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Abstrakt

Velka ¢ast puavodnich lesnich porostd byla v Evropé pfeménéna na stejnovéké
kultury hospodarsky atraktivnich dfevin, pfedev§im s dominanci smrku ztepilého.
Tyto porosty jsou v sou€asné dobé poskozovany pfirozenymi disturbancemi, jejichz
frekvence a intenzita se stale zvySuje vlivem zmény klimatu. Struktura a druhové
slozeni drfevin téchto lesu je nevyhovujici pro fadu organismu. PFesto nebylo
vénovano prili§ pozornosti vyznamnym strukturnim faktoriim, které mohou podpofit
biodiverzitu v téchto porostech a rovnéz jsou mezery v poznani pfinosu disturbanci
o ruznych velikostech a intenzitach. Cilem této disertacni prace je doplnit tyto
souCasné mezery v poznani pomoci ¢tyf studii. Pro Ucely této disertacni prace bylo
prozkoumano celkem 120 km? hospodarskych porostl v riiznych oblastech Ceské
republiky. Efekt pfirozenych disturbanci horskych smrkovych porostd o rGzné
velikosti a intenzité byl sledovan v bezzasahovych oblastech NP Sumava. Jako
modelové skupiny bylo uzito ptakd, s ohledem na jejich dobré poznani, rychlou

reakci na zmény prostiedi a Siroké rozSifeni.

V prvni studii byl zjistén vyznam velkych starych listnatych stromd nad 70 cm
vyc€etni tloustky v hospodaFskych lesich s pfevazujicim podilem smrku ztepilého.
Tyto stromy se ukazaly byt vyznamné pro ptaci spole¢enstvo a rovnéz pro biotopoveé
specializované druhy ptakd. Nase vysledky naznaduji, ze 5 stromd nad 70 cm
vyCetni tloustky na hektar dokaze vyrazné podpofit diverzitu ptakd v téchto
porostech. Nicméné ani tento pocet stale nedokaze nahradit ekologickou funkci
lesnich rezervaci, ve kterych se vyluéné nachazely nékteré druhy uvedené

v Cervenych seznamech.

V navazujici druhé studii byly identifikovany jako kliCové faktory v pfevazné
jehlicnatych hospodafskych lesich podil vy€etni plochy jehlicnant a vék porostu.
Oba faktory silné ovliviiuji slozeni ptaCich spoleCenstev, zvlasté pak obrat druhu
(species turnover), kdy jsou plvodni druhy nahrazeny druhy novymi. Druhova
bohatost ptaki klesa s narustem podilu jehli€nanl, pfedev8§im druhy vazané na
staré lesni porosty, druhy vzacné a druhy listnatych porostu. Pro zamezeni limitace
diverzity ptakl v téchto porostech je zapotfebi podil vy€etni plochy smrku méné nez
cca 60 %. Vzacné druhy a druhy starych porostd jsou naopak pozitivné spjaty
s porosty star§imi nez 125 let.

vvvvvv

disturbovanych porostu strukturni komplexita (tedy sloZitost struktury porostu,



podrobnéji vysvétleno dale v textu), hustota Zivych stromi a pokryvnost podrostu.
Maloplosné disturbance zvySuji strukturni komplexitu lesd a maji na ptaci
spoleCenstva pfevazné pozitivni vliv. Jak maloplosné, tak i velkoplo$né disturbance
podporuji druhy ptakd hnizdici na zemi nebo v kefovém patfe a biotopové
generalisty. VelkoploSné disturbance naopak negativné ovliviiuji druhy hnizdici
v korunovém patfe a biotopové specializované druhy. Disturbance o vysoké
intenzité preménuji porosty na strukturné uniformni rozvolnéné biotopy, které jsou
nevhodné pro druhy porostd s uzavienym korunovym zapojem. Nicméné
porostl, mohou poskytnout utoCisté i pro bézné druhy ptakd obyvajici interiéry

lesnich porostu.

V navazujici Ctvrté studii byla zjisténi o odliSném efektu rdzné velkych a
intenzivnich disturbanci rozSifena na uroven jednotlivych druhl. Vysledky ukazaly
vyznamnost velkoplo$nych disturbanci i pro nékteré ohrozené druhy, z nichz nékteré
zde mély vyluény vyskyt. Tyto druhy profitovaly pfedev§im z pfitomnosti rozsahlé
oteviené krajiny s pritomnosti ¢etnych okrajl lesu s absenci rusivych vliva ¢lovéka.

Studie obsazené v této disertacni praci pfinesly fadu zjisténi, ze kterych
vyplyvaji doporuceni pro lesni hospodarfeni, které mohou pomoci podpofit
biodiverzitu v intenzivné obhospodafovanych jehlicnatych lesich stfedni Evropy.
Rovnéz pfinesly rozsifujici informace o vyznamu rGzné velkych a intenzivnich

disturbanci, ze kterych vyplyva dalezitost obou typl disturbanci.

Klicova slova: lesnicky management, smrk ztepily, stromova mikrostanovisté,
biotopova specializace, lesni rezervace, hnizdni guildy, bezzasahové oblasti



Abstract

Many of native forests in Europe have been converted to even-aged cultures of
economically attractive tree species, mainly dominated by Norway spruce. These
stands are currently being damaged by natural disturbances, which are increasing in
frequency and intensity due to climate change. The structure and tree species
composition of these forests is unsuitable for a number of organisms. However, little
attention has been paid to the important structural factors that can support
biodiversity in these stands, and there are also gaps in the understanding of the
benefits of disturbances of different sizes and severities. This dissertation aims to fill
these current knowledge gaps with four studies. For the purpose of this dissertation,
a total of 120 km? of production forests in different regions of the Czech Republic
were surveyed. The effect of natural disturbances of mountain spruce stands of
different size and severity was monitored in the non-intervention areas of Sumava
NP. Birds were used as a model taxa due to their good knowledge about them, rapid
response to environmental changes and wide distribution.

In the first study, the importance of large old deciduous trees over 70 cm
DBH in production forests with a predominance of Norway spruce was determined.
These trees proved to be important for the bird community and also for habitat-
specialist bird species. Our results suggest that 5 trees above 70 cm DBH per
hectare can significantly enhance bird diversity in these stands. However, even this
number is still not able to substitute the ecological function of forest reserves that
exclusively host some red-listed species.

In a follow-up second study, the proportion of conifer basal area and stand
age were identified as key factors in predominantly coniferous production forests.
Both factors strongly influence the composition of bird communities, particularly
species turnover. The species richness of birds decreases as the proportion of
coniferous trees increases, especially species associated with old-growth stands,
rare species and broadleaved species. In order to avoid limiting bird diversity in
these stands, the proportion of spruce basal area above about 60% should not be
exceeded. In contrast, rare and old-growth species are positively associated with
stands older than 125 years.

In the third study, structural complexity, live tree density and understorey
cover appeared as the most important structural characteristics of disturbed stands.
Small-scale disturbance increases the structural complexity of forests and has a
predominantly positive effect on bird communities. Both small-scale and large-scale
disturbance support ground-nesting or shrub-nesting bird species and habitat
generalists. Large-scale disturbances, on the other hand, negatively affect canopy-
nesting and habitat-specialist species. High-severity disturbance transforms stands
into structurally uniform, open habitats that are unsuitable for closed-canopy
species. However, large-scale, lower-severity disturbances, where remnants of living
stands are present, can also provide refuge for common bird species inhabiting
forest interiors.

In a follow-up fourth study, the findings on the differential effect of differently
sized and severe disturbances were extended to the level of individual species. The
results showed the importance of large-scale disturbance also for some threatened
species, some of which had exclusive occurrence here. These species mainly



benefited from the presence of large open landscapes with the presence of
numerous forest edges with the absence of human interference.

The studies presented in this thesis have produced a number of findings that
provide recommendations for forest management that can help to promote
biodiversity in intensively managed coniferous forests in central Europe. They have
also provided expanding information on the importance of different sizes and
severities of disturbances, suggesting the importance of both types of disturbance.

Keywords: forest management, Norway spruce, Tree-related microhabitats, habitat
specialization, forest reserves, nesting guilds, non-interventional areas
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1 Uvod

Lesy pokryvaji 31 % svétové rozlohy a jsou suchozemskymi ekosystémy s nejvétsi
biologickou rozmanitosti (FAO, 2020; Lomolino et al.,, 2010). Nicméné 30 %
svetovych lest se vyuziva k produkci dfeva a pouze 18 % je chranéno (FAO, 2020).
V Evropské unii je vice nez polovina lesni plochy vyuzivana predevsim k produkci
(European Commission, 2011). Mnoho puvodnich lest v Evropé bylo pfeménéno na
stejnovéké produkéni lesy komer€né atraktivnich jehli€nant, jako je smrk ztepily
(Picea abies), ktery je na velké casti téchto porostld stanovistné neplvodni
(FOREST EUROPE, 2020; Klimo et al., 2000). Pfeména puvodnich (obvykle
listnatych) lesu na produkéni lesy s prevahou jehli€cnan ¢asto vede ke zménam
druhového sloZeni (spoc€ivajici v ubytku druhd vazanych na listnaté dreviny, kefové
patro nebo vySsi intenzitu svétla) a celkovému ubytku biodiverzity (Felton et al.,
2010; Heinrichs et al., 2019; Sweeney et al., 2010).

Vysledkem lesniho hospodareni je pfevaha smrkovych monokultur citlivych
na extrémni povétrnostni jevy a napadeni nejCastéji lykozroutem smrkovym (/ps
typographus) (Hlasny et al., 2021; Senf & Seidl, 2018). Extrémni povétrnostni jevy,
jako jsou silné vétrné boufe a sucho, budou v dusledku zmény klimatu
pravdépodobné celosvétoveé ¢astéjsi (Rahmstorf & Coumou, 2011). V dusledku toho
budeme zaznamendavat vétsi Cetnost a velikost lesnich disturbanci (Senf & Seidl,
2018). NejvyznamnéjSimi pavodci pfirodnich disturbanci v globalnim méfitku jsou
vétrné boure, kalamity hmyzu a lesni pozary (FAO, 2010). Tyto pfirodni disturbance
vytvareji biologické dédictvi (Burris & Haney, 2005), které je dllezité pro mnoho
taxon(, jako jsou brouci (Kozéak et al., 2020), ptaci (Kortmann et al., 2018; Repel et
al., 2020), houby (Vesela et al., 2019) nebo liSejniky (Langbehn et al., 2021). V
produkénich lesich se obvykle provadi po disturbanci (vétrné &i kirovcové) asanacni
téZba, aby se zastavilo Sifeni kdrovce. Asanacni téZba snizuje druhové bohatstvi,
narusuje kliCové ekologické procesy spojené s rané sukcesnimi stadii a ovliviuje
slozeni ptaciho spole€enstva silnéji nez samotna disturbance (Versluijs et al. 2017;
Thorn et al. 2016b; Swanson et al. 2011; Zmihorski, 2010). Nejen v Ceské republice
za sebou zanechala velkoploSna téZba dfeva po kirovcové kalamité rozsahlé
plochy holin a lesy se diky jejich vytéZeni staly zdrojem uhliku, zatimco
v pfedchozich obdobich uhlik ukladaly (CENIA, 2021). Sou¢asnym cilem lesniho
hospodéafstvi v Ceské republice je proto piiblizit druhovou skladbu dfevin
pfirozenému stavu (CENIA, 2021). Postupy lesniho hospodarfeni s prevahou

holosecnych tézeb vSak rovnéz zjednodusuji vékovou strukturu lesnich porosta. Vék
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porostu je vSak vyznamnym faktorem pro fadd taxonomickych skupin (Moning &
Muller, 2008, 2009). Napfiklad kriticka hranice véku lesa pro uspokojivou diverzitu
liSejnikd, mékkysa a ptaku v evropskych lesich s pfevahou buku (Fagus sylvatica L.)
se pohybuje v rozmezi 100 az 170 let v submontannich lesich a 160 az 220 let v
montannich lesich (Moning & Muller, 2009). Ruzné struktury starych lesu, jako jsou
velké staré stromy (veteran &i habitat trees), jsou v8ak kliCovymi strukturami pro
biodiverzitu v celosvétovém meéfitku (Lindenmayer, 2017; Prevedello et al., 2018).
Tyto stromy se bézné vyskytuji v bezzasahovych porostech (Nilsson et al., 2003), v
produkénich lesich se vSak vyskytuji jen zfidka. Neobhospodarované lesni
rezervace jsou zbytkovym ostrovem puvodnich (vétSinou listnatych) lest s vysokym
ekologickym potencialem ve srovnani s produkénimi lesy (Felton et al., 2016; Horak
et al., 2019; LeSo et al., 2020).

Studie byla provedena v hospodarskych lesich roztrousené na celém uzemi
Ceské republiky. Smrk ztepily (Picea abies) zde zaujimé pfiblizné polovinu celkové
rozlohy lest (Ministerstvo zemédélstvi CR, 2020). PfestoZe pavodni rozsah
smrkovych lest byl omezen na horské oblasti CR, lesnickou &innosti byl smrk
rozSifen rovnéz na misto padvodnich listnatych porostd v niz8ich polohach
(Neuhauslova et al., 1997, 1998, 2001). Ackoli je patrny mirny narust podilu lesu
pfirozené skladby a zvySuje se podil porostl nad 120 let véku, jde o relativné malé
zmény a pfeména druhové skladby ke skladbé blizké pfirozenému stavu bude trvat
dlouhou dobu. Navic klasické holose¢né hospodareni v soucasnosti stale prevazuje
a nepfiznivy stav lest mohou posilit také dukladné tézby kdrovcem napadenych
porostd. Vyznam pfirodnich hodnot ve formé& habitatovych stromu, &i znalost
prahovych hodnot klicovych strukturnich faktord, je =zvlasté vtéchto Siroce

rozSifenych porostech relativné malo prozkoumana.

Prfedkladana prace se sklada ze ¢tyf dil€ich studii, kdy tfi byly publikovany ve
védeckych casopisech s IF. Prace pfispiva k poznatkim o zplsobu zvySeni
biodiverzity v pfeménénych prevazné jehlicnatych stejnovékych hospodarskych
porostech stfedni Evropy, které Celi zvySenému naporu klimatické zmény ve formé
pfirozenych disturbanci. Jako modelova biologicka skupina byli zvoleni ptaci, jelikoz
jde o druhové pestrou skupinu s rychlou odezvou na zmény prostfedi. Zaroven jsou
dobfe znamy vlastnosti jednotlivych druht, v€etné jejich rozSifeni, coz umoznuje
detailnéjsi sledovani vazeb mezi druhy a jejich prostfedim. Poznatky prace pfispivaji
k odhaleni vyznamnych strukturnich faktorl v zajmovych porostech a jejich
kritickych hranic pro podporu biodiverzity. Tyto faktory zahrnuji vyskyt starych
stromu pfirozené druhové skladby (habitatové stromy), vék porostu €i podil dfevin
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pfirozené druhové skladby. Zaroven je feSena otdzka efektu pfirozenych disturbanci
dle jejich velikosti a zavaznosti, coz muze byt podkladem pro vytvofeni lesnického
managementu umoziujiciho ponechani biologického dédictvi disturbanci také v
hospodéaiskych porostech, pfi zachovani jejich produkéni funkce. Z jednotlivych
dilich studii vyplyvaji zavéry a doporuceni pro lesnicky management, jejichz
Ucelem je zvysit biodiverzitu pfevazné jehli€natych lesnich porosta.
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2 Cile prace

Cilem této disertacni prace je rozSifeni poznani o vyznamnych strukturnich
faktorech a jejich kritickych hodnotach ve stfedoevropskych hospodarskych lesich
s pfevahou smrku ztepilého a rovnéz rozSifeni poznani o rozdilném vyznamu
prirozenych disturbanci rlznych velikosti na ptaci spoleCenstva. V kazdé z dil¢ich
studii jsou zastoupeni jako modelovy organismus ptaci a jejich rGzné skupiny
klasifikované na zakladé habitatovych preferenci &i vzacnosti. V jednotlivych

studiich byly stanoveny nasledujici hlavni cile:

1) Ovéfit vyznam jednotlivé se vyskytujicich starych stromu pro ptaci diverzitu
v hospodarskych lesich s dominanci smrku [Studie 1]

2) Zjistit efektivni poCet starych stromi v hospodéaFskych lesich s dominanci
smrku zarucujici zvySeni diverzity ptaku [Studie 1]

3) Identifikovat kliCové strukturni faktory ovliviujici diverzitu ptaki
v hospodarskych lesich s dominanci smrku [Studie 2]

4) Nalézt kritické prahové hodnoty klic¢ovych strukturnich faktor( pro podporu
rozmanitosti ptakd v hospodafskych lesich s dominanci smrku [Studie 2]

5) Provést pfimé srovnani velkoplosnych (krajinné méfitko) a maloploSnych
prirozenych disturbanci horskych jehlicnatych lesd (v bezzasahovych
oblastech) pro ucel objasnéni jejich rozdilného efektu na diverzitu ptakd
[Studie 3]

6) Identifikovat vyznam velikosti a zavaznosti disturbanci pro jednotlivé druhy
ptaku horskych jehli¢natych lest (v bezzasahovych oblastech) [Studie 4]

Dil¢i cile a hypotézy k jednotlivym studiim zahrnutych v této praci jsou uvedeny
v pfiloZenych ¢&lancich v kapitole 4.
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3 Literarni resSerse

3.1 Transformace stiedoevropskych hospodaiskych lesu vlivem lesnického
hospodareni

Vice nez polovinu plochy lesu v EU pokryvaji lesy, jejichz hlavni funkci je produkce
dfevni hmoty (European Commission, 2011). Mnoho puvodnich lesu v Evropé bylo
pfeménéno na stejnovéké produkéni lesy takovych komeréné atraktivnich
jehlicnand, jako je smrk ztepily (Picea abies), ktery je zde ¢asto mimo svij plvodni
areal (FOREST EUROPE, 2011; Klimo et al., 2000). Pfirozeny areal smrku ztepilého
pfed vyznamnymi vlivy ¢lovéka pokryval v Evropé Sirokou oblast od hranice lesa v
boreélni oblasti aZ po Recko a od Francie po vychodni okraj Evropy az po Ural
(Schmidt-Vogt, 1977), viz obrazek 1. Mezi hlavni faktory omezujici pfirozeny vyskyt
patfi konkurence jinych druhd dfevin, jako napf. buku lesniho (Fagus sylvatica) a
dubl (Quercus sp.), historie migrace pozménéna horskymi bariérami, edafickymi
faktory a hmyzem, coz vedlo k neuplné migraci a klimatické podminky, jako jsou
obdobi sucha v Iét&, mrazové sucho a pozdni mrazy, které mohou rovnéz
zpusobovat problémy s klicenim (Schmidt-Vogt, 1977). O nérocich na zasobovani
vodou, ktera je v Iété dulezitym limitujicim faktorem, svédCi to, Zze v hrani¢nich
oblastech svého pfirozeného vyskytu roste smrk ztepily pfedevSim na vlhkych
severnich svazich, kde jsou letni srazky relativné vysokeé. V téchto zénach se podil
smrku ztepilého zvySuje s nadmorskou vyskou, nebo v fFi€nich Udolich a také

smérem k méné oslunénym svahum.

Smrk ztepily je dnes jednou z nejrozSifengjSich a hospodarsky
nejvyznamnéjSich dfevin v Evropé. Jeho areal se roz$ifil daleko za hranice jeho
pfirozeného rozsifeni. Nejvy8Si pokryvnost smrku ztepilého, vice nez 25 % celkové
plochy, je ve Svédsku a Rakousku, kde pokryva vice nez 40 % plochy les(. Obé&
zemé se nachazeji hluboko uvniti pfirozeného aredlu vyskytu smrku ztepilého.
Pomérné vysokou pokryvnost smrku ztepilého, ktera ¢ini 15 az 25 % celkove
rozlohy a vice nez 25 % lesni pady, Ize nalézt ve Finsku, Norsku, Ceské republice a
na Slovensku. Ve Svycarsku a Némecku pokryva smrk ztepily 10 az 15 % celkové
plochy a vice nez 30 % lesni ptdy. Smrk zde byl ¢asto vysazovan v ramci sveho
pfirozeného aredlu vyskytu v horach, ale také mimo néj v pahorkatinach a nizinach.
Zapadni hranice aredlu smrku ztepilého se vyrazné posunula smérem na zapad.
Znacné plochy smrku ztepilého mimo jeho pfirozeny aredl se nachazeji v Belgii,

Lucembursku, Nizozemsku, v Dansku, kde smrk ztepily pokryva asi polovinu z 10 %
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lesni pudy, ve Velké Britanii, Irsku, na vétSiné uzemi Francie a v nejzapadnéjsi ¢asti
Norska (Klimo et al., 2000) — viz obrazek 1.

Obrazek 1: Aktualni rozsifeni smrku (vlevo) a jeho pfirozeny areal (vpravo) v Evropé (Klimo
et al., 2000).

Pfirozena smrkova lesni spoleCenstva lze jen zfidka povazovat za
jednodruhové lesy. Mnoho pfirozen& obnovenych porostd se vyviji jako smiSené
porosty. Pfirozené Cisté porosty se vyskytuji pouze na urcitych extrémnich
stanovistich (Mitscherlich, 1978; Mielikdinen, 1980). Druhové sloZeni se mulze
bé&hem vyvoje porostu ménit v disledku dynamiky ristu a rozdili v reakci rastu na
faktory prostiedi.

Evropské lesy byly pravdépodobné po staleti intenzivné vyuzivany, pficemz
plocha lesnich porosti dosahla sveého minima kolem roku 1850, po némz nasledoval
obrat (Mather, 1992; Meyfroidt & Lambin, 2011). Mezi lety 1600 a 2010 doslo
k narGstu rozlohy jehliénant o 593 000 km? (tj. cca 37 % ze soudasné plochy lest
v EU) na Ukor listnagu, které poklesly o 538 000 km? (tj. cca 33 %). Rovnéz doslo
k poklesu neobhospodarovanych lesti o 612 000 km? (j. cca 38 %) a narustu
vysokokmenného hospodarstvi o 818 000 km? (tj. 50 % ze sougasné plochy les(
EU) (McGrath et al., 2015).

NejCastéjSi formou managementu je holose¢né hospodareni, kdy je porost
vykacen v mytnim véku. Lesni management se snazi o zkraceni délky obmyti pro
zaru€eni maximalniho pfirastu, napfiklad v bukovych porostech na méné nez 120

let s ohledem na tvorbu nepravého jadra u buku za touto vékovou hranici (Bltler et
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al., 2013). Priblizné tfi Ctvrtiny lest v Evropé jsou stejnovéké, jsou za fazi obnovy,
ale jeSté nedosahly faze zralosti (FOREST EUROPE, 2020). Tyto lesy jsou obvykle
staré 20 az 80 let (FOREST EUROPE, 2011). Na tuzemi CR je v sougasnosti podil
lest starSich 120 let mensi nez 9 % (Ministry of Agriculture of the Czech Republic,
2020). V téchto porostech tak chybi rané sukcesni faze po disturbancich (tzv.
biologické dédictvi disturbanci, viz kapitola 3.4.1) a rovnéz chybi faze rozpadu
porostu, pro kterou je typicky vyskyt stroml s vyskytem mikrostanovist (viz kapitola
3.6). Obé tyto faze porostu jsou vyznamné pro fadu specializovanych druht
organismu a jejich absence v hospodafskych lesich vyrazné snizuje jejich
biodiverzitu. Prfehled sukcesnich fazi vyskytujicich se v pfirozenych lesnich
porostech po velkoplo$né disturbanci je zobrazen na obrazku 2.

Succession after Cohort and patch Small-scalg
stand-replacing dynamics driven by gap dynamics ‘
disturbance (fire, partial disturbances (senescence, fungi,
wind, insects) (fire, wind, insects) Insects)

(Fit€) g

i,

(regenerating forest) (competition phase) (mature forest) (old-growth forest)

Obrazek 2: Zakladni ristové faze lesniho porostu simulujici vyvoj lesa po velkoploSné
disturbanci (viz kapitola 3.4.1). V pfipadé soucasnych hospodarskych lest €asto chybi faze
obnovy (regenerating forest) a faze rozpadu (old-frowth forests) (Kuuluvainen et al., 2021),

upraveno.

Zbyvajici lesy s puvodni druhovou skladbou a vysokym vékem jsou obvykle
chranény z divodu zachovani biologické rozmanitosti. Tyto vétSinou listnaté
neobhospodarované lesy maji vy8Si potencial pro zachovani biodiverzity ve
srovnani s produkénimi lesy (Felton et al., 2016; Hofmeister et al., 2016, 2015;
Horék et al., 2019; LeSo et al., 2020). Podil pfirozenych lest neovlivnhénych lidskou
¢innosti na celkové rozloze lest v CR v&ak &ini pouze 2,2 % (CENIA, 2021).

3.2 Viliv lesnického hospodareni na avifaunu
Existuje fada lesnickych zpusobu hospodareni. Mezi nejbéznéjsi patfi holosecny
zpusob hospodareni, jehoz podstatou je Uplné odstranéni stromového patra a

nasledna opétovnd vysadba. Produktem takového hospodareni jsou velké porostni
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skupiny o stejném véku dfevin. Jak uvadéji LaManna & Martin (2017), po provedeni
holosecné tézby dojde k ochuzeni diverzity druhl ptédkd, a to az o 16 %. Pokles
poc¢tu druhl vlivem holose¢né téZzby je navic vyraznéjsi ve vySSich zemépisnych
Sifkach, kdy kolem 50° s.8. je ztrata druhu po provedeni holoseCe v priméru 27 %.
Pasecné hospodareni zplusobuje ztratu pfedev§im dutinovych druhd, druhl s vétsi

velikosti téla a také u druhl hnizdicich nebo lovicich v korunovém patfe.

Fedrowitz et al. (2014) zminuji také tzv. reten¢ni tézbu. Tento hospodarsky
zplsob ma za acel priblizit ekologickymi vlastnostmi hospodarsky les klesu
prirodnimu. Toto pfiblizeni spociva v ponechani dulezitych struktur, jako jsou staré i
mrtvé stromy a udrzeni kontinuity lesa. Tyto lesnické zasahy do porostu vice

pfipominaji pfirozené maloplo$né disturbance.

Dal8im zpUsobem hospodareni je vybérova tézba. V pfipadé vybérové tézby
dochdzi k narastu druhové bohatosti u nékterych skupin ptakd, pokud je vytézeno
do 60 % vycetni zakladny stroma, ktera odrazi hustotu hlavniho stromového patra.
Konkrétné dochazi k nardstu u druhd lovicich na zemi ¢&i ve vzduchu, druhd
granivornich a u druht s télesnou hmotnosti mezi 22,7 az 57,9 g (Fedrowitz et al.,
2014).

Odlisné hospodarské zpusoby tézby tedy maji rlzny dopad na druhové
slozeni ptédkd s evidentnim negativnim vlivem té&Zby holoseéné v porovnani
s ostatnimi  jmenovanymi typy tézby. Upusténi od holose¢ného zpusobu
hospodareni tak muaze zlepSit diverzitu v hospodarskych porostech, avSak jde o
dlouhodoby proces. Zména slozeni ptaciho spole¢enstva vznikla vlivem holosecné
téZby, se zatne podobat spole€enstvu, které se zménilo vlivem vybérové tézby, po
zhruba 30 letech. Druhové slozeni je vSak stédle odlisné od spole€enstva
netéZeného porostu i po 80 az 90 letech, a napf. v tropickém lese se druhova
bohatost nikdy nepfiblizi stavu pfed provedenou téZbou (LaManna & Martin, 2017).

Kontrastem k aktivnimu lesnickému hospodafeni mohou slouzit zvlasté
chrdnénd uzemi bez lesnickych zasahu (napf. maloploSné zvlasté chranéna uzemi).
V téchto porostech je pak vétsi diverzita ptacich druhd, a to jak dutinovych druhd,
tak druhd listnatych porosta (Reise et al., 2019). Mize vSak nastat situace, kdy jsou
zjistény vy8Si pocetnosti druhd v obhospodafovanych porostech v porovnani
s bezzasahovymi. Sitzia et al. (2017) zjistili druhovou bohatost ptaki vySsi v lesich
s extenzivnim managementem nez v bezzdsahovych lesich, a to i pfesto, Zze v
porostech bez lesnickych zasahu byla vy$§i mira mrtvého drfeva (leziciho i

stojiciho). DalSi taxony, jako napf. liSejniky vazané na mrtvé drevo, klrovci a
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tesafici, byli pocetnéjSi naopak pravé v bezzasahovych porostech. Vy$Si bohatost
ptdkd v porostech s lesnickym managementem muze byt zpusobena prevahou
druh vazanych na zapojené korunové patro, pro které neni absence pfitomnosti
mrtvého dfeva tolik vyznamna (podobny efekt byl zjistén také pfi rozpadu
stromového patra v porostech zasazenych pfirozenou disturbanci (Versluijs et al.,
2017), podrobnéji viz kapitola 3.4.2. Existuji druhy, které jsou na hospodarské
porosty pfimo vazané, jako napf. linduSka lesni (Anthus trivialis), slavik obecny
(Luscinia megarhynchos), ale také druhy vazané naopak na bezzasahové porosty,

napf. holub doupriak (Columba oenas) (Bouvet et al., 2016).

Z rlznych typa lesnickych zdsaht, vCetné bezzasahového managementu,
maji odliSny efekt na rdzné druhy ptédkd dle jejich naroku na prostfedi. Lesnické
zasahy nejenze nemuseji mit negativni vliv na vSechny ptaci druhy, ale v nékterych
pfipadech muze dokonce dojit k narlstu pocetnosti nékterych druhl ptaki
bohatost v bezzédsahovych porostech u druhd otevienych habitatl. Tyto druhy byly
naopak pocetnéjSi v porostech s Setrnym lesnickym managementem. V pfipadé
abundance druhu otevienych biotopl (rané sukcesni biotopy nebo biotopy s nizkym
naopak nejvyssi dokonce na holoseéich. Setrné hospodareni poskytovalo pro tyto
druhy vhodnéjsi biotop nez bezzasahovy management, avéak méné vhodny nez
holosecné hospodareni. Pfi porovnani celkovych pocetnosti ptaku, nehledé na jejich
ekologické vlastnosti, byly jejich pocetnosti vySSi v porostech s aplikaci Setrnych
lesnickych zasah( nez v porostech s holose¢nym hospodarenim. Z vySe uvedenych
zjisténi vyplyva, Ze reakce ptacich spoleCenstev na rlzné typy hospodarskych

zpUsobu odrazi predevsim zmény v zapoji stromového patra.

Kromé béznych lesnickych zasahli se pro Uucely podpory diverzity
hospodaFskych porostl provadéji pokusy s riznymi typy hospodarskych zplsobu,
véetné managementd simulujici pfirozené disturbance lesnich porostld. Napf.
Versluijs et al. (2017) uvadeéji vyskyt datlovitych druhd hledajicich potravu na kuire
kment a druhG rané sukcesnich stadii jako castéjSi na plochach s aplikaci
managementu imitujiciho pozar nez na plochach, kde byly uméle vytvoreny kotliky
(t. malé plosky vytézeného porostu). Pocetnosti téchto guild (tj. skupin druh
vyuzivajicich stejné zdroje nebo majici stejné chovani) se navic neliSily mezi
plochami, kde byl napodoben pozar a pfirodnimi rezervacemi. Z toho je patrné, Zze u
téchto skupin druhd byl lepSi management ten, ktery se vice pfiblizoval pfirozené
disturbanci. Nicmeéné je fada druhd, pro které je nejvhodnéjsi neaplikovani zadného
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managementu a nechat lesni porost pfirozenému vyvoji. Jde napf. o druhy sbirajici
potravu na zemi a stalé druhy, které jsou druhové nejbohatsi v pfirodnich
rezervacich (Versluijs et al., 2017). Ptaci spoleCenstva tak dobfe odrazeji, jak je
Setrny zpUsob lesnického hospodareni v konkrétnich porostech aplikovan.

3.3 Vyznamné strukturni faktory lesnich porostu a jejich vyznam pro
ptactvo

3.3.1 Vliv druhového slozeni porostu

Obecné rlzné druhy stromu poskytuji rizny typ potravy, at uz hmyz, semena, plody
¢i listy. Dle druhu dfeviny se bude liSit také zapoj a nabidka hnizdnich pfilezitosti.
S rostoucim pocétem druhd dfevin tak roste abundance a diverzita ptaka (Fuller,
2000; Poulsen, 2002). Abundance ptadka narusta rovnéz s pfitomnosti pouze
listnatych dfevin (Fuller, 2000). Napfiklad pfimés pouze jednoho druhu listnaté
dreviny zvysilo diverzitu ptakd ve smrkovych monokulturach (Felton et al., 2010).
Efekt pfimési listn4€h ve smrkovych porostech je vSak vyznamnéjsi, pokud jsou
listnaté dfeviny vtrouSené, nez kdyZ jsou vysazeny v nékolika velkych blocich
porostu (Bibby et al., 1989). Pfi Uplné zméné slozeni dospélého porostu
ze smiSeneho na listnaty maze na krajinném méfitku dojit k vyrazné zméné slozeni
ptaciho spolecenstva (Drapeau et al., 2000). Pfedpoklad, ze s rostoucim poctem
druhu stromuU roste i po€etnost ptaka vSak plati jen u nékterych druht (Moning &
Muller, 2008), jelikoz jsou druhy, které jsou zavislé na jednom druhu dfeviny a jsou
pocetné pouze v jeho vétsi pfitomnosti. Takovym pfikladem je napf. kfivka obecna
(Loxia curvirostra) a jeji vazba na jehli¢naté porosty (Fuller, 2003). Dal§im pfikladem
je napr. datlik tfiprsty (Picoides tridactylus), ktery je specialista jehli¢natych porost,
nebo datel Cerny (Dryocopus martius) preferujici porosty s listnatymi dfevinami
(Scherzinger, 2006).

Lze shrnout, ze listnaté porosty obvykle hosti vy§si pocet druhu ptakd nez
jehlicnaté porosty. Napf. Horak et al. (2019) uvadéji vyssi druhovou diverzitu ptakud v
puvodnich dubovych porostech v porovnani s neplvodnimi smrkovymi lesy. Zde jak
ptaci, tak ale také brouci byli negativné ovlivnéni rostoucim zastoupenim smrku v
porostu. Také Reise et al. (2019) zjistili v lesnich porostech v Némecku ubyvajici
bohatost dutinovych druht a druht listnatych lesd s rostoucim mnozstvi druhd jedli
(Abies spp.). Trochu mirngjsi, avSak stale negativni vliv méla také rostouci pfimés

borovic (Pinus spp) a smrka (Picea spp.). Diverzita obou skupin druhl byla naopak
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vy88i v porostech buku lesniho (Fagus sylvatica). Rovnéz ve studii z Narodniho
parku Bavorsky les v oblastech velkych disturbanci byla u ptacich spoleenstev

zjisténa preference lokalit s porosty buku (Scherzinger, 2006).

3.3.2 Vliv véku porostu

Jako dulezity faktor se ukazuje také vék lesniho porostu. Moning & Miiller (2008)
pokryvnosti stromového patra. S rostoucim vékem lesnich porostd roste druhova
bohatost ptaka (Winkler, 2005; Jokimé&ki & Solonen, 2011; Reise et al., 2019).
Poulsen (2002) uvadi pozitivni trend s vékem porostu konkrétné u dutinovych druha.
Dutinové druhy navy$uji svou pocetnost v porostech o véku 106 let a vice, pficemz
v porostech o tomto véku dosahuji nejvySSich hodnot. Ptaci listnatych porostu (bez
druht dutinovych) rovnéz zvysuji svou bohatost jiz v porostu od véku 80 let a
nejvyssich hodnot dosahovaly v porostech o véku 210 let (Reise et al., 2019). Pro
zajimavost Rivero et al. (2016) zjistili z vyzkumu v tropickém lese pozitivni vztah
mezi starS§imi porosty a vyS8i druhovou bohatosti insektivornich druhG ptaka
hledajicich potravu na kmenech stromU a také u druht vazanych na lesni porost.
Vék porostu je bezpochyby dulezitym faktorem majici vliv na ptaci spolecenstva.
S vékem porostu se da predpokladat vySsi pfitomnost starych stromd, jejichz vyskyt
ma pozitivni efekt (Poulsen, 2002), ale také mrtvych stromt a mrtvého dreva. To
ilustruje zjisténi vyssiho vyskytu druhd vazanych na mrtvé difevo (podrobnéji viz
kapitola 3.3.3) ve smrkovych porostech o véku mezi 90 az 215 lety (Cadieux &
Drapeau, 2017). Moning & Muller (2008) uvadeéji, ze pro udrzeni diverzity dutinovych
druht ve smiSenych horskych lesich je potfeba porost o véku alespon 200 az 220
let. Pro uspokojujici diverzitu ptactva by se bukovy porost v sub-montannim
vySkovém stupni mél pohybovat mezi 100 az 170 lety a v montannim vySkovém
stupni mezi 160 az 220 lety. V hospodarském lese vSak konkrétné u buku doba
obnovy porostu nepresahuje 120 let z davodu vytvareni nepravého jadra v kmeni a
znehodnoceni dfevni hmoty. Lesni porosty tak ¢asto nedosahuji doporuc¢ovanych
veéka (Butler et al., 2013).

3.3.3 Vliv mrtvého difeva

Diverzitu a abundanci ptakd v lesnich porostech zvySuje pfitomnost mrtvych Ci
odumirajicich strom@ a také dalsi formy mrtvého dreva (Fuller, 2003; Rota et al.,

2014; Bouvet et al., 2016). Mrtvé drevo je kliCové predevSim pro ptaky hnizdici
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v dutindch (Drapeau et al., 2009; Saab et al., 2014). Pozitivni odpovéd na vyskyt
mrtvého dfeva uvadeéji Balestrieri et al. (2015) u insektivornich dutinovych druhud
(napf. Soupélek (Certhia sp.) nebo brhlik lesni (Sitta europaea)). Czeszczewik et al.
(2013) zjistili ve studii provedené v Bélovézském narodnim parku nejvétsi pocetnost
datlovitych v pavodnich bezzasahovych lesich, coZ bylo dano jejich zavislosti na
mnozstvi stojicich mrtvych stromu, které se v téchto porostech nachazelo. Existuje
fada studii ukazujicich dulezitost mrtvého dfeva na konkrétnich druzich. Charman et
al. (2010) wuvadeji castéjsSi vyskyt strakapouda malého (Dryobates minor)
v pfirodnich lesich s velkym mnoZstvim stojicich mrtvych strom( nebo v porostech,
kde se na zdravych stromech nachazi vy§§i mnozstvi suchych vétvi nad 20 cm
priméru. Butler et al. (2004) pozorovali CastéjSi vyskyt datlika tfiprstého na
plochach s vysokym mnozstvim mrivého dfeva (az 5x). Jak uvadéji Zielewska-
Bittner et al. (2018) datlik tfiprsty vykazuje unimodalni odpovéd na mnozstvi
pritomnych mrtvych strom(. Jeho nej¢astéjSi vyskyt byl zjistén kolem hodnot 44 az
55 stromu na 1 ha, avSak pfi vy$Sich ¢i nizSich poctech mrtvych stromu byly porosty
pro tento druh méné atraktivni. Rovnéz se ukazalo, Ze datlik upfednostriuje mrtvé
stromy s velkymi korunami v ranych stadiich rozkladu, pravdépodobné s ohledem
na jeho potravni specializaci (kirovec napadajici pfedevSim Cerstvé mrtvé dfevo).
Negativni vazba na velmi vysoké mnozstvi mrivého dieva muze byt zpusobena
potfebou také Zzivych stromu v biotopu datlika. Negativni vazbu na pfitomnost
mrtvého dfeva zjistili Balestrieri et al. (2015) u generalistd hnizdicich v dutinach
(napf. druhy sykor). Ukazuje se tedy, Ze ne vzdy nastava zvySujici se trend v
pocetnosti s rostoucim poctem stojicich mrtvych stromu. Kosinski et al. (2018)
uvadéji jako pficinu nenarlstajici pocetnosti strakapouda prostfedniho
(Dendrocoptes medius) po kalamité jiz dostate€né mnozstvi pfihodnych mist k
hnizdéni na zivych stromech pfed kalamitou. NenarUstajici poCetnosti mohou byt
vysvétleny také tim, Zze ne kazdy strom je vhodny k hnizdéni. Rota et al. (2014)
uvadéji rovnéz jako vyznamny faktor tloustku stromu. Napfiklad strakapoud maly
(Dryobates minor) upfednostfiuje pfi hnizdéni v luznich lesich stromy o primérné
vycCetni tloustce 38 cm (Charman et al., 2012). Nebo také strakapoud prostfedni se
vyhyba stromim o vycetni tloustce mensi nez 36 cm (Pasinelli & Hegelbach, 1997).
Pfi studii datlika ¢ernohfbetého (Picoides arcticus) bylo zjis§téno, Zze s rostoucim
prumérem stromu roste pravdépodobnost jeho vyuziti k hnizdéni. Rovnéz byl vyuzit
spiSe mrtvy strom, nez zivy a pravdépodobnost jesté narostla, pokud byl strom

zaroven napaden kdrovcem (Rota et al., 2014).
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Jak jiz bylo zminéno napf. u datlika tfiprstého, dulezity je také stupen
rozkladu mrtvého dfeva (Drapeau et al., 2009). Mrtvé dfevo hosti saproxylicky hmyz
a fadu dalSich bezobratlych druhu, které jsou podstatnym zdrojem potravy pro
nékteré druhy ptakd (Fuller, 2003; Drapeau et al., 2009). Rizny hmyz vyuziva dfevo
v rizném stupni rozkladu a rovnéz se liSi druhy ptakd vazané na konkrétni hmyz
(Drapeau at al., 2009). De Zan et al. (2014) klasifikovali nalezené mrtvé dievo dle
miry jeho rozloZzeni na 4 tfidy (1. tfida nejméné rozloZzené - 4. tfida nejvice
rozlozené). PFitomnost dutinovych druh( byla pozitivné korelovana s pritomnosti
stojicich mrtvych stromd o vétSim rozkladu stupné 4 (struktura dfeva zménéna o vic
nez 26 %, ntz pronika do hloubky nad 1 cm a mékké dfevo se vyskytuje ve vétsi
hloubce, kura jiz chybi). Stejné tak byla zjiSténa pozitivni vazba také na lezici mrtvé
stromy o rozkladu stupné 2 (pevné difevo se zménou struktury vlivem dekompozice
pod 10 %, kde nudz pronika do hloubky méné nez 1 cm, kdra je neporusena).
Rovnéz se ukazala pozitivni korelace mezi dutinovymi druhy a saproxylickymi druhy
broukd. Naroky na vlastnosti mrtvého dfeva se v8ak mezi témito skupinami lisi.
V pfipadé broukl byla zjisténa pozitivni korelace s velkymi lezicimi vétvemi nad 10
cm tloustky o 1. tfidé rozkladu (Cerstvé mrivé dfevo bez znadmek rozkladu a s
neporudenou kuarou), stojicimi mrtvymi stromy rovnéz o 1. tfidé rozkladu a také
mrtvymi pafezy o rozkladu stupné 3 (rozloZzené dfevo se zménénou strukturou mezi
10 az 25 %, n0z pronikd az do 1 cm, mékké dfevo se nachazi na povrchu s misty
odpadlou kudrou). Dutinové druhy tak upfednostriuji v porovnani se saproxylickymi
brouky dfevo o vy$8im stupni rozkladu. Saproxylicky hmyz naopak dokaze vyuZzit
mrtvé dfevo o menSich rozmérech. Pro vyskyt obou skupin je proto nutné zachovat
v lesnich porostech mrtvé dfevo o rlznorodych stupnich rozkladu. Bac¢e & Svoboda
(2014) uvadsji konkrétné nutnost ponechani 20 az 50 m%ha mrtvého dieva pro
zachovani biodiverzity v hospodarskych lesich. PfiCemz toto mnozstvi by meélo
zahrnovat také oslunéné drevo silnéjSich dimenzi. Jako vhodné mnozstvi kolem 50
m®ha potvrzuji také Reise et al. (2019). Konkrétné& pro druhy listnatych porost(i a
dutinové druhy, které v porostech stimto mnozstvim mrtvého dfeva dosahuji

nejvyssiho poctu druhd.

3.3.4 \Viliv struktury porostu

Struktura porostu je vyznamny faktor silné ovliviujici ptaci spole€enstva. Diverzita
ptakd roste s rostoucim mnozstvim pater uvnitf porostu. Je to dano zvySenim

mnozstvi podminek, které vyhovuji at hnizdnim, &i potravnim narokdm vétsi Skéle

22



druhu. Strukturné bohaty porost zaroven poskytuje vétSi mnozstvi Ukrytad pred
predatory (Fuller, 2003).

Druhy vazané na interiér lesnich porostt vykazuji vétSinou pozitivni vztah
k vysokym stromdm o velkych vyc€etnich tloustkach (Jokimé&ki & Solonen, 2011;
Roshan et al., 2017). Balestrieri et al. (2015) zjistili rovnéz pozitivni vztah k vySce a
pokryvu korunoveého patra u generalisti korunového patra (vétSinou pévci
(Passeriformes). Ze zjisténi fad studii vSak vyplyvaji ¢asto vysledky, které jsou
navzajem v rozporu. Je to dano rlznymi ekologickymi naroky raznych ptacich druht
a diky tomu liSicimi se odpovédmi na nékteré strukturni faktory. Napfiklad
Rechsteiner et al. (2017) uvadéji, ze na pramérnou vySku vegetace maji ptaci druhy
unimodalni odpovéd s optimem mezi 5 az 10 metry. Vyznamnym faktorem se zda
byt také variace ve vySce korunového patra, kdy se jako optimalni jevi hodnota
kolem 4 metrd (Rechsteiner et al., 2017).

Jak vyplyva z kapitoly 3.2., dllezita je rovnéz role hustoty porostu, ktera
Casto odrazi zpusob hospodareni. Taillie et al. (2019) zjistili rostouci bohatost
ptaciho spoleCenstva se zvySujici se hustotou zapoje hlavniho patra (zde konkrétné
¢asti porostu ve vySce 20 az 30 m). Tento pozitivni efekt hustoty zapoje vrostlého
korunového patra je patrny u druhu, které jsou specialisty starych lesnich porostu.
Napf. Pasinelli et al. (2016) zjistili vySSi vyskyt s rostoucim pocétem stromd u
budnicka lesniho (Phylloscopus sibilatrix). Naopak negativni efekt hustoty porostu je
u druhu kefového patra (Kellner et al., 2018), dale generalisti hnizdicich v dutinach
(jako jsou sykory) (Balestrieri et al., 2015), insektivornich druhd a druhd hnizdicich
na zemi (posledni dvé studie byly provedeny v bukovych porostech). Tyto druhy
maji naopak pozitivni odpovéd na rostouci plochu zakladny kmenl Zivych stroma,
coz muze odrazet stafi porostu. Podobny trend byl v této praci zjistén také pro
insektivorni dutinové druhy (napf. Soupalek nebo brhlik), nebo také generalisty
korunového patra (pévci). Posledné uvedeni maji dale pozitivni vztah s mnozstvim
kmend/ha (Balestrieri et al., 2015), z Eehoz je patrna jejich vazba na husté zapojené
porosty. Z pohledu celkové bohatosti spoleCenstva se vSak s ohledem na rizné
preference druhU nachazi nejvy8si pocet druhu ve stfednich hodnotach hustoty
zapoje (tj. kolem hodnoty 30 %). Naopak na velmi nizkych, nebo velmi vysokych

v v

V hospodarskych lesich s holose€nym zplsobem managementu ¢asto zcela
chybi kefové patro. Absence kefového patra (v tomto pfipadé do 2 m vysky) muze

vyrazné ovlivnit druhy hnizdné vazané na toto patro. Vyznam pfitomnosti kefového
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patra se muze lisit v zavislosti na podobé hlavniho stromového patra. Scherzinger
(2006) uvadi vétsi vyznam kefovych porosta v porostech usmrcenych karovcem (/ps
typographus) nez v zivych porostech. V nékterych pfipadech v8ak muaze byt

diverzita ptaciho spole€enstva ovliviiovana vice faktory najednou.

Struktura porostu je kliCova pro diverzitu a distribuci fauny (Bakx et al.,
2019). Obvykle je biotopova heterogenita charakterizovana jako pocet rdznych
druht biotoptd (Tews et al., 2004). Carrasco et al. (2019) uvadeji strukturni
heterogenitu jako kliCovy faktor pro vysvétleni diverzity Zivo€icht na lokalnim
meéfitku. Heterogenita biotopu ma obecné pozitivni efekt pro Sirokou skalu druht, a
to nejen v lesnim prostfedi. AvSak pfemira heterogenity mize vést k fragmentaci
biotopu, ktera pusobi naopak negativné (Tews et al., 2004). Negativné mohou byt
ovlivnény predev§im druhy lesniho interiéru, &i biotopové specializované druhy,

druhy s velkymi teritorii i druhy velmi plaché.

Moderni metody dalkového prizkumu zemé (jako napf. LIDAR — Light
Detection And Ranging) umozruji studovat kromé vertikalni heterogenity i
horizontalni heterogenitu porostu. Vertikalni i horizontalni heterogenita porostu je
hlavnim faktorem ovliviiujicim biodiverzitu v lesnim prostfedi (Carrasco et al., 2019;
Heidrich et al., 2020; MacArthur & MacArthur, 1961; Tews et al., 2004). Z nékterych
provedenych studii vSak vyplyva, Ze bohatost ptaciho spoleCenstva zvysSuje
horizontalni heterogenita, zatimco vysoka vertikalni heterogenita ma negativni efekt
(Bae et al., 2018). Horizontalni heterogenita je silné zavisla na méfitku. Pokud je
cela plocha zajmového Uzemi poskozena disturbanci, horizontélni heterogenita je
nizka. Rovnéz pokud je cela plocha zastinéna kefi a stromy, bude horizontalni
heterogenita stale nizka. Naopak kombinace porostnich mezer (gapu) a zastinénych
ploch ukazuje vysokou horizontalni heterogenitu. Pravé tento typ stinové
Biotopova pestrost rovnéz vede k vy§§im poctim druhd v porovnani s jednotvarnymi
lokalitami, jako je napf. les ¢i zemédélska puda (Morelli et al., 2018). Pro vysokou
regionalni diverzitu ptakl se tak ukazuje jako vhodna rGznoroda hustota zapoje a
vysoka vertikalni variabilita porostu (Bae et al., 2018). Vertikalni heterogenita je
spojena s rozvrstvenim druhd vlese. Cim vice rozdilnych vrstev je pro ptaky
dostupnych, tim vice existuje odliSnych nik at uz na zemi, v kefich i v korunovém

patfe pro moznost hnizdéni nebo hledani potravy (MacArthur & MacArthur, 1961).
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3.3.5 Viiv velikosti lesniho celku a okrajovy efekt

Slozeni spole€enstev a abundance druht muze byt ovlivnéna velikosti zkoumaného
biotopu. Volba dostatetné velkého Uzemi je tak pfi planovani pokusu dulezitym
faktorem. V ramci oblasti je vSak dulezita i kontinuita biotopu, ktera se snizuje jeho
fragmentaci, at uz dand vyskytem silnic, prvka vzniklymi lesnickym hospodafenim
(paseky, pruseky, svaznice, odvodnovaci kanaly), rozvolnénim porostu vlivem
prirozenych disturbanci (viz kapitola 3.4.1), nebo pfirozené se vyskytujicich prvki
(napf. vodni toky, mokfady, skaly apod.). Velikost lesniho celku ma vliv na
abundanci a diverzitu ptakd, jelikoz vétSi lesni celky obecné hosti vice druhu
organismu, coz v pripadé ptakl potvrzuji napf. Reif et al. (2013). Pokud jde o druhy
s vétSimi teritorii, je jasna jejich vétsi frekvence ve vétSich lesnich celcich. To plati
rovnéz u druhd, které se vyhybaji okrajovym biotopim, takovym druhem je napf.
tetfev hluSec (Tetrao urogallus). Vétsi plochy mohou obsahovat také véts§i mnozstvi
rlznych stanovist, které mohou hostit vice druhu s rozliSnymi naroky (Fuller, 2003).

Také okrajovy efekt, mGze zpusobit vy$Si pocetnost. Toto rozhrani s vy§Sim
poctem jedincd muze vzniknout mezi lesnim porostem a cestou, pasekou, loukou
nebo &asti s jinou vékovou strukturou stromu. V téchto stanovistich je vétsi mnozstvi
podminek, hlavné svételnych, podporujici vétSi mnozstvi rostlin, hmyzu atd. To
muze byt pro nékteré druhy ptékd atraktivni. PfedevS§im se zde mohou objevovat
druhy z obou typu prostfedi, mezi kterymi tato pfechodova plocha lezi (Fuller, 2003).
MlZe se jednat o biotopové generalisty, ktefi dokazi vyuzit podminky z obou typu
prostfedi (Lacko et al., 2018). Melin et al. (2018) zjistili nejvice druhl a nejvyssi
pocetnost druhG pravé na lesnich okrajich, kde byla zaroven nejhustSi kefova
vegetace (definovana jako porost do 4 m vysky). Okrajovy efekt se projevuje jak na
diverzité, tak také na abundanci ptakud, kdy dochazi k poklesu jejich poctl s rostouci
vzdalenosti od lesniho okraje. To bylo v pfipadé této studie patrné zplsobeno pravé
Ubytkem druhl vazanych na lesni okraje a kefové patro. Druhy, které navySuji svou
pocetnost s rostouci vzdalenosti od okraje porostu jsou naopak lesni specialisté,
ktefi jsou vazani na lesni interiér (Bouvet et al., 2016).
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3.4 Prirozené procesy ovliviiujici souc¢asné stredoevropskeé lesy pod vlivem

klimatické zmény

Predpoklada se, ze extrémni povétrnostni jevy, jako jsou silné vétrné boufe a sucho,
budou v disledku zmény klimatu celosvétove ¢astéjSi (Rahmstorf a Coumou, 2011).
Rychlost zmén a rozsah sou€asného oteplovani jsou ve srovnani se zménami za
poslednich 24 000 let mnohem vyrazngjsi (Osman et al., 2021) a Ize tedy ocekavat
dals§i narGst Cetnosti a rozsahu extrémnich povétrnostnich jevl. Sucho je
vyznamnym faktorem zpasobujicim Uhyn stromud v kontinentélnim méfitku (Senf et
al., 2020). V dusledku oteplovani zemského klimatu a extrémniho sucha v
poslednim stoleti, jsou CastéjSi zejména vyskyty kidrovce (/ps typographus) (IPCC,
2019). V Evropé se od roku 1985 do roku 2018 zvySila mortalita stromového patra
ve 35 evropskych zemich (Senf et al., 2021) a disturbance zpusobované vétrem a
hmyzem jsou jednémi z hlavnich faktord poskozujicich lesy ve stfedni Evropé
(FOREST EUROPE, 2020). Narust objemu vytéZené hmoty smrku ztepilého
usmrceného kurovci v poslednich dekadach ve vybranych zemich stfedni Evropy
zobrazuje obrézek 3. Z obrézku je patrné, e Ceska republika patfi k jedném

z nejzasazenéjSich zemi, zvlasté ke konci zobrazeného obdobi.
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Obrazek 3: Mnozstvi smrku ztepilého usmrceného karovci ve vybranych zemich od roku
1945 (Hlasny et al. 2021).

Pro eliminaci Sifeni kdarovce a dalSiho poskozovani smrkovych
hospodarskych porostli, a tim i ekonomické Skody, se aplikuje asanacni tézba,

spocivajici v odstrafiovani karovcem napadenych strom( a pfipadné aplikace
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insekticidd na takto pokacené drivi. Efekt asanacni téZzby na Sifeni kurovce se vSak
muze vlivem globalniho oteplovani klimatu snizit (Dobor et al., 2020). Vliv
asanacnich téZeb na redukci populaci kdrovce je navic omezeny (HavaSova et al.,
2017; Vanicka et al., 2020) a v nékterych pfipadech muze otevienim porostu zvysit
nachylnost k vétrnym polomim a zpusobit vySsi teplotni vykyvy (Leverkus et al.,
2021). S ohledem na tyto skute¢nosti mize byt napadeni kiirovcem rychlejSi a mize
poskodit rozsahlejSi plochy. Vzhledem ktémto skuteC¢nostem, Casté a rozsahlé
gradace kurovce (Ips typesgraphus), typicky vyvolané vétrnymi smrstémi a
podporované suchem oslabenymi stromy, pravdépodobné povedou ve stfedni
Evropé k velkoploSnym disturbancim jehlicnatych lesnich porostd (FOREST
EUROPE, 2020; Senf & Seidl, 2018), coz dokladd rovnéz modelova predikce na
obrazku 4.

J 5 50 /5 100 % 0 25 50 75 100 %

1979-1990
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B nigh
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Obrazek 4: Predikce usmrceni porostd smrku kirovci pfi historickych teplotach (1979 az
1990) a pfi zvySeni teploty o +2 °C a +4 °C. Barevna Skala znazornuje relativni podil zasob
smrku ztepilého v rGznych tfid4ch rizika poskozeni (Hlasny et al., 2021).

Vétsi poSkozeni lesnich porostu vétrem je obvykle v horskych oblastech ve
vy$sich polohach na hiebenech a vrcholech kopcli (Cada et al., 2016; Klopcic et al.,
2009). V horskych oblastech navic dochazi k rychlejSi zméné klimatu (Auer et al.,
2007), a proto se v téchto oblastech mohou projevy klimatické zmény a s ni spojené
disturbance lesnich porostu projevovat rychleji a dosahovat jesté vétSich rozsahu.
Nachylngjsi k zdvaznym Skodam jsou rovnéz lesni porosty s velkym objemem
biomasy, vysSimi stromy a vySSi vékovou tfidou (Forzieri et al., 2021; Pawlik &
Harrison, 2021). Nicméné jak vétrné boufe, tak i gradace kurovce jsou soucasti
pfirozeného cyklu horskych jehli¢natych lesu a historicky ovliviiovaly jejich vyvoj
(Cada et al., 2016, 2013; Svoboda et al., 2012). Disturbance zpGsobuji otevieni a

prosvétleni lesniho porostu. V porovnani s nenarusenym lesem je prunik svétla po
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disturbancich az Ctyrikrat vyssi (Vogel et al., 2020). Toto zvySeni svétla v blizkosti
lesni pady souvisi s teplejSim a sussSim mikroklimatem v lese (Thom et al., 2020).
Oslunéni mrtvého dfeva v8ak muaze byt prospésSné pro mnozstvi saproxylického
hmyzu nebo hub (Vogel et al., 2020).

3.4.1 Efekt ptivodce, frekvence, intenzity (severity) a velikosti (size)

pfirozenych disturbanci na avifaunu

Vétrné boufe, kalamity hmyzu a lesni pozary jsou nejvyznamnéjSimi puavodci
pfirozenych disturbanci nejen v Evropé, ale rovnéz v celosvétovém méfitku
(FOREST EUROPE, 2020; Senf & Seidl, 2020, 2018; FAO, 2010). Tyto pfirodni
disturbance vytvareji tzv. biologické dédictvi (Burris & Haney, 2005), coz mohou byt
pahyly, mrtvé dfevo, vyvratové jamy, ale i otevieni porostu a oslunéni stromu.
Biologické dédictvi je duleZité pro mnoho taxonud, napf. broukl (Kozék et al., 2020),
ptakt (Kortmann et al., 2018; Repel et al., 2020), hub (Vesela et al., 2019) a
liSejnikd (Langbehn et al., 2021). Ruzné typy disturbanci ovliviuji strukturu lesa
odlisné (Swanson et al., 2011).

Vétrné boufe obvykle zpusobuji zlomeni nebo vyvraceni kmend strom(, a
tim silné snizuji korunovy z&poj (Lain et al., 2008) a zaroven vytvareji velké
mnozstvi leziciho mrivého dfeva pfi zachovani neporuseného podrostu (Swanson et
al., 2011; Scherzinger, 2006). Rovnéz dochazi ke snizeni primérné vycetni tloustky
porostu diky nejCastéjSimu poskozeni nejvétSich stromu, a to jak Zivych, tak i
mrtvych (Pasinelli & Hegelbach, 1997). Diky vzniku velkého mnozstvi Cerstvého
mrtvého dfeva mize dojit rychlému mnozeni lykozrouta smrkového, které preroste
az do karovcové kalamity. Také hmyzi gradace zanechava podrost neporuseny (De
Grandpré & Bergeron, 1997), ale na rozdil od vétrnych boufi produkuje velké
mnozstvi stojicich mrtvych stromd. Na druhé strané pozary v pfFirodé obvykle
posSkodi vSechny zivé stromy i podrost (Swanson et al.,, 2011). Velké mnozstvi
stojicich mrtvych stroml vznikajicich vlivem lesnich pozard nebo hmyzich gradaci,
je vyznamné predevsim pro druhy ptékd hnizdici v dutinach (Matseur et al., 2019;
Versluijs et al., 2017; White et al., 2016), a to zejména v prvni dekadé po disturbanci
(Janousek et al., 2019; Hobson a Schieck, 1999). Mrtvé stojici stromy po hmyzich
kalamitdch mohou byt navic stale vyuzitelné pro ptaky hnizdici v korunovém patfe
(Matsuoka & Handel, 2007) a pro fadu druhd uvedenych v Cerveném seznamu
(Beudert et al., 2015). Na druhou stranu v lesnich porostech poskozenych vétrem je

mnozstvi stojicich souSi €asto nizké (Lain et al., 2008). Na druhou stranu vétrné
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disturbance a také pozary podporuji vyskyt druhtd vazanych na oteviené biotopy
nebo kefové patro, a naopak omezuji druhy lesniho interiéru (Versluijs et al. 2017;
Zmihorski, 2010; Scherzinger, 2006). Narast druhd kefového patra v prvnich letech
po disturbanci souvisi s rychlym narastem zmlazeni v disledku otevieni porostu
(Fontaine et al., 2009; Scherzinger, 2006). V pfipadé porostd poskozenych
kdrovcem by takovy nérlst byl pomalejsi s ohledem na méné oteviené korunové

patro (Swanson et al., 2011).

Kalamity kdrovce jsou obvykle vyvolany vétrnymi smrétémi a v poslednich
letech navic usnadnény suchem (Senf & Seidl, 2018). Hlavnimi deskriptory
disturbancnich rezimu jsou frekvence, intenzita a velikost disturbanci (Viljur et al.,
2022; Turner, 2010). Frekvence je definovana jako pocet udalosti vyskytujicich se
za Casové obdobi. Intenzita disturbance je definovana jako ucinek disturbance na
ekosystém, Casto kvantifikovany jako podil stromd s Uplné usmrcenymi korunami.
Velikost disturbance je definovana jako podil naruSené plochy v ramci krajiny
tvofené disturbovanymi a nenaruSenymi lesy (Viljur et al., 2022; Turner, 2010).
Zvy8ujici se intenzita disturbanci v poslednich desetiletich zvétSila mnozZstvi
mrtvého dfeva v neobhospodafovanych lesnich ekosystéemech (Kortmann et al.,
2021) a ovlivnila strukturni komplexitu, pfi¢emz disturbance s nizkou intenzitou
zpUsobuji vétSi komplexitu a disturbance s vysokou intenzitou komplexitu snizuji
(Meigs et al., 2017).

Disturbance v lesich se obvykle klasifikuji na zakladé jejich prostorového
rozsahu, intenzity a ¢etnosti do tfi Sirokych kategorii: disturbance s nizkou intenzitou
(gap-scale), stfedni intenzitou a katastrofické (Hart & Kleinman, 2018; Reyes et al.,
2010). Pfirozené disturbance s nizkou intenzitou v uzavienych lesich zvySuji
pocetnost a bohatstvi druhl ptakl, které se napfiklad zivi nebo hnizdi na zemi
(Fuller, 2000), jsou hmyzozravé a/nebo hnizdi v dutinach (Przepiéra et al., 2020).
Tyto disturbance v podobé malych porostnich mezer, kdy je nékolik stroma
usmrceno kdrovcem nebo pokaceno vétrem v jinak zdravém lese, mohou v mnoha
typech porostl zvySit strukturni heterogenitu a vyznamné zvysit pocetnost ptakd
(Gharehaghaji et al., 2012; Lewandowski et al., 2021; Przepiora et al., 2020).
Naopak disturbance s vysokou intenzitou zpusobuji velké zmény v druhovém
slozeni ptakd (Kamp et al., 2020; Moning & Mdller, 2008; Thorn et al., 2016b), kdy
dochdzi ke zméné kompozice ptaciho spoleCenstva ztypicky lesniho na
spole¢enstvo druhl otevienych ploch a kefové vegetace (Scherzinger, 2006). Navic

vovos
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poskozenych disturbancemi, kde zlstava vice zivych stromu (Kameniar et al.,

2021), které poskytuji uto€idté bé&znym druhdm ptékd vazanych na korunovée patro.

Velikost poSkozené oblasti tedy vyznamné ovliviiuje zpusob pfemény ptaciho
spoleCenstva. Nasleduje-li po vétrné disturbanci Sifeni kdrovce, druhy Zivici se
kurovcem vykazuji kratkodobé rychlé narusty pocetnosti pfi téchto kalamitach (Saab
et al. 2014). Napfiklad Butler et al. (2004) zjistili pfi srovnani pocetnosti datlika
tfiprstého v polomovych oblastech vyS§Si pocetnost v téch, které mély az 3x vétsi
rozlohu. Zavislost velikosti poSkozené plochy potvrzuji téz Rota et al. (2014) na
datlikovi ¢ernohrbetém (Picoides arcticus) nebo Czeszczewik et al. (2013) také u
dalSich druht datlovitych (Picidae). V poskozenych lesich vSak pozitivni reakci na
kalamitu maji i druhy kiirovcem se nezivici (druhotné dutinové druhy), ackoli ne tak

vyraznou (Saab et al. 2014).

3.4.2 Sukcese porostu po disturbancich

Nejvyraznéji je vliv sukcese patrny v pripadé velkoploSnych disturbanci, kde doslo
k poSkozeni porostu jednou udalosti ve stejny €as. Jak jiz bylo zminéno, pfi
velkoploSném poskozeni porostu dochazi k vyrazné zméné slozeni ptaciho
spolecenstva. Ptaci druhy se vSak obménuji neustéle dle rozpadu stromového patra
a s postupujici sukcesi porostu. V pfipadé kurovcovych kalamit, &i vétrnych
disturbanci s naslednou gradaci klrovce, €asto dochazi vranych fazich po
disturbanci k rychlému zvySeni pocetnosti nékterych druhl. Napf. datlik tfiprsty
profituje pouze z kirovcem Cerstvé napadenych stromd a s postupnym vysychanim

stromU jeho pocetnost opét klesa (Zielewska-Buttner et al., 2018).

Detailné je vliv rozsahlych disturbanci popsany ve studii Scherzingera (2006)
z NP Bavorsky les, kde v obdobi let 1989 az 2000 byla provedena studie avifauny
po disturbancich zpusobenych silnymi vétry, vysokymi teplotami v |ét€ a naslednou
kalamitou kdrovce. DoSlo zde ke zméné druhového spekira, kdy bé&hem 12 let
pfibylo 22 druhd na Ukor druht pavodnich. Nastal zde ubytek druhd stalych, naopak
druhy migrujici ¢i ¢aste€né migrujici své pocetnosti navySovaly. Kazdy rok se ménilo
druhové slozeni o 11 az 36 %. Ztohoto poskozeni lesa profitovali pfedev§im
datloviti, kdy z puvodné dvou druhl vzrostla diverzita na 6 druhd. Tento obrat druht
ustal po 10 letech od kalamity karovce, respektive 8 letech od kolapsu porostu,
av8ak 12 let po napadeni kirovcem jiz nebyl porost v NP Bavorsky les atraktivni pro
zadného z datlovitych, jak znazornuje obrazek 5.
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Obrazek 5: Zména druhového slozeni avifauny po vétrné disturbanci a nasledné kalamité
kirovce v NP Bavorsky les v rozmezi let 1989 az 2000. B&hem tohoto obdobi se zde
vyskytovalo celkem 67 druhl. Po 10 letech od napadeni kdrovcem doS$lo k zastaveni obratu
druhd (Scherzinger, 2006).

Zmeény ptaciho spole€enstva, ke kterym dochazi podobnym principem jako
v pfipadé pfirozenych disturbanci kdrovcem, Ize pozorovat také u porostu
poskozenych imisemi. Zde dochdazi v postupujicim vyvoji usmrcenych stojicich
porostlt k opadu jehlici, prosvétleni a diky rozpadu silnych vétvi, a nakonec i kmen,
k likvidaci celého korunového patra (Flousek & Hudec 1991). Tento rozpad
stromového patra s rostoucim rozkladem stojicich stromd pak muze zapficinit
vymizeni také datlovitych druhu, ktefi zde nemusi nachazet vyhovujici podminky k
hnizdéni. Napf. Charman et al. (2012) zaznamenali u strakapouda malého
(Dryobates minor) minimalni vySku hnizda v 5,5 m nad zemi (primérné 14,9 m).
Primarni dutinové druhy tedy mohou byt limitovani pravé vyskou stojicich kmena,
kdy zlomené nizké pahyly nebudou témito druhy k hnizdéni vyuzivany. Uplny
rozpad stromového patra ma za nasledek razantni Ubytek predevSim druhd
korunového patra, které tvofi vyznamny podil v celém spoleenstvu lesnich ptaku
(Fuller, 2003).

V pfipadé Zivych pralesovitych porostlu vSak sukcese funguje odliSné. Zde
dochéazi k velmi malym disturbancim na drovni stromud, které prfinaseji strukturni

heterogenitu. Roshan et al. (2017) uvadeéji, ze druhy vazané na pozdéjsi faze
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sukcese jsou vazany zaroven na stromy vy$si nez 15 m s vyCetni tloustkou nad 50
cm. Rovnéz tyto druhy se vazou na mrtvé stromy v porostu (at’ uz lezici i stojici) a
maji pozitivni vztah krostouci pokryvnosti korunového patra. Tyto parametry
odpovidaji prave spiSe starym lesam.

Pokud bychom srovnali bohatost a slozeni ptaciho spolecenstva na
gradientu sukcese od obnazenych ploch pres kifovinnou vegetaci az po vzrostly les,
biotopy v pozdéjsi fazi sukcese (husté kfoviny a les) hosti nejvice druht (Reif et al.
2013). Narust druht v pozdéjSich fazich sukcese nastava diky rostouci heterogenité
biotopli (Salek et al. 2012). Rivero et al. (2016) uvadéji ve starsich lesnich
porostech konkrétné vyssi zastoupeni insektivornich druhd hledajicich potravu na
kmenech stromU a také druhl silné vazanych na lesni porost. V pfipadé Zivych
pralesovitych porostl dochazi k velmi malym disturbancim na Urovni stromu, které

prinaseji strukturni heterogenitu.

Naopak rané sukcesni plochy (jako jsou obnazené plochy a travnaté porosty)
hosti druhy s nejvétsi habitatovou specializaci a mirou ohrozeni (Reif et al., 2013).
Vys$8i pfitomnost rané sukcesnich stanoviSt zpusobuje vySSi abundanci ptacich
druht véazanych na tato stanovisté pocinajici sukcese (tzv. ptaci specialisty), ale
také generalistd (Drapeau et al., 2000). Pta¢i druhy vazané na pocatec¢ni fazi
sukcese jsou vazany na podrost do 2 m vysky, stromy s vyCetni tloustkou mezi 10 a
20 cm a vySce 7 az 15 m. Tato struktura odpovida spiSe mladSim a hustSim
porostum (Roshan et al. 2017).

RovnéZz paseky vzniklé pfi holose¢ném typu hospodafeni &i pfi tézbach
kirovcem napadenych hospodarskych porostd jsou typem disturbanci. Na
holose€ich v pocatecni sukcesni fazi je nejnizSi po€et druhd v porovnani
s pozdéjSimi fazemi (Winkler, 2005). Druhova bohatost vSak rychle stoupa bé&éhem
prvnich sukcesnich stadii (j. béhem prvnich cca 7 let), pfi¢emz mezi 4. az 7. rokem
dochazi k maximalnimu narastu. Tento prabéh Ize sledovat jak v jehlicnatém, tak
listhatém porostu. V kazdé sukcesni fazi se navic vytvari unikatni slozeni ptaciho

spolecenstva (Winkler 2005).

Rychly a vyznamny narlst po€etnosti semenozravych druht v poskozeném
lese béhem hnizdni sezony muze zplsobit rovnéz semenny rok, ve kterém je
extrémni produkce semen (Scherzinger, 2006). Ten mUze nastat reakci stromu na

stresujici podminky vzniklé disturbancemi ¢i jim pfedchéazejici (napf. sucho) (Ascoli
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et al., 2020). AvSak po tomto obdobi se pocetnosti téchto druhl zase vraceji do
puvodnich hodnot (Scherzinger, 2006).

3.4.3 Vliv vytézeni mrtvého dreva z disturbovanych porostti

Odstranovani kirovcoveho mrtvého dfeva z porostu se odrazi v niz§im poctu druh
ptakd v porovnani s porosty bez aplikované zachranné tézby (Lindenmayer et al.,
2017). VytéZeni mrtvého dfeva po disturbancich dokaze do urcité miry pozménit
slozeni pta¢iho spoletenstva a abundanci. Zmihorski (2010) uvadi, ze vytézeni
vSech popadanych stromu mé& na slozeni ptaciho spoleCenstva vétsi vliv nez
samotna disturbance. Pfi srovnani vytéZzenych polomd, nevytéZenych polomu
ponechanych pfirozené regeneraci a neposkozenych lesu zjistil vyraznou podobnost
spoleCenstva nepoSkozenych a nevytéZzenych porostd, a naopak odli$nost
spole¢enstva vytézenych ploch. Napfiklad ve studii v Bavorském lese bylo zjisténo
snizeni poctu druhl po provedeni tézby. AvSak jak na nevytézenych, tak i na
vytézenych plochach se vyskytuji ohrozené druhy nebo druhy snizujici svou
pocetnost (napf. rehek zahradni, Phoenicurus phoenicurus) (Thorn et al. 2016).
Odtézeni mrtvych stojicich stromU negativné postihuje pfedev§im dutinové druhy
(Versluijs et al. 2017). To je dano jejich zavislosti na pfitomnosti stojicich mrtvych
strom0 (Czeszczewik et al. 2013). Aplikace lesnickych zasahl spoc€ivajici
v odstranéni stojiciho mrtvého dfeva pak logicky vysvétluje vysSi pocetnost
dutinovych druht v bezzasahovych porostech (Bouvet et al., 2016). Vytézeni
mrivého dfeva ma v8ak dlouhodobé nasledky. To Ize dolozit pfikladem
z Bélovézského pralesa, kde se datlik tfiprsty vyskytoval az 2x méné v oblastech,
kde probihala v minulosti téZba (po dobu 80 let, v dobé studie 60 let staré porosty),

vrwve

mnozstvim mrtvého dfeva, které misty i zcela chybélo (Wesotowski et al. 2005).

3.5 Vliv nadmoriské vysky

Ve vys8ich nadmofrskych vysSkach jsou drsnéjsi klimatické podminky, nachazeji se
zde méné produktivni pudy, je zde méné druhd stromu a kefd a méné bohata
vegetace. S tim souvisi rovnéz mensi mnozstvi hmyzu v téchto vy$Sich polohach
(Fuller, 2003). Tyto faktory zplUsobuiji, Zze lesy ve vy$Sich polohach jsou chudsi na
ptaci druhy a rovnéz je nizsi abundance druhu, nez v nizSich nadmorskych vySkach
(Lacko et al., 2018; Stone et al., 2008). To potvrzuji Reif et al. (2013), ktefi uvadeji

negativni efekt nadmorské vysky na ptaci bohatost predevS§im na plochach bez
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vzrostlé vegetace, konkrétné na obnaZenych pudach, travnatych porostech a
fidkych kfovinach, nebo Kellner et al. (2018), ktefi uvadéji jako hlavni pricinu trendl
na gradientu nadmoiské vySky predevS§im niz§i hustotu vegetace ve vySSich
vySkach. Hustota vegetace vSak muze vedle vlivu nadmorské vysky vysvétlovat
trend druh( dle sklonu nebo orientace ke svétovym strandm (Kellner et al., 2018,
Melin et al., 2018). Snizujici se poc€et druhl s rostouci nadmofrskou vyskou je typicky
pro horské lesy, pfiCemz nejvyraznéjsi je redukce diverzity v nadmorskych vySkach
nad 1100 m (Scherzinger, 2006). Také Kloubec & Bufka (1997) uvadéji ve své studii
z oblasti Sumavy jako lokality s nejniz&imi hodnotami oblasti ve vy$sich polohach

nad 1000 m, ackoli v téchto lokalitach jsou vétSinou acidofilni horské buciny.

Na gradientu nadmorské vysky tedy klesa pocetnost druhu, a naopak vzrasta
podil dominantnich druhd, a to nejen v Cisté lesnim prostredi (Scherzinger, 2006).
Na gradientu nadmorské vySky dochazi k obratu druhd (species turnover) (Garcia-
Navas et al., 2020; Jankowski et al., 2013). Ten muze byt vysvétlen tim, ze nékteré
druhy ptédkd s optimem v nizSich polohach jsou nahrazovany ve vySSich vyskach
velmi podobnymi druhy (Flousek et al., 2015). To muzZe byt spojeno se zastoupenim
smrku v druhovém slozeni porostu, jehoz pfirozeny vyskyt je v porostech nad 1000
m n. m. Napfiklad strakapoud prostfedni (Dendrocoptes medius) obyva listnaté lesy
v niz§ich polohach, zatimco ve smiSenych horskych lesich jej nahrazuje strakapoud
bélohtbety (Dendrocopos leucotos) nebo datlik tfiprsty (Picoides tridactylus) v
horskych smiSenych a jehli¢natych lesich (Kloubec et al., 2015). Podobné Soupalek
kratkoprsty (Certhia brachydactyla) obyva smiSené a listnaté lesy se vzrostlymi
stromy s hrubou kurou v nizSich polohach, zatimco Soupalek dlouhoprsty (Certhia
familiaris) je vazan na horské buciny a jehlicnaté lesy (Keller et al., 2020).

Existuji vSak i druhy, které s nadmorskou vySkou abundance zvySuji. MGze se
jednat o druhy specializované na biotop, ktery se nachazeji pouze ve vysSich
poloh&ch (Rivas-Salvador et al., 2019), nebo rovnéz druhy specializované na urcity
typ potravy nebo substrat, na kterém potravu vyhledavaji (Benedetti et al., 2022).
Chamberlain et al. (2016) rozdélili ptaci druhy na ptaky nizSich nadmorskych vysek,
u kterych abundance s nadmorskou vySkou klesa, druhy prechodové zony, které
vykazuji nelinearni trend s vrcholem vyskytu kolem hranice lesa a dale druhy
otevienych stanovist, které bud maji vrchol vyskytu v otevienych plochach, nebo
vykazuji rostouci trend se zvySujici se nadmorskou vySkou. Rostouci trend
s nadmorskou vyskou u posledné jmenované skupiny je podminén studiem ve
vysokohorskych Uzemich, kde nejvysSi partie jiz nejsou porostlé lesem. Rovnéz
Zielewska-Bittner et al. (2018) uvadéji pozitivni efekt nadmorské vysky, kdy byl
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potvrzen CastéjSi vyskyt datlika tfiprstého ve vySSich polohach. Vys$Si vyskyt ve
vys8ich polohach byl zaznamenén také u Cervenky obecné (Erithacus rubecula) a
kralicka ohnivého (Regulus ignicapilla) (Bouvet et al., 2016). Bouvet et al. (2016)
zjistili negativni efekt nadmorské vysSky také u dutinovych druhd. Druhy
upfednostrujicimi niz8i polohy byly Soupalek kratkoprsty (Certhia brachydactyla),
sykora modfinka (Cyanistes caeruleus), sykora konadra (Parus major), sykora
babka (Poecile palustris) a strakapoud velky (Dendrocopos major).

3.6 Habitatové objekty v lesnich porostech

Staré velké stromy (nékdy také habitatové stromy) jsou kliC¢ovymi strukturami pro
biodiverzitu v rlznych typech prostfedi po celém svété (Lindenmayer, 2017;
Prevedello et al., 2018). VétSinou se jedna o velké, velmi staré Zivé &i jiz mrivé
stromy (Butler et al., 2013; Paillet et al., 2018). Tyto prvky starych lest se bézné
vyskytuji v bezzasahovych porostech (Nilsson et al., 2003), avSak v hospodarskych
lesich se vyskytuji jen zfidka. Konkrétné mohou byt v bezzasahovych porostech az
10x pocetngj§i (az 20 stromO/ha), nez v porostech hospodarskych.
V bezzdsahovych porostech se rovnéz ¢asto nachazi vétsSi mnozstvi mrtvého dreva,
i je zde Casto vétSi heterogenita stromového patra (at’ uz vertikalni €i horizontalni).
Habitatové objekty tak mohou hrat vyznamnou roli pfedevsSim v hospodarskych
porostech, kde je pfitomnost mrtvého dfeva podstatné nizsi. Bitler et al. (2013)
udavaji 5 az 10 habitatovych stromd na hektar jako nezbytny poc€et pro zmirnéni
negativniho efektu lesnického hospodafeni na biodiversitu. V sou€asnosti se vSak
v hospodérskych porostech nachazi 0,5 az 2 stromy na jeden hektar. | takto nizky
pocet starych stromd vSak maze mit pro nékteré druhy velky vyznam. Napfiklad
strakapoud velky (Dendrocopos major) a datel ¢erny (Dryocopus martius) potfebuji
v rdmci svého teritoria jen nékolik vhodnych stromi pro hnizdéni (Vandekerkhove et
al.,, 2013). Pri sou¢asnych modernich lesnickych praktikach jsou vSak habitatové
stromy v hospodarskych lesich eliminovany jako stromy s poSkozenim, které maji
nizkou ekonomickou hodnotu (Bultler et al., 2013). Habitatové stromy a jejich
mikrostanovisté vSak mohou byt Gtocistém mnoha ohroZenych specializovanych
druhd flory a fauny. Jejich odstranovani tedy muze mit negativni vliv na mnoho
skupin organismu, véetné ptaka (Horak, 2017; Koch Widerberg et al., 2018;
Lindenmayer et al., 2014).

Na téchto starych stromech se Casto nachazeji specifickd mikrostanovisté

(Tree-related microhabitats - TreMs). Tato mikrostanovisté jsou mista na stromé,
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ktera vykazuji vyznamné zvySenou atraktivitu pro organismy (Kolafik et al., 2013).
Mezi mikrostanovisté se fadi napf. mrtvé dfevo v korunéch, zlomené vrsky stroma,
plodnice hub, dutiny datlovitych druhd ptakd, praskliny, rdzné charakteristiky kury,
obrosty &i epifytické rostliny (Paillet et al., 2018), dutiny vytvofené tesarikovitymi
brouky (rod Cerambyx), ztraty kiry &i pfitomnost bfe¢tanu (Regnery et al., 2013).

Rada druht mGzZe byt vazéna na tato mikrostanovi$té b&hem jejich Zivotniho
cyklu (hledani potravy, ukryt, misto pro hnizdéni). Napf. dutiny vzniklé &innosti
Splhavch pro uc€ely hnizdéni mohou po jejich opusténi slouzit pro sekundarni
obyvatele. Témi mohou byt druhy ptakd sekundarné hnizdicich v jiz vytvofenych
dutinach, ale také netopyfi, mali obratlovci, brouci apod. Déle se muze jednat o
dutiny vzniklé béhem postupného rozkladu mrtvého dfeva. Jejich vzniku vétSinou
predchazelo poranéni stromu. Dutiny se vSak mohou vytvofit také v kofenovych
nabézich stromu jejich rdstem. Tyto dutiny mohou byt opét vyuzivany fadou druhd,
vCetné ptaku. Razné praskliny a ztraty kdry jsou ¢astéjsi spiSe na mrtvych stromech.
Tato mikrostanovisté jsou dulezita nejen pro ptaky, ale predevSim pro netopyry, ktefi
hnizdi pod odstavajici kdrou (Butler et al., 2013). Pfitomnost mikrostanovist roste s
rostoucim primérem v prsni vySce (DBH) (Larrieu et al., 2014) a vyskyt
mikrostasnovist se dramaticky zvySuje na stromech s vycetni tloustkou nad 70 cm
(Larrieu et al., 2012). Napf. dutiny se vyskytuji ¢astéji s rostoucim primeérem jak u
zivych, tak mrtvych strom(. Vétsi tloustka dfeva okolo dutiny navic pfinasi lepsi
mikroklimatické podminky pro hnizdéni ptakd &i odpocivani netopyrd. Pocet dutin se
zvySuje také s rostoucim mnozstvim srazek. To napovida, ze distribuce dutin odrazi

pritomnost hub zpusobujicich rozklad jadra kmene (Bitler et al., 2013).

Mikrostanovisté se rovnéz ukazuji jako dobry ukazatel kvality lesnich porost
a mohou byt uzity pro hodnoceni biodiverzity (Regnery et al., 2013), kdy se diverzita
mikrostanovist ukazuje jako dobra vysvétlujici proménna (Regnery et al., 2013,
Paillet et al., 2018). Diverzita mikrostanovist ovliviuje pozitivné druhovou bohatost
v8ech ptéku, v€etné dutinovych druhd (u nich také abundanci) a lesnich specialistu.
Diverzita sledovanych mikrostanovist nalezena na torzech mrtvych stroml pak méla
prokazatelny vliv také na druhy uvedené v ¢erveném seznamu Francie (Paillet et al.,
2018). Rovnéz Regnery et al. (2013) zjistili pozitivni korelace abundanci vSech
sledovanych dutinovych druhl s vyskytem mikrostanovist. Dale Charman et al.
(2010) uvadeji Castéjsi vyskyt strakapouda malého (Dryobates minor) v lesich
s velkym mnozstvim suchych veétvi v korunach stromu o tloustce nad 20 cm. Bylo
zjisténo Ze, datlové pro hloubeni hnizdnich dutin preferuji stromy s vétSim

prumérem (Hebda et al., 2017) a silni exkavatofi, jako je datel ¢erny (Dryocopus
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martius), hloubi dutiny pfednostné ve stromech, na kterych se vyskytuje dfevo se
znamkami rozkladu (Puverel et al., 2019).

Zjisténa diverzita mikrostanovist byla lepSim ukazatelem bohatosti ptactva
nez velké strukturni elementy lesni struktury, jako napf. plocha vycetni zakladny
zivych strom(, pocet silnych torz mrtvych stromd a mnozstvi velkych lezicich kmenu
(v8e nad prumér 47,5 cm) (Regnery et al., 2013, Paillet et al., 2018). Abundanci
jednotlivych dutinovych druhlG Iépe vysvétlovala diverzita mikrostanovist také
v porovnani s hustotou zivych stromu, nebo i pfitomnosti dutin Splhavct (Regnery et
al., 2013). Ukazka raznych typd mikrostanovist se zobrazenim skupin

mikroorganismua vazanych na jednotlivd mikrostanovisté zobrazuje obrazek 6.
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Obrazek 6: Habitatovy strom a stromova mikrostanovisté (Larrieu et al., 2018) se
zobrazenim prikladd druh( s vazbou na jednotlivé typy mikrostanovist dle (Bditler et al.,
2020).
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3.7 Moznosti déleni druhu dle jejich vazby na biotop a dalSich ekologickych
vlastnosti

Ptaci spole€enstvo je obvykle slozeno z druhd s rozmanitymi ekologickymi naroky a
s tim souvisejicimi odliSnymi naroky na podminky prostfedi. Pro hodnoceni
odpovédi avifauny na reakci disturbanci lesnich porostl, pfitomnosti mrtvého dieva
a dalSich strukturnich faktor(, jako jsou napf. hustota kefového patra €i vySka
korunového patra, je Casto zapotfebi roztfidit jednotlivé druhy do skupin (guild)
s podobnymi ekologickymi naroky. Druhy v§ak mnohdy nemaiji vyhranéné vlastnosti

a mlze dochazet k jejich kombinovani do vice guild.

Dle naroku na stanovisté Ize délit druhy na generalisty a specialisty urcitych
typu biotopu. Biotopovi generalisté obyvaji Sirokou niku a jsou schopni vyuzivat
rozmanité zdroje stanovist. Naopak biotopové specializované druhy obyvaji Uzké
rozsahy nik a vyuzivaji omezené zdroje stanovist. Pfikladem mohou byt druhy ptaki
specializované na struktury starych lesu (Bir¢ak & Reif, 2015). Vzhledem k tomu, ze
generalisté dokazi vyuzit rdznorodgjSi podminky, lze u nich predpokladat vyssi
toleranci ke zménam prostredi nez u specialistd. U specializovanych druhu je zase
pravdépodobnéjsi, Ze budou nachylngjSi k vymizeni (Devictor et al., 2008a;
Richmond et al., 2005). To potvrzuji diukazy o rozdilnych populaénich trendech
ptakd mezi stanovistné specializovanymi druhy a stanoviStnimi generalisty (Gregory
et al., 2007; Kameniar et al., 2021). Zatimco generalisté vykazuji stabilni populacni
trendy, v pfipadé lesnich specialistd se populaéni trendy v Evropé snizuji (Gregory
et al., 2007). Konkrétné v Ceské republice je patrny rostouci trend lesnich
specialistl, ktery souvisi s narastem plochy lesnich porostt (Reif et al., 2007), coz
bylo potvrzeno také v dalSich oblastech (Ram et al., 2017; Reif et al., 2007;
Santamaria-Rivero et al., 2016). Stejné tak nékteré specializované druhy lesnich
ptakd zvySuji své hustoty smérem z lesnich okraju do lesniho interiéru (Terraube et
al., 2016). V souladu s tim mohou byt silné biotopové specializované druhy ptaku
negativné ovlivnény fragmentaci krajiny a disturbancemi (Devictor et al., 2008a). Na
druhou stranu u nékterych druht ptakad, véetné generalistd, mohou strukturni faktory
jako lesni mytiny, porostni mezery, komplexita porostu, velikost lesniho fragmentu,
topografie nebo dokonce malo vyuzivané lesni cesty, pozitivné ovliviiovat diverzitu
ptakd v jinak strukturné jednoduchych lesnich porostech (Hofmeister et al., 2017;
Ledo et al., 2019; Salek et al., 2010; Zmihorski, 2016). Generalisté tedy mohou
vykazovat pozitivni odpovéd na okrajovy efekt (Batary et al., 2014; Hofmeister et al.,

2017), zatimco ptaci se silnou vazbou na lesni interiér (lesni specialisté) preferujici
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homogenni rozlehlé porosty a pfitomnost lesnich mezer &i jinych okraju na né maze

mit negativni vliv (Hofmeister et al., 2017).

Kromé obecného déleni na biotopové generalisty Ci specialisty se druhy
ptakd Casto déli dle jejich vazby na ur€ity typ biotopu. Néktefi autofi déli druhy napf.
na: lesni druhy zapojenych porostu (Azeria et al., 2011), spole€enstvo otevienych
biotopl (Scherzinger, 2006, Chamberlain et al., 2016), druhy listnatych porostu
(Reise et al., 2019), specialisty porostnich okraji (Roshan et al., 2017), specialisty
starych lesnich porostl (Taillie et al., 2019) nebo specialisty jehli€natych porostd
(Scherzinger, 2006).

Druhy se v rliznych studiich déli napfiklad také dle jejich migracnich strategii
na: stalé druhy (Schulze et al.,, 2019), ¢aste€né migranty (Scherzinger, 2006),
migranty na kratké vzdalenosti ¢i dalkové migranty (Fuller, 2000).

Casto se ve studiich Ize setkat rovnéZ s délenim druhd dle mista hnizdéni,
mista sbéru potravy ¢i druhu potravy. Tato déleni mohou rovnéz poskytnou
informaci, jakym zplsobem je pro ptédky dany biotop vyznamny. Je v8ak nutné
pocitat s velmi rozdilnymi pocty druhd, které do jednotlivych kategorii spadaji. Fuller
(2003) analyzou vlastnosti jednotlivych druhd zjistil procentualni zastoupeni ptacich
guild v lesnich ekosystémech. Dle mista hnizdéni: nejvétSi podil ptdkd si buduje
hnizdo v dutiné &i Skvirach (35 %), vyznamna c¢ast v kefovém patfe (28 %) a
v korunach stromu (21 %), na zemi pak nejmené (16 %). Dle mista sbéru potravy:
nejvice druhd sbira potravu v kefovem patfe (34 %), vysoky podil sbirda potravu
v korunach stromua (28,5 %) a na zemi (26,5 %), mensi podil druhl pak sbira
potravu v mrtvém dfevé Ci na kufe (9 %). Nejmensi podil zaujimaji druhy lovici ve
vzduchu (2 %). Dle druhu potravy: vétSina druhl se zivi bezobratlymi (70 %),
vyrazné menSi ¢ast pak rostlinnou stravou (16 %), kombinaci rostlinné stravy a
bezobratlych (9 %) a nejmensi ¢ast obratlovci (5 %). Distribuce a abundance druh
muze byt ovlivnéna také dalSimi faktory. Hustota populace je spjata s velikosti téla a
stravou. Vétsi druhy okupuji vétsi teritoria a maji mensi hustotu. Vzacnéjsi jsou
rovnéz druhy Zivici se mrSinami &i obratlovci (karnivorni) v porovnani s insektivory Ci

granivory (Fuller, 2003).
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3.8 Primy vliv globalni zmény klimatu na avifaunu

Klima je dllezitym faktorem ovliviiujici abundance druhd. Ovlivnéni ptacich
spoleCenstev zménou klimatu prostfednictvim extrémnich klimatickych udalosti
zpuUsobujicich disturbance lesnich porostl (vétrné boufe, sucho a stim spojené
kalamity karovcu) popisuje kapitola 3.4. Vedle disturbanci jsou vSak ptéaci
ovliviiovani pfimo zménami teploty a s tim spojenych faktora. Vliv teploty se ukazuje
byt vyznamnéjsim hybatelem nez krajinny pokryv nebo dostupna vihkost (Howard et
al., 2015). Schulze et al. (2019) se vénovali vyzkumu vlivu soucasnych
environmentalnich zmén (pfedevS§im zmeény koncentrace atmosférického CO, a
depozice dusiku) a zmén v lesnickém hospodareni na avifaunu stfedni Evropy. DoSli
ke zjisténi, ze pravé tyto dva faktory vysvétluji az 92 % variability v populacich
lesnich druhl ptaku.

V nékterych zemich jiz dochazi k adaptaci lesnického managementu na
zmény klimatickych podminek. Tyto zmény v lesnickych postupech zpusobuji narast
abundanci lesnich specialisttd (Schulze et al., 2019). Diky tomu se napf. severské
lesy staly pro ptaky vhodnéjsi. DoSlo zde k mistnim nardstdm mrtvého dfeva,
mnozstvi ponechanych stroml na tézenych plochach, naristu heterogenity porostu,
zestarnuti porostu a narastu podilu listnatych porostl. Rovnéz byl pozorovan narist
letnich teplot, ktery byl patrny jiz od roku 2002. Celkova odpovéd ptacich druhd na
tyto nastalé podminky byla v obdobi let 1998 az 2015 pozitivni, a to bez rozdilu mezi
lesnimi specialisty i generalisty (Ram et al., 2016). Virkkala (2016) v8ak pfisuzuje
naopak populacni poklesy ptakl severskych borealnich lest fizené zméné biotopu
vlivem lesnictvi nebo efektu klimatické zmény v pfipadé druhl, které mély klesajici

trendy také v chranénych bezzasahovych tzemich.

Ram et al. (2016) uvadeéji narlst teplot v oblastech severskych lest jako
faktor ovliviujici lesni druhy ptakda pozitivné (coz bude silné dano také zlepSenim
kvality a mnozstvim tamnich lesu, jak je uvedeno vySe). Naopak nelesni druhy ptakd
zde maji negativni trend pocetnosti. Také Roberts et al. (2019) zjistili v kalifornskych
jehlicnatych lesich stfednich poloh rostouci abundanci ptakd v pribéhu suchého
obdobi a jejich modely pfedpovidaly podobné vysoké abundance se zvysujici se
teplotou v budoucnu. Tyto druhy v8ak byly rovnéz citlivé na pfitomnost vody a jejich
pozitivni nartst muze byt naruSen suchem a zménou biotopt. Weyland et al. (2019)
zjistili béhem suchého roku narust karnivornich druhl. Kontrastem je pokles
druhové bohatosti i abundance granivornich a insektivornich druhG mezi extrémné

suchym rokem a rokem s béZnymi podminkami.
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Jak jiz bylo zminéno v kapitole 3.7, mezi ptédky existuje fada migracnich strategii a
klimatické zmény puasobi na jednotlivé druhy v zavislosti na jejich migracnich
vlastnostech odlisné. Napf. z popula¢nich trendd za poslednich 45 let je patrny
narast stalych lesnich &i ¢aste€né migrujicich druhd borealnich lest. Tento narast
muze byt vysvétlen delSim vegetaénim obdobim a mirn&jsi zimou vlivem zmény
klimatu. DalSim vysvétlenim, a to nejen v Evropé, ale také v Severni Americe, mize
byt zvySeny vyskyt disturbanci na krajinném meéfitku (podrobnéji v kapitole 3.4),
které se stavaji Castéjsi, a také rostouci strukturni diverzita porosti (Virkkala, 2016).
Naopak negativni trend environmentalnich zmén byl zjistén u regionalné d&i
kontinentalné migrujicich lesnich druht (Laaksonen & Lehikoinen, 2013, Virkkala,
2016, Schulze et al.,, 2019). V pfipadé druhl migrujicich pouze na kratké
vzdalenosti (regionalné), je negativni trend méné vyrazny Jejich populace jsou
relativné stabilni, avSak s velkymi odchylkami. Naopak, druhy migrujici na dlouhé
vzdalenosti pres kontinenty vykazuji vyrazny pokles (Schulze et al. 2019). Mezi tyto
ptaky patfi druhy zimujici na zapadé nebo vychodé Afriky &i Asie (Laaksonen &
Lehikoinen, 2013). Narust teploty muze vyrazné ovlivnit nejen pocetnost, ale také
nacasovani pfiletu migrujicich druhd ptakd. Pfikladem muze byt sykora koriadra
(Parus major) a lejsek bélokrky (Ficedula albicollis), u kterych bylo pfi dlouhodobém
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pozorovano rovnéz zvétSovani snusky, ktera opét mize souviset s Casnéjsi aktivitou

hmyzu umoznujici zvySeni reprodukce (Kral et al., 2011).

Rovnéz samotna velikost arealu druht ma vyznam v pasobeni zmén klimatu
na ptaky. V pfipadé druht s omezenymi aredly jsou patrné nejvyraznéjSi zmeény
populacnich trendu (Kolecek et al., 2018). U téchto druhd s malymi nehnizdnimi
aredly je vysSi riziko vyraznéjSiho popula¢niho poklesu pfi vyskytu nepfiznivych
faktoru, jako jsou ztraty biotopu nebo klimatické extrémy. Jejich populace vSak
zaroven lépe prirdstaji, pokud se naskytnou pfihodné podminky. Naopak druhy s

rozsahlejSimi nehnizdnimi aredly maji trendy mirngjsi.

Dulezitost nékterych faktorud, které maji vliv na trendy ptakd a méni se zménou

vvvvv

je vyznamnym Cinitelem teplota, v jiznich polohach je vyznamnégjSi vlhkost

v

(dostupnost vody). NejchoulostivéjSimi druhy na klima, zejména ve vztahu k teploté,

41



jsou vramci Evropy druhy vyskytujici se pravé na severnich oblastech a rovnéz
druhy horské (Laaksonen & Lehikoinen, 2013, Howard et al., 2015). Také Koschova
& Reif (2014) zjistili v pfipadé evropskych béznych hnizdicich druhd nejvyraznéjsi
poklesy u druhd, které maji centrum svého rozSifeni v severni Evropé. Naopak
trendy druhu s centrem svého rozSifeni na jihu Evropy dosahuji nejvyraznéjSich
narastd. Kromé jiz zminénych vlastnosti druhd mohou byt na zmény klima vice
nachylné druhy s mensi velikosti téla (Schulze et al., 2019).
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4.1 Studiel

Large trees as a key factor for bird diversity in spruce-dominated production

forests: Implications for conservation management
Dominik Kebrle, Petr Zasadil, Jan HoSek, Vojtéch Bartak, Karel ét’astny

Podil autora disertace 70 %:

Podilel jsem se na pfipravé experimentu ve formé pfipravy podkladd pro vybér
studijnich lokalit a pfipravoval jsem podklady pro sbér dat (zpracovani dat lesnické
evidence, pfiprava mapovych podkladd), spolupodilel jsem se na sbéru dat
(lokalizace a méfeni stroml nad 70 cm vycetni vySky atd.). Byl jsem zodpovédny za
bezpecnost zpracovani a CiSténi dat zterénu a pripravu podkladd pro vybér
vzorkovacich ploch na zakladé ziskanych dat (hustotni mapy nalezenych velkych
stromu, mapy véku porostu a druhového slozeni dle dat lesnické evidence).

Proved! jsem sbér ornitologickych dat a zpracoval data o struktufe porostu. Proved|
jsem exploratorni analyzu dat a navrhl postup statistického vyhodnoceni, které bylo
finalizovdno s pomoci Vojtécha Bartdka. Pod vedenim Petra Zasadila a Karla
Stastného jsem sepsal vechny &asti manuskriptu. Byl jsem zodpovédny za
komunikaci s redakci Casopisi a recenzenty i Upravy manuskriptu béhem

recenzniho Fizeni.

Publikovano jako:

Kebrle, D., Zasadil, P., Ho$ek, J., Bartak, V., Stastny, K., 2021. Large trees as a
key factor for bird diversity in spruce-dominated production forests: Implications

for conservation management. For. Ecol. Manage. 496.
https://doi.org/10.1016/j.foreco.2021.119460.
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ABSTRACT

Large trees (also termed veteran trees or habitat trees) are keystone structures for biodiversity worldwide.
Retention forestry aims to keep large trees in production stands to support biodiversity. Nevertheless, there is
insufficient information about the effect of large trees on biodiversity and how many large trees should be left in
different types of stands, including spruce-dominated production forest. We aimed to investigate the influence of
large trees on birds (included generalist and specialist species) in spruce-dominated production forest throughout
the Czech Republic while taking into consideration effects of stand age, tree species composition, and distance to
a clearing. At 20 study sites (each 600 ha), all trees with diameter at breast height (DBH) > 70 cm were
exhaustively searched. We then localized sampling plots representing a gradient of large tree numbers from zero
to maximum on each plot. Birds were sampled using point count method in breeding seasons 2018 and 2019.
Bird assemblages were analysed using generalized linear mixed models with Poisson error distribution. The total
number of birds, number of generalist species, and number of specialist species increased significantly with the
number of broadleaved trees > 70 cm DBH. Furthermore, tree species diversity positively affected generalist
species and negatively influenced specialist species. Our results suggest that 5 broadleaved trees > 70 cm DBH/
ha greatly improve bird diversity in spruce-dominated production forests and forest management should be
adapted to reach > 5 native, large, broadleaved trees to improve structural diversity of spruce-dominated pro-

duction forests.

1. Introduction

More than half of the forest area in the European Union is covered by
forest having production as its primary function (European Commission,
2011). Many native forests in Europe have been transformed into even-
aged production forests of such commercially attractive conifers as
Norway spruce (Picea abies), which in a large proportion of these places
is outside of its original range (FOREST EUROPE, 2020; Klimo et al.,
2000). The transformation of native (usually broadleaved) forests to
spruce-dominated production forests has often caused the biodiversity
of these forests to be very low (Felton et al., 2010; Sweeney et al., 2010).
Conversely, unmanaged forest reserves are always the remaining island
of the native (mostly broadleaved) forests with high ecological potential
in comparison to production forests (Felton et al., 2016; Horak et al.,
2019; Leso et al., 2020). Additionally, about three-quarters of forests in

Europe are even-aged, are beyond the regeneration phase, but have not
yet reached the mature phase. (FOREST EUROPE, 2020) These are
usually forests 20-80 years old (FOREST EUROPE, 2011). Nevertheless,
advancing forest age generally increases biodiversity (Moning and
Miiller, 2008, 2009). In particular, greater forest age increases the
abundance of canopy and cavity-nesting bird species (Hobson and
Bayne, 2000). For example, the critical forest age threshold for a satis-
factory diversity of lichens, molluscs, and birds in European beech
(Fagus sylvatica L.)-dominated forests ranges from 100 to 170 years in
sub-montane forests and from 160 to 220 years in montane forests
(Moning and Miiller, 2009). On the other hand, production forestry aims
to shorten the rotation length — in beech stands, for example, to less than
120 years (Biitler et al., 2013). Individual old forest structures, such as
large, old trees, which are commonly found in non-intervention stands
(Nilsson et al., 2003), rarely occur in production forests. These old-
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growth trees are keystone structures for biodiversity in landscapes
worldwide (Lindenmayer, 2017; Prevedello et al., 2018).

Large, old trees (also known as veteran trees or habitat trees) may
bear diverse defects (termed tree-related microhabitats, or TreMs), such
as canopy deadwood, trunk cavities, cracks, or bark pockets (Biitler
et al., 2013; Paillet et al., 2018). The numbers of these TreMs rise with
increasing diameter at breast height (DBH) (Larrieu et al., 2014) and the
incidence of TreMs increases dramatically on trees with DBH > 70 cm
(Larrieu et al., 2012). Many bird species are dependent on TreMs during
their life cycles as sources of food, shelter, or breeding habitat (Regnery
et al., 2013). For example, Lesser Spotted Woodpecker (Dryobates minor)
prefers stands with high occurrence of dead branches (Charman et al.,
2012). Furthermore, there is evidence, that woodpeckers prefer trees
with larger diameters for excavating breeding cavities (Hebda et al.,
2017), and strong excavators, such as Black Woodpecker (Dryocopus
martius), excavate cavities preferably in trees with signs of wood decay
(Puverel et al., 2019). Abandoned woodpecker cavities can then provide
nesting opportunity for secondary cavity nesters (Pakkala et al., 2018).
Therefore, large trees play an important role for forest bird diversity,
and especially in production forests, where quantities of deadwood are
low. The density of large trees with DBH > 70 cm in managed forest is
typically less than 2 trees/ha (Biitler et al., 2011; Biitler and Lachat,
2009). Even such a low number of old trees can be of great importance
for some species, however. For example, the Great Spotted Woodpecker
(Dendrocopos major) and Black Woodpecker (D. martius) need only a few
suitable nesting trees within their territory in order to survive (Vande-
kerkhove et al., 2013). In modern managed forests, however, logging
still systematically eliminates these ‘defective’ trees with low economic
value (Biitler et al., 2013). This can negatively affect many forest spe-
cies, including birds (Hordk, 2017; Koch Widerberg et al., 2018; Lin-
denmayer et al., 2014). An even more vulnerable species group,
however, could be habitat specialists linked to these old-growth struc-
tures (Bircak and Reif, 2015). Supporting this observation is evidence of
different population trends within Europe between habitat-specialized
birds species and habitat generalists (Gregory et al., 2007). Generalist
species inhabit a wide niche range and are able to use diverse habitat
resources. Conversely, specialist species inhabit narrow niche ranges
and utilize limited habitat resources. Given that, generalist species are
more likely to be tolerant of variable environment conditions than are
specialist species. Specialist species, meanwhile, are more likely to be
susceptible to extinction (Devictor et al., 2008; Richmond et al., 2005).
Accordingly, the population trends among forest specialists are
declining in Europe (Gregory et al., 2007).

There nevertheless is evidence of a contrasting increasing trend at
national level, specifically in the Czech Republic (CR). Additionally,
forest specialists in the CR are positively correlated with an increase in
forest coverage (Reif et al., 2007), which has been confirmed also
elsewhere (Ram et al., 2017; Reif et al., 2007; Santamaria-Rivero et al.,
2016). Similarly, some forest specialist birds increase their densities
from forest edges to interior habitats (Terraube et al., 2016) and sub-
stantially habitat-specialized bird species can be negatively affected by
landscape fragmentation and disturbances (Devictor et al., 2008). For
certain bird species, however, including generalists, such diverse factors
as forest clearings, canopy openness, forest complexity, size of forest
fragment, topography, or even low-traffic forest roads may positively
affect bird diversity in these structurally poor forests (Hofmeister et al.,
2017; Leso et al., 2019; Sélek et al., 2010; Zmihorski, 2016). In other
words, generalist bird species can be positively influenced by the edge
effect (Batary et al., 2014; Hofmeister et al., 2017). Conversely, birds
associated with the forest interior (forest specialists) prefer homogenous
forest interiors and can be negatively affected by forest gaps and edges
(Hofmeister et al., 2017). Another important positive factor is increasing
proportion of native broadleaved tree species, which, in particular, in-
creases bird diversity in spruce-dominated monocultures (Fuller, 2000;
Sweeney et al., 2010; Vélova et al., 2021). For example, an admixture of
just one broadleaved tree species into spruce monocultures can lead to
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increased bird diversity (Felton et al., 2010). Moreover, broadleaves
trees in coniferous plantations have a great effect on bird numbers if
dispersed, rather than if situated in a few large blocks (Bibby et al.,
1989).

Spruce-dominated production forests constitute a large part of for-
ests in central Europe and this, together with ongoing forest manage-
ment, depletes bird diversity. Although several studies have explored
the influence of large trees on diversity of birds or saproxylic beetles in
broadleaved or mixed production forests (e.g., Augustynczik et al.,
2019; Remm et al., 2006; Winter and Moller, 2008), research is lacking
on the influence of individual large trees on bird assemblages in spruce-
dominated production forests. Our aim is to investigate the influence of
large trees on total bird species richness, number of generalist bird
species, and number of specialist bird species in spruce-dominated
production forest throughout the Czech Republic. Furthermore, we
aim to determine a threshold value for the number of large trees in
spruce-dominated production forest that are needed to have a significant
effect on bird diversity. Additionally, we want to ascertain the impor-
tance of large trees for individual species of birds. The lack of large, old
trees in production forest stands could be one of the factors explaining
the declining population of habitat-specialized species in Europe. Large,
old trees are important elements for forest diversity, and their protection
should therefore be a priority. The results of our study can contribute to
careful forest management by describing when to leave large, old trees
in production forests to support biodiversity. At the same time, the re-
sults can bring new insights regarding the different trends of forest bird
generalist and specialist species within Europe (Gregory et al., 2007).
The protection of large, old trees in production forests is also beginning
to be applied thanks to retention forestry, which is an element of inte-
grated forest management (Molder et al., 2020). In many areas, unfor-
tunately, large, old trees are still threatened by forest management, and
therefore it remains necessary to draw attention to their importance for
supporting biodiversity.

2. Materials and methods
2.1. Study area and design

The study was conducted in spruce-dominated production forests in
the CR. Forests cover approximately 34% of the CR, with Norway spruce
(Picea abies) encompassing about half the total forest area (MZe, 2020).
Although the original range of spruce forest was limited to montane
areas of the CR, forest management practice often involved replacing
original broadleaved stands in lower areas with spruce-dominated for-
ests (Neuhauslova et al., 1997, 1998, 2001). Furthermore, due to forest
management, the proportion of forests older than 120 years is less than
9% in the CR (MZe, 2020). We examined 20 study sites across the
country. Each study site is a 600-ha circle (ca 1.4 km radius) of non-
fragmented forest area. The selection of study sites was limited by the
minimum size of forest (600 ha). Distances between study sites ranged
from 6.5 to 432 km (mean 130.5 km). The study sites occupy elevations
ranging from 357 to 947 m a.s.l. In addition, we selected the nearest
unmanaged forest reserve (distance from study site ranging from 0.6 to
19.1 km, mean 6.7 km) as a control for each study site. On each study
site, all live trees with DBH > 70 cm were exhaustively searched and
their locations were recorded. This DBH threshold was chosen due to
dramatic increase in the number of TreMs occurring above 70 cm DBH
(Larrieu et al., 2012). Additionally, 70 cm DBH corresponds to an age of
about 160 years for beech (Dobrovolny and Tesar, 2010). Similarly, all
live trees > 70 cm DBH were exhaustively searched within a 1 ha circle
of each study area (r = 56.4 m) in selected control forest reserves. Based
on the occurrence of trees > 70 cm DBH, localized sampling plots (circle
r = 100 m) were created at each study site within production forests;
these represented a gradient of large trees > 70 cm DBH, with numbers
from zero to maximum on each study site (beech or, less often, other
broadleaved trees were preferred as microhabitat-rich and native tree
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species [Larrieu et al., 2012; Larrieu and Cabanettes, 2012]). Addi-
tionally, we avoided clearings, forest roads, and forest edge. The mini-
mum distance of sampling plot centres from forest edge, busy roads, or
clearings larger than 0.25 ha was 100 m. Due to areas with very low
occurrence of trees > 70 cm DBH, however, the avoidance condition for
small forest roads and small clearings below 0.25 ha was limited to the
middle ha of the sampling plot (i.e., 50 m around the sampling plot
midpoint). The minimum distance between sampling plot midpoints was
200 m. We studied birds in spruce-dominated production forest.
Therefore, we used information about tree species composition from
forest management plans (to ensure the proportion of spruce).
Furthermore, we analysed the canopy cover of broadleaved trees by
digitizing aerial photographs to obtain accurate estimates as to pro-
portions of broadleaved trees within sampling plots (r = 100 m). Based
on these analyses, we excluded sampling plots where the canopy cover
of broadleaved trees exceeds 50% of the sampling plot area (r = 100 m).
In total, we selected 180 sampling plots in spruce-dominated production
forests and 20 sampling plots (r = 56.4 m) in unmanaged forest reserves.
The location of study sites (600 ha), examples of sampling plots (r = 100
m) in production forest, and example of sampling plot in forest reserve
(r = 56.4 m) are shown in Fig. 1.

Data from forest management plans show the dominant type of forest
vegetation within the selected sampling plots (r = 100 m) located in
production forests to be coniferous forests (80%). Norway spruce
(P. abies) was the most dominant tree species (total 76%), followed by
Scots pine (Pinus sylvestris) and European larch (Larix decidua). Silver fir,
(Abies alba) as well as some exotic tree species such as Douglas fir
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(Pseudotsuga mengziesii), grand fir (Abies grandis), and eastern white pine
(Pinus strobus) are also represented in very small proportions. Broad-
leaved forest vegetation occupies 12.9%. The dominant broadleaved
tree species is European beech (Fagus sylvatica) (total 7%). Other
broadleaved trees present are oaks (Quercus petraea, Quercus robur), al-
ders (Alnus glutinosa, Alnus incana), silver birch (Betula pendula), small-
leaved lime (Tilia cordata), sycamore (Acer pseudoplatanus), European
ash (Fraxinus excelsior), European hornbeam (Carpinus betulus), rowan
(Sorbus aucuparia), aspen (Populus tremula), and field elm (Ulmus minor),
with exotic tree species such as horse chestnut (Aesculus hippocastanum)
and red oak (Quercus rubra) also represented in very small proportions.
Cleared area, forest < 20 years of age (both broadleaved and conif-
erous), and non-forest vegetation (forest roads and other paved areas)
occupy in total 6.9% of the study sampling plots. The weighted mean age
(weighted by area of forest stand group) of production forest stand
groups (excluding forest groups < 20 years) within sampling plots is
78.6 (SD 21.1) years. In unmanaged forest reserves, the mean proportion
of broadleaved forest cover within 100 m around sampling plots centre
is 84%, with beech the dominant tree species in most reserves. The
weighted mean age (weighted by area of forest stand group) of forest
reserves stand groups is 157 (SD 63.6) years.

2.2. Bird survey

Bird surveys at all study sites and forest reserves were carried out
during 2019 and 2020 by a point count method (Bibby et al., 2000) from
the midpoint of each sampling plot in spruce-dominated production
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Fig. 1. A) location of all (20) study sites in the Czech Republic; B) location of the Czech Republic in Europe; C) example of study site (600 ha) with localization of
sampling plots (r = 100 m), and example of unmanaged forest reserve with 1 ha sampling plot.
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forests and midpoint of each plot in control forest reserves. Each
midpoint was surveyed twice in the same year, during April-May for
early nesters and May—June for late nesters (Bouvet et al., 2016). In-
tervals between consecutive visits exceeded two weeks. Surveys were
conducted within 4 h of sunrise and were restricted to good weather
conditions (Batary et al., 2014; Bibby et al., 2000). All bird counts were
performed by the same person. All individuals heard or seen within 50 m
of the midpoint were recorded. Owls and other raptors (<0.3% of the
birds recorded) were excluded from our analyses as the point count
method is inappropriate for them (Bouvet et al., 2016). Additionally, we
excluded Fringilla montifringilla, which is not a nesting species in the CR.
In total, 200 midpoints (180 in production forest and 20 in forest re-
serves) were surveyed, 106 of which were surveyed in 2019 and 94 in
2020.

Bird species were classified into generalist and specialist species
(Supplement 1), for which we expected different responses based on
habitat specialization. We adopted the attributes regarding bird habitat
specialization relevant in the CR as reported by Reif et al. (2010).

2.3. Spatial and environmental variables

We used the number of all live trees > 70 cm DBH [NumLT70DBH]
(58% beech, 30% spruce, plus Douglas fir, oaks, larch, or silver fir <
2.8% in total) and number of only broadleaved trees > 70 cm DBH
[NumBroadlLT70DBH] (91% beech, 6% oaks, plus ash, limes, sycamore,
or alder < 1.6% in total) occurring within sampling plots area (r = 100
m) in production forests as environmental variables explaining the effect
of large trees in spruce-dominated production forests. Spatial attributes
of forest stands were obtained from aerial photographs (scale 1:5000)
using a geographic information system (ArcGIS 10.4). For each sampling
plot midpoint, we determined the nearest distance to the forest edge or
clearing (whichever was closer) [ClearCutDist]. We analysed the type of
forest vegetation as follows: (i) broadleaved forest [Broadl_cover], (ii)
coniferous forest [Conifer_cover], (iii) young forest < 20 years (both
broadleaved and coniferous) [Young_cover], all within sampling plot
areas (r = 100 m). Furthermore, we calculated Shannon’s index for tree
species diversity [H_Trees], defined as follows: HA = 7Zf:1pilnpi,
where p; is the proportion of covered area in each stand group within
sampling plots in the ith tree species and S is the number of tree species.
The maximum value for Shannon’s index occurs when the proportions
are equal across all species (Staudhammer and Lemay, 2001). To include
forest age as a factor, weighted average age of forest stand groups
[AgeWMean] (weighted by area of each group) and standard deviation
(SD) of forest group age were calculated [Age_SD]. SD of age represented
the heterogeneity of forest stand group age. Age and representation of
individual tree species in individual forest stand groups were obtained
from forest management plans.

2.4. Data analysis and modelling

The maximum number of bird species from both controls recorded at
each counting midpoint was used as a response variable. We used
generalized linear mixed models (GLMMs, package Ime4 in R [Bates
et al., 2015]) with Poisson error distribution to evaluate the effect of
environmental variables on total bird species richness and species
richness of generalist and specialist bird species in spruce-dominated
production forests (1 ha plots in forest reserves were not included in
this analysis). Study site identification [ID_study site] was used as a
random intercept term to take into account that local communities
sampled at individual sampling plots inside a given study site form an
inter-connected metacommunity, and thus the corresponding observa-
tions are not independent. To check for possible multicollinearity, we
computed variance inflection factors (function vif in the R package car,
(Fox & Weisberg, 2019) for all predictors and found large values for
coniferous and broadleaved forest cover (8.2 resp. 6.3). This was
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confirmed by high (and expectable) negative correlation between these
two variables (r = -0.85). Therefore, we excluded coniferous forest cover
from the list of model predictors. After fitting a full model with all
predictors, we performed a was selected via backward stepwise model
selection, excluding in each step the insignificant predictor with the
largest p value in the Wald y2 test comparing the model with and
without the predictor. In the final model, we kept only predictors with p
< 0.1. We checked possible overdispersion by Pearson’s y2 test (R
package performance, [Liidecke et al., 2021]), and we evaluated the
model performance by variance-function-based coefficient of determi-
nation (Zhang, 2020a) using function rsq from the R package rsq (Zhang,
2020b).

To determine the threshold values of large broadleaved tree density
(important for bird diversity), we divided densities of live broadleaved
trees > 70 cm DBH in spruce-dominated production forest into four
categories: 0, 0<>1 (mean: 0.58), 1<>3 (mean: 1.89), and 3<>9
(mean: 4.93) trees per ha (number and intervals of tree density were
chosen with respect to the number of plots in each category). We then
compared the bird species richness of generalist and specialist, as well as
total species richness, between these density groups with species rich-
ness in forest reserves (R, mean: 22.8; SD: 10.4 broadleaved trees > 70
cm DBH/ha) using generalized linear mixed models with Poisson error
distribution (using IDs of study site and closest forest reserve as random
intercept terms) and simultaneous comparison of density categories and
adjustment of p-values for multiple testing by means of the function glht,
R package multcomp (Hothorn et al., 2008).

Additionally, we used redundancy analysis (RDA) with 5 density
categories of broadleaved trees > 70 cm DBH (0, 0<>1, 1<>3, 3<>9,
and R) to indicate specific preferences of species regarding large
broadleaved tree densities. Calculations of RDA were performed using
the vegan package for R (Oksanen et al., 2019). All analyses were done
in R 4.0.3 (R Core Team, 2020). The complete commented code is in
Appendix 1.

3. Results

In total, we recorded 41 bird species (35 species at 180 points in
spruce-dominated production forest and 33 species at 20 points in forest
reserves; 23 generalist and 18 specialist species). Fringilla coelebs was
observed most frequently, with 179 occurrences in production forest,
followed by Periparus ater (1 6 5), Erithacus rubecula (1 5 9), and Regulus
ignicapilla (1 4 9). Regarding the occurrence of woodpeckers, Den-
drocopos major was observed at 91 points and Dryocopus martius at 3
midpoints. In forest reserves, the species most frequently observed were
Fringilla coelebs and Turdus merula (20), followed by Dendrocopos major,
Troglodytes troglodytes, and Erithacus rubecula (17). Regarding the
occurrence of other woodpeckers, Dendrocopos leucotos was observed
once. A few species were recorded only in forest reserves: Ficedula parva,
Ficedula albicollis, Muscicapa striata, and Dendrocopos leucotos.
Conversely, a few species were recorded only in production forests:
Phylloscopus trochilus, Sylvia borin, Poecile palustris, Lophophanes cristatus,
and Nucifraga caryocatactes.

3.1. Effect of large, old trees and other forest factors

All three final GLMMs (i.e., for total, generalist species and specialist
species bird richness) resulting from the backward selection only
included the number of broadleaved trees > 70 cm DBH (Num-
BroadlLT70DBH) and Shannon’s diversity index of tree species
(H_Trees) as predictors (see Table 1 for model coefficients and Appendix
1 for all model outputs). The former predictor had significant positive
effect on bird species richness in all three models; the increase in number
of broadleaved veteran trees from 0 to 20 led to an increase of the mean
number of species — averaged across all random effect levels — from 9.8
to 13.4, from 7.9 to 10.9, and from 4.6 to 6.6 for all, generalist, and
specialist species, respectively (Fig. 2). The Shannon’s index was
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Table 1
Effect of selected stand features in spruce-dominated production forest on total number of bird species, number of generalist bird species, and number of specialist bird
species (link scaled).

Bird assemblage Variable Est. (SE) z value P Response

Total species richness NumBroadlLT70DBH 0.079 (0.021) 3.721 <0.001 +
H_Trees 0.041 (0.023) 1.793 0.073 +

Generalist NumBroadlLT70DBH 0.080 (0.025) 3.236 0.001 +
H_Trees 0.103 (0.030) 3.480 <0.001 —+

Specialist NumLT70DBH 0.089 (0.033) 2.677 0.007 +
H_Trees —0.130 (0.044) —2.975 0.003 -
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Fig. 2. Relationship between number of live broadleaved trees > 70 cm DBH within sampling plots (r = 100 m) and total number of bird species (a), generalist bird
species (b), or specialist bird species (c) in spruce-dominated production forests (p-value from GLMMs top left). Black line is mean value predicted by GLMM (with the
other predictor — Shannon’s tree diversity index — set on its average value) and grey area indicates Wald 95% confident bands conditional on estimates of random
effect variance.
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significant for generalist and specialist bird species richness, but insig-
nificant (p = 0.073) for the total bird species richness (Appendix 1).
Whereas mean total resp. generalist species richness increased with
Shannon’s index (from 9.8 to 10.8 resp. from 7.2 to 9.1 with the Shan-
non’s index increasing from O to 1), its effect on the specialist bird
species was opposite (the mean number of specialist species decreased
from 5.9 to 4.4 with the Shannon’s index increasing from 0 to 1; see
Table 1 and Fig. 3).

3.2. Comparison of production forests and forest reserves

The density of broadleaved trees > 70 cm DBH within sampling plots
(r = 100 m) in production forests ranged from O to 8.3 trees/ha. In
contrast, the density of broadleaved trees > 70 cm DBH in forest reserves
ranged from 9 to 45 (mean: 22.8; SD: 10.4) per ha. According to the
GLMMs and post-hoc test, the total species richness and richness of
generalist species is significantly higher in categories 3<>9 (mean: 4.9
trees/ha) and R (mean: 22.8 trees/ha) than in plots in production forests
where the large broadleaved trees are absent. The mean total number of
species is 3.3 (for category 3<>9) and 2.9 (for category R) higher
compared to plots with absence of large trees (Fig. 3a). The mean
number of generalist species is 3.1 (for category 3<>9.) and 4.0 (for
category R) higher compared to plots with absence of large trees
(Fig. 4b). Additionally, the difference in total species richness and
number of generalist species between category 3<>9 and forest reserves
is non-significant (Fig. 4a and 4b). For forest specialists, only non-
significant results were detected (Fig. 4c). In comparison to results of
total species richness and generalist species, however, the mean number
of specialist species in the reserves (R) is lower (about 0.3 species) than
the mean number in the category representing absence of large broad-
leaved trees (0) (Fig. 4c).

Considering all bird species, the RDA plot showeed some cavity-
nesting species (e.g., Sturnus vulgaris, Dryocopus martius, Columba
oenas) and several shrub-nesting species (e.g., Turdus merula, Sylvia
atricapilla, Turdus viscivorus) to be associated with forest reserves (R).
Some bark creepers (e.g., Certhia familiaris, Dendrocopos major, Sitta
europaea) and some secondary cavity-nesting birds (e.g., Cyanistes
caeruleus, Parus major) are associated with sampling plots in category

a)
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3<>9 large broadleaved trees per ha. Furthermore, in plots with less
than 1 tree per ha (0; 0<>1), there are often associated species nesting
in the tree or shrub layer or foraging in the canopy (e.g., Pyrrhula pyr-
rhula, Periparus ater, Regulus regulus, Regulus ignicapilla, Spinus spinus,
Phylloscopus collybita). Results of the RDA analysis are shown in Fig. 5.

4. Discussion

The main aim of the study was to determine the importance of large,
old trees for common forest birds in spruce-dominated production for-
ests. We found a positive effect from the number of large broadleaved
living trees (>70 cm DBH) on the number of generalist and specialist
bird species, as well as on total bird species richness. Additionally, the
total number of bird species and number of generalist species were even
similar between plots in unmanaged forest reserves and production
forests having mean 4.9 large broadleaved trees > 70 cm DBH per ha.
Surprisingly, we found very low numbers of specialist species in forest
reserves. In particular, creepers were associated with large tree-rich
sampling plots (4.9 broadleaved trees > 70 cm DBH). Of the other
characteristics tested, we found a contrasting effect of tree species di-
versity on specialist (negative) and generalist (positive) species.

4.1. Importance of large, old trees for diversity

Large old tress trees are known to be important habitats, especially
for insect species (Grove, 2002; Horak, 2017; Koch Widerberg et al.,
2018; Pilskog et al., 2020; Sverdrup-Thygeson et al., 2017). The large,
old trees seems to provide important habitat mainly for less-mobile or-
ganisms, such as lichens, lignicolous fungi, and bryophytes (Hofmeister
et al.,, 2015, 2016). Similarly, there is evidence, that birds also are
positively associated with large-diameter trees (Basile et al., 2020;
Gutzat and Dormann, 2018; Klein et al., 2020). For example, cavity-
nesting birds of temperate and boreal forests have been shown to
select for nesting trees on average 13.3 cm thicker than all trees
occurring in an area and having mean diameter of 35.6 cm. Additionally,
the probability of nest selection was seen to increase as tree diameter
increased and trees with diameter > 43 cm had a probability > 50% to
be selected as a nest tree (Gutzat and Dormann, 2018). The preference
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Fig. 3. Relationship between Shannon’s diversity index for tree species and number of generalist bird species (a) and specialist bird species (b) in spruce-dominated
production forests (p-value from GLMMs top left). Black line is mean value predicted by GLMM (with the other predictor — number of live broadleaved trees > 70 cm
DBH - set on its average value) and grey area indicates Wald 95% confident bands conditional on estimates of random effect variance.
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Fig. 4. Total number of bird species (a), generalist bird species (b), or specialist bird species (c) between broadleaved trees > 70 cm DBH density categories (0,
0<>1, 1<>3, or 3<>9 trees per ha) in spruce-dominated production forests and forest reserves (R). The colour scale expresses the mean density of trees in each
category (0, 0.6, 1.9, 4.9, and 22.8 broadleaved trees > 70 cm DBH per ha). Letters indicate differences between each category from post-hoc Tukey’s test on
generalized mixed effect models (p-value from GLMM:s top left). Values in parentheses show differences in numbers of species between the category and the reference
level (r.1.), which is the category without large broadleaved trees. Whiskers indicate Wald 95% confident bands conditional on estimates of random effect variance.

for thicker trees by cavity nesters may be due to the fact that the larger
trees with harder sills provide more thermally stable cavity environ-
ments (Vierling et al., 2018). Considering these findings, it is evident
that these large-diameter trees can provide important nesting opportu-
nity for cavity-nesting birds especially in young production stands with
trees of small diameter. Trunk diameter in most cases reflects tree age.
Stand age is an important factor for the diversity of birds, but also for
molluscs or lichens (Moning and Miiller, 2009). The weighted mean age
of production forest stand groups in our survey point was only 78.6 (SD
21.1) years, however, and therefore probably has no effect on the
number of bird species. A further explanation for this lack of effect can
be a similar range of ages for forest stands in the monitored study areas
and also for stands in their surroundings. On the other hand, the positive

effect of old-growth forest structures such as large trees was significant
for all bird assemblages. The age of large trees > 70 cm DBH is about
160 years for beech (Dobrovolny and Tesar, 2010). The recorded age of
forest stands reflects the year of planting of the forest stand group and
does not consider the age of individual large, old trees. Thus, the
recorded age of forest stand groups did not always reflect these old—
growth structures in production forests. According to the literature, in
order to sustain cavity breeding species, the age of Central European
mixed montane forests needs to surpass 200-220 years (Moning and
Miiller, 2008) and critical age limits for bird diversity in beech stands
have been set at between 80 and 100 years for the submontane stage and
around 150 to 220 years for the montane stage (Moning and Miiller,
2009). Forest management, however, maintains stands mostly up to ca
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Fig. 5. Plot from redundancy analysis (RDA) showing variability of bird community between broadleaved trees > 70 cm DBH density categories (0, 0<>1, 1<>3, or
3<>9 trees per ha) in spruce-dominated production forests and forest reserves (R). Abbreviations of species names include first three letters of genus and species

scientific names.

130 years of age, when wood growth is greatest. In the case of beeches in
particular, the maximum for production is 120-140 years due to the
formation of red heartwood in still older trees (Knoke, 2003; Moning
and Miiller, 2009). These facts are reflected in the age of the stands of
interest. Stand age therefore plays an important role in forest stands, and
forest management should be modified to age the stands. In order to
promote biodiversity, a certain part of the stand should also be left
completely free of intervention so that the trees can go through their
entire life cycle.

The influence of large trees has so far been studied in more detail
only in insects. The link between large trees and bird species is less
explored. Furthermore, there have been no such studies from spruce-
dominated forest. We have now found a positive effect of large trees
(broadleaved large trees specifically) on birds in spruce-dominated
production forests. Individually occurring large trees in a production
forest are thus old-growth attributes from forest reserves that function
like lifeboats for a number of taxa and are also important for birds. One
explanation for the importance of old trees is the presence of tree-related
microhabitats (TreMs) caused by climate, activity of organisms, me-
chanical injuries, or decay (e.g., canopy deadwood, cavities, cracks, bark
pockets) (Biitler et al., 2013; Paillet et al., 2018). Numbers of TreMs rise
with increasing DBH (Larrieu et al., 2014), and the incidence of TreMs
increases dramatically on trees with DBH > 70 cm (Larrieu et al., 2012).
Many species, including birds, are dependent upon TreMs during their
life cycles to provide sources of food, shelter, and breeding habitat
(Regnery et al., 2013). Consistent with this this understanding, we found
that creepers (Certhia familiaris, Dendrocopos major, Sitta europaea) in
particular were associated with these large tree-rich plots. For these
species, large trees with TreMs can be sources of food and nesting op-
portunity. Although in the CR hollow-bearing trees (or den trees) in
production forest are sometimes searched out and marked to prevent
them from being harvested, not solely hollow-bearing trees can be
important and should be maintained in otherwise diversity-poor

production stands. The importance of large trees can be important over
the long term, and especially for nesting. Due to the decomposition of
dead trees (Hardenbol et al., 2019), for example, the lifespans of cavities
excavated in live trees are longer than are lifespans of cavities in dead
trees. Nevertheless, large trees cannot fully replace dead trees, which are
irreplaceable for some species groups. Generally speaking, snags (i.e.,
standing, dead, or dying trees) are particularly important for primary
cavity-nesting birds (Remm et al., 2006) and live trees can be especially
valuable in stands where the incidence of dead trees is very low (such as
spruce-dominated production forest). Moreover, live mature trees are
suitable for more bird species than are dead trees (Hannan et al., 2019).

4.2. Broadleaved large trees

A number of studies have focused on broadleaved tree species (Koch
Widerberg et al., 2018; Pilskog et al., 2020; Sverdrup-Thygeson et al.,
2017). Similarly, the number of broadleaved trees with DBH > 70 cm
was chosen as a better predictor in our analysis compared to the total
number of coniferous and broadleaved trees. It is known that broad-
leaved trees bear many more TreMs than do conifers (Larrieu et al.,
2012; Paillet et al., 2019; Vuidot et al., 2011). As an example, 70% of
beech but only 18% of firs bear one or more TreMs (Larrieu and Caba-
nettes, 2012). Similarly, broadleaves such as ash, beech, chestnut,
hornbeam, maple, oak, and poplar have shown higher microhabitat
accumulation rates than do conifers like fir, larch, and spruce (Paillet
et al.,, 2019). On the other hand, the number of TreMs increased
dramatically above 71.6 cm DBH for beech and similarly above 68.4 cm
DBH for fir (Abies alba) (Larrieu et al., 2012). Choosing the same DBH
threshold for tree registration should therefore not play a role, as large
broadleaved trees may probably be more important for birds than are
coniferous large trees, and especially in coniferous-dominated forests.
The importance of large broadleaved trees may derive from the very fact
that they are broadleaved trees. The positive effect of broadleaved trees
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on birds in non-native coniferous monocultures has been mentioned by
several authors (Felton et al., 2010; Fuller, 2000; Sweeney et al., 2010).
In our plots, the proportion of broadleaved trees was limited to 50% in
order to maintain a high proportion of conifers. Indeed, there is evidence
of greater bird species diversity in spruce-birch polyculture (Betula spp.)
than in spruce monocultures (Felton et al., 2010). Furthermore, broad-
leaved trees in coniferous production forests have stronger effect on the
number of birds and species if dispersed rather than if they are in a few
large blocks (Bibby et al., 1989). Individual occurrences of large de-
ciduous trees in a spruce monoculture may thus have a better effect on
birds than does a continuous stand of deciduous trees. The mixing of
broadleaved trees in spruce-dominated forests is in fact a diversification
of a niche, which can then be used by a wider range of species. This
effect should be further supported, however, by the occurrence of
TreMs. The tree species factor and TreMs occurrence can have a syner-
gistic effect on bird species numbers. Perhaps this is why we found a
significant effect of large broadleaved trees, whereas our analysis did not
find total broadleaved tree cover alone (including younger trees) to be
significant. Moreover, broadleaved tree species (especially beech)
constituted the dominant component in the original natural stands
replaced by spruce-dominated forest in the CR (Neuhauslova et al.,
1997, 1998, 2001). Large broadleaved trees can thus be important for
bird diversity, regardless of whether they bear any TreMs. In support of
this, we found a positive effect of large broadleaved trees without in-
formation about TreMs occurrence. Vuidot et al. (2011) report that the
tree characteristics such as DBH that strongly reflect microhabitat
occurrence and forest management generally had no effect on micro-
habitat indices. Hence, information about tree species is very important
and, together with DBH, may be used for easily identifying trees with
high ecological value for retention in production forests. Admixture of
broadleaved tree species in coniferous-dominated monocultures in-
creases bird diversity and can be an important tool in protecting birds
while maintaining the productive function of the forest. On the other
hand, the negative effect of Shannon’s diversity index for tree species on
specialist species suggests that these bird species prefer rather homo-
geneous stands with a few tree species. The link between specialists and
homogeneous coniferous stands can also support an increase in their
number with a growing share of forest cover, which was found in the CR
between 1982 and 2003 (Reif et al., 2007). Meanwhile, generalist spe-
cies were positively associated with the Shannon’s diversity index for
tree species. For the sake of conserving all bird assemblages, there is
probably a need to increase the tree species diversity in forest stands
while at the same time, maintaining a certain share of existing spruce-
dominated forests.

4.3. Critical thresholds for large trees and comparison with forest reserves

Several studies from Switzerland have found density of large trees
(trees with DBH > 70 cm) in production forests there to remain less than
0.5 to 2 trees per ha (Biitler et al., 2011; Biitler and Lachat, 2009),
whereas in virgin forests of Central Europe and southern Scandinavia
this is between 10 and 20 (Nilsson et al. 2003). This corresponds to our
findings. The high ecological potential of forest reserves in comparison
to non-native forests is known (Horak et al., 2019). In forest reserves the
numbers of threatened or near-threatened bird species or cavity-nesting
species, such as woodpeckers, are higher, or may occur there even
exclusively (Felton et al., 2016; Leso et al., 2020). Similarly, we found
some higher-risk Czech Red-Listed bird species (Chobot and Nemec,
2017) exclusively in forest reserves, such as Ficedula parva (Vulnerable),
Ficedula albicollis (Near Threatened), and Dendrocopos leucotos (Endan-
gered). Additionally, Columba oenas (Vulnerable) was more numerous in
forest reserves than in production forests. On the other hand, D. leucotos
was recorded only once and it cannot be said that forest reserves
appeared to be more favourable to them. To reduce the negative impacts
of forest management, 5 to 10 habitat trees per ha are recommended
(Biitler et al., 2013). These recommended numbers (in particular the
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lower threshold) approximately correspond to our plots with mean 4.9
large broadleaved trees per ha (range 3 to 9 trees per ha), which was the
maximum amount found in spruce-dominated production forests within
100 m sampling plots. It is not very clear, however, which of the habitat
trees are really important (e.g., with regard to tree species). Addition-
ally, these recommended numbers were not specified for various types of
forest stands. Our study shows that for spruce-dominated production
forest, about 5 broadleaved trees > 70 cm DBH per ha can increase the
number of bird species to numbers similar to those found in small forest
reserves and increase the total species richness by 3.3 species in com-
parison to forest without occurrence of large broadleaved trees. We
would consider this value as the lower threshold of the recommended
amount. Therefore, we also confirm the recommended numbers of large
trees for spruce-dominated production forests. These trees should
mainly be native broadleaved trees. On the other hand, in forest reserves
there occurred Red-Listed species that were not recorded in production
forests (regardless of whether or not there was a large broadleaved tree).
From this viewpoint, spruce-dominated production forests with high
occurrence of large broadleaved trees cannot be as valuable as these
small forest reserves.

4.4. Specialist and generalist species

Surprisingly, specialist species were observed in very low numbers in
forest reserves. Moreover, their numbers were a bit lower (by about 0.3
species) than in production forest with an absence of large trees. Fifty-
four per cent of recorded individuals were specialist species nesting in
cavities (18% of recorded generalists) and 44% in the canopy layer (33%
for generalists). More than 86% of recorded specialist species were
foraging in the canopy layer (40% of generalist were foraging in canopy
and 41% foraging on the ground). We hypothesize that specialist species
are usually species of the forest interior and are negatively associated
with forest edge and fragmentation (Devictor et al., 2008; Terraube
et al., 2016). Forest reserves are usually small forest fragments (ranging
from 5 to 658 ha, mean 72 ha) of primeval broadleaved forest stands and
usually occur within a matrix of non-native spruce-dominated produc-
tion forests. Due to the small area of these reserves, and therefore also of
broadleaved forest stands, these forests are not always sufficient for
specialized broadleaved forest birds. This may be reflected in the
decreasing population trends of specialist forest bird species in Europe
(Gregory et al., 2007). Conversely, due to a high proportion of broad-
leaved forests within 100 m of the survey midpoint in forest reserves
(often 100% of the area), the number of conifer forest specialists was
lower than in production forests. In fact, we found a negative effect of
tree species diversity on specialist species. This may reflect dominant
conifer-specialized bird species in the assemblage. Moreover, forest re-
serves in this study are in most cases formerly managed stands and so
increase in the amount of dead wood is still relatively low. This could
also have contributed to the non-significant difference in the number of
specialist species between sampling plots in spruce-dominated produc-
tion forest and forest reserves. Similar non-significant differences be-
tween production forest and forest reserves have been found also for
birds and beetles in beech and beech—oak forests (Leidinger et al., 2020).
Additionally, specialist species are often endangered and rare bird spe-
cies (e.g., Ficedula parva, Ficedula albicollis) or common species that are
rare due to strong territorial behaviour (e.g., Dryocopus martius, Picus
canus) and the counting method used (10 min per survey midpoint) may
not reveal these rare species. An interesting fact is the finding of a
positive effect of deciduous large trees > 70 cm DBH, which by their
presence increase the species diversity of stands, and a negative effect of
the diversity of tree species. These trends are in a way contradictory. The
importance of large trees to specialists is more likely to be determined by
other characteristics (e.g., the TreMs already mentioned).

Conversely, the number of generalist species was higher in forest
reserves than in production forest with<1 broadleaved large tree per ha.
Similarly, in category 3<>9 trees/ha there was a significantly higher
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number of generalists than in the category without large broadleaved
trees. Compared to specialist species, the number of generalists
increased with diversity of tree species, and that corresponds to
reasonable expectations. The opposing trends of generalists and spe-
cialists on the gradient of Shannon’s tree species diversity index caused
the result for total species richness in fact to be insignificant (p = 0.07).
Our study showed an interesting difference between these groups of
species. For these species groups, a heterogeneous population trend is
also recorded in Europe, with specialist species showing a long-term
declining trend whereas generalists are stable or slightly increasing
(Gregory et al., 2007). Specialists may be more susceptible to habitat
fragmentation and disturbance (Devictor et al., 2008). Due to ongoing
climate change, extreme events such as extreme drought, windstorms,
and bark beetle outbreaks are increasing, and this can lead to forest
fragmentation due to salvage logging of dead trees. Forest specialists
may also be species tied to early successional stages (Reif et al., 2013).
Due to forest management, some (early) successional stages are absent
in forest stands. Uniform stands that are beyond the regeneration phase
and have not yet reached the mature phase (FOREST EUROPE, 2020),
most commonly between 20 and 80 years of age (FOREST EUROPE,
2011), may thus not be ideal habitats for these specialist species, and it is
unclear how trends for these species might change in the years ahead.

4.5. Large trees as a tool for forest conservation management

Large, old trees are important forest structures for many taxa, such as
birds (Gutzat and Dormann, 2018; Klein et al., 2020; Zawadzki et al.,
2020), insects (Cuff et al., 2020; Horak, 2017; Koch Widerberg et al.,
2018; Pilskog et al., 2020; Sverdrup-Thygeson et al., 2017), macrofungi,
bryophytes (Hofmeister et al., 2015), and lichens (Hofmeister et al.,
2015, 2016). Large trees constitute an important habitat feature also for
biodiversity of forest ecosystems, and large trees also are valuable in
terms of carbon storage (Mildrexler et al., 2020). Large trees retained in
spruce-dominated production forest should mainly be broadleaved
species whose original range is within the given area and that are
adapted to the local microclimate. Addition of these native species
should help to make spruce-dominated stands more resistant to extreme
climate events, such as drought, windstorms, and insect outbreaks.
Furthermore, the age structure of even-aged production stands will
improve. Large trees retained in production stands should be allowed to
grow through their entire life cycle (until death of the tree and decom-
position of the dead wood), which will increase the presence of dead
wood in production forests. Compared to dead wood (standing or lying),
the lifespan of live large trees (or those bearing microhabitats, e.g.,
cavities) is much longer (Hardenbol et al., 2019; Remm et al., 2006). The
lifespan of temperate broadleaved trees (Quercus sp., Fagus sp.) is be-
tween 300 and 400 years (Di Filippo et al., 2015), but the age of pro-
duction forest stands is limited for maximum wood production to about
120 years (Biitler et al., 2013). At present, a limited number of large
trees are available and it is necessary to take into account their further
loss (due to drying, uprooting, breaking, etc.). Therefore, the number of
large trees in production forests should be added to constantly. For the
future development of habitat-bearing large trees, it is necessary to
adjust forest management for existing young spruce-dominated pro-
duction forest stands, which should be supplemented with native
broadleaved tree species, and to allow these stands to reach the required
age (or tree diameter, respectively) and associated ecological potential
of large trees.

5. Conclusions

Individually occurring native broadleaved trees > 70 cm DBH
increased bird diversity of all the tested bird assemblages in spruce-
dominated production forests. Additionally, knowledge of large broad-
leaved tree occurrence seems to be a better predictor than are the age-
based predictors. In addition to trees, tree species diversity (Shannon’s
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index) was also statistically significant for generalist and specialist
species guilds. Specifically, generalists showed a positive trend with tree
diversity and specialists showed a negative trend. The total number of
birds and number of generalist species was comparable between un-
managed forest reserves and production forests where the density of
large broadleaved trees was 4.9 tree per ha on average. On the other
hand, specialist species were more balanced between sampling plots
with various large broadleaved trees densities, and we found only non-
significant differences. Surprisingly, the number of specialist species was
similarly low in forest reserves as in production forest sampling plots
with an absence of large trees. Creepers in particular were associated
with large tree-rich sampling plots in spruce-dominated production
forests. Red List species were recorded mainly in forest reserves, how-
ever. Considering this, we can say that production forests with a high
number of large broadleaved trees do not have equal biological potential
as do forest reserves. Leaving native, large, broadleaved trees in non-
native spruce-dominated production forests can lead to an increase in
bird numbers. On average, 4.9 trees per ha can significantly increase the
number of bird species in spruce-dominated forests. Even a few large
broadleaved trees can have a positive effect. Considering this, individual
large broadleaved trees have good ecological potential and should be
maintained in production forests and protected from harvesting. The
ecological potential for birds of large trees can be explained by the
increased incidence of various injuries (rot, broken branches or trunk,
cracks, cavities) that can be exploited by different species. High species
richness of forest reserves is attributed to their large numbers of old and
large trees, but even individually occurring large trees in managed for-
ests can provide important habitat for various, often low-movement,
taxa such as fungi, lichens, or saproxylic insects that could disappear
from these stands without those trees’ presence. We also were able to
detect a positive effect on birds of large broadleaved trees in spruce-
dominated forests. In this case, these were trees of natural composi-
tion and which diversified these often homogeneously aged coniferous
stands. Thus, the importance of these trees lies not only in broadening
the age structure of the forest but also there is a general value in the
admixture of natural tree species within a coniferous forest. Even 4.9
large broadleaved trees per ha in production forests are still not suffi-
cient for some Red List Species and cannot fully replace the ecological
functions of native stands in nature reserves. Moreover, this number of
broadleaved large trees is the maximum amount found in spruce-
dominated production stands and therefore their harvesting should be
limited to retain these actual numbers. In addition, it is desirable to
adapt forest management to support large trees in spruce-dominated
production forests and to increase their numbers.
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1 Supplementary material:

Supplement 1. All birds recorded in production forest and forest reserves used in the analysis (owls

and raptors are excluded). Guild field identifies generalist (G) and specialist (S) species.

. . Abundance  Density Dominance Frequency
Species Abbr. Guild o .
(individuals) (1 ha) (% from 180 points)

1 Fringilla coelebs Fricoe G 402 2.0 14.5 99.5
2 Periparus ater Perate S 256 1.3 9.2 89.0
3 Erithacus rubecula Erirub G 249 1.2 9.0 88.0
4 Regulus ignicapilla Regign S 187 0.9 6.8 81.0
5 Troglodytes troglodytes Trotro G 153 0.8 5.5 67.0
6  Certhia familiaris Cerfam S 148 0.7 5.3 69.5
7 Turdus merula Turmer G 143 0.7 5.2 60.5
8  Regulus regulus Regreg S 134 0.7 4.8 62.5
9  Sylvia atricapilla Sylatr G 130 0.7 4.7 56.5
10 Dendrocopos major Denmaj G 118 0.6 4.3 54.0
11 Parus major Parmaj G 116 0.6 4.2 45.5
12 Phylloscopus collybita  Phycol G 108 0.5 3.9 49.5
13 Spinus spinus Spispi S 91 0.5 33 23.5
14 Columba palumbus Colpal G 78 0.4 2.8 33.5
15 Loxia curvirostra Loxcur S 72 0.4 2.6 18.5
16 Sitta europaea Siteur G 71 0.4 2.6 32.5
17 Turdus philomelos Turphi G 47 0.2 1.7 21.5
18 Prunella modularis Prumod G 37 0.2 1.3 17.0
19 Pyrrhula pyrrhula Pyrpyr S 30 0.2 1.1 13.0
20 Phylloscopus sibilatrix — Physib S 29 0.1 1.0 13.0
21 Garrulus glandarius Gargla G 22 0.1 0.8 10.5
22 Cyanistes caeruleus Cyacae G 22 0.1 0.8 10.0
23 Coccothraustes Coccoc G 21 0.1 0.8 8.0

coccothraustes
24  Corvus corax Corcor G 18 0.1 0.7 1.0
25 Turdus viscivorus Turvis S 17 0.1 0.6 8.5
26 Dryocopus martius Drymar S 9 0.0 0.3 4.5
27 Anthus trivialis Anttri G 9 0.0 0.3 4.0
28 Columba oenas Coloen S 8 0.0 0.3 2.5
29 Phylloscopus trochilus ~ Phytro G 7 0.0 0.3 3.5
30 Sturnus vulgaris Stuvul G 7 0.0 0.3 1.0
31 Certhia brachydactyla  Cerbra S 4 0.0 0.1 2.0
32 Sylvia borin Sylbor G 3 0.0 0.1 1.5
33 Phoenicurus Phopho G 2 0.0 0.1 1.0

phoenicurus
34 Emberiza citrinella Embcit G 2 0.0 0.1 0.5
35 Ficedula albicollis Ficalb S 2 0.0 0.1 0.5



. . Abundance  Density Dominance Frequency
Species Abbr. Guild o )
(individuals) (1 ha) (% from 180 points)
36 Ficedula parva Ficpar S 1 0.0 0.0 0.5
37 Poecile palustris Poepal S 1 0.0 0.0 0.5
38 Lophophanes cristatus  Lopcri S 1 0.0 0.0 0.5
39 Muscicapa striata Musstr G 1 0.0 0.0 0.5
40 Nucifraga Nuccar S 1 0.0 0.0 0.5
caryocatactes
41 Dendrocopos leucotos — Denleu S 1 0.0 0.0 0.5
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ARTICLE INFO ABSTRACT
Keywords: Many of native forests in Europe have been transformed into even-aged production forests of commercially
Beta-diversity attractive conifers. In recent decades, a moderate shift back to a more native tree species composition accom-

Species turnover
Nestedness
Old-growth species
Forest management

panied by the maturation of some close natural stands has been evident in the Czech Republic. We aimed to
investigate the effects of increasing age and contribution of native tree species on bird species and to identify the
potential critical thresholds of these factors in central European forests. For this purpose, bird monitoring and

forest structure measurements were carried out at 120 plots in production forests and 20 forest reserves located
on 20 study sites throughout the Czech Republic. These plots covered gradients of native tree species contri-
bution and stand age. Birds were counted during the 2018, 2019 and 2020 breeding seasons using passive
acoustic monitoring, followed by subsequent computer analysis of the recordings. We assessed relationships
between differences in bird species composition and structural and environmental factors. We also used
generalised additive models (GAMs) to investigate the effects of individual structural and environmental factors
on birds, taking into account their occurrence frequencies and habitat preferences. Our results convincingly
documented, that dissimilarities in bird species composition, especially species turnover, strongly coincided with
differences in the share of conifer basal area and stand age. The effect of tree species composition on the bird
species turnover reflected the habitat preferences of individual species. In addition, we found that some cavity-
nesting species were strictly associated with stands with a low contribution of conifers and high stand age. The
presence of forest older than at least 125, but sometimes up to 280 years is a critical factor for rare and old-
growth bird species. Conversely, the high contribution of conifers (more than app. 60 % of basal area) inhibi-
ted the occurrence of the species-rich communities, especially the birds associated with close natural stands.
Therefore, increasing the area of mature close-natural stands would be beneficial for bird diversity, especially for
rare species. In central Europe, however, the rotation length of forest stands is usually less than 120 years in
order to maximise timber production. Forest management practices should therefore support the maturation of
forest stands and the transformation of tree species composition towards more native broadleaved forest stands.
These measures are essential for the protection of species-rich bird communities, especially old-growth-

associated birds, in central Europe.

1. Introduction 2010). However, 30 % of the world’s forests are used for timber pro-
duction and only 18 % are protected (FAO, 2020). In the European

Forests cover 31 % of the world’s land area and are the most Union, more than half of the forest area is used primarily for production
biodiversity-rich terrestrial ecosystems (FAO, 2020; Lomolino et al., (European Commission, 2011). Many native forests in Europe have been
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transformed into even-aged production forests of such commercially
attractive conifers such as Norway spruce (Picea abies), which in a large
proportion of these places is outside of its original range (FOREST
EUROPE, 2020; Klimo et al., 2000). However, tree species composition
is one of the most important factors determining the composition of bird
communities in forests (Felton et al., 2021). The transformation of
native (usually broadleaved) forests to conifer-dominated production
forests has often led to changes in species composition and overall
biodiversity loss (Felton et al., 2010; Heinrichs et al., 2019; Sweeney
et al., 2010). On the other hand, higher contribution of native broad-
leaved tree species in conifer-dominated monocultures increases bird
diversity (Fuller, 2000; Sweeney et al., 2010; Vélova et al., 2021), and
occurrence of even one broadleaved tree species may have a positive
effect (Felton et al., 2010).

The result of recent forest management is prevalence of spruce
monocultures sensitive to extreme weather events and bark beetle in-
festations (Hlasny et al., 2021; Senf and Seidl, 2018). Large-scale logging
following the bark beetle outbreak in recent years has left behind large
areas of cleared land, and forests have become a source of greenhouse
gas emissions (Ministry of the Environment of the CR, 2021). Therefore,
the current goal of forest management in the Czech Republic (CR) is to
bring the tree species composition closer to the natural state (Ministry of
the Environment of the CR, 2021).

In addition, forest management practices with the prevalence of
clear-cutting simplify the age structure of the forest stands. Approxi-
mately three quarters of forests in Europe are even-aged, beyond the
regeneration stage but have not yet reached the maturity stage (FOREST
EUROPE, 2020). These forests are usually 20-80 years old (FOREST
EUROPE, 2011). However, increasing forest age generally supports
biodiversity (Moning and Miiller, 2008, 2009). For example, the critical
forest age threshold for a satisfactory diversity of lichens, molluscs, and
birds in European beech (Fagus sylvatica L.)-dominated forests ranges
from 100 to 170 years in submontane forests and from 160 to 220 years
in montane forests (Moning and Miiller, 2009). On the other hand,
production forestry aims at shortening the rotation length — for example,
in beech stands to less than 120 years (Biitler et al., 2013). The
remaining forests with native tree species composition and high age are
usually protected for biodiversity conservation. These mostly broad-
leaved unmanaged forests have a higher potential for biodiversity con-
servation compared to production forests (Felton et al., 2016;
Hofmeister et al., 2016, 2015; Horak et al., 2019; Leso et al., 2020). In
terms of production forests, the exceptional age of these stands creates
the potential for of old-growth forest structures in the form of large old
live or dead trees, which are keystone structures for biodiversity in
landscapes worldwide (Lindenmayer, 2017; Prevedello et al., 2018), but
are generally rare in production forests (Hofmeister et al., 2015; Nilsson
et al., 2003). However, the proportion of natural forests unaffected by
human activity in the total forest area of the Czech Republic is only 2.2
% (Ministry of the Environment of the CR, 2021).

Long-term bird monitoring shows an slow expansion of species
associated with broad-leaved trees, which can be explained by the
conversion of conifer plantations to close-natural tree species forests
(Reif et al., 2022). These large-scale changes in forest stand structure
may shape species distribution and assemblage composition at the
landscape scale. Thanks to shifts in tree species composition towards
more natural conditions in the CR (Reif et al., 2008), it is possible to
investigate bird species-specific responses to the recovery of Central
European production forests from widely expanded coniferous planta-
tions (McGrath et al., 2015). Additionally, production forests in the CR
have matured and become dominated by tall stands. In particular, the
cover of forest stands older than 120 years increased, probably due to
management practices in protected areas or by postponing the restora-
tion of economically unattractive less accessible or lower quality stands
in production forests (Ministry of Agriculture of the Czech Republic,
2022).

As was mentioned, tree species composition is one of the most
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important factors determining the composition of bird communities in
forests (Felton et al., 2021). The changes in forest structure can cause
variations in species composition on a national scale. Understanding the
impact of these changes on species distribution is an important factor in
ecology and management planning (Anderson et al., 2011). Here, we
investigated compositional dissimilarities among species assemblages
(beta-diversity) of production forests in relation to tree composition and
forest age. Beta-diversity may reflect spatial species turnover, which
captures compositional changes due to species replacement, and com-
munity nestedness, which represents the extent to which poorer as-
semblages form subsets of richer assemblages (species loss) (Baselga,
2010). Both components may have opposite patterns, and partitioning of
beta-diversity may provide additional insights into the causes of spatial
variability (Soininen et al., 2017).

Although key structural features of forest stands are known for
different taxa, we do not have enough information to set up critical
thresholds of these environmental factors in these particular stands.
Finding these thresholds in production stands will allow us specific to
target forest management to prevent further biodiversity loss while
maintaining the timber production.

We aim to 1) identify key structural factors affecting bird diversity,
2) assess differences in the turnover and nestedness components of beta-
diversity in relation to differences in forest structural factors, 3) assess
the importance of key structural factors on bird species groups based on
their frequencies at national and study scales and habitat preferences, 4)
find critical thresholds of key structural factors for promoting bird di-
versity, 5) identify indicator species for key structural factors, and 6)
derive forest management recommendations relevant to various aspects
of bird diversity in spruce-dominated production forests.

We used birds as model taxa because of their rapid response to
environmental change and easy detection by vocalisation. We used
passive acoustic monitoring (PAM) as a cost-effective and reliable
method to collect occurrence. This method allows to count simulta-
neously at different points with long survey duration (up to hours) than
with the conventional method (point count). The use of PAM does not
allow visual detection of silent species. However, the visual detection of
birds is more difficult than in the forest than in open habitats, and the
number of species detected by the PAM and by and observer is similar in
these environment (Kutaga et al., 2019). In addition, the lower PAM
efficiency for silent species may be partially offset by the length of the
recording and when birds are detected up to 50 m from the observer
(Kutaga et al., 2019; Sedlacek et al., 2015).

2. Material and methods
2.1. Study area and design

The study was carried out in production forests throughout the Czech
Republic. Forests cover about 34 % of the country, with Norway spruce
(Picea abies) accounting for about half of the total forest area (Ministry of
Agriculture of the Czech Republic, 2020). Although the original range of
spruce forests was limited to the montane areas of the CR, forest man-
agement practices with prevalence of clear-cutting (Hlasny et al., 2021)
often involved replacing original broadleaved stands in lower areas with
spruce-dominated forests (Neuhauslova et al., 1997, Neuhauslova et al.,
1998, Neuhauslova et al., 2001). Furthermore, due to forest manage-
ment, the proportion of forests older than 120 years is currently less than
9 % in the CR (Ministry of Agriculture of the Czech Republic, 2020). We
selected 20 forest sites across the CR consisting of sufficient size of non-
fragmented production forest to eliminate the influence of the edge ef-
fect and with representative tree species contribution and forest stand
age similar to most of production forests in country. On each site, we
selected 600-ha circle area with sufficient proportion of spruce domi-
nated and broadleaved (mainly beech (Fagus sylvatica L.)) stands to
allow sampling of different stand types. The size of 600 ha was chosen
with regard to the minimum spacing of sampling plots and the time
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needed to search for large trees (see below). The lowest distance be-
tween neighbouring study sites was 6.5 km (mean distance of neigh-
bouring study sites was 130.5 km). In order to ensure the
representativeness of the selected stands and the wide applicability of
the study results, the study sites were selected within a range of 380 to
947 m a.sl. in order to cover a sufficient altitudinal distribution of
production forests in the Czech Republic.

On each study site, all live trees with a diameter at breast height
(hereafter DBH) > 70 cm were exhaustively searched and their locations
were recorded. For each tree, DBH, species and a description of the
immediate surroundings (e.g. clear-cut, dense spruce monoculture,
broadleaved forest, etc.) were recorded. Based on the tree species
derived from the forest management plans, we looked for the most
common forest type (covering more than half of the 600 ha) on each
study site. In all study sites, we found that the most common forest type
was spruce-dominated forest with a small mix of other species (usually
Scots pine and European larch). The data from the forest management
plans were also used to search for pure beech stands in order to find
forests with a native tree species composition. Subsequently, based on
the presence of trees over 70 cm DBH and the dominant tree species
derived from forest management plans, 6 sampling circle plots of 1-ha
were selected on each study site for a detailed description of the stand
structure. This number of plots seemed optimal given the time required
for mapping. At the same time, the selected sampling plots covered the
widest possible range of stand age gradient (excluding stands less than
20 years old) and gradient of conifer to broadleaf contribution to canopy
layer at each study site. In order to have a representative presence of the
different production forest stands, sampling plots were located in: 1) the
most common type of forest on the study site - the most typically spruce
monoculture with no trees over 70 cm DBH [production forest - matrix],
selected one sampling plot per study site, 2) broadleaved (beech) forest
with no trees over 70 cm DBH [production forest - young broadl.],
selected one sampling plot per study site, and 3) production forest with
varying numbers of broadleaved trees over 70 cm DBH [production
forest - large trees], selected four sampling plots per study site. The
number of broadleaved trees over 70 cm DBH in these four sampling
plots ranged from single tree to the maximum number of trees concen-
trated in area of 1 ha circle sampling plot found on each study site. The
maximum occurrence of trees over 70 cm DBH represents various size
remnants of old native broadleaved stands on each study site. In addi-
tion, we selected the nearest unmanaged forest reserve [Reserve] of old-
growth native broadleaf forest (distance from study site ranging from
0.6 to 19.1 km, mean 6.7 km) to extend the native broadleaf tree and age
gradients. An overview of the structural gradients that are included is
given in Table 1 and the distribution of sampling plots per elevation is
shown in Fig. A7.

We also avoided clearings, forest roads, and forest edges. The mini-
mum distance of sampling plot centres from the forest edge, busy roads,
or clearings larger than 0.25 ha was 100 m. The minimum distance

Table 1
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between sampling plot centres was 200 m. In total, we selected 140
sampling plots in production forests and unmanaged forest reserves. The
location of the study sites (600 ha) and examples of sampling plots in
production forests and forest reserve are shown in Fig. 1.

2.2. Bird survey

Bird surveys at all study sites (20) with a total of 140 sampling plots
in production forests and forest reserves were conducted using acoustic
bird monitoring in 2018 (5 sites and 5 reserves), 2019 (7 sites and 7
reserves) and 2020 (8 sites and 8 reserves). Records were taken from the
midpoint of each sampling plot. Each midpoint was surveyed twice in
the same year according to recommended minimum survey effort
(Gregory et al., 2004; Vorisek et al., 2008), in April for early nesters and
in May-June for late nesters (Bouvet et al., 2016). The interval between
consecutive visits to the same plot was between 4 and 6 weeks. Sound
recordings were made using Olympus DM-650 digital recorders. The
recorded sounds were processed by subsequent computer analysis using
the methodology of Savicky, (2008) in the AM Services program
(spectrogram analysis with sound recording control). For each point
recording, we used time intervals from 3:00 to 9:00 and from 17:00 to
22:00 (in total 22 h of recordings per point from both controls). Based on
the loudness of the echoes of each species, expert judgement was used to
exclude very distant individuals (over app. 80 m) of species audible at
long distances. This process was carried out for all plots by a same
person with extensive experience in processing this type of data (Vojtéch
Kodet). We also excluded diurnal raptors and owls (except Strix aluco
and Aegolius funereus), which have large territories and may be more
difficult to detect by voice. Additionally, we excluded migratory species
(e.g. waterbirds not associated with the forest habitat) and Fringilla
montifringilla, which is not a nesting species in the CR.

In order to assess the importance of the monitored structural factors
for rare species, we classified birds based on large-scale quadrat map-
ping (628 quadrats in total) of birds across the CR during 2014-2017
(Stastny et al., 2021). We classified bird species occurring on less than
60 % of quadrats as rare [Rare national (<60)], on 60 %-95 % of
quadrats as common, and on more than 95 % of quadrats as highly
frequented [Highly freq. national (>95)]. Furthermore, to identify rare
species in the bird community of the forest types included in this study,
we classified species occurring on less than 30 % of our sampling plots as
rare at the study level [Rare study (<30)].

To identify the response of birds to structural factors based on their
habitat preferences, we divided species into those occupying broad-
leaved forests in the breeding area [Broadleaved-associated sp.] and
those occupying coniferous forests in the breeding area [Conifer-
associated sp.]. Species habitat preferences were adopted from
Storchova and Hordk (2018) and missing species were supplemented
from Reif et al. (2022). In addition, species occurrence was plotted on a
gradient of the factors of interest to identify the relationship between

Summary of the range of structural characteristics of the stands examined and number of sampling plots placed in each stand type. In two cases, no suitable young
broadleaved stand in production forest was found and the sampling plot was replaced with a stand of large broadleaved trees. LTBAtot [m?/ha] - total basal area of live
trees in sampling plot, ConifShare [%] - share of conifer basal area, Age_MAX - age of the oldest forest stand group, LT_70 - number of live trees over 70 cm DBH in
sampling plot, Elev [m a.s.L.] - elevation of sampling plot, DeadWood [m®/ha] - amount of lying deadwood. Detailed distribution of sampling plots by elevation is

shown in Fig. A7.

Sampling plot Production - large trees Production - matrix Production - young broadl. Reserve

median range median range median range median range
LTBAtot 43 16.2-73.1 46.8 31.5-76 41.2 31.4-52.5 40.8 22.1-56.4
ConifShare 82,2 0-100 99.8 91.9-100 51.5 0-94.3 4.9 0-79.6
Age MAX 103,5 65-218 89 59-125 94 50-164 191.5 148-280
LT 70 4 0-23 0 0-0 0 0-2 22.5 9-45
Elev 603.7 393-888 570.9 427-947 583.8 433-880 596.7 380-770
DeadWood 31 0.1-34.7 2.7 0-10.8 1.1 0-27.7 20.8 8.5-188.5
Number of sampling plots 82 20 18 20
Standard number per study site 4 1 1 1
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Fig. 1. A) location of all (20) study sites in the Czech Republic (CR); B) location of the CR in Europe; C) example of study site (600 ha) with localization of sampling

plots in production forest and nearest unmanaged forest reserve.

each species and tree composition, forest age and elevation.

2.3. Spatial and environmental variables

In each 1 ha sampling circle plot, spatial stratification of forest to
structurally similar forest segments were made. Then in each segment,
structural measurements were made on sample circle plots placed at
representative locations within segment. The size of the mapped seg-
ments ranged from 500 m? to 1 ha. Based on the segment size, the
number of sample circle plots from one to four was selected for a
representative description of the stand structure. For measuring the
sufficient number of trees for representative measuring of forest struc-
ture we used sample circle plots of 150 m?, 300 m2, 500 m? or 1000 m?
based on density of trees (larger circle plots for stands with lower tree
density), which dependent on the age of the stand (older stands have
lower tree density). In cases where the segment was small and tree
density was low, the entire segment was mapped.

The measurements were then related to the sample circle plot area of
1-ha. We measured all trees over 5 cm DBH and lying deadwood over 10
cm in diameter. In addition, for each measured live tree, 51 different
tree-related microhabitats [TreMs] were recorded. The list of TreMs was
compilated by extending the lists of other authors (e.g. Biitler et al.,
(2013); Kraus et al., (2016); Paillet et al., (2018)) and then grouping the
individual TreMs found into 13 basic classes according to Larrieu et al.,
(2018) for analysis. We then calculated the total basal area (BA) of all
living trees [LTBAtot] and divided it into the BA of conifers [ConifBA]
and broadleaves [BroadIBA]. From these values, we calculated the share
of conifer basal area in the sampling plot [ConifShare]. We also calcu-
lated the number of tree-related microhabitat groups per sampling plot
[TreMs], the amount of lying deadwood [DeadWood], the Shannon-
Wiener diversity index of living tree species [H_Trees] using formula
H

5 pi*In(p;), where S is overall number of species and p; is

proportion of the entire community made up of species I, the lowest
measured DBH of live trees on the plot [DBH_min] and the number of
live trees of native species over 70 cm DBH [LT_70]. To include forest
age as a factor, we used the age of the oldest forest stand group [Age_-
MAX] within a 1 ha sampling plot extracted from forest management
plans, which is a good reflection of actual age of the stands, as all the
stands surveyed had been managed in the past (including currently
unmanaged reserves). Additionally, the geographical distances of
respective sampling plots and the elevation [Elev] of the centre of each
sampling plot were used. All analyses and data extraction were per-
formed in a geographic information system (ArcGIS 10.4).

2.4. Statistical analysis

We used presence-absence bird data extracted from bird recordings
to compute the Sgrensen dissimilarity index as a measure of total beta-
diversity. In addition, we computed two components of beta-diversity:
i) Simpson dissimilarity, which represents species composition turn-
over and ii) the remaining part of dissimilarity, which accounts for
nestedness, using the package ‘betapart’ (Baselga, 2010). As a large
number of structural variables were correlated with each other
(Table A2), we chose share of conifer basal area [ConifShare], age of the
oldest stand [Age_MAX] and elevation [Elev], as explanatory variables
of bird diversity, as they reflect most of the other forest factors. We then
tested the associations between differences in total beta-diversity,
turnover and nestedness and differences in selected structural factors
in the sampling plots by partial Mantel tests with 9999 permutations
using the package ‘vegan’ (Oksanen et al., 2019), taking into account the
geographical distances of the respective plots.

To separate the effects of individual structural factors, we used
generalised additive models (GAMs) with spline components (Wood,
2017). We used the total number of bird species identified from the used
22 h of recording per sampling plot (from both time intervals and both
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controls) as a response variable. We used the Poisson semi-parametric
GAM framework with a log link, using the ‘mgcv’ package (Wood,
2017). Model parameters were estimated using restricted maximum
likelihood (REML). We construct models for all defined bird groups,
using the factors [Elev], [ConifShare], [Age_.MAX], and factor repre-
senting four defined forest types ([production forest - matrix], [pro-
duction forest - young broadl.], [production forest - large trees] and
[Reserve]) as explanatory variables. Additionally, we included a spatial
smoothing term based on the geographic coordinates of the sampling
plots to account for spatial autocorrelation. We used this approach
rather than a hierarchical design because the model evaluates exact
distances among sites. The factor representing forest type was excluded
from the final models due to its non-significance and the lower Akaike
Information Criterion (AIC) of the models after excluding this factor.

To identify thresholds of conifer presence and the effect of forest age
on bird communities, we sorted the study plots in ascending order by
[ConifShare] and then calculated a cumulative number of species (in the
same way for [Age_MAX]) using the function ‘specaccum’ of the vegan
package (Oksanen et al., 2020) using presence-absence bird data.

In addition, we used principal component analysis (PCA) to identify
associations between the variables listed in paragraph 2.3 and four
forest types ([production forests - matrix], [production forest - young
broadl.], [production forest - large trees] and [Reserve]). We used all the
habitat characteristics (rescaled to a common scale) and plotted the
observations from different forest classes in the principal component
space [‘factorextra’ package in R; (Kassambara and Mundt, 2020)]. All
analyses were performed in R (R Core Team, 2021).

3. Results

In total, we recorded 53 bird species (51 species in 120 plots in
production forest and 44 species in 20 plots in forest reserves). Based on
national quadrat mapping, we identified 10 species that occurred on less
than 60 % of the large-scale mapping quadrats [Rare national (<60)], 18
species that occurred between 60 % and 95 % of the quadrats and 25
species occurred on more than 95 % of quadrats [Highly frequented
(>95)]. We also identified 25 species that occurred on less than 30 % of
our study sampling plots [Rare study (<30)]. Based on the occurrence of
individual species on gradients of conifer basal area share and stand age,
we selected species strongly associated with both non-coniferous and
also high-age forests: Picus canus (occurrence on 17 plots), Dendrocoptes
medius (occurrence on 13 plots), Sturnus vulgaris (occurrence on 7 plots),
Ficedula albicollis (occurrence on 4 plots), Ficedula parva and Dendrocopos
minor (occurrence on 3 plots) [Old-growth specialists]. All species
recorded in this study, including their classification, are listed in
Table Al.

3.1. Dissimilarities between bird species community and gradients of tree
species composition, forest structure and environment

The total (Sgrensen) dissimilarity increased with the differences of

Table 2

Results of Mantel tests investigating relationships between total beta-diversity
(Sgrensen) dissimilarity in species composition, partitioned into components
of species turnover (Simpson dissimilarity) and nestedness, and differences in
share of conifer basal area [ConifShare], age of oldest stand [Age MAX],
elevation [Elev] and geographical distances of sampling plots. The symbol ***
indicates significance at the level p < 0.001, ** p < 0.0, * p < 0.05 and ns non-
significant result.

Dissimilarity ConifShare =~ Age MAX  Elev Geographical

measure distances

Sgrensen 0.560 *** 0.336 ***  0.123 0.073
dissimilarity e

Turnover 0.533 *** 0.311 *** 0.086 ** 0.048 ™

Nestedness -0.027 ™ 0.003 ™ 0.054 * 0.040 ™
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all factors studied (Table 2 and Fig. A6). The most important factor was
the share of conifer basal area [ConifShare], followed by the age of the
oldest forest stand [Age_MAX]. Species turnover showed similar patterns
to total beta-diversity, reflecting that the dissimilarity of bird assem-
blages is almost exclusively consisted of species turnover, while nest-
edness is only a minor component.

3.2. Effect of structural factors on species diversity

Generalised additive models showed a significant effect of the tested
factors on selected species groups (Table 3, Fig. 2 and Appendix B). We
found a positive effect of stand age [Age_ MAX] on species rare at na-
tional [Rare national (<60)] and study plot level [Rare study (<30)], as
well as on highly frequent species [Highly freq. national (>95)] and
selected old-growth specialist bird species [Old-growth specialist]. Ac-
cording to the GAM results, the critical threshold for the positive effect
of stand age was between 135 and 280 years for species rare at national
level, 140 and 190 years for species rare at study plot level, 125 and 200
years for species highly frequent at national level, and 125 and 160 years
for old-growth specialist bird species.

The increase in the share of conifer basal area [ConifShare] signifi-
cantly affected species rare at study level [Rare study (<30)], Old-
growth specialists, Broadleaved-associated species (all negative) and
Conifer-associated species (positive). The critical threshold of Conif-
Share was between 50 % and 78 % for species rare at study level, be-
tween 48 % and 78 % for Old-growth specialists, between 60 % and 80 %
for Broadleaved-associated species, and between 50 % and 70 % for
Conifer-associated species. Among the environmental predictors,
elevation had a significant effect on all species groups studied, with the
exception of species rare and highly frequented at the national level
[Rare national (<60); Highly freq. national (>95)] and Conifer-
associated species with a negative effect.

The increase in new bird species in relation to the increase in Con-
ifShare and Age MAX on the sampling plots showed different trends
(Fig. 3). In the case of the ConifShare, the increase in species was fastest
on plots with lower proportion on conifer basal area and stopped after
reaching the value of 62 % for all species and Rare national (<60), and 4
% for Old-growth specialist group. On the other hand, the trends on the
Age MAX gradient were more similar to linear trend and the species
increase slowed down after reaching the value between 171 and 177
years for all species groups. Moreover, the occurrence of Old-growth

Table 3

Results of generalised additive models showing relationships between bird
species rare at the national level [Rare national (<60)], species highly frequent
at the national level [Highly freq. national (>95)], species rare at study level
[Rare study (<30)], species selected for association with old non-coniferous
stands [Old-growth specialists], species occupying coniferous forests [Conifer-
associated sp.] and species occupying broadleaved forests [Broadleaved-
associated sp.] as well as elevation [Elev], share of conifer basal area [Conif-
Share], age of the oldest forest stand [Age_ MAX] and geographical distances of
sampling plots. The model fit is indicated by the proportion of explained devi-
ance. The symbol *** indicates significance at the level p < 0.001, ** p < 0.0, * p
< 0.05 and ns non-significant result. For full model results see Appendix B.

Dependent variable Elev  ConifShare = Age MAX  Geo. Expl. dev.
dist. (%)

Rare national (<60) ns ns Rk 15.3

Highly freq. national ns ns * ns 39.4
(>95)

Rare study (<30) o o e ns 45.9

Old-growth ok b * ns 63.0
specialists

Conifer-associated ns i ns 51.9
sp.

Broadleaved-ass. sp. i ek ns ns 60.7
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Fig. 2. Results of generalised additive models for defined groups of birds: species richness of the bird species rare at national level [Rare national (<60)] (a-c),
species rare at study plot level [Rare study (<30)] (d-f), species selected by their association with old non-coniferous stands [Old-growth specialists] (g-i), species
occupying coniferous forests [Conifer-associated sp.] (j-1) and species occupying broadleaved forests [Broadleaved-associated sp.] (m-o0). The y-axis shows the
isolated effects of each predictor on the presence of each species group: elevation [Elev] (left), share of conifer basal area [ConifShare] (middle), and age of the oldest
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Fig. 3. Visualisation of the increase in new bird species in relation to the increase in share of conifer basal area (left) and the increase in the oldest stand age (right)
on sampling plots. The cumulative number of all species, rare species at the national level [Rare national (<60)] and species associated with old non-coniferous
forests [Old-growth specialists] are shown as black lines. The increase in share of conifer basal area and the oldest stand age are shown as dashed orange lines.
The x-axis represents the number of plots sorted by each factor on ascending order.

specialists has only begun on plots with the occurrence of forest stands
older than 90 years.

4. Discussion

We found a significant increase in dissimilarity in beta-diversity with
increasing differences in the proportion of coniferous trees and the age
of the forest stand. In addition, we found similar effects for species
turnover. The age of the oldest stand strongly supported (promoted) rare
species. Similarly, the occurrence of old-growth specialists increased
with forest age and decreased with the contribution of coniferous tree
species. Conifer- and broadleaved-associated bird species responded
well to share of conifer basal area, whereas forest age was less impor-
tant. Furthermore, the high proportion of conifers in the tree species
composition appeared to prevent species enrichment in bird
communities.

5. Overlap in bird species composition between coniferous- and
broadleaved-dominant stands

The prevalence of species turnover component on total beta-diversity
has already been obtained for bird communities (e.g. Si et al., 2015), and
this pattern is common for studies of local assemblages (Soininen et al.,
2017). On the other hand, a significant effect on nestedness is more
typical for large-scale studies focusing on large assemblages (Baselga,
2010). Species turnover may reflect species replacement from one site to
another, whereas nestedness is often associated with extinction—colo-
nisation dynamics (Si et al., 2016). Thus, our results indicated that
changes in share of conifer basal area and also elevation mainly caused
species turnover. Species turnover can be partly explained by the habitat
specialisation of some species in pure coniferous or broadleaved forests.
These species are likely to be replaced depending on the changes in the
proportion of broadleaved/coniferous trees. However, the pure spruce
monocultures with high tree densities are suitable for fewer species
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(Sweeney et al., 2010). In support of this, we found some species strictly
associated with stands with limited conifer contributions (up to 40 %)
(Fig. A2). These species were represented by Old-growth specialists:
Picus canus, Dendrocoptes medius, Sturnus vulgaris, Ficedula albicollis,
Ficedula parva and Dendrocopos minor. With the exception of Sturnus
vulgaris, all of these birds are species with threatened status in the Czech
Republic (Chobot and Nemec, 2017) and were among the rare species in
this study (Table A1). These species are primary or secondary cavity and
semi-cavity nesting species. On the other hand, Old-growth specialists
were not restricted to the old forests but also inhabited some younger
stands.

6. Relation between tree species composition, elevation and
bird species composition

Among environmental factors, we found a positive relationship be-
tween differences in elevation and dissimilarities in total beta-diversity
and its two components. The relationship between species turnover and
the elevation gradient is well known (Garcia-Navas et al., 2020; Jan-
kowski et al., 2013). Bird species turnover across the elevational
gradient can be explained by the fact, that some species with an opti-
mum at lower elevations may be replaced by very similar species at
higher elevations (Flousek et al., 2015). This may be related to the
increased contribution of spruce along the elevation gradient. For
example, Dendrocopos medius inhabited broadleaved forests at lower
elevations, whereas it is replaced by Dendrocopos leucotos in mixed
mountain forests or Picoides tridactylus in mixed mountain and conif-
erous forests (Kloubec et al., 2015). Similarly, Certhia brachydactyla
inhabited mixed and broadleaved forests with mature rough-barked
trees at lower elevations while Certhia familiaris was associated with
mountain beech and coniferous forests (Keller et al., 2020). According to
the PCA, tree species diversity decreased with elevation in our study,
while the share of conifer basal area shows only a very slight positive
relationship (Fig. A1). On the other hand, the loss of bird species can also
be explained by harsher climatic conditions or lower insect abundances
at higher elevations (Fuller, 2003). However, compared to share of
conifer basal area and stand age, the relationship between differences in
beta-diversity (and its components) and elevation dissimilarities is of
less ecological importance.

7. Effect of stand age and key structural factors on birds

Share of conifer basal area and the maximum stand age are critical
factors for some bird species, including Old-growth specialists (Fig. A5).
We also found other species relatively associated with low value of
conifer basal area share, such as Poecile palustris, Cyanistes caeruleus or
Picus viridis (Fig. A2). However, compared to Old-growth specialists,
these species covered the relatively high range of the forest age gradient
(Fig. A3) and were therefore not included in this group. Conversely,
some bird species were restricted to the stands with high share of conifer
basal area and low age (around 90 years), such as Nucifraga caryocatactes
or Lophophanes cristatus, and we confirmed the conifer affinity of these
species (Storchova and Horak, 2018). The age of about 90 years is
typical for conifer plantations, which make up the majority of the forest
stands in our study, and the occurrence of these species in such old
stands probably rather reflects their association with pure spruce forests.
Tree species composition is one of the most important factors deter-
mining forest bird communities (Felton et al., 2021). Old-growth
specialist species are also associated with old forests, which in our
study are represented by unmanaged forest stands in forest reserves.
Forest reserves are rich in large trees with tree-related microhabitats (e.
g. canopy deadwood) and standing deadwood (Nilsson et al., 2003).
Both are important structures for nesting (use of old cavities by sec-
ondary cavity nesters and excavation of new cavities by primary cavity
nesters) and foraging of these species. Many of these species occur
exclusively in forest reserves, while avoiding managed forest (Felton
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etal., 2016; Leso et al., 2020). In support of this, none of the Old-growth
specialist species was found in pure spruce stands with no old trees
present (Fig. A5). The reserves in our study were also characterised by
the absence of the trees with the lowest DBH (between 5 and 21 cm).
This suggests that the forests in the reserves were mainly composed of a
high proportion of large old broadleaved trees, but lacked thinner and
younger trees. This probably indicates that the (life) stage of the forest
stands that mostly represented the successional stage of late optimum,
which is less favourable for species-rich bird communities than the
subsequent terminal stage (Hilmers et al., 2018). Therefore, we can
expect that the species richness of bird communities in forest reserves
may even increase in the next few decades. The fulfilment of this
assumption is likely to be co-determined by the condition of the forest
stands surrounding forest reserves: the area of broadleaved close natural
and mature forest stands.

Forest age is known to be an important factor for many taxa,
including birds (Moning and Miiller, 2009). There is an obvious matu-
ration of production forests in the CR, when the proportion of forest
stands older than 120 years slowly but continuously increased, probably
due to postponement of restoration of economically unattractive and
less accessible or lower quality stands (Ministry of Agriculture of the
Czech Republic, 2022). The highest age of the forest stand in the vicinity
of the plots reliably indicates the presence/absence of large old trees and
deadwood objects (biological legacies), see Fig. Al, which can be
beneficial for bird diversity, especially in even-aged conifer-dominated
production forests (Kebrle et al., 2021). According to our results, the
threshold of the positive effect of forest age for rare species and Old-
growth specialists starts at 125 years and can thus benefit from the
increased proportion of production forest over 120 years, especially the
CR (Ministry of Agriculture of the Czech Republic, 2022). Moreover,
significant results in the case of Highly-frequented species [occurring
over 95 % of the national mapping (Stastny et al., 2021)] suggest a high
importance of forest age also for common bird species.

However, we did not find a support for a negative significant effect of
conifer presence on rare species at national level, which can be
explained by the different habitat preferences of individual species. To
illustrate this, the classification of birds into Conifer- and Broadleaved-
associated species showed the clear significant and inverse effect of
conifer basal area share on both groups. Furthermore, the higher pro-
portion of conifers is often associated with higher tree density, resulting
in a higher basal area (Augustynczik et al., 2019). These stands with
higher tree density in a single layer provide unsuitable conditions for
many bird species. On the other hand, in our study conifers occur across
the entire elevation gradient, which may provide suitable habitat for
Conifer-associated species also in lower elevations, and this is probably
why the effect of elevation was not detected for Conifer-associated
species in our study.

The appearance of new bird species along the forest age gradient
shows a trend similar to linear. However, the occurrence of Old-growth
specialists has only begun on plots with the occurrence of forest stands
older than 90 years. This age threshold corresponds to critical thresholds
for forest bird diversity in the zone between 420 and 520 m a.s.l.
(Moning and Miiller, 2009), which is the lower half of the elevation
range of our study area. In contrast, three-quarters of forests in Europe
have not yet reached the maturity stage (FOREST EUROPE, 2020) and
are typically less than 90 years old (FOREST EUROPE, 2011). Matura-
tion of these forests may therefore be beneficial for rare and old-growth
associated species. On the other hand, the appearance of new bird spe-
cies along the conifer basal area share gradient is skewed towards the
beginning of this gradient (broadleaved stands) and stops after reaching
the critical value of 62 %. In addition, the critical threshold is same for
rare species and considerably lower for Old-growth specialist species,
where the effect of the stand maturity appears to be dominant. The
critical threshold corresponds to a basal area of conifers above 26 m?/ha
for all species, rare species and 1 m?/ha for Old-growth specialist spe-
cies. The higher species richness in the broadleaved or mixed forests
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than in clear coniferous stands is confirmed by many studies (Fuller,
2000; Sweeney et al., 2010; Vélova et al., 2021). For example, the
admixture of just one broadleaf tree species to spruce monocultures can
lead to increase bird diversity (Felton et al., 2010). On the other hand,
the effect of basal area on bird species composition has varied in pre-
vious works. Basal area increase can be a positive in broadleaved forests
(Piechnik et al., 2022), while negative in coniferous forests (Czeszcze-
wik et al., 2015). These results are consistent with results documented in
our study.

Very old forests with native tree species composition are key stands
for many old-growth specialists and red-listed species (Felton et al.,
2016; Leso et al., 2020). However, the proportion of natural forests
unaffected by humans in the total forest area of the CR is only 2.2 %
(Ministry of the Environment of the CR, 2021). Moreover, the creation of
old-growth structures is a long process and can take tens or even hun-
dreds of years. For example, the creation of tree-related microhabitats
increases dramatically above 70 cm DBH (Larrieu et al., 2012), which
corresponds to an age of about 160 years for beech (Dobrovolny and
Tesar, 2010). The age of the oldest stand in our selected reserves ranged
from 148 to 280 years (mean 204 years). However, in these reserves the
effect of historical management is still visible, represented by the
absence of younger trees and spatially simplified structural variability.
Increasing the area of old-growth forest is therefore a crucial but long-
term objective, and the presence of the old-growth forest structures
and stands should therefore be promoted throughout the entire area of
production forests. At present, the most effective measure to support
bird species diversity is to maintain all old-growth and mature forest
stands with close-nature tree species composition, not only in protected
forests but also in production forests.

8. Conclusion

Our results showed that the proportion of coniferous trees and forest
stand age strongly influenced the species composition of bird commu-
nities, especially the species turnover. As expected, species turnover
mainly reflected bird habitat preferences for broadleaved/coniferous
forests, while the effect of forest maturity was less distinct. Species
richness of bird communities decreased moderately with increasing
conifer presence and elevation. The high contribution of conifers
inhibited species-rich bird communities, especially the occurrence of
rare old-growth specialists and broadleaf-associated species. On the
other hand, rare and old-growth bird species were positively associated
with forests older than 125 years, but were less dependent on tree spe-
cies composition. Moreover, old-growth species were almost exclusively
found in forests older than 90 years. Therefore, maturing of production
forests would be beneficial for bird species diversity, especially for rare
species. Forest management practices should support a higher area
contribution of the forest stands older than 125 years and a decrease of
non-native conifer tree species share below app. 60 % of basal area in
mature stands. In addition, the current old native forests are mainly
limited to the forest reserves with hollow and microhabitat-bearing
trees, standing and lying deadwood, which provide rich nesting and
feeding opportunities for birds. These stands are the result of non-
interventional management, which is crucial for specialised old-
growth birds, and their area is insufficient in the forests of central
Europe.
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Key structural factors and their thresholds for promoting bird
diversity in spruce-dominated production forests of central

Europe

Dominik Kebrle, Jeniyk Hofmeister, Vojtéch Kodet, Jan HoSek

Appendix A: Supplementary material

The total basal area of live trees is positively associated with elevation and, conversely,
Shannon’s index of tree species diversity is strongly negatively associated with elevation.
Forest reserves are associated with broadleaf trees, deadwood, tree-related microhabitats,
maximum age of the forest stand, number of trees over 70 cm DBH and the lowest DBH
measured on the plot. The last three variables are very strongly correlated.

PC2 (16.6%)

2.5
PC1 (47.1%)

Group EI Production - large trees |Z| Production - matrix IEI Production - young broadl. Reserve

Fig. A1. Biplot of first and second principal components, with corresponding percentages of variance explained in
brackets. The structural variables in the PCA describe defined forest types: 1) [production forest - matrix] = the
most common type of forest on the study site - most typically a clear spruce monoculture with no trees over 70 cm
in diameter at breast height (hereafter DBH), 2) [production forest - young broadl.] = young broadleaved forest
with no trees over 70 cm DBH, 3) [production forest - large trees] = production forest with various numbers of
broadleaved trees over 70 cm DBH from individual to maximum clustered number of trees on the study site, and
4) [Reserve] = unmanaged forest reserve in old native broadleaved forests. Observations belonging to different
forest classes are represented by different symbol shapes and colours, and original variables describing the forest



characteristics are represented by arrows. ConifShare = share of conifer basal area, LTBAtot = basal area of all
living trees, [Elev] = elevation of sampling plot, H_Trees = Shannon diversity index of tree species, BroadIBA =
basal area of living broadleaved trees, TreMs = number of tree-related microhabitats on the plot, Age_ MAX = age
of the oldest stand group, DBH_min = the lowest measured DBH of live trees on the plot, LT_710 = number of live
trees of native species over 70 cm DBH, DeadWood = amount of lying deadwood over 10 cm in diameter.
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Fig. A2. Share of conifer basal area in plots where individual bird species are occurred (only species occurring in
at least three plots are shown). Median (lines within boxes), lower and upper quartiles (white boxes), lower and
upper deciles (whiskers) and outliers (black dots) are shown. The symbol * after species name indicates species
that were selected as being associated with forests with low conifer basal area share and the presence of old
stands.
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Fig. A3. Age of the oldest stand in plots where individual bird species are occurred (only species occurring in at
least three plots are shown). Median (lines within boxes), lower and upper quartiles (white boxes), lower and
upper deciles (whiskers) and outliers (black dots) are shown. The symbol * after species name indicates species
that were selected as being associated with forests with low conifer basal area share and the presence of old
stands.
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Fig. A4. Elevation in plots where individual bird species are occurred (only species occurring in at least three
plots are shown). Median (lines within boxes), lower and upper quartiles (white boxes), lower and upper deciles
(whiskers) and outliers (black dots) are shown. The symbol * after species name indicates species that were
selected as being associated with forests with low conifer basal area share and the presence of old stands.
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Fig. A5. Selected species associated with forests with low share of conifer basal area and the presence of old
stands. Median (lines within boxes), lower and upper quartiles (white boxes), lower and upper deciles (whiskers)
and outliers (black dots) are shown. Open circles represent plots in production forests with the presence of
broadleaved trees over 70 cm DBH, triangles represent plots in young broadleaved forests and crosses represent

plots in forest reserves.
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Fig. A6. Differences in total bird beta-diversity (Serensen) dissimilarity (left) partitioned into components of
species turnover (Simpson dissimilarity) and nestedness (right), and differences in conifer basal area share, age
of oldest stand, elevation and geographical distance of sampling plots. Relationships between beta-diversity and
structural and environmental factors investigated using Mantel tests are shown in Table 2.



Table A1

All birds recorded in production forests and forest reserves. The table shows the proportion of occupied plots in
reserves and production forests (%), indicating the association of each species with these forests. The column
“Red List CR” indicates the threat category of each species according to the Red List of Threatened Species of
CR. The column “Atlas classification” indicates the category of the species based on its frequency according to
the large-scale quadrat mapping in the Czech Republic. The column “Forest occupancy class” indicates species
clearly occupying broadleaved forests in the breeding area and the species clearly occupying coniferous forests in
the breeding area. The symbol * after species name indicates species selected as being associated with forests
with low conifer basal area and the presence of old stands [Old-growth specialists]. Species rare at study level
(less than 30 % of plots occupied) are shown in bold. The symbol ®*) after the species name indicates a
secondary exclusion from the analysis.

Frequency (%)
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Species & M~ & B

1 Erithacus rubecula 99 100 99 LC over 95%

2 Fringilla coelebs 99 100 99 LC over 95%

3 Turdus merula 98 100 98 LC over 95%

4 Regulus ignicapilla 98 90 97 LC 60% - 95% Conif

5  Periparus ater 100 75 96 LC 60% - 95% Conif

6 Columba palumbus 93 90 92 LC over 95% Conif

7 Certhia familiaris 91 100 92 LC over 95% Conif

8  Turdus philomelos 91 85 90 LC over 95%

9 Dendrocopos major 88 100 90 LC over 95%

10 Garrulus glandarius 91 75 89 LC over 95%

11 Regulus regulus 88 50 82 LC 60% - 95% Conif

12 Troglodytes troglodytes 78 100 81  LC over 95%

13 Parus major 78 100 81 LC over 95%

14 Sylvia atricapilla 78 80 73 LC over 95%

15 Sitta europaea 65 95 69 LC over 95% Broadl

16 Turdus viscivorus 73 45 69 LC over 95%

17 Phylloscopus collybita 67 50 64 LC over 95%

18 Lophophanes cristatus 64 15 57 LC 60% - 95% Conif

19 Pyrrhula pyrrhula 51 25 47 LC 60% - 95% Conif

20 Dryocopus martius 38 85 45 LC over 95%

21 Spinus spinus 51 5 44 LC 60% - 95% Conif

22 Scolopax rusticola 42 35 41 VU less than 60 %

23 Coccothraustes coccothraustes 41 35 40 LC over 95% Broadl

24 Prunella modularis 45 10 40 LC over 95%

25 Phylloscopus sibilatrix 33 55 36 LC over 95% Broadl

26 Columba oenas 27 85 35 VU 60% - 95% Broadl

27 Strix aluco 25 75 32 LC 60% - 95%

28 Cyanistes caeruleus 24 80 32 LC over 95%

29 Loxia curvirostra 31 10 28 LC 60% - 95% Conif

30 Accipiter gentilis " 21 5 19 VU 60% - 95% Conif

31 Poecile palustris 15 30 17 LC 60% - 95% Broadl

32 Corvus corax 14 25 16 LC over 95%



Frequency (%)
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33 Picus viridis 13 35 16 LC over 95% Conif
34 Buteo buteo " 16 0 14 LC over 95%

35 Muscicapa striata 1320 14 LC 60% - 95% Broadl
36 Picus canus * 8 40 12 VU 60% - 95%

37 Dendrocoptes medius * 6 30 9 vu less than 60 %

38 Fringilla montifringilla 9 5 9 LC not classified

39 Aegolius funereus 9 59 VU less than 60 % Conif
40 Glaucidium passerinum " 7 5 6 \4¢ less than 60% Conif
41 Corvus corone 5 10 6 NT less than 60 %

42 Sturnus vulgaris * 3 20 5 LC over 95% Broadl
43 Streptopelia turtur 3 0 3 LC 60% - 95%

44 Ficedula albicollis * 0 20 3  NT  lessthan 60% Broadl
45  Anthus trivialis 3 0 3 LC 60% - 95%

46 Nucifraga caryocatactes 3 0 3 VU less than 60 % Conif
47 Phoenicurus phoenicurus 2 10 3 LC over 95% Conif
48 Emberiza citrinella 3 0 3 LC over 95%

49 Phylloscopus trochiloides 3 0 2 LC over 95%

50 Asio otus " 2 5 2 LC 60% - 95% Conif
51 Ficedula parva * 2 5 2 VU less than 60 %

52 Dendrocopos minor * 1 10 2 VU 60% - 95% Broadl
53 Haliaeetus albicilla “*" 0 10 1 EN less than 60 %

54 Certhia brachydactyla 1 5 1 LC less than 60 % Broadl
55 Jynx torquilla 1 0 1 VU 60% - 95% Broadl
56 Ficedula hypoleuca 1 0 1 NT less than 60 %

57 Strix uralensis " 0 5 1 CR less than 60 %

58 Lullula arborea 1 0 1 EN less than 60 %

59 Poecile montanus " 0 5 1 LC 60% - 95%

60 Bubo bubo " 0 5 1 EN 60% - 95% Conif
61 Oriolus oriolus 1 0 1 LC 60% - 95% Broadl




Table A2

Matrix showing the relationships between the individual environmental factors (factors used in the final GAMs are
shown in bold). The upper part of the table shows the Spearman correlation coefficient values (bold values
greater than +0.6), the lower part of the table shows the statistical significance of the relationships (bold p-values
less than 0.05). LTBAtot [m2/ha] - total basal area of live trees in sampling plot, [ConifBA] - basal area of conifers,
[BroadIBA] basal area of broadleaves, ConifShare [%] - share of conifer basal area, Age_ MAX - age of the oldest
forest stand group, LT_70 - number of live trees of native species over 70 cm DBH in sampling plot, Elev [m a.s.l.]
- elevation of sampling plot, DeadWood [m3/ha] - amount of lying deadwood, [H_Trees] - Shannon-Wiener
diversity index of living tree species, [DBH_min] - the lowest measured DBH of live trees on the plot, [TreMs] -
number of tree-related microhabitats per sampling plot.
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LTBAtot 036 076 048 -0,15 -024 -030 029 -0,11 -029 -022
BroadIBA 000 S~ -0,83 -098 059 062 052 -010 034 034 0,60
ConifBA 000 000 ™~ 08 -044 051 -053 020 032 -031 -049
ConifShare 0,00 000 0,00 ~~_ -0,61 -0,63 -055 014 -033 -035 -0,61
TreMs 007 000 000 000 ~~_ 073 049 -013 037 026 0,69
LT_70 0,00 000 000 000 000 ~~_ 061 -006 050 019 0,90
Age_MAX 0,00 000 000 000 000 000 ~_ 007 037 007 0,65
Elev 000 023 002 010 012 045 041 “~_ 0,18 -040 -0,06
DeadWood ~ 0,20 0,00 000 000 000 000 000 004 “~_ 002 049
H_Trees 0,00 000 000 000 000 002 039 000 08 ~_ 028
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Fig. A7. Boxplot showing cover of elevation range with differentiation of defined forest types: 1) [production forest
- matrix] = the most common type of forest on the study site - most typically a clear spruce monoculture with no
trees over 70 cm in diameter at breast height (hereafter DBH), 2) [production forest - young broadl|.] = young
broadleaved forest with no trees over 70 cm DBH, 3) [production forest - large trees] = production forest with
various numbers of broadleaved trees over 70 cm DBH from individual to maximum clustered number of trees on
the study site, and 4) [Reserve] = unmanaged forest reserve in old native broadleaved forests. Observations
belonging to different forest classes are represented by different colours. Labels in the plot identify the locality ID

(1 - 20).
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4.3 Studielll

Bird response to forest disturbance size in mountain spruce forests in Central
Europe

Dominik Kebrle, Petr Zasadil, Vojtéch Bartak, Jenyk Hofmeister

Podil autora disertace 80 %:

Pod vedenim Karla Stastného a Petra Zasadila jsem navrhl design experimentu. Byl
jsem zodpovédny za financovani ve formé ¢erpani grantu IGA ziskaného na zakladé
Uspé$né zadosti, kterou jsem sepsal pod vedenim Karla Stastného a Petra

Zasadila.

Mél jsem na starost komunikaci se spravou NP Sumava ohledné ziskani
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vybér studijnich lokalit a pfipravil jsem podklady pro sbér dat (pfiprava mapovych
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ABSTRACT

Although natural disturbances are likely to occur more frequently and be more severe in future as a result of
climate change, we have little evidence concerning the effect of disturbance size and severity on species di-
versity. We aimed to compare effects of varying size and severity of natural disturbances on bird species
composition in the non-intervention area of Sumava National Park, Czech Republic. For this purpose, we sur-
veyed bird communities in 1) small- and 2) large-scale disturbance, 3) enclaves of live trees in large-scale
disturbance areas, and 4) non-disturbed forests. Furthermore, we used habitat characteristics to identify struc-
tural factors affecting species composition of bird communities. Birds were sampled by the point count method
during the 2021 breeding season and analysed using linear models. Additionally, we use principal component
analysis (PCA) to characterize four defined disturbance classes using habitat characteristics. The most important
habitat characteristics for bird communities are structural complexity, live tree density, and understorey cover.
Small-scale disturbances increased structural complexity of a forest and had a generally positive effect on birds.
Both small- and large-scale disturbances supported species nesting on the ground and shrub layer. In contrast,
large-scale disturbances negatively affected canopy nesting and specialist species. This likely was due to a
reduction of small-scale habitat heterogeneity with increasing disturbance severity. High-severity disturbance
changes structurally rich forests to rather uniform, open-canopy habitats that are temporally unsuitable for
closed-canopy birds. On the other hand, low-severity disturbance enhances large-scale habitat heterogeneity and
maintains suitable habitat for species of closed-canopy forest, including some specialist species.

1. Introduction

amounts of lying deadwood within intact understorey (Swanson et al.,
2011; Scherzinger, 2006). Insect infestations, too, leave understorey

Extreme weather events such as severe windstorms and drought are
likely to increase in frequency globally as a result of climate change
(Rahmstorf and Coumou, 2011). Consequently, we will record greater
frequency and size of forest disturbances (Senf and Seidl, 2018). The
most important agents of natural disturbance on a global scale are
windstorms, insect outbreaks, and wildfires (FAO, 2010). These natural
disturbances create biological legacies (Burris and Haney, 2005) that are
important for many taxa, including, for example, beetles (Kozak et al.,
2020), birds (Kortmann et al., 2018; Repel et al., 2020), fungi (Vesela
et al., 2019), and lichens (Langbehn et al., 2021). The various distur-
bance types affect forest structure differently (Swanson et al., 2011).
Windstorms typically cause tree stems to break or topple and thus
strongly reduce canopy cover (Lain et al., 2008) while producing large
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E-mail address: kebrle@fzp.czu.cz (D. Kebrle).
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intact (De Grandpré and Bergeron, 1997) but produce large amounts of
standing dead trees. On the other hand, wildfires usually kill all live
trees as well as understorey while also leaving large numbers of standing
dead trees (Swanson et al., 2011). Deadwood is important for many taxa,
including cavity-nesting birds, bats, saproxylic insects, and cryptogams
(Bouvet et al., 2016; Hofmeister et al., 2015; Saab et al., 2014; Scher-
zinger, 2006). Dead stems are a particularly valuable habitat element for
birds when they are standing upright (Augustynczik et al., 2019). Lying
deadwood may still offer food for woodpeckers but does not serve as a
resource for birds nesting in cavities (Mollet et al., 2013). Wildfires and
insect outbreaks leaving large numbers of standing dead trees are thus
supportive of cavity-nesting species (Matseur et al., 2019; Versluijs
et al., 2017; White et al., 2016), and especially in the first decade after
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disturbance (Janousek et al., 2019; Hobson and Schieck, 1999). More-
over, dead standing trees after insect disturbances can still be suitable
for canopy-nesting birds (Matsuoka and Handel, 2007), the presence of
which diminishes strongly in forest stand felled by wind (Lain et al.,
2008), and for many Red-listed birds (Beudert et al., 2015). On the other
hand, wind and also fire disturbances promote the occurrence of species
associated with open-canopy conditions or high levels of shrub cover
while conversely limiting species of closed-canopy forests (Versluijs
et al. 2017; Zmihorski, 2010; Scherzinger, 2006). The increase of
shrub-layer species in the first years after disturbance relates to rapid
increase of shrub layer due to canopy opening (Fontaine et al., 2009;
Scherzinger, 2006). Such increase would be slower in less open-canopy
forest disturbed by insect outbreaks (Swanson et al., 2011). In produc-
tion forest, post-disturbance salvage logging is usually carried out to
stop the spread of bark beetles. The salvage logging reduces the species
richness, disrupts key ecological processes associated with early-
successional ecosystems, and regularly affects the bird community
more strongly than did the disturbance itself (Swanson et al., 2011;
Thorn et al., 2016b; Versluijs et al., 2017; Zmihorski, 2010).

In Central Europe, the main factors responsible for damaging forests
are wind and bark beetle (Ips typographus) disturbances (FOREST
EUROPE, 2020; Senf and Seidl, 2020, 2018). The bark beetle outbreaks
are typically triggered by windstorms and, in recent years, facilitated
moreover by drought (Senf and Seidl, 2018). The main descriptors of
disturbance regimes are disturbance frequency, severity, and size (Viljur
et al., 2022; Turner, 2010). Frequency is defined as number of events
occurring per time period. Disturbance severity is defined as effect of
disturbance on the ecosystem, often quantified as the proportion of trees
with canopies completely killed. Disturbance size is defined as the
proportion of disturbed area within a landscape consisting of disturbed
and undisturbed forests (Viljur et al., 2022; Turner, 2010). Increasing
disturbance severity has augmented the amount of deadwood in un-
managed forest ecosystems in recent decades (Kortmann et al., 2021)
and influenced structural complexity, with low-severity disturbances
causing greater complexity and high-severity disturbances diminished
complexity (Meigs et al., 2017). Furthermore, increasing size of distur-
bances has reduced the mean diameter of remaining trees and added to
canopy openness (Peterson et al., 2013). The canopy openness increases
light penetration. Greater light close to the forest floor causes forest
microclimate to be warmer and drier (Thom et al., 2020). On the other
hand, the exposure of deadwood to the sun can be beneficial to a number
of saproxylic insects and fungi (Vogel et al., 2020).

The work presented here focused upon effects of size and severity of
wind-induced disturbances and subsequent bark beetle gradations.
Forest disturbance events are usually classified based upon their spatial
extent, severity, and frequency into three broad categories: low-severity
(gap-scale), moderate-severity, and catastrophic disturbance (Hart and
Kleinman, 2018; Reyes et al., 2010). Low-severity natural disturbances
in closed forests should increase the abundance and richness of bird
species that, for example, forage or nest on bare ground (Fuller, 2000),
are insectivorous, and/or nest in cavities (Przepiora et al., 2020). These
disturbances, in the form of small gaps as a few trees are killed by bark
beetles or felled by wind in an otherwise healthy forest, can increase
stand heterogeneity and significantly enhance bird abundance in many
stand types (Gharehaghaji et al., 2012; Lewandowski et al., 2021;
Przepiora et al., 2020). Conversely, high-severity disturbances cause
great changes in bird species composition (Kamp et al., 2020; Moning
and Miiller, 2008; Thorn et al., 2016b) while sharply reducing canopy-
layer birds (Saab et al., 2014; Scherzinger, 2006). Additionally, in large
disturbed forest, many bird species tend to be more abundant in areas
less damaged by disturbance where there remain more live trees
(Kameniar et al., 2021).

Moreover, bird assemblage composition is continuously changing
with the ongoing succession of disturbed forests (Scherzinger, 2006;
Zmihorski, 2012). The greatest diversity is in the early and late suc-
cessional stages (Hilmers et al., 2018). Generally, early succession stages
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host most habitat-specialized and threatened bird species (Drapeau
et al.,, 2000; Reif et al., 2013). Meanwhile, other taxa may respond
differently to the progressive succession of disturbed stands. For
example, the number of Red-listed lichen species rises with the
increasing age of disturbance (Langbehn et al., 2021). In the case of
birds, the assemblage composition changes every year until stabilizing
about 10 years after a high-severity disturbance event (Scherzinger,
2006).

With a view to global climate change and anticipated increasing
frequency, size, and severity of natural disturbances, there is a growing
need to understand the effects of different disturbance regimes on
various organisms in order to better conserve biodiversity through
appropriately managing the disturbed forest ecosystems. Many studies
have identified the importance of both gap-level (Fuller, 2000; Przepiora
et al, 2020) and high-severity disturbances (Scherzinger, 2006;
Zmihorski, 2010). Studies usually investigate each size and severity
disturbance class separately, however, and generally observe a positive
effect of increasing severity, especially for saproxylic insects (Kortmann
et al., 2021), often reflecting mounting quantities of deadwood.

Our research aims were to 1) identify specific structural character-
istics of forest damaged by disturbances of various size and severity, 2)
distinguish critical structural attributes that influence bird assemblages,
and 3) explore effects of disturbance regimes on bird assemblages by
comparing species composition and abundances along the gradients of
disturbance size and severity. We examined plots with a) large-scale and
high-severity disturbances (termed large-scale disturbances), b) large-
scale and low-severity disturbances (enclaves of live trees in large-
scale disturbance areas), c) small-scale and high- to low-severity dis-
turbances (small-scale disturbances), and d) non-disturbed stands. For
this purpose, we used birds as good bioindicators responding rapidly to
environmental changes.

2. Material and methods
2.1. Study area and design

The study was conducted in Sumava National Park (Sumava NP),
which lies in the southwest of the Czech Republic, along the state border
with Germany (Bavaria) and Austria in the central part of the Bohemian
Forest. Sumava NP together with the neighbouring Bavarian Forest
National Park forms the largest cross-border protected area in Central
Europe. Sumava NP was established in 1991 and covers ca 685 km?. The
study area is mainly forested by Norway spruce (Picea abies L. Karst),
which had replaced the original beech (Fagus sylvatica) and fir (Abies
alba Mill.) at lower altitudes (Briina et al., 2013). Sumava NP’s highest
peak is Plechy (1,379 m a.s.l.), mean annual temperature varies from
3°Cto 6 °C, and mean annual precipitation ranges between ca 1000 and
1400 mm (Tolasz et al., 2007). Forests in the study area have been
affected by several recent events in consecutive episodes. One of the
most significant was the storm Kyrill in 2007, which caused large-scale
windthrow mainly in the higher parts of the Sumava NP. One year after
this storm, the bark beetle spread mainly around the forest damaged in
the previous year. The area of disturbances then continued to expand
until 2011 (Janik and Romportl, 2018). At present, the disturbed forest
covers ca 25 % of Sumava NP’s total forested area. The most damaged
forest area is located along 25 km of state border between 888 and
1,373 m a.s.l. (Fig. 1).

A total 141 plots were selected across Sumava NP. No plot was within
less than 300 m from any other, and all were at least 100 m from the
nearest road to avoid the edge effect (Sdlek et al., 2010). We studied
disturbances in spruce forests and therefore avoided broadleaved stands
and scattered old broadleaved trees that could affect bird numbers in
spruce stands (Kebrle et al., 2021). The selected survey points according
to their four disturbance classes were as described below. Examples of
the defined disturbance classes are shown in Fig. 2.
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Fig. 2. Examples of survey points in four different disturbance classes: SSD = small-scale disturbance (top-left), LSD = large-scale disturbance (top-right), ELT =
enclaves of live trees in large-scale disturbance areas (bottom-left) and NDF = non-disturbed forest (bottom-right).
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e Non-disturbed forest (NDF): Forty-eight survey points in non-
disturbed forest ranging from 766 to 1,231 m a.s.l. Mean altitude
was 1,017 m a.s.l. NDF consisted of mature stand with a predomi-
nance of vital tree cover. The proportion of disturbed area within a
300 m buffer around the NDF points did not exceed 30 %.
Small-scale disturbance (SSD): Thirty-seven points in small-scale
(low- to moderate-severity) disturbed forest ranging from 818 to
1,188 m a.s.l. Mean altitude was 971 m a.s.l. Damage was of minor
dimensions within the matrix of an otherwise healthy stand. The
proportion of disturbed area within a 300 m buffer around the SSD
points did not exceed 50 %.

Large-scale disturbance (LSD): Thirty-four points in large-scale
(high-severity) disturbed forest ranging from 1,036 to 1,355 m a.s.
1. Mean altitude was 1,201 m a.s.l. These points were large areas of
damaged stands. The proportion of disturbed area within a 300 m
buffer around LSD points usually exceeded 50 %.

Enclaves of live trees in large-scale disturbance areas (ELT):
Twenty-two points within enclaves of living trees of various sizes
situated in areas of large-scale disturbances ranging from 1,007 to
1,243 m a.s.l. Mean altitude was 1,140 m a.s.l.

Within 100 m surrounding survey points, the proportion of disturbed
forest was 93.9 % for LSD (windthrow 22.9 %, bark beetle 55.2 %,
salvage logging 15.8 %), 62.4 % for SSD (windthrow 4.4 %, bark beetle
40.9 %, salvage logging 17.1 %), 42.1 % for ELT (windthrow 1.7 %, bark
beetle 20.6 %, salvage logging 19.8 %), and 9.4 % for NDF (windthrow
0.1 %, bark beetle 2.5 %, salvage logging 6.8 %). Salvage logging in the
study area had been carried out prior to 2007 in two regimes: with the
retention of timber for thinning (40.1 % of total area) and clearing of all
timber (59.9 % of total area). Additionally, plots located at SSD and LSD
points were covered by similarly aged disturbances. The proportions of
disturbances for small-scale disturbances and large-scale disturbances,
respectively, ranging from 15 to 10 years were 67 % and 81 %, from 5 to
9years 11 % and 12 %, and less than 5 years 22 % and 7 %. Calculations
were made within 100 m buffer around survey points of the given class.

2.2. Bird survey

Bird survey was carried out in 2021 (14 years after the storm Kyrill)
by the point count method (Bibby et al., 2000). Each point was surveyed
twice in the year, during April-May for early nesters and May—June for
late nesters (Bouvet et al., 2016). Intervals between consecutive visits
exceeded two weeks. Surveys were conducted within 4 h of sunrise and
were restricted to good weather conditions (Bibby et al., 2000). All in-
dividuals heard or seen within 50 m of the survey point were recorded.
Owls and raptors (<0.1 % of the birds recorded) were excluded from our
analyses as the point count method is inappropriate for these birds
(Bouvet et al., 2016).

According to a standard reference used in the Czech Republic
(Stastny and Hudec, 2011), bird species were classified into three
nesting guilds: 1) cavity, 2) canopy, and 3) ground or shrub nesters. We
recorded only 4 species nesting in the shrub layer and so these were
grouped together with species nesting close to the ground (8 species).
We also classified bird species as Red List species if listed with such
threat status in the Red List of the Czech Republic (Chobot and Némec,
2017). Because more negative population trends are evident among
habitat-specialized birds in Europe (Morelli et al., 2020; Gregory et al.,
2007), we also assigned bird species to habitat specialization classes
(generalist and specialist) relevant in the Czech Republic as reported by
Reif et al., (2010). The specialist species are related to forest habitats
(Benedetti et al., 2022) and at the same time more susceptible to habitat
fragmentation and disturbances (Terraube et al., 2016; Devictor et al.,
2008Db). Finally, we used a species rarity index showing the scarcity of
each species. The index was calculated based upon large-scale quadrat
mapping of birds across the Czech Republic during 2014 to 2017
(Stastny et al., 2021) and using the calculation method as described by
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2.3. Spatial and environmental variables

We used the four disturbance classes (NDF, SSD, LSD, and ELT) to
assess the effects of different disturbance size and severity. We used
digitized forest cover layer data (autumn 2020) to analyse proportion of
windfalls and total cover of natural disturbance (all stands had been
disturbed by bark beetle or wind). Furthermore, we used LiDAR- (Light
Detection And Ranging) derived individual tree detection layer (ITD) to
determine live tree density, and digital elevation model (DEM) to extract
the elevation of each survey point. The ITD layer was from 2017 and
therefore newly dead trees from 2020 were updated according to the
current digitization layer and aerial photographs. Digitized forest cover
layer and LiDAR-derived data were provided by the administration of
Sumava NP. All analyses were done within the 100 m surrounding each
survey point using a geographic information system (ArcGIS 10.4).
Additionally, we took a 360° field of view photograph using a spherical
camera (RICOH Theta S) at a representative location of each survey
point. Using these pictures, we estimated understorey cover (%), rep-
resented by rejuvenation and bushes from 0.5 to 4 m high, and forest
stand structural complexity. Structural complexity was based upon the
occurrence of large live trees, standing dead trees or snags, lying
deadwood or uproot trees, and spruce regeneration within 50 m sur-
rounding each survey point. All survey points were evaluated by the
same person using a 10-point complexity scale, with 1 indicating very
low and 10 very high complexity (Fig. 3).

2.4. Statistical analysis

To assess the effects of disturbance size and severity on the species
richness, abundance, and conservation status, we used linear models
with species richness or abundance as a response, disturbance class as a
categorical predictor, and elevation as a covariate. Elevation was
included to control for any possible effect of an uneven altitudinal dis-
tribution of disturbance classes. We fitted a separate model for each of
the following categories of species: all species, specialists, generalists,
canopy nesters, cavity nesters, ground and shrub nesters, Red List spe-
cies, and rarity index. In combination with either species richness or
abundance, this resulted in 14 separate models, to which we added
another model with species rarity index as a response. Although for
responses like richness or abundance, the natural choice of model would
be a Poisson generalized linear model, we found linear models to be
performing better for our data. In all cases, these had lower Akaike in-
formation criterion (AIC) measures and their diagnostic plots showed
good parameters (for diagnostic plots of the models see Supplement B).
To assess which pairs of disturbance classes differ in their effects on
biodiversity, we performed post-hoc pairwise multiple comparisons
using the Tukey method (function glht in the multcomp package in R).

To assess the effect of more specific habitat characteristics on the
species richness, abundance, and conservation status (Red List species
and rarity index), we fitted another 15 linear models with the same
responses as previously described, but with the following candidate
predictors: elevation (m a.s.l.), structural complexity (score 1-10), live
trees density (trees/ha), understorey cover (%), total natural distur-
bance cover (%), and windfalls cover (%). To capture possible non-linear
relationships, we included quadratic terms for all the predictors.
Because total natural disturbance cover was highly correlated with live
tree density (r = —0.89), and windfalls cover showed a medium corre-
lation with understorey cover (r = 0.51), we excluded these two vari-
ables from the list of candidate predictors. For each model, we then
performed a backward model selection based upon AIC (function step in
R).

Finally, we characterized the four disturbance classes using the
habitat characteristics listed in the previous paragraph. First, we per-
formed principal component analysis (PCA) with all the habitat
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Fig. 3. Schematic representation of forest stand structural complexity classification (10-point scale, with 1 indicating very low complexity = homogeneous habitat
with a low richness of structural objects and 10 indicating very high complexity = both live and dead standing trees, snags, lying deadwood and undergrowth
present) and disturbance severity scale with the corresponding disturbance classes (1. non-disturbed forest, 2. small-scale disturbance, 3. enclaves of living trees in
large-scale disturbances, and 4. large-scale disturbance). Forest cohort schemes were adopted from Kuuluvainen (2016) and modified.

characteristics (rescaled to a common scale) and displayed the obser-
vations from different disturbance classes in the principal component
space [factoextra package in R; (Kassambara and Mundt, 2020)]. Next,
we used random forest classification [ranger package in R; (Wright and
Ziegler, 2017)] to see the extent to which the habitat characteristics can
be used as predictors of disturbance classes. The classification was
performed separately with the original habitat variables and with the
PCA variables, each time using 500 classification trees, with variable
importance assessed using the impurity measure, and otherwise with
default settings. For each disturbance class, the classification perfor-
mance was assessed by sensitivity (i.e., the fraction of true presences
that were correctly identified), specificity (i.e., the fraction of true ab-
sences that were correctly identified), and balanced accuracy (i.e., the
average of sensitivity and specificity) using the caret package for R
(Kuhn, 2022).

All statistical analysis was done using R statistical software version
4.1.2(R Core Team, 2021). The plots were produced by package ggplot2
(Wickham, 2016). Data and code of the analysis are available at http
s://github.com/vojta-bartak/Disturbance.

3. Results

In total, we recorded 40 bird species and 1,543 individuals. Of these,
23 species were generalists (1,026 individuals), 17 species were spe-
cialists (517 individuals), 14 species were canopy nesting (504 in-
dividuals), 12 species were cavity nesting (359 individuals), 12 species
were ground or shrub nesting (675 individuals), and 2 species were
unclassified (5) (nesting parasite Cuculus canorus and non-nesting in the
Czech Republic Fringilla montifringilla). We recorded six Red-listed spe-
cies (CR = critically endangered, EN = endangered, VU = vulnerable,
NT = near threatened): Tetrao urogallus (CR, 6 individuals), Picoides
tridactylus (EN, 13), Turdus torquatus (EN, 4), Tetrastes bonasia (VU, 8),
Nucifraga caryocatactes (VU, 1) and Acanthis flammea (NT, 1).

3.1. Effect of habitat characteristics on species richness and abundance

Structural variables combined in PCA described well the disturbance
class differences, with the first four principal components explaining
93.7 % of the variance. The first component mainly reflected the
gradient between biological legacy on the one hand and number of live
trees on the other (Fig. 4 left). The second component reflected the
gradient between elevation and habitat complexity (Fig. 4 left). Inter-
pretation of the third and fourth components is not so straightforward
(Fig. 4 right). The greatest contribution (greater than35 %) was shown
to be from total natural disturbance cover, followed by live tree density
(20 %) and elevation (18 %) (see Table A5 and Fig. Al in Supplement A).

When using linear models, only structural complexity, live tree
density, understorey cover, and elevation were significant predictors of
bird species richness and abundance (Fig. 5). Structural complexity had
a positive effect on the richness and abundance of all bird species,
generalists, and cavity nesters and also on the abundance of specialists.
Live tree density had a significant positive effect on total abundance,
specialists and canopy nesters abundance and richness but a negative
effect on ground- and shrub-nesting species. Understorey cover had
significant positive effect on generalists and ground- and shrub-nesting
species. Additionally, elevation negatively affected richness and abun-
dance of the bird communities.

3.2. Effect of disturbance size and severity on species richness,
abundance, and conservation status

Generally, we found a positive effect of small-scale disturbance (SSD)
on species richness and abundance of bird communities. Non-disturbed,
closed-canopy forests (NDF) and enclaves of living trees in disturbed
areas (ELT) had less species rich and less abundant bird communities
(Table A3 in Supplement A and Fig. 6). The richness of generalist species
was significantly higher in both SSD and LSD compared to NDF and the
abundance of generalist species was significantly higher in SSD
compared to all other disturbance classes. Conversely, we found
significantly lower species richness and abundance of specialist species
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effects are displayed.
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in LSD compared to NDF and ELT. The richness and abundance of
canopy-nesting birds were reduced in plots subjected to large-scale
disturbance (LSD). Both SSD and LSD supported ground- and shrub-
nesting birds. Occurrences of Red-listed species were scarce and the
models provided only non-significant results (also for rarity index).

4. Discussion

We evaluated effect of size and severity of natural wind and bark
beetle disturbances on total bird numbers, bird nesting guilds, and bird
habitat specialization. Furthermore, we found key structural charac-
teristics of these disturbances important for birds and compared struc-
tural characteristics of individual disturbance size and severity classes.
Our results showed significant effect of disturbance size and severity on
birds. The contradictory effect of small-scale (positive) and large-scale
(negative) disturbances was visible in total abundance. In other cases,
the disturbance size classes (SSD and LSD) showed similar (positive or
negative) effect on tested guilds. The most important characteristics of
disturbed forests were structural complexity, live tree density, and
understorey cover. High values of structural complexity and understorey
cover characterized small-scale disturbances. Conversely large-scale
disturbances are characterized by high elevation and extensive cover
of windfalls. The results show differences in structure of various size and
severity disturbances and similarly various preferences of tested bird
guilds.

4.1. Effect of disturbances and habitat characteristics on bird
communities

We documented positive effect of disturbance on species richness
and abundance of bird communities, ground and shrub nesters, and
particularly generalist birds. Generalists are linked to more diverse
habitats (Devictor et al., 2008b; Richmond et al., 2005) with high
structural complexity as represented by small-scale disturbances in our
study. In general, greater habitat heterogeneity increases the number of
different microhabitats (Tews et al., 2004) and this also is reflected in
high number of species. However, equally low abundances among LSD,
ELT and NDF indicated that, although large-scale disturbances host
higher numbers of generalists, generalists are not more abundant than in
the non-disturbed forests. Positive effect of small gaps on total bird
richness had been found also by Gharehaghaji et al. (2012), for species
nesting on the ground by Fuller (2000), and for cavity-nesting species by
Przepiora et al. (2020). The cavity-nesting birds did not differ among the
four disturbance classes in our study, however, and the same was found
also in the Bavarian Forest (Thorn et al., 2016b). Possible explanations
could relate to the large territory of some cavity-nesting species (e.g.,
Picoides tridactylus or Dendrocopos major) that can include surrounding
stands with sufficient occurrence of dead trees and thus of nesting op-
portunities. A second possible explanation is the greater age of a large
proportion of the disturbances (more than 10 years), which are now in
the advanced succession stage as defined by complete decay of the dead
trees (as only broken tree trunks remained standing). Birds may prefer
deadwood in specific stages of decay. For example, Picoides tridactylus
mainly profits from trees freshly infested with bark beetles and its
abundance diminishes once again with the desiccation of trees
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(Scherzinger, 2006; Zielewska-Biittner et al., 2018). Additionally,
cavity-nesting birds can use dead trees for nesting if they are standing
upright (Augustynczik et al., 2019; Mollet et al., 2013). Noteworthy is
that cavity-nesting birds show a positive association with structural
complexity even as the numbers of these species did not differ across the
four disturbance classes (see Fig. 6). They are probably also influenced
by disturbances, including even the very small ones that increased
habitat heterogeneity even in the non-disturbed forest stands.

Conversely, a negative effect of large-scale disturbances on species
richness and abundance was found for canopy nesters and habitat spe-
cialists. As expected, canopy-nesting birds (and also specialists) were
associated with live tree density. This reflected the very strong associ-
ation (specialism) of these species with the living tree layer (Benedetti
et al., 2022). The observed decrease of canopy-nesting birds in LSD
corresponds with the findings of other authors (Scherzinger, 2006;
Thorn et al., 2016b). On the other hand, small-scale disturbance in
otherwise non-disturbed, closed-canopy forests has been shown in most
studies to have a positive effect on canopy-nesting birds (Fuller, 2000;
Gharehaghaji et al., 2012; Lewandowski et al., 2021; Przepiora et al.,
2020). In our case, the negative effect on canopy-nesting species may be
due to the relatively large size of even the small-scale disturbances,
which follows from their definition as disturbed areas in matrices of non-
disturbed forest with non-limited size. In the case of enclaves of live
trees in large-scale disturbances, we had assumed that these stands
would be inhabited by species associated with the surrounding disturbed
areas and enriched with species of live canopy layer. Other studies also
have found that in large-size disturbances many bird species are more
abundant in the nearby forest areas less damaged by disturbance
(Kameniar et al., 2021). However, the richness and abundance between
enclaves of live trees and non-disturbed stands were quite similar for
most of the guilds, including canopy-nesting species. This suggests that
these remnants of live forests in large areas of disturbed stands are still
sufficient for typically closed-forest birds, probably due to their rela-
tively large size (the minimum size was defined by 50 m surrounding
each survey point to accommodate the bird census). Moreover, the
interior of these plots is similar to non-disturbed stands, with small
amounts of understorey and high density of live trees, and they are still
not suitable for species of open habitats and shrub layers. For example,
the ground- and shrub-nesting species showed similarly lowest, and,
conversely, canopy-nesting and habitat-specialized birds highest oc-
currences in NDF and ELT.

Habitat specialists inhabit narrow niche ranges and utilize limited
habitat resources, and thus they are more likely to be susceptible to
extinction (Devictor et al., 2008b; Richmond et al., 2005). Conse-
quently, species with higher levels of specialization have had more
negative population trends in Europe (Morelli et al., 2020; Gregory
et al., 2007) and may be more susceptible to habitat fragmentation and
disturbance (Devictor et al., 2008b; Devictor and Robert, 2009; Ter-
raube et al., 2016). Disturbances generally have caused a shift in habitat
specialization from specialized to more generalized assemblages
(Devictor et al., 2008a). Moreover, specialized bird species are tending
to become generalist over time, which leads to functional homogeni-
zation of the bird community (Barnagaud et al., 2011). Our results point
to a negative effect of large-scale disturbances on specialists. On the
other hand, we did not find a significant negative effect of small-scale
disturbances on specialists and the specialist species numbers in en-
claves of live trees within large-scale disturbed areas are quite similar to
the numbers found in the non-disturbed forest. This suggests that the
negative disturbance effect on specialists is modulated by disturbance
size and number of surviving mature trees.

4.2. Spatial aspect of the disturbance effect on bird communities
Elevation was a significant factor with negative effect in nearly all

models, the exceptions being for ground and shrub species richness and
abundance and for specialist species abundance (where it was not

Forest Ecology and Management 524 (2022) 120527

included in the selection of the mode). Scherzinger (2006) also observed
rapid decrease of bird species along the elevation gradient, and espe-
cially above 1,100 m a.s.l. This diminishing of bird species may be due to
harsher climatic conditions, less abundant shrub layer, or lower abun-
dances of insects at higher altitudes (Fuller, 2003). On the other hand,
proportions of dominant species within the bird community may in-
crease with elevation (Scherzinger, 2006). Furthermore, a few studies
have found positive relationships between elevation and habitat
specialist birds (Rivas-Salvador et al., 2019) as well as diet and foraging
substrate specialist bird species (Benedetti et al., 2022). However, we
found decrease of habitat specialists with elevation. The effect of
elevation in our study is strongly related to the different forest structure
at higher elevations. This fact is evident for canopy nesters, the abun-
dance and richness of which dropped off strongly above ca 1,000 m a.s.1.
This elevation marks the lower threshold of large-scale disturbances in
our study (from 1,036 to 1,355 m a.s.l.). The large-scale disturbances
were created on hilltops due to wind exposure that caused windfalls
(Cada et al., 2016; Klopcic et al., 2009), from which the subsequent bark
beetle outbreaks gradually expanded (Janik and Romportl, 2018). On
the other hand, small-scale disturbances correspond less with high
values of wind-felled trees than do large-scale disturbances. From total
of forest disturbed by windstorm Kyrill (in 2007) and bark beetle out-
breaks, the proportion of forest area damaged by wind is ca 10 % in
small-scale and ca 30 % in large-scale disturbances. Moreover, due to
unfavourable weather conditions and less-productive soils at higher el-
evations (Fuller, 2003), the cover and growth of seedlings in large-scale
disturbances may be less than in small-scale disturbances, where reju-
venation is protected by surrounding trees. Moreover, the remaining live
trees can be seed sources for recolonization of disturbed areas (Seidl
et al., 2014).

4.3. Temporal aspect of the disturbance effect on bird communities

The composition of many taxa is changing continuously through the
time following a disturbance event (Thorn et al., 2016a), and the dif-
ferences between disturbed and non-disturbed stands may become more
significant over time (Thorn et al., 2016b). The bird assemblage
composition changes every year and the species turnover reaches its
saturation about 10 years after the disturbance event (Scherzinger,
2006). In the early years, species richness is quite similar between
disturbed and non-disturbed forests (Repel et al., 2020). After ca 5-10
years, however, the species richness increases and the difference be-
tween disturbed and non-disturbed forests is clearly in favour of the non-
disturbed plots (Repel et al., 2020; Thorn et al., 2016b). In our study, the
disturbed forest stands area were in most cases more than 10 years after
the disturbance event (at 100 m surrounding the survey point, that was
67 % of disturbed stands for SSD and 81 % of disturbed stands for LSD).
Hence, we suppose that species composition and abundances in our
study reflect well the effect of disturbances on the bird communities at
the local scale. Moreover, there are rare species for which a certain stage
of succession is more important. Examples include the fresh bark beetle
infestation stage for Picoides tridactylus (Zielewska-Biittner et al., 2018)
and 10 to 15 years after disturbance for Tetrao urogallus and Tetrastes
bonasia (Kortmann et al., 2018).

5. Conclusion

The monitoring of bird communities in mountain spruce forests
affected by natural disturbances of various size and severity revealed
guild-specific effects and identified key structural elements for bird
communities. Natural disturbances were characterized by a high pro-
portion of biological legacies of those disturbances, such as lying
deadwood, standing dead trees, and uprooted trees). Especially small-
scale disturbances were followed by high structural complexity and
understorey cover at the local scale. Structural complexity was impor-
tant for most of those bird guilds studied (with the exception of ground-
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and shrub-nesting species), and generally with positive effect. Further-
more, live tree density had positive effect on canopy-nesting and
conversely negative impact on ground- and shrub-nesting species.
Regardless of size, disturbances generally supported the ground- or
shrub-nesting species and habitat generalists (disturbance winners). In
contrast, large-scale disturbances had a negative effect on canopy-
nesting species and habitat specialists (disturbance losers). Neverthe-
less, large-scale disturbances of lower severity appearing as enclaves of
remnant living stands may provide refuges for closed-canopy species
and thus maintain a still-high diversity at a broader spatial scale. Sur-
prisingly, cavity-nesting species were not affected by disturbance size or
severity. Compared to large-scale disturbances, small-scale disturbances
caused more significant increase of disturbance winners and also of total
species richness and abundance. Moreover, habitat specialists were
relatively tolerant to small- compared to large-scale disturbances. In our
study, most of the disturbances were older than 10 years and bird as-
semblages were influenced by subsequent succession and developed
rejuvenation. Here, we showed that disturbances of various size and
severity create opportunity for species that scarcely occupy non-
disturbed, closed-canopy spruce forests. Hence, a regime of natural
disturbances promotes structurally rich habitat in unmanaged forests at
local and also landscape scale. Forest management should also support
disturbances in managed forests, especially small-scale ones, which have
limited negative economic impacts but strongly positive ecological ef-
fects. On the other hand, stand-replacing, large-scale, high-severity
disturbances form a different kind of uniform habitat and thus impov-
erish species composition at local scale. Increasing frequency, size, and
severity of disturbances will lead to the spread of generalist species at
the expense of specialist species associated with mature forests. Low-
severity disturbances (at least at the landscape scale) help to maintain
the recent composition of bird communities. Thus, forest management
should avoid salvage logging and planting of homogeneous spruce
monocultures and focus instead on natural regeneration of disturbed
forest in order to ensure high species diversity.
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Supplement A

Table A1. F-tests assessing significance of individual predictors in linear models of species richness or abundance on disturbance class and
elevation. Significant values are in bold.

All species Specialists Generalists Canopy sp. Cavity sp. Ground/shrub sp.
Term F p-value F  p-value F p-value F p-value F p-value F p-value
Species richness
Disturb. class 411 0.008 6.17 <0.001 13.24 <0.001 10.73 <0.001 0.48 0.696 19.97 <0.001
Elevation 15.20 <0.001 7.87 0.006 8.51 0.004 7.45 0.007 12.34 <0.001 0.40 0.526
Abundance
Disturb. class 4.33 0.006 4.85 0.003 8.94 <0.001 13.22 <0.001 046 0.714  20.67 <0.001

Elevation 7.83 0.006 4.19 0.043 4.04 0.046 254 0.113 10.42 0.002 0.07  0.799




Table A2. Coefficients for linear models of species richness or abundances on disturbance class and elevation. SSD, LSD, NDF, and ELT,
respectively, stand for “small-scale disturbance”, “large-scale disturbance”, “non-disturbed forest”, and “enclaves of live trees in large-scale
disturbance areas”. Significant values are in bold.

All species Specialists sp. Generalists sp. Canopy nesters Cavity nesters Ground/shrub nesters

Term Estimate ~ SE p-value Estimate  SE  p-value Estimate  SE  p-value Estimate ~ SE  p-value Estimate SE  p-value Estimate SE p-value

Species richness
(Intercept) 16.960 1.629 <0.001 5.868 1.017 <0.001 11.092 1.196 <0.001 5.642 1.012 <0.001 5.373 0.794 <0.001 5.692 0.93 <0.001
Class: LSD -1.462 0.630 0.022 -0.479 0.393 0.226 -0.983 0.463 0.035 -0.718 0.391  0.069 -0.267 0.307  0.386 -0.499 0.36 0.172
Class: ELT -0.450 0.635 0.481 0.768 0.397 0.055 -1.217  0.467 0.010 1.115 0.395 0.005 -0.356 0.310 0.252 -1.188 0.36  0.002
Class: NDF -1.464 0.471 0.002 0.676 0.294 0.023 -2.139  0.346 <0.001 0.682 0.292 0.021 -0.187 0.229 0.418 -1.956 0.27 <0.001
Elevation -0.006 0.002 <0.001 -0.003 0.001 0.006 -0.004 0.001 0.004 -0.003 0.001 0.007 -0.003 0.001 <0.001 0.000 0.00 0.526

Abundance
(Intercept) 18.450 2.063 <0.001 6.659 1.412 <0.001 11.789 1.434 <0.001 5.568 1.319 <0.001 6.149 0.981 <0.001 6.479 1.15 <0.001
Class: LSD -2.591 0.798 0.002 -0.874 0.546 0.112 -1.717  0.555 0.002 -1.232 0.510 0.017 -0.438 0.380 0.251 -0.944 0.44 0.037
Class: ELT -0.966 0.804 0.232 0.835 0.551 0.132 -1.801  0.559 0.002 1.162 0.514 0.025 -0.197 0.383 0.608 -1.912 0.45 <0.001
Class: NDF -1.544 0.596 0.011 0.566 0.408 0.167 -2.111  0.414 <0.001 1.125 0.381 0.004 -0.179 0.284  0.530 -2.488 0.33 <0.001
Elevation -0.006 0.002 0.006 -0.003 0.001 0.043 -0.003 0.001 0.046 -0.002 0.001 0.113 -0.003 0.001 0.002 0.001 0.00 0.799




Table A3. Post-hoc pairwise multiple comparisons of disturbance class differences in species richness and abundance. SSD, LSD, NDF, and

ELT, respectively, stand for “small-scale disturbance”, “large-scale disturbance”, “non-disturbed forest”, and “enclaves of live trees in large-scale
disturbance areas”. Significant values are in bold.

All species Specialists sp. Generalists sp. Canopy nesters Cavity nesters Ground/shrub nesters

Pair Diff SE p Diff SE p Diff SE p Diff SE p Diff SE p Diff SE p

Species richness
LSD - SSD -1.462 0.630 0.096 -0.479 0.393 0.612 -0.983 0.463 0.148 -0.718 0.391 0.257 -0.267 0.307 0.818 -0.638 0.290 0.128
ELT - SSD -0.449 0.635 0.892 0.768 0.397 0.215 -1.217 0.467 0.048 1.115 0.395 0.027 -0.356  0.310  0.655 -1.290 0.329 0.001
NDF - SSD -1.464 0471 0.012 0.676 0.294 0.101 -2.139 0.346 <0.001 0.682 0.292 0.094 -0.187 0.229 0.846 -1.983 0.267 <0.001
ELT - LSD 1.013 0.590 0.314 1.247 0.368 0.005 -0.234 0.433 0.948 1.833 0.366 <0.001 -0.089 0.288 0.990 -0.652 0.334 0.210
NDF - LSD -0.002 0.564 1.000 1.155 0.352 0.007 -1.156 0.414 0.030 1.400 0.350 <0.001 0.081 0.275 0.991 -1.346 0.274 <0.001
NDF - ELT -1.014 0.583 0.302 -0.092 0.364 0.994 -0.922 0.428 0.139 -0.433 0.362 0.626 0.170 0.284 0.932 -0.693 0.315 0.126

Abundance
LSD - SSD -2.591 0.798 0.008 -0.874 0.546 0.377 -1.717 0.555 0.012 -1.232 0.510 0.077 -0.438 0.380 0.653 -1.013 0.358 0.027
ELT - SSD -0.966 0.804 0.623 0.835 0.551 0.425 -1.801 0.559 0.008 1.162 0.514 0.111 -0.197 0.383 0.955 -1.962 0.405 <0.001
NDF - SSD -1.544 0.596 0.050 0.566 0.408 0.504 -2.111  0.414 <0.001 1.125 0.381 0.019 -0.179 0.284 0.921 -2.502 0.330 <0.001
ELT - LSD 1.626 0.747 0.132 1.710 0.511 0.006 -0.084 0.519 0.998 2.395 0.477 <0.001 0.241 0.355 0.904 -0.949 0412 0.101
NDF - LSD 1.047 0.714 0.456 1.441 0.489 0.019 -0.394 0.496 0.855 2.357 0.457 <0.001 0.259 0.340 0.869 -1.489 0.338 <0.001

NDF - ELT -0.579 0.738 0.859 -0.269 0.505 0.950 -0.310 0.513 0.929 -0.037 0.472  0.400 0.018 0.351 1.000 -0.540 0.338 0.504




Table A4. F-tests assessing significance of individual predictors in linear models of species richness and abundance on habitat characteristics
(Complexity = structural complexity, LiveTrees = density of live trees, Understorey = understorey cover) and elevation (Elev). Significant values
are in bold.

All species Specialists Generalists Canopy sp. Cavity sp. Ground/shrub sp.

Predictor F p-value F p-value F p-value F p-value F p-value F p-

Species richness
Complexity 9.03 <0.001 10.78 <0.001 3.02 0.052 3.7 0.027 1.98 0.142
LiveTrees 11.33 <0.001 16.08 <0.001 4.14 0.018
Understorey 5.87 0.004 2.21 0.114  12.83 <0.001
Elev 12.50 <0.001 4.03 0.020 4.67 0.011 3.24 0.042 1249 <0.001

Abundance
Complexity 8.24 <0.001 4.27 0.016 5.76 0.004 2.61 0.078 4.44 0.014 2.52 0.084
LiveTrees 3.33 0.039 17.33 <0.001 11.47 <0.001 1.94 0.148

Understorey 3.52 0.032 2.86 0.061 2.20 0.115 12.12 <0.001
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Table A5. Performance metrics for classification of disturbance classes based on habitat
characteristics using random forest models. SSD, LSD, NDF, and ELT, respectively, stand
for “small-scale disturbance”, “large-scale disturbance”, “non-disturbed forest”, and “enclaves
of live trees in large-scale disturbance areas”.

Original variables PCA variables
Metric SSD LSD ELT NDF SSD LSD ELT NDF
Sensitivity 0.865 0.882 0.273 0.958  0.892 0.853 0.455 0.875
Specificity 0.904 0.944 0.983 0.903  0.875 0.953 0.975 0.935
Prevalence 0.262 0.241 0.156 0.340 0.262 0.241 0.156 0.340

Detection Rate 0.227 0.213 0.043 0.326 0.234 0.206 0.071 0.298

Balanced Accuracy 0.884 0.913 0.628 0.931 0.883 0.903 0.715 0.905
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Fig. A1. Relative importance of individual variables (left) and principal components (right) in classification of
disturbance classes using random forest models. Variable importance is assessed by the corrected impurity
measure, rescaled so that importance values for all variables sum to 100. Complexity = structural complexity,
LiveTrees = density of live trees, Understorey = understorey cover, Windfalls = proportion of wind disturbed area,
TotNatDist = total natural disturbance cover.
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Table A6: Species recorded, their abundance (Abun), frequency (Freq), habitat

specialization (Spec) as generalist (G) or specialist (S), nesting guild classification (Nest site)
and Red-List classification (Red List).

Species Abun  Freq (%) Spec Nest site Red List
Erithacus rubecula 200 94.3 G Ground/Shrub LC
Fringilla coelebs 172 81.6 G Canopy LC
Periparus ater 156 83.7 S Cavity LC
Prunella modularis 103 66.7 G Ground/Shrub LC
Troglodytes troglodytes 85 57.4 G Ground/Shrub LC
Sylvia atricapilla 83 55.3 G Ground/Shrub LC
Certhia familiaris 76 51.1 S Cavity LC
Regulus regulus 63 40.4 S Canopy LC
Turdus merula 63 44.7 G Ground/Shrub LC
Turdus philomelos 52 35.5 G Canopy LC
Spinus spinus 49 241 S Canopy LC
Phylloscopus trochilus 46 31.9 G Ground/Shrub LC
Phylloscopus collybita 45 29.8 G Ground/Shrub LC
Regulus ignicapilla 34 21.3 S Canopy LC
Columba palumbus 34 21.3 G Canopy LC
Dendrocopos major 33 22.0 G Cavity LC
Pyrrhula pyrrhula 31 19.1 S Canopy LC
Anthus trivialis 26 14.2 G Ground/Shrub LC
Loxia curvirostra 25 12.8 S Canopy LC
Turdus viscivorus 22 13.5 S Canopy LC
Parus major 20 14.2 G Cavity LC
Sitta europaea 18 10.6 G Cavity LC
Garrulus glandarius 16 9.9 G Canopy LC
Phoenicurus phoenicurus 14 9.9 G Cavity LC
Picoides tridactylus 13 9.2 S Cavity EN
Dryocopus martius 12 8.5 S Cavity LC
Poecile montanus 8 4.3 S Cavity LC
Tetrastes bonasia 8 3.5 S Ground/Shrub VU
Tetrao urogallus 6 2.8 S Ground/Shrub CR
Lophophanes cristatus 6 3.5 S Cavity LC
Phylloscopus sibilatrix 6 43 S Ground/Shrub LC
Turdus torquatus 4 2.8 G Ground/Shrub EN
Turdus pilaris 3 2.1 G Canopy LC
Cuculus canorus 3 2.1 G unclassified LC
Fringilla montifringilla 2 1.4 G unclassified LC
Muscicapa striata 2 1.4 G Cavity LC
Acanthis flammea 1 0.7 S Canopy NT
Nucifraga caryocatactes 1 0.7 S Canopy VU
Cyanistes caeruleus 1 0.7 G Cavity LC
Coccothraustes coccothraustes 1 0.7 G Canopy LC
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Abstract

More frequent and severe natural disturbances are likely to increase as a result of climate change. However,
we have little evidence of the disturbance severity effect on forest birds. We aimed to compare the effect
of natural disturbance severity on the bird species in the spruce forests of Sumava NP. For this purpose, we
surveyed bird communities in 1) small- and 2) large-scale disturbances, 3) enclaves of live trees in large-scale
disturbance areas and 4) non-disturbed forests. Birds were sampled using the point count method in breeding
season 2021 and analysed using redundancy analysis (RDA). We recorded 42 bird species on a total of
141 survey points. Small-scale disturbances had generally positive effects on many common forest bird species.
On the other hand, large-scale disturbances negatively affected birds of closed canopy stands (e.g. Fringilla
coelebs) and positively species of open or shrub habitats (e.g. Anthus trivialis) and some birds with
conservation status (e.g. Tetrao urogallus). The size of damaged area was a crucial factor which changed the
effect of disturbances on many species. Considering these, both types of disturbances are an important factor
for mountain forest bird species diversity.

Key words: disturbance severity, bark beetle, spruce forest

UVOD

V souvislosti s globalni zménou klimatu dochazi k ¢astéjsimu vyskytu udalosti, jako jsou silné
vétrné boure a sucho (RAHMSTORF & COUMOU 2011, SENF & SEIDL 2018). Disturbance
zpusobené vétrem jsou v lesich ¢asto nasledovany extrémnim nartistem pocetnosti ktiroveu,
v nasich podminkach zejména Iykozroutem smrkovym (Ips typographus Linnaeus, 1758),
ktefi jsou dale podporovani dlouhotrvajicim suchem (SENF & SEIDL 2020, 2018). Kombinace
téchto faktort vede k tvorbé velkoplosnych disturbanci a ocekava se jejich dalsi rist (IPCC
2019, SENF et al. 2020). Vétrné a kiirovcové disturbance jsou prirozenou soucasti vyvojového
cyklu horskych jehliénatych lesti (SVOBODA et al. 2012, CADA et al. 2016), kde jsou
dtlezitym faktorem podporujici vysokou diverzitu (VESELA et al. 2019, REPEL et al. 2020).
Vétrné boufe zplsobuji zlomeni kment stromd nebo jejich vyvraceni, ¢imz dochazi
k rozvolnéni korunového patra, ptidniho povrchu a vyraznému zvyseni mnozstvi leziciho
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mrtvého dieva (LAIN et al. 2008). Nasledny zir kirovce zptisobi odumfeni dalsich stromt,
¢imz ptibyde rovnéz stojici mrtvé dievo. Stojici mrtvé stromy jsou dulezité pro fadu druhd,
jako jsou ptaci, saproxylicky hmyz ¢i netopyti (SCHERZINGER 2006, SAAB et al. 2014,
BOUVET et al. 2016). VSechny tyto strukturni prvky se pak oznacuji jako biologické dédictvi
disturbanci. Tyto zmény struktury porostu ovliviluji fadu druhti, v€etné ptakd. Ptaci jsou
skupinou s rychlou reakci na zménu prostiedi, a proto jsou casto vyuzivani jako bioindikator.
V pfipadé ptakil jsou znamy pozitivni reakce na pfirozené disturbance, napf. u druht
hnizdicich na zemi (FULLER 2000), dutinovych druht, ale také u druhd insektivornich
(PRZEPIORA et al. 2020). AvSak s postupujici sukcesi disturbovaného porostu dochazi
k dal$im zménam v druhovém slozeni avifauny (SCHERZINGER 2006). S postupem casu
dochazi k rozpadu mrtvych stromti a porost pfestava byt vyznamny pro dutinové druhy,
které vyuzivaji k hnizdéni stojici stromy (MOLLET et al. 2013, AUGUSTYNCZIK et al. 2019).
Vyznam disturbanci vSak netkvi pouze v pfilezitosti k hnizdéni. Napf. datlik téiprsty (Picoides
tridactylus Linnaeus, 1758) je potravné vazan na kiiroveem napadené porosty a po odeznéni
ktirovcové gradace ztraci pro tento druh mrtvé porosty (ackoli stale stojici) na atraktivnosti
(ZIELEWSKA-BUTTNER et al. 2018).

Lesni porosty na tzemi Néarodniho parku Sumava byly ovliviiovany pfirozenymi distur-
bancemi jiz historicky (SVOBODA et al. 2012). Sumavské porosty pravidelné poskozovaly
rozsahlé disturbance s rotacni periodou kolem 174 let. Tyto silné disturbance byly frekven-
tovangjsi na navétrnych lokalitach (CADA et al. 2016). Béhem obdobi let 1868 az 1870
velkoplosné disturbance (zptisobené vétrem ¢i kirovcem) a nasledny lesnicky management
ovlivnily pfiblizné 70 % lest leZicich nad hranici 1 150 m n. m. (BRUNA et al. 2013). Plo§nému
rozsifeni disturbanci napomohlo pravdépodobné také nahrazeni ptivodnich bukovych (Fagus
sylvatica Linnaeus, 1758) a jedlovych (4bies alba Mill. 1759) porostli smrkem ztepilym
(Picea abies (L.) H. Karst, 1881) (BRUNA et al. 2013).

V soucasnosti se jedna o unikatni tzemi s vyskytem disturbanci s vysokou variabilitou
intenzity. Posledni nejvyraznéjsi poskozeni porostil zptisobila bouie Kyrill v roce 2007. Rok
po této bouii doslo k vyraznému Sifeni kiirovce predevSim v okoli porostti poskozenych
v predeslém roce. Toto gradovani kiirovce trvalo az do roku 2011 a vznikla tak rozsahla
disturbovana tizemi. Nejvice zasazené oblasti se nachazeji podél cesko-bavorské hranice mezi
1050 az 1350 m n. m. (JANIK & ROMPORTL 2018), kde se kontinudln& poskozena plocha
porostl (se zapocitdnim rizné velkych enklav zbylych zivych stromi) rozklada v délce az
cca 25 km.

Diky bezzasahovému managementu je zde mozné studovat dynamiku pfirozenych
disturbanci lesnich porosti. Efekt pfirozenych disturbanci mimo bezzdsahova uzemi je
eliminovan lesnickymi zdsahy, které maji obecné negativni dopad na biodiverzitu (LAIN et
al. 2008, ZMIHORSKI 2010). Pochopeni dynamiky piirozenych disturbanci je vyznamné pro
ochranu biodiverzity lesnich porostti. Naléhavost téchto védomosti navic nartistd s rostouci
frekvenci a intenzitou disturbanci vlivem globalni zmény klimatu.

66



METODIKA

Celkem bylo vyty¢eno 141 bodd ve smrkovych porostech zasazenych rtiznou mirou
ptirozenymi disturbancemi napii¢ NP Sumava. Dle velikosti disturbance a miry poskozeni
porostu byly definovany ctyfi kategorie ploch:

* Neposkozeny porost /mon-disturbed forest (NDF): 48 bodi v neposkozenych
smrkovych porostech mezi 766—1231 m n. m. Primérna nadmotska vyska téchto
ploch ¢ini 1017 m n. m. Matrici téchto ploch tvofi neposkozeny smrkovy porost.
V okoli do 300 m od stfedu plochy se mohou misty vyskytovat drobné disturbance,
které vsak nepiesahuji 30 % této plochy.

* Maloplo$na disturbance /small-scale disturbance (SSD): 37 bodti v maloplosnych
disturbancich v rozmezi 818—1188 m n. m. Primérna nadmorska vyska ¢ini 971 m n. m.
Jedna se o mensi disturbance v matrici zdravého porostu a podil disturbovaného
porostu v okoli do 300 m nepfesahuje 50 % plochy.

* Velkoplos$na disturbance /large-scale disturbance (LSD): 34 bodu ve velkoplosnych
disturbancich v rozmezi 1036—1355 m n. m. Primérna nadmotska vyska téchto
ploch ¢ini 1201 m n. m. Jedna se o oblasti, kde, na rozdil od maloplo$nych disturbanci,
matrici tvoii disturbovany porost a podil plochy poskozeného porostu v okoli 300 m
tvori vice nez 50 % plochy.

* Enklava Zivych stromii v oblastech velkoplo$nych disturbanci /enclave of live trees
in large-scale disturbance areas (ELT): 22 bodu lokalizovanych do Zivych porostt
v oblasti velkoplo$nych disturbanci v rozmezi 1007-1243 m n. m. Primérna
nadmoftska vyska téchto ploch ¢ini 1140 m n. m. Jedna se o zbytky zivych porostt
obklopenych velkoplo§nymi disturbancemi.

Kazdy bod byl zaroven lokalizovan alespon 100 m od nejblizsi vyznamné cesty a vzajemny
rozestup bodi byl nejméné 300 m. Vzhledem k vyraznému vlivu sukcese na plochach po
disturbanci na slozeni avifauny byly vybirany velkoplo$né a maloplo$né disturbance
s podobnym rozsahem stafi (Pfiloha 6). Zaroven se pii lokalizaci bodi minimalizovala
ptitomnost porosti s aplikaci sanacni tézby, ktera vyznamné ovliviuje biodiverzitu disturbo-
vanych porostii (ZMIHORSKI 2010, THORN et al. 2016) a jeji pfitomnost nepfesahuje ve 100 m
okoli s¢itanych bodt pro NDF 6,8 %, SSD 17,1 %, LSD 15,8 % a ELT 19,8 %. Lokalizace
bod rozlisenych dle étyF definovanych kategorii poskozeni porostu na tizemi NP Sumava je
zobrazena na Obr. 1. a ukazka ploch jednotlivych kategorii na Obr. 2.

Sbér ornitologickych dat

S¢itani ptaki bylo provedeno v hnizdnim obdobi roku 2021 pomoci bodové metody (BIBBY
et al. 2000), ktera je vhodna pro séitani skryté zijicich a plachych druht ptakid v lesnich
a kfovinnych biotopech (GREGORY et al. 2004). S¢itani bylo provadéno po dobu 4 hodin od
vychodu slunce, za vhodného pocasi. Po pfichodu na plochu bylo vyckano cca 1 minutu
pro uklidnéni druht citlivych na ruseni. Poté byli zaznamenavani vSichni vidéni a slySeni
jedinci po dobu 10 minut do vzdalenosti 50 m od s¢itaciho bodu. Tato doba se doporucuje
jako dostate¢na pro zaznamenani vétSiny vyskytujicich se druhti pfi nizké ¢asove narocnosti
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(FULLER & LANGSLOW 1984, GREGORY et al. 2004) Kazdy bod byl secten 2x za sezdnu,
dle minimalniho doporu¢eného poctu kontrol (GREGORY et al. 2004). Prvni kontrola byla
provadéna od dubna az po 1. pol. kvétna pro zaznamenani ¢asné hnizdicich druhd a druha
od 2. pol. kvétna do 1. pol. ¢ervna pro zaznamenani pozdé&ji hnizdicich druhi (BOUVET et al.
2016). Casovy rozestup mezi kontrolami na jednom bodé byl nejméné 14 dni. Do naslednych
analyz bylo uzito maximalni zaznamenané abundance druhu z obou kontrol.

15

Umisténi sc¢itacich bodd/
Survey points localization

o SSD

e LSD

o ELT

e NDF
Biotop/Habitat

[ Disturbovany porost/Disturbed forest
[ Neposkozeny porost/Non-disturbed forest
Oblast bezlesi/Non-forest area

Obr. 1. Lokalizace s¢itacich bodl ve ¢tyfech kategoriich ploch dle velikosti a zdvaznosti disturbance na
tzemi NP Sumava se zjednodusenym zobrazenim poskozenych porostii (SSD = maloplogné disturbance,
LSD = velkoplosné disturbance, ELT = enklavy zivych stromt ve velkoplo$né disturbovanych oblastech
a NDF neposkozeny porost).

Fig. 1. Localization of survey points in four categories of plots according to the size and severity of the
disturbance in the Sumava NP with a simplified representation of damaged stands (SSD = small-scale
disturbances: LSD = large-scale disturbances, ELT = enclaves of live trees in large-scale disturbed areas and
NDF = non-disturbed forests).
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Statistické zpracovani

Pro vyhodnoceni sloZeni spolecenstva bylo vyuzito dominance (%), dle vzorce n/N x 100,
kde n je celkova abundance druhu a N je celkova abundance vSech druhti ve spolecenstvu
(soucet maximalni zaznamenané abundance vSech druhtl na kazdém z bodl z obou kontrol)
a frekvence (%), dle vzorce n/N x 100, kde n je pocet ploch, na kterych se dany druh vysky-
tuje a N je celkovy pocet ploch (141). Pro porovnani ¢tyt definovanych kategorii poskozeni
porostu (1) neposkozené porosty = NDF, 2) maloplosné disturbance = SSD, 3) velkoplosné
disturbance = LSD a 4) enklavy zZivych stromt v oblastech velkoplosnych disturbanci = ELT)
bylo uzito celkové abundance druhu na bod a frekvence v kazdé z téchto kategorii dle
vyse uvedenych vzorcl. Pro detekovani zakonitosti distribuce ptacich druhti mezi ctyimi
kategoriemi poskozeni porostu byla uzita redundan¢ni analyza (RDA), funkce rda z balicku
vegan (OKSANEN et al. 2020). Signifikance kanonickych os redundanc¢ni analyzy byla
testovana pomoci permutacniho testu s 999 permutacemi (funkce anova.cca z balicku vegan).
Skore jednotlivych druhti bylo nasledné vyneseno do grafu pro zobrazeni, zda dany druh
preferuje néktery z ctyf definovanych kategorii poskozeni porostu. Statistickd analyza byla
provedena v programu R 4.1.0 (R CORE TEAM 2021).

Obr. 2. Ukazka séitacich bodl ve ¢tyfech kategoriich ploch dle velikosti a zavaznosti disturbance:
SSD = maloplosné disturbance (vlevo nahoie), LSD = velkoplosné disturbance (vpravo nahote), ELT = enklavy
zivych stromt ve velkoplosné disturbovanych oblastech (vlevo dole) a NDF neposkozeny porost (vpravo
dole).

Fig. 2. Example of survey points in four categories of plots according to the size and severity of the disturbance:
SSD = Small-scale disturbance (top-left), LSD = Large-scale disturbance (top-right), ELT = Enclaves of live
trees in large-scale disturbance areas (bottom-left) and NDF = Non-disturbed forest (bottom-right).
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VYSLEDKY A DISKUZE

Na vSech 141 plochéach bylo celkem zaznamenano 42 druht ptakd, z toho 33 druht z fadu
pévcu (Passeriformes), 3 druhy Splhavct (Piciformes), 2 hrabavi (Galliformes), a po jednom
druhu u fada dravei (Accipitriformes), sokold (Falconiformes), mékkozobych (Columbiformes)
a kukacek (Cuculiformes). Nizké zastoupeni sokolll a dravci a také hrabavych je kromé
prirozené¢ nizké hustoty téchto druhli dano také uzitou metodou scitani, kterd neni pro
zaznamenavani téchto druhti vhodna (BIBBY et al. 2000). Ze zaznamenanych druht ptaki
patii mezi eudominantni (tedy procentualni zastoupeni druhti je vyssi nez 10 %) a eukonstantni
(procentualni zastoupeni druhii je vyssi nez 75 %) Cervenka obecna (Erithacus rubecula),
sykora uhelnic¢ek (Periparus ater) a pénkava obecna (Fringilla coelebs). Ze zaznamenanych
druhi patii dle derveného seznamu ohrozenych druhti Ceské republiky (CHOBOT & NEMEC
2017) mezi kriticky ohrozené tetfev hlusec (Tetrao urogallus), mezi ohrozené datlik tfiprsty
(Picoides tridactylus) a kos horsky (Turdus torquatus), mezi zranitelné pak jetabek lesni
(Tetrastes bonasia) a ote$nik kropenaty (Nucifraga caryocatactes) a mezi druhy téméf ohrozené
Cecetka zimni (Acanthis flammea). Dle Vyhlasky 395/92 Sb. dale patii k ohrozenym druhtim
také lejsek Sedy (Muscicapa striata).

Porovnani vyskytu a spolecenstev ptaki u rizné zavaznych disturbanci a neposkozenych
porosti

vy

v

abundance byly zjistény ve velkoplo$nych disturbancich (LSD). Co se tyce druhti se statusem
ohrozeni, obecné byl jejich vyskyt nizky. V pripad¢ tetfeva hlusce (Tetrao urogallus), jetabka
lesniho (Tetrastes bonasia) a datlika tfiprstého (Picoides tridactylus) mize byt pfi¢inou
nedostateCna Uc¢innost pouzité s¢itaci metody pro detekci a zjisStovani kvantitativnich
parametrt pro tyto druhy. Nicmén¢, nejvyssi pocet druhti se statusem ohrozeni byl nalezen
v obou velikostnich kategoriich disturbanci (SSD a LSD). Celkové mezi kategoriemi
ploch neni co do celkového poctu druhti a poctu druhti se statusem ohrozeni vyrazny rozdil,
porosty jsou relativné malé fragmenty lesnich porostl, které pravdépodobné diky nizsi
velikosti (ve 300 m vzdalenosti od bodu tvoii zivy porost max. 50 % plochy, minimalni
velikost fragmentu pak ¢ini 100 m) hosti mensi pocet druhil nez velké celky zdravych porostt,
jak zjistil napt. FULLER (2008). V piipadé celkové abundance na bod jsou vSak porosty ELT
totozné s neposkozenymi porosty NDF (cca 11 ex./bod).

Dle redundanc¢ni analyzy provedené mezi pta¢im spole¢enstvem a ¢tyfmi sledovanymi
kategoriemi dle velikosti disturbance a miry poskozeni porostu vSechny osy vysvétlily celkem
9,7 % variability (Pfiloha 1), pfi¢emz 60,6 % z této variability vysvétluje prvni ordinacni osa
(Ptiloha 2). Z Obr. 4 je patrna preference velkoploSnych disturbanci (LSD) u lindusky lesni
(Anthus trivialis), tetfeva hluSce (Tetrao urogallus) a kosa horského (Turdus torquatus).
Naproti tomu druhy jako stiizlik obecny (Troglodytes troglodytes), kos cerny (Turdus merula),
peévuska modra (Prunella modularis), budnicek vetsi (Phylloscopus trochilus), pénice ¢erno-
hlava (Sylvia atricapilla) a bundicek mensi (Phylloscopus collybita) vykazuji preference
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k maloplo$nym disturbancim (SSD). Ve vétSing piipadt se jedna o druhy vazané na ketové
patro a jejich preference maloplosnych disturbanci bude pravdépodobné spojena s vyvinutym
zmlazenim v maloplo$nych disturbancich (SCHERZINGER 2006). V ptipadé enklav zivych
stroml v oblastech velkoplo$nych disturbanci (ELT) a neposkozenych porosti (NDF) jsou
patrné preference stejnych druhti u obou kategorii ploch. Enklavy zivych stromi byly v nasem
ptipadé pravdépodobné dostatecné velké, aby vyhovovaly také druhim preferujicim zapojené
porosty. Mezi druhy preferujici tyto dva biotopy patii holub htivnaé¢ (Columba palumbus),
sykora uhelni¢ek (Periparus ater), kralicek obecny (Regulus regulus), kralicek ohnivy
(Regulus ignicapilla), drozd zpévny (Turdus philomelos) a pénkava obecna (Fringilla
coelebs). V ptipadné nejpocetnéjsiho druhu, ¢ervenky obecné (Erithacus rubecula), neni
patrné vyhranéné upfednostiiovani jednoho ze Ctyi typt ploch. Tento druh vykazuje preference
jak k zapojenému porostu, tak zaroven k maloplosnym disturbancim. Podobny trend vykazuje
také Cizek lesni (Spinus spinus), brhlik lesni (Sitta europaea), drozd bravnik (Turdus viscivorus)
nebo jetabek lesni (Tetrastes bonasia). Nicméné nizké mnozstvi celkové vysvétlené variability
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Obr. 3. Porovnani celkového poétu druhfl, s rozlifenim druhtt se statusem ohrozeni dle Cerveného
seznamu CR a Vyhlasky &. 395/92 Sb. a celkové abundance na séitaci bod mezi &tyfmi kategoriemi ploch
(SSD = maloplosné disturbance, LSD = velkoplosné disturbance, ELT = enklavy zivych stromi ve velkoplosné
disturbovanych oblastech a NDF nedisturbovany porost).

Fig. 3. Comparison of the total number of species, distinguishing species with conservation status according
to the Red List of the CR and Decree No. 395/92 Coll., and total abundance per survey point between four
plot categories (SSD = small-scale disturbances: LSD = large-scale disturbances, ELT = enclaves of live trees
in large-scale disturbed areas and NDF = non-disturbed forests).
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vSech os RDA naznacuje, ze druhy jsou ovliviiovany faktory, které definované kategorie ploch
plné nepodchycuji. Mtze se jednat napt. o mnozstvi stromt vhodnych k hnizdéni dutinovych
druhti v okoli ploch, nebo riiznorody zapoj podrostu nebo hlavniho stromového patra, dany
specifickymi lokalnimi podminkami (mala porostni mezera, zamokient).

U nékterych druhti jsou patrné vyrazné rozdily ve frekvenci a primérné abundanci na bod
mezi sledovanymi kategoriemi ploch (Obr. 5). U fady druhti jsou patrné niz$i hodnoty ve
velkoplosnych disturbancich. Napt. pénkava obecnd (Fringilla coelebs) zde dosahuje méné
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Obr. 4. Graf z redundan¢ni analyzy (RDA) zobrazujici variability ptac¢iho spoleCenstva mezi Ctyfmi
kategoriemi ploch ovlivnénymi rlizné zdvaznymi ptirozenymi disturbancemi (SSD = maloplosné disturbance,
LSD = velkoplos$né disturbance, ELT = enklavy zivych stromi ve velkoplo$né disturbovanych oblastech
a NDF nedisturbovany porost). Zkratky nazvl druht se skladaji z prvnich tii pismen rodového a druhového
védeckého nazvu.

Fig. 4. Plot from redundancy analysis (RDA) showing variability of bird community between four plot
categories affected by various severity natural disturbances (SSD = small-scale disturbances: LSD = large-scale
disturbances, ELT = enclaves of live trees in large-scale disturbed areas and NDF = non-disturbed forests).
Abbreviations of species names include first three letters of genus and species scientific names.
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Obr. 5. Frekvence a abundance na bod jednotlivych druht v kazdé ze ¢yt kategorii ploch (SSD = maloplosné
disturbance, LSD = velkoplos$né disturbance, ELT = enklavy zivych stromii ve velkoplosné disturbovanych
oblastech a NDF nedisturbovany porost). Zkratky nazva druhi se skladaji z prvnich tff pismen rodového
a druhového védeckého jména.

Fig. 5. Frequency and abundance per point of individual species in each of the four plot categories
(SSD = small-scale disturbances: LSD = large-scale disturbances, ELT = enclaves of live trees in large-scale
disturbed areas and NDF = non-disturbed forests). Abbreviations of species names include first three letters
of genus and species scientific names.
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nez polovi¢ni primérné abundance v porovnani s ostatnimi kategoriemi ploch a podobny
trend je také u kralicka obecného (Regulus regulus). Tyto druhy jsou vdzané na zapojené
zivé stromové patro a silné rozvolnéné porosty bez stromového patra, které se nachazeji
ve velkoplo$né disturbovanych oblastech, pro né¢ nejsou vhodnym stanovistém. Zajimavym
zjisténim jsou niz$i hodnoty Soupalka dlouhoprstého (Certhia familiaris) ve velkoplosnych
disturbancich, ale naopak nejvyssi v maloplosnych disturbancich. Tento trend mtize byt dan
vy$$im podilem polomt ve velkoplosnych disturbancich (Pfiloha 7), které produkuji ptedevsim
lezici mrtvé dfevo. V pfipadé maloplosnych disturbanci je patrny vyssi podil kiiroveem
poskozenych porostli (Piiloha 7), kdy usmrcené stromy zlstavaji stit (DE GRANDPRE
& BERGERON 1997). Takové porosty jsou pravdépodobné vhodnéj$Sim prostiedim pro
hledani potravy, ¢i hnizdéni tohoto druhu. DalSim vysvétlenim mtize byt fakt, ze disturbance
v plochach velkoplosnych disturbanci vznikly pfedev§im po boufi Kyrill v roce 2007 a Siteni
ktirovce v blizkém okoli t&chto poloml v navazujicich letech (JANIK & ROMPORTL 2018).
V téchto plochach se tedy nachazeji nejstar$i disturbance (Pfiloha 6), které jsou jiz
v pokrocilejsi fazi rozpadu a z usmrcenych stojicich stromli zbyla jen zlomena torza
kment bez pritomnosti kiiry, coz opét miiZze snizovat atraktivnost pro nékteré druhy Splhavci
(Piciformes).

Naopak druhy, které maji ve velkoplosnych disturbancich vyssi frekvence a primérné
abundance jsou druhy vadzané na rozvolnéné porosty s odhalenym zemskym povrchem
a hustym podrostem, jako linduSka lesni (Anthus trivialis) a pévuska modra (Prunella
modularis) ¢i budnicek veétsi (Phylloscopus trochilus). Toto prostiedi je typické pro porosty
poskozené velkoplo$nymi vétrnymi disturbancemi (DE GRANDPRE & BERGERON 1997,
SCHERZINGER 2006). Kromé toho byly velkoplosné disturbance jedinou kategorii s vyskytem
tetfeva hlusce (Tetrao urogallus), a spole¢né s enklavami zivych stromi ve velkoplosné
poskozenych oblastech také kosa horského (Turdus torquatus) (Ptiloha 3). Prave pro prvni
jmenovany druh jsou velkoplo$né disturbance ve véku mezi 10 az 15 lety vyznamnym
biotopem (KORTMANN et al. 2018). Naopak disturbance menS$ich rozmért, i pfesto, ze
maji vyznamny vliv na nékteré druhy, jako napf. pénkavu obecnou (Fringilla coelebs)
(viz Obr. 5), nemusi tomuto druhu poskytovat dostatecné podminky pro jeho vyskyt.

U pénice cernohlavé (Sylvia atricapilla) a budnicka mensiho (Phylloscopus collybita) jsou
patrné vyssi hodnoty v maloplosnych disturbancich. Prekvapive tyto druhy dosahuji podobnych
(v porovnéni s maloplo$nymi disturbancemi nizsich) hodnot v ostatnich kategoriich ploch.
Maloplosné disturbance mohou byt pro tyto druhy atraktivni vzhledem k vyvinutému kefovému
patru a zaroven zachovani typicky lesniho charakteru blizkého okoli.

Ptirozené disturbance jsou pifinosem predev§im pro druhy otevienych biotopli s rozvinutym
kefovym patrem, ale pro n€které druhy lesniho interiéru naopak negativnim faktorem. Avsak
velikost disturbanci hraje vyznamnou roli a mize u nékterych druht zcela zvratit efekt
disturbanci (jako napft. u Soupalka dlouhoprstého (Certhia familiaris)). Je vSak nutné vzit
v uvahu, ze negativni trend velkoplo$nych disturbanci mize byt rovnéz ovlivnén tézistém
vyskytu téchto ploch ve vyssich nadmotskych vyskach (Pfiloha 4 a 5), ktery je dan
povétrnostnimi podminkami na hiebenech (KLOPCIC et al. 2009, CADA et al. 2016). Vyssi
nadmotské vysky jsou zndmé nizsim poctem druhti ptaki, které byva casto spojovan s niz§im
vyskytem vegetace a hmyzu s ohledem na drsnéjsi a zivinové chudsi podminky v téchto
oblastech (FULLER 2008).
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ZAVER

V roce 2021 bylo seéteno 141 bodti na izemi NP Sumava, kde bylo zjisténo celkem 42 druhti
ptaku, véetné nékolika, z ochranaiského hlediska, vyznamnych druhti. Pfirozené disturbance
lesnich porostli maji obecné negativni vliv na druhy obyvajici neposkozené smrkové lesy.
Maloplosné disturbance naopak obohacuji smrkové porosty o druhy vazané na kefové patro.
Velkoplosné disturbance vyrazné méni strukturu ptaciho spolecenstva predevsim ve prospéch
druhil otevienych porosti. Zbytky neposSkozenych porosti ve velkoplo$né poskozenych
porostech vSak hosti druhoveé podobné spolecenstvo neposkozenym porostim a udrzuji
tak vysokou diverzitu velkoplosné poskozenych lest v Sir§Sim krajinném méfitku. Velikost
disturbance se ukazuje byt vyznamnym faktorem, kdy u nékterych druhti zptisobuje i zcela
protichtidny efekt. Pfedev§im maloplo$né pfirozené disturbance zvySuji rozmanitost ptacich
spolecenstev ve smrkovych porostech. AvSak velkoplosné disturbance podporuji vyskyt
nékterych vzacnych a ohrozenych druhti a druhii rozvolnénych porostt, které se v uzavienych
smrkovych lesich vyskytuji pouze ojedinéle. Oba typy disturbanci jsou proto vyznamnym
faktorem pro ptaky a kombinace jejich vyskytu poskytuje unikatni podminky zajistujici
vysokou diverzitu.
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a K. Stastnému za cenné rady a pomoc pii planovéani vyzkumu. Tato prace byla podpofena Fakultou Zivotniho
prostiedi Ceské zemedélské univerzity v Praze, Kamycka 129, Praha-Suchdol, 165 00, Ceska republika,
internim grantem ¢. 2021B0035.
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Priloha 1. Podil vysvétlené variability modelu z redundanc¢ni analyzy (RDA) porovnavajiciho ptaci
spoleCenstvo mezi ¢tyfmi kategoriemi ploch dle velikosti a zdvaznosti disturbance (SSD = maloplo$né
disturbance, LSD = velkoplos$né disturbance, ELT = enklavy zivych stromii ve velkoplosné disturbovanych
oblastech a NDF nedisturbovany porost) Inertia je variance: omezena — ¢ast variance vysvétlena pouzitymi
faktory, bez omezeni — nevysvétlend variance.

Appendix 1. Proportion of explained variability of redundancy analysis (RDA) model compared bird
community between four categories of plots according to the size and severity of the disturbance
(SSD = small-scale disturbances: LSD = large-scale disturbances, ELT = enclaves of live trees in large-scale
disturbed areas and NDF = non-disturbed forests). Inertia is variance: constrained — part of the variance
explained by used factors, unconstrained — unexplained variance.

Rozklad variance / Inertia / Podil /
Variance partitioning Inertia Proportion
Celkova / Total 7,442 1,000
Omezena / Constrained 0,718 0,097
Bez omezeni / Unconstrained 6,724 0,904

Piiloha 2. Podil vysvétlené variability jednotlivymi ordina¢nimi osami RDA, porovnavajici ptaci spolecenstvo
mezi ¢tyfmi kategoriemi ploch ovlivnénymi rizné zdvaznymi pfirozenymi disturbancemi (SSD = maloplosné
disturbance, LSD = velkoplos$né disturbance, ELT = enklavy zivych stromt ve velkoplosné disturbovanych
oblastech a NDF nedisturbovany porost) a vysledek permuta¢niho testu prikaznosti jednotlivych ordinac¢nich
RDA os. Prikazné hodnoty jsou tuéné.

Appendix 2. Proportion of explained variability by individual ordination axes of the RDA compared bird
community between four plot categories affected by various severity natural disturbances (SSD = small-scale
disturbances: LSD = large-scale disturbances, ELT = enclaves of live trees in large-scale disturbed areas and
NDF = non-disturbed forests) and the result of permutation significance test of individual ordination RDA
axes. Significant values are in bold.

Vyznam komponenti /

RDA1 RDA2 RDA3
Importance of components
Eigenvalue / Eigenvalue 0,435 0,199 0,084
Podil vysvétlené / Proportion Explained 0,606 0,277 0,117
Kumulativni podil / Cumulative Proportion 0,606 0,883 1,000

Permutacni test pro rda podle omezeného modelu (999 permutaci) /
Permutation test for rda under reduced model (999 permutations)

Df 1 1 1
F 8,855 4,054 1,715
Pr (>F) 0,001 0,001 0,025
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Priloha 3. Seznam zaznamenanych druht ptakt s uvedenim jejich celkové abundance (Abund.), frekvence,
dominance ve spoleenstvu a abundance na bod. Sloupce SSD, LSD, ELT a NDF zna¢i maloplo$né
disturbance, velkoplosné disturbance, enklavy zivych stromt ve velkoplosné disturbovanych oblastech
a nedisturbovany porost. Znak x v polich tabulky pak zna¢i absenci druhu v daném typu biotopu.

Appendix 3. List of recorded bird species with indication of their total abundance (Abund.), frequency,
dominance in community and abundance per survey point. The columns SSD, LSD, ELT and NDF indicate
small-scale disturbances, large-scale disturbances, enclaves of live trees in large-scale disturbed areas and
non-disturbed forests, respectively. The x in the fields of the table indicates the absence of species in the given
habitat type.

~ |z E
N
: 3 HEREL
Druh / Species g z = § § .E =<
£2 |24/ % 228|215 |5 |8
N < < || R |€<<| »n - = z
Erithacus rubecula Erirub 200 | 943 | 13,0 | 14
Fringilla coelebs Fricoe 162 | 81,6 | 10,5 | 1,1
Periparus ater Perate 156 | 83,7 | 10,1 | 1,1
Prunella modularis Prumod 103 | 66,7 | 6,7 0,7
Troglodytes troglodytes Trotro 85 | 574 | 55 0,6
Sylvia atricapilla Sylatr 83 | 553 | 54 | 0,6
Certhia familiaris Cerfam 76 | 51,1 | 49 | 05
Regulus regulus Regreg 63 | 404 | 4,1 0,4
Turdus merula Turmer 63 | 44,7 | 4,1 0,4
Turdus philomelos Turphi 52 | 355 | 34 0,4
Spinus spinus Spispi 49 | 24,1 | 32 | 03
Phylloscopus trochilus Phytro 46 | 31,9 | 3,0 | 03
Phylloscopus collybita Phycol 45 1298 |29 |03
Regulus ignicapilla Regign 34 | 213 | 22 | 0,2
Columba palumbus Colpal 34 | 213 | 22 0,2
Dendrocopos major Denmaj 33 | 22,0 | 2,1 0,2
Pyrrhula pyrrhula Pyrpyr 31 19,1 | 2,0 | 0,2
Anthus trivialis Anttri 26 142 | 1,7 0,2
Loxia curvirostra Loxcur 25 12,8 1,6 0,2
Turdus viscivorus Turvis 22 13,5 | 14 0,2 X
Parus major Parmaj 20 14,2 1,3 0,1 X
Sitta europaea Siteur 18 10,6 | 1,2 0,1 X
Garrulus glandarius Gargla 16 9,9 1,0 0,1
Phoenicurus phoenicurus Phopho 14 9,9 0,9 0,1 X
Picoides tridactylus Pictri 13 9,2 0,8 0,1
Dryocopus martius Drymar 12 8,5 0,8 | 0,1
Poecile montanus Poemon 8 43 0,5 0,1 X X
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Priloha 3. Pokracovani.
Appendix 3. Continued.

~ IS E
SRR
3| 3 |53
Druh / Species - . .| g8l g |==
= 3 S |22 = |B
g5 SE|2% E 55| a2 ||~ | &=
N2 | 2EE 81|22 253 2 2
Tetrastes bonasia 8 3,5 0,5 0,1
Buteo buteo 7 5,0 0,5 | 0,05
Lophophanes cristatus 6 3,5 04 | 0,04
Phylloscopus sibilatrix 6 43 0,4 | 0,04
Tetrao urogallus 6 2,8 0,4 | 0,04
Turdus torquatus 4 2,8 0,3 | 0,03
Turdus pilaris 3 2,1 0,2 | 0,02
Falco tinnunculus 3 2,1 0,2 | 0,02
Cuculus canorus 3 2,1 0,2 | 0,02 X
Fringilla montifringilla 2 1,4 | 0,1 | 0,01 X X
Muscicapa striata 2 1.4 0,1 | 0,01 X X
Coccothraustes coccothraustes 1 0,7 0,1 | 0,01 X X
Nucifraga caryocatactes 1 0,7 0,1 | 0,01 X X
Cyanistes caeruleus 1 0,7 0,1 | 0,01 X X
Acanthis flammea 1 0,7 0,1 | 0,01 X




Piiloha 4. Trend jednotlivych zaznamenanych druht ptakt na gradientu nadmoiské vysky s barevnym
rozliSenim ¢tyf kategorii ploch (SSD = maloplo$né disturbance, LSD = velkoplo$né disturbance,
ELT = enklavy zivych stromii ve velkoplosn¢ disturbovanych oblastech a NDF nedisturbovany porost).
Appendix 4. Trend of individual recorded bird species on an elevation gradient with colour differentiation of
the four plot categories (SSD = small-scale disturbances: LSD = large-scale disturbances, ELT = enclaves of
live trees in large-scale disturbed areas and NDF = non-disturbed forests).
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Priloha 5. Trend jednotlivych zaznamenanych druhii ptakd na gradientu nadmotské vysky s barevnym
rozliSenim c¢tyf kategorii ploch (SSD = maloplosné disturbance, LSD = velkoplo$né disturbance,
ELT = enklavy zivych stromt ve velkoplosné disturbovanych oblastech a NDF nedisturbovany porost).

Appendix 5. Trend of individual recorded bird species on an elevation gradient with colour differentiation of
the four plot categories (SSD = small-scale disturbances: LSD = large-scale disturbances, ELT = enclaves of

live trees in large-scale disturbed areas and NDF = non-disturbed forests).
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Piiloha 6. Porovnani staii disturbanci mezi maloplo$nymi (SSD) a velkoplo$nymi (LSD) disturbancemi.
Hodnoceno ze 100 m okoli séitacich bodu.

Appendix 6. Comparison of disturbance age between small-scale (SSD) and large-scale (LSD) disturbances.
Evaulated from the 100 m surroundings of survey points.
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Priloha 7. Pfirdst plochy disturbanci v jednotlivych letech dle typu disturbance v maloplosnych (SSD)
a velkoplosnych (LSD) disturbancich. Hodnoceno ze 100 m okoli s¢itacich bodu.

Appendix 7. The increase in the area of disturbances in individual years according to the type of disturbance in
small-scale (SSD) and large-scale (LSD) disturbances. Evaulated from the 100 m surroundings of survey points.
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5 Diskuze

Cilem této disertacni prace je rozSifeni poznani o vyznamnych strukturnich
faktorech a jejich kritickych hodnotach ve stfedoevropskych hospodarskych lesich,
kde je dominantni dfevinou smrk ztepily a rovnéz rozSifeni poznani o rozdilném
vyznamu pFirozenych disturbanci v zavislosti na jejich velikosti a intenzité. Pro tato
zjisténi bylo vyuzito jako modelové skupiny ptaku s ohledem na jejich rychlou reakci
na zmeény prostfedi a dobré znalosti jejich vlastnosti. Vysledky jednotlivych studii
pfinaSeji nové poznatky o vyznamu starych listnatych stromd v hospodarskych
lesich s dominanci smrku ztepilého a jejich minimalnim mnozstvi pro podporu
diverzity ptakd. V téchto porostech byly rovnéz nalezeny kritické hranice podilu
smrku a véku porostu, pfi kterych dochazi ke zménam ve vyskytu nékterych skupin
druhG. Rovnéz byla porovndna spoleCenstva ptakd mezi maloploSnymi a
velkoploSnymi disturbancemi horskych jehli¢natych lesu o rlznych intenzitach, ¢imz
byly rozSifeny informace o vyznamu téchto pfirozenych procest pro biodiverzitu a

jednotlivé druhy ptaka.

Ve studii | (Kebrle et al., 2021) byl zjistén pozitivni efekt velkych listnatych
stromd nad 70 cm vyc€etni tloustky v hospodarskych lesich s dominanci smrku
ztepilého, a to na pocet v8ech ptakl, v€etné druhl klasifikovanych jako biotopovi
generalisté a biotopovi specialisté. Rozdéleni druht do dvou kategorii dle miry
biotopové specializace bylo prevzato z prace Reifa et al. (2010), kde jsou urCeny
prislusnosti jednotlivych druh(l k dané kategorii a zaroven jsou relevantni k uzemi
CR. Hlavnim davodem zvolenim tohoto tfidéni byly pozorované klesajici populagni
trendy lesnich specializovanych druht ptédka v Evropé (Gregory et al., 2007). Pfi
srovnani hospodarskych lesid orazné hustoté téchto velkych stromd a
bezzasahovych rezervaci byly zjistény podobné pocty v8ech druhd ptakd a rovnéz
generalistd pfi hustoté 4,9 téchto velkych listnatych stromd na hektar. Z nalezenych
druhtd maji na tyto stromy vazbu pfedev§im druhy hledajici potravu na kmenech
stromU, napf. Soupalek dlouhoprsty (Certhia familiaris), brhlik lesni (Sitta europaea)
nebo strakapoud velky (Dendrocopos major). Kromé velkych stromu byl zjistén také
vliv diverzity druhu dfevin v porostu, kdy generalisté vykazovali pozitivni odezvu na
pocet druhl dfevin a specialisté naopak negativni.

Staré stromy velkych rozméru jsou dllezité pro fadu organisma, a to nejen
v lesnim prostfedi (Lindenmayer, 2017; Prevedello et al., 2018). Velké staré stromy
jsou dulezitym biotopem zejména pro hmyz (Koch Widerberg et al., 2018; 2020;
Sverdrup-Thygeson et al., 2017), ale také pro méné mobilni organismy, jako jsou
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liSejniky, dfevokazné houby a mechorosty (Hofmeister et al., 2015, 2016). Cetny
vyskyt velkych starych stromu je typicky pro chranéné lesni rezervace (Paillet et al.,
2017). Tim Ize vysvétlit vys8i bohatost nékterych druht ptakd v lesnich rezervacich
ve srovnani s hospodarskymi lesy (Horak et al., 2019; LeSo et al., 2020). Kromé
toho mohou byt staré stromy dulezité jako hnizdisté pro nékteré velké druhy ptaki
jako napf. ¢apa Cerného (Ciconia nigra) (Zawadzki et al., 2020). Souvislost mezi
starymi stromy a biodiverzitou je vSak v hospodarskych lesich s dominanci smrku
ztepilého méné prozkoumana., ackoli tvofi vyznamnou ¢&ast lesnich porostl

v Evropé.

Vyznam pfitomnosti starych stromd se zvySuje v pfipadé, kdy se na nich
vyskytuji napfiklad kmenové dutiny nebo jina specificka mikrostanovisté (Mdller et
al.,, 2014; Zapponi et al., 2015). Tato mikrostanovisté (v literatufe nazyvana jako
Tree-related microhabitats - TreMs) &asto vznikaji pUsobenim klimatu, ¢innosti
organismua, mechanickymi poranénimi nebo rozkladem. MulzZe se jednat napf. o
odumfrelé dfevo v korunach, dutiny, trhliny nebo korové kapsy (Biitler et al., 2013;
Paillet et al., 2018). Rada druhi je b&hem svého Zivotniho cyklu vazana na tato
mikrostanovi$té, at uz jako na zdroji potravy, Ukrytu nebo hnizdni pfilezitosti
(Regnery et al., 2013). Mnozstvi mikrostanovist zavisi na véku stromu, kdy se
ukazalo, Ze jejich pocet roste s vy€etni tloustkou stromu (Bditler et al., 2021). Navic
od urcité hranice vycetni tloustky (dale jen DBH — diameter at breast height)
dochazi k vyraznému narlstu poctu mikrostanovist. Napf. od 71,6 cm DBH u buku
lesniho nebo od 68,4 cm DBH u jedle bélokoré (Abies alba) (Larrieu et al., 2012).
Na zakladé téchto zjisténi bylo pro Ucely této studie pro registraci stromu jako
.velkého/starého” zvolena hranice 70 cm DBH, coz v pfipadé buku muze odrazet
veék okolo 160 let (Dobrovolny & Tesar, 2010).

Rada studii zkoumajicich vyznam starych stromd byla zaméfena pfimo na
listnaté druhy dfevin (Koch Widerberg et al., 2018; Sverdrup-Thygeson et al., 2017).
Podobné v nasi studii se ukazal byt lepSim prediktorem pocet listnatych stromd nad
70 cm DBH neZ celkovy pocet jehlicnatych a listnatych stromu nad touto tloustkovou
hranici. VétSi vyznam listnatych stromd v porovnani s jehli€natymi druhy dfevin
muze spocivat ve vyrazné veét§im mnozstvi mikrostanovist, které se na nich
vyskytuji (Larrieu et al., 2012). Jako pfiklad Ize uvést studii sledujici podil strom, na
kterych se vyskytuji mikrostanovisté, kde bylo zjisténo, Ze alespon jedno
mikrostanovisté se vyskytuje na 70 % bukl, ale pouze na 18 % jedli (Larrieu a
Cabanettes, 2012).
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Vyznam velkych listnatych stromd v8ak nemusi spocivat pouze v pfitomnosti
mikrostanovi$t. Pfimés listnatych stromu v jehli€hatych monokulturach obecné
zvySuje diverzitu ptaku (Bibby et al., 1989; Felton et al., 2010; Fuller, 2000;
Sweeney et al., 2010). Velké listnaté stromy tedy vnaseji do smrkovych porosti
vys8i dfevinnou heterogenitu a mohou tak mit vyznam pro biodiverzitu
v hospodarskych porostech bez ohledu na to, zda se na nich vyskytuji

mikrostanovisté.

Vyskyt velkych stromi v hospodarskych smrkovych lesich v Evropé je vSak
sporadicky. Nékolik studii ze Svycarska zjistilo, Ze hustota stromd nad 70 cm DBH v
hospodarskych lesich se pohybuje okolo 0,5 az 2 stromy na hektar (Bltler et al.,
2011; Rita a Lachat, 2009), zatimco v pfirozenych lesich stfedni Evropy a jizni
Skandinavie mezi 10 az 20 (Nilsson et al. 2003). Tyto hodnoty odpovidaji zjisténym
hustotdm v ramci nasi studie, a to jak v hospodafskych porostech, tak rovnéz v
bezzgsahovych rezervacich. Pro sniZzeni negativniho vlivu lesniho hospodareni je
doporu€ovano ponechat v hospodarskych lesich 5 az 10 stromd nad 70 cm DBH na
hektar (Butler et al. 2013). Tyto doporu¢ené pocty se blizi nasim plocham s 3 az 9
listnatymi stromy na jeden hektar (4,9 v priméru), coz bylo maximalni mnozstvi
téchto stromd agregovanych na plochach o poloméru 100 m, nalezenych na celkem
120 km? hospodarskych lesti s dominanci smrku (pro G&el vybé&ru ploch byla

dominance smrku definovana jako podil smrkového porostu z plochy 50 % a vice).

Abychom zjistili, jaky pocCet starych listnatych stromd by byl potfeba pro
podporu diverzity ptakd v zajmovych hospodéaFskych lesich této studie, rozdélili jsme
plochy v hospodaiském porostu na kategorie dle poctu starych listna€0 nad 70 cm
DBH a porovnali diverzitu ptakd mezi témito porosty a lesnimi rezervacemi. Zjistili
jsme velmi podobné pocty ptaCich druhG mezi lesnimi rezervacemi a plochami v
hospodaiském lese s prumérné 4,9 listnatymi stromy nad 70 cm DBH na hektar.
Tato hodnota odpovida spodni hranici doporuc¢ovanych hodnot pro hospodéarské
lesy a naSe studie potvrzuje relevanci téchto doporuceni také pro hospodarské
porosty s dominanci smrku. Mélo by se vSak jednat o listnaté dfeviny pfirozené
skladby (tedy na studovanych plochach nejCastéji buk lesni). Vysledky nasi studie
rovnéz ukazuji, ze vyznam velkych stromu je vyraznéjSi, pokud se vyskytuji
agregované ve skupinkach nez rozptylené jako jednotlivé stromy, coz souhlasi
s vysledKky jinych autort (Batler et al., 2013; Lindenmayer, 2017). Vysoka prostorova
agregace velkych listnatych strom( pravdépodobné odrazi vysokou diverzitu ptakd v
bezzdsahovych rezervacich (LeSo et al., 2019). Nicméneé i jednotlivé se vyskytujici
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stromy mohou byt vyznamné napf. jako hnizdni pfileZitost pro nékteré primarni

dutinové druhy s velkymi teritorii a mély by byt v téchto porostech ponechavany.

Vysoky ekologicky potencidl lesnich rezervaci ve srovnani s hospodarskymi
lesy ilustruji vysledky Fady studii (napf. Horék et al., 2019). V lesnich rezervacich
jsou vySsi pocCty ohrozenych nebo témeér ohroZzenych druhl ptakd, druhd hnizdicich
v dutinach, nebo se zde tyto druhy vyskytuji vyhradné (Felton et al., 2016; LeSo et
al., 2020). Rovnéz v nasi studii jsme nalezli dle ¢erveného seznamu (Chobot &
Né&mec, 2017) a vyhlasky &. 395/1992 Sb. v platném znéni nékteré v CR ohrozené
nebo témeér ohrozené druhy ptakd vyhradné v lesnich rezervacich. Mezi tyto druhy
patfi lejsek maly (Ficedula parva) (VU), lejsek Sedy (Muscicapa striata) (O - dle
vyhlagky €. 395/1992 Sb.), lejsek beélokrky (Ficedula albicollis) (NT), strakapoud
bélohtbety (Dendrocopos leucotos) (EN) a vrovnéz pfipadé holuba doupriaka
(Columba oenas) (VU), byly v lesnich rezervacich zaznamenany vyssi pocCty nez
v hospodarskych lesich. Vzhledem k absenci vyskytu téchto ohrozenych druhd
v hospodarskych lesich neni patrné souCasny pocet starych listnatych stroma
v téchto porostech stale dostateény a ukazuje se tak velky vyznam ochrany starych

lesli pfirozené druhové skladby ve formé bezzasahovych rezervaci.

Trochu prekvapivy vysledek je velmi nizky pocet biotopovych specialistu v
lesnich rezervacich. Podobné nizké hodnoty specialistd byly zjistény i v
hospodarském lese bez vyskytu listnatych stromd nad 70 cm DBH. Ze
zaznamenanych druhd v této studii hnizdilo 54 % zaznamenanych biotopovych
specialistu v dutinach (18 % v pfipadé biotopovych generalistd) a 44 % v korunovém
patfe (33 % v pfipadé generalistll). Vice nez 86 % biotopovych specialistd hleda
potravu v korunovém patie (v pfipadé generalistd 40 % hleda potravu v korunach a
41 % na zemi). VSechny vzorkovaci plochy se rovnéz nachazely ve vzrostlém lese s
uzavienym korunovym zapojem. Vzhledem ktémto skuteCnostem se da
predpokladat, Ze jak na lesni rezervace, tak na hospodaiské lesy bez vyskytu
starych strom0O bylo vazano jen nékolik, pro dany biotop specifickych druhi
specialistu, a pfi jejich zahrnuti do jedné kategorie tak nebyl nalezen rozdil v jejich
diverzité. Nicméné i tyto druhy s po¢tem starych stromd nad 70 cm DBH zvySuji svij
vyskyt a staré stromy pro né maji vyznam. Dal§im moznym vysvétlenim nizkého
vyskytu biotopovych specialistli v rezervacich je jejich negativni vazba na okraje
lest a fragmentaci. Zajmové lesni rezervace zahrnuté v této studii jsou obvykle malé
lesni fragmenty pfirodé blizkych listnatych porostt v matrici neptvodnich smrkovych
monokultur. Mala rozloha téchto rezervaci proto muze limitovat vyskyt nékterych, na

tento biotop specializovanych druht vazanych na lesni interiér. Stale nedostate¢na
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rozloha téchto bezzasahovych porostt muaze rovnéz souviset s klesajicim
populaénim trendem lesnich specializovanych druhl ptakd v Evropé (Gregory et al.,
2007). Naopak generalisté maji stabilni nebo mirné rostouci populaéni trendy
(Gregory et al.,, 2007). To Ize vysvétlit vy8sSi toleranci, nebo dokonce pfinosem
fragmentace lesnich porostl (napf. formou pasek, lesnich cest apod.), kterd muze
do jisté miry zvy$ovat heterogenitu jinak velmi homogennich lesti (Sélek et al.,
2010). Vazbu biotopovych generalistd na vice heterogenni porosty potvrzuje také
v této studii zjiSténa pozitivni odpovéd na Shannonlv index diverzity dfevin. Na
druhou stranu negativni vliv Shannonova indexu diverzity dfevin na biotopové
specialisty naznacuje, ze vétSina druhl v této kategorii preferuje spiSe homogenni
porosty s nékolika malo druhy dfevin. Vazbu specialistd na homogenni jehli¢naté
porosty muize souviset i s jejich narlstem spoleéné s rostoucim podilem lesnich

porostd v CR, ktery byl pozorovan mezi lety 1982 az 2003 (Reif et al., 2007).

Velkym problémem soucasnych hospodarskych porostl je absence vyskytu
stojiciho a leziciho mrtvého dfeva silngjSich dimenzi. Mrtvé stojici stromy jsou
s dutinami by mohlo podpofit tyto druhy. Navic se z vysledkd studii ukazuje, Ze je
zivotnost dutin vyhloubenych primarnimi dutinovymi druhy ptadka v Zivych stromech
delSi nez Zivotnost dutin v mrtvych stromech, a to v disledku rychlejSiho rozkladu
mrtvych stromU (Hardenbol et al., 2019). Podpora Zivych strom( se specifickymi
mikrostanovisti mize pfinést dlouhodobéjsi pfinosy pro dutinové druhy. Tyto stromy
v8ak nemohou plné nahradit mrtvé stromy, které jsou pro nékteré skupiny druht
nenahraditelné, jako jsou napf. primarnich dutinové druhy (Remm et al., 2006).
Nicméné zivé stromy, na kterych se vyskytuji silné suché vétve, nebo jsou z rizné
velkych ¢&asti proschlé, odumirajici apod., mohou byt vyznamné pravé zvlasté
v hospodarskych porostech, kde mohou alespon ¢aste¢né nahradit absenci mrtvych

stromd.

Ackoli vék porostu je vyznamnym faktorem (Moning a Mdller, 2009, 2008) v
nasi studii se jako vyznamny neukazal. Pro udrZeni diverzity dutinovych druhtd ptaka
je potfeba v pfipadé stfedoevropskych smisenych horskych lest dosazeni véku vice
nez 200 az 220 let (Moning a Miller, 2008). Primérny vék hospodarskych porost
na vzorkovacich plochach nasi studie v§ak Cinil primérné pouze cca 79 let. Ve
vétsiné pripadu se tedy ani nebliZil kritickym hodnotdm uvadénym ostatnimi autory a
pravdépodobné proto nebyl v nasi studii vyznamny. Na druhou stranu pozitivni vliv
starych stromd byl signifikantni pro vSechna sledovana ptaci spoleCenstva a vék
téchto stromt mohl dosahovat vice nez 160 let (Dobrovolny a TesaF, 2010). Vyskyt
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téchto starych struktur vSak nebyl proménnou véku porostu zohlednén. Vék lesniho
porostu, ktery byl pouzit do analyzy, odrazi rok vysadby porostni skupiny a vék
téchto starych stromd ponechanych v porostu jako vystavky jim neni zohlednén.

Ve studii Il (Kebrle et al. 2023) jsme se proto pokusili dale prohloubit
poznani o prevazné smrkovych hospodarskych lesich a nalézt vyznamné strukturni
faktory, které maji vyznam pro diverzitu ptakd a zjistit jejich prahové hodnoty, jejichz
dosazenim by bylo mozné docilit zlepSeni biodiverzity v téchto porostech. | zde byly
zahrnuty staré stromy nad 70 cm DBH jako jedna z vysvétlujicich proménnych,
avSak na rozdil od predchozi studie, byly k dispozici rovnéz podrobné udaje o
struktufe porostu, v€etné udaju o vyskytu jednotlivych typd mikrostanovist, a to na
stromech od 5 cm vyc&etni tloustky. Zaroven byl vyuZit jako Udaj o véku porostu vék
nejstarsi etaze, ktery I1épe vystihuje pfitomnost starych lesnich struktur na ploSe nez
pramérny vék. V této studii byly plochy roz8ifeny také na listnaté porosty, které se
v ramci zajmovych studijnich oblasti (celkem 20) vyskytovaly. Nicméné ve vSech
téchto oblastech (kazda o rozloze 600 ha) stale tvofily nejvétsi podil hospodarské
porosty s dominanci smrku ztepilého. Zaroven byla v této studii pro monitoring ptakua
zvolena metoda pasivniho akustického monitoringu. Tato metoda spoc€iva v umisténi
zaznamniku zvuku na studovanou plochu a jeho automatickou aktivaci ve zvoleném
¢asové rozmezi a nahravani po libovolnou dobu. Diky delSimu intervalu nahravanti,
absenci ruSeni ptakd a moznosti nahravani i béhem noc¢nich hodin je tak touto
metodou mozné relativné snadno ziskat udaje o SirSim spektru druhl nez klasickymi
prezenénimi metodami (napf. bodovou metodou). Diky moznosti nahravani vice
ploch ve stejny €as jsou pak vysledna data navic vhodnéjSi pro vzajemné
porovnavani rlznych ploch. Jeji limitaci je pouze nemoznost zaznamu hlasové se
neprojevujicich druht, které by vpfipadé prezenéni metody mohly byt
zaznamenany vizualné a rovnéz velmi vzdalenych druhu. AvSak v lesnim prostredi
je vizualni zaznam druht omezen i v pfipadé béznych prezencnich metod a bézné
se omezuje pro reprezentativni vzorek vSech druhl vzdalenost pro jejich registraci
na 25 ¢i 50 metrd (Bibby et al., 2000), ¢imZ se nevyhody této metody v lesnim
prostiedi sniZuji. To potvrzuje porovnani metod v lesnim prostfedi, kdy byly zjiStény
podobné vysledky (Kutaga & Budka, 2019), zvlasté pak v pfipadé omezené
vzdalenosti pro registraci druhd na 50 m (Kutaga & Budka, 2019; Sedlacek et al.,
2015). Diky této metodé jsme mohli ziskat kvalitni data o vyskytu druhd pro
naslednou analyzu beta diverzity ptakd. Inovativnost této studie tkvi v oddélené
analyze jednotlivych prvka beta diverzity, a to obratu druhl (species turnover) a
vnofenosti druhu (species nestedness), ¢imz se odliSuje od pfedchozich studii
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zalozenych pouze na prostém porovnani alfa a beta diverzity. Zatimco obrat druhu
zachycuje zmény slozeni spole€enstva v dusledku vymény druhud, vnofenost
spoleCenstva predstavuje miru, do jaké druhové chuds$i spoleCenstva tvofi
podskupiny bohatSich spoleCenstev (extinkéné-koloniza¢ni dynamika) (Si et al.,
2016; Baselga, 2010). Obé tyto slozky diverzity mohou mit protichtdny trend a
mohou pomoci Iépe pochopit pFiciny prostorové variability druhd (Soininen et al.,
2017).

Z vysledk studie vyplyva, Ze srostouci nepodobnosti podilu vycetni
zakladny jehliénatych stroml, véku porostu a rovnéz nadmorské vysky roste
nepodobnost celkové beta diverzity a rovnéz obratu druhu, zatimco pro vnofenost
jsme zjistili vztah pouze s nepodobnostmi s nadmofskou vyskou. Obrat druhi tvofi
vetSinovy podil z celkové beta diverzity, coz odrazi podobné vysledky s celkovou
beta diverzitou. Obrat druhu jako vétSinovou Cast celkové beta diverzity zjistili pro
ptaci spoleCenstva také dalsSi studie (napf. Si et al., 2015), pfiCemz byva tento jev
bézny u studii lokalnich spoleenstev (Soininen et al., 2017). V pfipadé vnofenosti
druhd se vyznamny vliv ukazuje spiSe v pfipadé rozsahlych studii zaméfrenych na
velka spolecenstva (Baselga, 2010). Obrat druht vlivem zmén podilu jehli¢énatych a
listnatych druhu dfevin v porostu Ize ¢astecné vysvétlit specializaci nékterych druh
ptaki na Ccisté jehlicnaté nebo listnaté lesy. V souladu stimto tvrzenim jsme
identifikovali nékteré ze zaznamenanych druhU jako druhy strikiné vazané na
porosty s méné jak 40% podilem vycetni plochy jehli¢nand. Jednalo se predevs§im o
primarni a sekundarni dutinové druhy a druhy hnizdici v polodutinach, které se
Casto vyskytuji ve starych lesnich porostech s pfitomnosti stojicich mrtvych stromu.
Konkrétné se jednalo o zlunu Sedou (Picus canus), strakapouda prostfedniho
(Dendrocoptes medius), SpaCka obecného (Sturnus vulgaris), lejska bélokrkého
(Ficedula albicollis), lejska malého (Ficedula parva) a strakapouda malého
(Dryobates minor). Tyto druhy jsme v na8i studii zahrnuli do skupiny ,Specialistd
starych porosti“. Silnd vazba téchto druhl na staré listnaté porosty je podpofena
skute€nosti, ze Zadny ztéchto druhd nebyl zaznamenan v Cistych jehli¢natych
porostech bez pfitomnosti starych listnatych stromd nad 70 cm DBH. Absenci téchto
druhu v jehli¢natych monokulturach potvrzuji také dal8i autofi (Felton et al., 2016;
LeSo et al.,, 2020). Naopak mezi druhy, u kterych jsme nasli vazbu na porosty
vysokym podilem vycetni plochy jehlicnanu a relativné nizkym vékem (okolo 90 let),
patfi ofeSnik kropenaty (Nucifraga caryocatactes), nebo sykora parukarka
(Lophophanes cristatus). U téchto druhu je vazba na jehli¢nany znama (Storchova &
Horak, 2018).
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Nadmofrska vySka ovliviiuje jak celkovou beta diverzitu, tak obé jeji ¢asti, obrat
druhu a vnofenost druhd. Vztah mezi obratem druh( a gradientem nadmorské vysky
potvrdila Fada studii (Garcia-Navas et al., 2020; Jankowski et al., 2013). Obrat druh
na gradientu nadmorské vySky muaze byt vysvétlen nahrazenim nékterych druht s
optimem v nizSich nadmofskych vySkdch velmi podobnymi druhy ve vysSich
polohach (Flousek et al., 2015). To mGze souviset se zménou druhového slozeni
lesnich porostu. Napfiklad strakapoud prostfedni (Dendrocoptes medius) obyva
listnaté lesy v nizSich nadmorskych vySkach, zatimco ve smiSenych horskych lesich
je nahrazovan strakapoudem bélohifbetym (Dendrocopos leucotos) nebo datlikem
tfiprstym (Picoides tridactylus) ve smiSenych horskych a jehli€natych lesich
(Kloubec et al., 2015). Podobné Soupalek kratkoprsty (Certhia brachydactyla) obyva
smiSené a listnaté lesy v nizSich polohach, zatimco Soupalek dlouhoprsty (Certhia
familiaris) je vazan na horské buciny a jehli¢naté lesy (Keller et al., 2020). Nicméné
v porovnani s podilem vycetni plochy jehlicnani a vékem porostu, vztah beta
diverzity (a jejich soucasti) a nadmorské vysky ma nizsi ekologickou hodnotu. To
muze byt vysvétleno mimo jiné i tim, Ze v nasi studii se jehli€nany vyskytuji napfi¢
celym vySkovym gradientem, coz muze poskytovat vhodné prostiedi pro druhy
vazané na jehlicnany i v niz8ich nadmorskych vySkach. Toto je patrné rovnéz davod,
pro¢ nebyl vnasi studii zjistén vliv nadmorfské vysky u druhd vazanych na

jehlicnany.

V této studii byl dale zjistén jako vyznamny faktor vék porostu, ackoli ve
studii | se jako vyznamny neprojevil. Jednou z pfi€in je predevSim uziti véku
nejstar§iho porostu (etaze), namisto prGmérného véku vSech porostnich skupin,
ktery lépe (ackoli ne ve vSech pripadech) vystihuje pfitomnost zbytka starych
porostl ve formé ojedinélych skupin velkych strom nad 70 cm DBH a rovnéz
rozSifeni vékového rozpéti porostt diky plocham ve starSich porostech a zahrnuti
lesnich rezervaci do analyzy (ve studii | nebyly v analyze zahrnuty z dlivodu, Ze se
nejedna o prevazné smrkové hospodaiské porosty). Rada studii potvrdila, Ze vék
lesnich porostl je dulezitym faktorem pro mnoho taxonomickych skupin, vetné
ptaki (Moning a Miiller, 2009). V Ceské republice je v poslednich dekadach patrné
zestarnuti hospodarskych lest, kdy se zvySuje podil porostld starSich 120 let
pravdépodobné v dusledku odkladani obnovy hospodaisky neatraktivnich a hafe
pristupnych & méné kvalitnich porostd (Ministry of Agriculture of the Czech
Republic, 2022). Kromé& vékového sloZeni porostd dochazi rovnéz k mirnym

zménam v jejich druhovém sloZeni, kdy dochazi k naristu porostu s pfirodé blizkym
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druhovym slozenim. RovnéZz dlouhodoby monitoring ptakd odhalil pravdépodobné
s tim spojeny pomaly nardst druhl ptaku listnatych porostl (Reif et al., 2022).

Pro Gcel zjisténi vyznamu véku a slozZeni porosti pro vzacné druhy ptakd
byly zjisténé druhy klasifikovany na zakladé jejich frekvence vyskytu na udrovni
studie (jako druhy vyskytujici se na méné nez 30 % ploch) a na narodni Urovni
(druhy vyskytujici se na méné nez 60 % mapovanych &tverct dle Atlasu hnizdniho
rozsiteni ptakt v CR — Stastny et al., 2021). Z nasich vysledkd vyplyva hranice
pozitivniho vlivu véku porostu na ,Specialisty starych porostl“ a vzacné druhy (na
arovni studie i narodni drovni) na 125 letech. Vék porostu v8ak dle nasich zjisténi
pozitivné ovliviuje rovnéz vysoce frekventované druhy [definované jako druhy
vyskytujici se na vice nez 95 % mapovanych &tvercu dle Atlasu hnizdniho rozSifeni
ptakd v CR (Stastny et al., 2021)] a pozorovany nartst podilu porostt nad 120 let v

CR mUze mit pozitivni efekt na vzacné a rovnéz bézné lesni druhy ptaka.

Ocekavali jsme negativni vliv vysokého podilu jehlicnant na vzacné druhy na
narodni Urovni, ktery vSak nebyl studii prokdzan. To muze byt vysvétleno odliSnymi
biotopovymi preferencemi jednotlivych druht v ramci této skupiny a rovnéz jejich
vzacnost nemusi byt spojena s pfeménou druhového slozeni porostu. To potvrzuje
analyza druht klasifikovanych dle jejich vazby na jehli€naté a listnaté porosty, ktera

ukazala vyrazny a protichadny vliv podilu vy€etni plochy jehliénant na obé skupiny.

Abychom zobrazili efekt zvySujiciho se podilu vy€etni plochy jehli€nand a
véku porostu na ptaky, sefadili jsme vzorkovaci plochy vzestupné dle téchto dvou
faktort a promitli do grafu spole¢né s akumulovanym poc¢tem druht. Vyskyt novych
druht na gradientu véku porostu se podobal trendu linearnimu. V pfipadé
~opecialisté starych porostl“ jsme zjistili jejich vazbu na starSi porosty, kdy se tyto
druhy vyskytovali pouze na plochach s porosty star§i nez 90 let (pfiCemz rozpéti
vékl porostl v na$i studii se pohybovalo od 50 do 280 let). Tento veék
odpovida kritické hranici pro diverzitu ptakd v buko-dubovych porostech v z6né mezi
420 az 520 m n. m. (Moning & Mdller, 2009). Toto vySkové rozpéti odpovida dolni
poloviné vyskového rozpéti v nasi studii. Vzhledem ktomu, Ze tfi Ctvrtiny lesu
v Evropé zatim nedosahly stadia zralosti (FOREST EUROPE, 2020) a jsou typicky
mladsi nez 90 let (FOREST EUROPE, 2011), zestarnuti téchto porosti muze byt
prospésné predevsSim pro specializované druhy starych porostl a rovnéz pro druhy

vzacné.

V pfipadé gradientu podilu vyc€etni plochy jehli€énand je vyskyt novych druhu
predevSim na zacatku tohoto gradientu (tedy kde se jedna o prevazné listnaté

124



porosty) a zastavuje se po dosazeni hodnoty 62 %. Tato hranice byla nalezena také
pro vzacné druhy (na narodni Urovni) a vyrazné nizsi pro druhy vdzané na staré
porosty (cca 2,5 %). Hodnota 62 % podilu vy&etni plochy v nasem pfipadé odpovida
vy&etni ploge stromd 26 m%ha a 2,5 % pak odpovida vy&etni ploe 1 m%ha. Vyssi
podil jehli€nanl je navic ¢asto spojen s vysSi hustotou stromd (Augustynczik et al.,
2019) a tedy i vySsi vyCetni plochou. Charakter jehli¢natych porostd se tedy ¢asto
liSi i timto faktorem, ktery mize nékteré druhy ovliviiovat. Nicméné z jinych studii se
zdd, ze efekt vycetni plochy na ptéky se liSi dle typu porostu. Napf. v listhatych
lesich ma narlst vycetni plochy pozitivni vliv na ptaci spolec¢enstvo (Piechnik et al.,

2022), zatimco v jehli¢natych negativni (Czeszczewik et al., 2015).

AcCkoli fada studii wudava pritomnost mikrostanovist (tree-related
microhabitats) jako dobry ukazatel kvality porostu a jejich diverzitu doporucuji jako
vhodnou vysvétlujici proménnou pro hodnoceni biodiverzity (Regnery et al. 2013,
Paillet et al. 2018), v nasi studii nebyla tato proménné vybrana do finalnich modeld.
Jednim z ddvodu je silna vazba téchto mikrostanovist na listnaté druhy stromu
(Larrieu et al., 2012; Paillet et al., 2019; Vuidot et al., 2011) a zaroven na stafi
vyjadiené vycetni tloustkou stromu (Larrieu et al., 2014). Tyto studie, které zjistily
vyznam mikrostanovist, byly situovany nejcastéji do listnatych porosta &i prirodé
blizkych porostl v lesnich rezervacich. AvSak v nasi studii byly zajmovymi porosty
prevazné jehlicnaté porosty o véku nejcastéji kolem 78 let, kieré jsou na vyskyt
mikrostanovist velmi chudé a jejich vyznam zde nebyl patrny. Jejich pfitomnost byla
vazana témeér vyhradné na staré listnaté stromy, kieré se nachazeji ojedinéle
v téchto porostech a hojnégji v lesnich rezervacich. Patrné z tohoto duvodu v naSi
studii nebyla tato proménna lepsim ukazatelem druhové bohatosti ptaku nez vycetni
zakladna zivych stromu, &i jiné podobné strukturni elementy, které v jinych pracich
zabyvajicich se mikrostanovisti, byly obvykle v porovnani s touto proménnou méné
vyznamné (Regnery et al. 2013, Paillet et al. 2018). Nicméné vySSi vyskyt
dutinovych a ohrozenych druhu v lesnich rezervacich bude pravdépodobné odrazet
alesponi CasteCné i pfitomnost mikrostanovist, kterymi tyto druhy mohou byt
pozitivné ovlivnény (Paillet et al. 2018). VyuZiti mikrostanovist jako vysvétlujici
proménné v hospodarskych pfevazné jehlicnatych lesich o véku niz§im nez 120 let

tedy s ohledem na tato zjiSténi nemusi byt pouzitelnym ukazatelem biodiverzity.

Staré bezzasahové porosty o pfirozené skladbé drevin jsou kliCové pro fadu
druhu specializovanych na tyto porosty a rovnéz druhy uvedenych na cervenych
seznamech (Felton et al., 2016; LeSo et al., 2020). AvSak konkrétné v CR se celkovy
podil plochy ¢lovékem neovlivnénych porosti pohybuje okolo 2,2 % (CENIA, 2021).
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Vznik hodnot, které jsou typické pro staré porosty (mrtvé dievo, heterogenita
porostu), je dlouhodoby proces trvajici az stovky let. V naSem pfipadé byl vék
porostl v lesnich rezervacich mezi 148 az 280 lety (primér 204 let), av8ak stale
byly v téchto porostech patrné historické lesnické z&sahy. Ty se projevovaly v
podobé absence vyskytu mladSich (slabSich) stromi a stdle se jednalo o
jednoduchy jednovrstevny porost, ackoli s vy§Si heterogenitou v podobé menSich

porostnich mezer po odumrelych stromech a v nich rostouci obnovou.

Hlavnim cilem Studie Il (Kebrle et al., 2022) bylo pfimé srovnani efektu
velkoploSnych a maloploSnych vétrnych a naslednych karovcovych disturbanci
vyskytujicich se ve stejném Case i oblasti. ACkoli existuje fada studii sledujicich vliv
obou typu disturbanci, byvaji jednotlivé typy disturbanci studovany individualné a
jejich pfimé srovnani chybi. Kromé velikosti disturbance byla sledovana rovnéz jeji
intenzita, v této praci definovana pfitomnosti enklav zbytkd Zivych porostd v matrici
jinak disturbovanych porostl. Prace =zaroven nalezla dualezité strukturni
charakteristiky disturbovanych porostu, které se ukazaly byt vyznamné pro nékteré
skupiny druhu ptakd. Pochopeni odliSného efektu rizné velkych a intenzivnich
disturbanci na biodiverzitu je vSak dullezité pro moznost planovani budouciho
managementu a vyuzivani jejich biologického dédictvi pro podporu biodiverzity v
lesnich porostech, které budou témito disturbancemi pravdépodobné ovliviiovany

intenzivnéji v dusledku klimatické zmény.

V této studii byly druhy klasifikovany dle biotopové specializace obdobné
jako ve studii | (Kebrle et al., 2021) a rovnéz dle hnizdnich guild na druhy hnizdici v
korunovém patfe, dutinové druhy, druhy hnizdici na zemi nebo kefovém patre.
Posledni dvé skupiny byly spojeny do jedné kategorie s ohledem na nizky pocet
druhd. Dale byly identifikovany a klasifikovany do samostatné skupiny druhy
zapsané v Cerveném seznamu CR (Chobot & Némec, 2017). Pro identifikaci, zda
jsou disturbance vyznamné pro vzacné se vyskytujici druhy, bylo opét vyuzito
narodniho velkoplodného &tvercového mapovani ptaka v CR b&hem let 2014 az-
2017 (Stastny et al. 2021). V tomto p¥ipadé byl namisto prosté klasifikace druht do
skupin dle frekvence obsazenosti C&tvercd vypocitan pro kazdy druh podil
obsazenych Ctvercu a nasledné souctem téchto podilt vSech druhl vyskytujicich se
na plo$e spodten vysledny index vzacnosti (napf. Salek, 2012). Prekvapivé tento
index neukazal zadné prikazné vysledky. Mozné duvody jsou diskutovany dale

v textu.
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Pro pochopeni odliSnosti biologického dédictvi vytvofenym jednotlivymi typy
disturbanci jsme provedli srovnani sledovanych strukturnich charakteristik pomoci
analyzy hlavnich komponent (Principal Component Analysis, PCA). Oba typy
disturbanci koresponduji s vysokymi hodnotami celkové plochy disturbovaného
porostu, avSak velkoploSné disturbance koresponduji vice s vysokymi hodnotami
porostl poSkozenych vétrem (polomu). V porovnani s maloploSnymi disturbancemi
jsou zde plochy polomd 3x vy$Si. Odlisny typ disturbance (polomy vs. klrovec)
muze ovlivnit také dalSi strukturni charakteristiky. V nasem pfipadé jsme
v maloplodnych disturbancich zjistili vy88i pokryvnost zmlazeni. To v pfipadé
disturbanci klrovcem zlstava neposSkozeno, kdezto v pfipadé polomu dochazi
k jeho poSkozeni padem stromu (De Grandpré & Bergeron, 1997). Naopak
s maloplosnymi disturbancemi koresponduji vysoké hodnoty strukturni komplexity,
coz zjistili také Meigs et al. (2017). V pfipadé velkoploSnych disturbanci jsou
hodnoty strukturni komplexity nizké, podobné jako v nedisturbovanych lesich, jelikoz
se v obou pfipadech jedna sice o odliSné, avSak strukturné homogenni biotopy (viz
obr. 8).

Ze strukturnich charakteristik se ukazala byt pro ptédky velmi dulezita
strukturni komplexita (slozitost) porostu, ktera byla definovana jako pocet rdznych
strukturnich elementl na ploSe (viz obrazek 7). Vertikalni a horizontalni komplexita
(nékdy nazyvana také jako strukturni heterogenita) je hlavni faktorem ovliviiujicim
biodiverzitu v lesnim prostfedi (Carrasco et al., 2019; Ghadiri Khanaposhtani et al.,
2012; Heidrich et al., 2020; MacArthur & MacArthur, 1961; Tews et al., 2004).
Obecné oznacuje narust riznych mikrostanovist, se kterymi narGsté i pocet druht
(Tews et al., 2004). V naS$i studii jsme klasifikovali strukturni komplexitu na velmi
hrubé Skale hodnotici pfitomnost jednotlivych stanovistnich struktur vytvofenych
disturbancemi, jako napf. mrtvé stojici stromy, lezici mrtvé dfevo, vyvraty, zmlazeni,
nebo obnazena zem. VSechny tyto elementy mohou pfinést nové hnizdni a potravni

prilezitosti nebo Ukryt pred predatory.

Dale se ukazala jako vyznamny faktor hustota zivych stromd a pokryvnost
podrostu. Hustota Zivych stromd méla protichudny efekt na rdzné skupiny druhd
(konkrétné na druhy hnizdici v korunovém patfe a druhy hnizdici na zemi nebo v
kefovém patru). V naSem pfipadé byly hustoty a stafi porostd ve vétSiné pripadu
podobné napfi¢ riznymi typy ploch a zaroven se eliminoval vybér ploch ve vyrazné
fidkych porostech ¢&i oblastech bezlesi (napf. v okoli vodnich tokd). OdliSnosti
v hustoté stromu, a tedy i jejich efekt na ptaCi spoleCenstva, jsou zpusobeny

predevSim disturbancemi lesnich porosta.
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V pfipadé celkové abundance a abundance biotopovych specialistd jsme
zjistili pozitivni reakci na strukturni komplexitu a z&roven i na hustotu zZivych stromu.
Pro tyto druhy se tedy zdaji byt vyznamné strukturni elementy produkované
disturbancemi se zachovanim Zivych stromu v okoli. Zajimavym vysledkem je vztah
druhové bohatosti biotopovych generalisti a strukturni komplexity, kde je patrny
unimodalni trend s nejvy$8§im pocétem druhG na plochach se stfedni strukturni
slozitosti. Nejvy§§im stupném strukturni komplexity byly hodnoceny predevsim
maloplo$né disturbance, které obvykle vytvareji mozaiku rdznych mikrostanovist
(Przepiéra et al., 2020). Byl tedy oCekavan spiSe linearni nartst poctu druhl s
rostouci strukturni slozitosti. Tento vysledek v§ak mize byt mirné ovlivnén i velikosti
maloploSnych disturbanci, kdy plochy s nejvy§si mirou komplexity byly ¢asto spiSe
mensimi maloploSnymi disturbancemi (mezerami) a vzhledem ke své malé velikosti
nemohly hostit tak vysoky pocet druhl (byla naplnéna Unosna kapacita prostredi)
nebo byl pocet druhl omezen v duasledku konkurenéniho tlaku mezi druhy. V
pfipadé vztahu abundance generalistl a strukturni komplexity v§ak tento trend neni

tolik patrny a tuto teorii nepotvrzuje.
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Obrazek 7: Schematické znazornéni klasifikace strukturni komplexity lesnich porostd
(stupnice od 1 do 10, kde 1 znamena velmi nizkou komplexitu = homogenni stanovisté s
nizkym poc¢tem strukturnich elementi a 10 znamena velmi vysokou komplexitu = pfitomnost
zivych i mrtvych stojicich strom0, pahyld, leziciho mrtvého dfeva a podrostu) a stupnice
intenzity disturbance s odpovidajicimi tfidami disturbanci klasifikovanych ve studii Il (1.
nepoSkozeny les, 2. maloploSna disturbance, 3. enklavy zivych stromd ve velkoploSnych
disturbancich a 4. velkoplodné disturbance). Schéma bylo pfevzato z prace Kuuluvainen

(2016) a upraveno.

Primarnim cilem této studie vSak bylo provést Casové a geograficky
relevantni porovnani disturbanci o razné velikosti. Mezi velkoploSnymi a
maloplodnymi disturbancemi jsme ze vSech testovanych skupin druhd ptakd nalezli
priukazny rozdil pouze v pfipadé celkové abundance, abundance biotopovych
generalistd a abundance druhl hnizdicich na zemi ¢€i v kefovém patfe. Generalisté
v této studii byli ¢astéji vysoce abundantni a frekventované druhy a tvofili tedy
vétSinovy podil z celkové abundance spole€enstva. Zaroven byly druhy s nejvysSimi
pocty jedincl klasifikované jako generalisté z velké ¢asti hnizdici na zemi Ci

kefovém patfe. To mize byt vysvétleni podobného trendu u téchto tfi skupin.

S vyjimkou dutinovych druhd, vSechny sledované skupiny druhd mély
(nesignifikantné) v porovnani s velkoploSnymi disturbancemi lehce vy$Si pocetnosti
v maloplosSnych disturbancich, a to i v pfipadé, Zze byl obecny efekt obou typud
disturbance negativni (tyk& se druhi hnizdicich v korunovém patfe a biotopovych
specialistd). Da se tedy usoudit, Ze maloplo$né disturbance maji silnéjSi pozitivni
nebo mirnéjsi negativni efekt. Neprukaznost téchto rozdild mohla byt zplsobena i
relativné velkou plochou maloplo$nych disturbanci a vzdalenosti vzorkovaci plochy
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k nejbliz§imu Zivému porostu (pfedevSim v pfipadé druhG korunového patra Ci
specialistu). V této studii byly disturbance klasifikovany na krajinném méfitku a mezi
maloplodné mohly byt zafazeny i relativné velké disturbance, pokud bylo dodrzeno
pravidlo, Zze matrice oblasti je tvofena Zivym neposSkozenym porostem. V pfipadé
druhd hnizdicich na zemi, &i v kefovém patfe mohl byt rozdil spojen s niz8im
zapojem zmlazeni ve velkoplo$nych disturbancich, ktery mize odrazet vyskyt téchto
disturbanci ve vysSich polohach (viz déle).

Obecné tato studie zjistila pozitivni vliv disturbanci na druhovou bohatost a
abundanci celého ptaciho spolecenstva, a rovnéz druht hnizdicich na zemi nebo
v kefovém patie, a zejména biotopovych generalistd. Biotopovi generalisté dokazi
vyuzit SirSi Skalu rdznych stanovist a jsou tedy typicky vazani na heterogenni
biotopy (Devictor et al., 2008b; Richmond et al., 2005). Maloplo$né disturbance
mohou vnést do lesniho porostu nové strukturni prvky a zvysit tak heterogenitu
porostu. Stejné nizké abundance mezi velkoploSnymi disturbancemi, enklavami
Zivych stromd ve velkoploSnych disturbancich a nedisturbovanymi porosty vSak
naznacuji, ze ackoli velkoplo$né disturbance hosti vy8Si pocet biotopovych
generalistl, nejsou zde generalisté abundantnéj§i nez v nedisturbovanych lesich.
Pozitivni vliv malych porostnich mezer na celkovou bohatost ptakda zjistili také
Gharehaghaji et al. (2012) u druh( hnizdicich na zemi Fuller (2000) a u druhu
hnizdicich v dutinach Przepiéra et al. (2020). Narust po€etnosti druhd hnizdicich na
zemi Ci v kefovém patfe byva spojen rozvolnénim korunového zapoje hlavniho
stromového patra po disturbanci a s tim spojenym rlistem zmlazeni (Burris & Haney,
2005; Peterson et al., 2013; Scherzinger, 2006).

Pocty ptakd hnizdicich v dutinach se vSak v nasi studii mezi Ctyfmi typy
disturbanci nelisily, coz zjistila rovnéz studie provedena v Bavorském lese (Thorn et
al., 2016b). Mozné vysvétleni by mohlo souviset s rozsahlym teritoriem nékterych
druhu hnizdicich v dutinach (napf. datlika tfiprstého nebo strakapouda velkého),
které maze zahrnovat okolni porosty s jiz dostateCnym vyskytem mrtvych stroma, a
tedy i hnizdnich a potravnich pfileZitosti. Druhym moznym vysvétlenim je del8i doba
od disturbanéni udalosti v zajmovych porostech (vice nez 10 let po disturbanci),
které jsou nyni v pokrocCilém stadiu sukcese, kdy jiz doslo v nékterych pfipadech
k Uplnému rozpadu odumrelych stromu (v souCasnosti stoji pouze zlomené kmeny
stromu). Stadium rozkladu mrtvych stromG vSak muize hrat vyznamnou roli.
Napriklad datlik tfiprsty profituje predevS§im ze stroml c&erstvé napadenych
kdrovcem, jelikoz mu poskytuji zdroj potravy. Jeho pocetnost se vSak opét snizuje
po vyschnuti stromu (Scherzinger, 2006; Zielewska-Buttner et al., 2018). DalSim
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faktem je, Ze dutinové druhy ptakd mohou vyuzivat k hnizdéni mrtvé stromy pouze
pokud stoji vzpfimené (Augustynczik et al., 2019; Mollet et al., 2013) a stromy
v pokrocilejSi fazi rozpadu (po zlomeni kmene) jiz nejsou k hnizdéni vyuZzivany.
Pozoruhodné je, Ze dutinové druhy ptéku v nasi studii vykazuji pozitivni vazbu se
strukturni komplexitou, ackoli se pocty téchto druhl ve Ctyfech tfidach disturbanci
nelisily. Vysvétlenim muaze byt, Ze i tyto druhy ovliviuji disturbance, a to i ty velmi
malé, které zvysSily heterogenitu porostu i v nedisturbovanych lesnich porostech.

Naopak negativni vliv velkoploSnych disturbanci na druhovou bohatost a
pocetnost byl zjistén u druh( hnizdicich v korunach stromG a biotopovych
specialistu. Podle ocekavani byli ptaci hnizdici v korunach stromd (a také
specialisté) spojeni s vyS$Si hustotou zivych stromd. To odrazelo velmi silnou vazbu
(specializaci) téchto druhu na zivé stromové patro (Benedetti et al., 2022).
Pozorovany pokles ptédkd hnizdicich v korunach stromi ve velkoploSnych
disturbancich koresponduje se zjisténimi jinych autort (Scherzinger, 2006; Thorn et
al., 2016b). Pravé zména charakteru porostu o velké rozloze po velkoplosné a
intenzivni disturbanci (s kompletnim poskozenim Zzivych porostd) je pfi¢inou
pfemény sloZeni ptaciho spoleCenstva z typicky lesniho na spole€enstvo druht

otevienych stanovist a kefovych porostl (Scherzinger, 2006; Zmihorski, 2012).

Na druhou stranu se ve vétSiné studii ukazalo, Ze maloplo$né disturbance v
jinak neposkozenych lesich s uzavienym korunovym zapojem maji na ptaky hnizdici
v korunach pozitivni vliv (Fuller, 2000; Gharehaghaji et al., 2012; Lewandowski et
al., 2021; Przepiora et al., 2020). V naSem pfipadé muze byt negativni vliv na druhy
hnizdici v korunach stromu zplsoben relativné velkou velikosti i maloploSnych
disturbanci, coz vyplyva z jejich definice jako disturbovanych ploch v matrici
neposkozeného lesa bez omezeni jejich rozlohy. V pfipadé enklav zivych stromu ve
velkoplodnych disturbancich jsme predpokladali, Ze tyto porosty budou osidleny
druhy vazanymi na okolni disturbované lesy a obohaceny o druhy Zivych porosta. To
naznacovaly rovnéz vysledky jinych studii (Kameniar et al., 2021). Bohatstvi a
pocetnost mezi enklavami Zivych stromd a neposSkozenymi porosty vSak byly u
vétSiny druhud, v€etné druhu hnizdicich v korunach stromu, dosti podobné. To
naznacuje, ze tyto zbytky Zivych lest na velkych plochach disturbovanych porostu
jsou pro druhy ptakl preferujicich uzaviené zivé lesni porosty stale dostate¢né,
pravdépodobné diky jejich relativné velké rozloze (minimalni rozloha téchto porosta
byla definovana jako okoli 50 m kolem stfedu plochy, coz byla hranice pro registraci
druht). Navic charakter téchto enklav je podobny nedisturbovanym porostim (nizké
mnozstvi podrostu, vysoka hustota zivych stromu) a pravdépodobné proto nejsou
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tyto plochy preferované druhy otevienych stanovist a kefového patra. To dokladaji i
v nedisturbovanych porostech a enklavach zivych stromd ve velkoplo$nych
disturbancich, kdezto v pfipadé druhd hnizdicich v korunach stromu a biotopovych
specialistd naopak nejvyssi.

Vyznam disturbanci se tedy v zavislosti na biotopové specializaci ptakd lisi.
Biotopovi specialisté obyvaji Uzké ekologické niky a vyuzivaji omezené zdroje
stanovist. Z téchto dlvodl jsou nachylnéjsi k vymirani (Devictor et al., 2008b;
Richmond et al., 2005). Rovnéz v pfipadé ptakd s vys$Si mirou specializace jsou
patrné negativnéjsi populacni trendy v Evropé (Morelli et al., 2020; Gregory et al.
2007) a mohou byt nachylngjsi k fragmentaci a disturbanci stanovist (Devictor et al.,
2008b; Devictor a Robert, 2009; Terraube et al., 2016). Disturbance obecné
zpUsobuji zménu v biotopové specializaci spoleCenstev ze specializovanych na vice
generalisticka (Devictor et al., 2008a). Specializované druhy ptadkd maji navic
tendenci se postupem casu stavat generalisty, coZz vede k funkéni homogenizaci
ptaciho spoleCenstva (Barnagaud et al., 2011). Rovnéz nase vysledky poukazuji na
negativni vliv velkoploSnych disturbanci na biotopové specialisty. Na druhou stranu
jsme nezjistili vyznamny negativni vliv maloploSnych disturbanci na tyto druhy a
rovnéz pocty druhd specialistd v enklavach Zivych stromu ve velkoploSnych
disturbancich jsou témér stejné jako pocty druhl zjiSténé v nedisturbovanych
porostech. To naznaduje, Ze negativni vliv disturbanci na biotopové specialisty se
odviji od velikosti disturbance a mnozstvi prezivSich stromu (intenzity disturbance),
kdy disturbance mensSich velikosti a nizSich intenzit nemusi biotopové

specializované druhy ptakd negativné ovlivnit.

Vyznamnym faktorem, ktery dokaze formovat slozeni ptaciho spole€enstva,
ale také vyskyt pfirozenych disturbanci je nadmorska vy$ka. Nadmorska vy$ka byla
vyznamnym faktorem s negativnim vlivem téméf ve vSech modelech nasi studie (s
vyjimkou bohatosti a abundance druhd hnizdicich na zemi nebo v kefovém patfe a
abundance biotopovych specialistd). Scherzinger (2006) také pozoroval rychly
Ubytek ptac€ich druhd podél gradientu nadmorské vysky, a to zejména nad 1 100 m
n. m. Tento Ubytek ptacich druh muze byt zplsoben drsnéjSimi klimatickymi
podminkami, méné bohatym kefovym patrem nebo niz§i abundanci hmyzu ve
vys§§ich nadmorskych vySkach (Fuller, 2003). Na druhou stranu se muze
s nadmorskou vySkou zvySovat podil druhd dominantnich v ramci ptaciho
spoleCenstva (Scherzinger, 2006). Nékolik studii dale zjistilo pozitivni vztahy mezi
nadmorskou vyskou a biotopové specializovanymi druhy ptakl (Rivas-Salvador et
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al.,, 2019), nebo rovnéz potravnimi specialisty a druhy ptdkd specializovanymi na
substrat, kde potravu hledaji (Benedetti et al., 2022). My jsme vSak s nadmofskou
vySkou zjistili Ubytek biotopovych specialistl. Vliv nadmoFské vySky v nasi studii
silné souvisi s odliSnou strukturou lesa ve vySSich polohach. Tato skutecnost je
patrna u druhd hnizdicich v korunovém patre, jejichz pocetnost a bohatost silné
poklesla nad cca 1 000 m n. m. Tato nadmorska vysSka v nasi studii koresponduje
s dolni hranici vyskytu velkoploSnych disturbanci (konkrétné se velkoplosné
disturbance vyskytovaly od 1 036 do 1 355 m n. m.). Velkoplo$né disturbance
vznikaji nejCastéji na vrcholech kopcu v disledku vysSSi vétrné expozice, a
gast&jsiho vzniku polom( (Cada et al., 2016; Klopcic et al., 2009). Z t&chto polomu
se pak postupné rozsifovala nasledna ohniska kdrovce (Janik a Romportl, 2018).
Na druhou stranu podil porostl poSkozenych vétrem byl v maloploSnych
disturbancich nizsi nez ve velkoploSnych disturbancich. V pfipadé velkoplosnych
disturbanci €ini z celkové rozlohy disturbovaného lesa (tedy porostd poskozenych
boufi Kyrill vroce 2007 a naslednymi gradacemi karovce) podil porostu
poskozeného vétrnou boufi cca 30 % a v pfipadé maloploSnych disturbanci cca 10
%. Navic v disledku nepfiznivych povétrnostnich podminek a méné produktivnich
pad ve vysSich polohach (Fuller, 2003) muze byt pokryvnost a rist semenacku pfi
velkoplodnych disturbancich mendi nez v maloploSnych disturbancich, kde je
zmlazeni chranéno okolnimi zivymi stromy. Tyto Zivé stromy navic mohou byt

zdrojem semen pro rekolonizaci disturbovanych ploch (Seidl et al., 2014).

Druhové slozeni spoleenstev (nejen ptakl) se v prabéhu &asu po
disturbanéni udalosti prabézné méni (Thorn et al., 2016a) a rozdily mezi
disturbovanymi a nepoSkozenymi porosty mohou byt v pradbéhu Casu stale
vyraznéjsi (Thorn et al., 2016b). Zatimco v prvnich letech je druhova bohatost mezi
disturbovanymi a neposkozenymi lesy pomérné podobna (Repel et al., 2020),
v nasledujicich letech se slozeni ptaciho spoleenstva méni kazdy rok a druhova
obména ustava pfiblizné 10 let po disturbanéni udalosti (Scherzinger, 2006). Navic
existuji vzacné druhy, pro které je urcita faze sukcese vyznamngjsi. Pfikladem muze
byt jiz dfive zminéné rané stadium napadeni kGrovcem v pfipadé datlika tfiprstého
(Zielewska-Buttner et al., 2018), nebo rovnéz 10 az 15 let po disturbanci pro tetfeva
hluSce (Tetrao urogallus) a jefabka lesniho (Tetrastes bonasia) (Kortmann et al.,
2018). V nasi studii byly porosty ve vétsiné pfipadl vice nez 10 let po disturbancni
udalosti (ve vzdalenosti do 100 m stfedu ploch plocha disturbanci starSich 10 let
¢inila 67 % v maloplosnych disturbancich a 81 % ve velkoplo$nych disturbancich).
Proto prfedpokladame, Ze druhové slozeni a abundance druhl v na$i studii dobfe
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odrazi vliv disturbanci na ptaci spole¢enstva na lokalnim méfitku. Na druhou stranu,
fada biotopové specializovanych nebo ohrozenych druhd ptakd byva vazana na
rané sukcesni faze (Drapeau et al., 2000; Reif et al., 2013). Pokrocila faze sukcese
na veétSiné naSich ploch muze byt pfi¢inou podobnych hodnot indexu vzacnosti
druht (Salek, 2012) a bohatosti & abundance druh(i éerveného seznamu mezi
studovanymi typy biotopu.

Studie IV (Kebrle & Zasadil, 2022) vychazela z dat studie Ill (Kebrle et al.,
2022) a jejim cilem bylo rozSifit zjisténi o vyznamu velikosti a intenzity disturbanci
na uaroven jednotlivych druhl ptakd. Tato studie byla publikovana v
recenzovaném Casopisu Silva Gabreta, coz bylo jednou z podminek poskytnuti
povoleni vyzkumu na UGzemi NP Sumava, umoznéni vstupu do vefejnosti

nepfistupnych ¢asti parku a poskytnuti porostnich dat pro ucely studie.

Dle ocCekavani se reakce jednotlivych druh( na disturbance vyrazné lisi,
avSak v nékolika pfipadech reakci druhu ovliviiuje i samotna velikost disturbance.
V nasledujicim textu jsou uvedeny pfiklady druhu, u kterych byly zjistény odliSné
abundance ¢i frekvence mezi sledovanymi typy biotopld. Pismena G a Sv
hranatych zavorkach za nazvy druht oznaluji jejich pfislusnost k biotopovym
generalistim, &i specialistim dle studie Ill (Kebrle et al., 2022). Mezi druhy, které se
disturbovanym porostlim spiSe vyhybaji, patfi pénkava obecna (Fringilla coelebs)
[G], sykora uhelnicek (Periparus ater) [S] a kralicek obecny (Regulus regulus) [S].
Napf. pénkava obecna zde dosahuje méné nez poloviéni prGimérné abundance v
porovnani s ostatnimi kategoriemi ploch a podobny trend je také u krélicka
obecného. Tyto druhy upfednostriuji porosty o zapojeném zivém stromovém patie a
silné rozvolnéné porosty, pfipadné kompletné posSkozené stromové patro vlivem

velkoplo$né disturbance nejsou pro tyt druhy vhodnym stanovistém.

V pfipadé nékolika druhtd byla jejich reakce na oba typy disturbance
pozitivni, s pfipadnym mirnym upfednostnénim jedné z nich. Takovym druhem
s mirnou preferenci maloplosnych disturbanci je stfizlik obecny (Troglodytes
troglodytes) [G]. Naopak mirnou preferenci k velkoploSnym maji pévuska modra
(Prunella modularis) [G], budniCek vétsi (Phylloscopus trochilus) [G] a rehek
zahradni (Phoenicurus phoenicurus) [G]. V pfipadé budni¢ka vétSiho jde o druh, u
kterého je v EU za obdobi let 1980 az 2017 pozorovan pokles abundance o 37 mil.
jedinct (pouze u 4 druh( byl pozorovan jesté vyraznéjSi pokles) (Gregory et al.,
2023). Tyto zmény mohou byt spojeny se zmé&nami v dostupnostmi potravy vlivem

zmény klima. Kromé pévusky modré se navic jedna o druhy migrujici na dlouhou
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vzdalenost. Pravé tyto druhy jsou nejvice ohrozeny vlivem environmentalnich zmén
(Laaksonen & Lehikoinen 2013, Virkkala 2016, Schulze et al. 2019). V pfipadé
budnic¢ka vétSiho se pfipisuji jeho vyrazné populacni poklesy nedostatku potravy
vlivem zmény klimatu, ztrdtam vhodnych stanovist, nebo umrtim jedinci b&hem
dlouhych migraci (CSO, 2023). Pfirozené disturbance tedy mohou byt pfinosné
zvlasté pro tyto silné ubyvajici druhy.

U nékolika druht byly naopak pozorovany protichudné reakce dle velikosti
disturbance. Napf. maloplosné disturbance pred velkoplosnymi preferovaly pénice
¢ernohlava (Sylvia atricapilla) [G], ¢ervenka obecna (Erithacus rubecula) [G], kos
cerny (Turdus merula) [G], budni¢ek mensi (Phylloscopus collybita) [G] a Soupalek
dlouhoprsty (Certhia familiaris) [S]. Ve vétSiné pfipadl se jedna o druhy vazané na
kefové patro a jejich preference maloplo$nych disturbanci bude pravdépodobné
spojena s dobfe vyvinutym zmlazenim (Scherzinger, 2006), které ve velkoploSnych
disturbancich nedosahovalo takovych pokryvnosti. Maloplosné disturbance mohou
byt pro tyto druhy atraktivni rovnéz vzhledem k zachovani typicky lesniho charakteru
blizkeého okoli. Prvni C&tyfi zminéné druhy navic patfi mezi druhy s nejvySSim
naristem abundanci mezi lety 1980 az 2017 (Gregory et al., 2023) a podobné
trendy jsou evidovany i pfimo v CR (Reif et al. 2022). Narust téchto disturbanci by
mohl podpofit jejich dalsi pfibyvani a je otdzkou, zda jejich stavajici zmény nejsou
vyvolany z ¢asti pravé pribyvajicimi disturbancemi lesnich porostl. Napf. v pfipadé
porovnani obou zminénych druhd budnickd, Ize jejich protichadné populaéni trendy
vysvétlit odlisnymi migracnimi viastnostmi, kdy budnicek vétsi je dalkovy migrant,
zatimco budni¢ek mensi tahne na krat$i vzdalenosti v severni Africe. DelSi migraéni
trasy mohou znamenat zaroven vy$Si riziko umrti jedincu. Ackoli byly oba druhy
kategorizovany jako biotopovi generalisté (Reif et al. 2010), budniCek vétsi je
v porovnani s budniékem mensim vice specializovanym na lesni prostfedi (CSO,
2023). V pripadé Soupalka dlouhoprstého [S] tento trend maze byt dan vySSim
podilem polomU ve velkoploSnych disturbancich, které produkuji predevsim lezici
mrtvé dfevo. Pravé u maloplo$nych disturbanci je patrny vy8Si podil kdrovcem
poskozenych porostl, kdy usmrcené stromy zustavaji stat (De Grandpré &
Bergeron, 1997). Takové porosty jsou pravdépodobné vhodnéjSim prostfedim pro
hledani potravy &i hnizdéni tohoto druhu. Dal§im vysvétlenim muze byt fakt, Ze
disturbance v plochach velkoplosnych disturbanci vznikly pfedev8im po boufi Kyrill v
roce 2007 a Sifeni kdrovce v blizkém okoli téchto polomd v navazujicich letech
(Janik & Romportl, 2018). V téchto plochach se tedy nachazeji nejstarsi
disturbance, které jsou jiz v pokrocilejSi fazi rozpadu a z usmrcenych stojicich
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stromu zbyla jen zlomena torza kmenu bez pfitomnosti kiry, coZz opét muze snizovat
atraktivnost obecné pro druhy $plhavcu. Dal§im vysvétlenim mohou byt i drsnéjsi
klimatické podminky ve velkoplodnych disturbancich vlivem velké otevienosti
porostu a vyskytu ve vysSich nadmorskych vySkach, které ovliviuje i pfitomnost

hmyzu, jenZ tvofi potravu tohoto druhu.

Rovnéz jsme identifikovali druhy, které preferuji velkoplosné disturbance,
avSak maloplodné néjak zvlasté neuprednostiiuji. Mezi tyto druhy patfi linduska
lesni (Anthus trivialis) [G], kos horsky (Turdus torquatus) [G] a tetfev hluSec [S]. V
pfipadé dvou posledné zminénych druhtd vSak byly zaznamenany jen jednotky
jedincu, coz bude dano jejich vzacnosti a s tim spojenou pro tyto druhy nevhodnosti
pouzité bodové metody scitani. Velkoplosné disturbance vSak byly jedinou kategorii
s vyskytem tetfeva hluSce, a spole¢né s enklavami Zivych stromd ve velkoploSnych
disturbancich také kosa horského. Pravé pro prvni jmenovany druh jsou velkoplo$né
disturbance ve véku mezi 10 az 15 lety vyznamnym biotopem. Negativné pak mize
pusobit sukcese téchto porostl a prfechod v dospély les. Pro zachovani tomuto
druhu vyhovujiciho prostfedi je proto zapotiebi opakovaného pusobeni pfirozenych
disturbanci, které vytvafi stdle nové vhodné biotopy v optimélni fazi sukcese
(Kortmann et al., 2018). Naopak disturbance menSich rozmérd nemusi tomuto
druhu poskytovat dostateéné velké vhodné prostredi. Velikost vyuzivané oblasti
obecné zavisi na pfitomnosti kvalitnich biotopd, ¢im méné se jich na lokalité
nachazi, tim vétsi prostor obyva (Tomasek et al., 2017). Zasadni je pro tento druh
pritomnost brusnice borlvky, a pfipadné i dalSich bobulonosnych a pionyrskych
druhu dfevin (jefabu, vrby, bfizy, lisky, olSe). Vyznam muaze mit i pfitomnost smrku
zavétvenych az k zemi, které poskytuji Ukryt prfed predatory (Tomasek et al., 2017).
Takové stromy se mohou vyskytovat v rozvolnénych porostech po historickych
disturbancich, kde stromy mohly rist bez konkurenéniho tlaku okolnich stromd,
kdezto v maloplo$nych disturbancich v husté zapojenych porostech se takové
stromy nevyskytuji. V pfipadé kosa horského muze byt jeho vyskyt spojen s jeho
vyskytem ve vyS8Sich nadmorskych vysSkach, kdy velkoplosné disturbance se
nachazeji pfedevSim ve vySSich polohach. Zarovern jde o druh spiSe preferujici
oteviené krajiny a okraje lesu, ¢emuz velkoplosné disturbance s rizné velkymi
pozUstatky Zivych porostd charakterové odpovidaji. V8echny druhy vSak spojuje
jejich preference mista pro umisténi hnizda. Jde o druhy umistujici nejcastéji hnizdo
pfimo na zem, jejich vazba na velkoplosné disturbance tedy bude spojena
s dostatkem obnazenych ploch, které jsou zaroven dostatecné skryté pred predatory

okolnim nizkou vegetaci ¢i lezicimi kmeny vyvracenych ¢i zliomenych stromd.
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V pfipadé enklav Zivych stromu v oblastech velkoploSnych disturbanci a
nedisturbovanych porostu jsou patrné preference stejnych druht u obou kategorii
ploch. Enklavy Zivych stromu byly v nasem pfipadé pravdépodobné dostatecné
velké, aby vyhovovaly také druhum preferujicim zapojené porosty. Mezi druhy
preferujici tyto dva biotopy patfi holub hfivna¢ (Columba palumbus) [G], sykora
uhelni¢ek (Periparus ater) [S], kralicek obecny (Regulus regulus) [S], kraliek ohnivy
(Regulus ignicapilla) [S], drozd zpévny (Turdus philomelos) [G] a pénkava obecna
[G]. V pfipadé pénkavy obecné a holuba hfivnace jde o relativné silné biotopové
generalisty, coz muze byt jednou z pficin jejich schopnosti vyuZiti i téchto zbytkd

Zivych porostu v jinak otevieném prostfedi.

Jak jiz ukazala studie Il (Kebrle et al., 2022), pozitivni vyznam disturbanci se
odrazi predev8im na druzich vazanych na kefové patro a rozvolnéné porosty.
Zaroven se jednd v drtivé vétSiné o druhy klasifikované jako biotopovi generalisté.
Vyjimkou je Soupdlek dlouhoprsty, ktery muaze tézit predevS§im z hnizdnich
prilezitosti na stojicich souSich s odchlipujici se kirou a tetfev hluSec, ktery mize
téZit kromé jiz zminéného rovnéz z absence rusivych vlivl na rozsahlych plochéach.
Naopak disturbovanym porostim se vyhybaji vétSinou druhy klasifikované jako
biotopovi specialisté. Popfipadé muze hrat pfitomnost zivych jehli€natych stromu
klicovou roli v podobé silné vazby na hnizdéni v jejich korunach ¢&i jako zdroj

potravy.
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6 Zaveér

Predlozena disertaéni prace shrnuje vysledky tfi hlavnich védeckych &lanku, které
se mi podafilo béhem svého studia publikovat v ¢asopisu Forest Ecology and
Management (IF 3,7; Q1) a jedné doplikové studie rovnéz publikované
v recenzovaném védeckém Casopisu. Prace vychazeji z obsahlych dataset
popisujici relativné velka Guzemi a pro jejich ziskani bylo vynalozeno nemalé usili.
Vysledky studii rozSifuji dosavadni poznani o strukturnich charakteristikach
vyznamnych pro diverzitu ptakd v hospodaiskych lesich s dominanci smrku
ztepilého, které tvofi vyznamnou €&st lesnich porostl ve stfedni Evropé. Zaroven
v reakci na zvySeny vyskyt extrémnich klimatickych udalosti, jako jsou sucho ¢i
vétrné boure, které tyto porosty poskozuji, byl pfedmétem vyzkumu rovnéz vliv
pfirozenych disturbanci o rdznych velikostech a intenzitach. Vliv pfirozenych
disturbanci byl sledovan v bezzasahovych porostech na Sumavé, kde se nachazeji

unikatni podminky pro sledovani téchto pfirozenych procesu.

Prvni studie vychazi z dat, kterym pfedchazelo vyhledani starych stromud na
celkem 120 km? hospodaFskych porostti a v 20 lesnich rezervacich. Pro G&ely studie
byla plocha téchto porostll nasledné omezena na porosty s dominanci smrku
ztepilého. V této praci byl zjistén vyznam velkych starych stromd nad 70 cm vycetni
tloustky pro diverzitu ptakd v hospodarskych lesich s prevazujicim podilem smrku
ztepilého, které do té doby nebyly v téchto porostech hloubéji sledovany. Ukazalo
se, Ze pFitomnost pfedevsim listnatych stromd nad 70 cm vyCetni tloustky pozitivné
ovliviiuje ptaci spoleCenstvo, vcetné biotopové specializovanych druht ptakd.
V pfipadé porostl s pfitomnosti v prdméru 5 téchto stromd na hektar byly
pozorovany podobné pocty druhu jako v lesnich rezervacich. Tento pocet stromu Ize
povazovat za minimalni pro podporu diverzity v téchto porostech, avsak i jednotlivé
se vyskytujici stromy maji pro diverzitu ptakd vyznam a mély by byt uSetfeny pred
tézbou. Tyto stromy se ukazuji byt v hospodarskych lesich vyznamné pfedevsim pro
Splhavce, av8ak vyznam maji i pro bézné lesni druhy ptakd. Vyznam starych
listnatych stromu tkvi rovnéz ve zvySeni druhové diverzity drevin, jelikoz jde o druhy
pfirozené skladby. Nicméné 5 strom0 na hektar stédle nedokaze nahradit ekologickou
funkci lesnich rezervaci, ve kterych se vyluéné nachazely nékteré druhy uvedené

v Cervenych seznamech.

Pro druhou studii byla nasledné k jiz pofizenym datidm zméfena struktura
porostu, v€éetné zdznamu stromovych mikrostanovist na celkem 140 hektarovych

vzorkovacich plochéch. Plochy byly rozSifeny rovnéz o listnaté hospodafské porosty
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a lesni rezervace. Ze sledovanych proménnych byly jako kli€ové identifikovany podil
vyCetni plochy jehli¢natych dfevin a vék porostu. Tyto dva faktory silné ovliviuji
slozeni ptacich spole€enstev, zvlasté pak obrat druhl. Dle o¢ekédvani obrat druhl
odrazi predev8im biotopové preference druhl klistnatym nebo jehli€natym
porostim. Druhova bohatost ptékud klesa s nardstem podilu jehli€nand. Velmi vysoky
podil jehli€nantd omezuje prfedev§im druhy vazané na staré lesni porosty, druhy
vzacné (na narodnim meéfitku) a druhy listnatych porostd. Pro zamezeni limitace
diverzity ptdkd v téchto porostech je zapotiebi neprekrocit podil vy€etni plochy
smrku nad cca 60 %. Vzacné druhy a druhy starych porostl jsou naopak pozitivné
spjaty s porosty star§imi nez 125 let, zatimco druhova skladba dfevin je pro tyto
druhy méné vyznamna. Silna vazba druh( starych porostl na véku lesa odrazi i
jejich absence v porostech mladSich 90 let. Narust podilu plochy porostl starSich
125 let a snizeni podilu smrku pod 60 % by mohlo vést k podpofe diverzity ptaka
v hospodarskych lesich stfedni Evropy, zviasté pak téch méné béznych.

Pro ucely treti a &tvrté studie bylo vybrano celkem 141 ploch v horskych
jehlicnatych lesich zasazenych pfirozenymi disturbancemi o riznych velikostech a
intenzitach. Prvni z téchto dvou studii zjistila, Ze bez ohledu na velikost, disturbance
maji pozitivni vyznam pro druhy hnizdicich na zemi ¢i v kefovém patfe a biotopové
generalisty. Naopak velkoplo$né disturbance maji negativni dopad na druhy hnizdici
v korunovém patre a biotopové specialisty. Nicméné velkoplo$né disturbance o nizsi
intenzité, kde zlstavaji pfitomny zbytky zivych porostd, mohou poskytnout Gtocisté i
pro bézné druhy ptakd obyvajici interiéry lesnich porostl, a tedy zachovat stale
vysokou diverzitu na Sir§im prostorovém méritku. Pfekvapivé dutinové druhy nejsou
disturbancemi ovlivnény, coz muze odrazet pokroCilou fazi sukcese sledovanych
porostl. V porovnani s velkoploSnymi disturbancemi, maloplo$né disturbance maji
vyraznéjsi pozitivni efekt na druhy z disturbanci prosperujici a rovnéz na celkovou
bohatost spoleenstva. Zaroven i biotopovi specialisté, ktefi jsou disturbancemi
negativné ovlivnéni, jsou k maloplosnym disturbancim vice tolerantni a pfi jejich
zvySeném vyskytu lze oc€ekavat pfevazujici pozitivni efekt. NejvyznamnéjSim
prinosem maloploSnych disturbanci je zvySeni strukturni komplexity lesnich porostu,
ktera muze pfi velkoploSné intenzivni disturbanci bezezbytku poskozujici lesni
porost, zlstat nizka. V posledni studii byla zjisténi o odliSném efektu rtizné velkych
a intenzivnich disturbanci rozsifena na uroven jednotlivych druhd. Vysledky ukézaly
vyznamnost velkoploSnych disturbanci pro ojedinélé druhy, z nichZz nékteré zde mély
vyluény vyskyt. Tyto druhy profitovaly predevsSim z pfitomnosti rozsahlé oteviené

krajiny s pfitomnosti Cetnych okraju lesu s absenci ruSivych vlivd. Rovnéz byla
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pozorovana u fady druhG odliSna odpovéd na disturbance dle jejich velikosti,
pravdépodobné odrazejici bohatdi zmlazeni a vy8Si heterogenitu porosti
poskozenych maloploSnou disturbanci. Nase vysledky ukazuji, ze disturbance o
rizné velikosti a intenzité vytvareji vhodné prostfedi pro druhy Fid&eji se vyskytujici
v nepoSkozenych porostech s uzavienym korunovym zapojem. Disturbance
poskytuji strukturné bohaty biotop na lokalnim a rovnéz krajinném méfitku.
Bezzdsahové oblasti s opakujicim se vyskytem ruzné velkych a intenzivnich

disturbanci jsou dynamickym a pro biodiverzitu vysoce cennym Gzemim.
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