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Anotace

Tato prace se zabyva habitatovymi preferencemi a stanovistni dynamikou hmyzu vazaného na staré a
volng rostlé stromy a na management stifedoevropskych nizinnych svétlych lest. Prace poukazuje na
soucasné problémy v ochran¢ hmyzu vazaného na staré stromy. Na piikladu brouka specializujiciho se
vyhradné na staré stromy popisuje jeho ekologické naroky v ramci jednotlivych starych stromi a
zaroven poukazuje na rozdily ve vyuzivani starych stromi na stanovistich s rozdilnymi podminkami
prostedi. Prace se dale vénuje vlivu ofezavani stromi na tvorbu stanovist’ s mrtvym dievem a na vliv
aktivniho managementu na spoleCenstva organismi sttedoevropskych nizinnych lest.

Annotation

The thesis presents studies on habitat preferences of beetles associated with senescent, open-grown
trees and on dynamics and management of saproxylic habitats. It presents a brief insight into the
current issues in the conservation of insects dependent on old trees. It presents the patterns of
exploitation by a veteran tree specialist within old open-grown trees and the local patterns of tree
exploitation by the same species at sites with different characteristics. Further, it presents a study of
the effect of a prunning technique on formation of deadwood microhabitats, and also the importance of
active interventions in closed-canopy forests for the communities in temperate lowland woodlands.
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Uvod

Data z posledni doby dokladaji rapidni trend ochuzovani diverzity i pocetnosti hmyzu na
evropském kontinentu. Nemizi pfitom jen ohrozené druhy hmyzu, ale klesaji i populace
béznych druhd (van Swaay et al. 2013; Habel et al. 2015; Hallmann et al. 2017). Dramaticky
Klesly populace Iu¢nich motylt (Nilsson et al. 2008; van Swaay et al. 2013), zahadlovych
blanokiidlych (Goulson et al. 2008; Winfree et al. 2009; Potts et al. 2010; Ollerton et al. 2014;
Woodcock et al. 2016) nebo no¢nich motyld (Conrad et al. 2002; Conrad et al. 2006; Fox
2013; Fox et al. 2014).

Priciny poklesu jsou pfic¢itany hlavné niceni pfirozenych stanovist' a intenzivnimu
primyslovému zemédé€lstvi (Morecroft et al. 2002; Biesmeijer et al. 2006; Nilsson et al. 2008;
Winfree et al. 2009; Potts et al. 2010; Ollerton et al. 2014; Fox et al. 2014), v lesich je pfi¢itan
intenzivnimu lesnickému hospodateni (Bergman, 2001; Benes et al. 2006; van Swaay et al.
2006; Agnoletti, 2007; Brockerhoff et al. 2008; Nieto & Alexander, 2010; Kopecky et al.
2013). Ochuzovani biodiverzity ale pokracuje I pfes to, ze jsou vyhlasovana nova chranéna
uzemi, ktera jsou od intenzivniho hospodateni usetiena (Winter, 2012; Schultze et al. 2014).

Jednou z nejpocetnéjSich a nejvice zkoumanych skupin organismi v lesich je
saproxylicky hmyz, tj. hmyz vazany na mrtvé nebo rozkladajici se dfevo a na staré stromy
(blizsi definice popsana Vv dalSich kapitolach). Za klicova stanovisté, jeZz hosti podstatnou ¢ast
spektra saproxylickych organismi lze povazovat staré a velké stromy (Sebek et al. 2016).
V dnesni krajiné vSak dochazi k ubytku starych stromti (Read, 2000; Andersson & Ostlund
2004) a s tim spojenému vymirani saproxylickych organismt (Miklin et al. 2018).

V nasledujicich kapitolach popisuji vyznam starych stromi pro biodiverzitu
saproxylického hmyzu, pfi¢iny jejich tbytku, mizeni na né¢ vazané biodiverzity a moznosti,
jak tomu zamezit.

Staré a velké stromy

Pro organismy vazané na mrté dievo jsou vyznamné zejména stromy s velkym primérem
kmene a stromy staré (Ranius, 2000; 2001; 2002; Buse et al. 2008; Harvey & Gange 2011,
Harvey et al. 2011; Gouix et al. 2015; Foit et al. 2016; Kostanjsek et al. 2018; Kasak et al.
2019). Nekteré druhy jsou na takové stromy vyslovené specializovany, mnohé dalsi se na nich
pravideln€ vyskytuji, protoze na nich ¢asto nachdzeji vhodna stanovisté (viz. nize). Velikost a
stafi jsou ale relativni pojmy. Nékde je strom stolety dub mohutnym velikdnem s primérem
kmene pies metr, jinde ma stejné stary strom kmen jen 15 cm silny. Stary nebo mohutny
strom neni proto snadné definovat. Read (2000) navrhuje definovat staré stromy podle
nékolika kritérii - jsou zajimavé svym stafim biologicky, esteticky nebo kulturn¢; jsou v ramci
svého Zivota ve fazi stafi; jsou staré v porovnani se stromy stejného druhu. Definice starého
stromu je zavisla na typu ekosystému a specifickych podminkach prostedi v jakych roste
(Lindenmayer et al. 2012). Neni pfitom striktné stanovena nejnizsi hranice, v jakém véku je
strom stary (Horak, 2017). Na rozdil od mensich a mladych stromt je vSak jejich ekologicka



role unikatni. Velikost a misto, kde tyto stromy rostou, totiz ovliviwyji typické charakteristiky
vzhledu, coz staré stromy odliSuje od téch mensich a mladsich (Lindenmayer et al. 2012;
Sebek et al. 2016). Poskytuji §ir$i variabilitu, dlouhodobou piitomnost a objem tzv.

b119

»mikrostanovist* s mrtvym dievem. V ramci jednoho stromu mohou tato mikrostanovisté po
dlouhou dobu slouzit jako potrava, ukryty ¢i rozmnozovaci substrat pro Sirokou Skalu
organisma (Warren & Key 1991; Irmler et al. 1996; Siitonen et al. 2000; Lindhe & Lindelow

2004; Radu, 2006; Hartel et al. 2013; Horak et al. 2014; Sebek et al. 2016).

Staré stromy ve stifedoevropskych nizinnych lesich

Dulezitou otazkou je, kde staré stromy ptirozené rostly. V soucasné dobé¢ tyto stromy ve volné
krajin€ témét nenajdeme, rostou hlavné v méstskych parcich, alejich kolem cest, na hrazich
rybnik, ¢ast jich roste jako tzv. vystavky v mladsSich lesich ponechané po tézbe (Bouget et al.
2014; Horak, 2017), zbytek stromi doziva zastinén uvniti hospodatskych lesi nebo
V rezervacich, které podléhaji bezzasahovému managementu (Miklin & Cizek 2014).

Ve stiedni Evropé automaticky délime krajinu na les a bezlesi. Bezlesi je rozdéleno na
velka pole nebo pastviny témét bez dievin. Kazdého logicky napadne, Ze mistem, kde by staré¢
stromy mély pfirozené rust, je les. Soucasné lesy jsou vSak vétSinou vysokokmenné, ¢asto
monokulturni plantaZe S plnym z4pojem korun ptipadné tmavé rezervace. Jakykoliv pfechod
mezi témito dvéma extrémy je vzacny. Odpoveéd’ na otazku, jak vypada les nebo krajina, kde
ptirozené rostou staré velké stromy, vSak neni jednoznacnd. Je proto nutné podivat se do
historie vyvoje stfedoevropskych lesti od konce doby ledové a piichodu ¢loveka az do
soucasnosti.

Na zaklad€ pylovych analyz z pidnich sedimenti a vyzkumem slozeni uhlikd z rané
neolitickych sidliSt’ je pfiblizn€ znamo, Ze se lesy skladaly prevazné ze svétlomilnych dfevin
— dubu, lisek, lip (Bakels, 1992; Salavert et al. 2014). Bengtsson et al. (2000) a Vera (2000)
pfisli s hypotézou, Ze lesy byly spiSe svétlé a mnohem vice oteviené, protoze dub a liska
vyzaduji pro sviij rist mista s otevienou strukturou lesa. Vera (2000) tak popisuje podobu
sttedoevropské krajiny jako mozaiku rizné€ zapojenych lesi a parkové krajiny. Strukturu
takovych lesi ovliviiovaly nejen abiotické faktory jako vitr, ohen, voda (Bradshaw, 1997;
Bengtsson et al. 2000; Niklasson et al. 2010; Whitehouse & Smith 2010; Adamek et al. 2015),
ale také biotické faktory. Podle Very (2000) totiz omezovala rist a regeneraci stromu pastva a
¢innost velkych savci — zubra, pratura, divokého koné¢, jelena, ale i bobra (Nolet & Rosell
1998). Rozptylené kioviny, které tato zvifata nespasla, poskytly tikryt a ochranu pro semena
svétlomilnych dfevin, které mély mozZnost regenerovat a vyrlst. Takto se mohla udrzet
parkova krajina s novymi solitérnimi stromy (Vera, 2000). Lokalni vliv, kromé velkych
bylozravet, mél uz v té dobé¢ také clovek (Clark et al. 1989; Tinner et al. 1999).

V obdobi neolitu byl jiz vliv ¢lovéka na nizinné lesy nepopiratelny (Szabo, 2009).
Lid¢ kaceli lesy a ménili je na ornou pudu a pastviny. Dievo zuzitkovali jako stavebni
material nebo jako palivo. Béhem stiedovéku dale dochazelo k silné redukci a zmeéné



struktury zbylych nizinnych lesti (Szabd, 2009). Otazkou tak zlstava, kde v tak clovekem
ovlivnéné krajiné zistaly staré¢ a velké stromy.

Tam, kde se vice paslo, osekavali lidé vhodné stromy a opakované tak mohli béhem
relativné kratké doby ziskavat z jednoho stromu dostatek paliva nebo letniny (vétvi na palivo
a/nebo slistim pro dobytek) po velmi dlouhou dobu (Buckley, 1992; Rackham, 1998;
Rackham, 2003; Petit & Watkins 2003; Kirby & Watkins 2015; Plieninger et al. 2015; Cizek
et al. 2016). Osekavani stromil se provadélo riznymi zptisoby. Castou formou zfejmé bylo
tzv. ,,vrSkové* hospodateni, nékde znamé jako ofez ,,na hlavu® (v angl. pollarding), pti némz
se vétve stromu stinaly zpravidla ve vysce 1,5 aZz 3 m nad zemi a kmeny byly ponechany, aby
regenerovaly tvorbou piiovych vymladkt (Cizek et al. 2016). Dalsi zptsob, V angli¢ting
znamy jako ,,shredding®, byl tradi¢ni zptsob ziskavani letniny, pfi némz se osekavaly vétve
na hlavnim kmeni a na vrcholu se ponechala mala koruna (Rackham, 1998). Pokud se strom
nepokacel, umoznil ofez prezivat starym stromim po staleti, pfi ¢emz se zachovavala
kontinuita stanovist s mrtvym difevem (Rackham, 1998; Read, 2000; Siitonen & Ranius
2015).

Strukturu lesnich biotopt, ve kterych rostly staré a mohutné stromy, siln¢ ovliviiovala
pastva dobytka nebo chov zvéte v loveckych oborach (Rackham, 1998; Rackham, 2003;
Bergmeier et al. 2010; Hartel et al. 2013; Hooke, 2013; Kirby & Watkins 2015; Fletcher,
2015; Plieninger et al. 2015). Historicky byla pastva dobytka v lese velmi rozsifena a
provozovala se jiz v dobé, kdy doslo k domestikaci zvifat na zacatku neolitu (Szabd, 2009).
Do jisté miry tak pastva domestikovanych zvifat v lese nahradila ¢innost divokych zvirat a
jejich ekologickou roli (Vera, 2000; Szabo, 2009; Jirki & Dostal 2015). Krajina byla
srovnatelna spise S dnesnimi parky s vice mén¢ roztrouSenymi starymi stromy (Biitler et al.
2013; Siitonen & Ranius 2015). Druhové slozeni, mira a zptsob vypaseni vegetace se lisilo
tim, jaky druh dobytka se Vv lese pasl (Vera, 2000; Jirkd & Dostal 2015). V pastevnich lesich
bylo zaroven mozné ziskavat dievo, aniz by se staré stromy likvidovaly.

Dalsi, historicky velmi rozSifeny zpusob hospodafeni, nahrazujici pfirozenou
otevienou strukturu lest, bylo vymladkové hospodateni (pafezeni) (Szabo, 2009; Miillerova
et al. 2014). Timto zptisobem se ziskavalo hlavné palivové diivi tak, Ze se stromy osekaly a
po né&jaké dobé z pafezu zregenerovaly vegetativni vymladnosti. Pafezeni mélo nékolik forem,
vcetné vySe zminénych zplsobil ofezu stromi, které se pouzivalo pfevazné tam, kde se vice
paslo. Tyto formy lesa piedstavovaly dynamickou mozaiku v rtznych fazich sukcese, od
zcela otevienych ploch, po husté zapojené porosty a umoznovaly zachovat kontinuitu rtizné
otevienych lesnich stanovist’ s mrtvym dievem (Buckley, 1992; Joys et al. 2004). Neni divu,
ze takové lesy hostily bohata spolecenstva zivocichi, rostlin a dalSich organisma (Warren &
Thomas 1992; Bengtsson et al. 2000; Benes et al. 2006; Spitzer et al. 2008; Bergmeier et al.
2010; Hédl et al. 2010; Bugalho et al. 2011; Vodka & Cizek 2013; Hartel et al. 2014).
Piitomnost starych a velkych stromil v pafezinach je vsak diskutabilni (blize Sebek, 2016).
Ekologickou roli starych stromi tak nahrazovaly spiSe mohutné oslunéné paiezy (Harvey et
al. 2011).

VySe zminéné zpisoby hospodaieni v lesich stiedni Evropy pievladaly minimalné
dlouh4 staleti. Ke zméné vyuzivani lesti zadalo dochazet v poslednich 200 letech, v Ceské
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hospodareni, stejné jako byly potlacovany piirozené disturbance (Bergmeier et al. 2010;
Miillerova et al. 2014; Miillerova et al. 2015). Svétlé lesy zacaly razantn€ ubyvat a prevadély
se na lesy vysoké, aby poskytly kvalitni sortimenty dieva (Millerova et al. 2014).
Intenzifikace zasahla nejen lesnictvi, ale i zemédé€lstvi a s nim pastevni hospodaieni (Biirgi
1999; Szabo, 2013; Savill, 2015). Dobytek zacal byt chovan pod stfechou a roztrouSené
stromy byvalych pastevnich lesi byly zdmérné odstranovany, at’ uz zdidvodu zvySeni
produktivity intenzivnich luk a pastvin nebo jako nebezpecéné ¢i mozné zdroje nakazy pro
mlad$i a zdravé stromy v okoli (Biirgi, 1999; Plieninger & Bieling 2013). Tato praxe
pretrvava dodnes. Pokud nebyly oteviené lesy zalesnény, podlehly sekundarni sukcesi.
Postupny proces zhoustnuti lesi pak bez pfirozenych disturbanci postihl plosné¢ i hospodaisky
nevyuzivana chranénd tzemi a rezervace, kde doslo k expanzi zapojenych lesti na tukor
svétlych lest s mohutnymi stromy (Miklin & Cizek 2014). Staré stromy nebyly schopny
konkurovat o svétlo s mladymi a postupné usychaly (Rackham, 1998). Poslednimi misty, kde
se udrzely oteviené lesy s mohutnymi stromy, jsou obory se zvéfi, ovocné sady, méstské
parky, aleje a hraze rybnika (Alexander, 2008b; Bergmeier et al. 2010; Horak, 2017).

Nejdulezitéjsi faktory urcujici diverzitu saproxylického hmyzu na starych
stromech

Saproxylicky hmyz tvoii vyznamnou ¢ast biodiverzity, podle nékterych odhada tvoii dokonce
tfetinu hmyzu v lesnich ekosystémech (Stokland et al. 2012; Ulyshen & Sobotnik 2018).
Saproxylicky hmyz lze stru¢né definovat jako organismy, které jsou v urcité fazi svého
zivotniho cyklu vazany na mrtvé dievo, rozkladajici se dfevénou hmotu nebo stojici ¢i padlé
mrtveé stromy. Svou ¢innosti umoziuji rozkladat dfevni hmotu a navracet rozloZené latky zpét
do lesnich ekosystému (Speight, 1989; Dajoz, 2000). Saproxylicky hmyz lze rozdé&lit do
nékolika funk¢nich skupin: floemofagy, xylofagy, fungivory, ¢i predatory (Hovemeyer &
Schauermann 2003; Bouget et al. 2005; Krivosheina, 2006; Stokland et al. 2012; Ulyshen &
Sobotnik 2018). Né&ktefi autofi fadi mezi saproxylicky hmyz i skupiny hmyzu Zivici se mizou
stromt (Alexander, 2008a), blanoktidlé hnizdici v dutinach stromti (Bogusch & Horak 2018)
nebo dokonce vodni hmyz Zijici ve stromovych dendrotelmach (Ulyshen & Sobotnik 2018).

Saproxylicky hmyz lze najit napfi¢ taxonomickymi skupinami, pfesto jsou druhové
nejbohatsi skupinou brouci (az 25 %) (Stokland et al. 2012). Brouci jsou zaroven nejvice
prozkoumanou a také ekologicky nejvyznamnéjsi skupinou saproxylického hmyzu (Speight,
1989; Stockland et al. 2012; Horak, 2017; Ulyshen & Sobotnik 2018).

Co tedy urcuje druhovou bohatost saproxylického hmyzu na starych stromech
V nizinnych listnatych lesich stfedni Evropy? Z predeslé kapitoly je patrné, ze slozeni
spolecenstev saproxylickych organismt bylo po tisicileti adaptovano na lesy, které¢ mély
odliSnou podobu a strukturu nez ty dnesni.



Svételné podminky

sluneéniho zafeni (Jonsell et al. 1998; Ranius & Jansson 2000; Franc & Gotmark 2008;
Vodka et al. 2009; Bergmeier et al. 2010; Bugalho et al. 2011; Hartel et al. 2013; Horak &
Rébl 2013; Vodka & Cizek 2013; Bouget et al. 2014; Plieninger et al. 2015). Dievo
exponované ke slunci se totiz 1épe vyhieje a zvysSuje se tak Sance na vyvoj larev (Horak et al.
2014; Siitonen & Ranius 2015). Otevienost porosti také usnadnuje dospélcim vétsich druhi
prohtati a let (Harvey et al. 2011). Teplejsi podminky umoznuji dokonce piezivat
organismim i ve stromech, které maji mensi objem mrtvého dieva (Miiller et al. 2015).

Velikost stromu

Otevienost porostu a svételné podminky ovliviiuji také samotny rist stromu. Volné
rostlé stromy totiz maji vétsi korunu a kmeny s velkym objemem dfeva v porovnani se stromy
rostouci v zapojeném lese (Sebek et al. 2016). Dalsi kli¢ovou charakteristikou starych stromi
je tedy velky pramér kmene, respektive objem dieva (Warren & Key 1991; Irmler et al. 1996;
Siitonen et al. 2000; Lindhe & Lindelow 2004; Radu, 2006; Horak, 2017). Stromy s kmeny o
velkych primérech vytvaii pestrd mikrostanovisté — dfevo vrizné fazi rozkladu a
fyziologickém stavu, velké mrtvé vétve, dutiny, praskliny, ¢asti kmenl bez kiry, hnijici
kotfeny, plodnice dievokaznych hub, epifytické mechy a liSejniky a mista s vyrony mizy
(Winter & Moller 2008; Vuidot et al. 2011; Biitler et al. 2013; Siitonen & Ranius 2015; Kraus
et al. 2016). Tyto stromy vyhovuji velkym a ohrozenym druhim saproxylickych brouki
(Stokland et al. 2012). Nejznaméjsi zastupce, kteti zaroven figuruji jako druhy deStnikové,
najdeme téméf vyhradné na velkych stromech. Patii mezi né pachnik hnédy (Osmoderma
barnabita) (Ranius, 2000; 2001; 2002), roha¢ obecny (Lucanus cervus) (Harvey & Gange
2011; Harvey et al. 2011), tesaiik obrovsky (Cerambyx cerdo) (viz nize), ale i dal$i, méné
studované druhy jako tesaiik drsnorohy (Aegosoma scabricorne) (Foit et al. 2016), kovaiik
fialovy (Limoniscus violaceus) (Gouix et al. 2015) nebo horské druhy jako ryhovec pralesni
(Rhysodes sulcatus) (Kostanjsek et al. 2018) a rohacek jedlovy (Ceruchus chrysomelinus)
(Kasak et al. 2019). Kazdy ztéchto druhti vyhleddva v ramci velkych stromil riizna
mikrostanoviste, jejich ptfitomnost je ovlivnéna interakcemi rozdilnych faktort, nékteti z nich
se dokonce dokazi vyvijet v mensich stromech (Harvey et al. 2011; Chiari et al. 2013; blize
také Kapitola 1.). T pfes tento fakt je velikost stromu kliCovou charakteristikou nebot’,
v souvislosti s popula¢ni dynamikou, hosti obrovské stromy daleko vétsi populace
saproxylického hmyzu, které jSou méné nachylné na vymieni (Hanski, 1998).

Stari stromu

V tvodu této prace jsem definoval stary a velky strom. Velikost i stafi stromu je
ovSem, s ohledem na environmentalni faktory, relativni. VySe jsem popsal, Ze strom s velkym
Ukazuje se vsak, Ze 1 stromy s obrovskym primérem kmene nevytvaii vzdy pro saproxylické
organismy vhodna mikrostanovisté (Horak, 2017). Relativitu stafi dokumentuji obrovské
duby v Ceské Republice rostouci na piidach s bohatym zdrojem Zivin, dostateénou vlhkosti
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800 let (Vrska et al. 2006). Nov¢jsi prace ovsem odhaduji veék téchto stromli maximalné na
400 let (Altman et al. 2016). To dokazuje, ze i pfes Uctyhodny vék maji solitérni stromy
mnohem rychlejsi radialni rast, nez se diive predpokladalo. Problematika staii stromu, jako
charakteristiky urcujici biodiverzitu saproxylickych organismu, je proto pomémné slozita
(Horak, 2017). Ptesto faktu, ze stromy dokazou dorust velkych rozméru v relativné nizkém
véku lze, za urcitych podminek a pomoci vhodnych nastroji, vyuzit k pomérné rychlému
vytvafeni vhodnych mikrostanovi§t’ s mrtvym dievem (tomuto tématu se vénuji v Kapitole
I1.).

Vertikalni stratifikace

Z ptedchozich kapitol vyplyva, ze slozeni spolecenstev saproxylickych bezobratlych a
jejich populace ovliviiuje mira oslunéni stromu. Nabizi se otazka, zda v husté zapojeném lese
jsou druhové bohatsi mista v podrostu ¢i v korunach stromt a zda korunové patro ptipadné
nabizi podminky k zivotu specialistim vyzadujicim oslunéna stanovisté. Nékolik praci
dokazuje, ze slozeni spoleCenstev bezobratlych v korunach stromid a v jejich podrostu se
prokazatelné 1isi (Wermelinger et al. 2007; Floren & Schmidl 2008; Ulyshen, 2011; Vodka &
Cizek 2013; Weiss et al. 2016). Vystupy z jednotlivych studii se viak rozchazeji (Weiss et al.
prevladajicimu druhovému slozeni strom@ nebo zptisobu managementu (Vodka & Cizek
2013). Neni tedy vertikalni stratifikace saproxylickych bezobratlych pouze funkci otevienosti
porostil nebo miry oslunéni ménici se S rostouci vzdalenosti od zemé (Gossner, 2009)?

U saproxylickych broukt se ukazuje, Ze druhova diverzita je vyssi spiSe v podrostu a
et al. 2007; Wermelinger et al. 2007; Ulyshen & Hanula 2009; Bouget et al. 2011; Floren et
al. 2014). Preference pro mista, ktera jsou niZze na stromech, mtze byt vysvétlena tim, Ze je
zde vEtsi pestrost mikrostanovist’ a obecné vice mrtvého dieva (Weiss et al. 2016). Vodka et
al. (2009) vsak prokazali, ze druhova pestrost tesatikovitych a krascovitych broukd
vyvijejicich se v dubech byla sice vyssi v podrostu, ale spiSe v oslunénych ¢astech stromu.
Vodka & Cizek (2013) rozsifili studium vertikalni stratifikace saproxylickych bezobratlych o
horizontalni rozmér. Gradient slune¢niho zafeni byl vyznamny pro distribuci bezobratlych jak
vertikalng, tak i horizontalng. Piesto byla vyssi diverzita na okraji zapojeného lesa a vertikalni
stratifikace méla na diverzitu a slozeni spole¢enstev spise mensi vliv. Sebek et al. (2016) dale
studovali vertikdlni stratifikaci uvniti zapojenych dubovych lesi a mezi solitérnimi duby a
prokazali, ze vertikdlni stratifikace méla na slozeni spoleCenstev bezobratlych (vcetné
saproxylickych broukil) mensi vliv nez mira oslunéni. Diilezitym vystupem z této studie vSak
bylo, Ze ptezivani specializovanych spoleCenstev bezobratlych nelze nahradit tim, ze cast
ptezije v korunach stromi v zapojeném lese nebo jeho podrostu. SpoleCenstva zijici na
stromech uvniti zapojeného lesa byla druhové chudsi a tvofena vétSinou generalisty. Navic
byla jen podmnozinou toho, co lze najit na solitérnich stromech. Staré solitérni stromy totiz
hostily mnohem vice specializovanych druhi vyzadujici oslunéna mikrostanovisté. Znovu se
tak dostavam k vyznamu volné rostlych a starych stromii.

Otazce, jak ovlivituje vertikalni stratifikace pfitomnost a velikost populaci tesatika
obrovského pravé na solitérnich dubech, se vénuji v Kapitole I1.



Ostatni faktory

Dalsi charakteristikou, jez ovliviiuje slozeni spoleenstev saproxlickych bezobratlych
je druhové slozeni stromt. Ze vSech evropskych druhti stromt hosti nejvice druht
saproxylickych broukti duby (Quercus sp.) (Briandle & Brandl 2001). Druhy vazané na staré
stromy také Casto vyzaduji t€snou navaznost na kvetouci louky a pastviny. Larvy fady druha
potiebuji k vyvoji dievo statnych stromil, ale dospélci vyhledavaji kvetouci byliny s nektarem
(Fayt et al. 2006; Miiller et al. 2008; Lachat et al. 2013).

Nemén¢ dulezitou charakteristikou ovliviiujici popula¢ni dynamiku specializovanych
druhii saproxylickych bezobratlych je hustota (tedy celkové mnozstvi) starych stromi
(Ranius, 2000). Stromy by od sebe nemély byt piili§ vzdalené, protoze se tim snizuje
pravdépodobnost osidleni hmyzem z ptivodné obsazenych stromi (Buse et al. 2007).

Modelovy druh — tesarik obrovsky — specialista Zijici na starych stromech

Predlozend prace se z velké €asti vénuje studiu habitatovych preferenci tesatika obrovského
(Cerambyx cerdo Linnaeus, 1758) — jednoho znejvétSich evropskych broukd tzce
specializovaného na velké a staré stromy (blize Kapitola I. a 11.). Tento brouk je rozsifen na
vétsSin€ uzemi Evropy az po Kavkaz (Slama, 1998). Na vétSin€ iizemi Evropské unie vSak
téme&f vymizel (Slama, 1998; Ehnstrom & Axelsson 2002; Starzyk, 2004; Jurc et al. 2008) a je
legislativné chranén (Council of the European Communities, 1992). Piesto je Vv oblasti
mediteranu pomérné bézny a dokonce je zde povazovan za skudce (Torres-Vila et al. 2017).

Larvy tesatika obrovského se vyviji pievazné ve dievé velkych a siln¢ oslunénych
dubti (Buse et al. 2007), ale i dalsich druzich stroma (Slama, 1998). Preferuji staré a oslabené,
ale stale zijici stromy (Buse et al. 2007). Larvy brouka hraji dilezitou ekologickou roli,
protoze dokaZzi vytvaret mikrostanovisté v mrtvém dfeveé pro dalsi ohroZené organismy vazané
na staré stromy. Proto je nazyvan tzv. ekosystémovym inzenyrem (Buse et al. 2008).

Managementu a ochrané populaci tesatfika obrovského se podrobné vénuji v Kapitole
I. a Il. Knavratu populaci na vhodna mista a zvyseni lokalni miry biodiverzity lze, krom
vhodného managementu, pfispét reintrodukci (Buse et al. 2008). Coz doklada i prace Draga &
Cizka (2015), v niz popisuji Gispésnou reintrodukci tesaiika obrovského do jiznich Cech.

U tesafika obrovského byla studovdana i mira disperze. U specializovanych
saproxylickych druhii hmyzu vdzanych na staré stromy se totiz pfedpoklada, ze disperze je
spiSe slaba (Feldhaar & Schauer 2018) a tomu je pfizpusoben i nasledny management
stanovist. Domnénku stalosti populaci a slabé disperze tesarika obrovského sice dokladaji
Torres-Vila et al. (2017), piesto Drag & Cizek (2018) ve své praci prokazali, ze brouk je
mnohem mobilnéjsi a je schopen prekonat i vétsi vzdalenosti, ¢imz pfindsi jiny pohled na
ekologii a strategii ochrany tesatika obrovského.



Management a ochrana hmyzu na starych stromech

V predeslych kapitolach jsem nastinil, jakou podobu m¢ly stiedoevropské nizinné lesy od
konce doby ledové po soucasnost a kde a za jakych podminek rostly staré velké stromy.
Struktura lesti byla utvaiena po tisicileti pfirozenymi Ciniteli i clovékem. Na takové lesy se
adaptovaly organismy s raznymi zivotnimi strategiemi. Kdysi druhové bohaté lesy se
specializovanymi sv€tlomilnymi organismy dnes hosti pouze generalisty schopné piezit
Vv zastinénych a na ziviny bohatSich stanovistich (van der Werf, 1991; van Calster et al. 2008;
Hédl et al. 2010; Kopecky et al. 2013; Vild et al. 2013). Pochopeni toho, jak rtizné ekologické
faktory a jejich kombinace spolu se znalosti historického vyvoje nizinnych lest ovliviuji
diverzitu (nejen) bezobratlych, nam umozni navrhnout ochranatska opatfeni, ktera mohou
zpomalit stale pokracujici ztraty biodiverzity evropskych lesa (EEA, 2009).

Ptedstava historické podoby stfedoevropskych lesi jako neproniknutelného
zapojeného hvozdu byla a je Siroce rozsifena u ekologi, lesnikl i vefejnosti. V ochranaiské
praxi stale pretrvava doktrina, Ze les jsou stromy, které vyrostou v zapojeny porost, a kdyz
zahynou ¢i jsou pokaceny, musi se piirozené vratit podoba lesa zpét ke stabilnimu tmavému
hvozdu (Hédl & Szabd 2010). Tato piedstava vychazi z konceptu tzv. ekologické stability,
podle niz jsou ,,stabilni“ biotopy povazovany za hodnotnéjsi, nez tzv. biotopy nestabilni. Za
biotopy stabilni jsou povazovany zapojené lesy blizko tzv. klimaxu, k némuz podle zastancii
této teorie stability po disturbanci sméfuje veSkera sukcese a ktery je rovnovaznym,
pfirozenym stavem piirody (Cizek et al. 2016). V rezervacich a chranénych oblastech proto
stale pievlada tzv. bezzasahovy rezim, ktery je postaven na predstaveé, ze Vv ochranaisky
cennych lesich ponechanych bez zasahu vznikne ¢lovékem nedotéena divocina nebo prales.

V nizinnych lesich je bezzasahovy rezim pro biodiverzitu organismil vazanych na
svétlé lesy, vzhledem k historickému vyvoji a zplUsobu vyuzivani (viz vyse), spise
kontraproduktivni. VétSina ploch soucasnych lest je uréena k hospodaiskému vyuZzivani a
produkci kvalitnich sortimentti dfeva. Porosty ponechané samovolnému vyvoji jsou zase piilis
malé, aby v nich probihala pfirozena vegeta¢ni dynamika (Schultze et al. 2014), chybi v nich
vEtsi zvitata a ohen (Vera, 2000; Gotmark et al. 2015).

Vliv aktivniho managementu na biodiverzitu je velmi dobie zdokumentovan (Horak et
al. 2013; Horak et al. 2014; Miklin & Cizek 2014; Sebek et al. 2016; Miklin et al. 2018).
Aktivni management se dokonce nevylucuje s pfedstavami zastancti divo€iny a pfirozenych
procesu, jen je dopliuje 0 prvky, které zastanci bezzasahového zptisobu hospodaieni bud’
neakceptuji, nebo neznaji. Je vSak nutné brat v potaz historii vyuzivani krajiny na daném
misté (Foster et al. 2003; Jamrichova et al. 2013).

V soucasnosti existuje né€kolik podrobnych manuald, jak vhodné postupovat pii
vytvareni lesnich stanovist’ s vysokou mirou biodiverzity (napt. Read, 2000; Konvicka et al.
2005; Jirkti & Dostal 2015; Cizek et al. 2016). Autofi navrhuji névrat k tradiénim zptisobtim
hospodareni jako je pastva v lese nebo rizné formy patezeni (véetné ofezu starych stromi).
V hospodaiskych lesich Ceské Republiky jsou oviem tyto zptisoby hospodaieni legislativné
omezeny (Cizek et al. 2016).



Klicovym zasahem pro vznik nebo zachranu starych stromi je tedy prosvétleni
porosti. Prosvétlenim Ize totiz docilit vzniku tzv. ,biotopovych stromi®“. V rozvolnéném
porostu dopada na mrtvé dfevo biotopovych stromtll slune¢ni svétlo a ty jsou pak atraktivni
pro mnoho druhii ohrozenych organismii (Vodka et al. 2009; Seibold et al. 2015; Sebek et al.
2016). Stromy rostouci volné nebo v otevienych porostech maji rozlozitou korunu a poskytuji
mnoho mikrostanovist’. Je prokazano, Ze vznik komplexni koruny je podminén ristem mimo
zapojeny les, protoze uvnitt hustého porostu nemé strom moznost takovou korunu vytvofit.
Naopak v hustém lese rostou stromy co nejrychleji do vysky, aby uspély v konkuren¢nim
boji. Na vrcholu vytvofi korunu, ktera s ostatnimi stromy vytvofi neproniknutelny zapoj.
Zaroven nejsou velké staré stromy, které jsou vétSinou pozustatky hospodafeni z minulosti,
schopny konkurovat mlad$im a vy$§im jedincim a usychaji (Rackham, 1998; Sebek et al.
2016).

Volng rostlé stromy maji i rychlejsi radidlni rist nez stromy rostouci v hustém lese.
Rychlym radialnim ristem lze pomérné snadno a rychle docilit vzniku mohutnych stromt a
zachovat jejich kontinuitu v case a prostoru (Altman et al. 2016). Je ovSem nutné znovu sazet
nové stromy, protoze generace velkych solitérti rychle mizi (Miklin & Cizek 2014; Altman et
al. 2016; Miklin et al. 2018). Vznik vétsiho poctu habitatovych stromd s rozmanitymi
mikrostanovisti ze stromd mladSich 1ze urychlit ofezem (viz také Kapitola Ill.). U starych
stromi zase ofez muze prodlouzit jejich vék. Pokud je totiZ strom rostouci mimo zapojeny les
pravidelné ofezavan a nepodléhd konkuren¢nimu boji s ostatnimi stromy v hustém lese, mize
se dozit i nékolika stovek let (Rackham, 1998; Read, 2000; Lonsdale, 2013). Odstrafiovanim
rozpadne v disledku velké vahy pierostlych vétvi (Rackham, 1998; Read, 2000; Siitonen &
Ranius 2015). Ofezavany strom tak mize poskytovat mrtvé dievo a vhodnd mikrostanovisté
mnoha druhiim organismii po velmi dlouhou dobu (Lonsdale, 2013; Cizek et al. 2016).

Pti¢iny ubytku starych stromll a biodiverzity na né vazané jsou pomérné¢ dobie
zdokumentované. K jejich zachrané je kliCové porozuméni historického vyvoje
sttedoevropské krajiny, porozuméni pfirozenych disturbanci a vliv Clov€ka nahrazujici
ptirozenou disturban¢ni dynamiku. Existuje pomérné mnoho nastroji a manuald, jak ubytku
biodiverzity zabranit. I pies snahu odbornikl a organizaci zabyvajici se ochranou pfirody se
nedafi zabranit ubytku fady ohrozenych a specializovanych saproxylickych druht organismd.
Existuji dals$i nastroje, jak zamezit mizeni starych stromt se specializovanymi druhy? Je
mozné studiem habitatovych preferenci jednoho klicového druhu saproxylického brouka
pomoci pied ochuzovanim biodiverzity? V nésledujicich kapitolach se pokusim na tyto otazky
odpoveédet.
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Cile prace

Pfedlozené prace se snazi poukazat na vyznam starych a velkych stromi ve svétlych
nizinnych lesich a vliv aktivniho managementu na biodiverzitu saproxylického hmyzu
V podminkdch stfedni Evropy. Prvni dvé studie rozsituji znalosti o habitatovych preferencich
ohrozeného a deStnikového druhu saproxylického brouka — tesatika obrovského — specialisty
zijicitho na starych stromech. Dalsi prace dopliuji predeslé studie a poukazuji na vyznam
aktivnich managementovych zasahti podporujici populace ohrozenych organismi vazanych
na svétlé lesy.

Kapitola 1. poukazuje na piekvapivou variabilitu narokd riznych populaci brouka
specializovaného na staré duby, které obyvaji rozdilnd stanovisté. Na modelovém druhu,
tesatikovi obrovském, ktery je povazovan za druh Zzijici pfevazné na velkych starych dubech
se ukazuje, ze za uréitych podminek je schopen vyuzivat mladsi stromy o malych primeérech
kmene. Cilem studie bylo zjistit, jak parametry stromt a okoli ovliviiuji populace tesaiika
obrovského na stanovistich s rozdilnymi podminkami. Prvni populace obyvala velké duby
V nizinné oblasti bohaté na ziviny a vodu, dal$i obyvala duby stfedni velikosti, rostouci na
piscitych ptdach a treti obyvala duby malych rozmért rostouci na kamenitych svazich fi¢niho
kanonu. Porozuméni mechanismu, pro¢ a za jakych podminek jsou tesafici obrovsti schopni
vyuzivat mensi stromy, muze byt uZitené¢ v ochran¢ celého spektra ohroZzenych druha
vazanych na staré stromy. Velké stromy totiZ z krajiny rapidné mizi a ¢asto je nutné hledat
jejich docasné nahrady, nez dorostou nové generace. Ve studii jsou komentovany mozna
ochranafska opatieni na podporu populaci specializovanych saproxylickych organismi a
zpusoby, jak zamezit ubytku starych stromd.

Kapitola Il. popisuje faktory ovliviwyjici vyskyt tesafika obrovského v ramci jednotlivych
mohutnych stromi. Tesafik obrovsky patii k destnikovym druhiim reprezentujici rozmanitou
a ohrozenou faunu starych dubt. Cilem této studie bylo zjistit, jak parametry stromu (vySka
nad zemi, zastinéni, orientace ke svétovym strandm a tloustka kmene) ovliviiuji pocty
vyletovych otvort (nepfimo velikost populace) tesafika obrovského. Priizkum byl proveden
na dvou lokalitach, kde rostou duby s velkym primérem kmene — v Hluboké nad Vltavou a v
Lanské obote. Ve studii jsou komentovana ochranaiska opatieni na podporu populaci tesafika
obrovského.

Kapitola I11. popisuje vliv vrskového ofezu na vznik dutin ve stromech. Vrskovy ofez byl
historicky Siroce rozsifena metoda, pti niz se pravidelné ofezavaly vétve v takové vysce nad
zemi, aby na regenerujici se vétve nedosahl dobytek. Timto ofezem bylo mozné opakované
z jednoho stromu ziskat palivové dievo nebo krmivo pro dobytek. Stromy ofezané timto
zpusobem hospodateni jsou zajimavé tim, ze vytvaieji v mistech ofezu dutiny. Cilem studie je
popsat, zda pravidelny ofez podporuje tvorbu dutin a zda je mozné vyuzivat tuto metodu
V ochran¢ saproxylickych druhli organismad.
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Kapitola V. popisuje efekt korunového zapoje na spolecenstva cévnatych rostlin, plazi,
dennich motyld, saproxylickych broukt a florikolnich broukt v Narodnim parku Podyji, ktery
byl do 50. let minulého stoleti obhospodafovan pafezenim a pastvou dobytka. Od té doby
doslo k opusténi tradi¢niho hospodafeni a uzemi zarostlo lesem. VétSina ploch svétlych lest
zmizela béhem poslednich 60 let. Design studie spocival ve vytvoieni 12 experimentalnich
ploch uvniti narodniho parku. Rostliny a vybrané skupiny zivocichi byly sledovany na nové
vytvotenych pasekach a na kontrolnich stanovistich (fidky les, lesni okraj a nivni louka). Ve
studii jsou komentovany ohrozené druhy vybranych skupin organisml a vliv propojenosti
vytvotenych pasek na oteviend stanoviste.
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Abstrakt

Large veteran trees are key structures sustaining biodiversity in wooded landscapes. Many
organisms associated with such trees are, however, also able to inhabit suitable trees with
smaller diameters or other surrogate habitats. Understanding the mechanisms behind the
importance of veteran trees and the conditions enabling veteran tree specialists to exploit
smaller trees might help conservation efforts targeted at the diverse and highly endangered
biota associated with veteran trees. To investigate this, we studied local patterns in the
exploitation of trees by a veteran tree specialist, the great capricorn beetle (Cerambyx cerdo),
at three sites with different soil characteristics, namely floodplain, dry-sandy and dry-rocky
sites, where this beetle exploits oaks of large (~1.5 m), medium (~0.75 m) and small (~0.25
m) diameters, respectively. We recorded the presence and number of exit holes made by C.
cerdo on each tree and related these to the characteristics of the trees: their diameters,
openness of the canopy around them and their state of health. The probability of occurrence
and the number of exit holes increased with tree diameter, canopy openness, and decreasing
tree health, but these relationships differed considerably among the study sites. In dry
conditions, trees of small diameters were more likely to be exploited by the beetle than in the
floodplain. The number of exit holes, on the other hand, was a function of tree diameter, with
large trees sustaining more beetles and thus acting as larger habitat patches. The species of
oak affected the probability of exit hole presence as the sessile oak (Quercus petraea) and
pedunculate oak (Q. robur) were preferred over Turkey oak (Q. cerris). The slope orientation
also affected the presence of exit holes as trees on slopes with either an eastern or northern
orientation were not exploited by the beetle. This study revealed a high level of between-site
variability in the tree characteristics relevant to predicting the occurrence of C. cerdo, mainly
with respect to diameter. Therefore, while the general patterns of habitat use and the
fundamental niche of this beetle are well known, survival and protection of local populations
is dependent on site-specific characteristics. The realized niche of this beetle must therefore
be carefully considered when planning conservation management for a particular site. The
results also signify that at some sites, small trees can, at least temporarily, substitute for scarce
large trees if the state of their health is managed using proper conservation measures.
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Abstract. Large veteran trees are key structures sustaining biodiversity in wooded landscapes. Many organisms associated with
such trees are, however, also able to inhabit suitable trees with smaller diameters or other surrogate habitats. Understanding the
mechanisms behind the importance of veteran trees and the conditions enabling veteran tree specialists to exploit smaller trees
might help conservation efforts targeted at the diverse and highly endangered biota associated with veteran trees. To investigate
this, we studied local patterns in the exploitation of trees by a veteran tree specialist, the great capricorn beetle (Cerambyx cerdo),
at three sites with different soil characteristics, namely floodplain, dry-sandy and dry-rocky sites, where this beetle exploits oaks
of large (~1.5 m), medium (~0.75 m) and small (~0.25 m) diameters, respectively. We recorded the presence and number of exit
holes made by C. cerdo on each tree and related these to the characteristics of the trees: their diameters, openness of the canopy
around them and their state of health. The probability of occurrence and the number of exit holes increased with tree diameter,
canopy openness, and decreasing tree health, but these relationships differed considerably among the study sites. In dry condi-
tions, trees of small diameters were more likely to be exploited by the beetle than in the floodplain. The number of exit holes, on
the other hand, was a function of tree diameter, with large trees sustaining more beetles and thus acting as larger habitat patches.
The species of oak affected the probability of exit hole presence as the sessile oak (Quercus petraea) and pedunculate oak (Q.
robur) were preferred over Turkey oak (Q. cerris). The slope orientation also affected the presence of exit holes as trees on slopes
with either an eastern or northern orientation were not exploited by the beetle. This study revealed a high level of between-site
variability in the tree characteristics relevant to predicting the occurrence of C. cerdo, mainly with respect to diameter. Therefore,
while the general patterns of habitat use and the fundamental niche of this beetle are well known, survival and protection of local
populations is dependent on site-specific characteristics. The realized niche of this beetle must therefore be carefully considered
when planning conservation management for a particular site. The results also signify that at some sites, small trees can, at least
temporarily, substitute for scarce large trees if the state of their health is managed using proper conservation measures.

INTRODUCTION opies (Ranius & Jansson, 2000; Sebek et al., 2016: Horak

Large veteran frees provide deadwood and a wide range et al., 2018; Parmain & Bouget, 2018). Open conditions
of deadwood-related microhabitats, such as hollows, bare  also help trees to attain large dimensions and age slowly,
wood and fungal fruiting bodies, which offer feeding op-  due to the absence of competition from younger trees (Dro-
portunities for highly diverse assemblages of biota (Sil-  byshev et al., 2008; Miklin et al., 2018). Large old trees are
tonen & Ranius, 2015). Due to this, veteran trees are key  especially important for saproxylic (i.e. deadwood depend-
structures for sustaining biodiversity in wooded landscapes  ent) organisms (Siitonen & Ranius, 2015; Horak, 2017).
(Buse et al., 2008; Lindenmayer et al., 2014). Large vet- By slowly ageing. living veteran trees provide deadwood
erans occur primarily in open places that have escaped and associated microhabitats for decades, therefore creat-
mtensive forestry or agricultural practices, such as savan-  ing temporal continuity in the availability of deadwood re-
nas, wood pastures, avenues, hedgerows, orchards, game  sources. This is in contrast with already dead trees, which
reserves or parks (Manning et al., 2006: Siitonen & Ranius,  can offer such habitats only temporarily before they decay.
2015; Horak, 2017; Miklin et al., 2018). Open woodlands However, there has been a rapid global decline in the
support rich communities of animals including many light-  abundance of large veteran trees (Trmler et al., 1996; Read,
demanding species that cannot be found under closed can-  2000: Andersson & Ostlund. 2004; Lindenmayer et al.,
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2012, 2014) and this has led to their associated special-
ists becoming highly endangered (Ranius, 2002; Siitonen
& Ranius, 2015). In areas with numerous large old trees
there is often a lack of young trees (Alexander, 1998:
Bergmeier et al., 2010; Miklin & Cizek, 2014), leading to
a potential gap in availability of old trees in the future, and
thus to a temporal discontinuity in this precious habitat.
Hence, bridging this gap in the availability of veteran trees
1s currently one of the main problems in the conservation
of biodiversity in temperate regions (Gibbons et al., 2008;
Miklin et al., 2018).

In order to propose conservation recommendations for
overcoming the lack of veteran trees, knowledge of the
fundamental demands of veteran tree specialists is needed.
Trees or deadwood of large diameter are often mentioned
as an umportant resource for many endangered saproxylic
species (Gossner et al., 2013; Seibold et al., 2015; Eckelt
et al., 2018; Kostanjsek et al., 2018), but many insects are
at least occasionally able to exploit other habitats, such as
vounger and thinner trees or accumulated plant matter. For
example, a model saproxylic beetle, the hollow specialist
Osmoderma s.1. eremita mainly inhabits large hollow trees,
but occasionally if is recorded in small trees with diam-
eters of around 25 em (Ranius et al., 2005; Barnouin et al.,
2017). Deadwood of small diameter (around 20 cm) and
even wood chips may serve as a habitat for larvae of an-
other model beetle, the stag beetle Lucanus cervis (Harvey
et al., 2011). In addition, the great capricorn beetle, Cer-
ambyx cerdo, can also complete its development in large
branches or occasionally in trees with a diameter less than
20 cm (Schwenke, 1974; Kimoto et al., 2006). It is still
unclear as to what extent such marginal habitats may facili-
tate the long-term survival of organisms generally associ-
ated with large veteran trees. Furthermore, there 1s limited
knowledge about the conditions that facilitate the exploi-
tation of such marginal habitats (Ranius, 2007; Harvey et
al., 2011: Macagno et al., 2015). Moreover, since habitat
requirements may vary with biotic and/or abiotic condi-
tions (Freese et al., 2006; Strausz et al., 2012), informa-
tion on the requirements obtained i one part of a species’
distributional range, or habitat tvpe, may not be relevant
elsewhere, thus hampering conservation efforts (Cromsigt
etal., 2012).

The great capricomn beetle, Cerambyx cerdo Linnaeus
1758 (Cerambycidae), develops in the subcortical zone of
trunks, branches and roots of open-grown old or weakened
oaks (Quercus spp.) (Buse et al., 2007). Inhabited trees can
be identified by typical oval exit (emergence) holes up to a
width of 20 mm (Ehnstrém & Axelsson, 2002; Buse et al.,
2007). Tlus beetle 1s distributed throughout the Mediter-
ranean region, Central Europe and the Caucasus (Bily &
Mehl, 1989: Slama, 1998: Sama, 2002). It is rare and de-
clining in the northern parts of its European range (Slama,
1998; Starzyk, 2004; Ellwanger, 2008; Jurc et al., 2008).
Due to this, the beetle is listed as near threatened in the
European Red List of saproxylic beetles (Calix et al., 2018)
and 1s also included in Appendix II and IV of the EU’s
Habitats Directive (Council of the European Communities,
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1992), which specifies species of special conservation in-
terest. It is considered to be an ecosystem engineer; the
damage to trees caused by its larvae creates favourable
conditions for many other saproxylic insects (Buse et al.,
2008). Although closely associated with large trees (Buse
et al., 2007; Albert et al., 2012), C. cerdo occasionally de-
velops in small trees (Slama, 1998). Therefore, it is a good
model for mnvestigating the variability in habitat require-
ments of saproxylic insects. Understanding the conditions
that enable this beetle to exploit small trees might help to
bridge a future gap in availability of veteran trees at cur-
rently inhabited sites, and thus increase the effectiveness
of conservation measures aimed at this beetle and possibly
also other veteran tree specialists.

To address the above 1ssues, we recorded the parameters
of trees locally exploited by three populations of C. cerdo.
One population inhabits large trees growing on a flood-
plain, another inhabits medium-sized trees growing on
dry sandy deposits, and the last population depends solely
upon small trees growing on steep, rocky slopes of a river
canyon. In order to reveal general and site-specific patterns
in the exploitation of trees, we tested (i) whether the rela-
tionship between the probability of C. cerdo occurrence on
trees and the characteristics of trees or their surroundings
(diameter, canopy openness and state of tree health) differs
among the sites, (i) whether the relationship between the
number of C. cerdo exit holes on a tree and the tree’s char-
acteristics differs among the sites, and (iii) whether spe-
cies of oak or slope orientation affect the probability of C.
cerdo occurrence and the number of its exit holes on trees.

MATERIAL AND METHODS

Study sites

This study was conducted at three sites inhabited by C. cerde
populations in South Moravia, Czech Republic. Each site is cov-
ered with a different type of woodland because of the abiotic con-
ditions. such as terrain. humidity and substrate (Fig. 1).

The sampling included:

(1) Floodplain site covered by woodlands growing on mostly
humid. nutrient rich soils in the Soutok game reserve (48°43'N.
16°55°E: 150 m a.s.1.; mean annual temperature 9.5°C: mean an-
nual rainfall ~600 mm). There are large (diameters mostly > 1
m) and mostly open-grown. veteran pedunculate oaks (Quercus
robur) in meadows at this site. For detailed information on the
area and its woodland cover see Miklin & Cizek (2014).

(11) Dry-sandy site covered by a thermophilous oak woodland
on nutrient poor. dry sands of a river terrace in the Rendezvous
National Nature Monument (48°45'N. 16°47°'E: ~200 m a.s.l.;
mean annual temperature 9.5°C; mean annual rainfall ~500 mm).
There are semi-open stands of mostly old (up to 270 years) and
mainly formerly coppiced Turkey oak (Q. cerris). pedunculate
oak (Q. robur) and sessile oak (0. pefraea) of medium size (trunk
diameters < 1 m) at this site.

(iii) Dry-rocky site covered by a xeric. dry woodland on nu-
trient poor, shallow soils on the steep. rocky slopes of the Dyje
River canyon in the eastern part of the Podyji National Park
(48°49'N, 15°58'E: 250350 m a.s.l.; mean annual temperature
8.8°C: mean annual rainfall ~560 mm). There are mostly semi-
open. formerly coppiced sessile oak (©. petraea) stands both
small in height and diameter (diameters mostly <40 cm) at this
site. The absence of large trees inhabited by C. cerdo in the wider
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Fig. 1. Characteristic forms of the oaks that are potentially exploit-
able by Cerambyx cerdo at the three sites studied and the structure
of the diameter of the trees occupied by this beetle (DBH in cm).

surroundings of this site demonstrates the ability of this beetle to
survive without large trees. For detailed information on this site.
see Miklin et al. (2016).

The dry-sandy site is seven km from the floodplain site and
five kan from the nearest floodplain woodland inhabited by the
beetle. The dry-rocky site is > 60 km from both of the other two
sites. Molecular genetic analysis indicates that the populations at
the floodplain and dry-sandy sites are connected (Drag & Cizek,
2015). while the population inhabiting the dry-rocky site is most
likely isolated.

Sampling strategy

At each site. oaks occupied by or potentially suitable for the
great capricorn beetle were inspected for the presence of typical.
up fo 20 mm wide, oval-shaped exit holes of C. cerdo. For each
tree. the presence/absence of exit holes and the number of exit
holes were recorded. On the lower parts of the frunk. from 0 to
2.5 m above ground, we counted all the exit holes, higher up on
the trunk, the number of exit holes was checked visually using
binoculars and counted, or if too numerous to count the number
was estimated. The number of exit holes up to 2.5 m and higher
were then summed. Although estimating the number of exit holes
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higher up on the trunk may increase observation bias. we consider
it negligible. as it is mostly the lower part of trunk that is used by
the beetle (Albert et al.. 2012). Moreover, we recorded the char-
acteristics of each tree and its surroundings, such as the diameter
at breast height (DBH), the tree’s state of health (a gradient from
healthy to nearly dead) and the openness of the canopy around
the tree (a gradient from fully closed to fully open) (Table 1). At
the dry-sandy site, we also recorded the species of oak and at the
dry-rocky site, we recorded the orientation of the slope as the ter-
rain there is hilly.

At (1) the floodplain site, the inventory included oaks in mostly
open and semi-open conditions with DBH >40 cm within a se-
lected area of ~600 ha in July 2006. At the two dry sites. the forest
canopy is generally more open. At (ii) the dry-sandy site, details
of all the oaks with DBH > 40 cm were recorded within the select-
ed area of ca. 6.5 ha in July 2015, and at (iii) the dry-rocky site.
the information for trees with DBH > 10 cm was recorded along
44 transects of 10 » 50 m, in an area covering 2.2 ha in July 2010.
The different size of the sampling areas reflects the low density
of the trees sampled at the floodplain site and the limited area of
suitable habitat at the other sites. We did not include standing
dead trees in this study (Table 1) as such frees are unsuitable for
the beetle: although in recently dead trees larvae can finish their
development. females of the beetle do not lay eggs in dead trees.
We inspected altogether 198, 515 and 353 trees at the floodplain,
dry-sandy and dry-rocky sites. respectively. i.e. 1.066 trees in
total (Table 2). The threshold DBH values were set following pre-
liminary surveys carried out at each site in order to determine the
minimum DBH values of trees locally used by the beetle (Fig. 1).

The position of each tree measured was located using GPS. ex-
cept for the dry-rocky site, where only 176 trees out of 353 were
located. This was because the distance between trees was often
lower than the GPS precision, and the trees were thus recorded
along transects. Based on GPS coordinates, we created a distance
matrix of all trees with their spatial position marked (altogether
889 trees). For each of these trees we recorded the shortest dis-
tance to a measured tree occupied by C. cerdo, and thus created
a variable representing distance to the nearest occupied tree. We
included this variable in the statistical analysis (see below) but
using a smaller dataset containing only trees with GPS locations.

To further describe the sites, we determined the radial growth
of oaks. At each site, 4-17 randomly selected trees were cored
using a steel increment borer (Mora™., Sweden). All cores were
dried. glued onto a wooden lath, cut using a razor blade and in-
spected for injuries. reaction wood and other aberrant features.
Tree rings were counted from pith to bark and their widths meas-

Table 1. Environmental variables measured for each of the trees inspected.

Variable Description Type
Health State of health of tree on a scale 0-4 (according to percentage of dead crown: 0 = healthy tree, Continuous
4 = nearly dead). Dead trees were not included in this study.
Visual estimation of the openness of the canopy in immediate surroundings of the measured tree
Openness (the degree to which the tree is shaded by crowns of surrounding trees or shrubs), Continuous
on a scale 0-10 (0 = fully closed, 5 = half open, 10 = fully open)
Diameter Diameter of trunk at breast height (1.3 m above ground; DBH) (in cm) Continuous
Site Site affiliation: Floodplain, Dry-sandy, Dry-rocky Categorical
. . Cardinal direction of the slope (exposed to North, East, South, West; or flat); .
Slope corientation . Categorical
only recorded at the dry-rocky site.
Tree species Quercus cerris, Q. petraea or Q. robur; only recorded at the dry-sandy site. Categorical
Nearest Distance to the nearest measured tree occupied by Cerambyx cerdo. .
Continuous

occupied tree*

Computed from the distance matrix of all trees whose GPS coordinates were located.

* At the dry-rocky site, not all the trees were located using GPS and therefore the distance to the nearest occupied tree was only included
and tested in analyses on a smaller dataset with all the trees from the other sites, but only 176 trees from the dry-rocky site. See Materials

and Methods and Supplementary Material.
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ured to the nearest 0.01 mm using a TimeTable device and PAST4
software (SCIEM. 2012). Mean tree ring widths (and standard
deviation) were: 3.13 mm per year (0.76) at the floodplain, 1.02
mm per year (0.18) at the dry-sandy and 0.87 mm per year (0.28)
at the dry-rocky site.

Statistical analysis

We tested the effect of tree characteristics on the occurrence
and number of C. cerdo exit holes on trees. In order to compare
general and site-specific patterns in the exploitation of trees by C.
cerdo, we fitted two types of regression models: generalized lin-
ear and generalized linear mixed-effect models. Presence/absence
data (occurrence) and number of exit holes (count data) served as
dependent variables in specific models.

In order to filter out the effect of site and thus reveal general
patterns, we fitted generalized linear mixed-effect models using
a binomial distribution (Jegir link) and Poisson distribution (log
link) for presence/absence data and for number of exit holes, re-
spectively. In both models, diameter. health and openness were
explanatory variables and site a random factor variable. The mod-
els were built using forward selection procedure: only significant
terms were left in final models. The models were fitted using the
Generalized Estimating Equations algorithm (Hojsgaard et al..
20006).

To test whether the effect of tree characteristics differed among
the sites studied, we fitted generalized linear models using a bi-
nomial distribution (logir link) and quasi-Poisson distribution
(log link) for presence/absence data and number of exit holes.
respectively. In both models, diameter, health. openness and site
were explanatory variables. After fitting the models using for-
ward selection procedure, we also tested the interaction terms of
diameter, health and openness with site and included them in final
models if significant.

To test the potential effect of distance to the nearest occupied
tree. we then repeated the procedure but with a smaller dataset
containing only the 889 trees with GPS locations. The variable
nearest occupied tree was included in the forward selection pro-
cedure together with the other three variables.

Moreover. as we had the information on the species of oak at
the dry-sandy site and information on slope orientation at the dry-
rocky site. we tested to what extent these might affect the results
at a particular site. We created separate models for each of the
sites. firstly testing the effects of diameter. health. openness and
free species on the occurrence and the number of exit holes on
trees for the dry-sandy site, and secondly testing the effects of di-
ameter. health, openness and slope orientation on the occurrence
and the number of exit holes on trees for the dry-rocky site.

All the analyses were carried ouf using R 3.3.3 (R Core Team,
2017): generalized linear mixed-effect models were performed
using the geepack package (Hojsgaard et al.. 2006).
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Fig. 2. Predicted probability of occurrence (top row) and number
of C. cerdo exit holes (bottom row) in relation to three significant
variables: diameter, openness, state of health of tree; based on
generalized linear mixed-effect models with binomial and Poisson
distributions, respectively.

RESULTS

Altogether, 1,066 oaks were inspected at the three sites.
In total. 15,424 C. cerdo exit holes were recorded on 307
trees (see Table 2 for the summary of field data).

General patterns

All three variables, diameter, openness and tree health,
had a significant effect on the occurrence of C. cerdo exit
holes on trees (diameter: ¥ | =26.9, P < 0.0001; openness:
KZU): 46, P < 0.0001; health: szz 48.8, P < 0.0001). Simi-
larly, all three variables had a significant effect on the num-
ber of exit holes on trees (openness: fm =107, P<0.0001;
health: xz(l =544, P < 0.0001; diameter: xjmi 339,P<
0.0001). Coefficient estimates of model parameters are
shown in the Table 3. The probability of occurrence as well
as the number of exit holes increased with the diameter of
a tree, with greater canopy openness around a tree and with
decreasing state of health of a tree (Fig. 2).

Site-specific patterns

The models testing differences among the study sites
showed that all three variables. tree health, diameter and
openness, had a significant effect on the occurrence of C.
cerdo exit holes on trees (health: sz =379, P < 0.0001;
diameter: )(Zm= 127, P < 0.0001; openness: szz 24, P <
0.0001) and site proved to have a significant effect (thz)
= 20, P < 0.0001). Moreover, interaction terms of health

Table 2. Summary of the field data for the three sites studied, Soutok (floodplain), Rendezvous National
Nature Monument (dry-sandy) and Podyji National Park (dry-rocky), located in South Moravia, Czech

Republic.

Floodplain ~ Dry-sandy Dry-rocky

Number of inspected trees

Number of trees with exit holes
Percentage of trees inhabited by C. Cerdo
Mean DBH (in cm)

Mean DBH of trees with exit holes (in cm)
Mean height (in m)

Number of exit holes recorded

Number of exit holes up to 2.5 m
Percentage of exit holes found up to 2.5 m
Mean number of exit holes per tree

Mean number of exit holes per inhabited tree

198 515 353
116 85 1086
0.59 0.17 0.30
139 64 24
152 69 27
18.3 18.8 7.5
14 337 579 508
4783 218 422
0.33 0.38 0.83
72.4 1.1 1.4
123.6 6.8 4.8
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and diameter with site also had significant effects on the
occurrence of exit holes (health : site : yf(z) =33,P=0.002;
diameter : site : X2(2)= 19, P=0.023).

Diameter, tree health and openness also had a signifi-
cant effect on the number of exit holes on a tree (diam-
eter: F; 5= 1651, P < 0.0001; health: F oy = 413, P <
0.0001: openmess: F .. = 128, P < 0.0001), and again.
site also proved to have a significant effect (F o 1060y =37-21,
P < 0.0001). Regarding interaction, only the mteraction
between health and site was significant (F[2 10s8) 384, P
= 0.022). Coefficient estimates of model parameters are
shown in Table 3.

The distance to the nearest occupied tree did not have a
significant effect, either on the probability of occwrrence
of C. cerdo in trees (37,,= 0.3, P = 0.58), or on the number
of exit holes (F gy~ 1L P= 0.054) (see Table S1 of the
Supplementary Material for more details).

At all sites, the probability of occurrence and the number
of exit holes increased with the diameter of a tree, with a

Table 3. Estimates of the parameters of the (A) generalized linear
mixed-effects models with binomial and Poisson distributions and
for (B) generalized linear models with binomial and quasi-Poisson
distributions, with standard errors, test statistics (Wald statistic, z-
value, t-value) and significance (P). Only significant variables were
included in the final models (see Results section for details).

(A) General patterns
Occurrence (binomial distribution)

Wald

Model parameter Estimate SE - P
statistic
(Intercept) -5.368 0.389  190.3 <0.0001
Diameter 0.016 0.002 65.2 <0.0001
Openness 0.171 0.052 10.9 0.001
Health 1.445 0.207 48.8 <0.0001
Number of exit holes (Poisson distribution)
Model parameter Estimate SE Wélq I
statistic
(Intercept) -1.227 0.878 1.95 0.18
Openness 0.151 0.016  89.54 <0.0001
Health 0.754 0.058 170.56 <0.0001
Diameter 0.016 0.003  33.94 <0.0001

(B) Site-specific patterns
Occurrence (binomial distribution)

Model parameter Estimate SE z value P

(Intercept) -7.726 0.854 -9.05 <0.0001
Health 1.179 0.149 7.94 <0.0001
Diameter 0.122 0.023 5.28 <0.0001
Openness 0.284 0.044 6.43 <0.0001
Site Dry-sandy 0.622 1.179 0.53 0.598
Site Floodplain -1.278 1.507 -0.85 0.396
Health : Site Dry-sandy 1.206 0.283 4.26 <0.0001
Health : Site Floodplain 0.642 0.326 1.97 0.049
Diameter : Site Dry-sandy -0.103 0.025 -4.09 <0.0001
Diameter : Site Floodplain —-0.091 0.025 -3.70 0.0002

Number of exit holes (quasi-Poisson distribution)

Model parameter Estimate SE t value P

(Intercept) -2.940 0.859 -3.42  0.0008
Diameter 0.013 0.001 11.12 <0.0001
Health 0.874 0.246 3.55 0.0004
Openness 0.148 0.018 8.05 <0.0001
Site Dry-sandy -0.517 1.022 -0.51 0.613
Site Floodplain 2255 0.883 2.55 0.011
Health : Site Dry-sandy 0.425 0.307 1.38 0.167
Health : Site Floodplain -0.079 0.251 -0.31 0.753
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Fig. 3. Predicted probability of occurrence (top row) and number
of C. cerdo exit holes (bottom row) in relation to three significant
variables, site as a factor variable and their interactions; based on
generalized linear models with binomial and quasi-Poisson distri-
butions, respectively. Solid line — floodplain site, dashed line — dry-
sandy site, dotted line — dry-rocky site.

more open canopy around a tree and with decreasing state
of health of a tree, but the shapes of the relationship dif-
fered considerably among the sites studied (Fig. 3). For in-
stance, at the dry-rocky site, the probability of occurrence
exhibited a sharp increase at small diameters; at a DBH
of 50 cm the probability was already higher than 0.50. In
contrast, at the floodplain site, the increase with diameter
was very slow, reaching a probability of 0.50 at ca. DBH
of 160 cm. On the other hand. at the dry-rocky site, the
probability of occurrence in relation to openness and state
of health was lower or less steep than at the dry-sandy and
floodplain sites. Regarding the number of exit holes, at the
floodplain site there was a higher number of exit holes and
constant increase with diameter, openness, and poorer state
of health; the two dry sites had a comparatively lower num-
ber of exit holes (Fig. 3).

Within-site effects

In a separate analysis of data from the dry-sandy site,
where there were three species of oaks, tree species proved
to have a significant effect on both the occurrence and
number of exit holes on a tree after all other significant
variables; Analysis of occurrence — health: Xju =210, P
< 0.0001; openness: yfm =28, P=0.0001; diameter xfu):
4.4, P =0.036; species: x2(2)= 6.5, P =0.039. Analysis of
the number of exit holes — health: F(1 sy 569, P <0.0001;
openness: F, ;,, =174, P < 0.0001; diameter: F | sy =327,
P < 0.0001: species: ;(2{2_509): 10.8, P < 0.0001. On average,
the probability of the occurrence of exit holes was greater
on Quercus petraea (0.24) and Q. robur (0.29) than on O.
cerris (0.10), and similarly, the mean number of exit holes
was greater on Q. petraea (1.7) and Q. robur (2.4) than on
Q. cerris (0.5), indicating that Q. cerris 1s less exploited by
the beetle in this area.

In a separate analysis of data from the dry-rocky site,
slope orientation proved to have a sigmficant effect on both
occurrence and number of exit holes together with health
and diameter, whereas openness did not have a significant
effect at this site. Analysis of occurrence — slope: sz =
128.5, P < 0.0001; health: XZU): 45.6, P < 0.0001; diameter
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Table 4. The results of the generalized linear models with binomial
and (quasi-)Poisson distributions testing (A) the effect of species
of cak (Quercus cerris, Q. petraea, Q. robur) on the probability of
occurrence and the number of Cerambyx cerdo exit holes on trees
at the dry-sandy site, and (B) the effect of slope orientation (East,
North, South, West, flat) on the probability of occurrence and the
number of C. cerdo exit holes on trees at the dry-rocky site. The
table gives estimates of the coefficients of model parameters with
their standard errors, test statistics (z-value, t-value) and signifi-
cance (P). Only significant variables were included in the final mod-
els (see the Results section for details).

(A) Dry-sandy site (effect of species of oak)
Occurrence (binomial distribution)

Medel parameter Estimate SE z value P
(Intercept) -8.85 1.1187 -7.91 <0.0001
Health 247 0.273 9.05 <0.0001
Openness 0.44 0.087 502 <0.0001
Diameter 0.03 0.0109 2.77 0.006
Species petraea 1.17 0.4853 24 0.018
Species robur 0.73 0.4283 1.71 0.088
Number of exit holes (Poisson distribution)

Model parameter Estimate SE z value P
(Intercept) -5.57 0.34536 -16.14 <0.0001
Health 134 0.06422 20.81 <0.0001
Openness 0.31 0.02593 11.91  <0.0001
Diameter 0.03  0.00332 848 <0.0001
Species petraea 0.74  0.18957 3.88 0.0001
Species robur 0.68 0.16636 4.08 <0.0001
(B) Dry-rocky site (effect of slope orientation)

Occurrence (binomial distribution)

Model parameter Estimate SE z value P
(Intercept) -24.13 1633.62 -0.01 0.99
Slope flat 16.68  1633.62 0.01 0.99
Slope north -0.05 2218.327 0 0.99
Slope south 18.78  1633.62 0.01 0.99
Slope west 21.34  1633.62 0.01 0.99
Health 1.04 0.1593 6.53 <0.0001
Diameter 0.10 0.0248 4.16  0.00003
Number of exit holes (quasi-Poisson distribution)

Model parameter Estimate SE t value P
(Intercept) —-20.60 887.00 -0.02 0.98
Slope flat 16.40 887.00 0.02 0.99
Slope north 0.10 1210.00 0 1
Slope south 18.30 887.00 0.02 0.98
Slope west 18.70 887.00 0.02 0.98
Health 0.72 0.05 14.73  <0.0001
Diameter 0.04 0.00 10.54  <0.0001

fm =20, P < 0.0001; openness: f“) =0.7, P=0.42. Analy-

sis of the number of exif holes — slope: F,,,. = 41.7, P <
0.0001; health: F 347~ 82.6. P < 0.0001; diameter: F | 336
=27.2, P<0.0001; openness: me: 0.01, P=0.91. On

average, the probability of the occurrence of exit holes
was greater for trees on slopes oriented to the West (0.92)
and South (0.48) than for trees on flat ground (0.09); no
exit holes were found on trees on slopes oriented to the
North and East. Similarly, the mean number of exit holes
was greater on trees on slopes oriented to the West (3.92)
and South (2.45) than on trees on flat ground (0.22). These
results indicate that in hilly terrain, trees are more prone to
be exploited by the beetle if they grow on sun-facing and
thus warmer slopes.

Coefficient estimates of model parameters for analyses
ot both dry-sandy and dry-rocky sites are shown in Table 4.
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DISCUSSION

The present study extends the knowledge on habitat use
of the great capricorn beetle, an endangered saproxylic
beetle regarded as a specialist feeder on veteran trees (Buse
et al., 2007). It corroborates the main findings of previ-
ous studies, such as that decreasing health state of a tree,
its increasing diameter and sunlight availability (herein
represented by the openness and slope orientation) favour
the presence of C. cerdo in trees (Buse et al., 2007 Albert
et al., 2012). More importantly, however, it reveals a high
between-site variability in characteristics of trees exploited
by this beetle, principally the variability in their diameter.
This implies that although we can well describe the gen-
eral patterns in habitat use and describe the beetle’s fun-
damental niche, for the survival of local populations the
local conditions and the beetle’s realized niche are what is
important and thus should be considered in conservation
management planning. Below, we discuss the findings and
their implications for the conservation of C. cerdo and po-
tentially other veteran tree specialists.

Diameter of inhabited trees and the importance of
large trees

The probability of the presence of exit holes on a tree
with respect to its diameter differed substantially among
the sites. The number of exit holes on a tree, on the other
hand, was affected mainly by tree diameter, rather than lo-
cality, as suggested by the positive relationship between
tree diameter and the number of exit holes (Fig. 3).

We consider the local soil and humidity conditions as the
most likely factors behind the differences in the diameter
of trees exploited by C. cerdo. The floodplain and the dry-
rocky sites represent extreme oak habitats. At the former
site, nutrient rich, deep soils and a high water table offer
optimal conditions for rapid growth, resulting in trees of
large dimensions (Altman et al., 2016). The dry-rocky site,
on the other hand. is characterized by stresstul conditions
due to nutrient poor, shallow and desiccating soils, which
result in slow growth and low vitality of the trees, allowing
for colonisation of small trees by C. cerdo. Due to ditfer-
ences in the rate of growth between the two sites, the trees
may reach the same probability of occupancy at a similar
age (estimated by dividing the DBH of a tree with a par-
ticular probability of occurrence by average ring width),
but the trees at the dry-rocky site are just smaller. At the
dry-sandy site, tree growth was nearly as slow as at the
dry-rocky site. The conditions at that site are, however, rel-
atively stable. The trees thus remain vigorous for longer:;
they are likely to grow larger and become suitable for C.
cerdo later than trees at the dry-rocky site.

The positive relationship between tree diameter and the
number of exit holes (Fig. 3) indicates that tree diameter
limits the number of C. cerdo exit holes via the amount of
substrate suitable for larval development. There were about
30 times more exit holes on a large tree (~150 cm DBH)
than on a small tree (~30 ¢ DBH). Although the number
of exit holes may not be a direct measure of the number of
beetles that developed in a tree, the two numbers are rather
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closely related. Moreover, at the dry-rocky site, trees were
shorter in height and most of the exit holes (83%) were
found up to 2.5 m above the ground, whereas at the dry-
sandy and floodplain sites only one-third (33-38%) of all
exit holes were found up to 2.5 m above the ground.

As substantially more individuals of C. cerdo develop
i large trees these represent larger habitat patches than
small trees. Regarding the metapopulation theory (Hanski
& Ovaskainen, 2003), we hypothesize that the dimensions
of trees may have an effect on population dynamics. It im-
plies that the number of trees needed for the survival of
C. cerdo populations is lower at sites with large trees than
at sifes with small trees. On large trees, individuals of C.
cerdo are more likely to encounter a mate without moving
to another tree. Thus, the need for dispersal may be higher
in populations living on small trees (Clobert et al., 2004;
Bowler & Benton, 2005). Some authors even suggest that
insect populations occupying small habitat patches may
have a greater tendency to disperse in order to avoid in-
breeding (Pusey & Wolf, 1996; Feldhaar & Schauer, 2018),
because in small patches the chance that individuals are
closely related may be higher than in large patches. How-
ever, this theory seems to have limited support in the case
of C. cerdo. On very small trees, only a single individual
per year may emerge, whereas on large trees the probabil-
ity of two emerging adults originating from the same hatch,
and therefore closely related, may be higher. But in any
case, if the small dimensions of trees drive the beetle to
disperse more frequently, the populations mhabiting small
trees are probably more likely to be susceptible to the ef-
fects of habitat fragmentation and isolation (Clobert et al.,
2001:; Ranius, 2006), because dispersal always increases
the risk of predation and abandoning a suitable habitat.

Published data indicate the existence of a relationship
between diameter of inhabited trees and the incidence of
dispersal for another veteran tree specialist, the hermit bee-
tle (Osmoderma eremita). In Sweden, an average inhab-
ited tree (with DBH of 130 cm) hosted ~11 beetles and
the population structure was described as a metapopula-
tion with low dispersal between trees (Ranius, 2000, 2007;
Hedin et al., 2008). In Italy, where the inhabited trees were
smaller (mean DBH of 65 cm) an average tree hosts only
0.5-2 individuals (Chiari et al., 2013) and the incidence of
dispersal was higher (Chiari et al., 2012). Although these
differences in dispersal rate were attributed to differences
in the climate at the northern and southern edges of the
beetle’s distributional range, they might also reflect rela-
tively low numbers of beetles per tree, determined by the
parameters of the available trees. This needs to be studied
further, by comparing the mobility of beetles from popula-
tions that exploit large and small trees growing in areas
with the same climate.

Although most of the saproxylic species associated with
large, veteran trees are also at least occasionally able to
utilize small trees (Slama, 1998; Harvey et al., 2011; Chi-
ari et al., 2013), it 1s the large trees that are likely to host
the bulk of their populations and increase the probability
of their survival. This is probably one of the main reasons
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for the great importance of large trees for C. cerdo (Buse
et al., 2007; Albert et al., 2012) and probably also saprox-
ylic biodiversity as a whole (Eckelt et al., 2018; Parmain
& Bouget, 2018).

Effect of species of oak

The presence of exit holes is also associated with the
species of oak, as the Turkey oak (Quercus cerris) was
less exploited by C. cerdo than the sessile and pedunculate
oalks. Within the genus Quercus, the Turkey oak is distantly
related to the sessile and pedunculate oaks (Oh & Manos,
2008; Denk & Grimm, 2010) and its wood differs from that
of most other oaks by its lower durability and tendency to
split (Ferrari et al., 2013). Such wood properties may have
a potentially adverse effect on C. cerdo, as 1s also proposed
for the red oak (Quercus rubra) (Oleksa & Klejdysz, 2017).
This agrees with observations from Slovakia and Hungary,
where this beetle is rather rare in stands of Turkey oak and
even senescent, large Turkey oaks often lack any signs of
the presence of C. cerdo (L. Cizek, pers. obs.). We attribute
the observed pattern rather to the avoidance of Turkey oak
by C. cerdo than to a lower detectability of old exit holes
due to the faster decay of its wood, as larval galleries of C.
cerdo reach deep into the wood and are detectable for dec-
ades. Turkey oak made up about 60% of the oaks mspected
at the dry-sandy site and the lower occupancy of Turkey
oaks probably has partially affected the results for this site.
Similar occupancy, wood properties and the relatedness of
pedunculate and sessile oaks, however, justify neglecting
species of oak in data analyses of the two other study sites.

Distance to the nearest occupied tree

In contrast to Buse et al. (2007) or Oleksa & Klejdysz
(2017), we did not find any effect of distance to the neai-
est occupied tree on the probability of occurrence or on
the number of exit holes of C. cerdo on trees. While tra-
ditionally the dispersal capacity of saproxylic insects was
considered to be limited, recent studies show that dispersal
may be strongly dependent on the life history of the species
or group studied and is often greater than thought in the
past (Feldhaar & Schauer, 2018: Schauer et al., 2018). This
is also the case for C. cerdo, for which a radio-tracking
study (Drag & Cizek, 2018) revealed dispersal over greater
distances than reported 1 a previous mark-recapture study
(Torres-Vila et al., 2017). Therefore, the size of our three
study sites might have been too small to reveal the disper-
sal limitations of C. cerdo.

Implications for conservation

Our findings indicate that site conditions affect occu-
pancy and potentially population dynamics, and therefore
must be taken into consideration in developing manage-
ment strategies for the conservation of C. cerdo. At n-
habited sites, an inventory of all available oaks should be
performed, specifying how many trees are occupied by the
beetle, what is their state and diameter. and also what are
the trees potentially suitable for C. cerdo there. As long-
term planning is necessary for efficient conservation of the
organisms associated with veteran trees, it is also impoi-
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tant to record the numbers and diameters of young trees in
order to identify potential gaps in the future availability of
suitable trees.

Since mortality of veteran trees exceeds their recruitment
in the long term (Siitonen & Ranius, 2015), there is a need
to bridge the temporal gap in their availability (Gibbons et
al., 2008; Miklin & Cizek, 2014). Ensuring the continuity
of large veteran trees is always the most desirable, though
rarely an available option, simply because it is impossi-
ble to manipulate tree diameter and volume in the short
term. Our results, nevertheless, indicate that even small (or
young) trees may be utilized by C. cerdo beetle if they are
exposed to sunshine and in poor health. Both exposure to
sun and tree health can be manipulated. Thus, it is possible
to bridge the gap in the availability of large veteran trees
by creating large numbers of small trees that are exposed
to sunshine and in poor health. In stands occupied by C.
cerdo, opening the canopy by partial cutting or thinning
should be followed by practices like, e.g. pollarding, graz-
ing, bark-stripping, partial bark-ringing or fire (Smith &
Sutherland, 1999; Helm et al.. 2011: Gruebler et al., 2013:
Sebek et al., 2013; Reichmuth et al., 2018).

At sites where C. cerdo inhabits small trees that sustain
fewer beetles, greater areas of habitat and higher densities
of suitable trees are needed to sustain these local popula-
tions. At sites where C. cerdo occupies large old trees, man-
agement should primarily focus on sustaining such trees to
keep them alive as long as possible (Read. 2000: Linden-
mayer, 2017) but also on taking care of other oaks in the
surroundings. Increased canopy closure is a common prob-
lem in European woodlands (Altman et al., 2013; Miklin
& Cizek, 2014; Chudomelova et al., 2017). It decreases
the suitability of the existing veteran trees for C. cerdo
and compromises their survival (Miklin et al., 2018) and
also hinders the establishment of new generations of vet-
eran trees. Maintenance of open oak woodlands is thus the
key for the conservation of C. cerde in temperate climates.
There are several options for keeping or restoring the open
structure of woodlands, such as grazing, significant thin-
ning, coppicing, or prescribed burning (Vera, 2000; Lind-
bladh et al., 2003; Hédl et al., 2010; Hanberry & Abrams,
2018). The canopy of large open-grown oaks that are cur-
rently in closed-canopy conditions should be freed from
the rest of the canopy by gradually and carefully clearing
a circle or partial circle around them, a technique called
“haloing” (Lonsdale, 2013). The lifespan of old trees can
be prolonged by crown reduction, which reduces the risk of
frunk collapse, such as pollarding or shredding (Lonsdale,
2013; Sebek et al., 2013). Moreover, in hilly areas where
C. cerdo 1s present, conservation effort should target pri-
marily South- and West-facing slopes, and in stands com-
posed of several species of oals, the sessile and pedunculate
oaks should be of a primary interest.

It 1s important to stress that the above-mentioned recom-
mendations apply principally to woodlands in the temper-
ate zone, where C. cerdo is considered to be a threatened
species. In Mediterranean regions of Europe, the require-
ments of this beetle may differ significantly. Firstly, C.
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cerdo there usually exploits other species of oak, mostly
holm oak (Quercus ilex) and cork oak (Q. suber) (Sallé et
al., 2014; Torres-Vila et al., 2017). Secondly, in a warm
climate, even trees on East- and North-facing slopes may
be utilized. Finally, in some parts of the Mediterranean, C.
cerdo is considered a pest, being one of the principal in-
sect species responsible for oak decline (Sallé et al., 2014
Duque-Lazo & Navarro-Cerrillo, 2017) and thus not a spe-
cies in need of protection.

Study limitations

With respect to the different rates of growth of trees re-
corded at different sites, it would be interesting to relate
the exploitation of trees by C. cerdo directly to tree age,
not their diameter (Hordk, 2017). However, this approach
would require coring and analysing hundreds of trees,
which is beyond the scope of this study. And it is, unfor-
tunately, a general limitation in most studies relating habi-
tat use of woodland biota to the diameter of trees growing
under different conditions or managements (Jiiriado et al.,
2009; Nascimbene et al., 2013; Hordk, 2017: Nordén et
al., 2018). Based on the average ring widths (growth rate)
measured for our sites, the trees at dry sites grew about
three times slower than at the floodplain site and the trees
on floodplains thus reach large dimensions sooner than
those on the dry sites. But when comparing particular oc-
currence probabilities divided by average ring width, trees
at the dry-rocky and the floodplain sites may have a similar
occupancy by C. cerdo at a similar age, and trees at the dry-
sandy site reach such probabilities later.

Further, it would be interesting to compare data from
more sites. The dry-sandy and dry-rocky sites are, how-
ever, the only such sites hosting populations of C. cerdo in
the Czech Republic, the closest similar sites being further
east in Slovakia or Hungary. Although there are sites with
C. cerdo inhabiting smaller trees in Southern Europe, they
are occupied also by other large species of Cerambyx (C.
miles, or C. welensii) with exit holes indistinguishable from
those of C. cerdo. Most studies on the ecology of large sap-
roxylic beetles are based on data collected at smaller spa-
tial scales and less intensive in terms of the number of trees
sampled (Ranius, 2001; Buse et al., 2007), indicating that
a larger, continental-wide, approach is necessary. Such an
approach is especially important for the saproxylic beetles
listed in the EU’s Habitat Directive (Council of the Euro-
pean Communities, 1992), which serve as focal species for
conservation in most European countries.

CONCLUSIONS

The present study revealed that the habitat requirements
of C. cerdo differ significantly among sites. Management
aimed at conservation of 1ts populations thus has to respect
the local requirements of the beetle. Further, the study
showed that large oaks are very important for C. cerdo be-
cause they represent large patches of suitable habitat. At
the same time, however, it showed they are not a neces-
sary condition for the survival of C. cerdo. Tt is principally
exposure to sunshine and the state of health of the trees
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that is important for this beetle. Therefore, a tree becomes
suitable for C. cerdo once it contains wood suitable for the
development of its larvae, regardless of its diameter or age.
This knowledge has important implications for the effec-
tive conservation of this species and possibly also other
veteran tree specialists. It indicates that although focusing
on ensuring the presence of large veteran trees is crucial,
efforts might also be directed towards active creation of
suitable conditions in smaller trees, especially if there are a
low number of large trees at the site.
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Supplementary material
Test of distance to the nearest tree

The following table shows results of the generalized linear
models performed on a smaller dataset of 889 trees whose GPS
coordinates were located. For each of these trees, we recorded the
shortest distance fo a measured tree occupied by Cerambyx cerdo
(referred to as Nearest tree). This variable was included in the
forward selection procedure together with, openness, diameter.
state of health, site and their interactions with site, to assess their
effect on occurrence of C. cerdo exit holes (model with binomial
distribution) and number of exit holes on trees (model with quasi-
Poisson distribution). For the details, see Material and Methods
in the original article.

Results of the models performed on the smaller dataset showed
that the distance to the nearest occupied tree did not have an ef-
fect on the occurrence (xzu): 0.3. P=0.58) or the number of exit
holes of C. cerdo on trees (F(1_832)= 3.71. P=0.054). See Table S1
for the test statistics.

Table S1. Test statistics for the parameters of the generalized lin-
ear models with binomial and quasi-Poisson distributions (x* test
or F test), with degrees of freedom (d.f.) and significance level (P).

Occurrence (binomial distribution)

Model parameter d.f. X P
Health 1 450.64 <0.0001
Diameter 1 63.7 <0.0001
Openness 1 22.63 <0.0001
Site 2 13.99 0.0009
Nearest tree 1 0.3 0.581
Health : Site 2 13.39 0.001
Diameter : Site 2 9.43 0.009
Openness : Site 2 5.25 0.072
Nearest tree : Site 2 1.54 0.463
Number of exit holes (quasi-Poisson distribution)

Model parameter d.f. F P
Diameter 1,887 1320.74 <0.0001
Health 1,886 375.03 <0.0001
Openness 1,885 11.72 <0.0001
Site 2,883 27.44 <0.0001
Nearest tree 1,882 371 0.054
Health : Site 2,880 3.19 0.041
Openness : Site 2,878 2.81 0.061
Nearest tree : Site 2,876 2.08 0.128
Diameter : Site 2,874 0.82 0.443
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Kapitola 1.

Vertical stratification and microhabitat selection by
the Great Capricorn Beetle (Cerambyx cerdo)
(Coleoptera: Cerambycidae) in open-grown, veteran
oaks

European Journal of Entomology 109: 553-559
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Abstrakt

The great capricorn beetle or Cerambyx longicorn (Cerambyx cerdo, Linnaeus, 1758) is an
internationally protected umbrella species representing the highly diverse and endangered
fauna associated with senescent oaks. For the conservation and monitoring of populations of
C. cerdo it is important to have a good knowledge of its microhabitat requirements. We
investigated determinants and patterns of C. cerdo distribution within individual old, open-
grown oaks. Trees inhabited by this species were climbed, and the number of exit holes and
environmental variables recorded at two sites in the Czech Republic. Distribution of exit holes
in relation to height above the ground, trunk shading by branches, orientation in terms of the
four cardinal directions, diameter, surface and volume of inhabited tree parts were
investigated. This study revealed that the number of exit holes in the trunks of large open-
grown oaks was positively associated with the diameter of the trunk and openness and
negatively with height above the ground, and the effects of diameter and openness changed
with height. The number of exit holes in the surface of a trunk was also associated with the
cardinal orientation of the surface. Approximately half of both C. cerdo populations studied
developed less than 4 m and approximately a third less than 2 m above the ground. This
indicates that most C. cerdo develop near the ground. Active management that prevents
canopy closure is thus crucial for the survival of C. cerdo and searching for exit holes is an
effective method of detecting sites inhabited by this species.
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Jan ALBERT!, MicHaL PLATEK *? and Lukas CIZEK >*

'Department of Ecology, Faculty of Environmental Sciences, Czech University of Life Sciences Prague,
CZ-165 21 Praha 6 — Suchdol, Czech Republic; e-mail: janalbert@seznam.cz
*Faculty of Science, University of South Bohemia, Branisovska 31, CZ-370 05 Ceske Budejovice, Czech Republic;
e-mail: platasplatas(@seznam.cz
*Biology Centre ASCR, Institute of Entomology, Branisovska 31, CZ-370 05 Ceske Budejovice, Czech Republic;
e-mail: cizek@entu.cas.cz

Key words. Cerambycidae, Cerambyx cerdo, dead wood, NATURA 2000, Quercus, saproxylic, longhorned beetle, xylophagous,
woodland

Abstract. The great capricorn beetle or Cerambyx longicorn (Cerambyx cerdo, Linnaeus, 1758) is an internationally protected
umbrella species representing the highly diverse and endangered fauna associated with senescent oaks. For the conservation and
monitoring of populations of C. cerdo it is important to have a good knowledge of its microhabitat requirements. We investigated
determinants and patterns of C. cerdo distribution within individual old, open-grown oaks. Trees inhabited by this species were
climbed, and the number of exit holes and environmental variables recorded at two sites in the Czech Republic. Distribution of exit
holes in relation to height above the ground, trunk shading by branches, orientation in terms of the four cardinal directions, diameter,
surface and volume of inhabited tree parts were investigated. This study revealed that the number of exit holes in the trunks of large
open-grown oaks was positively associated with the diameter of the trunk and openness and negatively with height above the
ground, and the effects of diameter and openness changed with height. The number of exit holes in the surface of a trunk was also
associated with the cardinal orientation of the surface. Approximately half of both C. cerdo populations studied developed less than
4 m and approximately a third less than 2 m above the ground. This indicates that most C. cerdo develop near the ground. Active
management that prevents canopy closure is thus crucial for the survival of C. cerdo and searching for exit holes is an effective
method of detecting sites inhabited by this species.

INTRODUCTION kac¢ et al., 2005; Jurc et al., 2008), C. cerdo is explicitly
protected under the EU Habitats Directive (Council of the
European Communities, 1992), classified as globally vul-
nerable according to the IUCN Red List of Threatened
Species (IUCN, 2007) and is nearly a threatened species
in Europe (Nieto & Alexander, 2010). C. cerdo occurs in
most of Europe, the whole Mediterranean region and the
Caucasus (Bily & Mehl, 1989; Slama, 1998; Sama,
2002). It is common in the south but rare and rapidly
declining in the northern part of its range (e.g. Slama,
1998; Ehnstrom & Axelsson, 2002; Starzyk, 2004; Jurc et
al., 2008; Ellwanger, 2009). It is extinct in the United
Kingdom (Alexander, 2002).

Organisms associated with old trees and dead wood are
among the most diverse and endangered elements of
European biodiversity (Berg et al., 1994; Davies et al.,
2008). Many highly endangered species are associated
with senescent, open-grown trees of large diameter, espe-
cially oaks (e.g. Ranius & Jansson, 2000; Ranius, 2002;
Buse ct al., 2008a; Skarpaas et al., 2011). Such trees used
to be common and an indispensable element in European
landscapes in the past, e.g., open pasture woodlands and
coppices with standards. Modern intensification of land
use, however, has resulted in the loss of such trees from

the landscape due to increased canopy closure in com- o . .
mercial as well as protected woodlands and removal of Larvae of C. cerdo develop mainly in the trunks, but
old trees from farmed areas (c.g. Warren & Key, 1991; a}so branches and root.s of oaks (Qu.ercus .spp.): other spe-
Rackham, 1998: Vera, 2000). cies of trees are occasionally used, including e.g. chestnut
(Castanea sativa), and probably also elm (Ulmus spp.)
and common walnut (Juglans regia) (Slama, 1998).
Larval development takes three or more years (Sama,
2002). Adults are 24 to 53 mm long and active from May
to August, peaking in June and early July, when the bee-
islature as umbrella species representing a diverse and tles are mosst acti\ie at ,dUSk feeding on the. sap of old trees
highly endangered fauna associated with old oaks (Buse (Heylrovsky, 193_3: Slama, 1_998)' Occupied trees can be
ctal., 2008a; Ducasse & Brustel, 2008). Apart from being identificd by typlcal oval exit h_OIES F’p to 20 mm w1d_e pn
protected and/or red-listed in many European countries Fhe trunk or thick branches; typlc.al signs of’ rf:cen.t activity
(Jich, 1994: Geiser, 1998: Witkowski et al.. 2003 Far- include wood meal and fresh exit holes the interior walls

The great capricorn beetle (Cerambyx cerdo, Linnaeus,
1758) is one of the largest longhorn beetles living in
Europe. It acts as an ecosystem engineer (Buse et al.,
2008b) and, together with the stag beetle (Lucanus cer-
vus Linnaeus, 1758) serve for the general public and leg-
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of which are a red colour (Buse et al., 2007). This beetle
prefers old, sun exposed trees (Slama, 1998; Buse et al.,
2007). Tree vitality, age, thickness of bark, trunk diame-
ter, distance to the next colonized tree and trunk insola-
tion increase the probability of the occurrence of C. cerdo
(Buse et al., 2007).

Whereas the determinants of the distribution of C.
cerdo in a landscape and among trees are described (Buse
et al., 2007; 2008b) little is known about the factors
affecting its distribution within individual trees. Such
information is, however, crucial for the conservation of
this species and for monitoring its populations. If the
beetle prefers tree tops, it is likely to survive in closed
canopy oak stands, often undetected. If; on the other
hand, the majority of a population inhabits the lower parts
of trunks, the presence of C. cerdo would be easy to
detect and inhabited sites would need to be actively man-
aged. We therefore investigated the distribution of C.
cerdo exit holes in old open-grown oaks in relation to: (i)
Height above the ground, (ii) shading, (iii) cardinal orien-
tation and (iv) diameter of the parts of the trunk inhabited.
METHODS
Study sites

This study was conducted in southern and central Bohemia
(western part of the Czech Republic) in parkland-like wood-
lands with old, open-grown oaks. Two sites were surveyed,
Hluboka nad Vltavou and the Lanska Game Reserve. The
Hluboka site is located in south-western Czech Republic, 115
km S of Prague (49°2'N, 14°26°E, 380 m a.s.l.) in the Budejo-
vicka Basin, near the river Vitava. The bedrock consists of sand-
stone, puddingstone and clay-stone. Mean annual temperature is
7.1°C and mean annual rainfall nearly 659 mm. The study took
place in system of alleys of trees and wooded meadows
(recently converted into a golf-course) with open-grown oaks of
up to 200 years old (max DBH ~160 centimetres) (Hauck &
Cizek, 2006). The locality 1s protected as a Site of Community
Importance (total area: 672 ha), with C. cerdo as one of its
target species. It hosts numerous saproxylic species associated
with old oaks. The second site, the Lanska Game Reserve, is
located 40 km W of Prague (50°5'N, 13°55°E; 300461 m a.s.l.)
in the Krivoklatsko Protected Landscape Area and UNESCO
Biosphere Reserve. This is an upland area with deep valleys
with bedrock consisting of slate mainly covered by cambisol
and partly by gley. Mean annual temperature is 8.2°C and mean
annual rainfall nearly 590 mm. The game reserve (total arca
3,000 ha) mostly consists of beech and oak-hornbeam forests,
patches of planted conifers and several meadows and pastures
with scattered old oaks (Quercus robur). The site is a local
saproxylic biodiversity hot-spot (Hordk & Rébl, 2012).
Sampling design

Trees with C. cerdo exit holes and currently inhabited by the
species (i.e. with larval frass on the bark and/or at the base of
the tree) were surveyed. For safety reasons and also to avoid the
effect of larval activity on the environmental conditions biasing
the results, the trees climbed were relatively healthy (most of
the tree alive, tree top not completely dead) and probably not
inhabited by C. cerdo for longer than one or two decades (Kle-
tecka & Kle¢ka, 2003). Each tree surveyed was divided into 2
meter long vertical sections (0-2 m above the ground, 2-4 m,
4-6 m, 6-8 m ... up to 14 m). Each vertical section was divided
into four trunk segments according to their orientation (North,
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East, South or West). Trees were climbed using the two-rope
climbing technique. Environmental variables and number of C.
cerdo exit holes were recorded for each segment of trunk. Exit
holes were counted: height of each tree, and diameter in the
middle of each 2 m vertical section were measured. Estimates of
the outer surface and volume of wood in each segment of trunk
segment were based on its diameter. Orientation (cardinal direc-
tion of the segment) was identified using magnetic compass
(North, East, South, West).

Variables

Eight explanatory variables were used: (1) Height — mean ver-
tical height in meters of a 2 m long section of trunk from the
ground, ranging from 1 to 13 m (1 — sections 0-2 m above the
ground, 3 — 2-4 m, 5 — 4-6 m etc.). Continuous. (11) Openness —
shading of each segment by the branches or crowns of sur-
rounding trees or shrubs on a scale of 1-5 (1 — fully shaded; 2 —
mostly shaded, 3 — half shaded, 4 — mostly exposed, 5 — fully
exposed). Continuous. (ii1) Diameter — diameter in centimetres
at the middle of each vertical section of trunk. Continuous, in
centimetres. (iv) Surface area — surface of each segment of trunk
in square centimetres. Continuous. (v) Volume of wood —
volume of each segment of trunk in cubic centimetres. Continu-
ous. (vi) Orientation — cardinal direction of each segment of
trunk (North, East, South or West). Categorical: (vii) Tree —
serial number of the tree and (viii) Site — location of study area
(Lanska obora or Hluboka nad Vltavou).

The response variables were the number and density of C.
cerdo exit holes in each segment of trunk. The density was the
number of exit holes divided by the area of each segment of
trunk (in m? analysis 2, see below), or volume (in m’, analysis
3, see below) of each trunk segment. All response variables
were continuous.

Analyses

Three analyses were carried out using R 2.7.2 (Maindonald &
Braun, 2003), in which the association between the number of
exit holes and their density per m* and per m’ and environ-
mental variables was mnvestigated using multiple LME (Linear
mixed-effect models) (Crawley, 2007; Zurr et al., 2009). In the
first analysis, the number of C. cerdo exit holes on each seg-
ment of trunk was the response variable. The height, diameter,
openness and orientation of each segment of trunk were fixed
effect variables and the tree a random effect variable. Surface
area (r, = 1) and volume of wood (r, = 1) were not included in
the final model because of their strong multicollinearity with
diameter (tested using Spearman rank correlation). The final
model investigated the association between the number of exit
holes and the height, diameter, openness, orientation and inter-
actions of height and diameter, and height and openness. In the
second analysis, the density of exit holes per m®> was the
response variable. This was done in order to correct for differ-
ences in sampling effort. i.e. the lower segments of trunks have
the largest diameter and greatest surface areas. The height,
openness and orientation were fixed effect variables and the tree
a random effect variable. In the third analysis. the density of exit
holes per m* was the response variable. The height, openness
and orientation were fixed effect variables the tree a random
effect variable. In all analyses, the response variable was
Poisson distributed as it was transformed using a In(number of
exit holes + 1) transformation in order to achieve the normal
distribution required by LME. The best models and order of
variables were chosen using AIC (Akaike’s Information Crite-
rion, Akaike, 1974). Models were fitted using the ML method
(maximum likelihood). The relationships among variables were
investigated in order to identify strong correlations between pre-
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Fig. 1. Vertical stratification of the exit holes of the great cap-
ricorn beetle (Cerambyx cerdo) on old, open grown oaks at
Hluboka nad Vltavou and the Lanska Game Reserve, Czech
Republic (both sites combined). Depicted as number of C. cerdo
exit holes in 2 m long sections of trunk at particular heights.

dictors. The final models were fitted using the REML method
(restricted maximum likelihood). All the vertical trunk segments
measured were included in the analyses.

The association between the number of exit holes and site was
tested using LME. The response variable was transformed using
a In(number of exit holes + 1) transformation. The site was the
fixed effect variable and tree a random effect variable. The asso-
ciation between height of tree and tree diameter (at a height of |
m) and site was investigated using ANOVA.

Charts showing the relationships between the number of exit
holes of C. cerdo and given variables (Figs 1-3) were created
using LOESS (locally weighted scatter plot smoothing) function
in the R 2.7.2.

RESULTS

In total, 30 oaks were climbed (22 in the Lanska Game
Reserve and eight at Hluboka nad Vltavou), data on 169
vertical trunk sections and 676 trunk segments were col-
lected and 4259 exit holes of C. cerdo were recorded.
Mean height and diameter (at | m above the ground) with
standard deviation (SD) of trees were 10.5 m (+ 2.1) and
127 cm (= 10.9), respectively, at the Hluboka site, and
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Fig. 2. The effect of trunk diameter on relationship between
the number of exit holes of the great capricorn beetle
(Cerambyx cerdo) at particular heights on old, open grown oaks
at Hluboka nad Vltavou and the Lanska Game Reserve, Czech
Republic (both sites combined). Solid lines show the relation
between trunk diameter and number of exit holes in 2 m long
section of trunk at a particular height; dashed lines show 95%
CI for the 0-2 m and 6-8 m heights.

11.5m (+2.5)and 142 ¢cm (+ 36.1) at the Lany site. Site
had no effect on number of exit holes (Fy s = 0.80; P >
0.05), tree diameter (Fy 25 = 1.41; P > 0.05) or tree height
(Fi,28 = 1.14; P = 0.05). All the trees were taller than 6 m;
number of tree sections investigated at a given height, and
vertical distribution of exit holes 1s given for both sites
separately and combined (see Table 1). Mean number of
exit holes at a given height was calculated as the number
of all exit-holes in all the sections at a given
height/number of tree sections investigated at that height
(Table 1). Density of exit holes at different heights was
the number of exit holes in a given 2 m long trunk section
divided by the area of bark on that section (Table 1).
Numbers of exit holes were similar on East (Mean 27.7:
SD + 26.6) and North (26.9; £ 28.3) facing segments, and
also on South (43.1; + 36.8) and West facing segments
(44.3; £37.7).

TasLe 1. Vertical distribution of the exit holes of the great capricorn beetle (Cerambyx cerdo) on old, open grown oaks at
Hluboka nad Vltavou and the Lanska Game Reserve, Czech Republic. (a — both sites combined, b — Hluboka, ¢ — Lanska). * number
of all exit-holes at a given height/number of trees; ** number of exit-holes per m? of bark surface at a given height/number of trees.

Number of
trees (a; b ¢)

Meters above

the ground recorded (a; b; ¢ )

Total (relative) number of exit holes

Mean density**, median
and SD of density of exit
holes (a)

Mean number® (relative),
median and SD of number
of exit holes (a)

0-2 30; 8; 22 1253 (29.4%); 386 (28.3%); 867 (29.9%)  41.8 (27.9%); 34;29.4 4.7:38;3.1
24 30; 8; 22 1114 (26.2%); 349 (25.6%); 765 (26.4%)  37.1 (24.8%); 28.5; 22.1 48:39;3.1
4-6 30; 8; 22 944 (22.1%): 296 (21.7%); 648 (22.4%) 31.5(21%);30; 20.3 47:42,33
68 29: 8: 21 526 (12.4%): 140 (10.3%); 386 (13.3%) 18.1 (12.1%): 14: 15.9 34:25:3.1
8-10 24:6: 18 291 (6,8%): 118 (8.7%): 173 (6%) 12.1(8.1%); 5.5:11.7 29:12:42
10-12 17:3: 14 115 (2,7%): 59 (4.3%); 56 (1.9%) 6.8 (4.5%)0; 6.8 24:0:44
12-14 9:1:8 16 (0.4%): 14 (1%). 2 (0.1%) 2.1(14%),0;0.7 1.1;0;3.2
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Fig. 3. Effect of openness on the number of exit holes of the
great capricorn beetle (Cerambyx cerdo) changes with height on
old, open grown oaks at Hluboka nad Vltavou and the Lanska
Game Reserve, Czech Republic (both sites combined). This is
depicted in terms of the number of exit holes in 2 m long seg-
ments of trunk and openness of the environment. 1 — fully
shaded; 2 — mostly shaded, 3 — half shaded, 4 — mostly exposed,
5 — fully exposed.

In the first analysis with the number of exit holes as a
response variable, the Linear mixed-effect model (LME)
(Table 2) revealed that the number of exit holes in a trunk
segment was negatively affected by the height of the seg-
ment from the ground (Fig. 1), and positively affected by
its diameter (Fig. 2) and openness (Fig. 3). The effect of
orientation was significant; the effect of diameter and
openness on number of exit holes changed with height
(Figs 2, 3). In the second and third analyses, the Linear
mixed-effect model (LME) (Table 2) revealed that the
number of exit holes per m? and per m* were negatively
affected by the height above the ground and positively by
openness; the effect of orientation was significant (Table

2).
DISCUSSION

This study revealed that the larvae of Cerambyx cerdo
occur mainly in sun-exposed parts of large diameter of
large, open-grown oaks, especially those near the ground
and facing west or south. Previous studies of the habitat
preferences of C. cerdo at the landscape and between-tree
levels indicate that its distribution is affected by tree vital-
ity, age, bark thickness, trunk diameter, insolation and
habitat openness (Buse et al., 2007). Similar variables
thus influence C. cerdo distribution within individual
trees and at larger scales.

TasLE 2. Environmental characteristics atfecting the distribution of exit holes of the great capricorn beetle (Cerambyx cerdo) on
old, open grown oaks at Hluboka nad Vltavou and the Lanska Game Reserve. Czech Republic. Model | predicts the association
between the number of exit holes and the environmental variables and some of their interactions (Linear mixed-effect model). Model
2 predicts the association between the density of exit holes per m? of bark surface and the environmental variables. Model 3 predicts
the association between the density of exit holes per m* of wood and the environmental variables (Linear mixed-effect model). The
final models include all the variables and interactions cited below (Model 1 null deviance = 0.602, residual deviance = 1.007; Model
2 null deviance = 0.524, residual deviance = 0.691; Model 3 null deviance = 0.854, residual deviance = 1.132).

Regression coefficient b SE df. F P
Model 1
Intercept —0.902 0.500 1, 638 156.022 <0.0001
Height —0.027 0.044 1, 638 276.715 <0.0001
Diameter 0.380 0.004 1, 638 14.929 < 0.0001
Openness 0.552 0.075 1, 638 114.699 0.0001
Orientation - - 3,638 7.647 < 0.0001
North 0.064 0.085 - — -
South 0.248 0.085 - — -
West 0.353 0.085 - — -
Height : Diameter 0.001 0.001 1. 638 10.092 0.0016
Height : Openness —0.024 0.010 1, 638 6.485 0.0111
Model 2
Intercept 0.151 0.180 1, 641 128.939 < 0.0001
Height —0.072 0.008 1, 641 128.300 < 0.0001
Openness 0.347 0.032 1, 641 122.944 < 0.0001
Orientation - - 3. 641 6.284 < 0.0001
North 0.057 0.076 - - -
South 0.205 0.076 - - -
West 0.293 0.076 - - -
Model 3
Intercept 0.021 0.293 1, 641 138.477 < 0.0001
Height —0.082 0.013 1, 641 74.835 < 0.0001
Openness 0.594 0.053 1, 641 133.606 < 0.0001
Orientation — — 3, 641 4411 0.004
North 0.079 0.124 - — -
South 0.250 0.123 - — -
West 0.410 0.123 — — —
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Trunk diameter is generally recognised as a key deter-
minant of saproxylic beetle diversity (Ranius & Jansson,
2000; Ranius, 2002; Buse et al., 2008b: Foit, 2010) and
an important factor affecting the presence of C. cerdo at
both sites studied (Hauck & Cizek, 2006; Sreiber, 2010).
Large trees are old and less vigorous, and offer a wide
variety of longer lasting and a greater volume of dead
wood microhabitats (Warren & Key, 1991: Irmler et al.,
1996; Siitonen et al., 2000; Lindhe & Lindeléw, 2004;
Radu, 2006) and thus better conditions for the develop-
ment of C. cerdo larvae.

Effect of solar radiation

Both openness and orientation affect the amount of
solar radiation reaching the trunk. The higher number of
exit holes on those parts of trunks facing south and west
could thus be explained by their higher heat intake. This
accords with the fact that C. cerdo is a thermophilous spe-
cies in Central Europe (Buse et al., 2007). Preference of
xylophagous and saproxylic insects for sun-exposed
wood is common and is discussed elsewhere (Ranius &
Jansson, 2000; Kappes & Topp, 2004; Moretti et al.,
2004; Lindhe et al., 2005; Vodka et al., 2009; Horak et
al., 2011).

The change in effect of openness (i.e. solar radiation)
with height does not mean that this beetle exhibited a
lower light requirement higher up the trunks of the trees.
It is an artifact of this beetle’s preference for those parts
of the trunk and branches with the greatest diameters.
Since the branches and stems near the tops of trees are
mostly thin, the numbers of exit holes high in a tree are
generally low (see above). In addition, oak branches and
stems are rarely fully shaded near trec tops (mostly they
were half or not shaded in this study) and, therefore, the
openness gradient is shorter.

There is an interesting pattern in the distribution of exit
holes in those parts of the trunk facing the four cardinal
directions. Numbers of exit holes on the west and south
facing sides were similar, although the south facing side
receives more heat than the west side (Allen et al.. 2006,
Zeleny & Chytry, 2007). Also, the numbers of exit holes
were similar on the north and the east facing sides,
although the latter receive more heat (cf. Zeleny &
Chytry, 2007). This may be explained by the fact that the
peak activity of C. cerdo adults occurs late in the evening
in June (Bily & Mehl, 1989). At this time, the west ori-
ented part of trunks are the warmest as they accumulate
heat during most of the afternoon, when even north facing
parts are exposed to solar radiation (Allen et al., 2006).
Thus C. cerdo females might oviposit on those parts of
the trunk that are warmest when they are active rather
than those parts that receive the highest heat intake during
the whole day, which would most benefit the larvae
(Slama, 1998). On the other hand, larvae often migrate
under the bark and/or in the inner parts of the trunk for
distances of up to several decimetres. Thus an exit hole
indicates where pupation rather than ovipositon occurred.
The observed pattern is probably a result of the prefer-
ences of both ovipositing females and larvae.
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Activity of C. cerdo larvae often results in the gradual
death of the whole or parts of inhabited trees. It is true
that larval activity in causing the death of nearby
branches is likely to increase the amount of solar radia-
tion reaching the trunk. The observed relation between
the number of exit holes and openness thus could be due
to larval activity. The effect of the orientation towards
cardinal directions and habitat openness at a larger scale
(Buse et al., 2007), however, show that the amount of
solar radiation affects the distribution of C. cerdo exit
holes.

Vertical stratification

The number and density of C. cerdo exit holes
decreased with height. At both study sites, about half of
the population developed in those parts of trunks between
0-4 m above the ground and approximately a third in
those parts less than 2 m above the ground. This is an
important result, indicating that the bulk of the C. cerdo
population develops near the ground. This is useful infor-
mation when monitoring and estimating the size of C.
cerdo populations inhabiting open-grown old oaks.

Lower parts of trunks are of larger diameter with a
greater area of bark and a greater volume wood than the
upper parts. This, however, does not fully explain the ver-
tical stratification of exit holes, as exit-hole density
decreased with height even when bark area and wood
volume were accounted for in the analyses. Thus this
beetle prefers the lower parts of trunks for reasons other
than the resources available to the larvae. Despite the
preference for the lower parts of trunks, C. cerdo
diameter requirements seemed to decrease with height, as
indicated by the effect of the interaction. Previous inven-
tories of trees inhabited by this beetle demonstrate that at
both the sites studied C. cerdo nearly never inhabits trees
with DBH <80 ¢m (Hauck & Cizek, 2006; Sreiber, 2010).
We recorded exit holes also on much thinner parts of the
trunk high above ground. This agrees with the fact that its
larvae feed in the wood of weakened trees (see above)
and thus often develop in oaks of much smaller diameters
at sites where tree growth is slower.

C. cerdo preference for lower, insolated parts of tree
trunks may explain the decrease in the abundance of this
species during the last century (Slama, 1998: Buse et al.,
2007, 2008b). Transition of forest pastures, coppices and
coppices with standards into high, closed-canopy forests
(Warren & Key, 1991; Rackham, 1998; Vera, 2000)
affected this beetle in two ways. Firstly, it decreased
habitat quality by shading the bases of suitable trees. Sec-
ondly it led to gradual disappearance of the habitat, i.e.
open-grown oaks that are most likely to reach the trunk
diameters required by this species.

C. cerdo prefer the trunks of large, open-grown oaks,
especially the sun-exposed parts of the west and south
facing sides of the lower parts of the trunks. Our results
also suggest that the bulk of the C. cerdo populations
develop near the ground. Searching for exit holes is thus
an effective method of detecting sites inhabited by this
species and active management preventing canopy clo-
sure 1s thus crucial for the survival of C. cerdo.
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Abstrakt

Trees with hollows are key features sustaining biodiversity in wooded landscapes. They host
rich assemblages of often highly specialised organisms. Hollow trees, however, have become
rare and localised in Europe. Many of the associated biota is thus declining or endangered.
The challenge of its conservation, therefore, is to safeguard the presence of hollow trees in
sufficient numbers. Populations of numerous species associated with tree hollows and dead
wood are often found in habitats that were formed by formerly common traditional
silvicultural practices such as coppicing, pollarding or pasture. Although it has been
occasionally mentioned that such practices increase the formation of hollows and the
availability of often sun-exposed dead wood, their effect has never been quantified.

Our study examined the hollow incidence in pollard and non-pollard (unmanaged)
willows and the effect of pollarding on incremental growth rate by tree ring analysis. The
probability of hollow occurrence was substantially higher in pollard than in non-pollard trees.
Young pollards, especially, form hollows much more often than non-pollards; for instance, in
trees of 50 cm DBH, the probability of hollow ocurrence was ~0.75 in pollards, but only ~0.3
in non-pollards. No difference in growth rate was found.

Pollarding thus leads to the rapid formation of tree hollows, a habitat usually
associated with old trees. It is therefore potentially a very important tool in the restoration of
saproxylic habitats and conservation of hollow-dependent fauna. If applied along e.g. roads
and watercourses, pollarding could also be used to increase landscape connectivity for
saproxylic organisms. In reserves where pollarding was formerly practiced, its restoration
would be necessary to prevent loss of saproxylic biodiversity. Our results point to the
importance of active management measures for maintaining availability, and spatial and
temporal continuity of deadwood microhabitats.
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Introduction These key deadwood habitats, such as old trees and hollow
trees, are now rare and localised in Europe and most organisms
associated with them are thus threatened or declining. Their
conservation requires that the continuity of these deadwood
habitats is maintained [3,12-14|. Knowledge about the formation
of hollows is, therefore, needed. Several works have studied or
simulated the occurrence of hollow-bearing trees at the stand or
landscape level [15-18]. Because the natural formation of hollows

In Europe, the intensification of forestry and agriculture and the
abandonment of traditional silvicultural practices have resulted in
an increase in the size of landscape mosaic grain, increased canopy
closure, and a decline in the number of old and open-grown trees
in both forested and agricultural landscapes [1-4]. Old trees with
hollows (i.e. cavities) are a key feature in sustaining biodiversity in
wooded landscapes because they host rich, specialised assemblages
5-7]. Their walls
and wood mould (loose decayed wood that accumulates in

takes a long time, active measures are often required to bridge the
of numerous vertebrate and invertebrate species

gap between current hollow trees and those young trees that will
substitute for them in the future. Jansson ef al. (2009) [19] suggest
hollows) provide a continuous supply of dead wood to wide using special boxes that mimic tree hollows to help preserve

spectrum of saproxylic (dead wood dependent) invertebrates and endangered populations of hollow-dependent beetles. Bird nest

fungi that constitute a large part of woodland biodiversity [8,9]. boxes are commonly used to help hollow-nesting birds overcome

Some, such as the hermit beede Osmoderma eremita, are found only the same problem. Such artificial hollows, however, are only able

in tree hollows, while others exploit other deadwood microhabitats to support a small proportion of tree hollow organisms and their

effect is relatively short-term. A simple method designed to speed
up the formation of hollows is therefore needed.

such as old and dead trees, including the stag beetle Lucanus cervus,
and the Rosalia longicorn Rosalia alpina [10,11].
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Pollarding, i.e. the periodical removal of the upper branches of
a tree by pruning, is an age-old practice [20]. It allows for the
harvesting of firewood or fodder from trees without killing them.
The branches are usually removed at a height that prevents
herbivorous mammals from damaging resprouting shoots, thus
allowing pasture and wood production to continue in conjunction.
Stands of pollarded trees usually host rich assemblages of
saproxylic species, many of which prefer sunny conditions,
including endangered hollow specialists (e.g. Osmoderma  evemila)
[21], and other saproxylics (e.g. Rosalia alping) [22,23]. Some
authors have mentioned the potential of pollarding for conserva-
tion, as pollard trees offer exposed wood and form tree hollows at a
smaller diameter than non-pruned trees of the same species [24—
27], and pollarding has already found its way into conservation
practice [6,22,24,27]. However, the effects of pollarding on the
formation of hollows have not been studied yet.

If pollarding substantially increases the probability of hollow
formation, it could serve as a key management tool for conserving
the often highly endangered biota associated with them. In the
present study, the hypothesis that pollarding affects the formation
of tree hollows was tested by comparing hollow occurrence in
pollards and in unmanaged (unpollarded) trees. To investigate the
effects of pollarding on growth rate, patterns in annual ring
increments were compared between pollards and unmanaged
trees. To quantify the potential effects of pollarding on tree hollow
availability, the probability of hollow occurrence in relation to tree
diameter was predicted for pollards and unmanaged trees.

Materials and Methods

Study sites and data collection

Data were collected in stands of pollard and unmanaged (i.c.
unpollarded) white willows (Salix alba) in the catchment arca of the
Thaya (Dyje) river in South Moravia, Czech Republic. Two stands
of pollard trees, Vojkovice (49°3'N, 16°36'E) and Krive jezero
(48°51'N, 16°43'E), and two stands of unmanaged willow trees,
Kanci obora (48°46'N, 16°52'E) and Pastvisko (48°48'N,
16°47"E), were sampled. Vojkovice and Kanci obora are located
on publicly accessible land, two other sites are located within
protected areas. Site selection was constrained by the fact that
pollarding of willows had been regionally common in the past, but
was mostly discontinued after the Second World War. Old willows
thus bear the signs of previous pollarding, whereas younger trees
were (almost) never pollarded throughout the arca. The areas
where young trees were pollarded, or where older trees were not
pollarded were therefore carefully selected. Trees with trunks
higher than 0.5 m, whose upper branches had been pruned at
least once were recognized as pollards. They were identified by all
the main branches sprouting from single part of the trunk, mostly
its swollen top. Trees bearing no signs of management were
considered unmanaged (Figure 1). For each tree the diameter at
breast height (DBH; 1.3 m above ground) and the presence/
absence of hollows were recorded. Any cavity with an entrance
hole larger than 5x5 cm and with the inner space larger than the
entrance hole was recognized as a hollow. Where hollows were not
accessible by ladder (>4 m above ground level), binoculars were
used to search for hollows in trunks and branches (following Koch
2008 [28]).

To assess the efiects of pollarding on tree growth, pollards and
unmanaged trees were cored and their growth rates compared.
Clores were taken from 10 unmanaged and 10 pollard trees using a
steel increment borer (]\rInraTMJ Sweden) at the Pastvisko site,
where one part of the formerly unmanaged willow stand was
pollarded in 2003 (once only). All cores were dried, glued onto a
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A

Figure 1. Forms of pollard and unmanaged trees. A pollard (A)
and an unmanaged tree (B), shown with their most common type of
tree hollows (grey colored): hollows formed in the upper parts of the
trunk as a result of bared heartwood after pruning are common in
pollards, whereas hollows formed after a branch fall are the most
common hollow type in unmanaged trees.
doi:10.1371/journal.pone.0060456.g001

wooden lath, cut off by razor blade and spected for injuries,
reaction wood and other aberrant features. One core was badly
broken and another one contained rotten sections that did not
allow successtul ring width measurements. These two cores were
removed from further analysis. For the remaining cores (n=28 for
pollard and n=10 for unmanaged willows), rings were counted
from pith to bark and their widths measured to the nearest
0.01 mm using the TimeTable measuring device and PAST4
software [29]. Ring sequences were cross-dated visually using the
pattern of wide and narrow rings, and verified using the PAST4
program.

All necessary permits were obtained for the described field
studies; the research was conducted under the permit No. 00356/
KK/2008/A0PK issued by the Nature Conservation Agency of
the Czech Republic. The data are deposited in Dryad, a publicly
accessible digital repository [30].

Data analysis

Relationships between DBH, the probability of hollow presence,
and the effect of management (pollard/unmanaged) were tested.
The data were analyzed using generalized linear regression models
with binomial distribution (gt link) where presence/absence of
hollow in the tree was a dependent variable, DBH (In-transformed)
was an explanatory variable (mDBH), and management type
(pollard/unmanaged) was a factor variable (management). An
interaction between DBH and management type (lmDBH:manage-
ment) was added to the model to assess the differences in slope
shape between pollards and unmanaged trees. The second
regression model where the interaction parameter was excluded
was also tested, and then compared with the full model.

The effects of pollarding on tree growth rate were investigated
by detection of radial growth in pollarded and unmanaged trees.
Changes in incremental ring width were compared using a
regression model with a repeated measures design. Each core
sample (8 pollard, 10 unmanaged) was considered as a single
subject, its ring widths being longitudinal measurements. In the
model, ring width (rngwidih) was a dependent variable, subsequent
years were equally spaced time points (fzme, continuous explana-
tory variable), and management type (pollard/unmanaged) was a
factor variable (management). Firstly, the pattern in ring width
increments for the period from 1990 to 2011 was tested, because
from 1990 growth information for all the core samples was
available. Secondly, the pattern for the period from 2003 to 2011
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was tested, 2003 being the year in which trees were pollarded. In
both cases, the interaction between #ime and management type
(time:management) was included in the model. The quadratic effect of
time was added to the model, and subsequently removed if not
significant. The analyses were performed using R 2.14.2 software

[31].

Results

Data on 1126 willow trees were collected. Hollows were present
in 677 (83%) out of 820 pollard trees, and in 103 (34%) out of 306
unmanaged trees. The number of trees examined and their mean
DBH at cach site are detailed in Table 1. The proportions of trees
with hollows in each DBH class and for each type of management
are shown in Figure 2. Six out of eight core samples obtained from
pollards (nine years after single pruning), and one out of ten core
samples obtained from unmanaged trees of the same age
contained signs of wood decomposition (75% and 10%, respec-
tively).

The hollow incidence increased with increasing DBH, and was
affected by management as the regression models show (Table 2).
Compared to unmanaged trees, the probability of hollow
occurrence was higher in pollard trees, and especially in young
trees, the increase in probability was steeper when backtransform-
ing DBH to the original scale. The full model explained 23.1% of
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Figure 2. Proportions of hollowed trees in DBH classes. The
proportion of hollowed willows in diameter classes (DBH class) for (A)
pollards, and (B) unmanaged trees in the Dyje river catchment, Czech
Republic. Numbers in bars indicate number of trees measured.
doi:10.1371/journal.pone.0060456.9g002
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variance in the data, all three variables had a significant effect
(mDBH: ¥*=172.71, d.f =1, P<0.001; management. 3= 145.34,
d.f. =1, P<<0.001; inDBH:management: 12: 421, df.=1, P=0.04).
The simplified model without the interaction between DBH and
management accounted for 22.9% of the total variance.

Growth rate did not differ between pollarded and unmanaged
trees, as the results of the regression model for radial growth
showed no significant difference in the incremental growth
pattern. All effects proved to be non-significant in both the
1990-2011 model (fime: ¥y 302 =0.01, P=0.26; management:
Fi300=1.27, P=0.98; time:management: F,300=3.31, P=0.07),
and in the 2003-2011 model (fime: ¥y 155 =1.57.P=0.21; manage-
Fii5s=219, P=0.14;  fimemanagement:  Fy155=10.91,
P=0.34). Quadratic effects of time were not significant. The
mean radial growth of pollarded and unmanaged willows in the
period 19902011 is displayed in Figure 3.

The probability of hollow occurrence in relation to DBH was
predicted (Figure 4) using the simplified two-parameter model,
because the significance value of the interaction parameter was
low in the full model. The prediction showed that hollow
occurrence was greater in pollard trees than in unmanaged ones.

meni:

Discussion

Study outcome and limitations

Our results show that pollarding increases the probability of
hollow formation, especially in young trees (i.c., trees with small
DBH). In pollard trees, hollows form more frequently and sooner
than in unmanaged trees. For instance, in a stand of 100 willows
with DBH of 50 cm, there would be ~75 hollow trees if the trees
were pollarded, and only ~30 hollow trees i’ the trees were
unpollarded (see Figure 4). Since pollarding speeds up hollow
formation, it substantially increases the hollow density required for
survival of hollow specialists [32].

Pollarding also has other positive effects. Firstly, the hollows in
pollards occur in stems rather than in branches, while the latter
prevail in unmanaged trees [33]. Stem hollows are larger, contain
a greater volume of wood mould, and are thus able to host greater
numbers of hollow specialists. Secondly, the bare, mostly sunlit
heartwood after pruning is open to colonization by xylophages,
including numerous threatened and protected species [23].
Pollards thus provide various deadwood microhabitats from a
relatively young age. For example, at one of the sites (Vojkovice),
larvac of Osmoderma eremita were found in a pollard <20 years old
[10].

Owing to their lower height, pollard trees are less susceptible to
branches breaking and falling due to weight imbalance, as long as
pruning is carried out periodically. Pollards thus tend to live longer
than unmanaged trees, and a single pollard may provide
continuum of various deadwood microhabitats for hundreds of
years [25]. On the other hand, if pollarding was discontinued, the
increasing weight of overgrown branches often results in serious
damage - trunk disintegration and the destruction of the wee. This
is the reason why abandoned pollard stands suffer from rapid loss
of hollow trees and subsequent loss of associated biodiversity [10].

It’s not surprising that hollows are mostly present in trees with
larger diameters [18,34,35]. As the tree ages, the heartwood
becomes more susceptible to fungal infections and rot due to
branch fall or bark loss [36]. Ranius ¢ al. (2009) [18] provided data
on hollow formation in oaks with regard to DBH. Of oaks with a
diameter of 80—100 em, 20-50% contained hollows. In our study,
hollow incidence in both unmanaged and pollard willows of the
same diameter is much higher than in oaks, probably due to the
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Table 1. Collected data on willows.

Pollarding Promotes Hollow Formation

Number of trees

Percentage of trees

Mean DBH*

Site Management examined with hollow
All trees Trees with hollow Trees with no hollow
Krive jezero pollard 328 71 99 110 74
Vojkovice pollard 492 90 64 66 43
Kanci obora unmanaged 184 40 57 65 52
Pastvisko unmanaged 122 24 46 49 45
Total 1126

*Mean DBH = mean diameter in 1.3 m above ground.

doi:10.1371/journal.pone.0060456.t001

fact that faster growth and softer wood make willows more prone
to damage and infections [4,37].

During the last century, pollarding was abandoned in most of
the study area and also in most of Europe [11,24,25,27,38].
Because of this, it is difficult to separate the effects of pollarding
and tree age. Generally, old trees have been pollarded in the past,
whereas young trees never have. In the study area, pollarding has
continued locally, but is concentrated on predominantly older
trees. As a result of this, our sampling was limited by the absence
of stands containing both unmanaged and pollard willows of a
similar age. This might possibly be a source of some unintended
bias and further studies would therefore be needed to ensure
sufficient separation of the age effect.

We found no effect of pollarding on radial tree growth. This is
in contrast with the documented decrease in growth rate after
pollarding in oaks [39]. Willows, however, may respond to
pollarding in a different way than oaks. Also, the sampled trees
grew in dense stands, and were probably aflected by competition.
In ecasily resprouting, light-demanding willows, reduced competi-
tion after pruning (pollarding) may have balanced the negative
impact of branch removal. Larger sample size would be needed in
order to test such a hypothesis. The poor quality or absence of

Table 2. Results of hollow presence analysis.

Coefficient Estimate SE P

A. Full model

pollard —4.65 0.90 <0.001
InDBH 1.48 0.22 <0.001
unmanaged —6.29 2.23 0.005
InDBH:unmanaged 1.10 0.55 0.047
B. Interaction excluded

pollard —5.44 0.83 <0.001
InDBH 167 0.20 <0.001
unmanaged —1.87 0.16 <0.001

Pollarding and DBH affect hollow occurrence in willows. Qutput of generalized
linear regression models with binomial distribution (coefficient estimates are on
logit scale), InDBH = In-transformed DBH, factor variable management is
represented by its levels, ‘pollard’ and ‘'unmanaged'. Coefficients are displayed
for (A) full model with interaction between variables (InDBH: ;(2:172.71, df.=1,
P<0.001; management: :(2: 145.34, d.f. =1, P<0.001; InDBH:management:
;(2:4.21, df.=1, P=0.04) and for (B) restricted model without interaction. For
both models n=1126.

doi:10.1371/journal.pone.0060456.t002
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central heartwood in regularly pollarded older trees also prevented
us from assessing the potential effects of regular pollarding on tree
growth. This question has yet to be addressed.

Traditional management as a part of landscape history
Ancient landscape in Europe was strongly influenced by human
activities over long periods of time [4]. In the past, traditional
pruning techniques like pollarding, shredding or coppicing were
used for firewood and fodder production [40-42], and forests were
also used for livestock grazing [43,44]. As a result, old, open-grown
and hollow trees were common features of the landscape.
Today, the biota associated with old and/or hollow trees finds
refuge mainly in orchards, alleys, parks, pasture woodlands and
and
agricultural landscape, or strict forest reserves [26,453]. The
importance of such man-made habitats is especially emphasized
for the noble chaler beetle Grormus nobilis [46,47] and for
Osmoderma eremita [48]. The latter is among the best known
European beetles and serves as an indicator and umbrella species
[49]. Both beetles
thermophilic and rarely occur in natural or semi-natural forests

game reserves rather than in intensively managed forest

for hollow-dependent invertebrates are
that are too shaded [47,48]. Hollow-dependent invertebrates often
have low dispersal abilities, and thus require a high density of
microhabitats in space and tme [12,13]. Traditional pollard

stands, pasture woodlands, and orchards with large aggregations of
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Figure 3. Radial growth of willows. Mean radial growth of pollards
(solid line; n=8) and unmanaged willows (dashed line; n=10) at the
Pastvisko site, Czech Republic. Although pollard willows show increased
growth rates after the pollarding event of 2003 (vertical dashed line),
the pattern was not significant in our study.

doi:10.1371/journal. pone.0060456.9g003
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sun-exposed hollow trees provide suitable conditions.

Other studies provide evidence for the importance of traditional
management practices as they stimulate the formation of open
forest features [50]. The cessation of pollarding was found to have
negative effects on assemblages of lichens and epiphytic vegetation
[25,38,51]. Robles et al. (2011) [52] found that the biodiversity of
seccondary cavity nesting birds was greater in oak forests
traditionally managed by extensive grazing and cutting for
firewood than in dense forests. Following the same principle as
pollarding, coppicing most likely increases the incidence of hollows
near the ground, and its cessation thus threatens the violet click

beetle Limoniscus violaceus, a rare and highly endangered species,
which develops in the wood mould of basal cavities. The beetle
can mostly be found in formerly coppiced forests [53,54] or
ancient forest pastures [35].

In Europe, traditional silvicultural practices have contributed to
the creation of today’s rare deadwood microhabitats, and
therefore they helped to preserve saproxylic species over the
years. The discontinuation of such practices not only threatens
numerous saproxylic organisms in commercial woodland, but it
also leads to a peculiar situation in many protected arcas: old trees,
that currently host populations of hollow-dependent and other
specialised saproxylics, were often subject to pollarding or
coppicing, that increased dead wood availability. Young trees,
on the other hand, were not treated in this way. This is likely to
result in the reduction of suitable deadwood microhabitats in the
near future.

Conservation practitioners, therefore, need to acknowledge that
extant populations of endangered saproxylic species, many of them
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preferring sunny conditions, very likely depend on microhabitats
created by former management practices, since abandoned [5].
Although the insects are still present at numerous sites, they
survive only temporarily, as a part of extinction debt created by
past management changes [56,57]. The importance of active
management practices is, however, rarely appreciated. Nature
conservationists often praise natural, semi-natural and ‘old-
growth’ habitats, and tend to ignore site history and the habitat
requirements of endangered organisms. In particular, the “strict
forest reserve’ concept [58,59] based on non-intervention man-
agement in woodland habitats is especially damaging when
applied to traditionally managed sites [3,43,60-62]. In Europe,
natural disturbance factors such as large herbivores [63] and fires
[64] are mostly lacking. Natural succession thus leads to greater
canopy closure and causes a transformation from low competition
and sunny conditions to higher competition with shady and cold
conditions. Old and veteran trees are not able to adapt to the new
conditions and subsequently die [4,5], which leads to the loss of
important deadwood microhabitats and therefore to a decline in
saproxylic biodiversity associated with these trees.

Future perspectives

The promotion of evidence-based conservation management
targeted at saproxylic species is one of the major topics of the
currently emerging European Saproxylic Beetle Conservation
Strategy [3]. Conservation and retention of hollowed trees as one
of the specific habitats are therefore of crucial importance.
Creating artificial habitats might be necessary, especially when it
takes a long time for the natural production of such habitats [19],
or if factors contributing to their formation in the past, e.g. grazing
by large herbivores or fires [63,64], are missing. Active manage-
ment, therefore, should be adopted to prevent the gradual
decimation of saproxylic biodiversity. As shown in the present
study, pollarding might play an important role in the restoration of
saproxylic habitats. If trees along watercourses, roads and other
lincar structures in the landscape were to be pollarded, they could
well become important habitats and corridors connecting refugia
of saproxylic fauna.
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Abstrakt

Efficient conservation management must be applied in protected areas in order to slow the
loss of biodiversity in Europe. Regarding forests, a conservation approach based on minimal
intervention prevails in most protected woodlands, thus facilitating the expansion of closed-
canopy forests at the expense of open forests. To identify effective conservation strategies for
protected forests, the minimal intervention or “hands-off” approach must be compared with
active measures to support biodiversity.

We carried out a study in the oak-dominated forests of Podyji National Park (Czech
Republic), an historically managed area left for natural succession since 1950. Twelve
experimental clearings were created in closed-canopy forests within the core zone of the park;
six of these clearings were connected to forest edges and open meadows, the remaining six
clearings were isolated from open habitats within closed forest. To assess the importance of
minimal intervention and active management measures in protected forests, we compared the
richness and composition of insects, reptiles, birds and vascular plants in the clearings and in
four reference habitats, including closed forest, forest edge, open forest, and meadow, in the
first season following the intervention.

In comparison to closed-canopy forest, the clearings had higher species richness of
butterflies, saproxylic and floricolous beetles, reptiles, and vascular plants but lower richness
of moths and epigeic beetles, and similar richness of birds. For most groups, the species
composition of clearings differed from that of closed forest or even the forest edge, indicating
that the latter habitats cannot serve as a sufficient replacements for the conservation of open
woodland species. The species richness of isolated clearings was generally lower than that of
clearings connected to open habitats, and their communities contained a larger proportion of
species associated with closed forest. Most threatened species were associated with clearings
or open forest, closed forest and meadow hosted only a few.

The creation of the clearings in closed-canopy forests had a positive effect on overall
species richness and supported threatened species in most model groups. It is thus a valuable
management tool in the conservation of temperate woodland biodiversity. Our results also
point to the importance of connectivity of open habitats in wooded landscapes. Further
surveys of the clearings are needed to ascertain the effect of such interventions to see how
communities change throughout succession, or alternatively to what extent hindering
succession by repeated cutting may alter communities.
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Active conservation

Efficient conservation management must be applied in protected areas in order to slow the loss of biodi-
versity in Europe. Regarding forests, a conservation approach based on minimal intervention prevails in
most protected woodlands, thus facilitating the expansion of closed-canopy forests at the expense of
open forests. To identify effective conservation strategies for protected forests, the minimal intervention
or “hands-off” approach must be compared with active measures to support biodiversity.

We carried out a study in the oak-dominated forests of Podyji National Park (Czech Republic), an his-
torically managed area left for natural succession since 1950. Twelve experimental clearings were created
in closed-canopy forests within the core zone of the park; six of these clearings were connected to forest
edges and open meadows, the remaining six clearings were isolated from open habitats within closed for-
est. To assess the importance of minimal intervention and active management measures in protected for-
ests, we compared the richness and composition of insects, reptiles, birds and vascular plants in the
clearings and in four reference habitats, including closed forest, forest edge, open forest, and meadow,
in the first season following the intervention.

In comparison to closed-canopy forest, the clearings had higher species richness of butterflies, saprox-
ylic and floricolous beetles, reptiles, and vascular plants but lower richness of moths and epigeic beetles,
and similar richness of birds. For most groups, the species composition of clearings differed from that of
closed forest or even the forest edge, indicating that the latter habitats cannot serve as a sufficient
replacements for the conservation of open woodland species. The species richness of isolated clearings
was generally lower than that of clearings connected to open habitats, and their communities contained
a larger proportion of species associated with closed forest. Most threatened species were associated with
clearings or open forest, closed forest and meadow hosted only a few.

The creation of the clearings in closed-canopy forests had a positive effect on overall species richness
and supported threatened species in most model groups. It is thus a valuable management tool in the
conservation of temperate woodland biodiversity. Our results also point to the importance of
connectivity of open habitats in wooded landscapes. Further surveys of the clearings are needed to
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ascertain the effect of such interventions to see how communities change throughout succession, or
alternatively to what extent hindering succession by repeated cutting may alter communities.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Biodiversity conservation has long been a goal of European con-
servation policy (CBD, 2010; CEC, 1998). However, despite the fact
that more than 25% of European land is afforded some level of pro-
tection for conservation, biodiversity continues to decline (EEA,
2009). One factor contributing to this decline may be unsuitable
management practices in protected areas, or more specifically,
the insufficient application of evidence-based conservation recom-
mendations (Sutherland et al., 2004). A major concern involves the
selection of efficient strategies for the conservation of biodiversity
in forest ecosystems.

Today, most forests in Europe are closed, shady habitats. This
contrasts with their past state, which was much more open and
dynamic. The open structure was maintained by disturbances such
as grazing and fires (Adamek et al., 2015; Bengtsson et al., 2000;
Niklasson et al., 2010; Rackham, 1998; Szabo, 2010; Vera, 2000).
These disturbances were later substituted by human silvicultural
practices such as wood pasturing, controlled burning and coppic-
ing. Wood pasturing and burning prevented full canopy closure
and led to the formation of open, park-like habitats with numerous
open-grown trees. In coppices, trees were usually cut down every
7-20 years (Szabo, 2010), which maintained a cyclical pattern of
extreme changes in ground-level light penetration (Buckley,
1992; Joys et al., 2004). Traditionally managed woodlands were
thus open, sunny, heterogeneous mosaics of forest in various
stages of succession, which harboured a high richness of animals
and vascular plants (Hédl et al, 2010; Benes et al, 2006;
Bengtsson et al., 2000; Bugalho et al., 2011; Spitzer et al., 2008;
Vodka and Cizek, 2013; Warren and Thomas, 1992).

However, the traditional management practices maintaining
these disturbance regimes have largely been abandoned in most
of Europe, especially over the last 200 years (Bergmeier et al,
2010; Miillerova et al,, 2014, 2015; Tarrega et al., 2009). The for-
merly common, open woodlands have gradually been transformed
into high closed-canopy forests in order to satisfy increased
demand for timber or due to secondary succession. Due to the
absence of regular disturbances, increases in canopy closure have
also occurred in forests in protected areas. For instance, within nat-
ure reserves in the south-east of the Czech Republic, the expansion
of closed-canopy forest has reduced the cover of open woodlands
from 68.5% to 14.1% between 1938 and 2009 (Miklin & Cizek,
2013). Similar reductions have occurred across the European con-
tinent (Hartel and Plieninger, 2014; Rackham, 2003). As a result,
species composition in forests has shifted from light-demanding
and oligotrophic species towards more generalist, mesic and
shade-tolerant species (Hédl et al., 2010; Kopecky et al., 2013;
Van Calster et al,, 2008; Van der Werf, 1991; Vild et al., 2013).
Many species associated with open woodlands, including numer-
ous plants, fungi, and animals that were common in the past have
thus became rare or endangered.

In commercial forests, the maintenance of high canopy closure
is economically justifiable, although even in these forests some
forms of management may result in short-term canopy openings
(e.g. selection cutting, thinning) (Pawson et al.,, 2013; Verschuyl
et al, 2011). On the other hand, protected areas are mostly
dedicated to biodiversity conservation. Management of protected
forests therefore must consider the requirements of the species
that inhabit those forests, including endangered species. Active
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management measures restoring or maintaining the open struc-
ture of forests in European protected areas are surprisingly rare
(but see for instance Plieninger et al. (2015) for the use of wood
pasturing), despite the fact that their need is emphasized by many
studies concerning biodiversity of temperate forests (Gotmark,
2013). Yet while active approaches to forest conservation manage-
ment are continuously recommended by the scientific community,
the “strict forest reserve” concept (Schultze et al., 2014) which pre-
vents intervention is a standard practice applied to over 3 million
hectares (or about 1.7% of forested area) in Europe (COST Action E4,
2000). Although traditionally managed open woodlands require a
special approach to nature conservation (Gotmark, 2013;
Lindbladh et al., 2007), policies often consider coppicing or wood
pasturing as undesirable disturbances to the “naturalness” of for-
ests (Miklin and CiZek, 2014). Numerous studies compared the bio-
diversity of unmanaged (minimal intervention approach) and
commercially managed forests concluding that minimal interven-
tion favours biodiversity (Lassauce et al, 2013; Martikainen
et al., 2000; Paillet et al, 2010). In protected areas, however, the
choice is often between active conservation measures and minimal
intervention approach rather than between the minimal interven-
tion and commercial management. Yet there is little information
comparing the effects of active conservation measures and the
minimal intervention (Franc and Gotmark, 2008; Gotmark, 2013).
Managers of protected forests thus lack basic information needed
for qualified management decisions.

In order to quantify the effects of minimal intervention and
active management approaches on biodiversity of protected for-
ests, we carried out a multi-taxa study in the oak-dominated
forests of Podyji National Park (Czech Republic). Twelve
experimental clearings were created in unmanaged, closed-
canopy forests of the core zone of the park. In the first season after
their creation, eight model groups (butterflies, moths, epigeic, flori-
colous and saproxylic beetles, reptiles, birds and vascular plants)
were sampled in the clearings and in adjoining reference habitats
(including closed-canopy forest, open forest, forest edge, and mea-
dow). To assess the effect of the active intervention we compared
the species richness and the species composition of the model
groups among the newly created clearings and the reference habi-
tats. We also assessed the importance of individual habitats for
sustaining threatened species in the sampling area.

2. Material and methods
2.1. Study area and design

This study was carried out in Podyji National Park (South Mor-
avia, Czech Republic) (48°50'56"N, 15°53'13"E), an area covering
63 km? of the Dyje River canyon (ca 300 m a.s.l.). The canyon is
characterised by nutrient poor, shallow soils. Until the Second
World War, a large part of the area was managed by livestock graz-
ing and coppicing, which kept the landscape open. After the war,
these practices were abandoned, and secondary succession has
led to an increase in canopy closure. Today, the area is covered
with closed-canopy forests (hereafter referred to as “closed for-
est™), or more open remnants of the formerly coppiced and pasture
forests (hereafter referred to as “open forest™) on the upper slopes
of the canyon.
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Closed forests in the lower part of the river valley belong to Her-
cynian oak-hornbeam forests (Melampyro nemorosi-Carpinetum
betuli; Carpinion betuli) (Chytry et al., 2008). The average basal area
of the closed forests is 35.4 m?/ha, the canopy openness is 5.7%
(SD = 1.82) (openness was measured by digital hemispherical pho-
tographs at 1.3 m above the ground analysed in WinSCANOPY
image processing software; Regent Instruments Inc. 2015). These
forests are composed of sessile oak (41%), hornbeam (37%),
small-leaved lime (18%), and other species (4%). Open forests on
the upper slopes belong to open thermophilous oak forests of the
association Sorbo torminalis-Quercetum, Genisto pilosae-Quercetum
petraeae (alliance Quercion petraeae) (Chytry et al, 2008).
These forests are characterised by a lower mean basal area
(25.5m?/ha), and higher mean canopy openness (16.9%,
SD =8.25) than the closed forests. The open forests are composed
predominantly of sessile oak (90%), with small-leaved lime (5%),
hornbeam (4%), and other species (1%) comprising a much smaller
component.

At six sites in the core zone of the park (Fig. 1), a pair of small
clearings (each ~40 x 40 m) were created. A few trees were left
standing in each clearing in order to replicate an open forest envi-
ronment. The clearings were located near the bottom of the river
canyon, close to the alluvial meadow. The clearings were created
to support populations of the critically endangered butterfly, the

clouded apollo Parnassius mnemosyne. One clearing in each pair
was always directly connected to the meadow, while the other
clearing was isolated from the meadow and from the first clearing
by at least 20 m of closed forest (see Fig. 1). After felling, mean
canopy openness in the clearings increased to ~22%. Clearings
were created at four of the sites (Lipina, Hlubocke louky, Stary
Calis, Hardegg) in February 2011, while the remaining two sites
(Novy Galis, Siroke pole) were cleared in February 2012. Before
felling, the average basal area of the clearings was 40.6 m?/ha, with
composition of sessile oak (36%), hornbeam (39%), small-leaved
lime (15%), and others (10%), thus very similar to the closed forests.
See also Table A1 in Supplementary material.

Furthermore, at each of the six sites, four reference plots
(~40 x 40 m) were established within four types of habitats for
comparisons. These reference habitats were: closed-canopy forest,
open forest, forest edge, and alluvial meadow (Fig. 1). Therefore, in
total there were 12 experimental clearings and 24 reference plots
established across six sites.

2.2. Model groups and data collection
Sampling of clearings and reference plots at each site was

carried out in the spring and summer following the creation of
the clearings. Thus, the four sites cleared in February 2011 were

A —clearing connected to a meadow
B - isolated clearing

C — meadow E - closed-canopy forest
D —forest edge F — open forest

| Hlubocke louky |

Fig. 1. Study area and design - position of the study sites in Podyji National Park (a). The sites are represented by black squares. The thin dashed line signifies a border of
adjoining Thayatal National Park (Austria). A schematic arrangement of the study plots (two types of clearings and four types of reference plots) within each site is displayed
in (b). Clearing A was always connected directly to the alluvial meadow C, clearing B was isolated from other open habitats: meadow (C), forest edge (D), open forest (F) and

from clearing A by at least 20 m of closed forest (E).
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sampled between May and September 2011, while the two sites
cleared in February 2012 were sampled between May and Septem-
ber 2012. To cover a wide range of taxa and life strategies, the fol-
lowing groups were sampled: (a) butterflies, (b) moths, (c) epigeic
beetles, (d) saproxylic (deadwood dependent) beetles, (e) flori-
colous beetles, (f) reptiles, (g) birds, and (h) vascular plants.
Day-flying butterflies were recorded by timed records (7 min
per each plot), at five times throughout the season (May, June, July,
August, September) during suitable weather conditions. Moths
were captured using ultra-violet light traps (one trap per plot) on
one night each month during the season (May, June, July, August,
September). Since the meadow is often a narrow strip between
the river and the forest, samples of moths from meadows were
omitted to avoid false inclusion of species from neighboring habi-
tats. Epigeic beetles were captured using pitfall traps containing
ethylene glycol as a killing agent and preservative. In each plot, five
traps were randomly placed and operated from the end of April to
the end of July. The traps were emptied every two weeks. Saprox-
ylic beetles were sampled using two window flight interception
traps (FITs) in each plot. These traps were placed at 1.5 m above
ground level (meadow plots were omitted) and operated from
the end of April till the end of July. The samples were collected
every two weeks. Floricolous beetles were collected by yellow
pan traps filled with salt water (3 traps per each plot) exposed
for one day three times in the season (May, June, July). Reptiles
were sampled using artificial shelters made from toughened plastic
sheets (1 x 1 m). Four such shelters were placed on the ground in
each plot and the presence of the reptiles hiding beneath them
were recorded each week. Visual observations and bird-song iden-
tifications of bird species in each plot were recorded. Because our
plot area is smaller than the territories of most birds, all utiliza-
tions of the space (including feeding, singing, or nest-building)
were recorded. Only those birds that used the plot as an “activity
territory” were recorded. Observations were collected over a
30 min period three times during the season (April, June, July;
90 min in total); first 5 min of each observation were not counted
to avoid disturbance/attraction effects. Finally, a census of all vas-
cular plants was made in each study plot twice during the year
(start of June, start of August). For more information on the species
selected for analyses, see Appendix A in Supplementary material.

2.3. Statistical analysis

We focused on the total number of species (species richness),
and species composition of sampled habitats.

The differences in species richness among the habitats were
analysed separately for each group by generalized linear mixed-
effect models with quasi-Poisson distributions, where the habitat
represented a fixed effect factor variable, and the site represented
a random effect variable (to filter out the effect of site and year of
sampling). The models were fitted using the Generalized Estimat-
ing Equations algorithm in the geepack package (Hojsgaard et al,,
2006) in R 2.14.2 (R Development Core Team, 2012), the effect of
habitat type being tested by Chi-squared distibution. For all groups
n=36 (12 clearings, 24 reference plots), except for moths and
saproxylic beetles where n=30 (meadows were not sampled).

Post-hoc comparisons among habitat levels were done by setting
different treatment contrasts.

Species composition of the habitats was analyzed by multivari-
ate ordination analyses. For each group of organisms, partial
Canonical Correspondence Analysis (CCA) was performed based
on the abundances of all species in the plots (representing sam-
ples); the response data of all groups had a gradient length greater
than 1.9 SD units in preliminary DCA analysis. For vascular plants,
a presence/absence matrix was used instead of abundance data.
The response data were log-transformed and rare species were
downweighted. To filter out the effect of site, the site affiliation
was used as a covariate. The habitat type represented an explana-
tory factor variable, differences in species composition were tested
by Monte Carlo tests with 999 permutations. The ordination anal-
yses were performed in Canoco 5 (ter Braak and Smilauer, 2012).
We created ordination diagrams based on the analyses of the
whole communities but only the preferences of threatened species
are emphasized, i.e. centroids representing the highest abundance
of particular species, and hence their optimum, were plotted in
ordination diagrams. We considered species with a conservation
status (IUCN categories RE, CR, EN, VU and NT) in the
national red lists as “threatened” (but see also Appendix A in
Supplementary material).

3. Results

We recorded 2003 butterflies from 66 species (15 of them
threatened), 10,462 moths from 403 species (53 threatened),
6055 epigeic beetles from 89 species (13 threatened), 2927 saprox-
ylic beetles from 293 species (58 threatened), 1039 floricolous bee-
tles from 62 species (7 threatened), 1296 reptiles from 7 species (4
threatened), 806 birds from 49 species (9 threatened), and 449 spe-
cies of vascular plants (64 threatened). Mean number of threatened
species found in particular habitats is displayed in Table 1.

In all the studied groups, analyses revealed significant differ-
ences among habitats in species richness (Fig. 2) and in their spe-
cies compositions (Table 2).

For butterflies, the meadow was the richest habitat
(;.([25) =23573439, P<0.001), and closed forest was the poorest.
Clearings connected to meadow habitats supported a similar number
of species as the forest edge and the open forest, while isolated clear-
ings supported fewer species. The ordination analysis revealed that
the species composition of the clearings was most similar to the
one of forest edge (Fig. 3A), most threatened species preferring mea-
dow, forest edge and the clearing connected to meadow. No threat-
ened species was associated with the closed forest.

For moths, the highest richness was found in closed forest, then
open forest (;{34) =86.1, P< 0.001), and then the clearings connected
to a meadow, the forest edge, and lastly the isolated clearings. The
forest edge and the clearings connected to meadows had similar spe-
cies composition, whereas the composition of the isolated clearing
tended to resemble the one of closed forests. The open forest har-
boured distinct species composition from these two groups. The
majority of threatened species were, however, associated with the
open habitats, mainly the open forest (Fig. 3B), although a few spe-
cies were associated also with closed forest.

Table 1

Mean number of threatened species in the habitats - mean number of threatened species found in particular habitats (standard deviation, in parentheses).
Habitat Butterflies Moths Epigeic beetles Saproxylic beetles Floricolous beetles Reptiles Birds Plants
Clearing connected 2.3(1.37) 38(2.23) 0.8(1.17) 58 ) 12.8 (5.6) 2(0.63) 0.3 (0.82) 4.5 (1.97)
Clearing isolated 1.2 (1.17) 22(1.83) 1(089) 43 ) 6(0.89) 1.5 (0.84) 0(0) 5.5 (2.66)
Forest edge 2(0.63) 32 (2.04) 1.8 (1.33) 4.5 ) 8.2 (2.71) 1.8 (0.41) 0(0) 2.2 (1.17)
Closed forest 0(0) 6.3 (4.97) 1.8 (1.17) 4.3 ) 2.7 (1.97) 0.2 (0.41) 0.5 (0.84) 4.8 (2.32)
Open forest 3.5(0.84) 838 (1.47) 0.3 (0.52) 58 ) 8.3 (3.08) 3(0.89) 2.3 (0.82) 13.8 (7.36)
Meadow 3(1.79) - 1.5 (1.64) - 8.7 (2.42) 2.5 (0.55) 0.8 (0.75) 3(0.89)
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For epigeic beetles, the forest edges and meadows had signifi-
cantly higher species richness than the remaining habitats, with
open forest being the poorest (;{(25) =118, P<0.001). The two types
of clearings had a similar species composition (Fig. 3C), lying in
between of open forest and closed forest with forest edge (at the axis
2). The threatened species associated with wooded habitats
generally avoided open forest, but otherwise they mostly did not
discriminate among the remaining habitats.

For saproxylic beetles, the greatest species richness was found
in the clearings connected to meadows ( ;{(24) =36.74, P<0.001), fol-
lowed by the isolated clearings, the open forest and the forest edge,
while the closed forest was the least species-rich habitat. The ordina-
tion analysis showed three clusters representing differences in com-
positions, first, the clearings, second, the closed forest and forest
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edge, third, the open forest. Numerous threatened species were asso-
ciated with the clearings, the open forest, the closed forest and the
forest edge, although many threatened species exploited several,
mostly open-canopy habitats (Fig. 3D).

For floricolous beetles, the richness was greatest in the clearing
connected to meadow, and lowest in the closed forest; the isolated
clearing was less rich than the connected one, and also less rich
than the open forest or the edge {xf5)=140.6. P<0.001). The
meadow had different species composition from the other habitats.
Regarding the woody habitats, the two types of clearings had a
similar species composition which was different from the edge,
closed and open forest. Threatened species were approximately
evenly distributed among the open habitats, avoiding the closed
forest (Fig. 4E).
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Fig. 2. Species richness - estimated mean (£95% CI) number of species in each habitat type. Estimates were generated by a generalized linear mixed-effect model with a
quasi-Poisson distribution, with site as a random factor. The effect of habitat was tested by xz test. Differences between habitat levels are displayed by different letters above

the bars. For all groups n = 36, except for moths and saproxylic beetles where n =30.
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Table 2

Variation explained by partial CCA axes - the effect of the habitats on community
composition was tested by partial CCA for each group of organisms. Numbers in the
table show the percentage of residual variation (after the effect of site being filtered
out) explained by first and second constrained axes (displayed in Figs. 3 and 4).
Pseudo-F statistics and P level were obtained by Monte Carlo tests with 999
permutations.

Group CCA axis  Explained variation (%) Pseudo-F P
Butterflies st 1545 4.6 0.001
2nd 13.08 4.6 0.001
Moths st 1249 29 0.001
2nd 6.71 1.7 0.001
Epigeic beetles 1st 2328 7.6 0.001
2nd 7.57 2.7 0.002
Saproxylic beetles  1st 9.56 2.1 0.001
2nd 7.45 1.8 0.001
Floricolous beetles  1st 8.26 2.2 0.003
2nd 7.01 21 0.008
Reptiles 1st 3229 11.9 0.001
2nd 18.16 9.2 0.001
Birds st 1949 5.8 0.001
2nd 5.78 1.9 ns
Plants 1st 2013 6.3 0.001
2nd 1248 4.6 0.001

For reptiles, the closed forest was the poorest habitat in species
richness, followed by isolated clearings (;.([25) =6575, P<0.001). The
closed forest, the open forest and meadows differed significantly in
species composition. The open forest, the edge, and the clearings
had a similar species composition, different from the meadow and
the closed forest. All the threatened species were associated with
open habitats, mainly clearings and open forest (Fig. 4F).

For birds, the highest species richness was found in the open
forest, and the lowest number of species were recorded in the mea-
dow (;{[25) =5330, P<0.001). There was a difference in composition
between meadow and woody habitats, the woody habitats did not
differ in the composition (see Table 2). The clearings and the closed
forest shared a similar species composition, while the other habitats
differed significantly from them and from each other. The majority of
threatened species were associated with open wooded habitats,
especially the open forest (Fig. 4G).

For vascular plants, the highest species richness was found in
the open forest, followed by the meadow. Among the other habi-
tats, species richness decreased from the clearings to the forest
edge, and was lowest in the closed forest (;{35) =332.6, P<0.001).
Communities in the meadow and the open forest differed from each
other, the closed forest shared a similar composition with clearings.
The great majority of threatened species were associated with open
forest (Fig. 4H).

Among the six groups for which samples from meadow habitats
were included in analyses, there were two partly contrasting
responses. Butterflies and reptiles responded mainly to an
insolation gradient between fully shaded (closed forest) and sun-
lit habitats. The epigeic and floricolous beetles, birds and plants,
on the other hand were most affected by the gradient between
non-wooded (meadow) and wooded habitats, rather than by the
insolation gradient within wooded habitats. Of the two groups
sampled in the wooded habitats only, moths and saproxylic bee-
tles, the insolation gradient was always a secondary factor, as the
first axis differentiated between clearings and other habitats in
saproxylic beetles and between open forest and the remaining
habitats for moths (Table 2, Fig. 3).

4. Discussion

This is one of the first studies (see also Cétmark, 2013; Rancka
etal, 2015) to investigate the effect of active interventions in tem-
perate closed-canopy forest that used a large number of model
groups with different life histories. The design of the study also
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allowed for an assessment of the importance of connectivity of
open wooded habitats. Other studies show that interventions to
closed-canopy forests, like partial cutting, may have positive effect
on some groups of organisms (e.g. butterflies, moths, saproxylic
beetles) (Bolz, 2008; Fartmann et al, 2013; Gotmark, 2013) but
also negative effects on another groups (e.g. fungi, molluscs)
(Nordén et al., 2008; Rancka et al., 2015).

The clearings had higher richness of butterflies, saproxylic bee-
tles, floricolous beetles, reptiles and vascular plants than the closed
forest. By contrast, the richness of moths and epigeic beetles was
lower, while the diversity of birds did not differ. The clearings were
rarely colonized by meadow species. Instead, they were inhabited
mainly by edge andfor open woodland species of butterflies,
moths, and reptiles. Among birds and vascular plants, and also
for some moths, most species found in clearings were also associ-
ated with closed forest habitat. For saproxylic and floricolous bee-
tles, the clearings created new habitat inhabited by highly diverse
communities distinct from the other sampled habitats. The isolated
clearings were generally poorer in species richness than those con-
nected to open habitats, although the composition of the respec-
tive communities was similar.

4.1. Diversity in closed forest

To asses the impact of intervention in the national park’s core
zone, it is necessary to carefully weigh the subsequent negative
and positive effects on biodiversity by comparing the biota of
clearings to the previous state of the habitat, i.e. closed forest. Such
an assessment must consider not only overall species richness in
the two habitats, but also the requirements of threatened species.

With the exception of reptiles, butterflies and floricolous beetles,
all the sampled groups contained at least some threatened species
with an affinity for closed forest. No genuine closed-forest special-
ists were detected among the threatened species of moths. Indeed,
only the elm-feeding Cosmia affinis (Noctuidae) is able to live within
closed forest, but it is not restricted to this habitat. Of the few
threatened epigeic beetle species, three exhibited some affinity to
the closed forest, but all were abundant also in other habitats.
All five species of threatened saproxylic beetles that were at least
partly associated with closed forest were xylomycetophages. They
may thus prefer more humid conditions, which promote the growth
of their host fungi (Hulcr et al., 2008). Of the four threatened plant
species associated with closed forests, only Cyclamen purpurascens
(Primulaceae) and Neottia nidus-avis (Orchidaceae) are typically
found in closed-canopy habitats. The remaining species are
generally considered open woodland species (Stépankova, 2010)
and might be relicts of the past state of the habitat.

Although the species richness of groups such as moths and epi-
geic beetles was highest in the closed forest, in comparison to more
open wooded habitats, closed forest supported impoverished com-
munities of most other studied taxa. Further, it supported very few
threatened species. This indicates that the conservation value of
the closed forests left for succession within our study system is
rather limited at present. Since absence of disturbances leads to
gradual replacement of light demanding oak by shade tolerant
trees (Hédl et al., 2010; Kopecky et al., 2013), and since the diver-
sity of organisms associated with oaks is substantially higher than
that associated with its most common shade-tolerant successors
(e.g. ash, maple, hornbeam) (Southwood, 1961), it is likely that
conservation value of the closed forest will decrease even further
in the future.

4.2. The effects of artificial canopy opening

The groups that responded positively to the intervention were
generally thermophilous, and thus prefer more open, sunny habi-
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Fig. 3. Species composition and threatened species preferences. Ordination diagrams displaying differences in species composition among habitats, and preferences of
threatened species for four groups of insects. The first two axes of the partial Canonical Correspondence Analysis are displayed. Habitats are depicted by full black triangles.
The analyses are based on full sets of species, but only best fitting threatened species are depicted (by small grey triangles and abbreviations; for full names, see Appendix A in

Supplementary material). See also Table 2 for variation explained by ordination axes.

tats (Benes et al., 2006; Decocq et al., 2004; Fartmann et al., 2013;
Hédl et al., 2010; Horak et al., 2014; Kopecky et al., 2013; Ramirez-
Herndndez et al., 2014; Vodka and Cizek, 2013).

Although bird assemblages are generally richer in gaps than in
closed forest, the differences are often small and depend much
on the habitat requirements of the species involved (Fuller,
2000). Our clearings were probably too small to be recognized as
a distinct habitat by birds. Further, many open-woodland birds,
such as the European roller Coracias garrulus or the hoopoe Upopa
epops, are either locally extinct or very rare in the Czech Republic
(Stastny et al., 2009).

The clearings had poorer communities of moth and epigeic
beetles than the closed forest. Unlike butterflies, a number of
moth species are associated with closed forests. Interestingly,
Bolz (2008) found richer moth communities in four year old cop-
pices than in mature forests. The clearings therefore may have
been too young for many moth species in this study. The activity
of most epigeic beetles increases with humidity (Thiele, 1977).
The drier conditions of the clearings and the open forest plots
are thus likely to be at least partially responsible for the
observed pattern of low species richness of these beetles in these
habitats.

Most of our model groups contained threatened species associ-
ated with clearings. They were especially numerous among saprox-
ylic beetles, most likely because the clearings contained insolated
dead wood in the form of post-logging residues and stumps. Five
endangered species that are a focus for conservation efforts in
the national park, the clouded apollo Parnassius mnemosyne, the
great capricorn beetle Cerambyx cerdo, the stag beetle Lucanus
cervus, the European green lizard Lacerta viridis, and the
Aesculapian snake Zamenis longissimus, exhibited clear associations
with the clearings (Figs. 3 and 4). All of these species prefer open
biotopes such as forest steppes (Buse et al, 2007; Luoto et al,
2001; Mikatova and Vlasin, 2012).

In comparison to the closed forest, the creation of clearings cre-
ated habitats preferred or even required by numerous threatened
species. This result is particularly important as the study occurred
in the first season following clearing. It remains to be seen what
the longer-term effects of open forest conversion will have on
the diversity of native species, and threatened species in particular.
Also, study of additional taxa, like molluscs (Rancka et al., 2015),
fungi (Nordén et al., 2008) or cryptogams, would be beneficial to
allow for wider generalization of the effect of canopy-opening in
lowland forests.
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Fig. 4. Species composition and threatened species preferences (continued). Ordination diagrams displaying differences in species composition among habitats, and
preferences of threatened species for four groups of organisms. The first two axes of the partial Canonical Correspondence Analysis are displayed. Habitats are depicted by full
black triangles. The analyses are based on full sets of species, but only best fitting threatened species are depicted (by small grey triangles and abbreviations; for full names,
see Appendix A in Supplementary material). See also Table 2 for variation explained by ordination axes.

4.3. The importance of open forests

The open forest hosted distinct communities (being often on
extremes of first or second ordination axes) in most groups. The
communities often included a large number of threatened species.
Furthermore, for six out of the eight studied groups the open forest
supported greater number of species than the closed forest. The
open forest is thus a key habitat in the study system. It is also a cru-
cial habitat for biodiversity conservation in Europe. It is, however,
also highly threatened. The extent of open forest continues to
decrease locally (Miklin and Cizek, 2014; Szabd, 2010), as well as
across the continent (Kirby and Watkins, 1998). Substantial effort
hence should be put into restoration of open forest habitats in
Europe.

At this stage, it is difficult to asses if and when the clearing will
resemble open forests. The clearings represent new habitats, and
are hardly comparable with old open forest plots that have a well
developed herb layer. However, although the species composition
of the clearings differed from those in open forests, they were also
distinct from those in closed forest, often occupying a transitionary
state similar to the forest edge between open and closed forest
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(Figs. 3 and 4). Longer-term observations are needed to ascertain
whether species composition in clearings will gradually move
towards the open forest or return to the closed forest in the course
of succession.

4.4. Succession and colonization processes

While our results come from the first season after clearing, the
species composition of our model taxa is likely to change in the fol-
lowing years depending on their colonisation abilities and the
changing availability of resources during succession.

Richness of slow colonizers, such as plants, is likely to increase
over time. Plant species richness tends to peak in the second or
third year after coppicing (Mason and MacDonald, 2002). In our
study, the plant composition of the clearings was very similar to
the original composition of the closed forest, but they are likely
to diverge as shade-tolerant forest herbs are replaced with light-
demanding taxa typical of the early stages of secondary succession
(Prach et al., 2014). Vegetation succession is tightly connected with
the subsequent turnover of animal assemblages, especially those
directly associated with plants such as phytophagous insects
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(Warren and Thomas, 1992). The diversity of butterflies and moths
in coppices is known to peak 2-5 years after felling (Bolz, 2008;
Fartmann et al., 2013). Similarly, for some other butterflies or birds
the clearings are not suitable until the shrub-layer develops (Fuller
and Henderson, 1992). Conversely, for many early successional
specialists that demand open conditions with bare ground (for
instance some butterflies, or reptiles), and weak competitors
among plants, the clearings may become less suitable after a few
years due to increased regrowth and shading. Therefore, it is
important to observe the course of succession over a longer period
to allow for a more precise quantification of the effect of canopy
opening on biodiversity.

Since our clearings were created shortly before the sampling
and were not connected to the open forests, they were prone to
be colonized mainly by species from adjacent habitats. Indeed,
the species composition in the clearings was most similar to the
forest edge or closed forest in most groups, indicating that these
might serve as the main source of colonizing species. Only for epi-
geic, floricolous and saproxylic beetles did the clearings have a dis-
tinct composition from the other habitats. This is particularly
interesting for saproxylic beetles because some threatened species
were primarily found in the clearings, perhaps owing to the pres-
ence of rare and ephemeral resources such as post-logging wood
residues. This also shows that the forest edge, representing an eco-
tone habitat, cannot serve as a substitute for open-canopy habitats.

Finally, the design of the study allowed us to observe differ-
ences in the colonization of two types of clearings. Generally, both
types were very similar in terms of species composition. The clear-
ings connected to meadows were however, richer in five of the
eight model groups. This illustrates that connectivity in open forest
habitat is an important factor affecting colonization by light-
demanding species. Therefore, it is important to ensure the con-
nectivity of open habitats within forests in order to facilitate their
colonization by plants and animals (Eggers et al,, 2010).

5. Conclusions

The present study shows that shortly after intervention, valu-
able habitats for woodland biodiversity were created in closed-
canopy temperate forests. Further research should investigate the
importance of such habitats in the longer term. Information on
how these communities change throughout secondary succession,
or the best policies to maintain the suitability of the habitats for
the studied groups (e.g. by repeated cutting after several years)
are needed for robust conservation recommendations.

To help slow biodiversity loss, active conservation management
strategies should be applied to protected temperate forests.
Increasing forest canopy closure in historically open woodlands
is often perceived as beneficial for the long-term observation of
“natural processes”, despite that the minimal intervention
approach commonly applied to reserves and national parks may
have a detrimental effect on richness and diversity of most taxa.
Active human intervention in protected forests should not be seen
as a threat to forest ecosystems, but as an adequate substitution for
traditional silvicultural practices, e.g. coppicing or wood pasturing,
and natural disturbances, e.g. fires or grazing by large herbivores,
that maintained biodiversity in the past (Bugalho et al, 2011;
Hédl et al., 2010; Plieninger et al., 2015; Vera, 2000). The conserva-
tion management of woodlands should be aimed at the creation
and maintenance of a diversified forest vegetation. As demon-
strated by this and other studies, opening up the canopy of closed
forests is beneficial for woodland biodiversity as it supports light-
demanding biota, including numerous threatened species of
insects, animals and vascular plants (Franc and Gotmark, 2008;
Gatmark, 2013). It is also important to ensure connectivity of the

newly created open woodland structures with other open habitats
to facilitate the colonization process.
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Shrnuti

V lesnich ekosystémech patii saproxylicky hmyz a zvlasté brouci vazani na staré a velké
stromy k druhové nejbohatsim, Casto Uzce specializovanym a zaroven nejohrozenéj$im
skupindm organismi. V historii stiedoevropské krajiny byly velké stromy a svétlé lesy
divokych zvitat. Postupné bylo narusovani lesi a vznik starych stroml nahrazeno vlivem
¢lovéka. V poslednich letech vSak doslo k rapidni zméné ve zpisobech zemédélského a
lesnického hospodateni a s nim spojeny tbytek starych stromt, svétlych lest a organismti na
né vazanych. Vyskyt saproxylickych organismii na starych a velkych stromech je, krom
dlouhodobé koevoluce, ovlivnén nékolika faktory, z nichz nejvyznamnéjsi je mira oslunéni,
velikost stromu, pestrost a kontinuita stanovist s mrtvym dievem. V soucasnosti existuje
mnoho studii a manuald, jak pecovat o druhové bohaté lesy, ptesto stale dochazi k ochuzovani
lesni biodiverzity.

Studie piedlozené v této praci pfinaseji nové informace o stanovistni dynamice a
habitatovych preferencich hmyzu vazaného na staré stromy a svétlé nizinné lesy ve stiedni
Evropé. Poznatky z ptedlozenych studii umozni 1épe aplikovat ochranafska opatfeni na
podporu ohrozenych druhti organismd.

V Kapitole 1. a Il. demonstrujeme na piikladu modelového druhu saproxylického
brouka tesatika obrovského klicovou roli starych, velkych a volné rostlych stromil. Tesatik
obrovsky je nékterymi autory nazyvan ekosyst¢émovym inZzenyrem — tedy klicovym druhem,
ktery je svou ¢innosti schopen vytvaret nova stanovisté s mrtvym dievem. Ackoliv existuje
nékolik studii vénujici se habitatovym preferencim tesatika obrovského, zadna z nich ucelené
nepopisuje variabilitu ve vyuzivani starych stromil na rtiznych stanovistich, které brouk miize
vyuzivat. Ob¢ studie znovu potvrzuji, ze pro vyskyt tesatika obrovského na stanovisti ma
zéasadni vliv mira oslunéni, velikost a zdravotni stav stromu. Ukazuje se vSak, ze brouk je
schopen vyuzivat mnohem S§ir$i Skalu stanoviSt’ a na susSich stanovistich je schopen vyuzivat
stromy s daleko mens$im priimérem kmene. Velikost stromu a stanoviStni podminky, kde tyto
stromy rostou, maji zdsadni vliv na velikost a dynamiku populaci nejen tesafika obrovskéeho,
ale 1 dalSich specializovanych druhti saproxylickych brouka. Dtlezitym poznatkem je, Ze
populace tesaiika obrovského ovliviiuje také vertikalni stratifikace, tedy misto na stromé
v riznych vyskach, kde se vyviji jeho larvy. VEtSina populaci se totiz vyviji spise ve spodnich
¢astech kmenli vhodnych stromil. Velké stromy tak hraji klicovou roli pro populace brouka,
protoze se na nich mtize vyvijet vice jedincii. Na vétsi ploSe vSak mohou byt velké stromy po
n¢jakou dobu nahrazeny vétSim poctem vhodnych stroml s mensim primérem kmene a tim
mohou zajistit kontinuitu stanovist na mistech, kde velké stromy chybi.

Komplexni pochopeni mechanismt, jak funguji jednotlivé populace na rozdilnych
stanoviStich 1 v rdmci jednotlivych stromu, tak umozni aplikovat specificka managementova
opatteni. Tato opatieni jsou vhodnd jak pro ochranu tohoto mizejiciho druhu brouka, tak i pro
dalsi specializované organismy vazané na mrtvé dievo.
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Spole¢nym jmenovatelem vSech ptedlozenych studii je vliv aktivniho managementu
na biodiverzitu. V Kapitole I11. blize popisujeme klicovou roli ofezu stromtl na tvorbu dutin,
stanovisté, které vyuziva celé spektrum specializovanych saproxylickych druhG hmyzu.
Tvorba dutin je pfisuzovana spiSe starym stromim. Aktivnim ofezem stromu tzv. na hlavu
vSak prokazatelné vznikaji dutiny rychleji, nez u stromt ponechanych pfirozenym procestm.
Na vétsing takovych mist vSak doSlo k opusténi od tradi¢nich metod hospodatfeni nebo
potlaceni pfirozenych disturbanci. Timto managementovym zasahem tak muzeme snadno a
pomérné rychle vytvofit potiebnd stanovisté¢ s mrtvym dievem, jak v pfirodnich rezervacich,
tak 1 kolem vodnich tokd nebo komunikaci, prostorové propojujici stanovisté s mrtvym
dfevem. Snadngji tak docilime vzniku tohoto vzacného stanovisté v mistech, kde
V soucasnosti pfirozené disturbance chybi.

V Kapitole 1V. dokumentujeme na né¢kolika skupinach organisml, vcetné
saproxylickych broukt, dalezitost aktivnich managementovych zasahti v lesnich stanovistich
v Nérodnim parku Podyji. Uzemi bylo historicky ovliviiovano pastvou dobytka a
pafezinovym hospodatenim, ale od 50. let 20. stoleti podlehlo pfirozené sukcesi a tim
zhoustnuti korunového zapoje a dnes je chranéno pifevazné bezzdsahovou formou. Na
experimentalné¢ vytvorenych plochach, ptfipominajici svétlé formy lesa, jsme dokazali, ze
druhova rozmanitost byla vyssi u vétSiny studovanych skupin organismi. Az na vyjimky jsme
u vétSiny studovanych skupin organismii dokazali, ze sloZzeni spoleCenstev nelze nahradit
pouhym pfezivanim v zapojeném lese nebo na jeho okraji. SouCasné€ jsme potvrdili dilezitost
propojenosti lesnich stanovist’ na nelesni, protoZe experimentalni plochy napojené na kvetouci
louky hostily mnohem vice ohroZenych druhii organismi, nez ty izolované uvnitf husté
zapojen¢ho lesa.

PtedloZené publikace tak pomahaji pochopit, jak nezbytné je aktivni vytvafeni pestré
Skaly stanovist s mrtvym dfevem v rizné fazi sukcese zavedenim dfive béznych metod
hospodateni jako je patfezeni, lesni pastva, ¢i pravidelny ofez stromil. Dnesni formy lesnictvi a
tzv. bezzésahovy rezim v rezervacich totiz prokazatelné vedou k ochuzovani biodiverzity.
Star¢ stromy v takovych porostech jsou bud’ odstranény anebo usychaji. V oteviené krajiné
naopak dozivaji posledni jedinci, aniz by se sazely a formovaly stromy nové. V kontextu
soucasného zplsobu hospodafeni v lesich a chranénych Uzemich jsou lidské zasahy
nahrazujici pfirozenou disturbanéni dynamiku nezbytné, abychom zabranili Ubytku
biodiverzity vazané na svétlé lesy a staré stromy.
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