics of the studied grasslands. These predictors
reflected the actual inner structure of the sites. In this cate-
gory, we studied management intensity at the site using a

semicontinuous scale from abandoned (without mowing;
N =6), mowed (mowed once a year or in a mosaic;
N = 7), intensively mowed (mowed twice or three times a
year; N = 17), and mowed periodically (mowed dependent
on the vegetation height; N = 4). We recorded the percent-
age coverage of bare soil (0.26 + 0.08; 0%-1%), which was
based on our observations and measurements during sur-
veys. We also recorded the cover of woody vegetation
(trees and shrubs; 17.65 + 4.98; 0%-95%) within the grass-
land (estimation at 5% resolution). We used actual aerial
photographs that were refined during our surveys.

The third category of predictors was related to the
levels of habitat fragmentation. These predictors reflected
both the actual and past effects of fragmentation. For each
study grassland, we calculated the distance (in meters) to
the nearest grassland (238.47 + 48.79; 30-1207 m) as the
similar habitat type and to the nearest built-up area
(151.59 + 21.97; 16-482 m) as the least natural land use
type. These values were measured as the distance from the
edge of the studied grassland to the nearest edge of grass-
land or built-up area habitat. We also calculated the
perimeter (527.46 + 44.42; 190.50-1119.33m) of each
study grassland, as this has been shown to be a better pre-
dictor of biodiversity than area in urban landscapes
(Hordk, 2016). Finally, to reflect the spatial-temporal con-
tinuity of a site, we classified each grassland into three cat-
egories on a semicontinuous scale: recent (present only
since 2003; N = 19), middle-aged (present since 1966;
N =6), and old grasslands (present at least since 1844;
N =9). This was based on aerial photographs from 2003
(mapy.cz), military topographic maps from 1966
(archivnimapy.cuzk.cz), and stable cadastral maps from
1834 to 1844 (archivnimapy.cuzk.cz).

Statistical analyses

All analyses were performed in Canoco 5 (Smilauer &
Leps, 2014).

The potential overlap of the species composition
distribution of the three studied taxa was computed using
detrended correspondence analysis (DCA) using the first
and second axes for visualization. Species from each stud-
ied taxon were visualized by different colors.

We assessed the contribution of different predictors
(biotic, structural, and fragmentation) to explaining the
species composition of each study taxon using canonical
correspondence analyses (CCAs) with 9999 permutations.
We used the presence and absence matrix of species.
Forward selection was used for selection of the most
influential predictors (Blanchet et al., 2008).

We were also interested in the influence of a particular
category, which cannot be visualized in the same plot.

20T 'ST680S 1T

sdiy) suorspuogy pue swsa oy 295 [£207/0/40] 0 Are3qr] owqug Kotipy ‘oRqrdsR 49920 uesa00 Kq [y 75997001 0 0P weo Aogun Kaeaqppowsyu sjeumoesay,-sdijy wos popeoIumoq ‘T 'g

ssoor] suourto) 2neo1) afqeodde ot £q poraA08 93¢ sapaN O 9 §o s9pn3 105 Kaesqr

57



40f13 |

VELOVA ET AL

Therefore, variance partitioning between and among
the studied categories of independent predictors was used
to compare the influence of shared and independent
effects of explained variance between and among these
categories (Hordk & Pavlicek, 2013). These analyses were
used for all predictors included, that is, without forward
selection.

We computed the effect of the most influential predic-
tors on the species richness of particular taxa. We used a
generalized linear model with species richness as the
dependent variable.

RESULTS

We observed a total of 31 species of birds, 29 species of
butterflies, and 8 species of land snails in the studied
urban grasslands.

Species composition

Species composition analysis using DCA illustrated that
there was an overlap of three taxa communities
(Figure 1). Only three birds (Ardea cinerea, Picus viridis,
and Streptopelia decaocto) and one butterfly (Argynnis
paphia) (Figure 1) appeared to be outliers from the rest

of the grassland community. All of these species were
observed as unique at only a single site.

The combined influence of the
environment

The effect of all studied categories of independent
predictors was significant for birds and butterflies, and
the total explained variance was very close for both taxa
(Table 1). Land snails did not indicate a significant response
(Table 1), and variance partitioning was not computed for
this taxon due to the high degrees of freedom compared
with the total number of incidences of species. Shared vari-
ation between and among studied categories of birds and
butterflies was relatively low compared with the indepen-
dent variance. Bird composition was the most influenced
by the fragmentation characteristics, followed by structural
and biotic-interaction factors. Butterflies were influenced in
the same order; furthermore, the independent effect of the
grassland structure was statistically significant (Table 1).

Biotic-interaction factors

The composition of bird communities in the studied
grasslands was significantly influenced by the analyzed
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FIGURE 1 Overlap in species composition of birds, butterflies, and land snails in urban grasslands. Birds are represented in gray,
butterflies are represented in yellow, and land snails are represented in brown. Unconstrained detrended correspondence analysis (DCA)

was used. Blue arrows indicate outlying species.
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TABLE 1 Results of variance partitioning of studied categories for the studied taxa in urban grasslands.
Taxon Characteristic of variance Category of predictors R* (%) F p
Birds Overall 37.2 13 0.0041
Independent Biotic interaction 9.7 1.1 0.3041
Structural characteristics 11.0 13 0.0735
Fragmentation characteristics 14.5 13 0.0702
Shared Biotic + structure 0.2
Biotic + fragmentation 0.9
Structure + fragmentation —0.3
Biotic + structure + fragmentation 1.2
Butterflies Overall 38.7 15 0.0015
Independent Biotic interaction 10.6 13 0.1466
Structural characteristics 11.5 14 0.0476
Fragmentation characteristics 14.3 13 0.0949
Shared Biotic + structure 12
Biotic + fragmentation 0.3
Structure + fragmentation 0.7
Biotic + structure + fragmentation 0.2
Land snails Overall 0.8 0.8507

Note: Independent variance is the variance explained by the predictors independently. Shared variance is the percentage of shared explained variance from the
total explained variance in a particular category. Note that p values for shared variance cannot be computed.

biotic-interaction factors (F = 1.30; p = 0.040; df = 3),
which explained 12.10% of the variance. Butterfly
species richness was the only significant factor after for-
ward selection (F = 1.61; p = 0.039; Figure 2), with no
significant effects of plant (F =1.38; p = 0.08) or land
snail species richness (F = 1.30; p = 0.17). The effect of
butterfly species richness did not have a significant effect
on the species richness of birds (F=0.07; p=0.94;
df = 28). The positive response to butterflies was mainly
observed for Carduelis carduelis, Garrulus glandarius,
Parus major, Dendrocopos major, Cyanistes caeruleus,
and Lanius collurio, while P. viridis reacted negatively
(Figure 2a).

The species composition of butterflies was also signifi-
cantly influenced by biotic-interaction factors (F = 1.40;
p = 0.012; df = 3), which explained 12.30% of the varia-
tion. Both plant (F = 1.54; p = 0.032) and bird (F = 1.81;
p = 0.008) species richness had a significant effect on
butterfly community composition after forward selection
(Figure 2), with no significant effect of land snails
(F = 0.73; p = 0.81). The effects of bird and plant species
richness did not have significant effects on the species
richness of butterflies (F=3.0; p=0.07; df=26).
Surprisingly, the most influenced species were habitat
generalists such as Aglais urticae, Thymelicus sylvestris,
Ochlodes sylvanus, Lycaena phlaeas, and Papilio machaon
(Figure 2b).

The species composition of land snails was not signifi-
cantly influenced by any biotic factor analyzed
(F=0.70; p = 0.84).

Structure of grasslands

The composition of bird communities was significantly
influenced by the structural characteristics of the grass-
land (F=1.30; p=0.038; df =3), which explained
12.10% of the variation. The coverage by trees and shrubs
had a significant effect on bird community composition
(F = 1.66; p = 0.021). The effects of management inten-
sity (F =1.22; p=0.19) and the presence of bare soil
(F = 0.77; p = 0.84) were not significant (Figure 3) after
forward selection. The effect of woody coverage had a sig-
nificant effect on the species richness of birds (F = 0.21;
p = 0.81; df = 28). Increasing of the coverage of woody
vegetation increased the abundance of P. viridis, Pica
pica, G. glandarius, and L. collurio. In contrast, the abun-
dance of Passer domesticus decreased (Figure 3a).

The species composition of butterflies was signifi-
cantly influenced by the structural characteristics of the
grassland (F = 1.6; p = 0.003; df = 3), which explained
13.5% of the variance. The effect of bare soil (F = 1.30;
p = 0.17) and management (F = 1.0; p = 0.54) was not
significant. The coverage of woody vegetation had a
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FIGURE 2 Biotic interactions of (a) bird and (b) butterfly species with other taxa and plants in urban grasslands. Species are dots, and
species richness is represented by black arrows. The results of forward selection in canonical correspondence analysis (CCA) are visualized.

See Appendix S1 for the full names of the species.
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visualized. See Appendix S1 for the full names of the species.
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significant effect (F = 2.5; p < 0.001) after forward selec-
tion (Figure 3). The effect of woody coverage did not have
a significant effect on the species richness of butterflies
(F = 047; p = 0.63; df = 26). The presence of woody veg-
etation facilitates the thriving of several butterflies,
namely, Leptidea reali, Thymelicus lineola, O. sylvanus,
and T. sylvestris. However, more species avoided woody
vegetation in the grassland areas (e.g., Colias hyale,
Gonepteryx rhamni, Satyrium w-album, and Vanessa
cardui; Figure 3b).

The species composition of land snails was not
influenced by any of the structural variables analyzed
here (F = 0.90; p = 0.58).

Effect of fragmentation

The species composition of birds was significantly
influenced by fragmentation characteristics (F = 1.4;
p = 0.011), which explained 16.3% of the variance. The
influences of the perimeter (F = 1.3; p = 0.17), continuity
(F = 1.2; p = 0.22), and distance to the nearest grassland
(F = 1.0; p = 0.56) were not significant. Bird species were

influenced by the distance to the nearest built-up area
(F=20; p<0.001) after forward selection (Figure 4).
The effect of built-up area did not have a significant effect
on the species richness of birds (F=0.09; p = 0.92;
df = 28). Settlement had a positive dependent effect on
P. viridis, Luscinia megarhynchos, and Sylvia atricapilla
and a negative dependent effect on Sturnus vulgaris,
P. pica, Phasianus colchicus, Emberiza citronella, and
Passer montanus (Figure 4).

The species composition of butterflies was not
influenced by any of the fragmentation characteristics
analyzed (F=1.3; p=0.06), and the same result was
obtained for land snails (F = 0.80; p = 0.79).

DISCUSSION

Our findings revealed that the species composition of
birds showed an interaction with the richness of butter-
flies. Birds and plants influenced the species composition
of butterflies. Woody vegetation had a significant effect
on birds and butterflies. Birds were also influenced by
the distance to the nearest built-up area.
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FIGURE 4

Interaction of bird species with fragmentation characteristics in urban grasslands. Species are dots, and structural

characteristics are represented by black arrows. The results of forward selection in canonical correspondence analysis (CCA) are visualized.

See Appendix S1 for the full names of the species.
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Association between the studied taxa

Birds and butterflies often responded similarly to the envi-
ronment in our study. Therefore, as a result, one group
may be a predictor of the response of the second group
(Blair, 1999). Kim et al. (2007) found a positive correlation
between the diversity of birds and insects in urban land-
scapes, which reflected the presence of sufficient food for
the birds. Rhopalocera are only a minor part of most
bird diets. However, among butterflies, there are many
species that can be considered umbrella species and can
be good indicators of insect species richness (New, 1997;
Thomas, 2005). Nevertheless, insects are important in the
diet of the recorded bird species, including seed-eaters that
use insects for feeding their brood (Wilson et al., 1999).
Moreover, butterflies are also pollinators (Winfree et al.,
2011) and can contribute to successful seed production
and provide food for noninsectivorous birds (Fujita &
Koike, 1985; Thalainen & Lindstedt, 2012).

Butterflies are known to respond positively to the diver-
sity and quantity of food, namely, nectar and tissues of host
plants (Buchholz et al., 2020; Kitahara et al., 2008; Ockinger
et al., 2009; Simonson et al., 2001). The amount of food
sources for butterflies is thus closely related to the species
diversity of plants (Kitahara et al., 2008). Plant food avail-
ability is important for caterpillar development (Baylis &
Pierce, 1991), and the quality and quantity of adult nutri-
tion also influence adult fertility (Boggs & Freeman, 2005).

Similar reaction to grassland structure by
birds and butterflies

Slight differences in the urban grassland structure may be
the reason for the overlap in species composition among
all three studied taxa. This, surprisingly, led to the coexis-
tence of species with different dispersal and ecological
demands. Only three bird and one butterfly species did not
appear to be strictly part of the studied grassland commu-
nity. This can be explained by their different demands and
the possibility that these species mainly function as tour-
ists, that is, species that infrequently occur and without
viable population on a grasslands (Novotny & Basset,
2000; Snell et al., 2017). These species also probably occa-
sionally collect food (e.g., amphibians or ants) from the
grasslands as A. cinerea and P. viridis. S. decaocto is a
synanthropic species that can be found elsewhere close
to settlements (Alder & Marsden, 2009; Cramp, 2000;
Jakubas & Mioduszewska, 2005). The same situation was
observed for the butterfly A. paphia. This butterfly is a
large, mobile species that flies over grasslands only for nec-
tar (Bailey et al., 2002). Nevertheless, these four species do
not deviate much from the assemblage.

Tree coverage had a significant impact on birds,
which is consistent with the findings of other studies
(Part & Soderstrom, 1999). Many bird species use woody
vegetation for nesting and feeding (Jokimaki & Suhonen,
1997). Part and Soderstrom (1999) stated that the appro-
priate coverage of trees for birds in pastures is approxi-
mately 10%. In our study region, the average area of trees
was 18%, which is close to the previously mentioned
optimal value. We also found a similar relationship for
butterflies, which was also consistent with the results of
other studies (Dover & Settele, 2009). Woody vegetation
creates alternative habitats from which some butterfly
species can profit, for example, because of shelter and
nectar from blossoms (Dennis & Sparks, 2006).

Fragmentation of urban areas and birds

Fragmentation caused by suburbanization in the cultural
landscape is mentioned as a cause of the decline in habitat
diversity (Antrop, 2004). Larger and less fragmented habi-
tats could be more heterogeneous, thus encompassing a
larger variety of species (Collinge, 1996; Lizée et al., 2012).
These large habitats also have smaller negative edge (perim-
eter) effects and promote more stable populations (Evans
et al., 2009). A previously published finding was that bird
diversity in cities is lower than that in grasslands and
shrublands around cities (Puga-Caballero et al., 2014). We
confirmed that the built-up areas surrounding of grasslands
had a significant effect on the species composition of birds.
Focusing on individual grassland species and the
effect of wurban areas in close vicinity, Turdus
merula, Columba palumbus, Phylloscopus collybita, and
S. atricapilla were the most numerous. The majority of
these species can be considered habitat generalists
(Cramp, 2000). Another example of a species with high
urban density was P. montanus (Meller et al., 2012),
which was common in our grasslands. Therefore, we con-
firmed the affinity of this species for grasslands in urban
areas. P. montanus also builds nests in technical elements
such as electric powerlines or pipelines, and it is charac-
terized by being well adapted to a heterogeneous and
changing environment (Vepsildinen et al., 2005).

Problem with land snails in urban
grasslands

While the number of recorded birds and butterflies
corresponded approximately to that for similar meadow
habitats in cities (Fuchs, 2002; Hordk, 2016; Hordk
et al., 2022), the number of land snail species appeared to
be low. It has been reported that the numbers of snails in

00 'ST630S1T

‘T

sduy woxy

SRl

001 01A0P/

sdi) suorspuogy pue swsa oy 295 [£207/60/F0] U0 Axeiqr owgug Ko, ‘onqrden o9z oueR03 Kq [iby 7599/

ssoor] suourto) 2neo1) afqeodde ot £q poraA08 93¢ sapaN O 9 §o s9pn3 105 Kaesqr

63



10 0f 13 |

VELOVA ET AL

other Czech and European cities were almost as high
(Braschler et al, 2020; Horsdk et al, 2009). If we
focus on a particular land snail species, the majority
(Vallonia pulchella, Helix pomatia, Cochlicopa lubrica, and
Nesovitrea hammonis) do not have special requirements in
terms of habitat quality (Jufickova, 1998). Regarding more
specialized species, the occurrence of Xerolenta obvia was
recorded near the built-up areas in new grassland. We
found Aegopinella nitens, a species of wet threatened bio-
topes (Cejka, 1999), in grassland with temporal continuity.
Regarding the low species richness of land snails, we
hypothesized that our studied grasslands probably partly
lost their natural quality in the past (e.g., due to intensive
fertilizing, mowing, and drainage), as gastropods are gen-
erally a taxon sensitive to changes in land use (Baur, 1986;
Wirth et al., 1999). The low number of snails may indicate
the similarity of species composition typical for habitats
near the city center. It is known that the species richness
of snails depends on native plant richness and habitat rich-
ness (Braschler et al., 2020). Only marginal responses of
terrestrial gastropods to urban sprawl have been found
(Concepcidn et al., 2016) and have been pointed to depen-
dence on nonurban parameters and a general decline in
species richness in the landscape. In our case, this may be
the consequence of the present decreasing trend of soil
humidity in the Czech Republic, which can multiply the
adverse effects of the local moderately and slightly acidic
soils (Martin & Sommer, 2004; Trnka et al., 2015; Zizala
et al., 2020) and the inappropriate succession stage of most
of the studied grasslands (Lososova et al., 2011). Thus, this
could be another possible reason for the low numbers of
land snails. Additionally, Braschler et al. (2021) found that
the body size of snails is not dependent on urbanization
but on environmental parameters (such as food quality),
indicating the homogeneity of grasslands. To ensure the
continued existence of these species, it will be necessary to
restore grasslands and reestablish their populations, per-
haps with the help of translocations of founder individuals
(Baur, 2014).

CONCLUSIONS

Urban grasslands are important land use for the sustain-
able development of cities. These areas are important for
the diversification of urban landscapes and partly
maintaining the rural characteristics from the past. We
found that urban grasslands could be habitats for many
birds and butterflies. The findings for land snails are
reflected by their species-poor communities.

It is important to note that birds and butterflies, as
high- and medium-dispersal taxa, were closely associated
with their biotic interactions and the structure of urban
grasslands. There is a high probability that fragmentation

caused by suburbanization, corresponding to changes in
former grassland structure, led to the affectation of
low-dispersal land snail communities.

The only birds, as a taxon with a high dispersal abil-
ity, appeared to thrive in urban grasslands due to the sub-
urbanization effect. Nevertheless, attention must also be
paid to low- and medium-dispersal animals in assessing
the impact of urbanization and suburbanization on biodi-
versity. The truth is that high-dispersal taxa such as birds
can recolonize, but limited-dispersal taxa may easily
become extinct.

AUTHOR CONTRIBUTIONS

All authors contributed to the study conception and
design. Material preparation, data collection, and analysis
were performed by Lucie Vélovd, Adam Véle, Alena
Peltanovs, Lenka Safifovd, and Jakub Hordk. The first
draft of the manuscript was written by Lucie Vélovd,
Adam Véle, and Jakub Horak; and all authors
commented on previous versions of the manuscript. All
authors read and approved the final manuscript.

ACKNOWLEDGMENTS

The authors thank Patrik Rada for help in the field.
Jakub Hordk is grateful to Excellence project PiF UHK
2213/2023-2024 for the financial support.

CONFLICT OF INTEREST STATEMENT
The authors have no relevant financial or nonfinancial
interests to disclose.

DATA AVAILABILITY STATEMENT

Data (Hordk, 2022) are available from Figshare: https://
figshare.com/articles/dataset/Pardubice_input_data_xlsx/
21435306.

ORCID

Adam Véle © https://orcid.org/0000-0002-9141-6049
Rosa Menendéz © https://orcid.org/0000-0001-9997-5809
Jakub Horak © https://orcid.org/0000-0003-2049-0599

REFERENCES

Aguirre-Gutiérrez, J., M. Wallis deVries, L. Marshall, M. Zelfde,
A. R. Villalobos-Ardambula, B. Boekelo, H. Bartholomeus,
M. Franzén, and J. C. Biesmeijer. 2017. “Butterflies Show
Different Functional and Species Diversity in Relationship to
Vegetation Structure and Land Use.” Global Ecology and
Biogeography 26: 1126-37.

Albrecht, H., and S. Haider. 2013. “Species Diversity and Life
History Traits in Calcareous Grasslands Vary along an
Urbanization Gradient.” Biodiversity and Conservation 22:
2243-67.

Alder, D., and S. Marsden. 2009. “Characteristics of Feeding-Site
Selection by Breeding Green Woodpeckers Picus viridis in a
UK Agricultural Landscape.” Bird Study 57: 100-7.

20T 'ST680S 1T

sdiy) suorspuogy pue swsa oy 295 [£207/0/40] 0 Are3qr] owqug Kotipy ‘oRqrdsR 49920 uesa00 Kq [y 75997001 0 0P weo Aogun Kaeaqppowsyu sjeumoesay,-sdijy wos popeoIumoq ‘T 'g

ssoor] suourto) 2neo1) afqeodde ot £q poraA08 93¢ sapaN O 9 §o s9pn3 105 Kaesqr

64



ECOSPHERE

11 0f13

Angold, P. G., J. P. Sadler, M. O. Hill, A. Pullin, S. Rushton,
K. Austin, E. Small, et al. 2006. “Biodiversity in Urban Habitat
Patches.” Science of the Total Environment 360: 196-204.

Antrop, M. 2004. “Landscape Change and the Urbanization Process
in Europe.” Landscape and Urban Planning 67: 9-26.

Bailey, S.-A., R. H. Haines-Young, and C. Watkins. 2002. “‘Species
Presence in Fragmented Landscapes: Modelling of Species
Requirements at the National Level.” Biological Conservation
108: 307-16.

Baur, B. 1986. “Patterns of Dispersion, Density and Dispersal in
Alpine Populations of the Land Snail Arianta arbustorum (L.)
(Helicidae).” Ecography 9: 117-25.

Baur, B. 2014. “Dispersal-Limited Species—A Challenge
for Ecological Restoration.” Basic and Applied Ecology 15:
559-64.

Baylis, M., and N. E. Pierce. 1991. “The Effect of Host-Plant Quality
on the Survival of Larvae and Oviposition by Adults of an
Ant-Tended Lycaenid Butterfly, Jalmenus evagoras.” Ecological
Entomology 16: 1-9.

Blair, R. B. 1999. “Birds and Butterflies along an Urban Gradient:
Surrogate Taxa for Assessing Biodiversity?” Ecological
Applications 9: 164-70.

Blanchet, F. G., P. Legendre, and D. Borcard. 2008. “Forward
Selection of Explanatory Variables.” Ecology 89: 2623-32.

Boggs, C. L, and K. D. Freeman. 2005. “Larval Food Limitation in
Butterflies, Effects on Adult Resource Allocation and Fitness.”
Oecologia 144: 353-61.

Braaker, S., J. Ghazoul, M. K. Obrist, and M. Moretti. 2014.
“Habitat Connectivity Shapes Urban Arthropod Communities:
The Key Role of Green Roofs.” Ecology 95: 1010-21.

Braschler, B., J. Gilgado, H. P. Rusterholz, S. Buchholz, V. Zwahlen,
and B. Baur. 2021. “Functional Diversity and Habitat
Preferences of Native Grassland Plants and Ground-Dwelling
Invertebrates in Private Gardens along an Urbanization
Gradient.” Ecology and Evolution 11: 1-17.

Braschler, B., J. D. Gilgado, V. Zwahlen, H. P. Rusterholz, S.
Buchholz, and B. Baur. 2020. “Ground-Dwelling Invertebrate
Diversity in Domestic Gardens along a Rural-Urban Gradient:
Landscape Characteristics Are more Important than Garden
Characteristics.” PLoS One 15: €0240061.

Buchholz, S., A. K. Gathof, A. J. Grossmann, 1. Kowarik, and L. K.
Fischer. 2020. “Wild Bees in Urban Grasslands: Urbanisation,
Functional Diversity and Species Traits.” Landscape and
Urban Planning 196: 103731.

Buchholz, S., K. Hannig, M. Moller, and J. Schirmel. 2018.
“Reducing Management Intensity and Isolation as Promising
Tools to Enhance Ground-Dwelling Arthropod Diversity in
Urban Grasslands.” Urban Ecosystems 21: 1139-49.

Carrus, G., M. Scopelliti R. Lafortezza, G. Colangelo, F. Ferrini,
F. Salbitano, M. Agrimi, L. Portoghesi, P. Semenzato, and
G. Sanesi. 2015. “Go Greener, Feel Better? The Positive Effects of
Biodiversity on the Well-Being of Individuals Visiting Urban and
Peri-Urban Green Areas.” Landscape and Urban Planning 134:
221-8.

Cejka, T. 1999. “The Terrestrial Molluscan Fauna of the Danubian
Floodplain (Slovakia).” Biologia 54: 489-500.

Collinge, S. K. 1996. “Ecological Consequences of Habitat
Fragmentation: Implications for Landscape Architecture and
Planning.” Landscape and Urban Planning 36: 59-77.

Concepcion, E. D., M. K. Obrist, M. Moretti, F. Altermatt, B. Baur,
and M. P. Nobis. 2016. “Impacts of Urban Sprawl on Species
Richness of Plants, Butterflies, Gastropods and Birds: Not
Only Built-Up Area Matters.” Urban Ecosystems 19: 225-42.

Cramp, S. 2000. The Complete Birds of the Western Palearctic, 1st ed.
Oxford: Oxford University Press.

Croci, S., A. Butet, A. Georges, R. Aguejdad, and P. Clergeau. 2008.
“Small Urban Woodlands as Biodiversity Conservation Hot-Spot:
‘A Multi-Taxon Approach.” Landscape Ecology 23: 1171-86.

Deaborn, D. C., and S. Kark. 2010. “Motivations for Conserving
Urban Biodiversity.” Conservation Biology 24: 432-40.

Dennis, R. L. H,, and T. H. Sparks. 2006. “When Is a Habitat Not a
Habitat? Dramatic Resource Use Changes under Differing
‘Weather Conditions for the Butterfly Plebejus argus.”
Biological Conservation 129: 291-301.

Dover, J., and J. Settele. 2009. “The Influences of Landscape
Structure on Butterfly Distribution and Movement: A Review.”
Journal of Insect Conservation 13: 3-27.

Evans, K. L., S. E. Newson, and K. J. Gaston. 2009. “Habitat
Influences on Urban Avian Assemblages.” Ibis 151: 19-39.
Ewers, R. M., and R. K. Didham. 2006. “Confounding Factors in the
Detection of Species Responses to Habitat Fragmentation.”

Biological Reviews 81: 117-42.

Faeth, S. H.,, C. Bang, and S. Saari. 2011. “Urban Biodiversity:
Patterns and Mechanisms.” Annals of the New York Academy
of Sciences 1223: 69-81.

Fuchs, R. 2002. Atlas hnizdniho rozSiFeni ptakit Prahy 1985-1989
(aktualizace 2000-2002), 2nd ed. Praha: Consult.

Fujita, M., and F. Koike. 1985. “Birds Transport Nutrients to
Fragmented Forests in an Urban Landscape.” Ibis 127: 648-54.

Furness, R. W., and J. J. D. Greenwood. 1994. Birds as Monitors of
Environmental Change, 1st ed. New York: Chapman & Hall.

Gerlach, J., M. Samways, and J. Pryke. 2013. “Terrestrial
Invertebrates as Bioindicators: An Overview of Available
Taxonomic Groups.” Journal of Insect Conservation 17: 831-50.

Gotmark, F., T. Von Proschwitz, and N. Franc. 2008. “Are Small
Sedentary Species Affected by Habitat Fragmentation? Local
vs. Landscape Factors Predicting Species Richness and
Composition of Land Molluscs in Swedish Conservation
Forests.” Journal of Biogeography 35: 1062-76.

Hordk, J. 2016. “Suitability of Biodiversity-Area and Biodiversity-
Perimeter Relationships in Ecology: A Case Study of Urban
Ecosystems.” Urban Ecosystems 19: 131-42.

Horak, J. 2022. “Pardubice_input_data.xlsx.” Figshare. Dataset.
https://doi.org/10.6084/m9 figshare.21435306.v1.

Hordk, J., and J. Pavlicek. 2013. “Tree Level Indicators of Species
Composition of Saproxylic Beetles in Old-Growth Mountainous
Spruce-Beech Forest through Variation Partitioning.” Journal of
Insect Conservation 17: 1003-9.

Hordk, J., A. Peltanova, A. Podavkovd, L. Safafova, P. Bogusch,
D. Romportl, and P. Zasadil. 2013. “Biodiversity Responses to
Land Use in Traditional Fruit Orchards of a Rural Agricultural
Landscape.” Agriculture, Ecosystems & Environment 178: 71-7.

Horik, ., J. Rom, P. Rada, L. Safafovd, J. Koudelkova, P. Zasadil,
P. J. Halda, and J. Holusa. 2018. “Renaissance of a Rural
Artifact in a City with a Million People: Biodiversity
Responses to an Agro-Forestry Restoration in a Large
Urban Traditional Fruit Orchard.” Urban Ecosystems 21:
263-70.

‘€200 'ST680S1T

) sdiyg woy

S0t

7592001 0170/

00/£0/70] w0 Areaqr] swpug Aepiy “onqnday yoez suery203 Aq [rpy

sdlny) suorsptio) pue swa] ot 995 ¢

ssoor] suourto) 2neo1) afqeodde ot £q poraA08 93¢ sapaN O 9 §o s9pn3 105 Kaesqr

65



12 0f 13

VELOVA ET AL

Hordk, J., L. Safdfovd, J. Trombik, and R. Menéndez. 2022.
“Patterns and Determinants of Plant, Butterfly and Beetle
Diversity Reveal Optimal City Grassland Management and
Green Urban Planning.” Urban Forestry & Urban Greening 73:
127609.

Horsik, M., L. Jufickovd, K. Kintrovd, and O. Hdjek. 2009.
“Patterns of Land Snail Diversity over a Gradient of Habitat
Degradation: A Comparison of Three Czech Cities.”
Biodiversity and Conservation 18: 3453-66.

Thalainen, E., and C. Lindstedt. 2012. “Do Avian Predators Select
for Seasonal Polyphenism in the European Map Butterfly
Araschnia levana (Lepidoptera: Nymphalidae)?” Biological
Journal of the Linnean Society 106: 737-48.

Jackson, H. B., and L. Fahrig. 2015. “Are Ecologists Conducting
Research at the Optimal Scale?” Global Ecology and
Biogeography 24: 52-63.

Jakubas, D., and A. Mioduszewska. 2005. “Diet Composition and
Food Consumption of the Grey Heron (Ardea cinerea) from
Breeding Colonies in Northern Poland.” European Journal of
Wildlife Research 51: 191-8.

Janecek, V., P. Rada, J. Rom, and J. Horak. 2019. “Rural
Agroforestry  Artifacts in a City:
Spatiotemporally Continuous Fruit Orchards in an Urban
Area.” Urban Forestry & Urban Greening 41: 33-8.

Jokimiki, J. 1999. “Occurrence of Breeding Bird Species in Urban
Parks: Effects of Park Structure and Broad-Scale Variables.”
Urban Ecosystems 3: 21-34.

Jokimaki, J., and J. Suhonen. 1997. “Effects of Urbanization on the
Breeding Bird Species Richness in Finland: A Biogeographical
Comparison.” Ornis Fennica 70: 71-7.

Jurickovd, L. 1998. Molluses of Hradec Kralové (East Bohemia,
Czech Republic), 1st ed. Hradec Kralové: Krajské vlastivédné
museum Zdenka Nejedlého.

Kent, R., O. Levanoni, E. Banker, G. Pe’er, S. Kark, and M. A.
Smith. 2013. “Comparing the Response of Birds and Butterflies
to Vegetation-Based Mountain Ecotones Using Boundary
Detection Approaches.” PLoS One 8: €58229.

Kim, J., J. Chae, and T. H. Koo. 2007. “Variation in Bird Diversity
in Relation to Habitat Size in the Urban Landscape of Seoul,
South Korea.” Acta Ornithologica 42: 39-44.

Kitahara, M., M. Yumoto, and T. Kobayashi. 2008. “Relationship of
Butterfly Diversity with Nectar Plant Species Richness in and
around the Aokigahara Primary Woodland of Mount Fuji,
Central Japan.” Biodiversity and Conservation 17: 2713-34.

Kowarik, I. 2011. “Novel Urban Ecosystems, Biodiversity, and
Conservation.” Environmental Pollution 159: 1974-83.

Kiihn, I, R. Brandl, and K. Stefan. 2004. “The Flora of German Cities
Is Naturally Rich.” Evolutionary Ecology Research 6: 749-6.
Lizée, M. H., S. Manel, J. F. Mauffrey, T. Tatoni, and
M. Deschamps-Cottin. 2012. “Matrix Configuration and
Patch Isolation Influences Override the Species-Area Relationship
for Urban Butterfly Communities.” Landscape Ecology 27: 159-69.

Loram, A., J. Tratalos, P. Warren, and K. Gaston. 2007. “Urban
Domestic Gardens (X): The Extent & Structure of the Resource
in Five Major Cities.” Landscape Ecology 22: 601-15.

Lososovd, Z., M. Horsdk, M. Chytry, T. éejka, J. Danihelka,
J. Fajmon, K. Hdjek, O. Jufickova, L. Kintrovd, and
K. Lanikova. 2011. “Diversity of Central European Urban

Determinants  of

Biota: Effects of Human-Made Habitat Types on Plants and
Land Snails.” Journal of Biogeography 38: 1152-63.

Mace, G. M., K. Norris, and A. H. Fitter. 2012. “Biodiversity and
Ecosystem Services: A Multilayered Relationship.” Trends in
Eeology & Evolution 27: 19-26.

Martin, K., and M. Sommer. 2004. “Relationships between Land
Snail Assemblage Patterns and Soil Properties in Temperate-
Humid Forest Ecosystems.” Journal of Biogeography 31:
531-45.

McKinney, M. L. 2008. “Effects of Urbanization on Species
Richness: A Review of Plants and Animals.” Urban Ecosystems
11: 161-76.

Moller, A. P, M. Diaz, E. Flensted-Jensen, T. Grim, I. D.
Ibdfiez-Alamo, J. Jokimiki, R. Mind, G. Marké, and
P. Tryjanowski. 2012. “High Urban Population Density of
Birds Reflects Their Timing of Urbanization.” Oecologia 170:
867-75.

New, T. R. 1997. “Are Lepidoptera an Effective ‘Umbrella Group’
for Biodiversity Conservation?” Journal of Insect Conservation
1: 5-12.

Nielsen, A. B., M. van den Bosch, S. Maruthaveeran, and C. K.
van den Bosch. 2014. “Species Richness in Urban Parks and its
Drivers: A Review of Empirical Evidence.” Urban Ecosystems
17: 305-27.

Novotny, V., and Y. Basset. 2000. “Rare Species in Communities of
Tropical Insect Herbivores: Pondering the Mystery of
Singletons.” Oikos 89: 564-72.

Ockinger, E., A Dannestam, and H. G. Smith. 2009. “The
Importance of Fragmentation and Habitat Quality of Urban
Grasslands for Butterfly Diversity.” Landscape Urban Planning
93: 31-7.

Pirt, T., and B. Soderstrom. 1999. “The Effects of Management
Regimes and Location in Landscape on the Conservation of
Farmland Birds Breeding in Semi-Natural Pastures.” Biological
Conservation 90: 113-23.

Pollard, E., and T. J. Yates. 1993. Monitoring Butterflies for Ecology
and Conservation: The British Butterfly Monitoring Scheme
(Conservation Biology 1). London: Springer.

Puga-Caballero, A., I. MacGregor-Fors, and R. Ortega-Alvarez.
2014. “Birds at the Urban Fringe: Avian Community Shifts in
Different Peri-Urban Ecotones of a Megacity.” Ecological
Research 29: 619-28.

Rosch, V., T. Tscharntke, C. Scherber, P. Batiry, and J.
Osborne. 2013. “Landscape Composition, Connectivity and
Fragment Size Drive Effects of Grassland Fragmentation
on Insect Communities.” Journal of Applied Ecology 50:
387-94.

Sattler, T., P. Duelli, M. K. Obrist, R. Arlettaz, and M. Moretti. 2010.
“Response of Arthropod Species Richness and Functional
Groups to Urban Habitat Structure and Management.”
Landscape Ecology 25: 941-54.

Simonson, S. E., P. A. Opler, T. J. Stohlgren, and G. W. Chong.
2001. “Rapid Assessment of Butterfly Diversity in a
Montane Landscape.” Biodiversity and Conservation 10:
1369-86.

Small, E., J. P. Sadler, and M. Telfer. 2006. “Do Landscape Factors
Affect Brownfield Carabid Assemblages?” Science of the Total
Environment 360: 205-22.

00 'ST630S1T

(&3

- sduy wog

S0t

7592001 0170/

00/£0/70] w0 Areaqr] swpug Aepiy “onqnday yoez suery203 Aq [rpy

sding) suoppuog pue suuss 1 gy 995

ssoor] suourto) 2neo1) afqeodde ot £q poraA08 93¢ sapaN O 9 §o s9pn3 105 Kaesqr

66



ECOSPHERE

13 0f 13

Smilauer, P., and J. Leps. 2014. Mulrivariate Analysis of Ecological
Data Using CANOCO 5. Cambridge: Cambridge University
Press.

Smith, R., K. Gaston, P. Warren, and K. Thompson. 2005. “Urban
Domestic Gardens (V): Relationships between Landcover
Composition, Housing and Landscape.” Landscape Ecology 20:
235-53.

Smith, R., K. Gaston, P. Warren, and K. Thompson. 2006. “Urban
Domestic Gardens (VIII): Environmental Correlates of
Invertebrate Abundance.” Biodiversity and Conservation 15:
2515-45.

Snell, S., B. Brian, E. White, and A. Hurlbert. 2017. “The Prevalence
and Impact of Transient Species in Ecological Communities.”
Ecology 99: 1825-35.

Stoll, P., P. Oggier, and B. Baur. 2009. “Population Dynamics of Six
Land Snail Species in Experimentally Fragmented Grassland.”
Journal of Animal Ecology 78: 236-46.

Thomas, J. A. 2005. “Monitoring Change in the Abundance and
Distribution of Insects Using Butterflies and Other Indicator
Groups.” Philosophical Transactions of the Royal Society B:
Biological Sciences 360: 339-57.

Trnka, M., R. Brizdil, M. Mozny, P. Stépinek, P. Dobrovolny,
P. Zahradnicek, J. Balek, et al. 2015. “Soil Moisture Trends in
the Czech Republic between 1961 and 2012.” International
Journal of Climatology 35: 3733-47.

van Langevelde, F. 2015. “Modelling the Negative Effects of
Landscape Fragmentation on Habitat Selection.” Ecological
Informatics 30: 271-6.

Vélovd, L., A. Véle, and J. Hordk. 2021. “Land Use Diversity and
Prey Availability Structure the Bird Communities in Norway
Spruce Plantation Forests.” Forest Ecology and Management
480: 118657.

Vepsildinen, V., T. Pakkala, and J. Tiainen. 2005. “Population
Increase and Aspects of Colonization of the Tree Sparrow
Passer montanus, and its Relationships with the House

Sparrow Passer domesticus, in the Agricultural Landscapes of
Southern Finland.” Ornis Fennica 82: 117-28.

Wesche, K., B. Krause, H. Culmsee, and C. Leuschner. 2012. “Fifty
Years of Change in Central European Grassland Vegetation:
Large Losses in Species Richness and Animal-Pollinated
Plants.” Biological Conservation 150: 76-85.

Wilson, J. D., A. J. Morris, B. E. Arroyo, S. C. Clark, and R. B.
Bradbury. 1999. “A Review of the Abundance and Diversity of
Invertebrate and Plant Foods of Granivorous Birds in
Northern Europe in Relation to Agricultural Change.” Annual
Review of Ecology 75: 13-30.

Winfree, R., . Bartomeus, and D. P. Cariveau. 2011. “Native
Pollinators in Anthropogenic Habitats.” Annual Review of
Ecology, Evolution, and Systematics 42: 1-22.

Wirth, T., P. Oggier, and B. Baur. 1999. “Effect of Road Width on
Dispersal and Genetic Population Structure in the Land Snail
Helicella itala.” Journal for Nature Conservation 8: 23-9.

Zizala, D., R. Minatik, R. Va$at, and J. Skala. 2020. Metodika torby
aktudlnich piidnich map pedometrickymi metodami. Praha:
Vyzkumny ustav melioraci a ochrany pady, v.v.i.

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Vélovd, Lucie,
Adam Véle, Alena Peltanova, Lenka Safifova,
Rosa Menendéz, and Jakub Hordk. 2023. “High-,
Medium-, and Low-Dispersal Animal Taxa
Communities in Fragmented Urban Grasslands.

Ecosphere 14(2): e4441. https://doi.org/10.1002/
ecs2.4441

”

00 'ST630S1T

(&3

- sduy wog

S0t

7592001 0170/

00/£0/70] w0 Areaqr] swpug Aepiy “onqnday yoez suery203 Aq [rpy

sding) suoppuog pue suuss 1 gy 995

ssoor] suourto) 2neo1) afqeodde ot £q poraA08 93¢ sapaN O 9 §o s9pn3 105 Kaesqr

67



5.4 Véloval., Véle A., 2019: Vyznam datlovitych ptakl v ochrané lesa: review.
Zpravy lesnického vyzkumu 64: 77-84.

ZPRAVY LESNICKEHO VYZKUMU, 64, 2019 (3): 165-173

VYZNAM DATLOVITYCH PTAKU V OCHRANE LESA: REVIEW

THE IMPORTANCE OF WOODPECKERS IN FOREST PROTECTION: REVIEW

LuciE VELOVA" - ADAM VELE? ™2

n€eskd zemédélska univerzita v Praze, Fakulta lesnickd a dFevaFskd, Kamycké 129, 165 00 Praha 6 - Suchdol,
Czech Republic

2Vyzkumny ustav lesniho hospodarstvi a myslivosti, v. v. i., Strnady 136, 252 02 Jilovisté, Czech Republic

< 0
e-mail: adam.vele@centrum.cz

ABSTRACT

There is an increase in damage caused by biotic agents in the forests of Central Europe. One of the choices for protecting forests against insect
pests is the ability to use the biological protection of the birds of family Picidae. They are able to effectively control pests and indirectly promote
the occurrence of another beneficial animal species. We dealt with three species with different habitat requirements: three-toed woodpecker
(Picoides tridactylus), the black woodpecker (Dryocopus martius) and the great spotted woodpecker (Dendrocopos major). In general, they can
halve the amount of the pest population. The three-toed woodpecker feeds mainly on bark beetles and longhorn beetles. It needs a large amount
of dead wood, which almost excludes its presence in production forests. Other species do not have so many environmental demands. The
black woodpecker is tied to larger forest complexes, including production forests. The great spotted woodpecker is able to colonise even small
fragments of forests. Economic loss caused by nest holes excavating and hunting of wood boring insect are negligible. Holes have a small volume
and are mostly created in already damaged wood. The presence of woodpeckers in production forests is desirable, and it should be encouraged

by keeping enough amount of dead and cavity trees.

For more information see Summary at the end of the article.

Klicova slova: biologickd ochrana; biotop; datloviti; dutiny; Picidae; les; potrava
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Ochrana lesa ve stiedni Evropé a zejména v Ceské republice se v sou-
Casné dobé potyka s rozséhlymi hospodarskymi $kodami zpisobeny-
mi podkornimi $kiidci, nartstaji i §kody zptisobené listozravym hmy-
zem (LISKA 2018; LoRENC et al. 2018; LuBojacKY 2018). V boji proti
IykoZroutiim se kromé tradi¢nich metod zacinaji testovat a pouzivat
i metody nové, ¢asto zalozené na principu chemické ochrany (Za-
HRADNIKOVA, ZAHRADNIK 2015). Alternativou k nim muze v nékte-
rych ptipadech byt vyuziti biologické ochrany, kterou lze povazovat za
ekonomicky vyhodnou a ptirodé blizkou metodu (Kents et al. 2017).
V ramci biologické ochrany se vyuzivaji biologické faktory, jez jsou
schopny ovlivnit Zivotnost a popula¢ni hustoty $kidcti. Mezi biotické
reguldtory lesnich bezobratlych $kiidct patfi napk. parazitoidi z fadu
blanokiidlych (Hymenoptera) a dvoukfidlych (Diptera), dravy hmyz
(napt. mravenci ¢i vosy) i obratlovci (drobni savci a ptaci) (Horu$a,
WEISER 2005). Z ptakii se jedna napt. o nékteré pévce (sykory (Pa-
rus spp.), brhliky (Sitta sp.)) ¢i vybrané zastupce datlovitych (Picidae)
(PospELoV 1953; BorM, KaLko 2009). Datloviti jsou taxonem schop-

biological protection; food; forest; habitat; Picids; nest holes

nym vyrazné regulovat populace $kiidcti (OVERGAARD 1970; TOROK
1988; Mikusinsk1 1995; Fayr et al. 2005; ALDER, MARSDEN 2010;
FLOWER et al. 2014). Navzdory tomu je jejich cilené vyuZzivani v ochra-
né lesa doposud velmi omezené.

Celed datloviti nalezejici do t4du $plhavcl (Piciformes) je v Ceské
republice zastoupena deseti druhy: krutihlav obecny (Jynx torquilla
Linnaeus, 1758), Zluna Seda (Picus canus Gmelin, 1788), 7luna zelend
(Picus viridis Linnaeus, 1758), datel ¢erny (Dryocopus martius Linna-
eus, 1758), strakapoud velky (Dendrocopos major Linnaeus, 1758),
strakapoud jiZzni (D. syriacus Hemprich & Ehrenberg, 1833), straka-
poud prostiedni (D. medius Linnaeus, 1758), strakapoud bélohibety
(D. leucotos Bechstein, 1802), strakapoud maly (D. minor Linnaeus,
1758) a datlik ttiprsty (Picoides tridactylus Linnaeus, 1758) (Hubkc,
STASTNY 2005).

Krutihlav obecny na nagem tizemi obyvi lesiky, aleje, skupiny stromtl,
sady, zahrady, fidké listnaté i smiené lesy, vzdcnéji okraje a svétliny
borovych a smrkoborovych lest. Vyskytuje se pfedeviim v nizsich
polohdch, byl zaznamenan v 69 % mapovacich ¢tvercti. Zluna $eda
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obyva predeviim lesy listnaté a smiSené, v horach vyuzivé i jehlic-
naté. V CR se vyskytuje nepravidelné (69 % ctverctt), v zavislosti na
vyskytu listnatych lesti. Mnohem Castéji se na nafem tizemi mizeme
setkat se zZlunou zelenou (94 % ctvercti), jez se vyskytuje pfedevsim
v nizinéch a pahorkatinach, v nichz obyva otevienou krajinu s fid-
kymi lesiky, sady a alejemi. Témér na celém tzemi (95 % ctverct)
se muZzeme setkat také s datlem Cernym, jez vyuZivd rozsahlejsi lesy
v horach i v niZinach. Nejhojnéji se vyskytuje v lesich smiSenych
a jehli¢natych. Strakapoud velky obyva lesy vieho druhu, vétsi parky
avzimé i zahrady. Jeho vyskyt je zndm ze v§ech faunistickych ¢tverci.
Strakapoud jizni Zije pfedev$im v nizsich polohach vychodni ¢4sti CR
(12 % ¢tverci), kde obyva sady, parky a menéi listnaté lesiky. Straka-
poud prostiedni se vyskytuje v CR nehojné (40 % étverci), nejéastdji
v luznich lesich s dubem a teplych doubravach pahorkatin. Straka-
poud bélohibety hnizdi jen v nékolika oblastech (6 % Ctverctl), vy-
uziva ¢isté nebo smiSené buciny. Strakapoud maly se fidce vyskytuje
v niZzindch a pahorkatinach, kde obyva mens{ ¢i tidké listnaté lesy,
doubravy, bu¢iny nebo smisené porosty, luzni lesy, bfehové porosty,
sady a parky. Zaznamenan byl v 79 % ¢tverct. Datlik tiiprsty je typic-
ky ptak horskych oblasti (5 % ¢tverctt), v nichz obyva lesy pralesniho
charakteru, jehli¢naté i smigené, se suchymi nebo narusenymi stro-
my (HUDEC, STASTNY 2005; STASTNY et al. 2006). V CR se pravidelné
vyskytuje ve vyssich nadmotskych vyikach: na Sumavé, v Blanském
lese, Novohradskych hordch, Beskydech, Krkonosich, na Hostyn-
sko-Vsetinské hornatiné a v Javornikdch. Zaznamy o jeho vyskytu
pochazeji i z Krusnych hor, Ceského lesa a Jeseniki (SfasTny et al.
2006; FLOUSEK et al. 2015).

Jak vyplyva z uvedenych charakteristik, datlik tiiprsty, datel cerny
a strakapoud velky jsou tfi zastupci datlovitych, charakterizujici od-
lisné biotopové ndroky, a tedy i odliSné moznosti vyuZiti v biologické
ochrané lesa.

Biotopové naroky

Datlik ttiprsty preferuje dospélé, ¢asto smisené nebo pievézné jehlic-
naté lesy s dominanci smrku ztepilého (Picea abies) s vysokym ob-
jemem mrtvého dfeva (FavT 1999; PakkaLa et al. 2002). V Evrop-
skych lesich jeho pocetnost pozitivné koreluje s proporci smrkovych
lestt minimdlné 80-100 let starych, proporci stromil s primérem
kmene 20-50 cm a mnozstvim mrtvého dfeva o objemu priimérné
63-200 m’/ha (IMBEAU, DESROCHERS 2002; FAYT 2003; BUTLER et al.
2004; RoMERO-CALCERRADA, LUQUE 2006). V zdvislosti na geogra-
fické poloze a charakteru lesa dosahuje popula¢nich hustot jednoho
paru na 90 az 400 ha (AMCOFF, ERIkssoN 1996; PECHACEK 2004). Jeho
domovské okrsky zaujimaji rozlohu az 200 ha (BUTLER et al. 2004).

Datel Cerny je habitatovy generalista, obvykle vyuzivd pfedevsim vy-
soké a &iroké kmeny mnoha opadavych i jehli¢natych druhd stromd
v rozlehlych lesich, véetné lesti tvofenych mozaikou riizné starych po-
rostl (Cramp 1985; TJERNBERG et al. 1993; Mikusinsk1 1995; Bocca
et al. 2007). Stafi porostl ani zplisob hospodareni nejsou pro datla vy-
znamné, pokud v iizemi nachézi dostatek potravy a stromi vhodnych
ke hnizdéni (TjERNBERG et al. 1993; Mikusinsk1 1997; RoLstaD et al.
1998; Bocca et al. 2007). Nizkou senzitivitou vii¢i intenzivnimu hos-
podareni se odliduje od vétsiny ostatnich datlovitych (TjErRNBERG et al.
1993; Mikusinski 1997; RoLsTaD et al. 1998). Hnizdni hustota datlt
se v zavislosti na charakteru lesa pohybuje v rozmezi 0,16-0,5 pary
na 10 ha (Wesorowski, Tomiaroré 1986; SpiTzNaGeL 1990). V jd-
drovém tizemi, které pokryvd ptiblizné tfetinu rozlohy domovskych
okrski, se kromé hnfzdniho péru mohou vyskytovat i nehnizdici je-
dinci. Domovské okrsky datlii jsou nezvykle rozlehlé, jejich plocha se
pohybuje kolem 300 ha (Bocca et al. 2007). Plocha domovskych okrs-
ki klesé s nartstajici plochou mladych porostti (RoLsTAD et al. 1998).
Divodem miize byt vy3$i pocetnost mravenct, jakoZto vyznamné
slozky potravy datlii, na lesnich svétlinach (VELE et al. 2016).
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Strakapoud velky je generalista obyvajici viechny typy biotopti porost-
lych dfevinami. Vyskytuje se od uzavienych horskych lesti az po mést-
ské parky. Pfesto je moiné konstatovat, Ze preferuje plochy s vy$dim
objemem mrtvého dieva, v nichz také dosahuje vyssich popula¢nich
hustot (WirBBENHORST 2001). V zdvislosti na pfitomnosti dalsich dat-
lovitych druhfi mize vyuzivat rozdilné mikrohabitaty (Onobr, Csér-
G6 2013). Na 37 lokalitich v severozapadni Evropé bylo zjisténo, ze
strakapoud velky dosahuje hustot az 4,6 teritorii nal0 ha, praimérné
1 par na 10 ha (MrcHALEK, MIETTINEN 2003). V hnizdni sezoné mo-
hou byt jeho hustoty jesté vyssi (NiLssoN 1979). V mladych lesnich
plantézich je jeho hustota nizkd (Smrta 1997), pravdépodobné v dii-
sledku nedostatku potravy (Cramp 1985). Domovské okrsky straka-
poud se lisi v zavislosti na pohlavi a ro¢ni dobé a dosahuji rozlohy
5-20 ha (BAcHMANN, PasiNgLLI 2002).

Ekologicky vyznam

Datloviti ptaci maji v lesich neopomenutelny ekologicky vyznam. Jimi
vytvofené dutiny vyuzivi mnoho dalsich druha zivocichi (tzv. sekun-
ddrnich dutinovych druht), jejichz vyskyt v hospodatskych lesich je
Casto limitovdn pravé nedostatkem dutin (NEwTON 1994). Z bezob-
ratlych Zivocichii se jednd napt. o saproxylicky hmyz, vosy (Vespoi-
dea) a motyly (Lepidoptera). Z ptaki lze jmenovat napi. sykorovité
(Paridae), lejskovité (Muscicapidae), brhlikovité (Sittidae), pustiko-
vité (Strigidae) ¢i holubovité (Columbidae). Mezi savce vyuZivajici
dutiny patii napi. mySoviti (Muridae), veverkoviti (Sciuridae), neto-
pyroviti (Vespertilionidae) a plchoviti (Gliridae) (KorRPIMAKI 1984;
KirBY, DRAKE 1993; JouNssoN 1993; CzEszCZEWIK, WALANKIEWICZ
2003; Wesorowski, RowiNski 2004, 2012). Mnozi z téchto zivo¢icht
rovnéz pomahaji regulovat populace hospodafsky nezadoucich orga-
nismt (CrvanTos et al. 2012). Z pohledu tvorby dutin lze za nejvy-
znamnéj$iho povazovat datla Cerného, jenZ je jediny tviirce velkych
dutin, procez je povazovan za klicovy druh evropskych lesti (Joun-
ssoN 1993). Datloviti ptéci si konkuruji navzajem, ale také s ostatnimi
obratlovci. Pritomnost datlii je naptiklad negativné korelovana s vy-
skytem zluny zelené (HarLa, JARVINEN 1977). V zemédélské krajiné
Casto kavky obecné (Corvus monedula) vyhanéji datly ¢erné z noveé vy-
tesanych dutin (HANSEN 1984). Veverky mohou pii vysokych pocet-
nostech vyznamné ovliviiovat hnizdni ispésnost strakapoudti (Smrta
2005). Na druhou stranu, napfiklad strakapoud velky tesinim dutin
vytvari podminky vhodné pro vyskyt saproxylickych bezobratlych
(KirBy, DRAKE 1993), ¢imz nepfimo ovliviiuje i ostatni datlovité skrze
zvy$enou potravni nabidku (Smrta 1997). Diky slozitym ekologickym
vazbdm lze datlovité vnimat jako indikdtory. Napt. datlik tfiprsty je
dobry indikétor pro ¢asové a prostorové zmény krajiny. Je ale také po-
vazovin za indikatora pfirodnich lesti a celé gildy sekunddrnich du-
tinovych druht ptaka (DERLETH et al. 2000; ROBERGE, ANGELSTAM
2006).

Vyznam v ochrané lesa

Z hlediska ochrany lesa se na datlovité ptaky miizeme divat ze dvou
thld pohledu. Prvnim z nich jsou drobna poskozovani dfevni hmo-
ty v disledku vyhleddvini potravy (¢imZz dochdzi napt. ke zvy$enému
vysuSovani dfeva) a dale pak vyraznéjsi poskozovani spojené s tesa-
nim dutin (HADEFIELD, MAGELSSEN 2006). Druhym pohledem je jejich
preda¢ni tlak na vybrané skupiny zivocichd, a to jak prospésné (les-
ni mravenci), tak i $kiidce (listoZravy, podkorni i dievokazny hmyz).
Neopomenutelnd je rovnéz podpora vyskytu daliich uZite¢nych orga-
nismu. Béhem lovu xylobiontniho hmyzu sice poskozuji dfevo, to je
véak jiz znehodnoceno chodbami jejich kofisti. Objemové vyznam-
néji poskozeni mohou také vznikat pfi tesdni dutin. Vybér stromt ke
hnizdéni je dan fazi zivota stromt, kvalitou dfeva, rychlosti pfirtstu,
druhovym slozenim stromi, zastoupenim fragmentovanych a okra-
jovych casti porosti a selekci mezi predacnim a kompeti¢nim tlakem
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(BLaNC, MARTIN 2012). Druhové zastoupeni doupnych stromt se na
jednotlivych lokalitach li$i (WEsorowski, Tom1aroy¢ 1986; HANssoN
1992). Obecné lze Fici, Ze datloviti k tesani dutin vyuzivaji stromy
s velkym priimérem. Ackoliv byla hnizda zaznamenéna i ve zdravych
Castech stromi, vétsinou k jejich stavbé vyuzZivaji dfevo zmékéené po-
skozenimi ¢i pisobenim hub (Wesorowski, Tomiazoj¢ 1986; JoHN-
SSON 1993; SMITH 1997; HARDERSEN 2004).

Datel ¢erny tesd dutiny v buku lesnim (Fagus sylvatica), borovici, smr-
ku i dalsich druzich stromt (LaNnG, RosT 1990; Jornsson 1993; AN-
GELSTAM, Mikusmskr 1994; Ahlénn, Tjemberg 1992 in MIKUSINSKI
1995). V zavislosti na druhu dfeviny se lidi i jeji preferovany primér,
jez se pohybuje v rozmezi 30-40 cm (Jornsson 1993; Ahlénn, Tjem-
berg 1992 in Mikusinsk1 1995). Jeden par datli potiebuje mit k dis-
pozici nékolik dutin, které ¢asto méni mezi sezonami a nékteré z nich
pouiiva opétovné. Vétsina opétovné pouzivanych dutin se nachdzi
v zivych, oslabenych ¢i teprve neddvno uschlych stromech (RoLsTaD
et al. 2000; Bocca et al. 2007; WEsorowskr 2011).

Devadesat procent dutin strakapouda velkého se nachézi ve stromech
o priméru 28 cm nebo $ir$ich (SmitH 1997), v piipadé zivych stromi
se tito ptaci spokoji i s mens$im primérem (HansoN 1992). Pro tesani
dutin si vybiraji vysoké stromy umisténé v porostech, kde i jiné stro-
my jsou vzrostlé (BArriENTOS 2010). Ackoli u strakapouda existuje
silnd preference k vyuZzivini mrtvych stromd, ne vidy jsou upfednost-
novany. Nejnapadnéjsim prikladem jsou uschlé duby, které nejsou ke
hnizdéni viibec vyuzivany. Jejich suché dievo brzy ztrati kiiru a jédro-
vé dievo se stava tézkym a vyschlym, nevhodnym pro tvorbu dutin
(GLUE, BoswELL 1994; SmiTH 1997; MICHALEK, MIETTINEN 2003).
Priimérny stupeil rozpadu stromi vyuZivanych strakapoudem vel-
kym je ve srovnéni s jinymi datlovitymi relativné nizky (MICHALEK,
MIETTINEN 2003). Také strakapoud velky obsazuje i vice nez jednu
dutinu (Cramp 1985). Stromy vhodné ke hnizdéni byvaji vyuZiviny
opakované. Z provedenych studii vyplyvd, Ze 17 % hnizdnich stromt
bylo vyutzito jiz v predeslém roce a celkové bylo znovu vyuzito vice
nez 21 % stromi (GLUE, BoswELL 1994; SmrTH 1997). Objem hnizda
u strakapouda velkého se pohybuje v rozmezi 3,5-3,7 1 (CarsLoN et
al. 1998; REmM et al. 2006). Vétsinu dutin (téméf 80 %) tesd v kmeni,
mensi ¢ast je umisténa ve vétvich. Piiblizné dvé tretiny hnizdnich du-
tin byvaji umistény ve vnéjsich viditelnych defektech dfeva, v jizvach
a jejich blizkosti (Cixovic et al. 2014).

Jednozna¢né v souladu s pozadavky ochrany lesa jsou potravni naroky
datlovitych, ktefi hledaji potravu pii pohybu po kmeni ndhodné. Pfi
jeji detekci se za¢nou zdmérné a energicky pohybovat na jednom mis-
té a snazi se proniknout az ke kofisti. Po nékolika klovanich ndsleduje
krétkd pauza, béhem které ptéci soustfedéné poslouchaji s cilem pies-
né lokalizovat kofist. Je mozné, ze ji také detekuji vizudlné, napi. po-
zorovanim zavrtovych otvort. Dokazi detekovat i malé pohyby mra-
vencu rodu Camponotus pod snéhem (NUuorTEvA et al. 1981). Druhy
s vét3i hmotnosti téla a del$im zobékem maji $irsi spektrum velikosti
potravy, priimérna velikost kofisti i jeji rozsah vzriistaji s rostouci télni
velikosti ptaka (TOrROK 1988). Druhy, které jsou vice zavislé na ve die-
vé zijicich larvach, jako napt. strakapoud velky, maji mensi sniidky nez
druhy zavislé na jinych zdrojich (Koenic 1986). Doba hnizdéni dat-
lovitych v temperatnich lesich je pravdépodobné evolu¢né synchroni-
zovana s dobou vyskytu nejvétsiho mnozstvi larev (T6rOx 1990; Pa-
SINELLI 2001; WIKTANDER et al. 2001). Na pocet mladych, a tedy i po-
pulaéni hustotu, ma vliv mnozstvi potravy béhem hnizdéni i mimo
hnizdni sezonu (Fayt 2003). Pii dostatku potravy se tedy zvySuje
iabundance datlovitych, coZ je vyhodné pro regulaci populaci skudct.
Pulsobeni ptaki v biologické ochrané miize byt sniZzeno pouzivanim
pesticidli (Bouvier et al. 2011). V potravé datlovitych lze nalézt larvy
a dospélce mnoha druht brouku (Coleoptera), msice (Aphidoidea),
tiplicovité (Tipulidae), mravence (Formicidae), srpice (Mecoptera),
Cervce (Coccoidea) (PETTERssON 1983; TOROK 1988). Soucasti jejich
potravy je napf. Kozlicek osikovy (Saperda carcharias L.), ktery pat-

f{ mezi nejvyznamnéjsi Zivocisné skiidce topolii v Evropé (CRAMER
1954; TicHY 1963; NUORTEVA et al. 1981). Datloviti dokézi zredukovat
pocet larev kozlick o cca 12 % (TicHY 1963). Napt. strakapoud bélo-
hibety je schopen ulovit jednu larvu za 15-20 min a celkové 30-50 la-
rev kozli¢kii za den. Dva tydny stary strakapoud spotiebuje cca 25 g
potravy denné, pfiems? jedna larva vazi 0,7-1,5 g (Reinikainen 1979
in NUORTEVA et al. 1981). Jedno dvoutydenni mladé tedy denné pozie
17-36 larev. Nechytinizované ¢ésti larev ptaci stravi béhem jedné az
dvou hodin (TicuY 1963). Exaktni udaje o vlivu ptdkd na populaci ko-
fisti v evropskych lesich jsou vzacné. Obecné lze fici, Ze populace ¢cle-
novct (zejména larev) dokazi datloviti ptdci zredukovat na 19-98 %,
Casto se jednd pfiblizné o 50 % (FavT et al. 2005; B6HM et al. 2011).
Ne viechny taxony nalézané v potravé datlovitych patii mezi Skidce.
Typickym piikladem jsou lesni mravenci rodu Formica, jejichZ piinos
pro ochranu lesa je jednoznaéné pozitivni (VELE, HorLus$a 2007).

Kirovci (Scolytidae) a tesafikoviti brouci (Cerambycidae) jsou domi-
nantni slozkou potravy datlika t¥iprstého. Dalsi podstatnou ¢ast tvo-
i pavoukovci, mensi ¢dst larvy dalsich zastupci hmyzu (Fayt 2003;
PECHACEK 2004; RoMERO-CALCERRADA, LUQUE 2006). Datlik tffprs-
ty pocetné i behavioralné reaguje na pfemnozeni kiirovcovitych a je
povazovéan za jejich dulezitého predatora (PECHACEK 2004). Morta-
lita kofisti se li$i v zdvislosti na hustoté datliki, pocetnosti a velikosti
kotisti a nepfimych vlivech. Pfi vzristajici pocetnosti kiirovcovitych
brouku stoupd i jejich zastoupeni v jidelnicku datlika. Datlici tak
mohou hriét kritickou roli pii regulaci kiirovct v jehli¢natych lesich.
V lesich s epidemickou i pandemickou populaci kirovel dosahuji
datlici obdobnych hustot, coz poukazuje na jejich klesajici numeric-
kou odpovéd pii nejvyssich hustotach koristi. Ta muze byt diisledkem
napf. vzristajicich teritorialnich interakei (FayT et al. 2005). V poros-
tech s vysokou abundanci kiirovett miize pritomnost datlikli vzrist
aZ témeért Ctyficetpétkrat ve srovndni s denzitou v blizkych porostech
stejného charakteru, aviak bez pocetnéjsiho vyskytu kiiroved. Datlik
potravu sbird v lese i mimo néj, napt. na pasekéch (ImBeau, DEsro-
CHERS 2002). Nejvice potravy nachdzi na mrtvych jehli¢nanech (pte-
dev$im na smrku) (RoMERO-CALCERRADA, LUQUE 2006). Vyuziva
véak i rozpadajici se listnaté stromy. Preference stromii se u datlika li$i
v zavislosti na roénim obdobi. Zatimco v zimé dochdzi k lovu pred-
nostné ve smrkovych lesich, v pozdnim jaru az 1ét¢ ptéci lovi i v lesich
s listnatymi stromy a na rozpadajicich se stromech. Od pozdniho léta
do ¢asného jara totiz jejich potrava sestdva témét vyhradné z podkor-
niho hmyzu na jehli¢nanech, se silnou preferenci k druhtim osidlu-
jicim smrk ztepily. Béhem letnich mésicli v potravé prevlddaji larvy
dfevokazného hmyzu, predevdim tesafikovitych i dal$ich brouk,
a pavouci (FAYT 2003; PECHACEK 2004). V disledku relativné malé ve-
likosti mohou kiirovci predstavovat méné vhodnou potravu pro rychle
rostouci mlddata (PEcHACEK, KrisTIN 2004). Nap. kirovci dosahuji
délky ptiblizné 0,6 cm, velikost alternativni kofisti (napt. tesatikovi-
tych ¢i pavoukil) dosahuje 1,3 cm (PECHAGEK, KrisTIN 1996). Béhem
celoro¢niho sledovani potravnich preferenci bylo zjidténo, Ze vyjimec-
né se v potravé datlik(i nachdzi také plzi, dalsi ¢lenovci (naleZejici do
11 Celedi) i semena rostlin. Zastoupeni jednotlivych taxont je rozdilné
v hnizdnim a mimohnizdnim obdobi, nelisi se véak mezi pohlavimi.
Potrava mladat je obdobna. Na stromech vyuzivanych k lovu potravy
se nachézi vice druhi, nez kolik je skute¢né loveno. Naopak larev tesa-
fikovitych bylo na téchto stromech méné, nez kolik se jich nachdzelo
v exkrementech (PEcHACEK 2004), coz dokldda potravni preference
datliki. U pavoukovctr byl podil v potravé stejny jako na stromech
(PECHACEK 2004).

Datel ¢erny je potravni specialista (Bocca et al. 2007). V celé Eurasii
dominuji v jeho potravé mravenci (zejména rodu Camponotus) a lar-
vy saproxylickych brouki. Vétsinu potravy nachdzi v jehli¢natych le-
sich, lovi viak i na listnacich (Mikusinskr 1995). Pfi jejim shdnénf se
vyhyba lesnim okrajim (Bereczxr et al. 2015). Mezi jeho typickou
kofist patfi napf. mravenec obrovsky (Camponotus herculeanus), lesni
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mravenci (Formica spp.), lykozrout smrkovy (Ips typographus), lyko-
zrout borovy (I. sexdentatus), kozlicci (Monochamus spp), kousavec
korovy (Rhagium inquisttor), pilotitky (Sirex spp.), kozlicek (Saperda
perforata) ¢i bélokaz biezovy (Scolytus ratzeburgi) (MIKUSINSKI 1995).
Priimérny denni piijem potravy datlimi mlédaty je pfiblizné 76 g, coz
predstavuje vice nez 27 jedinct kofisti. Délnice i vyvojova stadia mra-
venct tvofi vétdinu (96 %) jeho potravy, nejcastéji se jednd o mravence
zijici v kmenech stromii. Zbyvajici ¢ast potravy tvoti predeviim hos-
podéisky nezadouci druhy (Gar 1970).

Strakapoud velky si pro lov potravy vybird predevsim starsi porosty,
aviak nevyhyba se ani pasekdm (RoLsTaD et al. 1995). Potravu lovi na
zivych i mrtvych stromech a na zemi (RoLsTAD et al. 1995; OSIEJUK
1998; SmrtH 2007). Chytd msice dvoukiidlé (Diptera) (zejména vét-
$f taxony jako napt. tiplicovité), sekace (Opilionida), motyli i brouky.
A pravé brouci jsou dominantni slozkou jeho potravy. Z dalsich sku-
pin hmyzu je vyznamné zastoupeni klopuskovitych (Miridae) (Torox
1988). V potravé strakapoudl maji viznamné zastoupeni také semena
SiSek a nektar. Semena $idek tvofi zna¢nou ¢ést jejich stravy béhem ce-
lého ro¢niho obdobi (Osierux 1998). U smrkovych $isek strakapoudi
preferuji jejich stfedni velikost, u borovych nevyuzivaji sisky s piilis
velkou apofyzou (DyLEwsKI et al. 2017). Potravni chovéni strakapou-
du velkych se vyznacuje velkou plasticitou, méni se v zavislosti na do-
stupnosti potravy (Os1ejuk 1998).

Vliv lesniho hospodateni

Moderni lesnictvi ovliviiuje datlovité od zacitku dvacatého stoleti,
v diisledku ¢eho? se tito ptéci stali ¢dstecné ohrozenymi, nebot jsou
zdvisli na mrtvych a rozkladajicich se stromech. V hospodétskych
lesich se vyskytuje o cca 70 % méné mrtvého dieva neZ v lesich bez-
zdsahovych (Wesorowskt et al. 2005). Stojici mrtvé stromy o pramé-
ru vétsim nez 20 cm jsou v hospodarskych lesich pétkrat méné casté
ne’z v bezzdsahovych lesnich tzemich (WALANKIEWICZ et al. 2002).
Ze srovnani poctu druhti a pocetnosti datlovitych v lesich Bialowieze
vyplyva, ze v bezzasahovych lesich se vyskytovalo vice druha a ve vys-
sich abundancich nez v lesich hospodatskych (WaLaNkiEWICZ et al.
2011). Datloviti jsou také ovlivnéni pfitomnosti plantazi neptivodnich
druhti, které vyuZivaji ke hnizdéni méné casto (GJerDE et al. 2005;
BARRIENTOS 2010). I pies vyse uvedené informace je ziejmé, Ze bio-
topové pozadavky datlovitych se daji skloubit s pozadavky na tézbu
dieva (VIRKKALA 2006).

Pocetnost datlikii v hospodatskych lesich je pfimo umérnd plose zby-
vajicich vhodnych lest. V lesich s holoseénym hospodafenim setr-
vivaji porosty vhodné pro datliky tiiprsté pouze po dobu 10-30 let
(BUTLER et al. 2004). Ani prostorova mozaika lesti po tézbé neposky-
tuje optimalni konfiguraci pro hnizdici datliky (FRANKLIN etal. 1997).
Datlik tfiprsty je tak v disledku konvené¢niho lesniho managemen-
tu limitovédn habitatovymi i potravnimi zdroji (IMBEAU et al. 1999;
ImBEAU, DESROCHERS 2002). V téZenych Castech lesti se miiZe veli-
kost populace sniZit aZ na pouhych 14 % pavodni velikosti. Ve frag-
mentech nevytézenych lest jsou datlici tfikrat méné pocetni ve srov-
nani s neobhospodatovanymi lesy (Wesorowskr et al. 2005). Roli
zde hraje i zpusob lesniho hospodateni. Selektivni tézba stromt vy-
tvéi{ maloplo$nou dynamiku mezer, jez mize zaji$tovat dlouhodobé
vhodné habitaty s dostatkem suchych stromt. Podle modelu vytvo-
feného RoMERO-CALCERRADA, LUQUE (2006) se datlici ttiprsti sou-
stieduji v nejkvalitnéjsich biotopech (s ohledem na mnozstvi zdrojt,
druhové slozeni dievin a strukturu lesti). Ty byvaji vzdaleny vice nez
50 m od cest a vice nez 600 m od obydlenych tizemi. Zbytky starych
lest jsou kli¢ové pro zachovani populace datlikil uvniti mozaiky ¢lo-
vékem vyuzivanych lesti (ImBEaU, DESROCHERs 2002). Disturbanéni
historie lesnich ploch se odrazi ve vlastnostech populaci saproxylic-
kych brouki, coz také implikuje vybér habitati ptaky. Kontinudlni
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udrzovani heterogenity ve struktufe lesa vede ke koexistenci mnoha
stadii rozkladajiciho se dfeva, a tedy i stabilnimu mnoZstvi potravy
pro datlovité (KuuLuvaiNen 2002). Biotopové ndroky datliki jsou
zcela jednoznacéné konfliktni s komerénimi lesnickymi ¢innostmi,
s pozadavky lesniho hospodareni a ochrany lesa (BUTLER SCHLAE-
PFER 2002; IMBEAU, DESROCHERS 2002; WESOLOWSKI et al. 2005).
Po provedené tézbé je Casto priimérné plocha zbyvajicich vhodnych
habitatli nizéi nez plocha kriticka, jez se pohybuje kolem 30 % (An-
DREN 1994; IMBEAU, DESROCHERS 2002).

Odlisné reaguje na lesni hospodareni datel cerny. Od konce 19. stoleti
se ve stfedni a zdpadni Evropé $iti v disledku opétovného zalesnové-
ni, pozitivné reaguje pfedevsim na vzristajici plochu jehli¢nant (Mi1-
KUSINSKI 1995). Ve srovnani s vétdinou dalSich zéstupct datlovitych
je méné citlivy ke zptsobtim lesniho hospodareni (TJERNBERG et al.
1993; Mixusinsk1 1997; RoLstap et al. 1998). Strakapoud velky je
ptizplisoben fragmentovanym lesiim a bézné se vyskytuje i v malych
fragmentech (napf. BIaNcONI et al. 2003; ONobI, CSORGE 2013). Tyto
fragmenty mohou byt ptileZitostné obsazeny nestalymi jedinci nebo
malym poctem péard. Mohou mit také funkci naslapnych kament du-
lezitou pro lokalni dynamiku populace (Branconr et al. 2003).

Moinosti podpory

Vyskyt daltovitych by mél byt podporovén, nebot mezi abundanci
insektivornich ptakd a mirou predace jejich kofisti existuje pozitivni
zavislost (BERECzKI et al. 2015). Pfi vysoké pocetnosti dokdzi datloviti
regulovat populace lesnich 8kidct, pfip. nahradit jiné metody pou-
zivané v ochrané lesa (BUTLER, SCHLAEPFER 2002; FayT et al. 2005).
Pro ochranu datlovitych je diileZitd zejména ochrana jejich habitatu
(Onopr, CsdrGS 2013). Ten miize byt negativné ovliviiovan nejen jiz
popsanym lesnim hospodarenim, ale také napt. urbanizaci a s ni spo-
jenym plo$nym ubytkem dfevin (Myczko et al. 2014).

Prumeérné mnozstvi 15 m® stojiciho mrtvého dfeva na 1 ha lesa je
nezbytné pro udrzeni datlikd. Pfesné mnozstvi se lidf v zdvislosti na
produktivité lesa a je nutné je zachovdvat na lokalitdch o min. 100 ha
rozloze (BUTLER et al. 2004). Vzhledem k flexibilité potravni stra-
tegie je tieba zajistit habitatové pozadavky zejména kiirovcovitych,
tesafikovitych i pavoukovcd. Habitat vhodny pro saproxylické ¢le-
novce je slozen z dostatetného mnozstvi mrtvych stromi v rozdilné
fazi rozpadu. V hospodatskych lesich by mély byt zachovany alespori
v okruhu 250 m od hnizdi$t (PEcaAcEK 2004). Dale je nutné zajis-
tit vyskyt piirozené odumirajicich senescentnich stromi (IMBEAU,
DesrocHERs 2002), které poskytuji prostor k ndmluvam, bubnova-
ni, hnizdéni a zdroven zajistuji konektivitu biotopti. Ta je dtlezitd
pii rozptylovani jedinc (MAcHTANS et al. 1996). Pro podporu stra-
kapouda velkého je nutné zajistit dlouhodobou nabidku mrtvych
kmenti a mnohem vétsi pocet zivych stromi vhodného préiméru
(Smrta 1997). Navyseni populace napf. v méstskych lesich lze zajis-
tit také umélym ptikrmovinim (CaNNoON et al. 2005; SMITH, SMITH
2013). Selektivni tézba stromi vytvafi maloplo$nou dynamiku me-
zer, jez muze zajiStovat dlouhodobé vhodné habitaty s dostatkem
suchych stromt (BUTLER et al. 2004). Kontinudlni udrzovéani hete-
rogenity ve struktufe lesa vede ke koexistenci mnoha stadii rozkla-
dajiciho se dieva, a tedy i stabilnimu mnoZstvi potravy pro datlovité
(KuuLuvaINEN 2002). Pro udrzeni datlovitych ve méstech je dilezité
udrzet co nejvétsi aredl zalesnénych ploch. Porosty dfevin by ideal-
né mély byt vicepatrové a s vysokym zastoupenim listnatych stromi
(Myczxo et al. 2014). Kromé vyse uvedeného je vhodné také upted-
nostiiovat heterogenni lesy s riznou vékovou tiidou stromti (Gaspe-
RIS et al. 2016) a omezovat pouzivani pesticidi (BouVIER et al. 2011).
Hnizdni stromy je vhodné oznacovat, aby lesnici byli upozornéni na
piitomnost dutin a nutnost vyjmuti stromu z tézby (GLUE, BoswELL
1994).
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ZAVER

Datlik ttiprsty, datel ¢erny a strakapoud velky jsou vlajkovymi druhy
datlovitych s odlisnymi naroky na prostfedi i odliSnymi moznostmi
vyuziti v ochrané lesa. Vzhledem ke sloZeni potravy je datlik tfiprs-
ty druhem s nejvétsim potencidlem v biologické ochrané lesa, ktery
je viak omezen jeho vzécnym vyskytem soustfedénym predeviim do
horskych neobhospodatovanych lesti. V hospoddiskych lesich totiz
vétsinou nenaléza dostate¢né mnozstvi potravnich zdroji. Zastoupeni
hospodaisky nezadoucich druht v potravé datla ¢erného a strakapou-
da velkého je pravdépodobné nizsi. Nizsi jsou viak i jejich biotopové
naroky, oba druhy se bézné vyskytuji v hospodaiskych lesich. Datel
Cerny je vazan na rozlehlejsi lesni celky véetné lest ovlivnénych tézbou
dfeva, strakapoud velky je schopen vyuzivat i malé lesni fragmenty.
Posgkozeni stromt v diisledku teséni dutin ¢i lovu potravy datlovitymi
ptaky je zanedbatelné, jejich pozitivni vliv v ochrané lesa jednoznaéné
prevaiuje. Z uvedenych informaci vyplyvé, ze datel cerny a strakapoud
velky jsou druhy s potencidlem vyuZiti v ochrané lesa a jejich vyskyt by
mél byt podporovéan.

Maloploiné hospodateni probihajici ve stfedni Evropé vytvafi dosta-
te¢né vhodnou kompozici porostti imitujici maloplo$nou dynamiku
ptirodnich lesti (Mikusinski 1997). Pro podporu datla ¢erného ani
strakapouda velkého neni tieba nijak zdsadné ménit zplsoby stava-
jiciho hospodafeni. MoZnosti jejich podpory spocivaji pfedevsim
v ponechavini dostatecného mnozstvi stromi vhodnych pro tesani
dutin (tj. stromi o minimalnim priméru cca 35 cm pro datla ¢erného
a 19 c¢m pro strakapouda velkého) (KosiNskr, WiNieck: 2004; Piro-
VANO, ZEcca 2014). V domovském okrsku strakapouda velkého by se
idealné mélo nachdzet 24 takovychto stromi na jeden ha (KosiNski,
WiNIECKT 2004). Ponechévat lze stromy nevhodné pro hospodarské
vyuziti (nevhodné druhy, uschlé, pokroucené, polamané apod.), coz
snizuje piipadné ekonomické ztraty. Biotopové pozadavky datla cer-
ného a strakapouda velkého se daji skloubit s pozadavky na tézbu
dreva.

Podékovani:
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THE IMPORTANCE OF WOODPECKERS IN FOREST PROTECTION: REVIEW

SUMMARY

Forest protection in Central Europe, especially in the Czech Republic, is currently fighting damage caused by bark beetles, as well as damage done
by defoliators (L13xa 2018; LorENC et al. 2018; LuBojackY 2018). One of the methods for controlling insect pests is the use of woodpeckers.
There are ten live species of family Picidae in Czechia. The black woodpecker (Dryocopus martius Linnaeus, 1758), the great spotted woodpecker
(Dendrocopos major Linnaeus, 1758) and the three-toed woodpecker (Picoides tridactylus Linnaeus, 1758) are members of groups with different
environmental requirements and different possibilities of their use in the biological protection of the forest.

The abundance of the three-toed woodpecker correlates with the proportion of spruce forests of at least 80-100 years old, the proportion of
trees with 20-50 cm trunk’s diameter and the amount of dead wood with an average volume of 63-200 m*/ha (ImBEAU, DESROCHERS 2002;
FayT 2003; BUTLER et al. 2004; RoMERO-CALCERRADA, LUQUE 2006). The black woodpecker is a habitat generalist, usually utilising a large
forest including forest affected by management (CRAMP 1985; TJERNBERG et al. 1993; MIKUSINSKI 1995; Bocca et al. 2007). The great spotted
woodpecker is a generalist inhabiting all types of woodland biotopes (WBBENHORST 2001). However, their density on young plantations is low
(SmrTH 1997), probably due to lack of food (Cramp 1985).

The ecological importance of woodpeckers in forests is high. Nest holes created by them are used by many other species of animals. Many of
these species also decrease the abundance of the populations of undesirable organisms (CrvanTos et al. 2012). The black woodpecker is the most
important creator of holes in European forest (Jornsson 1993).

Woodpeckers cause wood damage when looking for wood-boring insects or creating nest holes. Economical loss from these activities is
minimal. Their dietary requirements have the positive effect on forest protection. TOROK (1988) reports that species with higher body weight
and longer beak have a wider range of food size. In the case of sufficient food, the abundance of woodpeckers increases, which is advantageous
for controlling pest populations. Picids hunt mainly caterpillars of many species, aphids (Aphidoidea), tipulas (Tipulidae), ants (Formicidae),
arachnids (Arachnida), Panorpidae, and many species of beetles (TORGK 1988; MIKUSINSKI 1995; ALDER, MARSDEN 2010). In general, they
can reduce the size of their prey population to approximately 50% (BomM et al. 2011). Bark beetles, longhorn beetles and arachnids are the
main part of a three-toed woodpecker food (Fayt 2003; PEcHACEK 2004; RoMERO-CALCERRADA, LUQUE 2006). Three-toed woodpecker has
a potential to reduce a large part of the bark beetle population (to 98%), it is a factor with a critical role in the regulation of pests in coniferous
forests (FAYT et al. 2005). Ants and larvae of saproxylic beetles predominate in the food of the black woodpecker in Eurasia. Most of the food
is found in coniferous forests, however, the bird lives also on insects that fly on leaflets. Specifically, amonyg its typical prey belongs carpenter
ants (Camponotus herculeanus), wood ants (Formica ssp.), spruce bark beetle (Ips typographus), six-toothed bark beetle (Ips sexdentatus),
longhorn beetles (for example Monochamus spp., Rhagium inquisitor, Saperda perforata, Scolytus ratzeburgi) and wasps of the family Siricidae
(MikusINskI 1995). The great spotted woodpecker in search of food visits mainly the older stands, but it does not avoid the pastures (RoLsTAD
et al. 1995). It hunts aphids, hemipterans, harvestmens, dipterans (especially larger taxons such as tipulas), lepidopterans and coleopterans. Its
diet also includes seeds of cones and nectar (TorOk 1988; Osiejux 1998).The presence of three-toed woodpecker in the economic forests is
limited by the lack of habitat and food resources, which is a result of conventional forest management (IMBEAU et al. 1999; IMBEAU, DESROCHERS
2002). Thus, the size of its population can be sharply reduced. Its habitat requirements are in conflict with commercial forestry activities and
with classical ways of forest protection (IMBEAU, DESROCHERs 2002; BUTLER et al. 2004; Wesorowski et al. 2005). The black woodpecker is less
sensitive to the impacts of forest management (TJERNBERG et al. 1993; MikusiNsk1 1997; RoLsTaD et al. 1998). The great spotted woodpecker
is adapted to fragmented forests and is commonly found in small fragments (Branconi et al. 2003; ONop1, CsdRGS 2013). Woodpeckers in
production forests should be supported as they form an integral part of natural forest protection. Small-scale management used in Central
Europe creates suitable forest composition (Mixusinskr 1997). There is no need of fundamental change in existing forest management. Black
woodpecker and great spotted woodpecker may be supported by maintaining sufficient density of potential nesting trees. For example, there
should be 24 such trees per ha at the great spotted woodpecker home range (KosiXskr, WINIECKI 2004). These trees may be unsuitable for
economic use (inappropriate species, dead or broken trees, etc.), which reduces potential economic losses. Therefore it is possible to attune
habitat requirements of woodpeckers to the forest management practices.
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Impact of Woodpecker Predation on the Survival of Wood Ant Nests

Adam Véle, Lucie Vélova

Abstract

The presence of wood ants is beneficial to the forest ecosystem. However, the
number of ants nests have been decreasingin recentyears, necessitating their active
protection. At the same time, the disturbance of nests by woodpeckers, which prey
ants in them during the winter increase. For this reason, the question arises whether
itis not necessary to protect the nests from damage, e.g. by installation of covers, as
was done in the past. We monitored the extent of Formica polyctena nest damage
(humber of holes dug by woodpeckers) during the winter period 2022/2023 and
subsequently evaluated changes in the activity of their workers. We found that more
than two-thirds of nests were damaged by woodpeckers, with most nests having a
single hole. The number of holes did not affect the activity of the workers, indicating
that there was no significant change in the population due to predation or disruption
of nest thermoregulation. Our results show that although the number of nests
attacked by birds is high, the ant population is not significantly reduced. In the context
of current warmer winters, protecting nests against woodpeckers appears to be
unnecessary.

Keywords: cover, damage, Formica polyctena, predation, winter, workers activity

Introduction

Wood ants are ecosystem engineers whose presence strongly affects forest
ecosystem. They adjust soil pH, distribution of nutrients around their nests and the
occurrence of plants (Jilkova et al. 2011; Sondej and Domisch 2022). They directly and
indirectly influence the animal community in their territories, including forest pests
(Laakso 1999; Adlung 1966). However, ants nests tend to be abandoned in many
localities due to human activity (Eeva et al. 2004; Véle and Frouz 2023). For these
reasons, wood ants deserve adequate protection (Balzani et al. 2022). In Central
Europe, efforts to protect and utilize ants in biological control (the so-called “Formica
Action”) began as early as the 1970s. As part of this initiative, volunteers map
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occurrence of nests, protect them during logging (fencing of nests with signal tape),
cutted of vegetation on mounds or transferred them to safety places (Dano 2002).

At the beginning, nests were also protected by covers to shield them from
woodpeckers (Dario 2002), Fig. S1. The protective cover consisted of a wooden or
metal structure covered with mesh (Hruska 1982). Evidence shows that the
installation of covers increased nest survival (Miles 2008). During the winter,
woodpeckers dig holes and prey on ants in the nests (Fig. 1). This behaviour is
observed mainly in the green woodpecker (Picus viridis), but also species such as the
grey woodpecker (Picus canus), the black woodpecker (Dryocopus martius), the
middle spotted woodpecker (Dendrocoptes medius), and the lesser spotted
woodpecker (Dryobates minor) (Rolstad and Rolstad 1995; Mikusinski 1997; Berberich
and Berberich 2023). Their digging can be responsible for the destruction of a
considerable number of nests (Elgee 1912; Miles 2008). However, in times of food
scarcity, ants can be an essential food source for the survival of woodpeckers (Rolstad
et al. 2000). From an ecosystem perspective, protecting nests from woodpeckers can
be questionable, as their presence is also important in the forest (Virkkala 2006). Like
ants, woodpeckers prey forest pests, including bark beetles (Fayt et al. 2005; Edworthy
et al. 2011). They also create nest holes in trees, which can be used by many other
organisms, including other insectivorous birds, thus indirectly supporting pest
regulation and increasing biodiversity (Vélova and Véle 2019).

The installation of covers was abandoned in later years because their maintenance is
time and money-consuming and unmaintained covers can harm nests (Klein 2005;
Miles 2008). The abundance of woodpeckers increase in recent years due to climate
change and the high availability of food, resulting from the widespread die-off of
forests in Central Europe (Edworthy et al. 2011; Askeyev et al. 2022; Singh et al. 2024).
At the same time, damage of the ant's nests is increasing significantly (Berberich and
Berberich 2023). This raises the question of whether it is time to renew the covering of
nests with protective covers. For this reason, we monitored the extent of nest damage
during the winter period and subsequently evaluated changes in the activity of their
workers. Another objective was to determine the factors by which woodpeckers
select nests for winter ant foraging.

Methods

The study was conducted in a spruce economic forest near Nové Mésto pod Smrkem
(North Bohemia, Czechia). The locality conditions are characterized by an average
annual precipitation of 534.5 mm, an average temperature of 9.6 °C, and an altitude
of around 400 m. In September 2022, we chose 116 nests of Formica polyctena
Forster, 1850. For each nest, we measured the diameter and height, and evaluated
worker activity, the canopy closure and vegetation coverage of mounds. Diameter and
height were measured to the nearest 5 cm. Canopy closure and mounds coverage
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were estimated with an accuracy of 10%, based on the sky shading above the nest
resp. the percentage of the mound surface covered with vegetation (Véle and Frouz
2023). Worker activity was rated on a scale from 0 to 4, according to the number of
workers observed moving on the nest surface. In October, before the end of worker
activity, nests were inspected. No nest was damaged at this time. In March 2023, at
the beginning of the workers' activity after the winter season, we counted the number
of holes dug by woodpeckers in each nest and measured their depth. Five nests,
which were damaged for other reasons, were excluded. In September 2023, the size
of the remaining 111 nests and worker activity were measured again. Measurements
of nest size and worker activity were conducted according to standard methodologies
used for nest inventory (Hruska 1990; Dano 2002).

Since the diameter and height of the nests are correlated, the volume of the nests was
used in the analyses. This was calculated as the mean volume of a cone and a three-
axis ellipsoid (Frouz and Finer 2007). The variable ‘activity change’ was calculated as
the worker activity in the second year minus the activity in the first year. The effect of
the number of holes on activity and nest volume change was tested using the Kruskal-
Wallis test. The dependence of the number of holes on worker activity, nest volume,
canopy closure, and vegetation coverage was tested using Generalized Linear Models
with a quasi-Poisson distribution (Pekar and Brabec 2020). All tests were conducted
in RStudio 2024.04.2+764 (RStudio Team 2020).

Results

Out of the total 111 ant nests revisited, only 35 were not attacked. A total of 118 holes
were recorded. Most nests were damaged by a single hole. More than three holes were
recorded in ca. one-third of the nests (Fig. 2). A maximum of six holes were recorded in
one nest, which was less than 5% of the nests. The depth of holes reaches up to 17.7
13.9% of the nest’s radius, with the maximum length being 102.9%, i.e., reaching the
middle part of the nest (Fig. 1). Our analyses with the Kruskal-Wallis test showed that
the activity change (x°= 5.1, p=0.53) nor volume change (x°= 2.59, p=0.86) were not
influenced by the number of holes in the nest. Statistical significance was shown for
the activity of the workers measured at the beginning of the experiment (tab 1). This
relationship was positive, indicating that more holes were located in nests with higher
worker activity. The influence of other variables was not statistically significant.

Tab.1: The effect of worker activity (measured in October 2022), nest volume, canopy
closure and vegetation cover on number of holes

Variable Value SE t P

Activity 0.307 0.124 2.476 0.015
Volume 0.000 0.000 1.311 0.193
Canopy closure 0.006  0.005 1.357 0.178
Veget cover -0.001 0.007 -0.187 0.852
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Fig 2: Boxplot showing the number of holes as a function of worker activity.

Discussion

We noted that more than two-thirds of nests were damaged by woodpeckers, which
is more than the 50% reported in a recent study from Germany (Berberich and
Berberich 2023). Most nests were damaged by a single hole. More than three holes
were recorded in one-third of the nests. Also Berberich and Berberich (2023) state
that nests were most often damaged by 1-4 holes. However, their observation that
larger nests had fewer holes was not confirmed in our case. The vegetation
overgrowth of the nests also did not affect the number of holes, probably due to the
relatively low coverage, which does not prevent the discovery of nests by
woodpeckers. Additionally, birds can remember the availability of food from the
summer when ants are easier to find (Rolstad et al. 2000; Vergara et al. 2015).
Conversely, (Vandegehuchte et al. 2017) hypothesize that ground vegetation cover
protects ants from predators.

Contrary to assumptions, the number of holes did not affect the worker's activity
change. This means that there was no significant change in the population size due to
predation or indirectly as a result of disrupted thermoregulation and subsequent
freezing of nests. Both facts are probably related to the short length of the holes. The
depth of the holes most often reached only a only exceptionally more than half of nest
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radius. That’s mean that the holes did not extend into the wintering chambers. The
birds thus hunted workers moving in the subsurface part of nests, notin overwintering
chambers. The population in the nest was thus not significantly reduced, as only a
small part of the workers moves in the peripheral parts of the nest (Bruin et al. 1977;
Seifert 1996; Czechowski et al. 2002). The shortness of the holes also proves that
even during the winter months the workers were at least occasionally active.
Observations of active workers during winter and early spring are not rare due to
higher winter temperatures in the last years (Lappalainen et al. 2008; Véle and Frouz
2023). From November to March, the average temperature at a nearby weather station
was 1,52 °C warmer compared to long-term monitoring (Brzezina 2024).

Active thermoregulation in ant nests is limited to spring and summer (Kadochova and
Frouz 2014). In winter, the main source of heat from the respiration of ants is very
limited (Coenen-Stass et al. 1980; Jilkova et al. 2015), and the temperature in the
anthills is therefore more dependent on the ambient temperature. However, under an
undamaged nest, the temperatures do not drop below zero (Rosengren et al. 1987;
Kadochova and Frouz 2014). Preservation of at least part of the thermoregulatory
layer, together with higher ambient temperatures, maybe the reason for the survival
of attacked nests.

Sorvari et al. (2011) state that the activity of workers during the winter months
increases metabolic costs which has a long-term negative effect on the population.
However, in our case, it can have a positive effect because, thanks to the presence of
workers in the surface layers, woodpeckers dig only shallow holes, and the insulating
layer of needles remains at least partially preserved. The formation of shorter holes is
also beneficial for woodpeckers, as they use less energy when searching for food
(Alder and Marsden 2010; Berberich and Berberich 2023). That’s probably why birds
likely choose more active nests, which would explain our observation thatthe number
of holes increased with the activity of the workers measured at the beginning of the
study.

Conclusion

The global changes directly or indirectly involved the higher abundance of
woodpeckers, which is likely the cause of the increase in damage to wood ant nests.
Our results show that although the number of nests attacked by birds is high, their
population is not reduced. Due to the locally different tolerance of ants to winter
temperatures, the results cannot be completely generalized (Berman and Zhigulskaya
2012). In the conditions of Central Europe, during the current warmer winters the
protection of nests against woodpeckers appears to be unnecessary or
counterproductive. During the winter months, ants can support the appearance of
birds, which helps to increase biodiversity and reduce pest populations in the spring
and summer seasons (Rolstad et al. 2000; Vélova and Véle 2019). It is also necessary
to take into account that installation and maintenance of covers is time and money-
consuming. Nest management should focus on other activities with a proven positive
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effect on nest survival, such as cutting vegetation on mounds or supporting the
occurrence of suitable habitats (Véle and Holusa 2008; Buggenum 2022).
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Fig. S1: Nest with holes excavated by woodpeckers

Fig. S2: Volunteers in front of a newly covered nest (1990s).
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6. DISKUZE
6.1 Ptaci ve smrkovych monokulturach

Nase vysledky ukazaly, Ze zastoupeni listnatych strom( a pocCetnost tesafikovitych
broukd, mély prevazujici vliv na druhovou bohatost ptakd, zatimco pokryvnost
listnatych lesl v okoli méla vliv negativni. Celkem jsme zaznamenali 28 druh( ptakd,
cozZ je srovnatelné s pridmeérnym pocétem druh( v listnatych a smiSenych lesich v
Ceské republice (Storch, Kotecky 1999). Vysledky jsou v souladu s poznatky
obdobnych studii potvrzujicimi, Ze druhové sloZeni, nikoliv diverzita ptakd, se mezi
listnatymi a jehliGnatymi lesy odliSuji (Donald et al. 1998; Hausner et al. 2002; Irwin
et al. 2014). Naopak jsme nepotvrdili tvrzeni, ze smrkové monokultury hosti ve

srovnani s plvodnimi lesy nizsi diverzitu ptakd (Ozanne 1999).

V porostech s pfevahou smrku ztepilého, jsme zjistili pozitivni vliv pfitomnosti
listnatych dfevin. Nejpravdépodobnéjsim ddvodem je, Ze pfitomnost listnatych
stromU zvySuje mnozstvi dostupnych zdroj, nebot kazdy druh stromu poskytuje
ptakdm napfi¢ rocnimi obdobimi jiny zdroj potravy (Holmes, Schultz 1988) (Gorman
2022). Listnaté a jehlicnaté stromy poskytuji rizné mikroklima a potravni zdroje pro
¢lenovce (Ozanne 1999). Jak ukazala i nase studie, ¢lenovci vazani na stromy, jsou
dllezitou soucasti kofisti nejen datll, ale vSech ptak(, dokonce i semenozravych,
ktefi krmi hmyzem sva mladata (Wilson et al. 1999, Vélova et al. 2021). Slozeni dfevin
v porostu, mize nepfimo ovlivnit, druhové zastoupeni stanovisté a strukturu ptaciho
spolec¢enstva (Holmes, Schultz 1988). Prekvapivé, jsme zaznamenali pouze jeden
negativni vztah, mezi vyskytem ptacich druht a smrk({. Jednalo se o holuba hfivnace
(Columba palumbus), ktery sice vyuziva listnaté i jehlicnaté stromy, ale na smrku
zfejmé nenachézi vhodné podminky pro stavbu hnizd (Girard et al. 2004). Pro zvysSeni
poctu ptacich druh( a poctu jedincl, je tfeba, aby zastoupeni listnatych strom0 ve
smréinach dosahlo 6-17 % (Jansson, Andrén 2003; Felton et al. 2011), coz zhruba

odpovida nasim vysledkiim.

Odlisny vysledek byl zjistén u lesl v okolni krajiné, kde byl zjistén negativni
vztah k zastoupeni listnatych stromt. Hlavnim ddvodem je ziejmé skutecnost, Ze
jsme sledovali spolecenstva ptak( vazanych na smrkové porosty. Proto se jim dafiv
pfimési s jinymi dfevinami, ale naopak oblasti bez dostatecného zastoupeni
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smrkovych porostt v okoli jim nevyhovuiji. Pfikladem muze byt i Uzka vazba nékterych
druhl (napf. kralicka ohnivého (Regulus ignicapilla)) na smrk, spolu s jejich nizkymi
schopnostmi rozptylu. Nevhodnd krajinnda matrice, miZe omezovat kolonizace
vhodnych stanovist (Villard, Haché 2012), nebot ovliviiuje prostupnost a funkéni
propojenost lest v krajiné (Zasadil et al. 2020). Izolovany ostrtivek v matrixu jinych
dievin, se muze v dlsledku pfiletu ptakd z okoli lisit, mit obdobnou druhovou
bohatost, jako okolni porosty (Palik, Engstrom 1999). Pro specializovangjsi druhy, je
navic dlleZita dostatec¢né velka plocha vhodného lesniho typu (Virkkala et al. 1994;

Virkkala, Rajasarkka 2006).

Pocet druh( datlovitych, byl pozitivné ovlivnén vyskytem tesafikovitych broukl a
zastoupenim listnatych strom@ v porostu. Larvy tesafikovitych broukd, tvofi jejich
potravou pro mladata i dospélé jedince, zejména v dobé hnizdéni, protoze jsou
vyzivnéjsi nez napf. klirovci (Pechacek, Kristin 2004). Obdobi hnizdéni datld, v lesich
mirného pasma, je pravdépodobné evoluéné synchronizovano s dobou nejvétsiho

poctu larev (Torok 1990; Pasinelli 2001; Wiktander et al. 2001).

Typickym pfikladem této zavislosti, byl datel ¢erny a jeho pozitivhi reakce na
pfitomnost listnatych strom0 v porostu. Datel ¢erny je potravni specialista (Bocca et
al. 2007), ktery konzumuje mravence, ale aktivné lovi také klirovce a dalsi podkorni a
dfevokazny hmyz. VétSinu kofisti nachazi v jehlicnatych lesich, ¢emuZ odpovidala i
jeho Casta pfitomnost zjisténa v nasi studii. Potravu hledd ale i na listnatych stromech
(Mikusinski 1995). To koresponduje s jeho pozitivni odezvou na listnaté stromy v
porostech. Zastoupeni listnatych strom( navic, mUze zvysit nejen potravni nabidku,
ale i hnizdni moznosti (Johnsson 1993; Bell 2015,). Datel ¢erny tesa dutiny jak v
listnatych, tak v jehli¢natych stromech (Lang, Rost 1990; Johnsson 1993; Angelstam,
Mikusinski 1994), avSak spliujici dostate¢nou tloustku kmene. Hagvar et al. (1990)
zjistili, Ze datel ¢erny, vyuziva stromy s pfibliznym primérem 50 cm ve vysSce 0,5 m
nad zemi. V podminkéch Ceské republiky, jsou takové rozméry pozorovany pouze u
smrkd v nejstarsich vékovych tiidach (Cerny et al. 1996). Datel navic preferuje dievo
s urcitym stupném rozkladu (Hagvar et al. 1990), kterého je v hospodarskych lesich
nedostatek, nebot poSkozené stromy jsou z lesa v€as odstranovany, aby se nestaly

zdrojem Sifeni Skidcl. Datel ¢erny proto pravdépodobné vyuziva ve smrkovych
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monokulturach, vzrostlé listnaté stromy, které nejsou cilovymi hospodarskymi
difevinami. Datli par potfebuje mit k dispozici nékolik hnizdnich dutin, které ¢asto v
riznych ro¢nich obdobich stfida a nékteré z nich opakované vyuziva. Jedna se ¢asto
o dutiny vytesané v bucich. Opakované vyuZiti je z hlediska energetické Uspory a
poctu prezivSich mladat vyhodnégjsi. Tvorba nové hnizdni dutiny je energeticky a
¢asové naroc¢na, posunuje obdobi hnizdéni o nékolik dni, a mlze mit za nasledek i
nizsi pfezivani mladat (Kosinski 2019). Ochrana Zivych buk( s hnizdnimi dutinami
(jako doupnych stromi), by tak méla byt v zodpovédném lesnim hospodareni
samoziejmosti (Kosinski 2019). Pro opakované vyuzivani dutin, je pravdépodobné
vhodnéjsi listnaté drevo, protoZe dutiny v ném zlstavaji delSi dobu. To je dalsi ddvod
pozitivni vazby datlovitych, na listnaté stromy v porostu, coz potvrzuje i nékolik studif,
které zjistily jen minimalni pocCet dutin v mrtvych stromech s vysokym stupném

degradace (Rolstad et al. 2000; Bocca et al. 2007; Wesotowski 2011).

Dostupnost potravy, je nejpravdépodobnéjsi pfi¢inou dalSich pozorovanych
zavislosti ptac¢ich druhl na prostiedi smrkovych porostl. Vyskyt pénice ¢ernohlavé
(Sylvia atricapilla) v porostech s poc¢etnym vyskytem klrovcu, se jevi jako sporny,
nebot jeji potravou jsou predevsim larvy motyll, nikoliv broukl (Altegrim, Sjoberg
1995). Je mozné, Ze pfitomnost klirovcl indikovala vys$si pocetnost defoliator(l z fadu
motyll. Oba hmyzi taxony, mohou mit spojeny ¢asoprostorovy pribéh napadeni
hostitelskych stroml (Goodsman et al. 2015). Obecné plati, Zze druhy hnizdici v
kefovém patre, preferuji lesy s vyskytem hmyzu (Saab et al. 2014). Mnozstvim potravy
lze také vysvétlit zavislost Cervenky obecné (Erithacus rubecula) na mravencich a
mrtvém dfevu. Mravenci mohou slouzit ¢ervenkam jako kofist (Poulsen 1956), ale
zvySuji tak pestrost potravni nabidky a diverzitu prostiedi pro ¢ervenku (Rubashko et
al. 2011; Novgorodova 2015). Budni¢ek mensi nizky korunovy zapoj. Ten je spojen
s odliSnou strukturou a rozmanitosti vegetace. Také s rlznym mikroklimatem a
mnozstvim dopadajiciho slune¢niho zafeni (Liira et al. 2007; Véle et al. 2016).
V dasledku toho je spojena s vétSim poctem bezobratlych ( Kosuli¢ et al. 2016; Véle

et al. 2016), a tedy opét podporuje potravni nabidku pro hmyzozravé ptaky.
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6.2 Ptaci a neptlivodni dieviny

Srovnani vyskytu ptakd v porostech s dominanci dubu ¢erveného a letniho ukazalo,
Ze neexistuji vyznamné rozdily v druhovém bohatstvi ptakd. Stejné vysledky jsme
zaznamenali také u broukd a u ptdnich Zivoc¢ich(. V porostech dubu ¢erveného vsak
byly zaznamenany o néco vyssi pocty druhl ptakd, nez v porostech dubu letniho.
Souhrnné lze fici, Ze vliv neplvodnich a plvodnich dubi na sloZeni fauny byl relativné

indiferentni.

Nejen, Ze pocet druh( ptakd nebyl ovlivnén druhem dreviny, ale prokazan
nebyl vliv ani dalSich parametr(i prostiedi na studovanych plochach. Ackoli jsme
neocekavali, ze ptaci druhy budou silné reagovat na druh dfeviny, domnivali jsme se,
Zze budou vykazovat zavislost na vice parametrech prostredi, napf. na pfitomnosti
jinych druh( dfevin (Sam et al. 2019). Obecné je na duby striktné vazan pomérné maly
podet ptadich druh(l (Stastny et al. 2021). Rada studii prokézala, ze sloZeni dfevin
nepfimo ovliviuje strukturu ptaciho spolecenstva, v dlsledku vyssi komplexity
vegetacni struktury, sloZzeni a dostupnosti potravy (Holmes, Schultz 1988;
Camprodon, Brotons 2006; Batary et al. 2014; Vélova et al. 2021). Pri¢inou nasich
vysledkll, mohla byt fragmentace studovanych méstskych lesli obklopenych
urbanizovanym prostfedim. Dalsim ddvodem mohlo byt obdobi naseho odbéru
vyuzivaji duby, jako tzv. kovadliny na ziskani semen ze SiSek (Stanski 2021). Je také
mozné, Ze relativné vysoka pokryvnost ostatnich listnatych dfevin ve studované

oblasti podporovala vyskyt specializovanéjsich druhl ptakad.

Ze zaznamenanych tfi druh( datlovitych, preferovala Zluna zelena plochy
s dubem letnim, u strakapouda velkého a datla ¢erného, jsme nezaznamenali zadnou
zavislost na dreviné. Obdobna zavislost, byla zjiSténa, také u dalSich druh( ptaka.
Straka obecna (Pica pica), holub doupnak a Soupalci (Certhia sp.) davali prednost
porostlim dubu c¢erveného. Opacna situace byla u stfizlika obecného (Troglodytes
troglodytes) a dlaska tlustozobého (Coccothraustes coccothraustes), ktefi davali
prednost pavodnim dublm. Preference straky obecné a holuba doupridka, lze
vysvétlit vysSsi otevienosti porostll dubu cerveného, nebot tyto druhy, nejsou

typickymi lesnimi druhy (Stastny et al. 2021). D(ileZitym faktorem, pro ptaky hnizdici
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v korunach, je také vice strukturovana koruna dub( c¢ervenych (Kupka, Vopalka-
Melicharova 2020). Proto mUze byt stavba hnizd v korunach dub( ¢ervenych snazsi,
nez v korunach dubd letnich. Soupalci (Certhia sp.) lovi kofist vyhradné na kmenech
stromU (Kuitunen, Tormala 1983), coZz bude pravdépodobnym divodem, jejich
preference k dubu ¢ervenému, jehoz kira je ve srovnanim s klrou dubu letniho
vyrazné hladsi (Sander 1990). Hladsi klra mlze poskytovat Soupdalkim lepsi
maskovani, a tedy ochranu pfed predatory (Nokelainen et al. 2022). Ke zvySené
nabidce potravy mUze pfispivat i naruseni dfeva v disledku zlomU vétvi, které je u
dubu ¢&erveného c¢astéjsi nez u dubu letniho (Kupka, Vopalka-Melicharovéd 2020).
Potravu dlask( tvofi z velké ¢asti semena, bobule a na jafe pupeny, vyhonky stromu a
kefl (Stastny et al. 2021). Proto je obtizné uréit, zda byla pravé potrava kli¢ovym
faktorem, zpUsobujicim preferenci tohoto druhu k porostim dubu letniho. Jeho
zjisténa preference mohla byt dana predevS§im charakteristikami prostiedi v
porostech dub(l letnich, spojenych s ndm neznamym faktorem, ktery jsme v nasi
studii nezohlednili. Casté&jsi vyskyt kukacky obecné (Cuculus canorus) zaznamenany
na dubu ¢erveném, mUiZe souviset s vyskytem jejiho hostitele, cervenky obecné. Ta
hnizdi v dutindch a polodutindich a mU(ze profitovat zcetnéjsi pritomnosti
poskozenych vétvi u dubu ¢erveného (Kupka, Vopalka-Melicharova 2020). Na jare se
tento druh zZivi predev§im hmyzem, ktery mlzZe byt opét hojnéjsi na dubu ¢erveném

diky jeho vice rozvétvené koruné (Nicolai 1986; Sander 1990).

Modely zkonstruované na zakladé udajli o druhovém sloZeni, v kombinaci s gradienty
druhové bohatosti odhaluji pfekvapivé informace: vSechny taxony (véetné ptakd) bud
nereagovaly na dominantni dfevinu, nebo reagovaly na biodiverzitu negativné. To
znamena, Ze zvySujici se pocetnost dubu ¢erveného nebo plvodniho dubu letniho v
druhovém sloZeni dfevin, obecné vede ke snizeni druhového bohatstvi ptakd. Zda se,
Ze pfimés ostatnich druh( ve studovanych lesich, poskytovala vhodnéjsi podminky
pro faunu méstskych lesd. Domnivame se, Ze vliv skladby lesa na ptaky vyplyval
predevSim z dostupnosti koristi (Vélova et al. 2021), jez bude u obou druhl

dominantnich dfevin relativné podobna.
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6.3 Ptaci na méstskych loukach

Nase zjisténi ukazala, Zze druhové sloZeni ptakdl, vykazuje interakci s bohatstvim
motyld. Rovnéz vyskyt dfevin pozitivné ovliviioval pfitomnost ptakd. Ptaci byli také
ovlivnéni vzdalenosti k nejblizi zastavéné oblasti. Zluna zelena se Sastéji vyskytovala
na plochéach, kde bylo méalo motyld, na dfevinami vice zarostlych plochach a pobliz
zastavénych uzemi. Strakapoud velky, byl ¢astéji zastizen na plochach s ¢etnéjSim
vyskytem motyll a na plochach vice porostlych dfevinami, avSak na rozdil od Zluny se

vyhybal plocham v blizkosti zastavénych tzemi.

Ptaci a motyli v nasi studii ¢asto reagovali na prostfedi obdobné. Ve vysledku tedy
mUZe byt jedna skupina prediktorem reakce druhé skupiny. Blair (1999), ¢i Kim et al.
(2007) zjistili pozitivni korelaci mezi diverzitou ptakd a hmyzu v méstské krajiné, ktera
odrazi pfitomnost dostate€ného mnozstvi potravy pro ptaky. Mezi motyly existuje
mnoho druhd, které lze povaZovat za desStnikové druhy a mohou byt dobrymi
indikatory druhové bohatosti hmyzu (New 1997; Thomas 2005). Hmyz je dllezity v
potravé zaznamenanych druh( ptakd, véetné druhd semenozravych, ktefi jim krmi
sva mladata (Wilson et al. 1999). Motyli jsou navic také opylovaci (Winfree et al. 2011)
a mohou pfispivat k UspésSné produkci semen a zajistovat potravu i nehmyzozravym

druhdm ptakd (Fujita, Koike 1985; Ihalainen, Lindstedt 2012).

Dlvodem prekryvani druhového sloZeni vSech tii studovanych taxonl, mohou byt
nizké rozdily ve struktufe méstskych travnich porostli, prekvapivé vedouci ke
koexistenci druhl s odliSnymi schopnostmi rozptylu a ekologickymi naroky. Pouze tfi
druhy ptakd a jeden druh motyla se nezdaly byt striktni soucéasti studovaného
travinného spoleCenstva. To lze vysvétlit jejich odliSnymi naroky a faktem, zZe funguiji
pfedevsim jako turisté, tedy druhy s fidkym vyskytem a bez Zivotaschopné populace
na loukach (Novotny, Basset 2000). Nékteré druhy, napf. volavka popelava (Ardea
cinerea), Ci zluna zelena také pfilezitostné sbiraji na loukach potravu (napf.
obojzivelniky nebo mravence). Hrdlicka zahradni (Streptopelia decaocto), je
synantropni druh, ktery preferuje blizkost lidskych sidel (Cramp 2000; Jakubas,
Mioduszewska 2005; Alder, Marsden 2009).

Pokryvnost stromt méla na ptaky vyznamny vliv, cozZ je v souladu se zjiSténimi jinych

studii (Part, Soderstrom 1999). Mnoho ptacich druhl vyuziva dfevinnou vegetaci k
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hnizdéni a krmeni (Jokimaki, Suhonen 1997). Part, Soderstrom (1999) uvadéji, ze
vhodna pokryvnost dfevin pro ptaky na pastvinach je pfiblizné 10 %. Na nami
studovanych plochach &inil priimérny zarlst necelych 20 %, coZ se bliZi vy$e uvedené

optimalni hodnoté.

Jako pfi¢ina poklesu diverzity biotopl byva uvadéna fragmentace zpUsobena
suburbanizaci kulturni krajiny (Antrop 2004). Rozsahla a méné fragmentovana
stanovisté, jsou vice heterogenni a poskytuji tak prostiedi, pro vice druhl zZivoc¢ichl
(Collinge 1996; Lizée et al. 2012). Tato velka stanovisté jsou také méné ovlivhéna
okolim a podporuji stabilngjsi populace (Evans et al. 2009). Potvrdili jsme, Ze
zastavéné plochy v okoli travnatych ploch, maji vyznamny vliv na druhové slozeni
ptaka.

Podivame-li se na jednotlivé druhy travnich porostd a vliv méstskych ploch v jejich
tésné blizkosti, zjistime, ze nejpocetnéjSimi druhy byly kos Cerny (Turdus merula),
holub hfivnag, budnic¢ek mensi (Phylloscopus collybita) a pénice Cernohlava. VétSinu
téchto druh( lze povaZovat za stanovistni generalisty (Cramp 2000). DalSim
pfikladem druhu s vysokou hustotou v blizkosti zastavénych tuzemi byl vrabec polni
(Passer montanus). Jeho afinita k méstskému prostredi je obecné znama. Sva hnizda
dokonce stavi i v technickych zafizeni (napf. prvky elektrického vedeni ¢i potrubi) a
vyznacuje se tim, Ze je dobre pfizplisoben heterogennimu a proménlivému prostiedi

(Vepsalainen et al. 2005; Mgller et al. 2012).

6.4 Hnizda lesnich mravencu

Béhem sledovani poskozeni hnizd lesnich mravencu, jsme pozorovali, Ze napadeno
bylo vice nez dvé tfetiny hnizd, coz je vice, nez se uvadi v nedavné studii z Némecka
(Berberich, Berberich 2023). Zjistili jsme, ze nej¢astéji byla hnizda poSkozena jednou
chodbou, vice nez dvé chodby se vyskytovaly u jedné tfetiny hnizd. Obdobnou
zavislost pozorovali i autofi vySe jmenované studiie Predpoklad, ze velka hnizda
budou méné napadena se v naSem pfipadé nepotvrdilo (Berberich, Berberich 2023).

Vegetace rostouci na hnizdch nemeéla vliv na pocet vyhloubenych chodeb,
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pravdépodobné z dlivodu celkové nizkého zarlstu hnizd. A¢koliv Vandegehuchte et

al. (2017) tvrdi, ze vegetace mUize chranit mravence pred predaci.

Oproti pfedpokladim, nemél pocet chodeb vlivna zménu aktivity délnic. Toznamena4,
Zze nedoslo k zadné vyznamné zméné velikosti populace v napadenych hnizdech, v
dUsledku predace nebo nepfimo, v disledku narusené termoregulace a nasledného
vymrznuti hnizd. Obé skutecnosti, pravdépodobné souviseji s kratkou délkou otvord.
Hloubka chodeb dosahovala jen vyjimecné vice nez poloviny poloméru hnizda. To
znamend, Ze chodby nedosahovaly az k zimujicim mravencim. Ptaci tedy lovili
délnice pohybujici se v podpovrchové ¢asti hnizd, nikolivv pfezimovacich komarkach.
Predace nebyla pfic¢inou poklesu velikosti populace mravencU, protoZe jen mala ¢ast
délnic se pohybuje v okrajovych ¢astech hnizda (Bruin et al. 1977; Seifert 1996;
Czechowski et al. 2002). Mélké chodby dokazuiji, Ze i v zimnich mésicich, byly délnice
alespon obcas aktivni. Pozorovani aktivnich délnic béhem zimy a ¢asného jara nejsou
v poslednich letech vzacnosti vzhledem k vy§S§im zimnim teplotam (Lappalainen et al.
2008; Véle, Frouz 2023). Od listopadu do bfezna byla primérna teplota na nedaleké
meteorologické stanici o 1,52 °C vyssi, ve srovnani s dlouhodobym priimérem

(Brzezina 2024).

Aktivni termoregulace hnizd, probiha pouze v jarnim a letnim obdobi (Kadochova,
Frouz 2014). V zimé je hlavni zdroj tepla, pochazejici z respirace mravencu, velmi
omezen (Coenen-Stass et al. 1980; Jilkova et al. 2015). Teplota hnizd se tedy stava
vice zavislou na teploté okolniho vzduchu. V neposkozenych hnizdech teplota nikdy
neklesa pod nulu (Rosengren et al. 1987; Kadochova, Frouz 2014). Zachovani alespon
casti neposkozené termoregulacni vrstvy, spolu s vySSimi teplotami vzduchu, je
moznym dlvodem pfezivani napadenych hnizd. Sorvari et al. (2011) uvadi, Ze aktivita
délnic v zimnich mésicich zvySuje metabolické naklady, coz ma dlouhodobé negativni
vliv na populaci hnizda. V nasem pfipadé v§ak mlze mit zimni aktivité délnic vliv
pozitivni, nebot diky pfitomnosti délnic v povrchovych vrstvach hnizda si vyhrabavaji
ptaci jen mélké chodby aizolac¢ni vrstva jehli¢i z(stava alespon ¢astecné zachovana.
Tvorba kratSich chodeb, je vyhodna i pro datlovité, ktefi pfi hledani potravy spotfebuji
méné energie (Alder, Marsden 2010; Berberich, Berberich 2023). Proto si ptaci
pravdépodobné vybiraji aktivnéjSi hnizda, coz vysvétluje nase pozorovani, ze pocet

chodeb rostl s aktivitou délnic mérfenou na zac¢atku studie.
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7. ZAVER A DOPORUCENI PRO PRAXI

Obdobné vztahy datli a dalSich ptak( ke sledovanym parametrim potvrzuji vhodnost
datl( jako bioindikator( (Drever et al. 2008; Stachura-Skierczyriska, Kosinski 2016;
Vélova et al. 2021). Jejich preference pro plochy s hojnym vyskytem hmyzu také
potvrdila pozitivni pfinos datlovitych k biologické ochrané lesa, proto je vhodné jejich
vyskyt v lesich podporovat (Edworthy et al. 2011; Bereczki et al. 2015). Vicero studii
ukazuje, Ze pfivysoké pocetnosti, dokazi datloviti regulovat populace lesnich skidcu,
pfip. nahradit jiné metody pouzivané v ochrané lesa (Butler, Schlaepfer 2002; Fayt et
al. 2005). Pro ochranu datlovitych je d(ileZitd zejména ochrana jejich habitatu (Onodi,
Csorgdé 2013). Ten muze byt negativné ovliviiovan nejen zplsobem lesniho
hospodareni, ale také napf. urbanizaci a s ni spojenym ploSnym ubytkem dfevin
(Myczko et al. 2014). Datloviti jsou limitovani zejména mnozZstvim stromd, vhodnych
pro tvorbu hnizdnich dutin. Opatieni pro podporu doupnych stromU spocivaji
zejména v podpore druhové a vékové pestrych lesl a vétSiho zastoupeni stojicich

odumirajicich strom0 a rozkladajiciho se dieva (Pakkala 2024).

Maloplosné hospodareni probihajici ve stfedni Evropé vytvafi dostatecné vhodnou
kompozici porostl imitujici maloploSnou dynamiku pfirodnich lesl (Mikusinski
1997). Pro podporu datla ¢erného ani strakapouda velkého neni tfeba nijak zasadné
meénit zpUsoby stavajiciho hospodareni. Rozloha vhodnych biotop( na krajinné turovni
by vSak nemeéla klesnout pod 10 % (Carlson 2000). Do stavajiciho zplsobu lesniho
hospodafrstvi je proto dulezité zkomponovat predevSim ponechavani dostatecného
mnozstvi strom{ vhodnych pro tesani dutin (tj. strom{ o minimalnim prdméru cca 35
cm pro datla ¢erného a 19 cm pro strakapouda velkého) (Kosinski, Winiecki 2004;
Pirovano, Zecca 2014). Ve smrkovych lesich je rovnéz vhodné ponechavat listnaté
dreviny (Vélova et al. 2021). MlzZe se jednat o stromy nevhodné pro hospodaiské
vyuziti (nevhodné druhy, uschlé, pokroucené, poldmané apod.), coz sniZzuje pfipadné
ekonomické ztraty. Kandidatem na ochranu mikrobiotopl a zaroveri vhodného
hnizdniho stromu pro datli je v monokulturnich porostech velky, izolované stojici
strom, ¢astecné poskozeny (energeticky méné narocné vytvareni dutin), bez nizkych
vétvi (snizeni rizika predace), idealné buk (Puverel 2019). Biotopové pozadavky datla
¢erného a strakapouda velkého se daji skloubit s pozadavky na tézbu dfeva (Vélova,

Véle 2019). NavySeni populace napf. v méstskych lesich lze zajistit také umeélym
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pfikrmovanim (Cannon et al. 2005; Smith, Smith 2013). Selektivni téZba stromu
vytvaii maloplo$nou dynamiku mezer, jez mlzZe datlovitym zajiStovat dlouhodobé
vhodné habitaty s dostatkem suchych strom( (Bltler et al. 2004). Kontinualni
udrzovani heterogenity ve struktufe lesa vede ke koexistenci mnoha stadii
rozkladajiciho se dieva, a tedy i stabilnimu mnozstvi potravy pro datlovité
(Kuuluvainen 2002; Aszalos et al. 2020). Pro podporu datlovitych ptakd ve méstech je
dilezité udrzet co nejvétsi areal zalesnénych ploch (Vélova et al. 2023). Porosty dfevin
by idealné mély byt vicepatrové a s vysokym zastoupenim listnatych stromU (Myczko
et al. 2014). Kromeé vySe uvedeného je vhodné také upfednostiovat heterogenni lesy
s riznou vékovou tfidou strom( a omezovat pouzivani pesticid( (Bouvier et al. 2011;
Gasperis etal. 2016). Hnizdni stromy je vhodné oznacovat, aby lesnici byli upozornéni
na pfitomnost dutin a nutnosti vyjmuti strom( ztézby (Glue, Boswell 1994). Na
krajinné drovni lze vyskyt daltovitych podporovat také uspofadanim meéstské, resp.
pfiméské krajiny. Zluna zelena se hojné vyskytuje i v okoli zastavénych tzemich, na
rozdil od strakapoud velkého. Oba druhy kladné reaguji na pfitomnost dfevin na
loukach (Vélova et al. 2023). | strakapoud jizni hnizdi v zemédélské krajingé, ¢asto v
tésné blizkosti obytnych budov. Pro hnizdni dutiny si vybira silngjsi stromy, které maji
usychaijici, ¢i ofezané vétve. Negativné reaguje na zvysSovani podilu jehli¢nan(,
rostoucich mimo les, které k hnizdéni nepreferuje a na ztratu starSich a odumirajicich
stromU ve véku 40-60 let (Michalczuk, Michalczuk 2020). | z tohoto dlvodu je vhodné

zachovavat starSi doupné stromy také v nelesni krajiné.

Nase vysledky ukazuji, Ze smrkové porosty mohou byt vhodnym stanovi§tém nejen
pro datlovité (pfedevsim strakapouda velkého a datla ¢erného), ale také pro dalsi
druhy ptakd, véetné druhl plvodné vazanych na horské a podhorské jehlicnaté lesy
(Vélova 2021). Nase studie podporuji tvrzeni, Ze pro vyskyt a po¢etnost mnoha druh(
ptakd, jsou dllezité faktory na krajinné urovni (Jokimaki, Huhta 1996; Drapeau et al.
2000; Huhta et al. 2004). Vétsi vnitfni rozmanitost stanovist maze zvysit diverzitu
ptakd na krajinné a regionalni trovni. Ackoli se obecné predpokladd, Ze prirozené lesy
jsou vhodnéjsi pro lesni druhy, také pfitomnost monokultur maze prispét k podpore
biodiverzity. Na rozdil od jinych autor( tvrdime, Ze monokultury nelze vnimat pouze
jako stromové farmy nebo zelené pousté, ale lze je vyuzit i pro podporu biodiverzity.

Proto se jejich Uplné nahrazeni plvodnimi listnatymi stromy, nejevi jako smysluplné.
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Z lokalniho hlediska je dilezité, aby listnaté dfeviny, napf. hospodarsky nezajimavé
stromy, na kterych ptaci nachazeji potravu a hnizdisté, mohly z(istat v porostech i po

konci obmytni doby cilovych dfevin.

Datloviti ptaci se vyskytuji také v méstskych dubovych lesich. Strakapoud velky se
vyskytoval vosmnacti ze Ctyficeti studovanych ploch, Zluna zelena na tfinacti
plochach, pouze ojedinéle jsme zaznamenali vyskyt datla ¢erného. Druhové
bohatstvi ptakd neni ovlivnéno podilem plvodnich nebo neplvodnich druhl dubl
(Véle et al. 2023). Pomérné prekvapivé, nebyly zaznamenany ani preference
datlovitych v zavislosti na studovanych podminkach prostiedi. Vysadba neplivodnich
druhl dfevin ve vysoké mife, stale neni z mnoha dlvod( Zadouci (napf. invazivnost
nebo zakonna omezeni), nicméné z nasich vysledk( ziskanych pro taxony s rdznymi
disperznimi schopnostmi je zfejmé, Ze vysadba dubu ¢erveného v méstskych lesich
stfedni Evropy, neni z hlediska ochrany biodiverzity problematicka. Rovnéz udaje z
jinych studii naznacuji, Zze pokud jsou neplvodni druhy vysazovany v mensim
procentu a na mensich plochach, jejich dopady na biotu nejsou vzdy negativni (Finch
2005; GoBner, Ammer 2006). Vétsina druhl ptak( totiz reaguje predevsim na
strukturu lesa, nikoliv na ptvodnost drfevin (Hanzelka, Reif 2016; Kriegel et al. 2021).
Domnivam se, Ze vysledky studie mohou byt vyuzity pfi planovani hospodarskych

zasahu nejen v méstskych lesich.

Globalni zména se pfimo ¢i nepfimo podili na vyssi pocetnosti datlovitych ptakd, coz
je pficinou narlQstu poskozeni hnizd lesnich mravencl. Ackoli je pocet hnizd
napadenych ptaky vysoky, jejich populace neniovlivnéna. Vzhledem k lokalné odlisné
toleranci mravencl k zimnim teplotdm nelze vysledky zcela zobecnit (Berman,
Zhigulskaya 2012). V podminkach stfedni Evropy se v soucasnych teplejSich zimach
jevi ochrana hnizd proti datlovitym jako zbyte¢na, ¢i az kontraproduktivni. BEhem
zimnich mésic mohou mravenci podporovat vyskyt ptakd, cozZ pfispiva ke zvyseni
biodiverzity a sniZzeni populaci $kiidcl v jarnim a letnim obdobi (Rolstad et al. 2000;
Vélova, Véle 2019). Nutné je vzit v ivahu i skute¢nost, Ze instalace a udrzba krytl je
c¢asove i finan¢né naro¢na. Péce o lesni mravence by se méla zaméfit najiné ¢innosti,
které maji prokazatelné pozitivni vliv na prezivani hnizd, jako je napf. osekavani
vegetace na hnizdnich kupach nebo tvorba, pro vyskyt mravenc(l, vhodnych stanovist

(Véle, Holusa 2008; Buggenum 2022).
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