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1 Literarni reSers$e

1.1 Globalni pokles biodiverzity

Ubytek biologické rozmanitosti je jednim z hlavnich témat ochrany piirody tykajici se viech
slozek biodiverzity; zdokumentovan je zejména v piipadé cévnatych rostlin, obratlovcll a
hmyzu (McNeely 2002, Dirzo a kol. 2014, Hanski a kol. 2012). Pokles biodiverzity mtze
vést k naruSeni funkCnosti ekosystému, ¢i ke zméné struktury spolecenstev. Mezi hlavni
priCiny ztraty biodiverzity patii fragmentace a ztrata stanovist' a nedostatek disturbanci
zpusobené zménami vyuziti krajiny, predevsim intenzifikaci zeméd€lstvi a lesnictvi
(Primack a kol. 2011). Je slozité¢ odhadnout, kolik druhti je ohroZeno vyhynutim, jelikoz fada
Z nich Zije skryté a nemame o nich dostatek informaci. Odhaduje se vSak, Ze od roku 1500
bylo ohroZeno nebo vyhynulo 30 % vSech druhii (Isbell a kol. 2022).

Hmyz je dilezitou soucasti terestrickych ekosystému a tvoii podstatnou cast jejich
biodiverzity (Conrad a kol. 2016, Goulson 2019). Ztraty celkové biomasy ¢i celkové
protoze bézné druhy hmyzu nejvice pfispivaji k ekosystémovym sluzbam, napt. opylovani
(Biesmeijer a kol. 2006). Pokles biodiverzity je mnohem vyznamnéjsi u vodnich hmyzich
radl, zejména u posvatek (Plecoptera), chrostikil (Trichofera) a jepic (Ephemeroptera) (Pond
2012). Z terestrickych hmyzich fadi jsou timto nejvice dotéené populace motyla
(Lepidoptera), broukd (Coleoptera) a blanokiidly hmyz (Hymenoptera) (Sanchez-Bayo &
Wyckhuys 2019).

1.2 Ubytek biodiverzity v evropskych lesich

Ackoli nezname podobu lest ptfed ptichodem Clovéka, predpoklada se, ze lesni struktura byla
ovlivitiovana pastvou megaherbivorti, ohném a tadou dalSich faktorti (Rackham 1998)
vedouci k tvorbé otevienych lest s vétsi hustotou velkych stroml a také k tvorbé tfady
mikrostanovist, jako jsou plochy bez kury, dutiny apod. (Bengtsson a kol. 2000).
S prichodem lidi a vymfenim megaherbivort roli spasacti prevzala domestikovana zvitata,
jejichz pastva zmeénila lesy na pastviny s roztrouSenymi stromy a mladymi sukcesnimi stadii
dievin (Nilsson 1992). Kromé¢ pastvy dobytka zahrnovalo tradi¢ni hospodateni také fizené
vypalovani a vymladkové hospodateni (Bengtsson 2000, Vera 2000). Vymladkové lesy jsou
opakovan¢ kacené lesy, které se obnovuji vyrtstanim vymladkl z pafezii nebo kmeni
(Buckley 2012). Tyto tradi¢ni postupy vedly k udrzovani krajiny v neustdle se ménici

dynamice, kterd zajiStovala heterogenitu prostfedi, oteviené lesy a mnoho mikrostanovist



vazanych na staré stromy (Grove a kol. 2002). Tim bylo udrzovano vhodné prosttedi pro
Siroké spektrum svétlomilnych i stinomilnych lesnich organismii (Vera 2000, Vodka a kol.
2009).

V minulém stoleti doslo v souvislosti s intenzifikaci zeméd¢€lstvi k rychlé zméné
krajiny. Urodné pudy zacaly byt velmi intenzivné vyuZivany, zatimco méné urodné plochy
byly opustény a postupem casu zarostly nebo byly aktivné pfeménény na obhospodarované
lesy. Zaroven doslo k intenzifikaci lesniho hospodafeni. Béhem téchto procesii doslo
k homogenizaci vegeta¢niho krytu, ubyly staré stromy a nejriznéjsi svétliny (Bengtsson a
kol. 2000). Navzdory dlouhodobému naristu rozlohy lesti (Swierkosz a kol. 2017) &eli
evropské lesy poklesu lesni biodiverzity. Diivodem poklesu neni tedy kvantita, ale zména
kvality lesnich stanoviSt. Ne vSechny druhy byly zménami ovlivnény stejné. Ne&kteti
generalisté nebo specialisté jimz prevazujici hospodatfeni vyhovuje (napf. lykozrout
smrkovy) (Hlasny a kol. 2021) byli ovlivnéni mélo ¢i pozitivné, zatimco organismy, které
vyzaduji mizejici struktury (naptiklad proslunénd stanovisté nebo staré stromy) jsou vazné
postiZzeny ztratou a fragmentaci stanovist’ (Bengtsson a kol. 2000).

Dnes$ni moderni hospodaieni vyuziva dva hlavni postupy — myceni (clear — cutting)
a vybérovou tézbu (Miillerova a kol. 2014). Pfi myceni se stromy kacely po dlouhych
obdobich (80-120 let) (Hilmers a kol. 2018, Buckley 2020). To vSak neni dostatecnd doba
pro tvorbu makrostanovist’ (senescentnich stromti) a mikrostanovist’ jako jsou houby, holé
dfevo nebo trhliny ve dievé (Bouget a kol. 2014, Schall a kol. 2018, Larrieu a kol. 2018). Pti
vybérové tézbe, kdy se kaci nékolik vybranych stromti, se stromy kaci po kratsi dobé (5-10
let) (Miillerova a kol. 2014). Bohuzel tyto mezery rychle zapliuji koruny okolnich stromi a
organismy zavislé na svétle maji jen omezeny €as na obsazeni stanovist' (Decocq a kol.
2005). Soucasna situace v lesich tak neposkytuje vhodné podminky pro lesni biotu, coz vede

k nartstu poc¢tu ohrozenych druht.

1.3 Saproxylické organismy a jejich Sireni

Saproxylicky organismus je organismus, ktery je béhem svého zivota nebo v nékteré jeho
¢asti zavisly na mrtvém ¢i odumirajicim dfevé, na dievokaznych houbach nebo na jinych
saproxylickych organismech (Speight 1989). NejdilezitéjSimi taxony v lesnich
ekosystémech ovliviiujici dynamiku a strukturu lesa spolu s urychlenim rozkladu dieva jsou
houby (Fungi) a brouci (Coleoptera) (Cobb a kol. 2010, Stokland a kol. 2012). Praveé
saproxyli¢ti brouci jsou druhové bohatou skupinou obsahujici ve stiedni Evropé zhruba 1600

druhti (Bouget a kol. 2008) a ¢asto slouzi jako modelova skupina v ekologickych studiich



(Grove 2002). Rada saproxylickych brouki patii mezi ohrozené druhy (Eckelt a kol. 2018).

Ne vsichni brouci jsou vSak ohrozeni natolik. Nékteré druhy se naopak Sifi.

1.3.1 Sifici se druhy

Intenzifikace zemé&délstvi a lesnictvi zacala primyslovou revoluci, kterd byla podminéna
vyuzivanim fosilnich paliv (Raven & Wagner 2021). Pravé nahrazeni dfeva, jakozto hlavniho
zdroje energie, fosilnimi palivy pfineslo do evropskych lesi zmény, které z hlediska
saproxylickych organismtl nebyly jen negativni (Bengtsson 2000). V krajiné sice mizely staré
stromy, ale rostla rozloha lest a postupné narudstal objem mrtvého dieva, naptiklad ve forme

lezicich kment, jehoz byl v husté&ji osidlenych oblastech dramaticky nedostatek.

Typickym piikladem druht, ktery na tuto zménu zareagoval je lesdk rumélkovy
(Cucujus cinnaberinus), ve vétsiné Evropy donedavna vymizely nebo ohrozeny druh Zijici
pod uvolnénou kiirou mrtvych listnatych i jehlicnatych stromii (Hordk 2011). Byval uvadén
jako pralesni relikt a obyvatel pfirozenych lesti (Speight 1989, Holzer & Fries, 2001). Od
konce 20. stoleti se druh, ktery do té¢ doby pfezival hlavné v horach, zacal §ifit nizinami a
kolem velkych fek 1 do husté osidlenych oblasti (Hordk a kol. 2011, Kozel & KostanjSek
2020). Za jeho sifenim zfejmé stoji zvySeni objemu mrtvého difeva v niznach, naptiklad v

lignikulturach, vétrolamech a zanedbanych pobteznich porostech (Hordk a kol. 2010).

Dalsim piibyvajicim broukem je kriticky ohroZeny ryhovec pralesni (Rhysodes
sulcatus). Jedna se o reliktni druh obyvajici primarni lesy a patii k nejohrozenéj§im druhtim
v Evropé (Eckelt a kol. 2018). Vyskytuje se v listnatych a smiSenych lesich od niZin aZ po
hory. Kostanjsek a kol. (2018) zjistil, Ze vyskyt ryhovce ovliviluje pfedevS§im pfitomnost
velkych padlych kmenid o vhodné vlhkosti a stupni rozkladu. I pfes jeho malé a
fragmentované populace je v Ceské republice nalézan na novych lokalitaich (Konvitka &
Caganek 2011). Jeho $ifeni je vysvétlovano pravé nartistem dostupnosti mrtvého dieva na

lokalitach vyskytu (Cizek a kol. 2015).

Nékterym druhlim broukt v Sifeni pomahaji také kiirovcové kalamity, které jim
poskytuji nové prilezitosti vyskytu v podobé zvyseného poctu mrtvého dieva (Miiller a kol.

2008, Busse a kol. 2022). Prikladem tomu muze byt lokalni $ifeni a znovuobjeveni druhi



v CHKO Sumava, a to konkrétné rohacka jedlového (Ceruchus chrysomelinus), kornatce

velkého (Peltis grossa) a trnostitce horského (Tragosoma depsarium) (Prochazka 2020).

1.3.2 Ubyvajici druhy

Mnohem hiife jsou na tom druhy, které jsou specializované na mizejici stanovisté a dfeviny,
konkrétnéji druhy zijici na starych a solitérnich stromech, napt. tesatik obrovsky (Cerambyx
cerdo), pachnik hnédy (Osmoderma barnabita) a krasec dubovy (Eurythyrea quercus), ktery
je rozebran v samostatné kapitole (Miklin a kol. 2017, Platek a kol. 2019, Cizek a kol. 2021).
Tesatik obrovsky je ohrozenym druhem obyvajici oslunéné odumirajici stromy s velkym
pramérem (Platek a kol. 2019). Tyto stromy se vyskytuji v parcich, v alejich ¢i v otevieném
lese. Tesatik z velké casti svého plivodniho aredlu vyskytu vymizel kvili zménam ve
zpusobu lesniho hospodateni (Platek a kol. 2019). Pachnik hnédy je povazovan za reliktni
druh ptivodnich lest (Eckelt a kol. 2018) a je destnikovym druhem pro druhy Zijici v dutinach
listnatych stromti (Ranius 2002). Pravdépodobnost vyskytu pachnika je ovlivnéna poétem
ofezavanych stromi a je negativné korelovdna se vzdalenosti mezi stromy a zdravotnim
stavem (Cizek a kol. 2021). Tento druh vyZzaduje oslunéné stromy rostouci mimo zapoj.

Soucasné jsou populace fragmentované kvili nizkému poctu mladych stromt a $patnému

zdravotnimu stavu stavajicich ofezavanych stromd.

DalSim ptikladem mohou byt druhy specializované na mizejici vzacné dreviny,
napiiklad jedle (Abies alba) nebo jilmy (Ulmus sp.). V piipadé jilmovych specialisti se jedna
o druhy zafazené na Cerveném seznamu bezobratlych jako ohrozené a kriticky ohroZzené
z Celedi krascoviti (Anthaxia hackeri, A. manca a A. senicula) a jeden zastupce z ¢eledi
tesafikoviti (Cerambycidae) (kozlicek jilmovy — Saperda punctata) (Hejda a kol. 2017,
Skorpik & Kiivan 2011). Tyto druhy spoleéné pieZivaji ve zbytcich jilmovych lest
Vv jihomoravskych luzich. Jilm je bohuzel casto postizen grafiozou a dochazi k jeho

postupnému odumirani (Cizek & Zabransky 2009).

1.4 Senescentni stromy

Mohutné staré stromy s mikrostanovisti jako jsou plodnice hub, holé dievo ¢i dutiny, nabizi
potravni pfilezitosti pro rozmanita spoleCenstva organismi, zejména pro ohrozené druhy
broukii, netopyii, ptaci atd. (Hartel a kol. 2014, Siitonen & Ranius 2015, Sebek a kol. 2016).
Tyto stromy jsou dllezitou soucasti zameckych parkt, obor, sadii nebo aleji a hrazi rybnikt

(Siitonen & Ranius 2015, Hordk 2017). Jako senescentni stromy mohou byt oznaceni i mladsi
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jedinci, kteti maji podobné vlastnosti v diisledku zmény ristovych podminek nebo poranéni
(Lonsdale 2013, Siitonen & Ranius 2015). Odumfelé ¢asti stromu jsou velice dulezité pro
kolonizaci saproxylickych brouki, ktefi se moc nevyskytuji na zdravych a zivych stromech
(Speight 1989). Bohuzel, senescentni stromy ¢eli v posledni dob¢ velkému ubytku po celém
svété (Fay 2004, Jacobsen 2023). Nejvice ohrozeny jsou zménami lesniho hospodaieni, a to
nejen kéacenim, ale také zvySenim zéapoje korun (Miklin a kol. 2018) a zamérnym
odstranovanim. V oblastech s vyskytem starych stromu je vétSinou nedostatek mladych
nastupnickych stromt v podrostu, coz miize vést k casové diskontinuité (Platek a kol. 2019)
a k ohrozeni vzacnych organismil, které se na téchto stromech s velkym primérem vyskytuji
(Kostanjsek a kol. 2018, Kasak a kol. 2019, Platek a kol. 2019).

Tyto stromy se diive vyskytovaly v lesich, kde se hospodafilo tradi¢nimi lesnickymi
postupy jako ftizené vypalovani, lesni pastva ¢i vymladkové hospodateni. Diky témto
disturbancim dochazelo k zamezeni zvySovani zapoje porostu a zlepSeni otevienych
podminek na stanovistich. Zvyseni zastinu mlad$imi v€kovymi kategoriemi v podrostu vsak
muze byt ohroZeno jejich piezivani (Miklin a kol. 2018). Dulezitost otevienych podminek
dokazuji i preference jednotlivych druhti vazanych na tyto stromy (Ranius & Jansson 2000,
Platek a kol. 2019, Cizek a kol. 2021). Pro zachovani téchto kli¢ovych habitatii by mélo byt
V z4jmu ochrany biodiverzity zajiSténi dlouhodobého pieziti stavajicich stromil a podpofit

vysadbu novych vékovych kohort stromil (Sebek a kol. 2016).

1.5 Vychozi informace o krasci dubovém (Eurythyrea quercus)

1.5.1 Taxonomie

Rod Eurythyrea (Dejean, 1833), ptibuzny rodu Buprestis (Linnaeus, 1758) patii do Celedi
Buprestidae a podceledi Buprestinae. V Evropé je tento rod zastoupen ¢tyfmi druhy — E.
aurata (Pallas, 1776), E. austriaca (Linnaeus, 1767), E. micans (Fabricius, 1793) a E.
quercus (Herbst, 1780). Diive se na izemi Ceské republiky nachazely dva druhy (E. aurata
a E. quercus). E. aurata, vazany na dfevo jedli, vymizel v 80. letech 20. stoleti (Skorpik a
kol. 2011). Soucasné se na naSem uzemi nachazi pouze krasec dubovy Eurythyrea quercus,
18-25 mm velky brouk. Podle vyhlasky ¢. 395/1992 Sb. k zakonu ¢. 114/1992 Sb., o ochrané
ptirody a krajiny je zafazen jako kriticky ohrozeny druh. Takto zafazen je i v Cerveném

seznamu ohroZenych druhtt CR (Hejda a kol. 2017).



1.5.2 Rozsifeni druhu

Krasec je rozsien témért v celé Evropé kromée Britskych ostrovii, Skandindvie a severozapadé
Evropy. Ve vSech zemich jsou populace zastoupeny v malém poctu a jsou vyrazn¢ izolované.
Na vsech lokalitach je krasec dubovy povazovan za reliktni druh obyvajici posledni
pozustatky svétlych dubovych lest (Eckelt a kol. 2018). Prvni zdznam o vyskytu krasce
dubového v Ceské republice pochazi z Moravy z luzniho lesa (Fleischer 1927-1930), déle
byl nalezen vjiz soucasnych moravskych lokalitich — CHKO Moravsky kras a
jihomoravskych luzich. V Cechach byl vyskyt krasce potvrzen az o 20 let pozd&ji na
Ttebonisku (Heyrovsky 1961) a v NPR Stara a Nova feka (Albrecht 2003).

Soucasny vyskyt je soustfedén na 4 hlavni oblasti — Ttebonisko (hrdz rybnika
Rozmberk, NPR Stara a Nova teka), NPR Byc¢i skala (CHKO Moravsky kras), PP a EVL
Néameést'ska obora a jthomoravské luhy zahrnujici 1 zdmecky park ve Veseli nad Moravou a
lednicko-valticky areal (Skorpik a kol. 2011). Nejvétsi populace krasce dubového se
nachazi v jilhomoravskych luzich, které jsou soucasti EVL Niva Dyje a EVL Soutok Podluzi
(vlastni data). Cela oblast jihomoravskych luhti je Biosférickou rezervaci UNESCO — Dolni

Morava. I pies vysokou druhovou diverzitu nejsou jthomoravské luhy chranény zakonem.

1.5.3.Bionomie druhu

Krasec dubovy je brouk obyvajici suché, zivé i odumirajici duby (Quercus sp.), vyvoj byl
zjistén 1 na kaStanovniku (Castenea sativa.) (Bily 2002). Na lokalitach ¢asto obyva stromy
s vyskytem dalSich saproxylickych druhti broukd, jako je tesafik obrovsky (Cerambyx
cerdo), tesatik Trichoferus pallidus ¢i pestrokrove¢nik Dermestoides sanguinicollis (Kadéra
2013, Botucky 2017). Pafeni probih4 vysoko v korunich stromt, nasledné samicky kladou
vajicka do obnazené klry zivého stromu s odumielymi ¢astmi dieva vzniklymi poskozenim
vlivem prostiedi — bleskem, mrazem ¢i vétrem (Brechtel & Kostenbader 2002). Vhodné je i
poskozeni kmene galeriemi larev tesafika obrovského ¢i vyletové otvory cervotoci
(Zabransky 1991). Aby larva dokoncila sviij vyvoj, je pro ni nejvhodnéjsi mrtvé dievo bez
ktry. Zabransky (1991) uvadi, ze larva potiebuje stromy s velkym primérem (minimalné pal
metru), aby se tam drzela vhodna vlhkost. Pokud vyvoj probihd ve vétvich, tak vétve tenké
cca 20 cm nemohou zajistit vhodné dlouhodobé pieziti populace. Vyvoj larvy trva

Vv optimalnich podminkach dva roky. Imaga jsou nalézéna v ¢ervnu a zdrzuji se na listech
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V korunach dubti, samice odpoledne naletuji na vhodné kmeny dubti, kde kladou vajicka

(Kletecka 2009).

1.5.4 Pfic¢iny ohroZeni druhu

Krasce dubového lze povazovat za reliktni druh 1. kategorie (druh, ktery vyhynul ve velké
¢asti svého ptirozeného uzemi a obyva pouze malo ze zachovalych ptirozenych ostrivkovych
biotopil) (Eckelt a kol. 2018). Rozhodujici podminkou pro pteziti krasce dubového je
dostatek odumirajicich, okrajovych nebo solitérnich starych dubti (Skorpik a kol. 2011).
Bohuzel jeden z hlavnich problémi nejen krasce dubového ale i ostatnich saproxylickych
organismu je praveé ubytek vhodnych stromi a nedostatek nastupnickych stromi (Grove
2002). Na lokalitach s krascem dubovym dochazi ke zhorSovani kvality stanovist coz vede i

k ubytku solitérnich stromi (Miklin & Cizek 2014).

Dal$im problémem je sniZeni rozlohy svétlych lesi (Ranius & Jansson 2000). Tento
problém je pfedevsim na lokalité s nejvétsi populaci krasce, v jihomoravskych luzich, kde
prevladaji uzaviené lesy nad otevienymi (Miklin & Cizek 2014). Kvalita zbyvajicich
otevienych lesnich porosti (5.7 % vroce 2009) se rapidné snizila a snizil se i pocet
solitérnich stromtl téméF o 150 jedinct (Miklin & Cizek 2014). Tento ibytek vhodnych
stanovi$t' vedl k fragmentaci biotopt a také k izolovanosti populaci krasce dubového do

jednotlivych mikrostanovist'.

Kromé¢ ubytku svétlych lest je dal§Sim problémem nartst zapoje korun. Pfi velkém
zapoji mladSich dfevin se snizuje pravdépodobnost piezivani jiz osidlenych dubii. Zvyseni
zapoje korun ma za nasledek zastinéni vhodnych dubl coZz mize vést az k poklesu poctu
strom (Miklin a kol. 2018), jelikoZ dub je dievina, ktera ke svému Zivotu potiebuje dostatek
svétla (Kucerava & Remes 2014). Je proto nutné na lokalitach zavést vhodny management,
ktery bude mit za cil posilit dané populace a provést vhodna opatieni. Krasec dubovy
momentalné na vétSin¢ lokalitach pieziva na zbyvajicich lokalitdich v ramci extinkéniho

dluhu.

Krasec dubovy muze slouzit jako tzv. deStnikovy druh — z ochrany jeho stanovist
muze profitovat fada dalSich organisml vazanych na stejny substrat (liSejniky, pavouci, dalsi
bezobratli) (Eckelt a kol. 2018). Jako deStnikové druhy niZinnych listnatych lest jsou

uvedeny i tesaiik obrovsky (Cerambyx cerdo), kovaiik fialovy (Gambrinus violaceus),
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pachnik hnédy (Osmoderma barnabita) a lesak rumélkovy (Cucujus cinnaberinus) (Foit a
kol. 2016).

2 Cile prace

Ve své diplomové praci jsem se zabyvala habitatovymi naroky krasce dubového na Ctyfech
lokalitach v Ceské republice. Dosavadni poznatky o bionomii a narocich tohoto krasce
pochéazeji z pozorovéani jedinci v pfirodé a dlouholetym shromazd’ovanim informaci
jednotlivymi odborniky. Nicméné, systematické a statistické zhodnoceni relevantnich
faktorti ovliviiujicich populace tohoto druhu schazi. Mym cilem bylo zjistit, které faktory
maji nejveétsi vliv na jeho vyskyt. Tato prace rozSifuje pohled na habitatové naroky
saproxylickych druhiti broukt a jeji vysledky budou dulezitou soucasti budouci ochrany

krasce dubového.
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4.1 Abstract

Eurythyrea quercus (Herbst, 1780) (Coleoptera: Buprestidae) is a European species
associated with old oaks. Due to its habitat requirements, the species is rare, and its
distribution is highly fragmented. It usually occurs in areas with the presence of solitary trees
or where the host trees grow in low canopy closure. The cover of such habitats, however,
rapidly decreases, and the species is thus considered threatened across Europe. Oaks
inhabited and uninhabited by the species in the Czech Republic were mapped at four
localities; number of exit holes and the basic parameters of each tree were recorded. In total,
data on 896 occupied and 1 861 unoccupied trees were collected. The analysis shows that
even small barkless areas and a tree diameter larger than 28 cm (depending on locality) are
crucial for the occupation of the tree by E. quercus. Our results provide background
information for managers of forest or protected areas. The essential for populations of E.
quercus is to preserve the old-grown solitary oaks, avoid increasing canopy closure, removal
of dead trees, and measures supporting or creating microhabitats required by the beetle, such

as patches of bare wood.

19



4.2 Keywords
critically endangered, environmental characteristics, habitat requirements, old trees,

saproxylic beetle

4.3 Introduction

European forests host numerous organisms associated with dead wood and old trees. These
wood-dependent organisms are called saproxylic (Speight 1989). They play an important role
in forest ecosystems, specifically in nutrient cycling and wood decomposition (Cobb et al.
2010, Seibold et al. 2021, Seibold et al. 2022). Despite the long-term increase of forest cover
in Europe, forests on the continent face biodiversity loss of saproxylic biota (Swierkosz et al.
2017). In the past centuries, traditional forest managements (prescribed burning, woodland
pasture, coppicing etc.) were replaced by modern forestry methods, such as clear-cutting and
selective cutting (Miillerova et al. 2014). Due to short rotation age and high canopy cover,
today’s forests are shady habitats that do not provide suitable conditions for the old trees,
formation of macro (veteran trees) and micro-habitats (fungi, bare wood) (Bouget et al. 2014,
Schall et al. 2018, Larrieu et al. 2018).

Veteran trees are a key structure sustaining diversity of saproxylic biota owing to the
wide range of dead wood microhabitats (Gouix et al. 2015, Platek et al. 2019, Cizek et al.
2021). These dead-wood parts are very important for the colonization of saproxylic beetles,
which are rarely found on healthy, living trees (Speight 1989). Veteran trees, however,
experience a global decline due to changes in forest management (Fay 2004, Jacobsen 2023).
In Central Europe, large veteran trees occur mainly in open conditions with low canopy
closure, such as alleys, game reserves or pond dams (Siitonen & Ranius 2015, Horak 2017).
Open canopy conditions, where competition among trees is reduced, are crucial for veteran
tree recruitment and their survival (Miklin et al. 2018). The importance of open conditions is
also proven by the preferences of individual species bound to these trees (Ranius & Jansson
2000, Platek et al. 2019, Cizek et al. 2021).

The knowledge of specific habitat preferences is crucial to species conservation. So
far, these preferences were assessed for some European endangered species (Russo et al.
2011, Gouix et al. 2015, Foit et al. 2016, Kostanjsek et al. 2018, Kasak et al. 2019, Platek et
al. 2019). Some of them are also considered umbrella species — from their protection will

also benefit the habitat and other species bound to the same environment (Eckelt et al. 2018)
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or they are ecosystem engineers, whose presence supports other species (Siitonen & Ranius

2015). Nevertheless, habitat requirements of many threatened species are poorly known.

Jewel beetle Eurythyrea quercus (Coleoptera: Buprestidae) is an 18-25 mm large
species inhabiting most of Europe except for Scandinavia, the British Isles and north-west
Europe (Lobl & Smetana 2006). Otherwise, it is widespread across the continent from the
Iberian Peninsula to the Caucasus and the southern Ural and from the Baltic Sea to Italy and
the Balkans. In the Czech Republic, it is found in South Bohemia and Moravia, where its
scattered populations inhabit four distant sites — Rozmberk pond dam, Namést'ska obora,
By¢i skala and woodlands along lower Morava and Dyje rivers (Skorpik et al. 2011). The
species usually occurs in areas with the presence of solitary trees or where the host trees
(Quercus sp., Castanea sp.) grow in low canopy closure (Miklin & Hradecky 2018). Females
oviposit in dry, hard, exposed wood. The life cycle of E. quercus takes at least two years
under optimal conditions (Zabransky 1991). Then, adults emerge from the wood in July and
their activity ends in September (Klete¢ka 2009, Cerny 1994). As the number of suitable
habitats decreases, the populations are being isolated and living in extinction debt. Therefore,
the beetle is listed as critically endangered on the Red List of Invertebrates in the Czech
Republic (Hejda et al. 2017). As an attractive species, E. quercus might be considered as an
umbrella species associated with old oaks growing in open forests — its protection should

ensure the conservation of other saproxylic species as well.

This study aims to contribute to the conservation of the critically threatened species
associated with rapidly declining habitat. More specifically, the aim was to identify
parameters of the environment affecting the occurrence of E. quercus in Czechia and Moravia
at individual sites based on analysis of data collected by various specialists during the
national monitoring scheme of the species and the authors of this article. We expected that
the most important variables would be a) barkless area, b) DBH and c) insolation. The
following results will be applied as additional information for the upcoming action plan, as

the monitoring data have not been analysed yet.

4.4 Material and methods
4.4.1 Study sites

Data were collected at four areas inhabited by E. quercus, including Rozmberk in Southern

Bohemia and three sites in Southern Moravia (Nameést', By¢i skala, and floodplain woodlands

along Morava and Dyje; Figure 1).
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Figure 1: Location of study sites in the Czech Republic with a presence of E. quercus: 1 -
Rozmberk pond dam; 2 — Naméstska obora; 3 - Byci skala, 4 — floodplain woodlands along

lower Morava and Dyje.

Rozmberk (428-432 m a.s.l.) is a part of the Tiebonsko Protected Landscape Area. The stand
inhabited by the beetle is a 2.5 km long growth on dam of Rozmberk fishpond where grow
76 protected memorial pedunculate oaks (Quercus robur). Besides E. quercus, the old oaks
host other protected and rare saproxylic beetles, for instance, Cerambyx cerdo Linnaeus,
1758, Lucanus cervus (Linnaeus, 1758), Osmoderma barnabita Motschulsky, 1845, and
Lacon querceus (Herbst, 1784) (Plan péce 2018-2027).
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Figure 2: Change of forest cover at Rozmberk pond dam from the year 1950 to the present.

Namést'ska obora Natural Monument (360-480 m a.s.l.) near Kralice nad Oslavou protects
Obora Kralice, one of the oldest game reserves in Czechia established in the 16" century
(Plan péce 2013-2022). The area is covered mainly by broadleaved forest. Almost 50% of
the forest represents sessile oaks (Quercus petraea) (Plan péce 2013-2022). E. quercus occurs
mainly in the central part of the reserve where solitary and old trees grow. Trees with large
dimensions are subject to strict protection without any intervention. The area is an important
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refugium for saproxylic organisms such as Cerambyx cerdo Linnaeus, 1758, Osmoderma

barnabita Motschulsky, 1845 or Gambrinus violaceus (Miiller, 1821).

Figure 3: Change of forest cover at Namést'ska obora from the year 1950 to the present.

National Nature Reserve By¢i skala (256-502 m a.s.l.) is a steep rocky forest covering the
canyon of Kitinsky brook in Moravian Karst. The terrain is very rugged with varying slopes
and exposures covered by thermophilic oak forest (Q. petraea, Q. pubescens). Oaks growing
on the slopes are characterised by low DBH and height. E. quercus inhabit mainly the upper
part of the canyon. The site hosts some critically endangered saproxylic beetles, such as
Necydalis ulmi Chevrolat, 1838 and Osmoderma barnabita Motschulsky, 1845 (Konvic¢ka
2014).
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Figure 4: Forest cover change at Byci skala from the year 1950 to the present.

Floodplain woodlands along the lower Dyje and Morava rivers (146-200 m a.s.l.), from now
on called Soutok, is a broader area along their confluence. Forests are characterised mainly
by pedunculate oak (Quercus robur), narrow-leaf ash (Fraxinus angustifolia), hornbeam
(Carpinus betulus), and field maple (Acer campestre). The pedunculate oaks grow in large
diameters (mostly > 1m) (Miklin & Cizek 2014). This site is characterised by several
landscape types including 1) floodplain forest along the lower reaches of the Morava and
Dyje rivers, 2) chateau parks with solitary oaks in Lednice and Veseli n. Moravou and 3)
sand terraces with thermophilous oak forests in Bofi forest and Rendezvous (Platek et al.
2019). Most of the parts of this site belong to the UNESCO Biosphere reserve Dolni Morava
and is considered as a biodiversity hotspot hosting a great number of taxa, including a great

number of endangered species (Miklin et al. 2017).
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4.4.2 Sampling design
The bulk of the data was collected to obtain distributional and bionomy information for the

action and management plan aimed at the conservation of this species by the Nature
Conservation Agency of the Czech Republic (NCA CR) from 2006 to 2019. The data
collected by several specialists were supplemented by data collected by the author in 2020
and 2021 (see Table 2).

To determine the habitat requirements of E. quercus, 14 environmental variables were
recorded (Table 1). These include orientation and slope (conducted using the programme
ArcGIS), position (GPS coordinates), tree species, position, a segment where exit holes were
found, situation, DBH, height, canopy closure, and barkless area. Tree occupancy was
assessed by the presence of old and new exit holes. Further, in order to assess the age of trees
exploited by the beetle, nine trees at Byci skdla were cored using increment borer and

analysed in the Dendrochronological Laboratory, Institute of Botany, CAS (STab.1).
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Table 1: Environmental variables measured for each tree and their description.

Variable Type Description
Exit holes Numerical response variable
GPS coordinates Continuous (° ' ")  GPS coordinates
Tree species Categorical Quercus robur, Q. petraea, Q. cerris
Position Categorical (C_Iy)rrent position of trees: lying log (L), standing tree
Seament Cateqorical A segment where exit holes occur at trees: stem (S),
g g branch (B), stem and branch (SB)

- . Place where trees grow: forest (F), forest edge (E),

Situation Categorical alley (A), solitary (S)
. . Tree habitus: Solitary growing (S), edge growing
Habitus Categorical (E), or forest tree (F)
DBH Continuous (cm) Diameter of the trunk at breast height (1.3 m above
ground)

Height Continuous (m) Estimation of tree height
Insolation Continuous (%) The insolation of exit holes

Canopy closure
Barkless area
Slope

Orientation

Continuous (%)
Continuous (%)
Categorical

Categorical

Estimation of canopy closure around trees
Estimation of an area where bark miss on trees
(0-2°), (2-10°), (10-50°)

The direction of the slope in 8 levels: flatland (0-2
Slope) (F), 30°-60° (1), 60°-90° and 0°-30° (2), 90°-
120° and 330°-360° (3), 120°-150° and 300°-330°
(4), 150°-180° and 270°-300° (5), 180°-210° and
240°-270° (6), 210°-240° (7)

4.4.3 Statistical analysis

We tested the effect of measured environmental variables on the probability of occurrence of
E. quercus in the studied sites. We used Confidence inference trees (recursive partitioning
methods) combined with bootstrapping, to get thresholds of important variables (Hothorn et
al. 2006) using ctree function in the 'party' package (Hothorn & Zeileis 2015). This method
allows us to test the effect of the variables despite that they may be correlated with each other.
We used a number of exit holes as a response variable and all measured environmental
characteristics as explanatory variables. The analysis was performed for the whole dataset,
and separately for subsets of three large study sites. For the whole dataset and Soutok site
subset, we set minsplit =200 and minbucket=150 for the function in order to avoid the
formation of overbranched trees. For other subsets we set default values of the arguments:
minsplit =20 and minbucket=7 (Hothorn & Zeileis 2015).

For calculating the confidence intervals of the thresholds, we run generalised linear
models with binomial distribution, presence/absence data of exit holes as a response variable
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and barkless area, and DBH - the most important variables (based on Confidence inference
trees analysis) as explanatory variables. The significance of the model was tested by “Chisq”.
The analyses were run either for the whole dataset or separately for subsets of three large
study sites.

We also tested the effect of variable habitus on the probability of occurrence of E.
quercus. We used the presence/absence data of exit holes as a response variable and barkless
area, DBH, and habitus (as a last variable resulting in its clear effect) as explanatory variables
and run the generalised linear model with normal distribution. Due to the low number of
occupied trees on Rozmberk pond dam, data from this site were not analysed separately and
entered only analyses concerning the whole dataset. The significance of the model was tested
by “Chisq”. All analyses were performed in R 4.1.1. (R Core Team 2022).

4.5 Results

In total, data on 896 occupied and 1 861 unoccupied trees were collected (Table 2).

Table 2: A total number of occupied and unoccupied trees at four study sites. The table also

summarises the names of the fieldworkers and years of sampling.

Site Occupied Unoccupied Collected Year

par s D. Hauck, J. Kadlec, M. Helclova, P. Kozel, O. 2016,
Byciskala 158 212 Konvi¢ka, P. Sebek 2021
Namést'ska 106 167 D. Hauck 2012
obora
Soutok 620 1496 D. Hauck, M. Skorpik, O. Konvi¢ka,V. Kiivan ggcl)g-
RoZmberk 12 not recorded M. Helclova, L. Cizek, P. Kozel 2020
pond dam

4.5.1 Overall effect of environmental variables

The recursive partitioning analysis revealed that barkless area and DBH are the principal
factors affecting the probability of the presence of E. quercus. The Confidence Inference tree
models revealed that the barkless area larger than 10 % or its increase by at least 3 % is
positively related to the probability of E. quercus presence on a tree. The probability of E.
guercus presence on trees with barkless area smaller than 10 % depended on DBH, tree
species, and habitus of the tree (Figure 5). Separate analysis for individual study sites
revealed that the pattern determining the important factors differ among the study sites. For

Nameést'ska obora, the most important factor for the probability of occurrence of E. quercus
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was barkless area. For Byc¢i skala, the most important factors was DBH and barkless area.
The highest number of exit holes may be found on the trees with DBH larger than 28.6 cm.
In thinner trees, more exit holes may be found at trees with barkless area larger than 80 %,
then it depends again on DBH and barkless area. For Soutok, the most important factor was
barkless area and tree habitus (Figure 6). The number of exit holes increases with barkless
area. At the trees with barkless area smaller than 1 %, solitary trees have more exit holes.
The results showed that the effect of habitus was significant after excluding the effect of

barkless area and DBH (y @?= 11.5, P < 0.0001).

Barkless area
p <0.001

<10 >10
Barkless area
p < 0.001

<3 >3
Tree species
p <0.001
{qcerris, qrobur} etraea
4] q q qp
Habitus
p < 0.001
{E, F} S
DBH
p < 0.001
<85307 >85.307

Node 6 (n = 205 Node 7 (n = 190 Node 8 (n = 887 Node 9 (n =298 Node 10 (n = 190) Node 11 (n=1001)
600 — 600 — 600 — 600 — 600 600 — g
400 — 400 — 400 — 400 — 400 — 400 —
200 — 200 — 200 — 200 — 200 200 — ﬁ
04 —8— 0o —8— 04 —e— 04— 04 —e— 0 -

Figure 5: Analysis of the threshold values for the occurrence probability of E. quercus using
the conditional inference tree in four study sites.
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Figure 6: Analysis of the threshold values for the occurrence probability of E. quercus for
individual study sites using the Conditional inference tree method. A) Naméstska obora, B)
Byci skala, and C) Soutok.

4.5.2 Barkless area

Barkless area threshold value showed that even a small proportion of area (around 10 %)
without bark is important for the probability of occurrence of E. quercus (y @?= 1252.2,
P < 0.0001) in the whole dataset (Figure 7). Barkless area also had a significant effect on the
occurrence of E. quercus at individual sites (Figure 6). The thresholds for the barkless area
on two study sites (Soutok and Namést'ska obora) were similar to overall data (y 1> = 267.8,
P <0.0001; and y %= 144.7, P < 0.0001, respectively). The threshold at By¢i skala was
shifted to the barkless area of 20 % (x 1)?= 183.9, P < 0.0001).
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Figure 7: Threshold values (denoted by full vertical lines) and their confidence intervals
(denoted by dash lines) in relation to the surface without bark in the whole dataset and the
three studied sites. The sigmoid curves represent the occurrence prediction probability by

logistic regression.

4.5.3 DBH

The model revealed a significant differencies in diameter of the tree trunk among the study
sites (y (1) = 189.7, P < 0.0001) (Figure 8). The thresholds for DBH on two study sites
(Soutok and Namést'ska obora) were similar to overall data (y 2= 67.1, P < 0.0001; and
(x w?= 61.9, P < 0.0001, respectively). The threshold at By¢i skala was significantly lower
(around 25 cm) (x 2= 271.4, P < 0.0001).
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Figure 8: Threshold values (denoted by full vertical lines) and their confidence intervals
(denoted by dash lines) in relation to tree diameter (DBH) in the whole dataset and in three
studied sites. The sigmoid curves represent the occurrence prediction probability by logistic

regression.

4.6 Discussion

We present the first study of the habitat requirements of the threatened beetle Eurythyrea
quercus based on the analysis of quantitative data. Our knowledge about its bionomy was so
far based on observing the individuals in the field and experience with their rearing by
individual entomologists. Our results based on data from four sites in the Czech Republic
confirm the previous bionomy knowledge of the importance of tree diameter (DBH) and
barkless area for this species (Kletetka 2009, Skorpik et al. 2011). The results, however, also
revealed that the impact of the most important factors on the probability of occurrence of E.

quercus differ among the study sites.
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Importance of barkless area and tree diameter

The analysis revealed that the most important factors influencing the probability of
occurrence of E. quercus are barkless area and DBH. Their effects, however, differed among
the study sites. Only a small increase of barkless area is sufficient to increase the probability
of the occurrence of the beetle. This is in line with previous bionomy knowledge (Skorpik et
al. 2011). The necessary amount of barkless area was considerably higher for By¢i skala site.
This may be caused by small dimension of the trees and the fact that we measured barkless
area as a percentage. Barkless area is also a crucial factor for other endangered saproxylic
beetles, such as Lymexylon navale (Linneaus, 1758) (Dominik 1957, Hurka 2017),
Dermestoides sanguinicollis (Fabricius, 1782) (Asaw & Barclay 2018) or Hylochares
cruentatus (Muona & Briistle 2008).

Our results also point to the importance of tree diameter. It is known that E. quercus
usually inhabits the largest available oaks (Miklin et al. 2017). Diameters of such oaks can
differ substantially among sites though (see Figure S1). More specifically, the beetle inhabits
trees of substantially lower diameters at By¢i skala than at the remaining sites. A similar
pattern has been observed for another veteran oak specialist - Cerambyx cerdo (Platek et al.
2019). This is probably caused by dry, nutrient-poor soil conditions at By¢i skala, where the
tree growth is slow (radial increment growth of individual trees is 0,46 — 1,39 mm/year, see
Table S1). As a result, the trees are low and rather thin in high age. For example, age of trees
of 37 cm DBH (an average DBH of inhabited oaks at the site), could range from 130 to 400
years.

At Soutok, trees grow faster due to nutrient-rich soils so they are able to reach larger
dimensions and may be about 110 years old (Miklin et al. 2018, Altman et al. 2016).
Similarly, Namést'ska obora provides suitable conditions for growing oaks since they grow
at sufficient distances from each other and do not compete for sunlight. Preference for large
tree dimensions is a general pattern for other saproxylic beetles (Lindhe et al. 2005, Larrieu
& Cabanettes 2012), especially endangered ones (Seibold et al. 2018, Kostanjsek et al. 2018).

No effect of sunlight?

Although the E. quercus is described as a species preferring open forests and sunny
conditions (Kletetka 2009, Skorpik et al. 2011), our results indicate that sunlight availability

(measured as canopy closure, and as insolation of exit holes) does not affect the probability
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of the occurrence of E. quercus. This is rather surprising given that sunlight availability is an
important factor for endangered saproxylic beetles (Ranius & Jansson 2000, Lindhe et al.
2005). Despite this, insolation and open canopy are important for the growth and survival of
suitable oaks (Miklin et al. 2018). Moreover, our analyses show that solitary trees and trees
of large DBH are preferred by the beetle; such trees, however, require a high amount of
sunlight. Our results thus point to an interesting fact that although E. quercus does not
necessarily require sunlit habitats for its development, its requirements on tree habitus and

diameter, however, clearly show that it requires trees that were growing in open conditions.

Implications for conservation

Our result point to the importance of areas without bark, trunk diameter and tree habitus.
Area without bark generally increases with decreasing health state of a tree. Retaining
weakened, dying and dead trees of suitable dimensions is thus important for the survival of
E. quercus. Active measures creating areas without bark, such as bark stripping and other
veteranisation techniques (Wainhouse & Boddy 2022), are also likely to be an effective tool
in aiding the species' survival. Such interventions should be relatively moderate not to affect
the tree's health (Bengtsson et al. 2012).

Populations of E. quercus survive only at sites where the long-term continuity of
suitable —i.e., large, and old oaks has not been interrupted. Its requirements for diameter and
habitus show that the species depends on open-canopy woodlands. However, in the remaining
areas of its range, the beetle is threatened by the continuing loss of suitable oak trees and lack
of their recruitment due to decreasing area of open canopy forests (Bengtsson et al. 2000).
Other endangered saproxylic species face similar problems, such as hollow tree specialist
hermit beetle Osmoderma barnabita (CiZek et al. 2021) or longhorn beetle Cerambyx cerdo
(Miklin et al. 2018, Platek et al. 2019). Thus, the efforts to conserve the beetle populations
should include adjustment of spatial structure (reducing canopy closure), adjustment in tree-
species composition towards a higher ratio of oaks, active support of growth and survival of
trees in large dimensions, and formation of barkless areas on oaks at sites inhabited by E.
quercus. In addition, forest management should also aim for supporting the age-continuity of
trees. It would be advisable to continue monitoring occupied trees and the future availability
of younger trees on each site as planned in the action plan prepared by the Nature and
Landscape Protection Agency of the Czech Republic (NCA CR).
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Figure S1: Inhabited trees and their diameter among the study sites — Byci skdla, Namést'ska
obora, Rozmberk pond dam and Soutok. Boxplot shows median (bold line), 25 and 75%
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quantils (boxes); whiskers minimum and maximum without outliers (error bars), and outliers
(circles).
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Table S1: Results of the dendrochronological analysis of the nine tree cores at By¢i skdla.
Some samples were broken, thus are marked as a,b,c. Age of trees was estimated based on
dendrochronological analysis.

D Tree core Tree DBH (cm) Estgggted Average annual growth (mm)
BS_la 19,4 103 75.3
BS_1b 61.5
BS_1c 94
BS 2 28,6 131 109.4
e x
BS_3b 139.2
BS_4a 27,2 215 77.8
BS_4b 63.6
X 1
BS_6a 16,2 132 724
BS_6b 61.4
BS_7 59,2 262 113
BS_8 57,4 264 108
BS 9a 12,5 114 46.3
BS_9b 63.6
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