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Abstrakt

Invazni karovci predstavuji ohrozZeni pro lesni ekosystémy, méstskou zelen, biodiverzitu,

v jejichZ dasledku mohou byt velké ekonomické néklady na obranu proti nim.

Disertac¢ni préace je rozdélena do ¢tyr ¢asti. Prvni se vénuje rozsieni stavajicich invaznich
druht karoved v Ceské republice, jmenovité druham Cyclorhipidion bodoanum, ktery
byl vramci doktorandského studia zjistén poprvé v Ceské republice; Gnathotrichus
materiarius, jehoZ rozsiteni je prevazné v Cechéach, na Moravé se doposud vyskytuje
tidce; Phloeosinus aubei, ktery se ve vétsi miie vice vyskytuje na Moraveé nez v Cechéch,
hlavné na jalovcich, ale jako jediny z invaznich kurovci zpusobuje vétsi ekonomické

Skody v parcich mést na cypriSich a zeravech; Xyleborinus attenuatus, ktery je rozsiren

hojné po celé republice; Xylosandrus germanus, ktery je taktéZz bézny v celé republice.

Druhd c¢ast prace je vénovana zjisténi vhodnych navnad k odchytu invaznich kuarovca.
Tato ¢ast je reprezentovana tiemi pokusy; (i) pouzitim pramyslové vyrabénych ndvnad
(Trypowit® a Lineatin Kombi®) v dubovych porostech, kdy vy3si odchyty méla ndvnada
Lineatin Kombi®, pravdépodobné z diivodu, Ze obsahuje quaiacol, ktery zvy3uje afinitu
k etanolu; (ii) testovanim raznych volatilnich latek na Iakéni kirovce P. aubei, kdy bylo
zjistény lepsi odchyty na etanol s jalovcovou vétévkou neZ na ostatni druhy navnad; a (iii)
pouZiti potencionalniho feromonu sulcatol na lakani G. materiarius. Sulcatol nebyl

potvrzen jako vhodna navnada, mnohem vice jedinct se odchytilo na 95% etanol.

Treti ¢ast disertaéni prace se vénuje studiu, jaké environmentalni proménné ovliviuji
vyskyt invaznich kuarovca. Na zéklad¢ vysledkt lze konstatovat, Ze wvy3Si pocet
ambrosiovych kurovca se vyskytoval v zapojenéjSich dubovych porostech a s vétSim
mnoZstvim odumielych vétvi na stromech. Naopak ptitomnost nahodilych karovcovych
téZeb a vyskyt geograficky nepavodnich jehlicnani nenavySoval pocet invaznich
karovct. TaktéZz nebyla zjisténa environmentélni proménnd, kterd by ovliviiovala

ptitomnost P. aubei v jalovcovych porostech.

Posledni cast disertacni prace kompilovala zjisténé vysledky do metodiky monitoringu
detekce invaznich karovei v Ceské republice. Bylo vytipovano 24 lokalit na celém Gzemi
republiky vhodnych k monitoringu invaznich karovct. Tyto lokality zahrnuji
mezinarodni letist¢, hrani¢ni prechody, botanické zahrady, ptirozené vstupni
geomorfologické body a velké drevosklady. Na tyto lokality by se mély umistit tti

narazové lapace ve vzdalenosti 30-50 m od sebe navnadéné etanolem. Vyvéseny by mely
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byt od poloviny dubna do konce ¢ervence. Kontrola lapaca bude probihat kazdych 14 dni.
Celkové pocate¢ni naklady na monitoring véetné nakupu lapac¢t se pohybuji okolo 6 000
€. DalSi ro¢ni néklad je reprezentovan pouze ndkupem etanolovych navnad v hodnoté cca
1500 €.

Kli¢ova slova: invazni karovci, etanol, monitoring, environmentalni proménné

Abstract

Invasive bark beetles pose a threat to forest ecosystems, urban parks, biodiversity, and as

a result represent large economic costs to defend against them.

The PhD thesis is divided into four parts, the first is devoted to the spread of existing
invasive species of bark beetles in the Czech Republic, namely the species Cyclorhipidion
bodoanum, which was discovered for the first time in the Czech Republic as part of the
doctoral studies; Gnathotrichus materiarius, whose distribution is mainly in Bohemia, is
still rarely found in Moravia; Phloeosinus aubei, which is more common in Moravia than
in Bohemia, mainly on junipers, but as the only invasive bark beetle it causes more
economic damage in city parks on cypresses and thujas; Xyleborinus attenuatus, which is
quite abundant throughout the country; Xylosandrus germanus, which is also common
throughout the country. The second part of the work is dedicated to finding suitable lures
for catching invasive bark beetles. This part was carried out with three trials: using
artificially produced lures (Trypowit® and Lineatin Kombi®) in oak trees, where the
Lineatin Kombi® bait had higher catches, probably because it contains quaiacol, which
increases affinity for ethanol; by testing different volatiles to attract the bark beetle P.
aubei, better captures were found on juniper twig with ethanol than on other types of
volatiles; and the use of the potential pheromone sulcatol to attract G. materiarius,
sulcatol was not found to be a suitable lure, many more individuals were caught on 95%
ethanol. The third part of the dissertation is devoted to finding out what environmental
variables influence the occurrence of invasive bark beetles. Based on the results, it can be
said that a higher number of ambrosia bark beetles affects a closed canopy and the amount
of dead branches on the trees. On the contrary, the presence of random bark beetles
cutting, and the occurrence of geographically non-native conifers do not affect the higher
abundance of invasive bark beetles. Also, no significant environmental variable

influencing the presence of P. aubei in juniper stands was found. The last part of the
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dissertation compiled the obtained results into a methodology for monitoring the
detection of invasive bark beetles in the Czech Republic. 24 locations throughout the
country suitable for monitoring invasive bark beetles were selected. These locations
include international airports, border crossings, botanical gardens, natural entry points
and large woodstorages. In these locations, three traps should be placed at a distance of
30-50 m from each other, and ethanol should be used as a lure, as a universal attractant.
They should be posted from mid-April to the end of July. Traps should be checked once
every 14 days. The total initial costs for monitoring, including the purchase of traps, are
around €6,000. Another annual expense is only an item for the purchase of ethanol lures

worth approximately €1,500.

Key words: invasive bark beetles, ethanol, monitoring, environmental variables



Obsah

SeZNAM TADUIEK . .. e e e e e e e e e e e e e e e e 10

SEZNAM ODFAZKUL. .. oo e e e e e e e e e 10

LUV e e e e e e e 0183

A O 1 o] o PP 18

3 Rozbor problematiKy..........oooi i a0 18

3.1 SemiochemikAlie. .. .......cocoiie i1 18
3.2 Typy lapac @ MOZNOSti VYUZIti. .. .....oueeiit s et e e e e 21
TR I8 1Y/ o) 0T ] 1o PP
3.4 DNA analyzy a KaroVCi.......ccvvvriie i e i e e a0 2D
3.5 Invazni kiirovci v Ceské republice..........cooeevvivveiiiiiiiiiiiiieiieeenn .26

3.5.1 Druhy se stabilnimi populacemi.............cccooviiiii i, 26

3.5.2 Druhy nevytvérejici stabilni populaci..................................28

Zi 1T (oo 1 U |

4.1 Stanoveni rozsiteni invaznich druht karovei na uzemi Ceské republiky....30

4.2 Nalezeni vhodné kombinace volatilnich latek nebo feromont k monitoringu

invaznich druhi karoved v Ceské republice..........oovvveevveieeieee e 30

4.3 Stanoveni environmentalnich proménnych, které ovliviuji abundanci a Siteni

invaznich druhd@ KGroVel. ... ..o vee e e e e e i35

4.4 Metodika monitoringu invaznich KGrovet.............coeevveviiiene e eenn..39

D VY SIEOKY ..o 39

5.1 Stanoveni rozsieni invaznich druhi kiroved na Gzemi Ceské republiky.....39

5.2 Nalezeni vhodné kombinace volatilnich latek nebo feromona k monitoringu

invaznich druhi karoved v Ceské republice..........covvvveevveieeieee e 45

5.3 Stanoveni environmentalnich proménnych, které ovliviuji abundanci a Siteni

invaznich druhd KGroVel. .. ...oou e e e e 49



5.4 Metodika monitoringu invaznich Karovea.............cooveveeviieiinn e eenn. .53
GBI I S PP o 1o
6.1 Stanoveni rozsiteni invaznich druhi kiroved na Gzemi Ceské republiky....55

6.2 Nalezeni vhodné kombinace volatilnich latek nebo feromona k monitoringu

invaznich druhti kiiroved v Ceské republice. ............vevveeeeiieeee e 56

6.3 Stanoveni environmentalnich proménnych, které ovliviuji abundanci a Sifeni

INVaznich druhtt KAroVCT. .. ..o vt e e e e e 57
6.4 Metodika monitoringu invaznich karovcu................coeevieviiiinnn. .59
7 ZAVEr @ AOPOTUCENT PrO PraXi. .. eu s eeseen et e e e et e eae e et e eeaeee e e e eaeenaeeees 60
1Y 0] 1= o 5PN
B 1= - LT U PP 73
10 Seznam PFIlON. .. ...t e e 22. 126

10.1 Continued eastward spread of the invasive ambrosia beetle Cyclorhipidion

bodoanum (Reitter, 1913) in Europe and its distribution in the world............ 128

10.2 The invasive ambrosia beetle Gnathotrichus materiarius (Coleoptera:

Curculionidae) in Central EUIrOPe........o i 129

10.3 Occurence of the invasive bark beetle Phloeosinus aubei on common juniper

trees in the Czech RepUBIIC. ..o 130

10.4 Distribution of the invasive ambrosia beetle Xyleborinus attenuatus
Blandford, 1894 (Coleoptera: Curculionidae: Scolytinae) in the Czech Republic
(=] 1= L =TV (o] 1<) T PP 131

10.5 Xylosandrus germanus in Central Europe: Spread into and within the Czech
RepubliC.... ..o 0,132

10.6 Trapping ambrosia beetles by artificially produced lures in an oak forest.133

10.7 Efficacy of different lures for Phloeosinus aubei and other native and exotic

bark and ambrosia Deetles. ..o, 134



10.8 Using ethanol and other lures to monitor invasive ambrosia beetles in

endemic populations: case study from the Czech Republic........................ 135

10.9 Ambrosia beetles prefer closed canopies: a case study in oak forests in

Central EUrOpPe. .. ... i e e e ne e 136

10.10 Both native and invasive bark beetles threaten exotic conifers within the spa

towns in the Czech part of ,,The Great Spas of Europe™................coceeni. 137

10.11 A monitoring network for the detection of invasive ambrosia and bark

beetles in the Czech Republic: principles and proposed design................... 138
Seznam tabulek

Tab. 1 Celkovy poc¢et ambrosiovych karovca chycenych do lapaci Theysohn, pramérny
pocet chycenych do lapace s ndvnadou Trypowit® nebo Lineatin Kombi® a statistické

porovnani obou navnad.
Tab. 2 Navrh monitorovacich bodt invaznich karovet

Tab. Al Prehled znamych semiochemikalii evropskych druht karovct. *~ Invazni druh

v Evropé. Tuéné jsou vyznaceny agregacni feromony.
Seznam obrézki

Obr. 1 Vyskyt Phloeosinus aubei v Ceské republice. Nalezy do roku 2017 jsou zobrazeny
malymi ¢ernymi krouzky s rokem nélezu, nalezy v roce 2018 jsou zobrazeny velkymi
cernymi krouzky. Lokality bez potvrzeni P. aubei v roce 2018 jsou zobrazeny prazdnymi

krouzky. Malé zelené krouZky jsou biotopy s jalovcem na zakladé mapovani Natura 2000.

Obr. 2 Zavislost vyskytu Phloeosinus aubei v Ceské republice na zemépisné délce. Na

ose y je 0 nepiitomnost a 1 pritomnost P. aubei na lokalit¢.

Obr. 3 Rozsiteni X. germanus v CR véetné 100 km bufferu okolo hranic CR (a), nalezy
suvedenim roku vCR a vokolnich statech (b), detail snalezy podél hranic se

Slovenskem (c), detail s nalezy v Narodnim parku Podyji podél hranice s Rakouskem (d).
Obr. 4 Vyskova distribuce Xylosandrus germanus v CR v letech 2007 aZ 2019.

Obr. 5 Rozsiteni druhu Gnathotrichus materiarius v CR, Rakousku, Némecku,
Madarsku, severni Itélii, Polsku, Slovinsku a Svycarsku se sméry predpokladaného $iteni
(pIné Sipky jsou smery Siteni, a carkované Sipky jsou predpokladané sméry).

10



Obr. 6 Zndmé rozsiteni Xyleborinus attenuatus v Evropé s rokem prvonélezu a lokality
v CR.

Obr. 7 Pocetnost Phloeosinus aubei podle data a ndvnad v Experimentu I.
Obr. 8 Pocetnost Phloeosinus aubei podle data a ndvnad v Experimentu II.

Obr. 9 Pocet ambrosiovych invaznich karovca chycenych do lapa¢t na razné druhy
navnad, Gnathotrichus materiarius (a), Cyclorhipidion bodoanum (b) a Xylosandrus

germanus (c).

Obr. 10 Vysledky random forest regression zavislosti po¢tu jedinci ambrosiovych
karovct na studovanych faktorech: (a) vyznamnost proménnych. Proménné s
vyznamnym vlivem (p < 0,05) jsou oznaceny hvézdickou (*); (b,c) zavislosti poctu
jedinca ambrosiovych kurovci chycenych do pasti béhem roku na zapoji (b) a mnozstvi

mrtvych dubovych vétvich (c).

Obr. 11 Vysledky random forest regression priumérného poctu druhd ambrosiovych
karovct zachycenych v jedné pasti na studovanych faktorech: a) vyznamnosti
proménnych. Proménné s vyznamnym vlivem (p < 0,05) jsou oznaceny hvézdickou (*);
(b-e) z&vislost poctu ambrosiovych kirovea odchycenych béhem osmi dvoutydennich
obdobi od dubna do srpna na zapoji (b), zdsobé duboveho diivi (c), mnoZstvi mrtvych

dubovych vétvi (d) a redukované ploSe dubovych porostu (e ).

Obr. 12 Biplot T-hodnoty kanonické korespondenc¢ni analyzy s vysledky regresi
pocetnosti kirovea v parku na Gzemi lazenského mésta (Cerveny kruh) a v lese piiléhajici
k lazenskému mestu (modry kruh). (Cryphalus asperatus —CrypAspr; Cryphalus piceae
—CrypPice; Crypturgus cinereus -CrypCinr; Crypturgus pusillus -CrypPusl;
Dendroctonus micans -DendMicn; Gnathotrichus materiarius —GnatMatr; Ips
typographus —IpsTypog; Pityogenes bistridentatus —PityBist; Pityogenes chalcographus
—PityChal; Pityophthorus pityographus —PityPity; Polygraphus poligraphus —PolgPolg;
Tomicus minor —TomcMinr; Trypodendron lineatum —TrypLine; Xylechinus pilosus —
XylcPils).

Obr. 13 Faktory lokalit s pritomnosti a absenci Phloeosinus aubei: nadmoiska vyska,

rozloha, vzdalenosti od nejblizSiho Uzemi s jalovcem a zastoupeni jalovce na plose. Malé

11



¢tverce oznacuji mediany, krabicové grafy oznacuji 25 % a 75 % kvartily a ¢ary oznacuji
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1. Uvod

Kirovci patii taxonomicky do ¢eledi Curculionidae, podéeled’ Scolytinae. V minulosti
byli samostatnou ¢eledi Scolytidae (Latreile 1807), v souc¢asné dob¢ jsou vak na zakladé
larvalni morfologie klasifikovani jako podceled’ (Crowson 1967; Lawrence & Newton
1995; Jordal et al. 2014). Cela podceled” se déli nadale na triby, z nichZ v Evropé se
vyskytuji: Corthylini, Cryphalini, Crypturgini, Dryocoetini, Ernoporini, Hylastini,
Hylesinini, Hylurgini, Hypoborini, Ipini, Phloeosini, Phloeotribini, Polygraphini,
Scolytini, Trypophloeini, Xyleborini a Xyloterini (Alonso-Zarazaga et al. 2023). | pres
vieobecnou shodu, Ze kuarovci jsou klasifikovani jako podceled’, existuji vyznaéni
taxonomoVé, kteti je nadale povazuji za ¢eled’ (Bright 2019). Na celém svété se vyskytuje
vice nez 6000 druht karoveu, v palearktické oblasti se jich vyskytuje téméi 900 druhi
(KniZek & Beaver 2007; Hulcr et al. 2015).

Scolytinae se podle zpisobu Zivota déli na dvé skupiny, na pravé karovce a ambrosiove
karovce. Pravi karovci se Zivi floémem nebo méné castéji vytvareji pozerky v béli. Jsou
charakterizovani relativné vysokou specificitou hostitele, vzhledem k tomu, Ze jsou
odkézani na specifické vlastnosti floému, chemické vlastnosti stromu a kvalitu potravy
(Gomez et al. 2023). Naproti tomu jednotlive druhy ambrosiovych karovcu obsazuji
razné hostitelské dreviny a Zivi se symbiotickymi houbami, které si vnesou do stén
poZerkt vytvorenych ve dievé (Hulcr & Skelton 2023). Nékolik mélo znamych
ambrosiovych kuarovcu pouZzivd metodu ,mycocleptism®, to znamena, Ze nemaji
mycangium, které se pouZiva k pienosu hub do poZerkd, a ,kradou® houby jinym
ambrosiovym karovcam. Vyhloubi mate¢nou chodbu tésné vedle mate¢né chodby jiného
ambrosiového kirovce a jeho houby prorostou do mate¢né chodby mycocleptického
karovce (Hulcr & Cognato 2010). Ambrosiovy karovec Xyleborus ferrugineus Fabricius,
1801 vyuziva steroid ergosterol produkovany houbou Fusarium solani (Mart.) Sacc.,
1881 ke zvyseni fertility samic a rustu larev (Kok et al. 1970). Nekteré druhy karovet se
vyvijeji v semenech nebo v ovoci, ptipadné v rostlindch (Pfeffer 1955). Tyto razné
potravni zvyklosti se odradZeji v diverzité neptivodnich druht Scolytinae. Ambrosiovi
invazni karovci vyZaduji vhodné klimatické podminky pro rast svych symbiotickych hub
a jsou ¢etngjsi na vihcich a teplejSich lokalitach (Reich et al. 2014; Rassati et al. 2016b;
Hulcr & Stelinski 2017), zatimco pravi karovci jsou méné zavisli na podnebi a jsou

homogennéji rozsiteni (Marini et al. 2011). Stale vSak neni zndmo, jak razné potravni
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preference ovliviuji sloZeni druhové komunity kiroved. U invaznich karovcei, vzhledem
k jejich vysoké hostitelské specificité, je evidentni, Ze jejich rizné druhové slozZeni zavisi

na druhové bohatosti dievin v lesnich porostech.

Kiarovci patti mezi nejdulezitéjsi Skadce, ktefi ohroZuji stabilitu lesnich porostt na celém
svété. Srostoucim pocétem invaznich karovcu je ohroZeni lesnich porosta jesté vyssi.
Invazni kuarovci predstavuji hrozbu nejen pro pavodni biodiversitu, funkeni lesni
ekosystémy a ekonomickou produktivitu lesniho hospodarstvi (Brockerhoff et al. 2006a;
Aukema et al. 2011; Gohli et al. 2016), ale i pro parky a sady (Francardi et al. 2017,
Branco et al. 2019). Invazni kurovci jsou navic vyznamnymi pienaSe¢i houbovych
chorob, které zpasobuji masivni hynuti dievin. Invazni karovec Pityophthorus juglandis
Blackman, 1928 je pienaSe¢em houby Geosmithia morbida M. Kolatik, Freeland, C.
Utley & Tisserat, 2010, ktera zpusobuje chorobu Thousand cankers disease na oieSacich
(Juglans spp.) (Faccoli et al. 2016). Mezi dalSi pienaSece houby G. morbida patii
v Evropé invazni kuarovci Xylosandrus crassiusculus Motschulsky, 1866, Xylosandrus
germanus Blandford, 1894, Monarthrum mali Fitch, 1856 a Cyclorhipidion bodoanum
Reitter, 1913 (Moore et al. 2019). C. bodoanum maZe byt jednim z mozZnych pienaseci
zavazné choroby dubi Sudden oak death (McPherson et al. 2013). Lykohub
Dendroctonus valens LeConte, 1859 je v USA, kde je pavodni, povaZzovan za minoritniho
Skadce. Naopak v Cing, kde je invazni, zpasobuje kalamitni odumirani borovice Pinus
tabuliformis Carriere, 1867 a je ptenaSecem nékolika druht ophiostomatoidnich
agresivnich hub (Yan et al. 2005; Lu et al. 2009; Min et al. 2009; Marincowitz et al.
2020). Karovec Scolytus multistriatus Marsham, 1802 je prenaSe¢em hub Ophiostoma
novo-ulmi Brasier, 1991 a Ophiostoma ulmi (Buisman) Nannf., 1934, které zpasobuji
grafidzu jilmu (Basset et al. 1992; Santini & Faccoli 2015). Tento kirovec je invazni
v USA (Chapman 1910) a zaroven byl zpétné reintrodukovan do Evropy (Cola 1973;
Binazzi et al. 2019). Zpétné reintrodukovan z USA, kde byl pravdépodobné jiz pied vice
nez 100 lety zjistén jako prvni invazni ambrosiovy karovec (Rabaglia et al. 2006), do
Evropy byl i Xyleborinus saxesenii Ratzeburg, 1837, ktery byl také zpétné importovan
z Afriky (Cola 1971), kde je taktéZ invazni (Wood & Bright 1992). | tyto zpétné
reintrodukce reprezentuji potenciondlni nebezpec¢i, kdyZz si kuarovci vytvori nové
symbidzy s lok&lnimi houbami a pienesou je zpét do své ptivodni oblasti (Grubbs et al.
2020). Pienos nepuvodnich hub introdukovanych invaznimi karovci na pavodni karovce

v owry

a jejich dalsi Sieni je uz zaznamenan (Carrillo et al. 2014). Vlivem zmén Klimatu se Sifi
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lykohub Phloeosinus aubei Perris, 1855, ktery je prenaSe¢ houby Seiridium cardinale
(W.W. Wagener) B. Sutton & I.A.S. Gibson, 1972 zpusobujici chorobu ,,Cypress canker
disease”. Ta stoji za masivnim odumiranim cypiisa v jiznich stadtech Evropy (Ponchet
1981; Danti & Rocca 2017). Toto houbové onemocnéni bylo zjisténo i v Ceské republice
(Mertelik & Sindelkova 2003).

Invazni karovci zpusobuji po celém svété vyznamné ekonomické Skody, které dosahuji
vysokych finan¢nich hodnot (Dobie 1978; McLean 1985; Wylie et al. 1999; Pimentel et
al. 2005; Aukema et al. 2011). ProtoZe i pavodni karovci jsou prenaSeci riznych druha
hub, napf. Ips acuminatus Gyllenhal, 1827 je pienaSe¢em vice nez 50 druht hub
(Davydenko et al. 2017), simultanni efekt vicero invaznich druht, jejich hub a nasledna
interakce se zménou klimatu vytvaii stav, u kterého muzeme téZko predikovat vliv na

Zivotni prostiedi (Lovett et al. 2013).

Kirovce miZeme najit na vSech direvindch po celém svété. | na jedovatém Taxus baccata
L., 1753, ktery byl dlouho povaZovéan za dievinu, ktera nehosti Zadného kutirovce (Pfeffer
1955), byl nakonec zjistén karovec Hylastes pinicola Bedel, 1888 (Schedl 1980).
Nej¢astéji karovci provadéji Zir pod kirou a razné druhy napadaji vSechny ¢ésti dieviny,
od koifeni a pafezt (rod Hylastes), spodni ¢ast kmene (c.f. Dryocoetes autographus
Ratzeburg, 1837, Hylurgops palliatus Gyllenhal, 1813, Dendroctonus micans Kugelann,
1794), cely kmen (rod Ips, Pityokteines, Scolytus), vrchol koruny (rod Orthotomicus, Ips),
silngjsi vétve (c.f. Pityogenes chalcographus Linnaeus, 1760) aZ po nejtenci vétévky (rod
Pityogenes, Phloeotribus, Cryphalus, Eidophelus). V nejslabSich vétévkach mohou
druhy provadeét i zralostni Zir (Tomicus minor Hartig, 1834, Tomicus piniperda Linnaeus,
1758, Phloeosinus thujae Perris, 1855). | jeden druh karovce miazZe napadat razné vékova
stadia stromu, od sazenic aZ po dospélé stromy (napi. Fiala & Holusa 2021). Jednotlivé
druhy kuarovca jsou vazany bud’ na jehlicnany nebo listn&ce s jedinou vyjimkou. Pouze
lykohub Polygraphus grandiclava C.G. Thomson, 1886 se vyviji jak na jehli¢nanech
(Pinus, Picea), tak listnd¢ich (Prunus) (Avtzis et al. 2008). Ambrosiovi kuarovci jsou
naproti tomu silné polyfagni a fada druhti napada jak jehlicnany, tak i listnace (Weber &
McPherson 1983; Lightle et al. 2007). Preferuji viak rtizné dimenze dievin, od siln¢jSich
pramért kmene, jako napt. Trypodendron lineatum Olivier, 1800 nebo Gnathotrichus
materiarius Fitch, 1858, kmeny o praméru okolo 20 cm (X. germanus, C. bodoanum)
(Brin et al. 2011; Reed et al. 2015; Galko et al. 2019), silngjSi vétve (X. crassiusculus,

Anisandrus dispar Fabricius, 1792) az po veétévky (Xylosandrus compactus Eichhoff,
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1876, Xylosandrus morigerus Blandford, 1894) (Kalshoven 1961; Tanaskovi¢ et al. 2016;
Francardi et al. 2017). Karovci napadaji nejen dieviny ale i kete, jako napi. nehojny
Phloeotribus rhododactylus Marsham, 1802, ktery obsazuje janovec metlaty (Cytisus
scoparius (L.) Link, 1822) (Fiala & Holusa 2020a), liany, jako napt. Xylocleptes bispinus
Duftschmid, 1825, ktery provadi Zir na plaménku plotnim (Clematis vitalba L., 1753)
(Fiala 2021), na topolech (Populus sp.) rostouci jmeli bilé (Viscum album L., 1753)
napadad kurovec Liparthrum bartschti Muhl, 1891 (Pfeffer 1941). Z rostlin napadaji
prysce (Euphorbia sp.) karovci Thamnurgus varipes Eichhoff, 1878 a Aphanarthrum
alluaudi Peyerimhoff, 1923 (Schedl 1971; Mandelshtam et al. 2012). V&Znym Skadcem
kukutice je kurovec Pagiocerus frontalis Fabricius, 1801 (Okello et al. 1996). Na
kaktusech provadi Zir karovec Cactopinus hubbardi Schwarz, 1899 (Bright 1967). Na
orchidei Dendrobium phalaenopsis Fitzg., 1880 byl v Evropé nalezen invazni kirovec X.
morigerus (Reitter 1913). | v semenech se vyvijeji karovci, napi. Hypothenemus hampei
Ferrari, 1867, Hypothenemus obscurus Fabricius, 1801 a X. compactus se vyvijeji
v zrncich kadvy (Greco & Wright 2012, 2015; Vega et al. 2012), kirovec Coccotrypes
dactyliperda Fabricius, 1801 je Skadcem datli (Spennemann 2018). Ve dvouletych
Siskach borovice vejmutovky (Pinus strobus L., 1753) provadi Zir kbrovec
Conophthorus coniperda Schwarz, 1895 (Hedlin et al. 1980). | neobvyklé materialy
mohou slouZit jako potrava pro kirovce. Z poZerkt v obalu knihy byl popsan karovec
Hypothenemus eruditus Westwood, 1834, jeden z nejrozSifen¢jSich a nejpocetnéjSich
karovct na svété (Kambestad et al. 2017). Tento karovec dokaZe provadét Zir i v uzenych

rybach nebo slanych broskvich (Madenjian 2020).

Invazni karovci se Siti nékolika zpasoby, nejc¢astéji je to globalnim obchodem s dievénym
materialem (opracované i neopracované dievo), dievénymi obaly, plody nebo s Zivymi
sazenicemi dievin (Mathew 1987; Meissner et al. 2008; Pombo et al. 2010; Kangkamanee
et al. 2011; Augustin et al. 2012; Brockerhoff & Liebhold 2017; Meurisse et al. 2019). Je
potvrzeno i Sifeni dievénym materidlem, ktery byl oSetien podle mezinarodniho
standardu ISPM 15 (Haack & Petrice 2009; Haack et al. 2014). V Evrop¢ jsou vstupni
branou nejcastéji pristavy na atlantském a stredozemnim pobieZi (Hagedorn 1910;
Hoffmann 1942; Cola 1971, 1973; Faccoli 2008; Faccoli et al. 2009; Moraal 2010;
Inghilesi et al. 2013; Rassati et al. 2016a; Binazzi et al. 2019; Branco et al. 2019; Barnouin
et al. 2020). V USA v letech 1985-2000 zachytili celkem 6825 exemplait invaznich

karovct, ztoho 1248 kusu bylo zjisténo na letistich, 4973 jedinci v ndmotnich
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pristavech, 201 kust na pozemnich hranicich, 366 jedinci na specialnich obchodnich
letiStich a 37 kust bylo zjisténo piimo v zemich, kde vyvoz podléha kontrole predbéznéeho
schvaleni (Haack 2001). DalSi piesnd c¢isla odchycenych kuroved v americkych
pristavech udava Meissner et al. (2008); od 5. ¢ervence 2006 do 1. ledna 2008 bylo
zjisténo 788 kusu invaznich kirovea v 247 pripadech. Vliv ¢loveéka na Siteni invaznich
karovcu je daleko veétsi, nez vliv klimatu (Gohli et al. 2016; Ward et al. 2019), napiiklad
zakladani plantadzi nepuvodnich dievin zvysuje riziko zavleéeni neptvodnich kirovca
(Lantschner et al. 2017). V CR se to tyka hlavng péstovani borovice ¢erné (Pinus nigra
Aiton, 1789) a jejich Skadca Pityogenes bistridentatus Eichhoff, 1878 a Orthotomicus
robustus Knotek, 1899, kteti jsou z CR znami jen z nékolika lokalit (Pfeffer & Knizek
1996; Urban 2000; KniZek 2006; KniZzek & Mertelik 2017; Fiala 2019). Piesto zména
klimatu hraje podstatnou roli v rozSiteni a preZiti populace invaznich kuarovci na
kontinentech (Rassati et al. 2016b). Zménou klimatu se na sever Siti hostitelské dieviny,
které se pavodné na daném misté nevyskytovaly (Ge et al. 2017). | kurovci, kteti se
vyskytovali pouze v jizni Evropé se mohou Sifit na sever, napf. lykohub P. aubei, se Siti
ve stiedni Evropé i do chladngjSich lokalit (Fiala & Holusa 2019). Karovci se nesiti pouze
globalnim obchodem, ale i ptirozen¢, protoZe tento rod Phloeosinus patii mezi dobré letce
(Furniss & Furniss 1972). Suchd léta prispivaji tomu, Ze i karovci, ktefi béZné nevystupuji
do vysokych nadmotskych vysek, se objevuji i v alpskych polohach (Marini et al. 2012).
Naopak i povodné zvySuji moZnost napadeni stromu karovci, protoZe stromy jsou
stresovany nadmérnym mnoZstvim stojici vody (Wang et al. 2021). Rychlost Siieni se
globalizaci obchodu vyznamné zrychluje. Vliv na to ma i bezcelni kamionova doprava
v Evropské unii a pad ,,Zzelezné opony* (Hulme 2009; Roques et al. 2016). Evropska unie,
ktera stoji za projektem novych typu chrdnénych Gzemich Natura 2000, pFispiva k Siteni
invaznich druhd, protoZe jsou vice pristupnd lidem neZz nedostupné lokality chranéné
desitky let (Gallardo et al. 2017). Podstatnou ¢asti boje proti invaznim karovcum je jejich

véasna identifikace, ktera poméhé s ptipadnou obranou proti Skadci (Douglas et al. 2009).

V Evropé dochézi k ¢astéjSimu a castéjSimu vyskytu novych druha invaznich karovcu
v poslednich letech a Siteni jiZz zabydlenych druha do novych stata (Marchioro et al. 2022;
Mas et al. 2023; Sanchez et al. 2023; Saurat et al. 2023). Lze piedpokladat, Ze také v
Ceské republice se nové invazni druhy karovea budou objevovat &astgji. Proto jsme
studovali rozsiteni etablovanych druht invaznich karovea v CR, pii kterém jsme zjistili

i novy druh invazniho karovce pro CR (Fiala et al. 2021). Stanoveni environmentélnich
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faktora urcujicich vyskyt kurovci pomuZe definovat, na které lokality je nutné se
v budoucim monitoringu zaméiit. Srovnadnim riaznych feromont a volatilnich latek je

nutné nalézt kombinaci navnad pro celorepublikovy monitoring.

Zjisténi pritomnosti invazniho druhu kurovce je zasadni podminkou integrované ochrany
lesa. Bez znalosti diverzity kurovci a jejich potenciondlnino nebezpeci pro lesni
ekosystémy, urbanni zelen, biodiverzitu a ekonomické Skody nemiizeme vytvaiet postupy

v v s

vedlejSimi efekty.

2. Cile prace

1. Popis souc¢asného rozsiteni invaznich druhit karovea na Gzemi Ceské republiky;
2. Nalezeni vhodné kombinace volatilnich latek nebo feromond k monitoringu
vybranych invaznich druht karovea v Ceské republice;

3. Stanoveni environmentélnich proménnych (zapoj, mnoZstvi mrtvého diivi, typ
lesa, zé&soba dievni hmoty, vzdalenost od zdroji, geomorfologie terénu,
vzdalenost od mést), které ovliviuji abundanci aSiteni invaznich druhd
ktrovct,

4. Definovani syntetické metodiky monitoringu invaznich druhu karoveu, které mohou

pronikat do Ceské republiky z okolnich zemi.
3. Rozbor problematiky
3.1 Semiochemikalie

Semiochemikalie ovliviwjici chovani hmyzu délime na nékolik druhti: feromony, které
zprostiedkovavaji vnitrodruhovou komunikaci; allelochemikalie, které zprostiedkovavaji
mezidruhovou komunikaci; allomony, které zprostredkovavaji mezidruhovou
komunikaci, ze které ma uzitek pavodce, nikoli ptijemce; kairomony (volatilni latky),
které zprostredkovavaji mezidruhovou komunikaci, ze které ma uzitek piijemce, nikoli
pavodce; synomony, které zprostredkovavaji mezidruhovou komunikaci, ze které maji
uzitek jak pavodce tak prijemce (Seybold et al. 2018). Pohlavi, které jako prvni za¢ina
napadat hostitele vylucuje primarni feromony, zatimco druhé pohlavi muzZe uvoliovat
dodate¢né feromony (Vité & Francke 1976). U polygamnich druhi (c.f. Ips nebo
Pityokteines) zac¢inaji na hostitelské dieviny nalétavat samci, u monogamnich druhu (c.f.

Dendroctonus) jsou to naopak samice (Borden 1974). Prvni agregacni feromon byl
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identifikovan vroce 1966 z lykoZrouta Ips paraconfusus Lanier, 1970 jako smeés
ipsdienolu, ipsenolu a cis-verbenolu, pticemz tyto terpenové alkoholy byly izolovany z
pozerki (Silverstein et al. 1966). V moderni dob¢ se semiochemikalie ziskavaji primo
z dospélca, ktefi cerstvé opustili matecné chodby piimo extrakci nebo zachytem na
adsorbenty. Latky jsou analyzovany pomoci plynového chromatografu, a nésledné se
testuji na tykadlech karovcu (Gonzalez et al. 1994; Kendra et al. 2012; Ranger et al. 2014;
Gao et al. 2019). Poté se tyto latky syntetizuji a nasledné testuji v polnich podminkéch
(Pureswaran et al. 2004; Rainho et al. 2021).

Kirovci pouZivaji komplex chemického komunikac¢ni systému k vyhledavani nového
hostitele, na kterém pak provadéji Zir, pafeni a rozmnoZovani. ProtoZe potravni zdroj
muze byt nedostupny, dokud hostitel neodumie nebo neni jinak oslaben, vyvinul se u
karovct komunikacni systém pomoci feromont (Tab. Al), které ve vysledku vedou
k agregaci populace na novém hostiteli. Tato agregace musi mit dostatecnou intenzitu,
aby populace mohla nového hostitele vyuZit (Wood 1982a). Proces kolonizace noveho
hostitele mtzZe byt rozdélen do c¢tyr fazi: rozptyleni — zac¢ind opusténim mate¢ného
hostitele a kon¢i reakci na podnéty nového hostitele nebo reakci na feromony; vybér —
zacind odpoveédi na podnéty hostitele nebo feromonu a konc¢i Zirem na hostiteli;
koncentrace — zacind reakci na feromony, které produkuji samci nebo samice, ktefi
provadgeji Zir na hostiteli a konc¢i v dobé kdy se jiZz neuvoliuji Zddné feromony nebo se
naopak uvoliuji antiatraktanty; udrzeni — za¢ina, kdyZ je populace dostatecna k zajisténi
odumieni hostitele nebo u druhi, které nezpasobuji odumieni hostitele, zacind Zirem
oplodnénych samic. Tato faze kon¢i ukonéenim tvorby matecnych chodeb a nakladenim
vajicek (Wood & Bedard 1977; Byers 1989). Nekteti autoti tento mechanismus zkracuji
na tti faze (definované u kurovce Dendroctonus frontalis Zimmermann, 1868); inicia¢ni
napadeni, kdy samice pii napadeni hostitele vylucuji frontalin a napadeny strom a. pinen;
masivni napadeni, kdy stale samice vyluc¢uji frontalin a napadeny strom o pinen, ale samci
Jiz vylucuji verbenon jako repelentni latku; a presmérovani utoku, pii némz obé pohlavi

uz vylucuji endo-brevicomin, znagici, Ze hostitel je pIné obsazen (Vité & Francke 1976).

Vv s

Mezi nejdulezZitéjSi puvodce kairomonu patii samotné dieviny. Stresované dieviny
(sucho, mraz, povodng, ohen, poSkozeni zpuasobené ¢lovékem) intenzivné produkuji
etanol, ktery je nejdulezit&jsi volatilni latkou pro ambrosiové karovce (Kelsey & Joseph
2003; Ranger et al. 2013, 2018, 2021; Reed et al. 2015; White 2015; Gely et al. 2020).

Etanol vylucuji stresované dieviny v kambiu (MacDonald & Kimmerer 1991; Kelsey &
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Joseph 2003). Na tyto stresované dreviny, které vypadaji opticky zdravé, nalétavaji
ambrosiovi kurovci (Kihnholz et al. 2001; Ranger et al. 2015). Mezi dalsi studované
vlivy, které podminuji nélet ambrosiovych kuarovca na stromy, je vliv houbovych
patogenu na strom. Houby mtzou ovlivnit atraktivitu hostitele pro karovce (Blood et al.
2018; Egonyu & Torto 2018; Fraedrich et al. 2018; Rassati et al. 2020).

Zdravé nestresované stromy etanol nevyluéuji. Aby se zjistilo, jaka mira etanolu je nutna
k GspéSnému naletu ambrosiovych kurovci, pouZiva se metoda injektaZe etanolu do
stromu. Nasledné se méii plynovym chromatografem mnoZstvi vylucovaného etanolu ze
stromu. Tato metoda je vhodné k pouZiti stromu, ktery neni v lesnim porostu ¢i parku
perspektivni, jako stojici lapdk. Metoda je ucinngjSi nez na strom vyvésit kapsli
s etanolem (Ranger et al. 2010, 2012; Dodds et al. 2016; Klingeman et al. 2017; Reding
et al. 2017; Addesso et al. 2019; Rassati et al. 2020).

V posledni dob¢ se vyuZiva rizné kombinace volatilnich latek (Tab. Al), protoZe se
zjistilo, Ze se tim zvySuje mnoZstvi odchytanych kurovcu do lapaca (Schroeder &
Lindeléw 1989; Flaherty et al. 2018). Mezi nejvyuzivanéjsi kombinace patii etanol + a
pinen (Borden et al. 1980; Francardi et al. 2006; Wylie et al. 2008; Miller & Rabaglia
2009; Burbano et al. 2012; Yang et al. 2018; Kamata et al. 2020), etanol + conophthorin
(VanDerLaan & Ginzel 2013; Galko et al. 2014; Miller et al. 2015), quercivorol + a
copaen (Kendra et al. 2017) nebo etanol + benzaldehyd (Yang et al. 2018). Mnohem méné
se jako navnada lapacich pouzivaji razné druhy dievinnych oleji, napt. copaiba oil,
manuka oil, phoebe oil, cubeb oil, ginger oil, cade oil nebo juniper berry oil (Hanula &
Sullivan 2008; Hayes et al. 2008; Kendra et al. 2011, 2016; Burbano et al. 2012; Hanula
et al. 2013; Johnson et al. 2014), etylen (Gonzéalez & Campos 1996). o pinen Ize pouZit i
jako samostatnou sloZzku k odchytu kuarovce Tomicus destruens Wollaston, 1865
(Peverieri et al. 2004). Z agregac¢nich feromont Ize k odchytu invaznich kurovci, které
se vyskytuji v Evrop¢, pouZit sulcatol (Flechtmann & Berisford 2003; Miller & Crowe
2020), [S]-cis-verbenol + ipsdienol+ ipsenol (EPPO 2014) nebo prenol (Seybold et al.
2015). Céstecné Ize chytat invazni karovce na feromon exo-brevicomin nebo frontalin
(Wylie et al. 2008). | nekteii ambrosiovi karovci maji agregaéni feromony, nejzndméjsi
je feromon karovcu rodu Trypodendron, ktery se jmenuje lineatin (MacConnell et al.
1977; Paiva et al. 1983; Zumr 1983). V ptipadé nouze Ize v lapaci pouzit i 40 % vodku
jako navnadu pro odchyt kirovea (Sweeney et al. 2016) (Tab. 1). Experimentalné byly

zkouseny lapace navnadéné etanolem s pridanym LED svétlem. Pridané UV svétlo (395
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nm) nebo zelené svétlo (525 nm) zvySovalo G¢innost lapace pii odchytu kirovce X.

crassiusculus (Gorzlancyk et al. 2013).

Mezi semiochemikalie patti i latky, které naopak maji repelentni G¢inky na kirovce. Mezi
nejznaméjsi patti verbenon. Pisobi jako antiagregacni feromon na karovce rodu Ips a
Dendroctonus a redukuje napadeni stromia kurovci rodu Xyleborus, Xylosandrus a
Xyleborinus (Burbano et al. 2012; VVanDerLaan & Ginzel 2013; Werle et al. 2019; Rivera
et al. 2020; Friihbrodt et al. 2023). Mezi mén¢ pouZivané repelenty patii smés 1-hexanolu
a benzylalkoholu a smés metylsalicylatu a salicylaldehydu, které redukuji nalet T.
lineatum o 80 %, respektive 0 65 % (Borden et al. 1997, 2001). Pro kurovce rodu Tomicus
je repelentni smés alkoholi Cs, Cg a benzylalkoholu. Tyto alkoholy jsou emitovany listy
a kirou btiz Betula pendula Roth, 1788 a Betula pubescens Ehrh., 1791, ptipadné osikou
Populus tremula L., 1753 a bezem ¢ernym Sambucus nigra L., 1753 (Zhang et al. 1999a;
Poland & Haack 2000; Schlyter et al. 2000; Peverieri et al. 2004). Tyto alkoholy dokazou
snizit u¢innost agregacnich feromonu na karovce D. frontalis, Ips avulsus Eichhoff, 1868
a Ips grandicollis Eichhoff, 1868 (Dickens et al. 1992). U kurovce Ips typographus
Linnaeus, 1758 redukuji nalet aZ o 70 % (Zhang et al. 1999b). Na samce kurovce
Pityophthorus ramulorum Perris, 1856, ktery ptendSi houbu Fusarium circinatum
Nirenberg & O’Donnell, 1998, kter4 zpasobuje chorobu ,,Pitch canker disease” na
borovicich Pinus radiata D.Don, 1836, pusobi repelentné latka racemic trans-
conophthorin (Lopez et al. 2013). Nékdy latka, kterd pusobi jako agregacni feromon na
jednoho kuirovce, pasobi repelentné na jiného kurovce, prikladem miZe byt multistriatin,
ktery je agregacni sloZzkou u S. multistriatus, ale repelentem pro Scolytus scolytus
Fabricius, 1775 (Blight et al. 1976) nebo (S)-(-)-ipsenol pusobici agregacné na karovce
Pityokteines curvidens a repelentné na I. typographus (Vité & Baader 1990).

3.2 Typy lapacia a moznosti vyuziti

Pro odchyt karovcu se pouZivaji nejcastéji ctyii typy lapaca. Ve viech pripadech se jedna
0 narazové typy, které jsou pro zvysSeni ¢inku vnazeny feromony nebo kairomony. Jedna
se lapace typu Theysohn, Ecotrap, Borregaard (tubusovy) a Lindgren. Posledni dva
jmenované se mohou pouZzit i pro mokry typ odchytu. V tomto pifipadé se do odchytoveé
nadoby pridava polypropenglykol, ktery odchycené brouky konzervuje (Allison & Redak
2017). Bylo zjisténo, Ze razné druhy kurovca preferuji jiné typy lapacu. H. eruditus a H.

obscurus preferuji typ Ecotrap, karovec Cryptocarenus diadematus Eggers, 1937, T.
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piniperda, Hylastes opacus Erichson, 1836 nebo Hylurgus ligniperda Fabricius, 1787 je
Iépe chytan do typu Lindgren, do typu Theysohn Iépe nalétavaji kiarovci Xyleborus affinis
Eichhoff, 1868, Premnobius cavipennis Eichhoff, 1878 nebo Orthotomicus caelatus
Eichhoff, 1868. Typ Borregaard je Gc¢inny pro odchyt kirovce Hylastes salebrosus
Eichhoff, 1868 a Hylastes tenuis Eichhoff, 1868 (Flechtmann et al. 2000; Petrice et al.
2004; Dodds et al. 2010; Hanula et al. 2011; Miller & Crowe 2011; Burbano et al. 2012).
Rozdily Ize pravdépodobné vysvétlit funkeni plochou kazdého typu lapace a vizualni
atraktivitou kazdeho tvaru lapace pro karovce. VIiv ma i rychlost letu kazdého druhu
karovce, napi. lapa¢ typu Theysohn je vhodnéjsi pro pomaleji letici karovce (Petrice et
al. 2004).

Pro odchyt ambrosiovych kurovca (A. dispar, X. saxesenii) v ovocnych a liskovych
sadech, piipadné i v jinych typech porosta, se pouZzivaji i lepové pasti vétSinou navnadéné
etanolem typu Rebel Rosso a Csalomon Palx (Atkinson et al. 1988; Hayes et al. 2008;
Speranza et al. 2009; Saruhan & Akyol 2013; Ak et al. 2014; Salmane et al. 2015;
Sarikaya & Saym 2016). Zemni pasti se pouZivaji ispésné na odchyt karovcu vyvijejicich
se v kofenech nebo v patezech (c.f. Hylastes spp., D. valens) (Erbilgin et al. 2001) nebo
v pralesich, kde kurovci létaji pii zemi (Abreu et al. 2012). Vzhledem k rozSitujici se
obc¢anské véde, Ize vyuzit k odchytu kirovci i jednoduché PET lahve, které si obéané
mohou snadno vyrobit doma (Steininger et al. 2015; Pajek et al. 2020; Sanguansub et al.
2020; Tarno et al. 2021). Mezi duleZité faktory ovlivnujici vysi a efektivitu odchytt do
lapact patti i vySka umisténi lapac¢u nad zemi. VétSina karovcu je chytana do lapact ve
vysSce 35-200 cm (Reding et al. 2010; Hanula et al. 2011; Brar et al. 2012; Machado &
Costa 2017; Menocal et al. 2018; Ulyshen & Sheehan 2019). Presto nékteré druhy lze
nachytat i ve vySkach nad 10 m (Prochazka et al. 2014; Flaherty et al. 2019; Ulyshen &
Sheehan 2019).

Vliv na vysi odchytu a druhové spektrum ma i barva lapace. Tmavé barvy odchytaji vice
karovct nez svétlé. Je to dano nizsi odrazivosti svétla od tmavsich lapacu (Dubbel et al.
1985; Strom & Goyer 2001; Werle et al. 2014). Umisténi lapact v porostu (v zapojeném
lese nebo na hran¢ lesa) nemé vliv na celkovy pocet odchycenych karovcet, ale ma vliv
na pocet odchycenych druha karoveu, ktery je vétSi na okraji lesa nebo prilehlé pasece
(Dodds 2011). Na odchyt kurovcu do lapact typu Lindgren maZe mit vliv i to, zda
pouZivame suchy odchyt nebo mokry odchyt s nemrznouci smési jako naplni. Do lapact

s mokrym odchytem se chyté vice druhu, které vyuZivaji k naletu na dieviny etanol, ktery
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nemrznouci smés obsahuje nez druht rodu Ips, které vyuZivaji jiné agregac¢ni feromony
(Miller & Duerr 2008).

Umisténi navnady v/na lapaci méa také vliv na pocet odchycenych jedinci. Navnada
umisténa uvnitt lapace zvySuje pocty odchycenych kusi karovei neZz navnada umisténa
vné (Miller et al. 2013). Experimentaln¢ se pouZivaly pro odchyt karovcu i lapace
s ultrafialovym svétlem, které Ize spiSe pouZzit pro faunistické prizkumy (Frost 1964;
Ostmark 1968). Pro faunistické prizkumy se pouZivaji i narazové pasti bez navnad
(Faccoli & Rukalski 2004).

Dulezité faktory jsou i povétrnostni faktory, jako je teplota, vlhkost, vitr a jeho smér i
slune¢ni radiace, které nakonec urcuji ispésnost odchytu kurovci (Daterman et al. 1965;
Beaver & Loyttyniemi 1991; Barclay et al. 1998; Sittichaya et al. 2012; Brockerhoff et
al. 2017; Rodriguez et al. 2017; Gugliuzzo et al. 2019; Jones et al. 2019; Monteiro et al.
2019; Chen et al. 2020). Neékteré druhy karovct maji vrchol letu odpoledne, jiné az
k veceru (Calnaido 1965; Klimetzek et al. 1989a; Johnson et al. 2016; Menocal et al.
2018).

3.3 Monitoring

Vzhledem k ekonomickym a ekologickym Skodam, provadgji nekteré staty pravidelny
monitoring invaznich Skadcu na svém Uzemi. Davodem je zabranéni potencionalnimu
nebezpeci, které by mohlo vzniknout. Nejvic propracovany systém pravidelného
monitoringu maji USA, kde monitoring probihd uz 20 let (Rabaglia et al. 2008). Jejich
systém je zaloZen na vyuZiti husté siti lapaca typu Lindgren vnazenych etanolem, a
pinenem+etanolem a ipsdienolem+cis-verbenolem+metylbutenolem. Lapace jsou
umistény hlavné u obou pobrezi, ale i ve vnitrozemi USA. Uzemi USA je rozdéleno na
tii ¢asti a kazda ¢ést je monitorovana jednou za tti roky. | pfipojend zadmoiska Gzemi jako
Portoriko nebo Guam se pravideln¢ zG¢astni monitoringu, zde se pouZivaji i jiné volatilni
latky k odchytu, manuka oil nebo etanol+cubeb oil. Lapace jsou umistény u moiskych
pristavii nebo u dievozpracujiciho pramyslu (Rabaglia et al. 2019). Jiz pred zapocetim
tohoto programu dochdzelo v USA k odchytu invaznich kirovct v pristavech a na
letiStich (Rabaglia & Cavey 1994; Haack 2001, 2006; Mudge et al. 2001). Data z tohoto
monitoringu se vyuZivaji pro ur¢ovani chovani invaznich karovci a modelovani jejich
Siteni v USA (Rassati et al. 2014, 2015, 2016b). V Kanadé probéhly prvni pokusy

detekovat invazni karovce na konci 90.let 20. stoleti v okoli Vancouveru. K odchytu byly
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pouZity nasledujici latky: etanol, a pinen a atraktanty I. typographus (Humble 2001). V
Italii jiz probehly pokusy zachytit kurovce v piistavech v druhé poloving 20. stoleti (Cole
1971, 1973). V soucasnosti v Italii monitoruji 15 mezindrodnich pfistavt a jim ptilehlych
lesnich porostu; k odchytu pouzivaji lapace typu Lindgren a podobné semiochemikalie
jako v USA (etanol, o pinent+etanol a ipsdienol+ipsenol+metylbutenol). Tti lapace
umistuji v piistavu a tii lapace do prilehlych lest. Uspésnost odchyta byla vyssi
v listnatych lesich neZ v jehli¢natych porostech a v piistavech. V piistavech zachytili
karovce, ktefi prozatim nejsou schopni zaloZit stalou populaci v okolnich lesich (Rassati
et al. 2016a). Snaha o pravidelngjSi odchyt invaznich kiarovct probéhla i na Novém
Zelandé. Opét byly pouzity lapace typu Lindgren s navnadami o pinen+etanol,
pinen+etanol, frontalin+etanol a ipsdienol v ptistavech, mezindrodnich letistich a v lesich
blizko téchto mist. Bylo prokéazano, ze tento model monitoringu je Uspésny pro véasnou
detekci invaznich karovct a je zde velka Sance nésledné tyto karovce eliminovat z ptirody
(Brockerhoff et al. 2006b). Prvni pokusy s detekci invaznich druht na Novém Zeélandu
probéhly v 80. letech 20. stoleti (Carter 1989). Siteji zaméieny byl monitoring invaznich
druhu v Australii, kde byly monitorovany i Lepidoptera. PouZivany byly lepové pasti,
lapace typu Lindgren a Ecotrap. Jako navnada byl aplikovan etanol, cineol, a pinen,
phellandren a smés pinenu, phellandrenu, cineolu, terpenu a cymenu. Lapace byly
instalovany u piistavi a letist’ a dalsi byly umistény v zon¢ do 5 km od téchto pristava a
letiSt (Bashford 2012). Ve Francii spustili monitoring invaznich tesatiki
(Cerambycidae), kde testovali i odchyt na o pinen+etanol do lapact typu Ecotrap. Lapace
umistili do ptirozenych lesd, a do pristava, letist a zahradnictvi (Fan et al. 2019). Cina
ma vytvoieny Integrated Pest Management Plan, kde se monitoring provadi na
vytycenych plochach raznymi metodami, od navnadénych lapac¢u s raznymi typy
semiochemikalii pres svételné pasti aZ po obyéejnou pochiazku plochou (Anonymus
2009). Zaroveri se provadi odchyt kirovei v pristavech (Lin et al. 2021). Cina mé rovngz
vytvorenou normu pro kalamitniho lykohuba P. aubei, ktery zde pasobi vazné Skody na
cypiisich (Anonymus 2017). Tento lykohub se vyskytuje jako invazni i v Ceské republice
(Fiala & Holusa 2019). V dnedni dob¢, kdy se invazni karovci vice rozSituji po svéte,
objevuji se snahy i 0 zavedeni celosvétoveho monitoringu. Na nékolika kontinentech
probéhly odchyty zaroven ve stejnou dobu za Ucelem zjisténi pocetnosti kurovca
v dot¢enych regionech. V pastech byly pouZity tyto semiochemikélie: a pinen+etanol, o,
pinen+etanol+ipsdienol+ipsenol+Z-verbenol. Studie je prvnim krokem Kk vyvoji

mezinarodniho monitorovaciho protokolu postavenem na odchytu do lapaca
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navnadénych raznymi druhy latek (Faccoli et al. 2020). V posledni dobé je moderni
obc¢anska véda, ktera muzZe prindSet cenné a duleZité Udaje o vyskytu Zivocicha (Cohn
2008). | pti vyzkumu invaznich karoved mohou ob¢ané pomoci pii monitoringu karovca
ve svem okoli. Jako lapa¢ Ize pouZit obycejnou PET lahev (Steininger et al. 2015; Pajek
et al. 2020; Sanguansub et al. 2020; Tarno et al. 2021) a jako navnadu 40% vodku
(Sweeney et al. 2016). Existuji i matematické modely (MaxEnt), které Ize pouZit pro
predikci rozSifeni invaznich karovci na zékladeé rozsireni druhu a ekologickych
podminek (Oriicii et al. 2019; Yu et al. 2019; Sarikaya & Sen 2020) nebo Ize pouzit
algoritmy strojového uceni (umelé inteligence) k modelovéani Siteni karovci (Koren et al.
2021).

3.4 DNA analyzy a karovci

Prvni karovci byli popséni v 10. vydani Systema Naturae v roce 1758: 1. typographus,
Pityophthorus micrographus Linnaeus, 1758, Polygraphus poligraphus Linnaeus, 1758
a T. piniperda. Byli zarazeni do rodu Dermestes a celedi Dermestidae (Linnaeus 1758).
Pocet popsanych druha kirovct se zacal pozvolna zvySovat od poloviny 19. stoleti a
sveho vrcholu doséhl v letech 1970-1979 (Hulcr et al. 2015). Tyto druhy byly popisovany
na zaklad¢ morfologie. Tim dochazelo k opakovanym popisum stejného druhu, a razna
jména musela byt nasledné synonymizovana (Hulcr et al. 2015; Jordal & Tischer 2020).
Postupng, jak se technika zlepSovala, byli kirovci popisovani na zakladé mikroskopické
morfologie (Lanier 1970) a na ptelomu 20. a 21. stoleti prichazi na fadu fylogeneticka

molekularni analyza (Hulcr et al. 2015).

Na zékladé studia DNA dochazi k zpiesnovani jednotlivych triba a roda (c.f. Cognato &
Sperling 2000; Hulcr et al. 2007; Johnson et al. 2017). Pokud jednotlivée morfologicky
popsané druhy karovet ukazuji 10-12% odliSnost v mitochondrialné enkédovaném
cytochromu c¢ oxidase (COl), jsou jedinci povaZzovani a nasledné popséani jako novy druh
(Cognato et al. 2020). U Siroce rozSiteného tribu Xyleborini (Cognato et al. 2011) se
vyskytuji vzhledové podobné druhy a na zakladé COI jsou popisovany noveé druhy, které
se pak fadi do skupiny dle zakladniho druhu. Napf. od druhu Xyleborus glabratus
Eichhoff, 1877 byly na z&kladé COI analyzy oddéleny Xyleborus insidiosus Cognato &
Smith, 2019 a Xyleborus mysticulus Cognato & Smith, 2019 a jsou fazeny do X. glabratus
species group (Cognato et al. 2019). Genetické analyzy se pouziva i pfi rozliseni

ptibuznych triba, tribus Premnobiini byl uznan za samostatny a byl oddélen od tribu
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Xyleborini (Cognato 2013). Nebo jsou rody spojovany do jednoho (c.f. Johnson et al.
2020), pripadné jsou piesouvany do jinych triba (c.f. Jordal 2021). Geneticka analyza se
pouZziva i pti zjistovani puvodu druhu vyskytujiciho se na urcitém Uzemi. Bylo zjisténo,
Ze X. germanus byl do Evropy zavleéen pouze jedinkrat a evropska populace pochazi
z jediné lokality v Japonsku, kdeZto do USA byl zavlecen ve vice vinach (Dzurenko et al.
2021). To sameé bylo zjisténo u druhu P. juglandis v Italii. Jedind introdukce tohoto
invazniho druhu zputsobila rozsiteni po celé jizni Italii (Faccoli et al. 2016). Druh P.
chalcographus je siln¢ polyfagni, napada razné jehli¢nany, i nepivodni, ale presto
nevykazuje Zadné genetické modifikace (Bertheau et al. 2012). N¢ktere druhy kirovea
maji fadu synonym (Alonso-Zarazaga et al. 2023) a genetickd analyza maZe pomoci
k tomu, aby byly druhy sprdvné synonymizovany ¢i odhalena kryptickd rozmanitost
druhu (c.f. Kambestad et al. 2017).

3.5 Invazni kiirovci v Ceské republice

PiestoZe nemame mezinarodni moiské pristavy, dovazime do Ceské republiky v praméru
okolo 5 tisic tun tropického diivi roéné (CSU 2023). | pies toto mnozstvi dovezeného
diivi nebylo doposud v CR zjisténo velké mnoZstvi druht invaznich kirovcd. Zatim ma
v CR stalou populaci pouze 6 druhii invaznich karovct. Dalsi uvedené druhy prozatim
nejsou schopny v CR mit stabilni Zivotaschopnou populaci, predeviim v dasledku
klimatu a nedostupnosti hostitelskych direvin (Hamilton et al. 2019; Spennemann 2019a,
2019b). Pak jsou druhy v CR, které se vyskytuji vzacngji a u kterych faunistickymi
prazkumy lépe zptesnujeme jejich oblast vyskytu, Hylastinus fankhauseri Reitter, 1895,
Pityophthorus micrographus Linnaeus, 1758, Pityophthorus morosovi Spessivtsev, 1926,
Pityophthorus traegardhi Spessivtsev, 1921, Pityophthorus balcanicus Pfeffer, 1940,
Phloeotribus caucasicus Reitter, 1891, Trypodendron laeve Eggers, 1939, Scolytus
koenigi Schevyrew, 1890 nebo Xyleborus pfeili Ratzeburg, 1837 (Pfeffer & Knizek 1989;
Knizek 2003, 2006; Miller et al. 2005; LukaSova et al. 2012; Carpaneto et al. 2015; Kasak
et al. 2015; KniZzek & LiSka 2015; Janus$ 2016; Park et al. 2020; Wermelinger et al. 2020;
Tyr 2021).

3.5.1 Druhy se stabilnimi populacemi
Cyclorhipidion bodoanum Reitter, 1913

Ambrosiovy kurovec pochazejici z vychodni Asie byl poprve Evropé chycen v roce 1960

ve Francii (Schott 2004). V CR byl poprvé odchycen do lapace s etanolem v roce 2020
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v zépadnich Cechéch v Ptirodni rezervaci Vladar (Fiala et al. 2021). Patii mezi karovce,
ktery predevsim preferuje listnaté stromy z ¢eledi Fagaceae, zvIlasté duby (McPherson et
al. 2013), ale dokéaze napadnout i borovice (Lightle et al. 2007). Obsazuje kminky a vétve
o tloust'ce vetsi nez 10 cm (Brin et al. 2011). Kurovec je prenaSe¢em houby Geosmithia
morbida, ktera zpusobuje Thousand cankers disease na oieSacich (Moore et al. 2019) a
kolekce hub, které zpusobuji Sudden oak death (McPherson et al. 2013).

Dryocoetes himalayensis Strohmeyer, 1908

Karovec pochézejici z Indie byl poprvé zachycen v Evropé roce 1975 ve Francii. V CR
byl poprvé chycen v roce 2009 na jizni Moravé (Knizek 2011) a v Cechach v roce 2018
(KniZzek & Kopecky 2021). V Evropé¢ patti mezi Skadce ofeSaku kralovského (Juglans
regia L., 1753) a oteSdku c¢erného (Juglans nigra L., 1753) a je fazen mezi jejich
potencionalni Skadce (Foit et al. 2017). Karovec byl na lokalitach zjistén pomoci
narazovych lapaca (Prochédzka et al. 2018), Gdaje o pocetnostech na lokalitdch na Moravé
byly zjistény lapakovou metodou (Kasék et al. 2023). Je vyslovena neovérend hypotéza,
Ze je i Skadcem dubi (KniZzek 2011; Prochazka et al. 2018). Napada oslabené otesaky
slab$ich vycetnich tlousték v bazalni ¢asti do vysky 4 m se slabsi karou (Foit et al. 2017;
Kasak et al. 2023).

Gnathotrichus materiarius Fitch, 1858

Ambrosiovy kirovec pochézejici ze Severni Ameriky byl v Evropé zjistén poprvé v roce
1933 ve Francii (Balachowsky 1949). V CR byl zjistén v roce 2005 v zapadnich Cechéch
(Knizek 2009). Patti mezi polyfagni druhy s vazbou na jehli¢nany (Kamp 1970). Casto
byva chycen v lapacich navnadénych na karovce rodu Ips (Schneider 1985; Knizek 2009;
Mazur et al. 2018). | pres témei 90leté pusobeni v evropskych lesich, nejsou znamy

rozsahlejsi Skody (Mazur et al. 2018).
Phloeosinus aubei Perris, 1855

Lykohub, ktery se ptivodné vyskytoval pouze v jizni Evropé, severni Africe, na Blizkém
vychodé a v Ciné (Sanyang 1992; Cobos 2011; Beaver et al. 2016). V CR byl poprvé
zjistén v roce 1947 (Fiala & HoluSa 2019). Na pavodnich mistech vyskytu se jedna po
vazného Skadce cypiist (Cupressus spp.) (Cobos 2011; Anonymus 2017). Zpisobuje
chorobu ,,Cypress canker disease” (Ponchet 1981; Danti & Rocca 2017). V CR napada
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v sy

hlavné oslabené jalovce obecné (Juniperus communis L., 1753). Jeho Siteni na sever je

pravdépodobné zpasobeno zménou klimatu (Bozsik & Szécs 2017; Fiala & HoluSa 2019).
Xyleborinus attenuatus Blandford, 1894

Ambrosiovy karovec pochazejici z Dalneho Vychodu. V Evropé poprvé zjistén roku
1960 ve Spanglsku (Lombardero 1998). V CR poprvé zjitén roku 1982 v jiznich Cechéch
(Fiala & HoluSa 2023a). Obsazuje hlavné mekkeé listndce, ale Ize ho chytit i v dubovych
porostech (Kvamme et al. 2020). RozSiten je v celé Evropé (Fiala & Holusa 2023a). Tento
karovec je sekundarnim Skudcem, ktery napadd odumielé nebo odumirajici stromy
(Borowski et al. 2012; Skrylnik et al. 2019), je vSak pienaSecem houby Ambrosiella sp.
(Nakashima et al. 1992).

Xylosandrus germanus Blandford, 1894

Ambrosiovy kurovec pochazejici z vychodni a jihovychodni Asie (Beaver & Liu 2010)
byl v Evropé byl poprvé zjistén v Némecku v roce 1951 (Groschke 1952). V Ceské
republice byl zjistén na hranicich Cech a Moravy v roce 2007 (Knizek 2009). Postupné
se rozsitil po celé republice a nejvétsi pocetnosti dosahuje na jizni Moraveé (Fiala et al.
2020). | pies vyrazné vysoké pocty chycenych brouku na jizni Moravé nejsou zatim
znamy ekonomické $kody v CR (Fiala et al. 2020), i kdyZ v zahrani¢i jiz zpasobil
technické Skody na diivi (Maksymov 1987; Galko et al. 2019). Kirovec je pienaSe¢em
velkého mnoZstvi hub, které mohou napadat a ohroZovat dieviny (Kawasaki et al. 2010;

Agnello et al. 2017; 1to & Kajimura 2017).
3.5.2 Druhy nevytvérejici stabilni populaci
Coccotrypes dactyliperda Fabricius, 1801

Prvni zaznam o vyskytu tohoto kurovce v Evropé pochazi z prelomu 18. a 19. stoleti
z Némecka (Fabricius 1801). V CR byl poprvé zaznamenéan v roce 1824 v Praze (Opiz
1824) a v zapadnich Cechéch v poloving 19. stoleti (Gliickselig & Schoebl 1863). Pati
mezi Skudce datli a arekovych ofechii (Spennemann 2019a). Stabilni populace se dokaze
v Evropé udrzZet pouze v jiznich statech, kde ma dostatek hostitelskych dievin a ptiznivé
teploty pro vyvoj. Do CR je zavlékan jen dovozem datli a arekovych ofecht (Fleischer
1927-1930, Pfeffer 1989). V Narodnim muzeu v Praze jsou uloZeny doklady tohoto

karovce z lokalit Praha a Brno (Fiala & HoluSa observ.).

Hypothenemus areccae Hornung, 1842
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Druh pochéazi z jihovychodni Asie a patii mezi vyznamné Skadce semen, ofecht, ovoce,
Caje a konopi a rozmnoZuje se i na suSeném ovoci a chilli papri¢kach nebo ve vétvickach
(Wood 1977; Crosby et al. 1986; Madenjian 2020). Do CR je zavlékan pouze dovozem
k&vovych bobuli (Fleischer 1927-1930).

Hypothenemus hampei Ferrari, 1867

Tento kurovec je endemitem Centralni Afriky (Vega et al. 2009, 2012). V soucasnosti je
rozSiten po celém svété, kde se péstuji kdvovniky. V téch zpasobuje velké ekonomické
Skody (Vega et al. 2009, 2012), coZ je jeden z duvodi, pro¢ je kdva tak drahd (Hulcr
2019). V Evrop¢ byl poprvé zaznamenan v roce 1867 ve Francii v bobulich k&dvovniku
dovezenych z Afriky nebo Saudské Aréabie (Waterhouse & Norris 1989). Do CR je pouze
zavlékan dovozem kavovych bobuli (Fleischer 1927-1930; Dirlbek & Dirlbek 1956;
Fiala & Holusa 2023b).

Hypothenemus setosus Eichhoff, 1868

Kirovec pochézi z Afriky (Hagedorn 1912), kde je Skiudcem kadvovych a kakaovych
bobii, ovoce, fapikt a vétvicek cekropii (Kalshoven 1963; Wood 1982b). Je Siroce
rozsiten v celé tropické oblasti svéta (Bright & Torres 2006). Do CR je pouze zavlékan
dovozem kavovych bobuli (Fleischer 1927-1930).

Xyleborus affinis Eichhoff, 1868

Ambrosiovy kirovec je pavodem ze Stiedni a Jizni Ameriky (Sobel et al. 2018).
V Evropé byl poprvé zjistén vroce 1950 v Belgii v tropickém drevé dovezeném ze
zapadni Afriky (Schedl 1962). V CR jeho nalez popisuji Pfeffer & Knizek (1989) bez
udani podrobnéjSich dat. VétSina naleza z Evropy pochézi z importovaného diivi nebo
odchytt u pristava (Cola 1971, 1973; Merkl & Tusnadi 1992; Barnouin et al. 2020).
V Rakousku byl odchycen ve volné piirodé v roce 2006 (Holzer 2007). Patii mezi siln¢
polyfagni druhy (Wood & Bright 1992). Je pienaSe¢em houbovych chorob ,,Mango wilt*
a ,,Laurel wilt“ (Souza et al. 2013; Sobel et al. 2018).

Xyleborus volvulus Fabricius, 1794

Ambrosiovy kurovec pochazejici z Jizni Ameriky (Wood 2007). V Evropé¢ zjistén poprvé
v roce 1966 v Italii (Cola 1971, 1973). V CR jeho nalez popisuji Pfeffer & Knizek (1989)
bez udani podrobnéjSich dat. Evropské nalezy jsou z importovanych dievin z Afriky a

Asie zachycenych v piistavech (Cola 1971, 1973). Patii mezi polyfagni druhy (Silva et
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al. 2015). Je ptenaSe¢em houbovych chorob ,,Mango wilt“ a ,,Laurel wilt* (Menocal et
al. 2017; Castrejon-Antonio et al. 2018).

Xylosandrus morigerus Blandford, 1894

Ambrosiovy kurovec pochazejici z jihovychodni Asie (Browne 1961; Hulcr & Cognato
2013). V Evrop¢ byl poprve zjisten v roce 1894 v Italii (Blandford 1894), nasledné pak
roku 1897 ve Francii (Chobaut 1897), poté nasledovalo Rakousko a CR (Reitter 1913),
Nizozemi, Némecko a Velka Britanie (Schedl 1962). Dokladovy material nélezu
z Rakouska z Vidné je uloZen v Narodnim muzeu v Praze (Fiala & HoluSa observ.).
Jedinec nalezeny v CR je nezvéstny. Karovec byl v Evropé nalezen ve sklenicich pouze
na orchideii Dendrobium phalaenopsis a po roce 1950s jiz nebyl v Evropé potvrzen
(Schedl 1955). Orchideje jsou také jeho hlavni hostitelskou rostlinou na Nové Guiney
(Hulcr & Cognato 2013). recetné se jedna piedevsim o Skidce kavovniku, kakaovniku a
¢ajovniku (Browne 1961; Kalshoven 1961; Nakayama & Terra 1986).

4. Metodika
4.1 Stanoveni rozsi¥eni invaznich druhi kirovci na Gzemi Ceské republiky

Faunistické tdaje o invaznich karovcich v Ceské republice (Cyclorhipidion bodoanum,
Gnathotrichus materiarius, Phloeosinus aubei, Xyleborinus attenuatus a Xylosandrus
germanus) byly ziskany vlastnim sbérem, vlastni determinaci, excerpci literatury a ze
soukromych a muzejnich shirek. U druhu P. aubei bylo navic vyuZito mapovani Natura
2000 pro stanoveni vhodnych lokalit pro zjiStovani vyskytu a jednalo se o piirodni
biotopy T3.4A (Porosty s vyznacnym vyskytem vstavacovitych a s jalovcem obecnym),
T3.4B (Porosty bez vyznac¢ného vyskytu vstavacovitych a s jalovcem obecnym), T8.1A
(Porosty s jalovcem obecnym suchych viesovist’ nizin a pahorkatin) a T8.2A (Porosty
s jalovcem obecnym sekundarnich podhorskych a horskych viesovist). V roce 2018 bylo
navstiveno 27 lokalit, kazda lokalita byla kontrolovana jednou na vyskyt P. aubei. U
druhu X. attenuatus a G. materiarius byly zjiStovany navic detaily odchytu (ndvnada,

datum, typ pasti, dievina) (priloha 10.1-10.5).

4.2 Nalezeni vhodné kombinace volatilnich latek nebo feromona k monitoringu

invaznich druhi kirovci v Ceské republice

Odchyt ambrosiovych kirovci: pomoci pramyslové vyrabénych navnad v dubovych

porostech (pFiloha 10.6)
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Potencionalni vyuZziti uméle vyrabénych navnad pro odchyt karovci rodu Trypodendron
pro ostatni druhy kuarovca Zijicich v dubovych lesich bylo studovano v roce 2018. V roce
2018 bylo pét paru lapact typu Theysohn rozmisténo v lesnim porostu u obce Peruc
(50.3549364N, 13.9686869E; 280-360 mn. m.); v lesich pievladaly duby (Quercus spp.),
ale vyskytoval se v nich také habr (Carpinus betulus L., 1753), diin (Cornus mas L.,
1753) a lipa (Tilia cordata Mill., 1768). Pary lapac¢i byly od sebe vzdaleny 20 m a jejich
vzdalenost ¢inila cca. 200 m od sebe. Pasti byly umistény na malych mytinach (<0,5 ha)
ve vzdalenosti > 10 m od okraje lesa. Jedna past z kaZzdého paru byla navnadéna navnadou
Trypowit® (Witasek GmbH, Rakousko) a druha byla navnadéna navnadou Lineatin
Kombi® (Witasek GmbH, Rakousko). Hlavnimi G¢innymi latkami v odparniku Trypowit®
jsou alfa-pinen a lineatin, v ndvnadé Lineatin Kombi® to jsou lineatin, quaiacol, nonyl
aldehyd, a 3-hydroxy-2-methyl-2-butanon (http://www.witasek.com/). Pasti byly
kontrolovany kazdy tyden od 20. biezna 2018 do 31. ¢ervence 2018, a navnady byly po
8 tydnech vyménény. Primérny pocet odchycenych kirovca jednotlivymi druhy navnad

byl porovnan pomoci Wilcoxonova parového testu v programu Statistica (verze 12.0.).
UspéSnost rizznych druhs navnad na Phloeosinus aubei (p#iloha 10.7)

Experimenty byly provedeny v letech 2020 a 2021 na péti vybranych lokalitdich ve
stiednich a zapadnich Cechach, kde se vyskytovaly hostitelské dieviny. Piitomnost P.
aubei byla jiz diive potvrzena na v3ech studovanych lokalitach (Fiala & Holu$a 2019;
Fiala observ.). Tti z lokalit tvotily oteviené lesy nebo opusténé pastviny s jalovcem
obecnym (Juniperus communis) : Z&borna Lhota (49,7679 N, 14,3120 E, rozloha 1,2 ha,
10 %. zastoupeni jalovce, 400 m n. m.); piirodni paméatka Jalovce na Svétoving (49.8774
N, 13.7380 E, 0,9 ha v ploSe, 50% zastoupeni jalovce, 405 m n. m.); a Ptirodni pamétka
Jalovcové strané nad Vrbic¢kou (50.1878 N, 13.2772 E, 48 ha plochy, 30% zastoupeni
jalovce, 520 m n. m.). Zbylé dvé lokality se nachazely v obci Hudlice (Hudlice 1 a
Hudlice 2, 49.9624 N, 13.9732 E 2 49.9618 N, 13.9616 E, resp. 400 m n. m.), kde doslo

k poSkozeni taji a cyptisu v zahradach obyvatel.

V roce 2020 jsme porovnavali ( Experiment 1) atraktivitu a uc¢innost ¢ty druhtt ndvnad
pro P. aubei. Navnady zahrnovaly a-pinen (jako kontrolu); terpen; smés oleja (cade oil,
juniper berry oil a etanol) (vSe Fytofarm s.r.0., Slovensko) a jalovcova vétev s etanolem.
Jako kontrolu jsme pouZili a-pinen, protoZe ten je zakladni slou¢eninou vylu¢ovanou

jalovci (Foudil-Cherif et al. 2009) a piedpokladali jsme, Ze P. aubei bude piedevsim
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pritahovan a-pinenem. Navnady byly umistény do polypropylenovych zkumavek
(pramér = 23 mm, vysSka = 49 mm, objem = 12,5 ml, hmotnost bez atraktantu = 3,5 az
4,0 g); kazda zkumavka obsahovala 6 ml navnady. Pouzité vétvicky jalovce byly 8-10 cm
dlouhé a 3-5 cm Siroké a byly umistény zaroven s etanolem UHR (Alpha Scents, Inc.,
USA). Vétve byly odriznuty z jednoho jalovce bezprostredné pied pokusem. VSechny
Ctyti navnady byly umistény v lapacich na viech péti lokalitdch. Na kazdé lokalité jsme
umistili 20 ernych pasti Ecotrap® se suchym odchytem (Fytofarm spol. s r.0., Slovensko;
pét opakovani pro kazdou navnadu); kazda past méla zachytnou plochu 5550 cm?. Pasti
byly umistény ve vysce 130 cm nad zemi pomoci ty¢i, podel transektu ve sméru vychod-

zapad, s jednim odparnikem nebo vétvi na past a v 10 m odstupech od sebe.

V roce 2021 jsme provedli nésledny (Experiment 2) experiment na dvou lokalitach
(Hudlice 1 a Jalovce na Svétoving). Dvé linie s 10 lapaci Ecotrap®. Pasti v ramci jedné
linie byly od sebe vzdaleny 10 m a samotné linie byly rovnézZ vzdaleny 10 m od sebe. Do
kazdé pasti jsme umistili ndvnadu Hostowit® (Witasek GmbH, Rakousko) a 3palicky
z vétvi jalovce s etanolem. Pasti s ndvnadami byly rozmistény koncem dubna a byly v
obou pokusech kontrolovany kazdych 14 dni az do konce ¢ervna. Nachytani karovci byli

zmrazeni a nasledné druhoveé urceni autorem.

Data jsme analyzovali v programu R 4.2.1 (R Core Team 2022). Abychom zjistili faktory
ovliviwjici  vysledky odchytu, provedli jsme nasledujici kroky: sestavili fadu
zobecnénych linedrnich smiSenych modela (GLMM) pomoci knihovny "Ime4" (Bates et
al. 2015), Kde lokalita byla zahrnuta jako ndhodny efekt, zatimco navnady, datum odbéru
a jejich interakce byly povazovany za fixni efekty. Vyznamnost jednotlivych
vysvétlujicich proménnych v GLMM byla uréena porovnanim modeli s vyuZitim
Akaikeho informac¢niho kriterionu (AIC) s odpovidajicimi zjednoduSenymi modely (s
vylouéenim ohniskové promeénné) nebo nulovym modelem). Problémy s konvergenci
algoritma byly vyieSeny jejich pieSkalovanim na 100 000 iteraci. Tolerance pro urceni
dosaZeni konvergence byla v ptipadé penalizovaného iterativné vazeného souctu ctvercu
rezidui nastavena na 1x103. K optimalizaci byl pouZit algoritmus 'nloptwrap' Zpocatku
jsme analyzovali rozdily ve vyskytu P. aubei mezi ¢tyimi typy nadvnad v experimentu I.
V dusledku malého poétu chycenych P. aubei (ziidka dva exemplaie na jedno
opakovani), jsme se rozhodli zpracovavat Udaje jako pritomnost/nepiitomnost, nikoliv

jako pocetnost (podle binomického rozdéleni, logistickd vazba). Pocetnost byla
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povazovana za vahu, kde vaha 1 byla ur¢ena pro pasti s 0 nebo 1 odchycenym broukem
a vaha 2 pro pasti se dvéma brouky. Pfi sestavovani modelu jsme se zaméfili na (daje v
prvnich tiech odbérech vzorkd, protoZze ve ¢tvrtém terminu nebyly zachyceny Zadné
exemplare P. aubei. Zahrnuti ¢tvrtého data by zasadné nezménilo vysledky, ale mohlo by
ztizit konvergenci modelového algoritmu. Nasledné jsme provedli podobnou analyzu,
abychom prozkoumali faktory ovliviujici celkovou pocetnost vSech brouku. Pro tuto
analyzu jsme vyuZili GLMM s negativnim binomickym rozdélenim a logaritmickym
rozdelenim z knihovny "MASS" (Venables & Ripley 2002). Déle jsme pouZili ndsledujici
metody, kterymi jsme zkoumali druhovou bohatost (GLMM s Poissonovym rozdélenim
s logaritmickou vazbou). Byly sestaveny odpovidajici modely a analyzovany i pro
experiment 1. Nakonec byla provedena vizualizace dat pomoci knihovny "sciplot”
(Morales 2020). Abychom prozkoumali faktory ovlivaujici sloZeni spolecenstva, pouZili
jsme permutacni vicerozmérnou analyzu rozptylu s pouZitim vzdalenosti matic
(PERMANOVA) s Bray-Curtisovou distan¢ni matici. Tato analyza byla provedena
pomoci knihovny "vegan" (Oksanen et al. 2022) a pouZila permutacni test s 999
permutacemi. Pro model jsme pouZili postupny vybér zaloZzeny na AIC konstrukci
modelu. Jako dopinék k PERMANOVA jsme provedli omezené ordina¢ni analyzy:
¢astec¢nou kanonickou korespondenéni analyzu (p-CCA) v ptipadé prvniho experimentu
a caste¢nou redundanéni analyzu (p-RDA) v piipadé druhého experimentu. V téchto
analyzach se lokalizace a datum odbéru vzorka povaZovaly za kovariaty, pricemz
navnada byla povaZzovana za vysvétlujici proménnou. Statisticka vyznamnost vysledka
byla zjistovana pomoci Monte-Carlo permuta¢niho testu s 999 permutacemi. Krom¢ toho
jsme k identifikaci karovct, kteti vykazovali vyznamné asociace s konkrétnimi
navnadami.pouZili viceuroviiovou analyzu vzoru z balicku "indicspecies” (De Caceres &
Legendre 2009).

VyuZiti etanolu a dalSich navnad k monitoringu invaznich ambrosiovych kiirovcii

v malych populacich (pfiloha 10.8)

Pokusy byly provedeny na ¢tyiech lokalitach v zapadnich Cechéach v roce 2022. Ve
studovanych oblastech byl zjistén vyskyt invaznich ambrosiovych druht karoveu G.
materiarius, Xylosandrus germanus, Cyclorhipidion bodoanum a Xyleborinus attenuatus.
Vsechny lokality byly umistény v jehli¢natych lesich, a to Uboéi (50,0259°N, 12,5859°E,

33



750 m n. m.), Kladska (50,0116°N, 12,6746°E, 865 m n. m.), Zihle (50,0391°N,
13,3520°E, 510 m n. m.) a Kdyné (GPS 49,4024°N, 13,0995°E, 600 m n. m.).

Byla porovnavana atraktivita ¢ty navnad k ldk&ni G. materiarius: Cembréawit (jako
kontrola, Witasek GmbH, Rakousko), a-pinen, etanol UHR (vSe Synergy
Semiochemicals Corp., USA) a Wood Stainers Lure (smés a-pinenu, etanolu a sulcatolu)
(zkracené WSL) (Alpha Scents, Inc., USA). Na kazdé lokalité bylo umisténo 20 pasti
Ecotrap® (4 navnady x 5 opakovani) (Fytofarm spol. s r.0., Slovensko) rozmisténych
v linearnim transektu v desetimetrovych intervalech. Tento interval je dostate¢ny, protoze
atraktivita lapacu na ktrovce dosahuje jen nékolik metra (Duelli et al. 1997). Lapace byly
umistény 130 cm nad zemi pomoci dievénych kalt v linii ve sméru vychod-zépad,
pricemZ v kazdému lapaci byla umisténa jedna ndvnada. V fadé pasti bylo nahodné

rozmisténo pét opakovani pro kazdy typ navnady na kazdé lokalité.

Pasti s navnadami byly rozmistény koncem dubna a kontrolovany kazdych 14 dni az do
poloviny srpna. Nasbirani brouci byli zmraZeni a nasledné uréeni prvnim autorem podle
Pfeffera (1989).

Data byla zpracovdna pomoci programu R 4.2.2 (R Core Team 2022). K analyze
bohatosti a pocetnosti karovcu byly pouZity negativni binomické smiSené modely
s nadbytkem nul z knihovny NBZIMM (Yi2020). Proménné zahrnovaly pocetnost viech
karovcet, druhovou bohatost vech karoveu, celkovou poéetnost invaznich ambrosiovych
karovcu (C. bodoanum, G. materiarius, X. germanus a X. attenuatus). Jako potencialni
vysvétlujici promeénné jsme pouZili typ ndvnady, den odchytu (dos), kvadraticky polynom
dos a interakci mezi dos a typem navnady, protoZe tato analyza se zamétila na zkoumani
vlivu jednotlivych néstrah v zavislosti na ¢asti odchytu v sezéné. Model zahrnoval jako
nahodné ¢leny misto odbéru vzorkd, jednotlivé plochy vnorené do mista odbéru a
jednotlivé pasti vnoiené do ploch. Tyto komponenty soucasné definovaly autokorela¢ni

strukturu jako "arl" v modelu.

Pro druhou ¢ast analyzy byly pouZity zobecnéné linearni smiSené modely s binomickym
rozdelenim z knihovny Ime4 (Bates et al. 2015). UvaZovanou vysvétlujici proménnou byl
typ navnady, zatimco nahodné c¢leny zahrnovaly misto odbéru a jednotlivé plochy
vnoiené do mista odbéru. Proménnymi byly podily jedinct invaznich ambrosiovych

karovcu ke vdem ambrosiovym kiarovcam, karovci vazani na jehlicnaté stromy ke viem
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jedincam. Vysledné modely byly porovnany s piislusnymi nulovymi modely, aby bylo
mozné posoudit jejich vhodnost. Pro sledovani ptipadné autokorelace byl na reziduich
modelu proveden odhad autokovarianéni a autokorelacni funkce, stejné jako kiizové
kovariance a korelace. Vzhledem k vzajemné zavislosti podili byly vysledné p-hodnoty
upraveny pomoci FDR (False Discovery Rate) korekce. Potencialni problemy s
konvergenci algoritmu byly feSeny nastavenim maximalniho poctu iteraci pro model na
10°, stanovenim toleran¢ni Urovng tolPwrss na 102 pro vyhlaseni konvergence v
penalizovaném iterativné vdZzeném souctu ¢tverct rezidui a pouzitim Gauss-Hermiteova
algoritmu. V modelu zkoumajicim pomér jedinca invaznich ambrosiovych karovcu ke
viem jedincam byla navic z analyzy vylouc¢ena lokalita odbéru Kladska a a-pinen. Toto
rozhodnuti bylo ucinéno z davodu absence zaznamenanych invaznich ambrosiovych
karovct. V analyzéch byla WSL zvolena jako kontrolni skupina vzhledem k
nepiitomnosti invaznich ambrosiovych karovct na a-pinenu a jejich omezené pocetnosti

na Cembrawitu.

Ke zjisténi, zda ma dos a ndvnada vyznamny vliv na sloZeni spolec¢enstev kutrovci, byla
pouZita ¢aste¢nd kanonickd korespondenéni analyza (p-CCA) z programu Canoco 5.01
(ter Braak & Smilauer 2012), pri¢em? jako kovariat byla zahrnuta mista odbéru vzorka.
Pied analyzou byla vzacnym druhim sniZzena vaha a vysledky byly vyhodnoceny pomoci
Monte-Carlo permuta¢niho testu s 999 permutacemi. K urceni indikacnich druht pro
kaZzdou navnadu byla pouZita metoda IndVal, kterd zohlednuje c¢etnost a relativni
pocetnost broukd (Dufréne & Legendre 1997). Nésledovala vicelroviova analyza vzora
pomoci knihoven “indicspecies” (De Céceres & Legendre 2009) a "labdsv" (Roberts

2019). Vetsina grafi byla vytvoiena pomoci knihovny sciplot (Morales 2020).

4.3 Stanoveni environmentalnich proménnych, které ovliviiuji abundanci a Siteni
invaznich druha kirovca
Ambrosiovi kirovci upiednostriuji zapojene porosty: Studie v dubovych porostech

stredni Evropy (p#iloha 10.9)

Studie byla provedena v zapadnich Cechach v nizgich nadmotiskych vyskach, kde se
nalézaji acidofilni dubové porosty. Bylo vybrano deset lokalit tak, aby polovina z nich
reprezentovala prestarlé neobhospodaiované dubové porosty a polovina mladsi
hospodaiské dubové porosty. Zastoupeni dubu na lokalitach bylo vétsi nez 60 %,

pramérné srazky se pohybovaly mezi 550-700 mm a pramérna ro¢ni teplota je 7,5°C. Na
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kazdé lokalité byl umistén jeden lapa¢ typu Theysohn navnadény etanolem. Lapace byly

aktivni od zac¢atku dubna do konce srpna roku 2020 a byly vybirany jednou za 14 dni.
Environmentalni proménné byly:

Typ lesa - pouzili jsme dva typy lesi podle zpasobu hospodaieni. Dospélé
obhospodaiované lesy byly dubové porosty s prevahou dubu ve staii 80 az 120 let.
VSechny stromy v obhospodarovaném lese byly stejné staré a lesy byly velmi homogenni.
Objem mrtvého diivi a odumielych vétvi byl maly. VétSina nejstarSich stromi v
neobhospodaiovanych lesich byla star$i nez 120 let a lesy nebyly obhospodarovany
poslednich 70 let. Lesy v této kategorii byly blizké pfirozenym lesam, které zastaly v
zapadnich Cechach. Jediné znamky lidskych zasaht byla piitomnost nékolika
roztrouSenych parezii po piedchozich vybérovych tézbach. Na rozdil od lest
hospodarskych, neobhospodaiované lesy zahrnovaly stromy vSech vékovych kategorii
véetné plosek s mladymi stromky. Objem mrtvého diivi a odumielych vétvi byl vysoky.
Neobhospodaiovany les v Kynzvartu byl upraven na park s travnatymi plochami, ale vice
nez 60 % plochy bylo pokryto stromy. ProtoZe struktura tohoto porostu byla podobna
starym porostam, zaradili jsme tento porost do neobhospodarovanych lesi. Naproti tomu
les v Narodni piirodni rezervaci Soos, ackoli se nachazi v chranéném uzemi, byl zarazen
do kategorie obhospodarovanych lest, protoZe se jednalo o homogenni porost, ktery byl

uméle vysazen.

Redukovand plocha — Redukované plocha byla vypoctena jako celkova plocha porostu
vynasobena zakmenénim a procentualnim zastoupenim dubt. Udaje byly ziskany

z lesnich hospodarskych plana.

Objem dubového dfivi - Udaje o objemu dubového diivi (m®/ha) byly ziskany z lesnich

hospodarskych plana.

Objem mrtvého diivi - Objem mrtvého diivi byl kvantifikovan na kazdé lokalité na péti

plochach 010 m2. Byly zméteny primeéry a délky odumielych stromii a odumielych vétvi.

MnoZstvi odumielych dubovych vétvi - Byly stanoveny poéty velkych odumielych vétvi
na 10 dubech umisténych v linii prochézejici kaZzdou lokalitou; hodnoty byly nasledné
vyjadieny jako prumérny pocet odumielych vétvi na strom. Transekty byly umistény v
centrdIni ¢asti kazdé lokality a byly ptiblizn¢ 50 m dlouhé. Odumielé vétve dubu
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zahrnovaly veskeré stojici a lezici odumielé dievo o praméru vétsi neZz 7 cm a s tvrdou

konzistenci.

Zapoj - Zapoj na kazdé studijni ploSe byl zjistén fotografovanim oblohy ze zemé ptimo
vzhiru. Obloha byla vyfotografovana na deseti mistech ve vzdalenostech mezi sebou 20
m. Fotografovana plocha c¢inila priblizngé 200 m?. Fotografie byly analyzovany na
procentudlni zastoupeni bilé (obloha) a ¢erné (koruny stromt) pomoci softwaru ImageJ
(v.1.47). Procento plochy oblohy, které bylo na fotografiich ¢erné, bylo povazovéna za

ekvivalentni procentudlnimu zapojeni koruny.

Tl

Vzdalenost od hranice porostu - VVzdalenost kaZzdého lapace od nejbliZsi hranice porostu

(nikoliv okraje lesa, porostem se rozumi homogenni lesni porost).

Vliv environmentélnich proménnych na pocetnost ambrosiovych kuarovca byl hodnocen
pomoci algoritmu random forest s pouzitim podminénych hodnot inferen¢nich stromua
jako zékladnich proménnych, které jsou k dispozici v balicku ,,party* (funkce cforest, 10
000 vygenerovanych stroma) v softwaru R 4.0.2 (The R Foundation, Viden, Rakousko).
Tato metoda byla pouZita proto, Ze je vysoce efektivni pro vyhodnocovani vyznamu
vysvétlujicich faktort, dokdZe pracovat s raznymi typy proménnych a je robustni s
ohledem na vyznamnost vysvétlujicich proménnych. ProtoZe ngkteré testované
vysvétlujici promeénné vykazovaly v naSem souboru dat multikolinearitu, byl proveden
podminény vypocet duleZitosti (moZnost conditional = TRUE). Krom¢ toho byl pouZit
nestranny model random forest (moZnost control = cforest_unbiased), protoZe testované
prediktory byly zaroven kvantitativni i kategorialni proménne. Zavisla proménna byla v
modelech reprezentovana poc¢tem jedincu a druht ambrosiovych karovet v konkrétnich
vzorcich (vzorek = kurovci chyceni v jedné pasti béhem dvoutydenniho obdobi).
Statisticka vyznamnost (a = 0,05) kazdé vysvétlujici proménne byla vyhodnocena pomoci
algoritmu vybéru atributa zaloZzeného na permutaci, ktery je uveden v balicku Boruta.
Nakonec byl zjistén mezni vliv vybranych vyznamnych proménnych na pocet
odchycenych jedinct a druhtt ambrosiovych kurovci, byl zviditeInén pomoci ¢astec¢né

zavislosti pomoci balicku pdp (funkce partial ndsledovand plotPartial).

Ordinac¢ni analyzy vztahu mezi poc¢etnosti ambrosiovych kurovci (tj, druhovym sloZzenim
jejich spolecenstev) a charakteristikami lesnich porostt byly provedeny v programu

Canoco 5 (Wageningen University & Research, Wageningen, Nizozemsko). Na zakladé
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predbézné analyzy dat byla pouzita analyza redundance (RDA). Udaje o pocetnosti druht
byly logaritmicky transformovany a centrovany podle druhi. Po globalnim Monte-Carlo
permutacnim testu (10 000 permutaci) (zahrnujiciho vdechny dostupné vysvétlujici
proménné) se potvrdilo, Ze byla potvrzena celkova vyznamnost vztahu mezi reakénimi a
vysvétlujicimi proménnymi (pseudo-F = 4,2, p = 0,001), byl proveden dalsi vybér
vysvétlujicich proménnych k identifikaci environmentalnich charakteristik lesnich
porostd, které jsou nejtésnéji spojeny s vyskytem ambrosiovych karovet a druhovou

bohatosti.

Pavodni a invazni kizrovei ohrozuji exotické jehli¢nany v lazesiskych méstech (p#iloha
10.10)

Experiment byl proveden v zapadnich Cechéach v lazeriském trojihelniku Frantiskovy
Lazné, Marianské Lazné a Karlovy Vary, ktery je zarazen do UNESCO. Na 12 lokalitach
byly provadén sbér karovca v poZercich na geograficky neptavodnich jehli¢nanech,

lokality byly jak lesni, tak parkové.

Ordinac¢ni analyza pro vztah mezi relativni poc¢etnosti kiirovcem napadenych stromu a
proménnymi prostiedi (popsané niZze) byla provedena v programu Canoco 5. Zavisla
proménna byla relativni ¢etnost stromt napadenych kuarovcem. Stromy napadené
Phloesinus spp., které napadaji pouze jalovce (Juniperus) a Thuja spp., nebyly do analyzy
zahrnuty. PouZzili jsme semikvantitativni stupnici pro hodnoceni poctu kurovcem
napadenych nepavodnich jehlicnani v dané lokalité. Stupnice byla zaloZena na naSem
pozorovani, Ze pravdépodobnost napadeni stromu kirovcem je vysSi, pokud je strom na
lokalité, kde je mnoho potencialnich hostitelskych stromi, nez kdyZ je na lokalité pouze
jeden strom. Pro dany druh kirovce je stupnice od 1 do 3, pticemZ 1 znamena, Ze byl
napaden jeden strom, 2 znamena, Ze bylo napadeno 2-5 stroma a 3 znamend, Ze bylo
napadeno > 6 stromd na dané lokalité. Bylo pouZito nasledujicich devét proménnych
prostiedi hodnoceny: typ lokality (lazensky park nebo lazensky les); rozloha lokality;
vzdalenost od nejblizSiho hospodarského lesa napadeného kirovcem; procento
potencialnich hostitelskych stromu, které jsou neptvodnimi jehli¢nany (Abies, Picea,
Pinus, Pseudotsuga a Tsuga) na lokalité; a procento potencialnich hostitelskych stromd,
které jsou pavodnimi jehli¢nany. Piispévek prediktort byl hodnocen pomoci kanonické

koresponden¢ni analyzy (CCA) s dopiednym vybérem vysvétlujicich proménnych.

38



Vyskyt invazniho kirovce Phloeosinus aubei v jalovcovych porostech v Ceské republice
(p#iloha 10.3)

Vztah mezi ptitomnosti/nepiitomnosti P. aubei a zemépisnou delkou byl analyzovan
pomoci logistického modelu (Quassiho-Newtonova metoda odhadu). K porovnani byly
pouzity Mannovy-Whitneyho U-testy nésledujicich proménnych mezi lokalitami s
vyskytem a bez vyskytu P. aubei: nadmoiska vyska, rozloha lokality, vzdalenost od mista
vyskytu P. aubei od dalsi nejblizsi lokality J. communis a zastoupenim jalovci. GLM
analyzy (Poissonovo rozdeleni, LN spojovaci funkce) byly pouZity k uréeni vztahi mezi
"dobou nalezu™ a charakteristikami lokality uvedenymi vySe a managementem lokality
(obhospodarovana vs. neobhospodaiovana). Jak jiz bylo uvedeno diive, doba nalezu
slouZzila jako nahradni méfitko P. aubei populaéni hustoty. VVSechny testy byly provedeny
pomoci softwaru Statistica 12.0 (StatSoft CR, s.r.o.; Praha, Ceska republika).

4.4 Metodika monitoringu invaznich kdrovca

Navrh monitoringu invaznich karovcia v Ceské republice je sofistikovany kompilat
vysledki piedchozich studii (viz ptilohy) a analyzy provadénych monitoringi na celém
svéte (Brockerhoff et al. 2006b, Bashford 2012, Rassati et al. 2016a, Rabaglia et al. 2019,
Inward 2020, Lin et al. 2021, Thurston et al. 2022). Na zaklad¢ téchto zjistenych Gdaju
(jako jsou hrani¢ni piechody, ptirozené migracni trasy, mezinarodni letiSt¢, botanické
zahrady a dievosklady) byly vybrany lokality a typ navnady pro monitoring v Ceské
republice (pfiloha 10.11).

5. Vysledky

Vysledky byly publikovany v 11 védeckych publikacich. Pro piehlednost jsou tyto
vysledky sdruZeny podle jednotlivych cili a tyto cile jsou i souhrnné diskutovany. Clanky

jsou zahrnuty do ptiloh této diserta¢ni prace.
5.1 Stanoveni rozsieni invaznich druha kirovei na Gzemi Ceské republiky

Ze 6 druht invaznich karovei na tzemi Ceské republiky bylo rozsiteni v CR stanoveno
u 5 druhd. U druhu Dryocoetes himalayensis bylo rozSiteni zpracovano jinymi autory
specializujicimi se na tento druh (Prochazka et al. 2018; Kasak et al. 2023). Pro ucely
diserta¢ni préace bylo tedy zpracovano rozsiteni u Phloeosinus aubei (Fiala & Holu3a
2019; priloha 10.3), Xylosandrus germanus (Fiala et al. 2020; piiloha 10.5),
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Gnathotrichus materiarius (Fiala et al. in prep.; ptiloha 10.2) a Xyleborinus attenuatus
(Fiala & Holusa 2023a; ptilohal0.4). Behem vyzkumu byl zjistén i novy druh invazniho
karovce pro CR, Cyclorhipidion bodoanum (Fiala et al. 2021; p¥iloha 10.1).

P. aubei byl poprvé zjistén v CR v roce 1947 u Pardubic. Jeho vyskyt je pocetngjsi ve

sméru na vychod¢ a klesd smérem na zapadu (Obr. 1, 2) (Fiala & Holusa 2019).

Nadmeofiska vyska (m n.m.)
B zop-300 I ao0-500 & eoo-7o0 OO seo-so0 B3 qo00< o 100 km
0 sop-400 0 son.epp 1 700-800 O ap0-1000 !

BEUZK

Obr. 1 Vyskyt Phloeosinus aubei v Ceské republice. Nalezy do roku 2017 jsou zobrazeny
malymi cernymi krouzky s rokem nélezu, nalezy v roce 2018 jsou zobrazeny velkymi
cernymi krouzky. Lokality bez potvrzeni P. aubei v roce 2018 jsou zobrazeny prazdnymi

krouzky. Malé zelené krouzky jsou biotopy s jalovcem na zakladé mapovani Natura 2000.
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Obr. 2 Zavislost vyskytu Phloeosinus aubei v Ceské republice na zemépisné délce. Na

ose Yy je 0 nepiitomnost a 1 piitomnost P. aubei na lokalité.

v 7y

Kirovec X. germanus je rozSiien po celé republice, nejvice na jizni Moravé. Na zakladé
nalezti ze sousednich statt je ziejmé, Ze se tento druh se do Ceské republiky it ze
severozapadniho Némecka, ze severniho Rakouska a ze Slovenska (Obr. 3). VétSina

nalezi z CR pochazi z nadmoiskych vysek nizsich nez 400 m (Obr. 4) (Fiala et al. 2020).
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Obr. 3 Rozsiteni X. germanus v CR véetné 100 km bufferu okolo hranic CR (a), nalezy
suvedenim roku vCR a vokolnich statech (b), detail snalezy podél hranic se

Slovenskem (c), detail s nalezy v Narodnim parku Podyji podél hranice s Rakouskem (d).
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Obr. 4 Vyskova distribuce Xylosandrus germanus v CR v letech 2007 aZ 2019.

Kirovec G. materiarius je rozsiten predevdim na tGzemi Cech, na Moravé se vyskytuje
sporadicky (Obr.5). Do Cech se rozsitil z Némecka, na Moravu pravdépodobné pronikl
pies Rakousko a Mad’arsko z jihu a ze severu z Polska (Obr.5) (Fiala et al. in prep.)
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Obr. 5 Rozsiteni druhu Gnathotrichus materiarius v CR, Rakousku, Né&mecku,
Madarsku, severni Italii, Polsku, Slovinsku a Svycarsku se sméry piedpokladaného Sireni

(pIné Sipky jsou sméry Siieni, a ¢arkované Sipky jsou predpokladané sméry).

Karovec X. attenuatus byl poprvé zjistén v CR vroce 1982 v jiznich Cechach. Ze
ziskanych dat je vidst, Ze vyskytuje hlavné v Cechach. Je ziejmé, Ze Gizemi Moravy je
obsazeno v mensi mite (Obr. 6). Vzhledem k tomu, Ze determinace druhu je obtizna,
protoZe tento druh je zameénitelny s druhem Xyleborinus saxesenii, je pravdépodobngjsi,
Ze se vyskytuje na Moravé ve stejné miie, jen druh neni spravné determinovan (Fiala &
Holusa 2023a).
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Obr. 6 Zndmé rozsiteni Xyleborinus attenuatus v Evropé s rokem prvonalezu a lokality
v CR.

Pii vyzkumu byl vroce 2020 zjistén novy druh karovce pro CR, Cyclorhipidion
bodoanum v PR Vladat v zépadnich Cechéch (Fiala et al. 2021). Je sekundarnim $kadcem
vazany hlavné na duby (Quercus spp.). Béhem dalSiho vyzkumu bylo zjisténo jeho
rozsiteni na $irsim Gzemi zapadnich Cech (Zihle, Kdyn& a Zbiroh) (Fiala et al. 2023a,
2023b).

5.2 Nalezeni vhodné kombinace volatilnich latek nebo feromonia k monitoringu

invaznich druha karovci v Ceské republice

Odchyt ambrosiovych kirovct na uméle vyrobené navnady, Trypowit® a Lineatin
Kombi®, byl testovan v dubovych porostech. Celkové se nachytalo nejvice jedinct
karovce Trypodendron domesticum, ale pocetnost vSech chycenych ambrosiovych
karoved byla vy3si v lapagich navnadénych Lineatin Kombi® (Tab. 1) (Fiala & Holusa
2020b; ptiloha 10.6).
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Celkovy pocet

Primérny podet

Pramérny pocet

Wilcoxon pair test

Druh chycenych broukl  prouki na lapat’ brouki na lapa¢? (z P)
Anisandrus dispar ) .
(Eabricius, 1792) 8 0.2+02 14+ 05 1.83;0.06
Trypodendron domesticum :
(Einnizeis; 1758) 95 6.6+14 124+ 3.0 1.35;0.18
Trypodendron lineatum i !
(Olivier, 1795) 35 3.8+16 32+11 0.73;0.46
Xyleborinus attenuatus 9 02402 B
(Blandford, 1894)
Xyleborinus saxeseni :
(Ratzeburg, 1837) 46 1.2+1.2 8.0+3.8 1.83; 0.06
Xyleborus dryographus

2 04+04 —

(Ratzeburg, 1837) *
Xyleborus monographus ‘
(Eabricius, 1792) 12 0.4 + 0.4 2010 1.60;0.11
Xylosandrus germanus 1 _ 0.2+ 02

(Blandford, 1894)

1

ndvnada Trypowit®; > ndvnada Lineatin Kombi®; z — Wilcoxon pair test

Tab. 1 Celkovy pocet ambrosiovych kirovci chycenych do lapact Theysohn, primérny
pocet chycenych do lapace s navnadou Trypowit® nebo Lineatin Kombi® a statistické

porovnani obou navnad.

Pii dalSim pokusu jsme testovali nékolik volatilnich latek na odchyt karovce P. aubei.
Bylo pouZito pét nadvnad: a pinen, terpen, smés cade oil, juniper berry oil a etanolu
v poméru 1:1:1 a etanol s jalovcovym Spalickem. V prvnim experimentu byla afinita
studovana na péti lokalitach. Na kazdé lokalité bylo umisténo 20 lapac¢u typu Ecotrap,
kazda navnada me¢la pét opakovani. Druhy experiment byl uskute¢nén na dvou lokalitach.
Na kazdé loaklité¢ bylo umisténo 10 lapaca typu Ecotrap a jako navnada byl pouZzit
Hostowit® a $palicek z vétve jalovce s etanolem. Kazda navnada méla p&t opakovani. |
pres nizsi pocty chycenych cilovych jedinci nejacinnéjsi byla ndvnada etanol
s jalovcovou veétvickou (Obr. 7). Atraktivita této navnady byla vysSi ve srovnani s
odchyty na a pinen, ale vysledky byly srovnatelngjsi s odchyty na terpeny, Hostowit® a

smési oleju (Obr. 8) (Fiala et al. 2023a; ptiloha 10.7).
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Obr. 7 Pocetnost Phloeosinus aubei podle data a ndvnad v Experimentu |
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Obr. 8 Poc¢etnost Phloeosinus aubei podle data a navnad v Experimentu Il

Cilem dalSiho pokusu bylo zjistit, zda lze pouzit feromon sulcatol k monitoringu
ambrosiového kirovce Gnathotrichus materiarius. Na étyiech lokalitach bylo pouZzito 20
lapact typu Ecotrap® a étyti druhy navnad: Wood Stainers Lure (smés sulcatolu, a pinenu
a etanolu v poméru 1:1:1; zkratka ,,WSL"), a pinen, etanol UHR a Cembrawit. Kazda
navnada méla na lokalité pét opakovani. VétSina jedinci G. materiarius byla chycena na
samotny etanol neZz na WSL, nékolik jich bylo chyceno na Cembréwit a Zadny na o pinen.
Pii pokusu byly odchyceny dalSi dva druhy invaznich karovca (C. bodoanum, X.
germanus), které signifikantné reagovaly na etanol (Obr. 9) (Fiala et al. 2023b; priloha
10.8).
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Obr. 9 Pocet ambrosiovych invaznich karovct chycenych do lapact na razné druhy
navnad, Gnathotrichus materiarius (a), Cyclorhipidion bodoanum (b) a Xylosandrus

germanus (c).

5.3 Stanoveni environmentélnich proménnych, které ovliviiuji abundanci a Sieni

invaznich druha karovca

Pii prvnim studiu byl na 10 lokalitdich v dubovych porostech pouZit lapa¢ Theysohn
navnazeny etanolem ke zjisténi ekologickych proménnych vhodnych pro Siteni invaznich
karovci. Na kazdé lokalité byly sledovany tyto proménné: datum odbéru, zapoj, mnozstvi
mrtvych dubovych vétvich na stromech, vzdalenost od hranice porostu, lokalita, typ lesa
(hospodaisky a bezzasahovy), zasoba dubového drivi, redukovana plocha a mnoZstvi
mrtvého drivi. Jako signifikantni proménné pro celkovou abundanci kuarovca byly
zjistény zdpoj a mnozstvi mrtvych dubovych vétvi na stromech (Obr. 10). Jako
signifikantni proménné pro druhovou pocetnost byly potvrzeny zapoj, zasoba dubového
diivi na hektar, mnoZstvi mrtvych dubovych vétvi na strom a redukovana plocha
dubového porostu (Obr. 11) (HoluSa et al. 2021; ptiloha 10.9).
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Obr. 10 Vysledky random forest regression zavislosti poctu jedincu ambrosiovych
karovct na studovanych faktorech: (a) vyznamnost proménnych. Proménné s
vyznamnym vlivem (p < 0,05) jsou oznaceny hvézdickou (*); (b,c) zavislosti poctu
jedinca ambrosiovych kurovci chycenych do pasti béhem roku na zapoji (b) a mnozstvi

mrtvych dubovych vétvich (c).
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Obr. 11 Vysledky random forest regression prumérného poétu druhtt ambrosiovych
karovct zachycenych v jedné pasti na studovanych faktorech: a) vyznamnosti
promeénnych. Proménné s vyznamnym vlivem (p < 0,05) jsou oznaceny hvézdic¢kou (*);
(b-e) z&vislost poctu ambrosiovych kirovea odchycenych béhem osmi dvoutydennich
obdobi od dubna do srpna na zapoji (b), zasobé dubového diivi (c), mnozstvi mrtvych

dubovych vétvi (d) a redukované plose dubovych porostu (e ).
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V dalSim experimentu byl studovan vliv geograficky neptavodnich dievin v parcich a
lesich v okoli lazenského trojuhelniku (FrantiSskovy Lazn¢, Marianské Lazné a Karlovy
Vary) na vyskyt invaznich karovci. Zadny vliv nebyl zjistén (Obr. 12) (Fiala et al. 2022;
ptiloha 10.10)
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Obr. 12 Biplot T-hodnoty kanonické koresponden¢ni analyzy s vysledky regresi
pocetnosti kirovea v parku na Gzemi lazenského mésta (Cerveny kruh) a v lese priléhajici
k lazenskému meéstu (modry kruh). (Cryphalus asperatus —CrypAspr; Cryphalus piceae
—CrypPice; Crypturgus cinereus -CrypCinr; Crypturgus pusillus -CrypPusl;
Dendroctonus micans -DendMicn; Gnathotrichus materiarius —GnatMatr; Ips
typographus —IpsTypog; Pityogenes bistridentatus —PityBist; Pityogenes chalcographus
—PityChal; Pityophthorus pityographus —PityPity; Polygraphus poligraphus —PolgPolg;
Tomicus minor —TomcMinr; Trypodendron lineatum —TrypLine; Xylechinus pilosus —
XylcPils).

V poslednim studiu bylo zjistovano, jaké faktory ovliviuji vyskyt a moznost detekce
karovee P. aubei na lokalitach s vyskytem jalovce obecného. Zadna pouZitd proménna
(nadmotska vyska, plocha, vzdalenost lokality od dalSi lokality s vyskytem jalovce a
zastoupeni jalovce na ploSe) nebyla signifikantni k detekci P. aubei na lokalitach (Obr.
13) (Fiala & Holusa 2019; ptiloha 10.3).

52



700
100
650
- B0
= )
g o N " £
e 2
> w o0
‘g 500 -E
F o 5
E 0 o o«
T
(1]
= 400
20
350
300 0 nl i
PFitomnost Absence Piitomnost Absence
an T 100%
== a
[ | |
E 50 N
2 = 60%
% 2
0 4 =1 o
o
5 7
40%
= ©
-0
'E N
>
o o 20%
10 | |
O | | ]
Pritomnost Absence Ptitomnost Absence

Obr. 13 Faktory lokalit s piitomnosti a absenci Phloeosinus aubei: nadmotska vyska,
rozloha, vzdalenosti od nejblizSiho Uzemi s jalovcem a zastoupeni jalovce na ploSe. Malé
¢tverce oznacuji mediany, krabicové grafy oznacuji 25 % a 75 % kvartily a ¢ary oznacuji

minimalni a maximalni hodnoty.
5.4 Metodika monitoringu invaznich kirovca

Na zéklad¢ vySe uvedenych vysledku a tii dalSich menSich experimenta byl sestaven
navrh metodiky monitoringu invaznich karovci v CR. Bylo vytipovano 24 lokalit po celé
CR, které zastupuji hlavni zjisténé vstupni body invaznich karovct, a to hraniéni
prechody, piirodni vstupni body (hlavné udoli fek), mezinarodni letist¢, botanické
zahrady a velké drevosklady (Obr. 14, Tab. 2). Do kazdého z téchto bodu jsou navrZzeny
téi lapace s navnadou etanol, kterd je univerzalni pro odchyt invaznich karovci. Lapace
by mély byt od sebe vzdaleny 30 az 50 m a kontrolovan jednou za 14 dni od poloviny
dubna do konce c¢ervence. Etanol by mél byt vyménén na zacatku cervna. Odebrané
vzorky by mély byt zmraZzeny a nasledné odeslany k determinaci odbornikim. Celkem
by mélo byt postaveno 74 lapac¢u a pouZito 144 etanolovych navnad. Odhadované naklady
na prvni rok i s ndkupem lapaca se pohybuji mezi 3200 az 6000 € dle typu lapace a na

dalsi roky to jsou pouze prakticky néklady na etanolové navnady ve vysi cca 1500 €.
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Takto koncipovanou monitorovaci sit’ Ize jednodu$e zaradit do dlouhodobé monitorovaci

sité na Ips duplicatus C.R. Sahlberg, 1836 (Fiala & Holusa 2023b; ptiloha 10.11).
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Fig. 14 Pozice Ceské republiky v Evropé (a), mozné vstupni brany, lokality prvonalezii a

navrh monitorovacich bodi na invazni karovee v CR (b).

Tab. 2 Navrh monitorovacich bodut invaznich karovci

€. Monitorovaci bod GPS Davod vybéru lokality
1  Zoologicka a botanicka zahrada Plzer 49.7595 N, 13.3598E  Botanicka zahrada

2  Botanicka zahrada Liberec 50.7768 N, 15.0768E  Botanicka zahrada

3 PraZsk& botanické zahrada 50.1224 N, 14.4138E  Botanicka zahrada

4  Zdirec 49.7022 N, 15.8088E  Drevosklad

5 lihlava 49.4219 N, 15.6050E  Drevosklad
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€. Monitorovaci bod GPS Davod vybéru lokality

6 Ceska Kubice 49.3643 N, 12.8522E  Hrani¢ni prechod

7 PP Horni MalSe 48.6553 N, 14.4575E  Hraniéni prechod

8 Tvrdonice 48.7504 N, 17.0210E  Hraniéni prechod

9 PP Okrouhla 49.0466 N, 18.0576E  Hraniéni prechod

10 T¥inec 49.6795 N, 18.6930E  Hrani¢ni prechod

11 Hronov 50.4776 N, 16.2129E  Hrani¢ni prechod

12 PR Meandry Smédé 50.9808 N, 15.0345E  Hrani¢ni prechod

13 Velky Senov 50.9960 N, 14.4053E  Hrani¢ni prechod

14 Hrensko 50.8730 N, 14.2392E  Hrani¢ni prechod

15 Karlovy Vary 50.1998 N, 12.9028E  Mezinarodni letisté

16 PrahaRuzyné 50.1244 N, 14.3054E  Mezinarodni letisté

17 Brno 49.1606 N, 16.6602E  Mezinarodni letisté

18 Pardubice 50.0203 N, 15.7153E  Mezinérodni letiSté

19 Ostrava 49.6981 N, 18.1397E  Mezinarodni letisté

20 PR Rathsam 50.1013 N, 12.2485E  Predpokladand migraéni trasa
21 NP Podyji 48.8495 N, 15.8835E  Predpokladand migraéni trasa
22 NPR Dévin 48.8587 N, 16.6511E  Predpokladan& migraéni trasa
23 NPR Jezerka 50.5433 N, 13.4844E  Predpokladand migracni trasa

24 PP Osoblazsky vybézek 50.3032 N, 17.7005E  Predpokladand migracni trasa

6. Diskuse
6.1 Stanoveni rozsieni invaznich druhi kiroved na Gzemi Ceské republiky

Karovec P. aubei je ptivodem z jizni Evropy, severni Afriky, Blizkého Vychodu a Ciny
(Balachowsky 1949; Beaver et al. 2016). Jeho Siteni smérem na sever je zpuasobeno
zmeénou klimatu (Bozsik & Sz6cs 2017) a globalnim obchodem (Meurisse et al. 2019).
RozSiteni P. aubei mimo zmény klimatu a globalniho obchodu napoméahé i poskozovani
hostitelskych dievin sparkatou zvéri, které stromy oslabuje a P. aubei tim ziskava lepsi

podminky k osidleni nového Gzemi (Fiala & Holua 2019).

Obecné hlavnim davodem pro Siteni ambrosiovych invaznich karovct je globalni
obchod, protoZe ambrosiovi kirovci nejsou zdatni letci. Jejich dolet se pohybuje mezi 0,5
az 2 km zarok (Salom & McLean 1989; Grégoire et al. 2001). Proto trvalo n¢kolik desitek
let, nez invazni druhy karovci pronikly do CR, G. materiarius pies 70 let, C. bodoanum
pres 60 let a X. germanus pies 50 let (Knizek 2009; Fiala et al. 2021). C. bodoanum méa
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prozatim jen omezené rozsireni v zapadnich Cechach, protoze pronikl do CR teprve
recentné (Fiala et al. 2021). Ostatni druhy ambrosiovych kirovcu jsou rozSiteny po celé
CR (Fiala et al. 2020, in prep.; Fiala & Holu$a 2023a). V plodném rozsiteni neni ziejmy
vzorec, vysledky pravdépodobné svédéi jen o veétSi ¢i mensi miife prozkoumanosti
jednotlivych oblasti a publikovani téchto vysledka (Fiala & HoluSa 2022). V ptipadé
invazniho druhu X. attenuatus se na znalostech o rozSiteni projevuje i chybna determinace

a zdmena s podobnym druhem Xyleborinus saxesenii (Fiala & HoluSa 2023a).

Invazni druhy do Cech pronikaji hlavné z Némecka a Rakouska, na Moravu z Cech,
Rakouska, Polska a v ptipadé X. germanus i ze Slovenska (Fiala & HoluSa 2023b). Tyto
rizné smeéry jsou zpasobeny centralni polohou CR v Evropg, na rozdil od zapadni
Evropy, kde vstupni brany piedstavuji piedevsim namoini pristavy (Rassati et al. 2016a;
Binazzi et al. 2019; Branco et al. 2019; Barnouin et al. 2020).

6.2 Nalezeni vhodné kombinace volatilnich latek nebo feromonia k monitoringu

invaznich druhi kirovci v Ceské republice

Atraktivita etanolu pro lak&ni ambrosiovych karovcu je dlouho zndma (Kiihnholz et al.
2001; Kelsey & Joseph 2003). Lineatin Kombi® obsahuje quaiacol, ktery zvysuje afinitu
k etanolu (Karlsson & Friedman 2017) a nejspiSe proto bylo na tuto navnadu chyceno
vice ambrosiovych kirovcia nez na Trypowit®. | pro ostatni kirovce, jako je tieba
Pityophthorus juglandis nebo Polygraphus proximus, Ize pouZzit etanol jako navnadu, i
kdyz jejich odchyty jsou mélo pocetné (Roling & Kearby 1975; EPPO 2014). Etanol
muZe slouZit jako minoritni sloZzka k feromonam, které jsou hlavnim prostredkem k jejich
odchytu. Role minoritnich volatilnich sloZek neni poradné prostudovana (Kalinova et al.
2014). Pridani etanolu ke Spali¢ku z vétve jalovce obecného pro P. aubei muZe byt praveé
proto vhodngji neZ pouZiti samotného etanolu nebo samotné vétvicky. Spalicek viak
sesychd a emituje tak menSi mnoZstvi monoterpent a i vySe odchytu karovca se tim
snizuje (Langstrom & Hellgvist 1983). Avsak pridani Spalicku k etanolu eliminuje vé&tsi
spotiebu pramyslové vyrabénych navnad jako je tieba Hostowit®, ktery naldkal stejné

mnozstvi P. aubei.

Sulcatol je povaZzovan za mozny feromon pro G. materiarius (Flechtmann & Berisford
2003). Ale odchyty byly vyssi na etanol nez na sulcatol, ktery byl sloZzkou navnady WSL.

Tento vysledek muze byt vysvétlen jingm pomérem (S)-(+)- a (R)-(-)-sulcatolu
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v navnadé WSL neZ pouzili pti pokusu Flechtmann & Berisford (2003). V USA taktéZ na
sulcatol nebyl chycen Zadny G. materiarius (Miller & Crowe 2020). Etanol je celkové
atraktivngjsi pro invazni ambrosiové karovce, kteii se v CR vyskytuji a zaroveii i pro
invazni kurovce, kteti byli zatim zjistény v Némecku (Xyloterinus politus a

Cyclorhipidion pelliculosum (Ranger et al. 2011, 2014).

6.3 Stanoveni environmentélnich proménnych, které ovliviiuji abundanci a Si¥eni

invaznich druha kiarovca

V ramci reSeni dizertacni prace bylo zjisténo, Ze pocetnost ambrosiovych karovcu byla
vyznamné vysSi v lesich s vétSim z&pojem korun a mnozstvim odumielych dubovych
vétvi. Zvyseni téchto dvou proménnych také zvysilo druhovou diverzitu ambrosiovych
karovct, coZ naznacuje, Ze procento a mnozstvi odumielych dubovych vétvi maze
ovliviiovat nejen druhy, ale i jejich pocetnost. To se tyké& pocetnosti T. domesticum, ktera
je korelovana s mnozstvim odumielych dubovych vétvi. Vysoké procento zapoje je
znamkou stabilniho a vihkého prostiedi, které je vhodné pro rast ambrosiovych hub
(Renaud et al. 2011; Flerchinger et al. 2015). ProtoZe ambrosiovi kurovci potiebuji tyto
houby jako zdroj potravy pro svij vyvoj, vyskytuji se jak houby, tak brouci castéji ve
vih¢ich a teplejSich lokalitdch nez na susSich a chladn¢jSich lokalitach (Reich et al. 2014;
Rassati et al. 2016¢; Hulcr & Stelinski 2017). Kromé toho ambrosiovi kirovci obecné
davaji prednost osidlovani niZsich ¢asti korun stromd, takZe vétsina karovea se chyté do
pasti ve vySce 35-200 cm (Reding et al. 2010; Hanula et al. 2011; Brar et al. 2012;
Menocal et al. 2018). Objem dubového diivi a redukovana plocha, kterou duby zabiraji,
predstavuji mnoZstvi a rozmisténi hostiteli ambrosiovych kirovct. Ambrosiovi a dalsi
karovci jsou zavisli na efemérnich a zpravidla rozptylenych substrdtech pro
rozmnozovani (Eidmann 1985; Forsse & Solbreck 1985), a proto je ziejmé, Ze se
pocetnost jedinci a druhti ambrosiovych karovcu na lokalité bude zvySovat s tim, jak
bude koncentrace hostitelskych dievin narustat. Po¢etnost karovet s dostupnosti zdroja
narasta (Bussler et al. 2011; Morin et al. 2015). Jak bylo dfive zjisténo, pocetnost
invaznich ambrosiovych broukd X. attenuatus a C. bodoanum pozitivné korelovala s
plochou obsazenou duby, protoZe oba tyto druhy Ziji na dubech a dalSich listnatych
stromech (Lassauce et al. 2012; Fiala & Holusa 2020b). Poc¢et odchycenych druhu
ambrosiovych broukt byl vyznamné ovlivnén také velikosti plochy, coz stale souvisi

s dostupnosti zdroja. Na druhou stranu vzdalenost od hranice porostu neméla zadny vliv
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ani na druhové spektrum ani na pocet odchycenych karovci, coz svédéi o tom, Ze pro
sledovéani pocetnosti druht ambrosiovych broukt postaci jedna past na studijni ploe. To
je vysveétlitelné tim, Ze karovci byli 1akani do pasti ndvnadou, kterou byl v této studii
etanol. VétSina jedinca, ktefi se vylihli na daném misté, budou mit pravdépodobné
tendenci vyvijet se na stejném mist¢, ale nékteti jedinci se rozptyli a budou hledat nova
mista s vhodnymi zdroji (Forsse & Solbreck 1985; Byers 1999; Jones et al. 2019).

NaSe hypotéza, Ze vétsi podil puvodnich jehlicnant v parcich lazenskych meést by
podporoval vétsi pocet napadenych stromu, se nepotvrdila. Duvodem je to, Ze karovci
nerozliSuji mezi ptivodnimi a nepavodnimi druhy dievin. TaktéZ nebyl prokazéan vliv
geograficky neptivodnich dievin na vyskyt invaznich druhi karovcu, protoZe i vyskyt P.
aubei muZe byt vdzan na zastoupeni jalovce obecného v zahradach obyvatelstva (Fiala &
Holuda 2019). Nicmén¢ vysoky podil listnatych strom, jako je biiza, topol, nebo jasan,
vylucuji tekavé latky, které mnoho karovcu odpuzuji (Byers et al. 1998; Zhang et al.
1999a). Protoze je podil listnatych stromu v parcich a méstskych lesa v lazenskych
méstech vysoky a pocéetnost ktirovcu byla nizka, listnaté stromy v téchto lokalitdch mohly

potencialn¢ chrénit jehlicnany.

V Ceské republice se P. aubei pravdépodobné $iti smérem na zapad, protoZe jeho
pocetnost klesala od vychodu na zapad. VSechny studované proménné (nadmotska vyska,
rozloha lokality, vzdalenost od dalsi lokality s nejblizSim vyskytem jalovce a zastoupeni
jalovce) mely velké rozmezi hodnot v lokalitach s vyskytem P. aubei a bez n¢j. V souladu
s tim nelze tyto proménné pouZit k prognoze dalSiho Siteni a zda se, Ze pouze pritomnost
hostitelskych stromu je pro né dilezitd. Silny vliv hostitele je pro kurovce typicky
(Bussler et al. 2011). To, Ze P. aubei je schopen detekovat své hostitele, potvrzuje
skutecnost, Ze "doba nalezeni" nesouvisela s proménnymi hostitele (rozloha, vzdalenost
od nejblizdiho jalovce a hustota). Karovci rodu Phloeosinus maji dobré disperzni
schopnosti a mohou se uletét vice nez 24 km (Furniss & Furniss 1972). Schopnost
disperze a detekce hostitela podporuje Sifeni invaznich druhi v krajinné matrici (Chase
et al. 2017). Vzhledem k roztriSténosti a malym populacim jalovce je tok genu
pravdépodobné omezeny, coZ maze mit vliv na vyvoj populaci jalovce obecného i tam,
kde dochézi k produkci Zivotaschopnych semen (Van der Merwe et al. 2000; Provan et
al. 2008; Vanden-Broeck et al. 2011). Star3i porosty J. communis v Ceské republice jsou

ve Spatném stavu a na mnoha mistech jsou zarostlé. Faktory, které oslabuji stromy,
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zvysuji Siteni P. aubei a P. thujae, ale presné kvantifikace obou druh je obtiZzna, protoze
jejich poZerky jsou si velmi podobné. Klima a po¢asi mohou mit na stromy piimy vliv,
protoZe sucho muZe stromy oslabit a preduréuji je k napadeni kirovcem a patogeny.
Klima muZe mit takeé ptimy vliv na hmyz, protoZze se jedna o malé poikilotermy s
omezenou schopnosti termoregulace (Huey et al. 1999). P. aubei je typickym piipadem
tohoto modelu a mohou jej nasledovat i dalsi druhy ze stiedomotiskych zemi. Zména
klimatu muze mit za nasledek i Siteni hmyzich druht z opa¢ného sméru. Ips duplicatus,
pavodni karovec na smrku ztepilém ve Skandindvii, se v soucasné dobe¢ Siiti do stiedni,
vychodni a jizni Evropy. Vyskyt je podporovan vysadbou smrku ztepilého na nevhodnych
lokalitach, ktera se projevuje zejména v dusledku fyziologickym oslabenim stromu a
naslednym vyskytem houbovych patogent na hostitelskych stromech (Holusa et al.

2010).
6.4 Metodika monitoringu invaznich kirovca

Nekteti invazni karovci jsou polyfagni, napt. X. germanus (Weber a McPherson 1983) a
X. politus (MacLean a Giese 1967), a mohou napadat jak jehli¢nany, tak i listnaté stromy.
Nekteri napadaji pouze listnaté stromy, napt. X. attenuatus (Kvamme et al. 2020) nebo
pouze jehli¢nany, napt. G. materiarius (Kamp 1970). Zastoupeni dievin je pro monitoring
invaznich kurovci nevyznamné, protoZe druh lesa nema na pocetnost broukut Zadny vliv
(Bouget et al. 2008). V¢tSina invaznich kuaroved v Evropé jsou ambrosiové druhy
(Alonso-Zarazaga et al. 2023) a v nasi studii v dubovych lesich v zapadnich Cechach,
jsme zjistili, Ze ambrosiovi kirovci méli vy3si pocetnost v lesich s vétSim zapojem korun,
a nasledné vih¢im mikroklimatem a vétS§im mnozstvim mrtvého drivi (HoluSa et al. 2021).
Vliv vétSiho zapoje na pocetnost ambrosiovych karovect potvrdili také Menocal et al.
(2022). zjistili jsme, Ze pro odchyt karovca P. aubei, je nejlepsi kombinace etanolu a
jalovcovych vétvicek vhodnou (Fiala et al. 2023a). Etanol jsme shledali také jako
nejvhodngjsi pro odchyt G. materiarius (Fiala et al. 2023b). Stejné tak C. bodoanum byl
odchycen na etanol (Fiala et al. 2021) a prestoZe D. himalayensis a X. germanus byly
odchyceny do narazovych pasti jako takovych, byly chyceny také na etanol (Prochazka
et al. 2018; Hauptman et al. 2019; Fiala et al. 2020). X. attenuatus, jako dal$i ambrosiovy
karovec je pritanovan etanolem (Galko et al. 2014). Etanol ptitahuje i invazni karovce X.

politus a C. pelliculosum, ktefi jsou jiZ etablovany v Némecku (Ranger et al. 2011, 2014).
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Etanol méa obecné lepSi pomér zachytu invaznich karovct neZ ostatni latky (Fiala et al.
2023Db).

Navrhujeme celkem 24 monitorovacich mist. VétSina z nich se nachazi na hrani¢nich
prechodech a v Udolich tek, které jsou pravdépodobné vstupnimi branami do Ceské
republiky (Obr. 14). Kromé toho jsou to dva velké dievosklady, ve kterych probiha
mezinarodni obchod (Zemlicka 2012), spolu se viemi mezinarodnimi letisti a tii
botanické zahrady s tropickymi skleniky. Jmenované lokality reprezentuji rizné zptisoby
Siteni invaznich kurovci, tedy prirozené Sireni letem a Siteni prostiednictvim globalniho
obchodu (Tab. 2). Na kaZzdé lokalité stac¢i nainstalovat tii lapace (Rassati et al. 2016a;
Thurston et al. 2022). V Ceské republice se pouZivaji dva typy lapa¢i; oba jsou levné a
béZzné dostupné. Snadno se instaluji a nezachyti velké mnozstvi necilovych hmyzu
(Lubojacky & Holusa 2014; Galko et al. 2016). Lapace mohou byt Stérbinové typu
Theysohn, které jsou nejéastéji pouzivané v lesnictvi v Ceské republice (Zahradnik a
Zahradnikova 2016) nebo néarazové pasti typu Ecotrap, ze kterych je snazsi extrahovat
odchycené brouky. Po kazdé sezoné je lze rozebrat a uskladnit v mnohem menSim
prostoru nezZ pasti typu Theysohn. Lapace by mély byt umistény v rozmezi 30 az 50 m
(Niemeyer 1997; Rassati et al. 2014). Lapace by mély byt aktivni od poloviny dubna do
konce cervence, protoZe letova aktivita karovcu klesa v srpnu (Fiala et al. 2023b). Pasti
se kontroluji jednou za 14 dni a odebrané vzorky se poté uloZi do mrazéku pro naslednou
determinaci. Etanol by mél byt vyménén na zacatku ¢ervna, protoZe odparniky jsou

aktivni ptiblizné 60 dni.
7 Z&vér a doporuéeni pro praxi

V Ceské republice je Sest druht invaznich karovcd jiz trvale usidleno, z nich pouze P.
aubei pasobi Skody v okrasné mestske zeleni; ostatni nemaji prozatim vétsi hospodéaisky
vyznam nebo zpaisobuji minoritni technické 3kody na drivi. Ctyii druhy v3ak patii mezi
ambrosiové kurovce, kteti prendSeji razné druhy hub. Tyto houby mohou zptsobovat

vetsi problémy v lesnim hospodarstvi.

Proto je vcasné zjisteéni invazniho druhu karovce zasadni podminkou integrované ochrany
lesa. Bez znalosti potencionalniho nebezpeci nové objevenych karovet pro lesni

ekosystémy, urbanni zelen, biodiverzitu a ekonomicke Skody nemiZeme vytvaiet postupy
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v v,

vedlejSimi efekty.

V probehlych terénnich experimentech bylo zjisténo, Ze na mozny vyskyt invaznich
karovct méa vyznamny vliv vy3si zapoj korun a mnozstvi mrtvého diivi v korunéch
stromu. Z toho vyplyva, Ze invazni karovce bychom méli monitorovat v zapojenych
listnatych nebo smiSenych porostech. Nejvhodnéjsi jsou tedy maloplosné zvlaste
chranénd Gzemi, kde je vétsi pravdépodobnost dostatku mrtvé dievni hmoty a vétsi

druhova diverzita dievin.

Vv s

Pii dalSich experimentech bylo zjisténo, Ze nejduleZitéjsi volatilni latkou schopnou
zachytit vice druht a vyssi pocet jedinct invaznich karovct je etanol. Odchyty byly vétsi
jak pti experimentu u P. aubei, tak u G. materiarius. Na posledn¢ jmenovany druh
neucinkuje potencionalni agregac¢ni feromon sulcatol. | odchyty na pramysloveé vyrabéné
odparniky byly vyssi u odparniku Lineatin Kombi®, ktery obsahuje quaiacol. Etanol proto
muzeme klasifikovat jako univerzalni atraktant pro monitoring invaznich druhu karoveta

v CR.

N&mi navrhovand metodika monitoringu invaznich druht karovct je robustni metoda,
integrované ochrany lesa. Metoda se d& zakomponovat do sité lapact na I. duplicatus,
ktery provozuje Vyzkumny Ustav lesniho hospodaistvi a myslivosti, piipadné se daji
aplikovat do sité lapact, které instaluji Lesy Ceské republiky, s.p. Metodika monitoringu
se da v pripadé moznosti rozsitit o dalSi lapace, pokud by byla nutnost monitorovat i jiné
druhy karovct, pro které neni Upin¢ vhodny etanol, napi. P. proximus nebo P. juglandis.
Metodika neni naro¢nd na cas pii kontrolach, ale n¢jaky ¢as by trvala determinace.
Odhadem by bylo na determinaci odeslano 500 sbéri. Tato doba by se snizila, kdyby se
zvétsil pocet determinatort mezi které by se odbéry rozdélili. V CR zatim neni dostatek
zkuSenych entomologu, kteti by se vénovali Scolytinae. Pritom podcéeled’ Scolytinae je

vy s

nejvyznamnéjsi hmyzi skupina, ktera zptsobuje nejvétsi Skody v lesnim hospodéaistvi.

8 Appendix

Tab. Al Piehled zndmych semiochemikalii evropskych druht karovei. * - Invazni druh

v Evropé. Tuéné jsou vyznaceny agregacni feromony.
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Druh

Semiochemikalie

Zdroj

Ambrosiophilus

Oliver & Mannion

atratus” etanol 2001
Montgomery &
. . etanol Wargo 1983
Anisandrus dispar Schroeder & Lindelow
o pinen 1989

Anisandrus maiche*

3-hydroxyhexan-2-one+etanol

Sweeney et al. 2016

Cryphalus piceae

E-conophthorin

Kohnle et al. 1992

Crypturgus cinereus

ipsenol

ipsdienol

Terren & De Simon
1983

S-fuscumol

1S-a pinen

1R-q pinen

1S-B pinen

S-3-caren

R-limonen

a terpinolen

etanol

Sweeney et al. 2016

Crypturgus hispidulus

etanol

(3R)-3-hydroxyoctan-2-one

(3S)-3-hydroxyoctan-2-one

Sweeney et al. 2016

Crypturgus
subcribrosus

S-fuscumol

1S-a pinen

1R-q pinen

1S-B pinen

S-3-caren

R-limonen

a terpinolen

etanol

Sweeney et al. 2016

Cyclorhipidion
bodoanum*

etanol

Oliver & Mannion
2001

0. copaen

Kendra et al. 2011

(3R)-3-hydroxyoctan-2-one

(3S)-3-hydroxyoctan-2-one

Sweeney et al. 2016

Cyclorhipidion
pelliculosum*

etanol

Oliver & Mannion
2001

etanol+conophthorin

Miller et al. 2015

Dendroctonus micans

5S7S-conophthorin

E-conophthorin

Zhang et al. 2002

ipsdienol

; ; Andersson 2012
exo-brevicomin
Dryocoetes a pinen _
autographus B pinen Rudinsky 1966
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Druh Semiochemikalie Zdroj
camphen
exo-brevicomin Kohnle 1985

endo-brevicomin

etanol

turpentin

Lindeldw et al. 1993

(3R)-3-hydroxyoctan-2-one

r?eré%;()rztgﬁus (3S)-3-hydroxyoctan-2-one Sweeney et al. 2016
etanol
Markalas &
Dryocoetes villosus | etanol Kalapanida 1997
ipsdienol
metylbutenol Valkama et al. 1997
cis-verbenol
Gnathotrichus o pinen .
materiarius* v Erbilgin et al. 2003
Flechtmann &
sulcatol Berisford 2003

etanol+conophthorin

Miller et al. 2015

ipsenol

Terren & De Simon

Hylastes attenuatus | ipsdienol 1983

etanol+a pinen Francardi et al. 2006

a pinen Schroeder & Lindelow

etanol 1989

turpentin Lindelow et al. 1993
Hylastes brunneus S'fUSCl_JmOI

1S-B pinen

S-3-caren Sweeney et al. 2016

R-limonen

a terpinolen

a pinen Schroeder & Lindelow
Hylastes cunicularius | etanol 1989

turpentin Lindelow et al. 1993

Schroeder & Lindelow

etanol 1989

turpentin Lindelow et al. 1993
Hylastes opacus De Groot & Poland

nonanal 2003

¢ p!nen Petrice et al. 2004

B pinen

- a pinen Brockerhoff et al.

Hylastes pinicola otanol 2006b

Hylastinus obscurus

metyl salicylat

Kamm & Buttery
1984
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Druh

Semiochemikalie

Zdroj

metyl benzoat

(E)-2-hexenal

Tapia et al. 2007

Hylesinus crenatus

E-conophthorin

Zhang et al. 2002

Hylesinus varius

nonan-2-one

E-conophthorin

exo-brevicomin

Francke et al. 1979

etanol Kohnle 1985
B pinen
a terpinolen Volz 1988
myrtenol
Hylurgops palliatus o pinen Schroeder & Lindelow
etanol 1989
S-3-caren Byers 1992

(3R)-3-hydroxyoctan-2-one

(3S)-3-hydroxyoctan-2-one

Sweeney et al. 2016

Hylurgus ligniperda

metylbutenol

ipsdienol Serez 1987
cis-verbenol

Markalas &
etanol Kalapanida 1997
2 p!nen Petrice et al. 2004
B pinen

a pinen+etanol+ipsenol+ipsdienol

Francardi et al. 2006

metylbutenol

Hylurgus micklitzi ipsdienol Serez 1987
cis-verbenol

Hypothenemus

eruditus etanol Reding et al. 2011
etanol Silva et al. 2006
metanol
metylcyclohexan
etylbenzen Mendesil et al. 2009

Hypothenemus 3-etyl-4-metylpentan-1-ol

hampei™ nonane

5S57S-conophthorin

2S5S-chalcogran

1,6-dioxaspirodecan

metyl 3-etyl-4-metylpentanoat

Jaramillo et al. 2013

Ips acuminatus

ipsdienol Vité et al. 1072
ipsenol
cis-verbenol Bakke 1978

metylbutenol

Gavyalis et al. 1981
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Druh

Semiochemikalie

Zdroj

Ips amitinus

R-ipsdienol

ipsenol

isomyrcenol

Francke et al. 1980

cis-verbenol

trans-verbenol

verbenon

myrtenol

amitinol

metylbutenol

Symonds & Elgar
2004

Ips cembrae

ipsenol

ipsdienol

3-metyl-3-buten-1-ol

Stoakley et al. 1978

2-fenyletanol

geraniol

ipsenon

ipsdienon

myrtenol

verbenon

Zhang et al. 2000

Ips duplicatus

ipsdienol

Bakke 1975

metylbutenol

cis-verbenol

Gavyalis et al. 1981

E-myrcenol

Byers et al. 1990

5S57S-conophthorin

E-conophthorin

Zhang et al. 2002

2-fenyletanol

Symonds & Elgar
2004

Ips sexdentatus

isomyrcenol Zhang et al. 2007a
Ipsdienol Vité et al. 1972
ipsenol

metylbutenol Vité et al. 1974
cis-verbenol

S-myrtenol

2-m-tolylpropan-2-ol

trans-myrtanol

2-fenyletanol

3-caren-10-ol

ipsdienon

myrtenal

S-m-mentha-4,6-dien-8-ol

Francke et al. 1995

a pinen+etanol+ipsenol+ipsdienol

Francardi et al. 2006

Ips subelongatus*

5S7S-conophthorin

E-conophthorin

Zhang et al. 2002
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Druh

Semiochemikalie

Zdroj

Ips typographus

ipsenol Zhang et al. 2007b
R-ipsdienol Chen et al. 2016

0 pinen

B pinen Rudinsky et al. 1971
limonen

ipsdienol

Ipsenol Vité et al. 1972
cis-verbenol

trans-verbenol

metylbutenol

Krawielitzki et al.
1977

myrtenol

trans-myrtenol

2-fenyletalon

Schiyter et al. 1987

camphen

verbenen

S-3-caren

myrcen

a terpinen

B phellandren

y terpinen

p cymen

a terpinolen

3-metyl-7-metylen--1,3E8-nonatrien

trans-sabinen hydrat

trans-pinocamphon

isopinocamphon

longifolen

bornyl acetat

trans-pinocarveol

estragol

a caryophyllen

terpinyl acetat

Francke et al. 1995

5S7S-conophthorin

E-conophthorin

Zhang et al. 2002

3-methyl-3-buten-2-ol

Symonds & Elgar
2004

monochamol+ipsenol+a
pinen+etanol+metylbutenol

Flaherty et al. 2019

Monarthrum mali*

etanol

Oliver & Mannion
2001

0. copaen

Kendra et al. 2011
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Druh

Semiochemikalie

Zdroj

sulcatol

Miller & Crowe 2020

Orthotomicus erosus

ipsdienol Giesen et al. 1984
metylbutenol
cis-verbenol Mendel 1988

5S7S-conophthorin

E-conophthorin

Zhang et al. 2002

. R-ipsdienol Kohnle et al. 1993
Orthotomicus S-ipsenol
mannsfeldi Symonds & Elgar
amitinol 2004
. ipsdienol
Orthotomicus
suturalis rr_letylbutenol Valkama et al. 1997
cis-verbenol
Phloeosinus armatus terpln_en-4-ol Chararas et al. 1980
a terpineol

Phloeosinus aubei

a-thujon+p-thujon

(-)-terpen-4-ol

(+)-camphor

(-)-cis-4-thujanol

juniper oil

korean thuja oil

Bozsik et al. 2016

Phloeotribus
liminaris*

etanol

Reding et al. 2011

Phloeotribus
rhododactylus

E-conophthorin

Zhang et al. 2002

Phloeotribus
scarabaeoides

etylen

Gonzélez & Campos
1996

a pinen

B pinen

decanal

undecanal

decan-2-one

nonan-2-one

undecan-2-one

Szauman-Szumski et
al. 1998

Phloeotribus
spinulosus

metylbutenol

cis-verbenol Valkama et al. 1997
ipsdienol
etanol Sweeney et al. 2016

Pityogenes bidentatus

2-fenyletanol

etyl dodecanoat

grandisol

myrtenol

isogeraniol

Francke et al. 1995
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Druh

Semiochemikalie

Zdroj

verbenon

borneol

cis-verbenol

trans-verbenol

trans-pinocarveol

myrtenal

grandisal

citronellol

geraniol

hexan-1-ol

Byers et al. 2013

Pityogenes calcaratus

cis-verbenol

metylbutenol

Mendel 1988

2-fenyletanol

etyl dodecanoat

grandisol

citronellol

isogeraniol

verbenon

borneol

trans-verbenol

trans-pinocarveol

Francke et al. 1995

Pityogenes
chalcographus

chalcogran Francke et al. 1977
hexan-1-ol

metylbutenol

cis-verbenol Gavyalis et al. 1981
ipsdienol

chalcogran+terpen+verbenol+metylbu
tenol

chalcogran+terpen+verbenol+metylbu
tenol+endo-brevicomin

Kohnle 1985

1S-a pinen

1S-B pinen

metyl(E,Z)-2,4-decadienoat

Byers et al. 1988

Pityogenes
quadridens

ipsdienol

ipsenol

Terren & De Simon
1983

chalcogran

Francke et al. 1995

acetoin

hexan-1-ol

cis-verbenol

trans-verbenol

grandlure

citronellol

Byers et al. 2013
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Druh

Semiochemikalie

Zdroj

isogeraniol

geraniol

(E)-2-(3,3-dimetylcyclohexyliden)-
etanol

etyl dodecanoat

2-fenyletanol

myrtenol
dodecyl acetat
Pityokteines curvidens | ipsenol Harring 1978
Pityokteines spinidens !pser_lol Harring 1978
ipsdienol
Pityokteines ipsenol .
VOrontzovi ipsdienol Harring 1978
Roling & Kearby
_ etanol 1975
Eltyoph_thorus prenol Seybold et al. 2015
juglandis® ;
= p!nen Blood et al. 2018
B pinen
hal H Vité 1984
Pityophthorus C-:l C(I)gran euer & Vite 198
pityographus pityo - Francke et al. 1987
grandisol
Pityophthorus E-pityol Lopez et al. 2011
ramulorum rac-trans-pityol Lopez et al. 2013
Polvaraphus frontalin Heuer & Vité 1984
ygrap R-terpen-4-ol Schurig et al. 1985
poligraphus - .
1R2S-grandisol Rahmani et al. 2019
[S]-cis-verbenol+ipsdienol+ipsenol EPPO 2014
Polygraphus (3R)-3-hydroxyoctan-2-one
proximus* yaroxy Sweeney et al. 2016
(3S)-3-hydroxyoctan-2-one
Polygraphus R-terpen-4-ol

punctifrons

1R2S-grandisol

Rahmani et al. 2019

Pteleobius vittatus

metylbutenol+cis-pityol+cis-vittatol

Klimetzek et al. 1989b

Scolytus amygdali

(3S,4S)-4-metylheptan-3-ol

(3S,4S)-4-metylhexan-3-ol

Zada et al. 2004

Scolytus intricatus

(E)-2-hexenal

hexenal

(2)-3-hexenyl acetat

E,E-a farnesen

anisol

trans-f ocimen

0. cCopaen

B caryophyllen

Vrkocova et al. 2000
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Druh

Semiochemikalie

Zdroj

5S7S-conophthorin

Zhang et al. 2002

Scolytus laevis

(3R,4S)-4-metylheptan-3-ol

Anderbrant et al. 2010

Scolytus mali

5S57S-conophthorin

Zhang et al. 2002

Scolytus multistriatus

vanillin

syringaldehyd

Meyer & Norris 1967

p-hydroxyacetofenon

4-hydroxybenzaldehyd

o-hydroxybenzalkohol

Baker et al. 1968

4-metyl-3-heptanol

Scolytus pygmaeus

multistriatin Pearce et al. 1975
cubeb oil

limonen Blight et al. 1980
hexanal Dickens et al. 1990
hexan-1-ol

multistriatin Deventer & Minks

4-metyl-3-heptanol

1977

Scolytus ratzeburgi

5S57S-conophthorin

Zhang et al. 2002

Scolytus rugulosus

5S7S-conophthorin

Zhang et al. 2002

Scolytus scolytus

4-Methyl-3-heptanol+cubeb oil

Blight et al. 1978

5S57S-conophthorin

Zhang et al. 2002

Scolytus triarmatus

(3R,4S)-4-metylheptan-3-ol

Anderbrant et al. 2010

Taphrorychus bicolor

acetofenon

Kohnle et al. 1987

2-etyl-1,5-dimetyl-6,8-
dioxabicyclo(3.2.1)-octan

Francke et al. 1995

bicolorin

Astashko et al. 2013

Tomicus minor

a terpineol

cis-carveol

trans-carveol

Kangas et al. 1970a

trans-verbenol

Lanne et al. 1987

Tomicus piniperda

benzoic acid

Yasunaga 1962

a terpineol

cis-carveol

trans-carveol

Kangas et al. 1970a

verbenon

cis-verbenol

trans-verbenol

Kangas et al. 1970b

3-caren

1R-a pinen

1S-a pinen

a terpinolen

Byers et al. 1985

B pinen

myrtenol

Volz 1988
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Druh

Semiochemikalie

Zdroj

hexan-1-ol

(E)-2-hexen-1-ol

(Z2)-2-hexen-1-ol

(2)-3-hexen-1-ol

Poland & Haack 2000

nonanal

Song et al. 2005

etanol

Kerck 1972

Francke & Heeman

Trypodendron 3-hydroxy-3-metylbutan-2-one 1974

domesticum metyl tetradecanoat Francke & Heyns
etyl palmitat 1974
lineatin Martikainen 2000
etanol

Trypodendron laeve

(3R)-3-hydroxyoctan-2-one

(3S)-3-hydroxyoctan-2-one

Sweeney et al. 2016

a pinen

B pinen

limonen Rudinsky 1966
camphen

myrcen

etanol Moeck 1970

3-hydroxy-3-metylbutan-2-one

Francke & Heeman
1974

E;}ép;(t)lji;ndron 1,_3-dirr_1ety|-2,9- Heeman & Francke
dioxabicyclo[3.3.1]nonane 1976
lineatin MacConnel et al. 1977
metylbutenol
cis-verbenol Gavyalis et al. 1981
ipsdienol
exo-brevicomin+etanol+terpen Kohnle 1985
frontalin Setter & Borden 1992
fenyletanol Andersson 2012
salicylic acid
turpentin Choo et al. 1988
Trypodendron propan-2-ol
signatum eugenol
lineatin Martikainen 2000
etanol Galko et al. 2014
Xyleborinus
attenuatus™ etanol Flaherty et al. 2019
Montgomery &
etanol Wargo 1983

Xyleborinus saxesenii

etanol+a pinen

etanol+B pinen

Petrice et al. 2004
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Druh

Semiochemikalie

Zdroj

etanol+conophthorin

Miller et al. 2015

etanol+benzaldehyd

Yang et al. 2018

Oliver & Mannion

Xyleborus affinis* etanol 2001
0. copaen Kendra et al. 2011
Xyleborus bispinatus” | o copaen Kendra et al. 2017
Xyleborus
dryographus etanol Galko et al. 2014
Oliver & Mannion
;(ylebo_rus . etanol 2001
errugineus 0. copaen Kendra et al. 2011
etanol Galko et al. 2014
Xyleborus 3-hydroxyhexan-2-one+3-
monographus hydroxyoctan-2-one+2,3-
hexanediol+etanol Flaherty et al. 2019
Xyleborus pfeilii etanol Galko et al. 2014
Xyleborus volvulus* o copaen Kendra et al. 2011
etanol Abreu et al. 2012

Xylechinus pilosus

(3R)-3-hydroxyoctan-2-one

(3S)-3-hydroxyoctan-2-one

1S-a pinen

1R-q pinen

1S-B pinen

S-3-caren

R-limonen

a terpinolen

Sweeney et al. 2016

Xylocleptes bispinus

ipsenol

ipsenon

Klimetzek et al. 1989a

Xylosandrus
compactus*

cuelure

Uchida et al. 2003

etanol+a pinen

Miller & Rabaglia
2009

etanol+ginger oil

etanol+manuka oil

Burbano et al. 2012

Xylosandrus
crassiusculus*

etanol

Reding et al. 2011

etanol+ginger oil

etanol+manuka oil

etanol+a pinen

Burbano et al. 2012

etanol+conophthorin

VanDerLaan & Ginzel
2013

quercivorol+a copaen

Kendra et al. 2017

Xylosandrus
germanus™

etanol

Reding et al. 2011

etanol+conophthorin

VanDerLaan & Ginzel
2013
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Druh Semiochemikalie Zdroj
3-hydroxyhexan-2-one+3-
hydroxyoctan-2-one+2,3-
hexanediol+fuscumol+fuscumol
acetat+etanol

monochamol+ipsenol+fuscumol+fusc
umol acetat+o pinen+etanol

Flaherty et al. 2019

Xylosandrus Nakayama & Terra
morigerus* eugenol 1986

Oliver & Mannion
Xyloterinus politus* | etanol 2001
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Abstract

Ambrosia beetles, including Cyclorhipidion bodoanum, are frequently introduced into
new areas through the international trade of wood and wood products. Cyclorhipidion
bodoanum is native to eastern Siberia, the Korean Peninsula, Northeast China,
Southeast Asia, and Japan but has been introduced into North America, and Europe.
In Europe, it was first discovered in 1960 in Alsace, France, from where it has slowly
spread to the north, southeast, and east. In 2020, C. bodoanum was captured in an
ethanol-baited insect trap in the Bohemian Massif in the western Czech Republic.
The locality is covered by a forest of well-spaced oak trees of various ages, a typical
habitat for this beetle. The capture of C. bodoanum in the Bohemian Massif, which
is geographically isolated from the rest of Central Europe, confirms that the species
is spreading east. The species probably spread naturally from Germany, but the
period of establishment is difficult to estimate. Although the spread seems to be
slow i.e. the beetle required about 60 years to spread from the borders of France and
Switzerland to Bohemia, C. bodoanum may have spread more quickly but remained
undetected in the newly invaded areas.

Key words: biological invasions, oak forest, pest, Scolytinae

Introduction

Cyclorhipidion bodoanum (Reitter, 1913) belongs to the “ambrosia” group
of bark beetles. Members of this group have developed symbiotic
relationships with fungi and are sometimes referred to as “fungus-farmers”.
The term “ambrosia beetle” is an ecological classification describing the
larval and adult habit of feeding on mutualistic fungi in woody host tissue.
Ambrosia beetles includes species in both the Scolytinae and in the distantly
related Platypodidae. The ambrosia fungi are transported by the adult
beetles in specialised structures (mycangia) or on the body surface; as the
beetle tunnels into the host, they deposit the fungus on the gallery walls
(Kirkendall et al. 2015).

Ambrosia beetles are frequently introduced into new areas through the
international trade in wood and wood products (Brockerhoff and Liebhold
2017). When novel species of host trees are encountered by the beetles, the
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Figure 1. Distribution of Cyclorhipidion bodoanum throughout the world (a) with the years of its discovery in European countries (b)
and in German localities near the Czech locality (indicated by a star) of the current study (c).

trees can be “naive” and susceptible to attack, enabling previously harmless
scolytine species to become damaging, or the ambrosia fungi to become
pathogenic (Kirkendall and Faccoli 2010; Mayers et al. 2015). Although 30
non-native bark beetles are registered in Europe (Alonso-Zarazaga et al.
2017; Dodelin and Saurat 2017; Dodelin 2018), we know relatively little
about their spread and recent distribution.

Cyclorhipidion bodoanum is native to eastern Siberia (Figure 1), where it
was first described as Xyleborus bodoanus (Reitter, 1913) and then as
X. punctulatus (Kurentsov, 1948). It is also widespread in the Korean Peninsula
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Figure 2. The protected area of Vladat where a Theysohn® trap was suspended. Photographs of the forest interior in spring (top)
and in autumn (bottom). Photographs by Pfemysl T4jek.

and Northeast China (Reitter 1913; Park et al. 2020), in Southeast Asia and
Taiwan (Beaver et al. 2014; Smith et al. 2020) and in Japan, where it was
reported as Xyleborus misatoensis (Nobuchi, 1981) (Smith et al. 2020).

The beetle was also introduced into North America (Figure 1), where it
was described as Xyleborus californicus (Wood, 1975), before being
synonymised and moved into the genus Cyclorhipidion by Knizek (2011).
The male of C. bodoanum was misidentified and described as Xyleborus
peregrinus Eggers, 1944 (Bense and Schott 1998).

Cyclorhipidion bodoanum has been introduced into Europe (Wood 1975;
Vandenberg et al. 2000; Kirkendall and Faccoli 2010; Gomez et al. 2018;
Sanchez et al. 2020) and is now established and widespread in Western
Europe (Figure 1; Kirkendall and Faccoli 2010; Alonso-Zarazaga et al. 2017).

The aim of the work was (i) to report the spread of C. bodoanum into a
geographically isolated part of Central Europe and (ii) to review its recent
worldwide distribution.

Materials and methods

In 2020, an ethanol-baited Theysohn® insect trap was deployed in the
Vladai Nature Reserve (Figure 2) near the town of Zlutice (50.0755; 13.2094)
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in the Bohemian Massif (Czech Republic). The highest peak in the locality
is 693 m a.s.l,, and the trap was placed at 605 m a.s.l.

The locality lies in a rain shadow and has a relatively warm and very dry
climate (Tolasz 2007). The southern slopes of Vladat support deciduous
trees, which grow in Hercynian oak groves, dry acidophilous oak groves,
and gravel forests of the Tilio-Acerion association (Figure 2).

The trap was suspended from a rope tied between two trees, with the
trap base approximately 150 cm above the ground. The 96% ethanol in the
trap was contained in a 50-ml polypropylene screw-top container that had
four 3-mm-diameter holes in its lid; the ethanol was released from the trap
at a rate of approximately 200 mg/day at 15 °C.

The ethanol bait was placed in the trap at the beginning of April. Beetles
were collected from the trap every 2 weeks, and the lure and preservative
fluid was changed. The collected insects were transferred to 96% ethanol,
and two specimens were identified as C. bodoanum by the second author.

Results and discussion

In Europe, C. bodoanum was first discovered in 1960 in Alsace, France
(Schott 2004). It was subsequently discovered in Germany in 1979 (Schott
2004), Switzerland in 1994 (Sanchez et al. 2020), the Netherlands in 1998
(Vorst et al. 2008), Belgium in 2002 (Henin and Nageleisen 2005), Italy in
2007 (Audisio et al. 2008), Sweden in 2007 (Lindeléw 2012), Denmark in
2008 (Pedersen et al. 2010), Norway in 2008 (Kvamme and Lindeléw 2014),
Croatia in 2009 (Donji Lozac, 31 July 2009, Ake Lindelow Igt., coll., Milo$
Knizek det.) (Knizek 2011), and Britain in 2011 (Telfer 2019) (Figure 1). As
indicated in the previous sentence, the beetle has been spreading to the east
and north, and findings in other countries can therefore be expected. It
does not appear to have been introduced to Spain or Portugal and is still
advancing only from the west to the east and the north.

The species was also mentioned from Austria (Alonso-Zarazaga et al. 2017),
but there are no official records in that country (Kirkendall and Faccoli 2010;
Holzschuh pers. comm.; Zabransky pers. comm.). Its occurrence in Austria
must be confirmed, although its spread to that country is very likely.

In the current study, two specimens of C. bodoanum (Figure 3) were
collected from the Vladaf Nature Reserve in the Bohemian Massif (Figure 2)
on 15 April 2020. The morphological characteristics of these specimens
correspond with those of the species. The collected specimens are about 2 mm
long (the body length of the species ranges from 1.93 to 2.30 mm (Hoebeke
et al. 2018; KniZek pers. obs.) and are pale yellow-brown in colour (Figure 3).
From a dorsal view, the heads of the specimens are concealed under the
pronotum. The basal half of the pronotum is semi-dull, shagreened, and
very finely punctated (Figure 3). The frontal part is declivous, tuberculate,
with a finely granulate frontal margin. The punctation of elytra is dense,
without distinct striae; the postero-lateral margins of the elytral declivity,

Fiala et al. (2021), Biolnvasions Records 10(1): 65-73, https://doi.org/10.3391/bir.2021.10.1.08 68


https://www.invasivesnet.org

)

&

INVASIVESNET

Cyclorhipidion bodoanum in the Czech Republic

Figure 3. Dorsal and lateral photographs of a Cyclorhipidion bodoanum female collected in the
Vladat locality (the Czech Republic). Photographs by Zbynék Kejval.

to the elytral apex, are rounded; the whole elytra is covered with dense
pubescence, which becomes longer posteriorly; the elytral declivity is dull,
flattened, and not impressed between interstriae 1 and 3; the declivital
strial punctations are large, shallow, and distinct, with reticulate interior
surfaces, and are separated by less than their diameter; the denticles on
declivital interstriae 1 and 3 are small and more or less uniform in size.

Cyclorhipidion bodoanum is a polyphagous species that is typically
associated with Fagaceae and especially Quercus (Wood 1982; McPherson
et al. 2008; Blaschke and Bussler 2012), but has also been reported from
walnut trees (Juglans sp.) (Seybold et al. 2016), chestnut trees (Castanea)
(Bussler and Immler 2007), and Pinus (Pinaceae) and Populus trees
(Salicaceae) (Lightle et al. 2007). It is usually found on weakened or
stressed hosts and attacks trunks > 10 cm in diameter (Brin et al. 2011).
C. bodoanum prefers forests with well-spaced trees (Bouget et al. 2013) or
parks dominated by oak (Lee et al. 2019). The latter characteristics are
descriptive of the current study’s locality, which is an oak forest with well-
spaced trees of various ages (Figure 2).

Cyclorhipidion bodoanum is a secondary pest (Lassauce et al. 2012) but
increasing levels of damage from this and other ambrosia beetles can be
expected because climate change will likely result in more frequent drought
stress and “windblows” and increases in the number of beetle generations
per year (Wainhouse and Inward 2016). A warmer, wetter climate is a good
predictor of the establishment of exotic ambrosia beetles, probably because
such conditions favour the growth of their symbiotic fungi (Marini et al.
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2011). Cyclorhipidion bodoanum is a carrier of the fungus Geosmithia
morbida M. Kolafik, Freeland, C. Utley & Tisserat, 2010, which causes a
canker disease on walnut (Juglans sp.) (Moore et al. 2019), and also of the
tungi Mucor racemosus f. racemosus Fresen., 1850, Hypocrea lixii Pat., 1891,
Trichoderma viride Pers., 1794, Pleosporaceae sp. (McPherson et al. 2013),
and Sporothrix stenoceras (Robak) Z.W. de Beer, T.A. Duong & M.J. Wingf.,
2016 (Gebhardt et al. 2005).

McPherson et al. (2008) note that C. bodoanum attacks Quercus trees
previously attacked by pathogenic fungi, resulting in the spread of decay
fungi and increased tree mortality. Because C. bodoanum attacks relatively
thick wood, economic damage may occur (Grégoire et al. 2001). On the
other hand, it prefers open, non-commercial oak forests, and extensive
damage to commercial forests therefore seems unlikely.

Cyclorhipidion bodoanum was probably introduced into Continental
Europe and Britain with timber products or perhaps sapling trees (Schott
2004; Lee et al. 2019). The beetle has spread from its places of introduction
(Bouget and Noblecourt 2005), and the finding in the Bohemian Massif,
which is geographically isolated by border mountains (Ore Mts., Giant Mts.
and Bohemian Forest) from the rest of Central Europe (Chytry 2012),
confirms its continued spread to the east. The species probably spread
naturally to the Czech Republic from Germany, but the unintentional
introduction by humans could not be also excluded (Figure 1; Table S2).
Year of establishment in the Bohemian Massif is difficult to estimate. The
beetle seems to spread only slowly, e.g., it required about 60 years to spread
from the borders of France and Switzerland to Bohemia. However, the spread
may have been faster if the beetle was simply overlooked for long periods.

It is possible that C. bodoanum appeared in Bohemia only recently.
Although we do not have a single monitoring program for the spread of
invasive species, there are number of approaches for monitoring saproxylic
species. We have recently summarized the detection of Xylosandrus
germanus (Blandford, 1894) in dozens of field searches that used hundreds
of barrier traps in the Czech Republic (Fiala et al. 2020); all of the scientists
involved in the experiments were experts in bark beetles and failed to
detect C. bodoanum. We therefore speculate that C. bodoanum appeared in
the Czech Republic only recently.

As noted earlier, invasive bark beetles are being spread by global trade,
with huge movements of wood products, live plants, and unprocessed
wood occurring between continents (Brockerhoff and Liebhold 2017).
Individuals on new continents are first introduced in ports and airports
(Haack 2001; Loreto 2015) and from there they can spread across the
continents. In the USA, the spread of C. bodoanum began on the west coast
of California and then stopped at the edge of the Rocky Mountains as a
geographical barrier (Liebhold and Tobin 2008). Another wave of spread
in the USA began in the ports of Texas and continued toward the east coast
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(Figure 1; Table S1). In Europe, proliferation was initially limited to western
countries, but after the creation of the European Union (which accelerated
trade and abolished tariffs on all products including wooden products) and
the fall of the “Iron Curtain”, the spread of bark beetles gained momentum
(Roques et al. 2016).
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Abstract

Gnathotrichus materiarius Fitch, 1858 is an invasive bark beetle that colonizes conifers and has spread widely in
Europe. The beetle was introduced from North America to Western Europe, where it was first detected in France
in 1933. In countries of Western and Northern Europe, the first detections were found at ports or airports, which
probably served as sources of further spread. Gnathotrichus materiarius spread eastward to the Czech Republic
and other countries in Central Europe from Germany and Poland and spread northward from Italy to Slovenia. The
presence of wilting spruces, outbreaks dominated by Ips typographus Linnaeus, 1758, and the subsequent transport
of has probably accelerated the spread of G. materiarius. It is possible that G. materiarius was imported with

timber to Austria, the Czech Republic, and Poland.
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Although G. materiarius has been present in Europe for almost 100 years, and even though its host trees include
Picea and Pinus spp., which are abundant in Central European forests, no significant damage caused by this beetle
has been detected or reported. Gnathotrichus materiarius is a typical secondary pest in that it multiplies on
decaying trees or trees infested and killed by other bark beetle species. The best method for monitoring and
detecting the presence of G. materiarius is the use of ethanol-baited traps. Cutting beetles out of stumps and logs
is time-consuming and technically demanding because the beetles need to be cut out of the wood or preserved in
emergent traps.

Key words: damage; ethanol; lure; spreading; traps
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Biological invasions are a major threat to biodiversity, agriculture, and human health. Invasive populations can be
the source of additional new introductions, leading to a self-accelerating process whereby invasion begets invasion.
There are several possible reasons why some invasive species benefit. Some species escape from native predators
or parasites, others are aided by human-caused disturbances that disrupt native communities. In agriculture, the
main pests of temperate crops are non-native species, and the combined costs of pest control and crop losses
represent constraints on food, fiber, and feed production. Invasion prevention is much less expensive than post-
entry control (Mack et al. 2000).

Bark beetles are among the most abundant and ecologically most important forest arthropods (Martikainen et al.
1999). Invasive bark beetles are of considerable importance in forests (Kirkendall and Faccolli 2010). Invasive
bark beetles can pose a threat not only to native biodiversity, ecosystem functions, and the economic productivity
of forests (Brockerhoff et al. 2006, Aukema et al. 2011) but can also threaten parks and orchards (Francardi et al.
2017, Fiala et al. 2022). Some invasive bark beetles can be important vectors of fungal diseases that cause massive
tree death (Montecchio and Faccoli 2014).

There are 29 known invasive bark beetle species in Europe (Alonso-Zarazaga et al. 2022), and many have been in
Europe for decades without causing significant damage. One of the invasive bark beetles, Gnathotrichus
materiarius Fitch, 1858, is currently spreading from Western Europe to the East. Many authors have assumed that
G. materiarius would cause economic damage (Table 1) because its host trees include Picea and Pinus, which
represent high percentages of trees in Central European forests (Table 2). Although, G. materiarius has had
relatively little economic importance in America and Europe, we can't be sure that its status will not change. Some
species of marginal economic importance, after being introduced, began to play a significant role in the process of
dying trees and forest stands (Kirkendall and Faccoli 2010, Ploetz et al. 2017, Valenta et al. 2017).

The data from this species are scattered in several papers and, with few exceptions, there are no studies focused
on this species (e.g., Witkowski et al. 2022). In this article, we summarize the knowledge on the bionomics,
distribution, and abundance of this species in Central Europe, incorporating observations and learnings of

entomologists. The pest status, routes of spread, potential risk, and monitoring possibilities are discussed.

Life History
Gnathotrichus materiarius (Fig. 1) is one of the fungus-farming weevils. This group of commonly called ambrosia
beetles evolved a nutritional mutualism with fungi (Hulcr et al. 2007). All ambrosia beetles are dependent on the

presence of woody plants, which are typically unhealthy or recently dead and in which the beetles form their tunnel
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systems (“galleries”). In those galleries, ambrosia beetles actively farm one or several fungal mutualists, which
serve as their essential food source (Hulcr et al. 2007). Gnathotrichus materiarius belongs to bark beetles of the
tribe Corthylini, whose members may be paraphyletic or polyphyletic and appear to have evolved different
symbioses with fungi (Hulcr and Stelinski 2017). Gnathotrichus materiarius introduces the fungus Ambrosiozyma
monospora (Saito) Van der Walt, 1972 into the wood, which is then fed upon by the beetle larvae (Batra 1963).
The lack of host specificity in terms of tree species contributes to the invasiveness of ambrosia beetles in many
forest ecosystems (Kirkendall et al. 2008).

The species was discovered under the bark of Pinus sylvestris and was described as Xyleborus duprezi Hoffmann,
1936. This taxonomic designation was subsequently revised to Paraxyleborus duprezi Hoffmann, 1942; then to
Gnathotrichus duprezi Hoffmann, 1947; and finally, to the synonymization of Gnathotrichus materiarius
(Balachowsky 1948).

Gnathotrichus materiarius is polyphagous on conifers. Its main host trees include conifers of the genera Abies,
Larix, Picea, Pinus, Tsuga, and Pseudotsuga (Blackman 1931, Hirschheydt 1992, Mazur et al. 2018). The beetle
seems to prefer pine over spruce and pine with thin rather than rough bark (A. Mazur, personal observation). The
beetle attacks freshly felled or dead wood (Fig. 2a) and stumps (Fig. 2b-c). On the stumps, they dig not only
through the bark but also through the cut (Fig. 2d). Standing trees are inhabited mainly in the lower part, up to
about 2 m high, which is covered with thick bark (Ryan et al. 2012). The lying wood is inhabited along its entire
length, regardless of the thickness of the bark (A. Mazur, R. Witkowski. personal observation). The wood moisture
content at the time of settlement and its maintenance throughout the period of beetle development is a key
determining feature on the reproductive success of ambrosia beetles (Capecki 1967), including G. materialius.
Our observations support the fact that the beetles prefer to occupy wood felled in autumn, like ambrosia beetles of
the genus Trypodendron (Borden 1988).

Beetles of G. materiarius occur the whole year but in Europe the flight of adults starts in early May (Witkowski
2020). Gnathotrichus materiarius is a diploidal species. The sex ratio in the population is almost equal and males
initiate attacks on host trees. Unmated males release the potential aggregation pheromone, sulcatol, for aminimum
of 12 days. Males stop producing sulcatol 24 hours after mating with females. Independent females are unable to
initiate galleries and no sulcatol was detected in their head space and hindgut (Flechtmann and Berisford 2003). It
is a monogamous species, with no sibling mating nor asexual reproduction, which distinguishes G. materiarius
from the Xyleborini tribe species (Mazur et al. 2018; Kirkendall 1983; Flechtmann and Berisford 2003, Jordal and

Cognato 2012).
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The first instar larvae appear in the second half of May (Fig. 3a). Larval development takes 4-6 weeks. A pupal
stage lasts 10 days (Fig. 3b). The offspring beetles emerge in mid-July. The beetles of F1 generation swarm in late
July and early August, and larval development of their offspring lasts until the beginning of September. Adults of
F2 generation overwinter in wood (Witkowski 2020). The sex ratio is 1:1 (Doom 1967), and the system of galleries
is like those of Trypodendron lineatum Olivier, 1800. The female first creates the radial entrance gallery, which
reaches a depth of 0.5-3.0 cm, and then creates 1-6 mother galleries; about one-third of those galleries follow the
course of annual rings, and the others intersect annual rings in various ways (Doom 1967, Kamp 1979, Mazur et
al. 2018).

Global Distribution

Gnathotrichus materiarius originated in North America (Blackman 1931); occurrence in the Antilles has not been
confirmed because the original records are based on erroneous determinations (Bright 2019). In Europe, G.
materiarius was first detected along the English Channel in France in 1933 (Balachowsky 1949). In other countries
of Western and Northern Europe, the first detections were at ports (Belgium, Finland, the Netherlands, Spain,
Sweden, and the United Kingdom) or airports (Germany, Italy, and Switzerland) (Fig. 4, Table 3), which were
probably sources of dissemination in those same countries. Currently, the eastern border of its spread runs through
Finland, Poland, the Czech Republic, Hungary, Slovenia, and Italy (Fig. 4).

Spread in Central Europe

In Germany, G. materiarius has been recently recorded throughout the country except in Brandenburg. The beetle
has been detected in many locations in the Middle Rhine Valley (Baden-Wirttemberg) and in the north of the
country (Mecklenburg) (Bleich et al. 2021). From Germany, G. materiarius spread east to the Czech Republic,
where it was first detected in 2005 in the western part of Bohemia, near the border with Bavaria (Knizek 2009)
(Fig. 4). It is likely that G. materiarius spread naturally into the Czech Republic from other directions, i.e., into
southern Bohemia from northern Austria or Bavaria and into northern Bohemia from Saxony (Fig. 5). The beetle
spread from Saxony to southern Poland where it was first reported from Poland (Witkowski et al. 2016). However,
it is possible that it spread to Poland from northern Germany, where G. materiarius was detected as early as the
1990s (Esser and Schneider 2002).

Once introduced into Poland, G. materiarius spread widely in that country from 2015 to 2019; at present, the 37
known localities in Poland (Supp. S1) are mainly located in the southwestern part of the country (Fig. 5). The
beetle is now spreading eastwards (Mazur et al. 2018), and it is possible that it spread from southern Poland to the

eastern Czech Republic (Fig. 4). However, it could also have spread into the eastern Czech Republic from Bohemia
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in the western Czech Republic (Fig. 4). Spread from southern Moravia is unlikely because, despite a number of
entomological surveys, G. materiarius has not yet been found in central Moravia and further spread through
southern Moravia was not confirmed despite several surveys using mainly flight interception traps or hand
collecting (Unar et al. 2021, unpublished survey by Jiii Prochdzka). In 16 years, the beetle spread throughout the
Czech Republic, and a total of 35 localities have been found (up to November 2021) (Supp. S1, Fig. 5). Only two
localities are known in Moravia, of which the oldest record is from 2015 in South Moravia. Before 2015, the
species probably did not occur there, because it was not detected in South Moravian floodplain forests before 2015
despite extensive passive capture of beetles (including bark beetles) in flight interception traps (Schlaghamersky
2000, Prochazka et al. 2018). Gnathotrichus materiarius was also not detected in the Bilé Karpaty Mts. (eastern
Moravia) in 2015 despite substantial research (Racansky 2019). Given the year of its detection, G. materiarius
probably spread to south Moravia from the south of Austria (see below).

Gnathotrichus materiarius probably spread from northern Italy into Slovenia, and into Carinthia, where it was first
reported beyond the Alps in 2012 (Aurenhammer et al. 2015). Because the spread of invasive insects is often
blocked by geographical barriers (Liebhold and Tobin 2008, Wan and Yang 2016), G. materiarius could have
been artificially introduced to the Alps. Across Austria, only four localities are known (Supp. S1, Fig. 5), which
are distributed along the foothills of the Alps towards the Pannonia, where it penetrated western Hungary. The
beetle has been known around Sopron since 2016 (Lakatos 2019) (Fig. 5). Gnathotrichus materiarius does not
seem to be spreading further into Hungary because it has not been detected in central Hungary (F. Lakatos,
observ.). It is possible that it spread to South Moravia from western Hungary, where it was found in 2015. The
species probably already occurs in western Slovakia, where it could spread to South Moravia (Fig. 5). Molecular

analysis may be needed to gain further insight into the colonization history of G. materiarius.

Factors favoring the spread

In several places the abundance of G. materiarius has been sharply increased recently. In 2017, numerous beetles
were found inhabiting raw wood material harvested from western and southern Poland (Mazur et al. 2018). In
2018, G. materiarius was found on only 3% of experimental stumps in the National Park Bohemian Switzerland
(Northern Bohemia) (Resnerova unpublished, see Supp. S1), while in 2020 and only 50 km to the south, the beetle

infested more than 70% of experimental logs (Resnerova unpublished). Similarly, in the area surrounding Sopron
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in Hungary laying on the edge of G. materiarius recent range in Central Europe, the number of G. materiarius
captured in pheromone traps increased significantly from 2016 to 2019 (Fig. 6).

The spread of G. materiarius can also be supported by the wilting of spruce due to drought and subsequent
infestation by honey fungus (Armillaria ssp.) and bark beetles (HoluSa et al. 2018). The presence of withering
trees, an outbreak dominated by Ips typographus Linnaeus, 1758 (Hlasny et al. 2021), and the subsequent transport
of wood could accelerate the spread of the beetle. This corresponds to the rapid spread of the beetle in Poland
following the I. typographus outbreak that began in 2015. Whereas the beetle required only 5 years to spread
widely in Poland, it required 20 years to spread widely in the Czech Republic.

It is possible that G. materiarius was imported with timber to Austria, the Czech Republic, and Poland. One of the
materials used by bark beetles is wood packaging material (Meurisse et al. 2019), the treatment of which in
international trade is based on phytosanitary measure ISPM 15. According to this measure, all wood imported
from outside of Europe must be debarked and then heated or fumigated. However, about 0.1 to 0.5% of wood
treated according to the ISPM 15 standard was found to contain live quarantine insects under the bark (Haack and
Petrice 2009, Haack and Brockerhoff 2011). Thus, even the ISPM 15 standard will not protect the importing
country from the spread of invasive species (Evans 2007). As evidence of that problem, G. materiarius was found
in Sweden in debarked wood that was imported from France (Gillerfors 1988, Schroeder 1990).

Precipitation of the driest quarter of the year is the most important predictor of G. materiarius distributions. In
Europe, highly suitable areas are concentrated in the Balkans, the Black Sea and Caucasus region, the Baltic
countries, the Scandinavian Peninsula and Ukraine. The model indicated that G. materiarius can find suitable
climate conditions for its occurrence across 13.1% of Europe recently. The most pessimistic predictions suggest
that as the climate changes, the species' range will expand mainly eastwards to the Ural Mountains and northwards
almost to the Arctic Circle on the Scandinavian Peninsula. Only slight shifts in the western and southern parts of

the species' range are predicted (Witkowski et al. 2022).

Monitoring Options

We have summarized the results of many local surveys (published as well as unpublished) and found data from 78
localities in Central Europe (Austria, the Czech Republic, Hungary, and Poland). For almost 95% of the detections,
we know the method of detection (Supp. S1). Of the detected beetles, almost 40% were captured in pheromone

traps and > 30% were captured with artificially produced pheromone evaporators.
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Half of the data were obtained by systematic and targeted searches of stumps or experimental logs (Supp. S1).
However, this method is time and technically demanding. The stumps or logs must be debarked. If boreholes are
detected in the wood, smaller sections of wood must be cut with a chainsaw and stored in the laboratory in
emergence traps. OOnly a small portion of the data (6%) represents accidental findings or hobby collecting
activities of amateur entomologists (captured in flight, sweeping, or debarking, or found on firewood or in a pool)
(Table 4).

Most of the published data concerning G. materiarius detection in Europe come from pheromone traps lured for
bark beetles of the genus Ips (Schneider 1985, Valkama et al. 1998, Knizek 2009, Mazur et al. 2018. Similarly,
our data were obtained by trapping beetles on artificial lures containing ethanol or ethanol combined with other
substances were used (Supp. S1). The attraction of ambrosia beetles to ethanol is related to their preference for
woody material that has sufficiently aged to allow anaerobic respiration to generate ethanol (Moeck 1970).

When comparing the capture of G. materiarius in Wood Stainers Lure, containing the pheromone sulcatol
(Flechtmann and Berisford 2003) with other lure treatments, no beetles were captured with a-pinene (Fiala et al.
2023), which was used due to the preference of bark beetles for conifers (Schroeder and Lindeléw 1989). Fewer
beetles were captured with Cembréwit (Fiala et al. 2023) since G. materiarius has shown a positive response to
this lure (Schneider 1985), but more beetles were captured with ethanol (Fiala et al. 2023). The attractiveness of
sulcatol in a mixture of a-pinene and ethanol as a major aggregation pheromone was therefore not confirmed and

the universal bait for the detection of this species remains ethanol (Fiala et al. 2023).

Pest’s impact

Not every invasive species becomes a pest. Whether an invasive species becomes a pest depends on ecological
variables, the number of introductions, and the origin of the species. Only about 10% of invasive species become
significant pests in the new territory (Williamson and Fitter 1996, Smith et al. 1999), and only a small percentage
of ambrosia beetle species introduced into non-native habitats cause significant damage to living trees (e.g.,
Francardi et al. 2017). Most cases of newly established ambrosia beetles are still assumed to be non-damaging.
The most common factor in bark beetle damage is the host's physiological stress (Netherer et al. 2021). Although
introduced ambrosia beetles are not pests in Europe, they can easily detect the ethanol emitted by stressed trees
and can thereby locate and colonize those trees (Ranger et al. 2015). Another factor that could affect the impact of

invasive species is the evolutionary relationships of new hosts to the pest’s original host (Mech et al. 2019).
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Most of the major damage, e.g. the killing of healthy trees or the infestation of stressed trees, that are consequently
killed, caused by invasive bark beetles is reported from southern Europe (Pennacchio et al. 2012, Montecchio and
Faccoli 2014, Daubree 2016, Faccoli et al. 2016, Francardi et al. 2017, Leza et al. 2020). Only trees infested by
invasive bark beetles have been reported from Central Europe, and this includes only colonizing downed wood by
the ambrosia bark beetle Xylosandrus germanus in Switzerland and Slovakia (Maksymov 1987, Galko et al. 2019).
On the other hand, no trees killed by X. germanus has been reported in the Czech Republic (Fiala et al. 2020).
Many authors have warned that G. materiarius could potentially cause damage (Table 1). However, the species
has been present in Europe for almost 100 years, and no killed trees has been identified or reported, even though
spruce and pine, its host trees, are the most numerous species in the commercial forests of Central Europe (Table
2). In Switzerland, G. materiarius was first found in the northern part of the country in the 1980s. Bovey (1987)
warned of the serious damage that G. materiarius could cause to Swiss forests, but so far (i.e., after >35 years), no
major problems caused by this species have been reported (Sanchez et al. 2020).

In Poland, G. materiarius infestation was recently observed for the first time in Scots pine wood in managed forests
in south-west Poland. The scale of the infestation was not economically important (Mazur et al. 2018).
Gnathotrichus materiarius infestation of standing trees was found in southern Bohemia, but the infestation was
not quantified (KniZek et al. 2020). In locations where we conducted more intensive surveys, the surrounding trees
were not attacked; no signs of tree infestation by G. materiarius were observed in the Bohemian Switzerland
National Park (see above), in the Landscape protected Area Kokoiinsko — Méchiv kraj (Resnerova unpublished),
or in the area around Sopron (Fig. 6).

Gnathotrichus materiarius may be a typical secondary pest when propagated on withering trees or trees infested
and killed by other bark beetle species. Gnathotrichus materiarius inhabits dead and weakened trees, there is no
information about cases of attacks on healthy trees. It most often inhabits the butt of standing trees and the bedding,
both with and without bark (Bussler and Immler 2007), but in the case of logs without bark, the beetles dig only
in the parts with the bark. Gnathotrichus materiarius inhabits both thick- and thin-barked fragments (Witkowski
2020).

Gnathotrichus materiarius is a technical pest that causes damage to the sapwood of coniferous wood. Despite the
small diameter of the holes and sidewalks, measuring approximately 1 mm, inhabited wood is a much less valuable
raw material (Faccoli 1998, Lindgren and Fraser 1994; Witkowski 2020). Galleries of G. materiarius reach quite
deep, which reduces the size of valuable assortments and causes financial losses. The density of enter holes can

reach almost 500 per m? (Witkowski 2020). The fungal mycelium can cause wood staining, which is considered
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an aesthetic defect (Mazur et al. 2018). The mechanical properties of the wood are not impaired by the fungal

infestation, as has been found in I. typographus (Hysek et al. 2021).

Conclusions

Gnathotrichus materiarius is an invasive species that has been repeatedly introduced into Europe with the transport
of wood and wood packaging materials. Once in Europe, it has probably spread naturally with the transport wood
to the east and currently occurs throughout Western and Central Europe. Considering the biology and ecology, as
well as the dynamic spread of the species, G. materiarius can become one of the most important technical pests of
conifer trees in the future.

Detection of the species can be expected in other countries to the east of its current known distribution.
Gnathotrichus materiarius adults can be found in traps deployed for the capture of bark beetles in the genus Ips.
Because trap deployment is a common method of monitoring economically important species in many countries,
we recommend that, in those countries to the east of the current known occurrence of G. materiarius, the insects
caught in these traps be examined for the presence G. materiarius and other non-target species. In the case of

targeted monitoring, it is best to use ethanol in traps for the detection of this species.
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Fig. 1 Adult of Gnathotrichus materiarius in dorsal view (a) and lateral view (b).

Fig. 2 Log of spruce (a), pine stump (b), broken spruce stump (c), and a cut on a pine stump (d) heavily occupied
by Gnathotrichus materiarius with obvious piles of sawdust indicating that there are enter holes of bark beetles.

Fig. 3 Young larvae in larval galleries, which emerge from the maternal gallery, pass diagonally through the image
(a) and larva before pupation (top) and pupae (bottom) of Gnathotrichus materiarius.

Fig. 4. Distribution of Gnathotrichus materiarius throughout Europe with the years and locations (stars) of its

discovery.

Fig. 5. Distribution of Gnathotrichus materiarius in Austria, Germany, Hungary, northern Italy, Poland, Slovenia,
and Switzerland with directions of expected spread (full arrows are very likely directions of spread, and dashed
arrows are hypothetical directions of spread).

Fig. 6. Numbers (means + SE) of Gnathotrichus materiarius beetles caught per trap near Sopron (western
Hungary). The abundance of beetles over the years was tested by GLM with a negative binomial distribution
(logarithmic link) and with individual sampling plots as a covariate. The number of beetles differed among
years (df = 11, F = 5.76, P = 0.016) (six Econex crosstrap mini® pheromone traps were lured with ethanol,

alpha pinene, and ipsdienol).
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Table 1. Authors who suggested that Gnathotrichus materiarius could (or could not) potentially cause

substantial damage to forerst trees in Europe.

Reference Comments

Doom 1967 Isolated damage to Douglas fir.

Gauss 1970 It could cause great damage.

Gladitsch 1969 It could be the most important wood pest.
Harde 1967 It could be the most important wood pest.

Hirschheydt 1992

There was damage higher than Trypodendron lineatum in the

Rottenburg/Neckar area estimated, but no damage was reported in

Switzerland.

Kamp 1979

There is no damage in Germany.

Knizek et al. 2020

It could be a major wood pest.

Mazur et al. 2018

In Poland, no important damage is known, but it could be a major pest of
woody plants.

Moucheron and Warzée 2006

It can cause damage.

Schedl 1966

It could be a primary pest.

Table 2. Percentage of tree species in forests of Austria, Czech Republic, Hungary, and Poland.

Country Percentage of all forest trees represented by Scotch pine and Norway spruce
Scotch pine Norway spruce source

Austria 6.2 59.8 Fao.org

Czech Republic 9.8 43.0 Fao.org

Hungary 9.0 1.0 Fao.org

Poland 58.5 6.0 Fao.org

Table 3. Numbers of localities in Central Europe where G. materiarius was detected by the indicated method.

Method of detection Numbers of
localities

Avrtificial pheromone 23

Blended volatile 5

From tree/log/stump 39

Window traps

In flight/taping

Unspecified

Table 3. First year and locality of Gnathotrichus materiarius detection in European countries

Country Yea Locality Latitude Longitu Comments Reference
r de
Austria 2012 Rote Wand 46.5865N  13.7391E 60 km from the discovery place Aurenhammer et
in Slovenia al. 2015
Belgium 1979 Brasschaat 51.2830N  4.4902E  port Boosten 1982
Czech 2005 Be¢la nad 49.5985N  12.6882E near boundary with Bavaria Knizek 2009
Republic Radbuzou
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Finland 1996 Vantaa 60.2421IN  25.1701E port Valkama et al.
1997
France 1933 Rouen 49.3866N  0.9904E port Balachowsky
1949

Germany 1964 Forchheim 49.7155N  11.0272E near international airport at Gladitsch 1969
Nurnberg

Hungary 2016 Sopron 47.6682N  16.5767E near boundary with Austria Lakatos 2019

Italy 1993 Pombia 45.6461N  8.6293E international airport Bernabo 2000

Netherlands* 1965 Vaassen 52.2925N  5.9257E  near port Schedl 1966

Poland 2015 Krzeszow 50.7304N  16.0338E near boundary with the Czech Witkowski et al.
Republic 2016

Schwitzerlan 1984 Buchenegg 47.2941N  8.5096E near international airport at Hirschheydt

d Zurich 1992

Slovenia 2007 Brdo pri 46.2754N  14.3821E 80 km far from port of Terstand  Jurc et al. 2012

Kranju Italian discovery

Spain 2003 Inama 43.2882N  2.6912W near port and international Lépez et al. 2007
airport, near France

Sweeden 1986 Varberg 57.1057N  12.2502E port, probably imported from Gillerfors 1988
France or Spain

United 2013 Ringwood 50.8800N  1.8300W near port Inward 2020

Kingdom Forest

*Based on the presence of galleries, researchers assumed that the species occurred in the Netherlands as of 1954,

but adults were not caught until 1965 (Doom 1967).
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Abstract: The small cypress bark beetle Phloeosinus aubei is considered an invasive pest in several
central European countries, and we have determined its current distribution on common juniper trees
(Juniperus communis) in the Czech Republic. The results indicated that P. aubei is widely distributed
in the country but is more common in the east than in the west. The beetle was mainly detected on
older, damaged trees and on stems with diameters > 3 cm. The apparently widespread and abundant
populations of P. aubei could explain infestations of the beetle on Thuja spp. and Juniperus spp. in
gardens (three confirmed cases during the last 10 years). We consider P. aubei to be a potential pest on
older, naturally occurring J. communis in protected areas where its population density could increase
on weakened and damaged trees. We suggest that P. aubei can be monitored via simple inspection of
dying and dead J. communis trees in the field.

Keywords: scolytid; small cypress bark beetle; Juniperus communis; longitude; monitoring;
biological invasions

1. Introduction

Bark beetles (Coleoptera: Curculionidae, Scolytinae) are among the most damaging pests of trees,
because the adults and larvae tunnel beneath the bark; such tunnelling can eventually girdle and kill
hosts. Most bark beetles breed in recently felled trees and especially in trees weakened by drought,
defoliation by other insects, or diseases [1-3]. Many bark beetles are invasive and are easily transported
with wood products, wooden packaging materials, nursery stock, and bonsai trees [4,5].

The small cypress bark beetle (sometimes referred to as the eastern juniper bark beetle or the cedar
bark beetle) Phloeosinus aubei (Perris, 1855) (syn. P. bicolor Brullé) is a Mediterranean species that occurs
mainly in northern Africa, the Near and Far East, and in southern Europe [6-11]. The main hosts of
this phloeo- and xylophagous beetle are cypresses (Cupressus spp.), junipers (Juniperus spp.), and thujas
(Thuja spp.) [9,12,13]. The number of generations per year ranges from two to four in the Mediterranean
and Pontic areas [14-16], where the beetle overwinters as adults [14] and larvae [16] and begins to
swarm when the temperature increases to 12 °C in the spring [15]. In Central Europe, in contrast, P. aubei
has only one generation per year [17,18], overwinters mainly in the adult stage [18,19], and begins to
swarm when temperatures exceed 20 °C [20]. In the Mediterranean area, P. aubei is an important pest,
because it attacks and can kill host trees [21].

In the 1980s, the northern edge of the P. aubei range was in Central Europe, i.e., in northern Austria,
southern Moravia (Czech Republic), southern Slovakia, and southwestern Hungary [7,9,17,22,23].
This invasive beetle was subsequently detected further north, i.e., in Brandenburg in 2001 [22,24],
in the Netherlands in 2004 [25], in eastern Slovakia in 2007 [26], and in Poland in 2014 [20].
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In Mediterranean countries, where P. aubei has been responsible for large areas of deforestation,
its primary native host is the Italian cypress Cupressus sempervirens L., 1753 (Cupressaceae). The primary
symptoms of infestation by this pest are dry branches or dry stems. The tunnelling activity of P. aubei in
the woody parts of trees facilitates infection by the fungus that causes cypress canker, Seiridium cardinale
(W.W. Wagener) B. Sutton & 1.A.S. Gibson, 1972, and it is cypress canker that eventually kills the
host [14,27]. As vectors, bark beetles primarily transfer ophiostomatoid fungi [28-30].

In addition to attacking forest trees, P. aubei can damage trees in gardens [20,25,31-34]. These cases
mainly involved Thuja trees and other exotic species. The occurrence of P. aubei on the common juniper
Juniperus communis L., 1753, which is native to Central Europe, has not been reported. Given the rapid
spread of P. aubei, its effects on J. communis should be assessed.

Juniperus communis is of conservation concern in that part of its range where it is failing to
regenerate [35], and is considered to be a “near-threatened” species in the Czech Republic [36].
Although J. communis is not threatened with extinction globally in any of its forms (subspecies or
varieties) [37], the species is struggling to survive in those areas where changes in land-use and site
management have reduced plant survival and recruitment [35].

Many J. communis populations are aging in the Czech Republic our study area, and this is thought
to reduce reproductive vigor [38]. Moreover, diffuse pollution has been shown to interrupt pollination,
fertilization, and embryo development [39]. Nitrogen deposition, sulphur deposition, and increased
temperatures can have similar effects [40-43]. These factors, together with a wide array of non-bark
beetle arthropods that attack |. communis, including the mite Trisetacus quadrisetus Thomas, 1889,
and the chalcid wasp Megastigmus bipunctatus Swederus, 1795 [38,40], are weakening this highly
valued tree species. Because P. aubei prefers weakened hosts, we hypothesized that its frequency of
occurrence is increasing on J. communis in the Czech Republic.

The goals of the current study were to determine the distribution of P. aubei on J. communis in the
Czech Republic, and to identify factors associated with its occurrence.

2. Materials and Methods

Field data were collected throughout the Czech Republic from January to October 2018 in
27 localities in protected areas and forests with >10% of one or more of the following J. communis
habitats (Figure 1): T3.4A (broad-leaved dry grasslands with orchids and J. communis), T3.4B
(broad-leaved dry grasslands with few or no orchids and with J. communis), T8.1A (dry lowland
and colline heaths with |. communis), and T8.2A (secondary submontane and montane heaths with
J. communis). The areas and forests with these habitats were selected based on the updated mapping
of Natura 2000 [44] from the years 2007-2018. Each plot (one plot per locality) was surveyed only
one time.

In each of the 27 plots, which ranged in area from 0.1 to 103.5 ha (habitat boundaries), we checked
all J. communis trees with dry twigs (Figure 2). We debarked the trunk of such trees and checked the
exposed wood and bark for galleries and beetles typical of Phloeosinus spp. The removed bark was
50 cm long on the vertical plane and included the entire circumference (Figure 2). Any bark beetles
present were removed with tweezers, stored in alcohol, and identified to species by examination
with a dissecting microscope (Bresser Advanced ICD Microscope 10x — 160x; Bresser GmbH, Rhede,
Germany). The detection of a specimen of P. aubei was considered to indicate that P. aubei was present
in the locality; the detection of galleries alone was not considered evidence of P. aubei. We also recorded
the time required to detect the first P. aubei specimen (the ‘finding time’) in a plot; the finding time was
considered an indicator of P. aubei abundance.



Forests 2019, 10, 12 3o0f12

Lo

P
. W
2“' 7
Altitude (m a.s.1.)
0 200-300 ) 400-500 1 goo-7oo ) sop-eco [ 1p0a< o 100 km
0O a00-400 I s500-800 = 7o0-800 3 g00- 1000 !
ik

Figure 1. Occurrence of Phloeosinus aubei in the Czech Republic. Positive detections as documented in
records before 2017 are indicated by small black circles (with detection year), and positive detections in
2018 are indicated by large black circles. Negative detections in 2018 are indicated by empty circles.
Small green circles indicate juniper habitats (T3.4A, T3.4B, T8.1A, and T8.2A) according to Natura 2000
mapping in the Czech Republic (see Materials and Methods for details).

Figure 2. Dying junipers (Juniperus communis) in the Rajchéfov locality (a, the dying trees are red),
galleries of Phloeosinus aubei on |. communis in the Marianské Lazné locality (b), and a juniper tree

damaged by antler rubbing in the Vrbicka locality (c).

Data from private collections and museum collections were also summarized. Data from “Finding
Database of Agency of Protection Nature and Landscape CR” [45] are included as well as data from
unpublished entomological reports.

The relationship between the presence/absence of P. aubei and longitude was analysed using a
logistic model (Quassi-Newton method of estimation). Mann-Whitney U-tests were used to compare
the following variables between localities with and without P. aubei: altitude, locality area, distance of
the locality from the nearest J. communis locality, and population density of junipers. GLM analyses
(Poisson distribution, LN link function) were used to determine the relationships between the ‘finding
time” and the locality characteristics indicated in the previous sentence plus locality management
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(managed vs. unmanaged). As noted earlier, finding time served as a surrogate measure of P. aubei
population density. All tests were performed with Statistica 12.0 sofware (StatSoft CR, s.r.o.; Prague,
Czech Republic).

3. Results

P. aubei was found in 16 of the 27 localities studied in 2018; the localities with P. aubei in 2018 were
scattered throughout the Czech Republic and over a wide range of altitudes (160 to 720 m) (Figure 1).
All localities with P. aubei in 2018 also contained Phloeosinus thujae (Perris, 1855). Phloeosinus aubei was
found in all localities in the eastern part of the Czech Republic but in only about half of the localities in
the western part of the country (Figure 3); this trend was statistically significant (x? = 14.89; p < 0.001).
The habitats were also different in eastern vs. western parts of the country: protected areas were
regularly maintained by grazing or cutting in the eastern localities but were overgrown with Frangula
alnus Mill., 1768, Prunus spinosa L., 1753, Rosa spp., and other species in the western localities (Figure 4,
Appendix A). The probability of P. aubei detection was not related to locality altitude (z = 0.87; p > 0.05),
locality area (z = 1.66; p > 0.10), distance of the locality to the nearest juniper (z = —0.30; p > 0.05),
or juniper population density in the locality (z = 1.73; p > 0.10) (Figure 5). Across all localities, the mean
(£standard deviation) finding time was 14 (£16.6) min. Finding time was unrelated to locality altitude,
locality area, distance of the locality to the nearest juniper, juniper population density in the locality,
or locality management (F = 0.76; p > 0.10).

Probability of finding

0r 00 @0 O OO0

12 13 14 15 16 17 18 19
: o
Longitude (°)
Figure 3. Logistic model for the probability of detecting Phloeosinus aubei in the Czech Republic

as related to longitude. On the y-axis, 0 and 1 indicate that P. aubei was not detected or was
detected, respectively.
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Figure 4. Junipers overgrown by Prunus spinosa and Rosa spp. (a), and a juniper habitat regularly

maintained by grazing at the Vrbicka locality (b).

750 120

700
100
650
o~ 600 80
E —
~ ©
% 550 O 5 .
@®
= s o
=
= O <
<1: 450 40
400
20
350
300 0 Iml ) — - ro— |
Presence Absence Presence Absence
80 100%
70
80%
60
5]
é 18 - 60%
8 Z
[&]
o 40 5 =
S 0O 4%
B
(e
20
(D | m] 20%
10 ‘ | =)
T
0 0%
Presence Absence Presence Absence

Figure 5. Relationships between the presence and absence of Phloeosinus aubei and the following
characteristics of the localities: altitude, area, distance from the nearest juniper, and juniper population
density. Small squares indicate medians, boxplots indicate the 25% and 75% quartiles, and lines indicate
minimum and maximum values.

In addition to being found in 16 localities in 2018, P. aubei was previously found in 8 other localities
(Figure 1). In all 24 localities where P. aubei has been detected, the host tree was usually . communis,
although the host tree was not indicated in some earlier reports and was Thuja spp. in one earlier
report (Appendix A). Across all 24 localities, P. aubei was mainly found on J. communis stems thicker
than 3 cm (Appendix A). In the one case in which P. aubei was found on P. thujae, the beetle was also
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found on branches thinner than 1 cm. In all localities where P. aubei was detected on J. communis,
the trees had been damaged by cattle or game (Figure 2).

4. Discussion

The small cypress bark beetle P. aubei is native to the Caucasus, Asia Minor, and the Mediterranean
area [6] from Israel [27] to southwest France [46]. Over the last 100 years or so, P. aubei has been
spreading north from the Mediterranean area into Central Europe, where it has been reported as an
alien pest [24,25,32,47-52].

The presence of P. aubei in the Czech Republic was first mentioned in the literature by Pfeffer [17],
who referred to a single specimen captured by J. Picka. Although the details regarding that specimens
are few, we do know that it was collected in the southeastern part of the country (i.e., in the historical
country of Moravia) and probably in the village of Cej¢. Its year of collection is unknown, but it was
probably collected in the 1960s. The first dated finding of P. aubei in the Czech Republic was in 1947,
and that specimen was found in the east-central part of the country (i.e., in the historical country of
Bohemia) (current study). Previous studies had reported the detection of P. thujae [53,54] in the Czech
Republic but not P. aubei. In the 1990s, P. aubei was reported from southern Moravia [55] and from
Bohemia [56]; the latter report concerned outbreaks in several places in Prague and central Bohemia
on Juniperus spp., Chamaecyparis spp., Thuja spp., and Cupressus x leylandii A.B. Jacks & Dallim., 1926.

In the Czech Republic, P. aubei has perhaps been spreading west (Figure 1), because P. aubei
detection decreased from east to west (Figure 3). All studied variables (altitude, locality area, distance of
the locality to the nearest juniper, and juniper population density) had large ranges in values in
localities with and without P. aubei occurrence (Figure 5). Accordingly, these variables cannot be
used to predict where the beetle will spread to, and only the presence of host trees appears to be
important. A strong influence of host is typical for bark beetles [57]. That P. aubei is able to detect its
host is confirmed by the fact that the ‘finding time’ was unrelated to host variables (area, distance of
the nearest juniper, and density). Phloeosinus bark beetles have strong dispersal capabilities and can
fly over 24 km [58,59]. The abilities to disperse and to detect hosts promote the spread of invading
populations in a landscape matrix [60].

The increased spread of P. aubei in the Czech Republic corresponds with recent findings of
increased spread of P. aubei in Germany [22,24], the Netherlands [25], and Poland [20]. This increase in
P. aubei spread is probably a result of climate change [61-65] and increases in global trade [66-71].

The severe drought of 2003 possibly increased the susceptibility of juniper trees in Central Europe
to bark beetles. For Western Europe, climate change models predict increasing summer drought and
heat waves, which will increase the susceptibility of trees to secondary insect pests such as Phloeosinus
spp- [25,72]. The finding of P. aubei in 1996 in the United Kingdom can be attributed to global trade,
because P. aubei was found on Thuja spp. imported from Italy [52].

The main host of P. aubei in the Czech Republic is the common juniper, J. communis, which is
listed in the ICUN Red List as near-threatened in the country [36]. Given the fragmented and small
populations of |. communis (see Figure 1), gene flow is probably limited, with potential implications for
the tree’s long-term fitness and survival even where viable seed production occurs [73-75]. In such
places, P. aubei can be considered a threat to the tree. This beetle kills J. communis trees that are
weakened by drought or damaged by cattle grazing or antler rubbing by game [76,77]. Older stands
of J. communis in the Czech Republic are in poor condition, and in many places they are overgrown
(Figure 4). Factors that weaken the trees increase the spread of P. aubei and P. thujae, but precise
quantification of both beetles is difficult because their galleries are very similar.

The frequent occurrence of P. aubei in many regions of the Czech Republic could lead to attack
on thujas and junipers in ornamental gardens and cities, as has already occurred in the towns of
Pisek and Maridnské Lazné (Appendix A) and in Prague and other places in central Bohemia [56]. In
contrast to P. aubei, P. thujae has not been reported on thujas and junipers in ornamental gardens and
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cities. In addition, P. aubei is a vector of pathogens and especially of the causal agent of cypress canker,
S. cardinale ([18,51,78].

The monitoring of invasive bark beetle is necessary [79]. The use of pheromone trapping for
monitoring P. aubei is not currently possible, because P. aubei pheromones have yet to be identified [23].
At present, P. aubei populations can be monitored by the debarking of symptomatic juniper and thuja
trees in the field. Such field monitoring can be conducted throughout the year, because P. aubei adults
and larvae are present under the bark throughout the year [19,34].

Expansion of either the true range or the outbreak range is observed in several model
species/groups of major insect guilds in boreal and temperate biomes. Effects of climate change
on forest insects are demonstrated for a number of species and guilds, although generalizations of
results available so far are difficult because of species-specific responses to climate change. There is
evidence that recent warmer temperatures have permitted the expansion of bark beetle outbreaks to
higher latitudes and elevations than in the past [80].

Climate and weather can have direct effects on trees, as drought and storms can weaken trees
and predispose them to attack by bark beetles and pathogens. Climate can also have direct effects on
insects as they are small poikilotherms with limited thermoregulation ability [81]. P. aubei is a typical
case of this pattern and may be followed by other species from Mediterranean countries. Climate
change could also result in the spread of insect species from the opposite direction. Ips duplicatus
(C.R. Sahlberg, 1836), a native bark beetle on Norway spruce in Scandinavia, currently is spreading to
Central, Eastern, and Southern Europe. The outbreak is supported by the planting of spruce out of
its original distribution, physiological weakness of the tree, and the consequent occurrence of fungal
pathogens on host trees [82].

On the contrary, the spread direction of alien bark beetles in Europe could be different. Bark beetles
mainly travel in wood and in wooden packing materials such as crating, dunnage, and pallets [83],
so the places of introduction can be different. A North American species, Gnathotrichus materiarius
(Fitch, 1858), and an East Asian species, Xylosandrus germanus (Blandford, 1894), currently occur in the
Czech Republic, but they have been spreading from west to east from Germany [84].

5. Conclusions

The small cypress bark beetle has probably been present in the Czech Republic since the 1950s,
and we have determined its current distribution on common juniper trees. The results indicate
that P. aubei is widely distributed in the country but is more common in the east than in the west.
The apparently widespread and abundant populations of P. aubei could explain infestations of the
beetle on Thuja spp. and Juniperus spp. in gardens. We consider P. aubei to be a potential pest on older,
naturally occurring J. communis in protected areas where its population density could increase on
weakened and damaged trees.
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Appendix A

Table A1. Details of localities in the Czech Republic where P. aubei was detected in the current study
(2018) and in earlier studies.

Locality Coordinates Year of Source Host Tree Detail of Collections
Detection/ (Dimension of Trees and
Collection Management of Localities)
Cejé 48.9443903N, unknown National Unknown collection of Jaroslav Picka
16.9784694E Museum
Prague
Drahotiiv 49.8775892N, 2018 T.Fiala Juniperus on 3-cm-d stems in a managed
Ujezd 13.7380344E communis locality, 6 adults
Horni Jeleni 50.0603294N, 1947 V.Tyr Unknown
16.0870206E
Horni Néméi 48.9209667N, 2018 T.Fiala J. communis on 5-cm-d stems in a managed
17.6396400E locality, 3 adults
Horni Pole 49.2055956N, 2018 L.Skotepa J. communis
15.2880703E
Hutisko-Solanec 49.4359167N, 2018 T.Fiala J. communis on 3-cm-d stems in a managed
18.2234289E locality, 1 adult
Klatovec 49.2176503N, 2009 [85] J. communis
15.3003911E
Kunzak 49.1225056N, 2009, 2018 [86], T.Fiala J. communis on 5-cm-d stems in an
15.1698425E overgrown locality, 2 adults
Lednice 48.8028108N, 2006 [45] unknown window trap on Ulmus spp.
16.8508247E
Marianské 49.9489864N, 2017 T.Fiala J. communis on 4-cm-d stems of dead trees
Lazné 12.7076350E in a garden
Matéjovec 49.0640136N, 2018 L.Skotepa J. communis
15.2587572E
Mikulov 48.8063058N, 1996 [55] unknown
16.6477686E
Mohelno 49.1153328N, 2018 [45] J. communis
16.1991564E
Nedasov 49.1015664N, 2018 T.Fiala J. communis on 5-cm-d stems in a managed
18.0897692E locality, 2 adults
Novy Svét 49.0820736N, 2011,2018 [45], L.Skotepa J. communis
15.2574772E
Odolenov 49.2413858N, 2018 T.Fiala J. communis on 5-cm-d stems in a managed
13.4837028E locality, 1 adult
Olsi 49.1620167N, 2010 [87] J. communis
15.3748231E
Pisek 49.3011936N, 2017 D.Cudan Thuja spp. abundantly infested dead
14.1422844E trees in a garden
Prostibof 49.6638825N, 2018 T.Fiala J. communis on 5-cm-d stems in a managed
12.9095417E locality, 2 adults
Rajchéfov 48.9623267N, 2009,2018 [88], T.Fiala J. communis on 3-cm-d stems in an
15.1974642E overgrown locality, 1 adult
Valasské 49.1395381N, 2018 T.Fiala J. communis on 4-cm-d stems in a managed
Klobouky 18.0633761E locality, 1 adult
Valtinov 49.0978514N, 2009,2018 [89], T.Fiala J. communis on 3-cm-d stems in an
15.2517989E overgrown locality, 2 adults
Zaborna Lhota  49.7680669N, 2018 T.Fiala J. communis on 3-cm-d stems in an
14.3120808E overgrown locality, 5 adults
Zdéchov 49.2726797N, 2018 T.Fiala J. communis on 5-cm-d stems in a managed
18.1021503E locality, 2 adults

Coordinates of localities without P. aubei occurrence: Bezdékov (49.7843667N, 12.7571769E),
Doubravka (49.5852244N, 12.7634050E), Cetin (49.5915397N, 12.7508308E), éernYéovice (49.3151389N, 14.5270231E),
Domanin (48.9584072N, 14.7393708E), Nechalov (49.7270689N, 14.2398522E), Vrbicka (50.1882300N, 13.2770272E),
Uhost' (50.3576158N, 13.2384503E), Usti (49.8126472N, 12.7664183E), Zdebotice (49.3679767N, 13.4133169E),
Zebrak (49.8847200N, 13.9121225E).
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Abstract

In Europe, Xyleborinus attenuatus Blandford is considered an invasive bark beetle native to East Asia. We used the
results of many local surveys and data from private and museum collections to get information on the distribution
and abundance of X. attenuatus Blandford in the Czech Republic. The ambrosia beetle X. attenuatus Blandford is
probably widespread throughout the territory of the Czech Republic, from the lowlands to the mountains, and has
one generation per year in Central Europe. The flight activity lasts from mid-March to May, F1 adults emerge in
August and September and overwinter in wood or in the ground under an infested tree. X. attenuatus Blandford
predominantly occupies soft deciduous trees and so far there economic damage have not been reported yet. How-
ever, X. attenuatus Blandford is a vector of ambrosia fungi Ambrosiella spp. and Raffaelea spp., and therefore this

ambrosia beetle should be monitored.
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1. Introduction

Bark beetles are important economic pests of forest
stands. They play an important ecological role in the
disturbance of forests (Hlasny et al. 2021). They also
introduce various types of fungi, bacteria, and yeast into
thewood (Kirisits 2004; Kolatik et al. 2008; Garcia-Fraile
2018), which slow down the decomposition of dead mat-
ter (Skelton et al. 2019). Bark beetles as pests can be
divided into primary pests such as Ips typographus Lin-
naeus, 1758, which have the potential to attack and kill
even healthytrees (Hlasnyetal. 2021), or secondary pests
such as ambrosia beetles (Peng et al. 2022), reproduce
rapidly under exceptional conditions such as the presence
of sufficient suitable material (presence of felled, dying
or weakened trees). During outbreaks, populations can
cause local mortality of host trees (Holusa et al. 2019).
Xyleborinus attenuatus Blandford, 1894 (Fig. 1) is
anon-native bark beetle in Europe, considered native to
East Asia (Smith et al. 2020). In Europe, X.attenuatus
Blandford was first reported in the Czech Republic and
Slovakia in 1987 (Knizek 1988), but in fact, the first
evidence came from Spain in 1960 (Lombardero 1998).
This discrepancy is because X. attenuatus Blandford is

very similar to Xyleborinus saxesenii Ratzeburg, 1837,
and is often misidentified (Lombardero 1998; Mokr-
zycki et al. 2011; Kvamme et al. 2020). The difference
between the females of X. attenuatus Blandford and
X. saxesenii Ratzeburg, recorded more frequently in
both species, is the size and shape of the tubercles on
the elytral declivity. X. attenuatus Blandford is the larger
species at 2.5-2.8 mm and has sharper and more curved
tubercles, whereas X. saxesenii Ratzeburg is smaller at
2.0-2.5 mm and the tubercles are smaller and blunter.
Males are flightless and rarely leave galleries and hence
are exceptionally encountered. After the determination
was clarified, X. attenuatus Blandford was gradually
found in almost all countries in Europe, in addition to
the USA and Canada, and findings from five countries
came before 1987 (Tab. 1, Fig. 2). X. attenuatus Bland-
ford is a vector of Ambrosiella spp. (Nakashima et al.
1992) and Raffaelea spp. (Gharabigloozare 2015), but
the economic damages have not yet been identified.
The aim of the work was to summarize the distribution
of X. attenuatus Blandford in the Czech Republic. Due to
its distribution throughout Europe (Tab. 1) and develop-
mentinawiderange of tree species (Kvamme et al. 2020),
we assume that it occurs throughout the studied area.
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Fig. 1. Female of Xyleborinus attenuatus Blandford in dorsal view (a) and lateral view (b).
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Fig. 2. Known distribution of Xyleborinus attenuatus Blandford in European countries with the year of detection and localities
in the Czech Republic.
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Table 1. First detection of Xyleborinus attenuatus Blandford in
European and North American countries. Changes since the
last list of first detection published by Kvamme et al. (2020)
are highlighted in red.

Year Country Source

1960 Spain Lombardero 1998

1968 Poland Mokrzycki et al. 2011

1982 Czech Republic this study

1986 Austria Holzschuh 1995

1986 Switzerland Sanchez et al. 2020

1987 Slovakia Knizek 1988

1990 Germany Gebhardt 2002

1995 Canada Mudge et al. 2001

1996 USA Haack 2006

1999 Ukraine Martynov & Nikulina 2016

2000 Denmark Pedersen et al. 2010

2000 Hungary Podlussany 2001

2002 Russia (EU part) Nikulina etal. 2007

2002 Sweden Kvamme et al. 2020
2005-2011 France Freeman & Grancher 2014

2006 Netherlands Vorst et al. 2008

2017 Slovenia Hauptmaneetal. 2019

2019 Norway Kvamme et al. 2020

2021 Italy Marchioro et al. 2022

2. Material and methods

As no nationwide monitoring has been carried out yet,
we used the results of many local surveys and data from
private and museum collections (Tab. 2) to gain informa-
tion on the distribution and abundance of X. attenuatus
Blandford in the Czech Republic. For the overview, we
have selected finds that are reliably determined, i.e., we
caught them ourselves, we revised the material, or the
authors determined specimens according by the Pfeffer’s
key (1989).

We present sampling methods, although they are not
knownin all cases. Especially for data from literature and
museum specimens, we do not have details about collec-
tion methods. Non-baited traps (window trap and light
trap) or traps baited with ethanol or specific lures for
economically important bark beetles were used. Some
entomologists extract beetles directly from the galler-
ies in the wood of the host trees. A few individuals were
caught directly in flight using an entomological net or
were found by sifting the litter. Material sampled by
T. Fiala was preserved as dry. Samples were mounted
on specimen stubs, sputter-coated with gold in the Sput-
ter Coater JFC-1300 (JEOL, Tokyo, Japan) under argon
atmosphere, and examined by scanning electron micros-
copy using a JEOL JSM-ITS00HR instrument (JEOL,
Tokyo, Japan) operating at 3 kV.

3. Results

In the Czech Republic, the occurrence of X. attenuatus
Blandford has been confirmed in 46 localities (Fig. 2), in

all cases found beetles were females (Tab. 2). The known
localities are mainly located in the southern and central
parts of the Czech Republic. The species was found at alti-
tudesfrom 150 to 1,200 m above sea level, but most find-
ings come from altitudes between 400 and 600 m above
sealevel. Although we do not know sampling methods in
published data, the analysis of known trapping methods
shows that most individuals were caught in traps lured
by ethanol (7 cases), window trap (7 cases), and entomo-
logical netsin flight (6 cases). Catching in alight trap and
using a study of litter is unusual (Tab. 2).

In total, X. attenuatus Blandford was recorded in
seven tree species (Alnus glutinosa [L.] Gaertn, Alnus
incana[L.] Moench, Betula pendula Roth, Populus trem-
ulae L., Quercus sp., Salix caprea L., Salix viminalis L.)
if the individuals were obtained by extracting from the
host tree. Flying beetles captured in the traps or by ento-
mological net were found from mid-March to mid-May,
with exceptional captures in June (Tab. 2).

4, Discussion

Although X. attenuatus Blandford was first reported in
the Czech Republicin 1987 (Knizek 1988) we have found
one beetle collected in 1982 in Drahov in southern Bohe-
mia. Similarly, beetles collected earlier than this species
was reported were also found in Poland and Switzerland
(Kvamme et al. 2020). Up to now occurrence in Hun-
gary, Slovenia, and Italy (Tab. 1) has not been listed (see
Kvamme et al. 2020).

Known localities of X. attenuatus Blandford are
predominantly distributed in the southern and central
parts of the Czech Republic (Fig. 2), but the ecologi-
cal requirements of the species meet a wide range of
habitats throughout the territory of the Czech Repub-
lic. Also, the altitude of the sites with X. attenuatus
Blandford presence represents almost the entire alti-
tudinal gradient of the Czech Republic; so, X. attenu-
atus Blandford occurs from the lowest positions in the
Pannonian basin to the highest sites of the Carpathian
Mountains. It can be assumed that the species is distrib-
uted throughout the Czech Republic, but its abundance
is probably low because in all cases only several beetles
were collected.

We have confirmed almost all known host tree spe-
cies of X. attenuatus Blandford in the Czech Republic.
This confirms, that Xyleborinus attenuatus Blandford
attacks mainly deciduous trees and prefers lightweight
hardwood trees such as Salix, Betula, Alnus, Populus,
less often it is also found on Quercus or Fagus (Kvamme
et al. 2020). Among conifers, this ambrosia beetle was
found on Pinus resinosa Aiton (Dodds et al. 2017) and
Pinus armandi Franch. (Smith et al. 2020) but we have
no evidence of the occurrence of X. attenuatus Blandford
on conifers in the Czech Republic.
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Table 2. Records of Xyleborinus attenuatus Blandford in the Czech Republic with a localities, date and sampling methods. Locali-
ties are villages or protected areas. Data were compiled from published literature, as well from private and museum collections
(JCM — Jiho¢eské muzeum, Ceské Budgjovice; NNR — National Nature Reserve; NR — Nature Reserve).

. Number .
Locality Coordinates Aliitude - Date N f of speci- Sampling Host tree Source
[mas.l] sampling mens method
Bystice nad Olsi 49.6400N, 18.7358E 400  30.I11.2002 1 In flight R. Szopa
Bysttice nad OIsi 49.6400N, 18.7358E 400  11.IV.2008 1 In flight R. Szopa
CahnovNNR 48.6551N, 16.9413E 150 272007 Window trap Prochazka 2011
Chotyc¢any 49.0683N,14.5134E 500  31.VL.1992 1 Unknown JCM
Chramosty 49.6696N, 14.3294E 500  23.111.2005 4 Unknown A. Trmal
Chramosty 49.6696N, 14.3294E 500  28.IV.2005 3 Unknown A.Trmal
Cimet 49.0627N,15.0612E 550  30.VIIL.1987 8 Dissection Salixviminalis L., S. capreaL. Knizek 1988
Cimet 49.0627N, 15.0612E 550 5.I1X.1987 44 Dissection Salixviminalis L., S. capreaL. Knizek 1988
Drahov 49.1774N,14.7638E 440  13.V1.1982 1 Unknown JCM
Dymokury 50.2568N,15.2034E 200  23.V.1988 5 Dissection Quercus sp. Knizek 1988
Hluboké nad Vitavou ~ 49.1005N, 14.4180E 430  20.111.2010 1 Sowing willow chips E Houska
Hnanice 48.8040N, 15.9633E 350 ? 1 Unknown R. Stejskal
Jaroméfice nad Rokytnou 49.0933N, 15.9157E 450 1997 Unknown Knizek & Zahradnik 1999
Jilové — Snéznik 50.7835N, 14.0838E 600 5.V.2022 1 Light trap E.Kula
Kel¢sky Javornik NR -~ 49.4039N,17.7714E 700  10.V.2021 1 Window trap 0. Konvicka
Klimkovice 49.8082N,18.0963E 370  15.IV.2013 1 In flight J. Vavra
Lany - Amerika 50.1154N, 13.9264E 450  16.V1.2015 1 Unknown Quercus sp. Janu$ 2016
Lany—Béle¢ 50.0731N,13.9657E 450  12.V.2002 2 Unknown RébI2010
Lhota u Kestfan 49.2527N,14.0979E 380  27.111.2011 1 Leaflitter F Hougka
Loket 50.1875N, 12.7592E 400 1.V.2019 1 Lure trap Ethanol Holusaetal. 2021
Loucej 48.9013N,14.2657E 580  10.IV.2018 2 In flight D. Cudan
Louim 493769N,13.113E 650  7y2021 1 rapluredwithethanol M. Kacerovsky
+ peace of spruce bark
Majdalena 48.9700N, 14.8487E 450  22.IV.1993 3 Unknown ICM
Magovice 48.8465N, 15.9773E 370 3.1v.2018 1 Dissection Populus tremulae L. R. Stejskal
Mionsi NNR 49.5335N, 18.6511E 800 2008 1 Window trap Prochazka et al. 2014
Nejdek 50.3322N,12.7252E 620  7.IV.2020 1 Unknown Benedikt et al. 2021
Nizni Lhoty 49.6462N,18.4309E 350  19.111.2004 6 In flight R. Szopa
NovHersten ~ 49.4080N,13.0636E 650  7y2021 1 napluredwithethanol M. Kacerovsky
+ peace of spruce bark
Nydek 49.6551N,18.7808E 500  20.1V.2004 1 In flight R. Szopa
Peruc 50.3549N, 13.9686E 310 2018 2 Trap lured with Trypowit® Fiala & Holu$a 2020
Podvori 48.8323N, 14.2051E 580 2019  Moreex. Dissection Betula pendula Roth D. Cudan
Popice 48.8361N, 16.0078E 340 ? 1 Unknown R. Stejskal
Ranspurk NNR 48.6786N, 16.9468E 150 2007 22 Window trap Prochazka 2011
Razula NNR 49.3599N, 18.3824E 750 2008 1 Window trap Prochazka et al. 2014
Ruda-DolniKracle ~ 50.1373N,13.8522E 400  21.IV.2002 Moreex. Dissection Alnus glutinosa [L.] Gaertn Janu$ 2016
Sedl¢any 49.6544N, 14.4399E 350  24.111.2001 1 Unknown Trmal 2008
Senec u Msena 50.4360N, 14.6070E 350 9.Iv.2021 1 Trap lured with XL Ecolure® K. Resnerova
Slunecna 48.8327N,13.9885E 850  29.IV.2018 1 Dissection Alnus incana [L.] Moench T. Fiala
SmrkNR 49.5000N, 18.3666E 1200 2008 1 Window trap Prochazka et al. 2014
Soutok 48.6352N,16.9411E 150 IV-V.2012 1 Unknown 1. Prochézka
Stitary 50.2555N, 12.1286E 680  6.V1.2010 1 Unknown S. Benedikt
Touzim 50.0518N,12.9620E 640  26.V.2018 1 Dissection Alnus incana [L.] Moench Tajkova etal. 2018
Truskavna 50.4390N, 14.5550E 250 9.Iv.2021 1 Trap lured with XL Ecolure® K. Resnerova
Ubociu Dolniho Zandova 50.0260N, 12.5860E 750 6.V.2022 3 Trap lured with Ethanol T. Fiala
Usilov 49.4045N, 13.0987E 600 6.V.2022 1 Trap lured with Ethanol T. Fiala
Vladai NR 50.0756N, 13.2081E 610 2.V.2020 9 Trap lured with Ethanol Holusa etal. 2021
Zahrady pod Hajem NNR 48.8861N,17.5351E 400 2015 1 Window trap J. Prochézka
Znojmo 48.8436N,16.0231E 340  2.IV.2009 1 Unknown R. Stejskal
Zihle 50.0398N, 13.3520E 520 6.V.2022 3 Trap lured with Ethanol T. Fiala

Flight activity of X. attenuatus Blandford begins early in
spring. Based on our data itlasts from mid-March to May,
and the single peak of the seasonal distribution of our
datais theresult of only one generation peryear. This cor-
responds to the ecology of other species of the tribe Xyle-
borini in Central Europe. And in North America (Mis-
souri), the flight period of X. saxesenii begins at the end
of April or the beginning of May (Roling & Kearby 1975);
although probably depending on the temperatures, X.
saxesenii can have two periods of flight activity per year
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(Rauleder 2003). But other species like the ambrosia
beetles Xyleborus monographus Fabricius, 1792, and
Xyleborus dryographus Ratzeburg, 1837 also have one
generation per year. Anisandrus dispar Fabricius, 1792
also has one period of flight activity within a year, but it
is longer and does not have such a clear peak (Markalas
& Kalapanida 1997; Salmane et al. 2015; Fiala 2019).
Adults of X. attenuatus Blandford emerge probably in
August and September because at that time they are cut
from the wood; they overwinter in wood or in the ground
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under an infested tree, as evidenced by findings in the
litter.

Since only a few individuals were caught at each local-
ity, evenif they were caught during the whole season, it is
not possible to conclude which trapping method or bait is
the most suitable for X. attenuatus Blandford detection.
It is logical that many ambrosia species is attracted to
ethanol (Kelsey 1994), but it is also accidentally caughtin
awindow trap. This also complicates the creation and use
of any systematic monitoring of X. attenuates Blandford.

Wehave found only femalesbecause the ratio between
the sexes is biased. Females are plenty, but the males are
sparse. Usually, 1 to 3 males and up to approximately 50
females emerged in one breeding gallery (Kvamme et al.
2020). Males of X. attenuatus Blandford are flightless,
dwarf, and mostly remain in galleries throughout their
lives, while females fly well (Kirkendall 1983). Therefore,
only females are caught in traps.

Thedistribution of X. attenuatus Blandfordin Europe
is poorly defined, due to misidentification with the
ambrosia beetle X. saxesenii (Lombardero 1998; Mokr-
zyckietal. 2011; Kvamme et al. 2020). Already the author
of the description Blandford (1894), who described the
species as X. attenuatus Blandford and described it from
asingle female from Japan, writes that the speciesisvery
similar to X. saxesenii Ratzeburg. The first finding in
Europe comes from Spain in 1960 (Lombardero 1998)
and another from Poland in 1968 (Mokrzyckietal. 2011).
The first beetles in the Czech Republic were detected in
1982 (this study). These findings in different states that
are thousands of kilometres apart may indicate that
X. attenuatus Blandford is a native species with a wide
Palaearctic distribution and is only invasive in North
America. Similar distances in distribution between sites
(hundreds of kilometres) are known for the long-horned
beetle Gerania bosci bosci Fabricius (Hawkeswood et al.
2021). Of course, we cannot rule out that X. attenuatus
Blandford was introduced into Europe repeatedly within
a short time and spread rapidly from several sources, as
demonstrated in Xylosandrus germanus Blandford, 1894
in the USA (Dzurenko et al. 2021). These questions can
only be solved by genetic analysis of European and Asian
individuals, but obtaining more material is almost dif-
ficult, as there is no simple trapping method.

5. Conclusions

The ambrosiabeetle X. attenuatus Blandford is probably
widespread throughout the territory of the Czech Repub-
lic, from the lowlands to the mountains. We assumed this
because the Czech Republic lies within the entire area
of this ambrosia beetle. The available data suggest that
this extensive area proves the origin of the species in
wide Palaearctic region, rather than the fact that it is an
invasive species on the territory of Europe. It is unlikely

that it would occupy the entire continent evenly within
40 years from the first detection in Europe. Any impact
traps and/or ethanol-baited traps can be used to detect
this species, but it cannot be expected that the number
of beetles caught will be high due to an apparently low
population density.

Acknowledgements

The authors thank Stanislav Benedikt (Plzen), Ladislav
Cerny (Jihoceské muzeum, Ceské Budé&jovice), Frantisek
Houska (Ceské Budéjovice), Dusan Cudan (Chlum),
Ondrej Konvicka (Zlin), Jiri Prochdzka (Moravské
muzeum, Brno), Robert Stejskal (Ndrodni park Podyyi,
Znojmo), Jii Vdvra (Ostrava), Viclav Tyr (Zihle) for
providing data from their private or museum collections
and Daniela Popelkovd (Czech University of Life Sciences,
Praha) for photographs of X. attenuatus specimen.

References

Benedikt, S., Dongres, V., Dvorak, L., Fiala, T., Ouda,
M., Sieber, A. etal., 2021: Zajimavé ndlezy hmyzu na
tizemizapadnich Cech— 1. Coleoptera (2018—2020).
Zapadoceské entomologické listy, 12:84-99. (In
Czech).

Blandford, W.F.H., 1894: The Rhynchophorous Coleop-
tera of Japan. Part I1I. Scolytidae. The Transactions
of the Entomological Society of London, 42:53—141.

Dodds, K. J., Hanavan, R. P., DiGirolomo, M. F.,
2017: Firewood collected after a catastrophic wind
event: the bark beetle (Scolytinae) and woodborer
(Buprestidae, Cerambycidae) community present
over a 3-year period. Agricultural and Forest Ento-
mology, 19:309-320.

Dzurenko, M., Ranger, C. M., Hulcr, J., Galko, J., Kariuch,
P.,2021: Origin of non-native Xylosandrus germanus,
an invasive pest ambrosia beetle in Europe and North
America. Journal of Pest Science, 94:553-562.

Fiala, T., 2019: Ktrovci (Coleoptera: Curculionidae:
Scolytinae) v narodni pfirodni pamatce Komorni
htrka. Zapadoceské entomologické listy, 10:34—39.
(In Czech).

Fiala, T., Holusa, J., 2020: Trapping ambrosia beetles
by artificially produced lures in an oak forest. Plant
Protection Science, 56:226-230.

Freeman, J.-C., Grancher, C., 2014: The forest of Bas-
tard (Pyrénées-Atlantiques), an arearich in saproxylic
beetles on the outskirts of Pau. Bulletin de la Société
Linnéenne de Bordeaux, 42:77-88. (In French).

Garcia-Fraile, P., 2018: Roles of bacteria in the bark bee-
tle holobiont — how do they shape this forest pest?
Annals of Applied Biology, 172:111-125.



T. Fiala & J. Holusa / Cent. Eur. For. J. 69 (2023) 000—-000

Gebhardt, H., 2002: Xyleborinus alni (Niisima) — Funde
in Baden-Wiirttemberg (Coleoptera: Scolytidae).
Mitteilungen Entomologischer Verein Stuttgart,
37:55-56. (In German).

Gharabigloozare, Y., 2015: Raffaelea spp. from five
ambrosia beetles in the genera Xyleborinus and
Cyclorhipidion (Coleoptera: Curculionidae: Scoly-
tinae: Xyleborini). MsC. thesis, Ames, lowa State
University, 48 p.

Haack, R. A., 2006: Exotic bark- and wood-boring
Coleoptera in the United States: recent establish-
ments and interceptions. Canadian Journal of Forest
Research, 36:269-288.

Hauptman, T., Pavlin, R., Groselj, P., Jurc, M., 2019:
Distribution and abundance of the alien Xylosandrus
germanus and other ambrosia beetles (Coleoptera:
Curculionidae, Scolytinae) in different forest stands
in central Slovenia. iForest - Biogeosciences and For-
estry, 12:451-458.

Hawkeswood, T. J., Sommung, B., Sommung, A., 2021:
First record of the longicorn beetle, Gerania bosci
bosci (Fabricius, 1801) (Coleoptera: Cerambycidae:
Lamiinae) from the farming district of Kantharalak,
Sisaket Province, Thailand. Calodema — and Inter-
national Journal of Biology and Other Sciences,
861:1-3.

Hlasny, T., Zimova, S., Mergani¢ova, K., Stépanek, P.,
Modlinger, R., Tur¢ani, M., 2021: Devastating out-
break of bark beetles in the Czech Republic: Drivers,
impacts, and management implications. Forest Ecol-
ogy and Management, 490:119075.

Holusa, J., Foit, J., Knizek, M., Schovankova, J.,
Lukasova, K., Vanicka, H. et al., 2019: The bark bee-
tles Orthotomicus laricis and Orthotomicus longicollis
are not pests in Central Europe: a case study from the
Czech Republic. Bulletin of Insectology, 72:253-260.

Holusa, J., Fiala, T., Foit, J., 2021: Ambrosia beetles
prefer closed canopies: A case study in oak forests in
central Europe. Forests, 12:1223.

Holzschuh, C., 1995: Forstschidlinge, die in den letzten
fiinfzig Jahren in Osterreich eingewandert sind oder
eingeschleppt wurden. Stapfia, 37:129-141. (In Ger-
man).

Janus, J., 2016: Brouci (Coleoptera) chranéné krajinné
oblastia biosférické rezervace Ktivoklatsko. Zapado-
Ceské entomologické listy, Supplementum 1:1-449.
(In Czech).

Kelsey, R. G., 1994: Ethanol and ambrosia beetles in
douglas fir logs with and without branches. Journal
of Chemical Ecology, 20:3307-3318.

Kirisits, T., 2004: Fungal associates of european bark
beetles with special emphasis on the ophiostoma-
toid fungi. In: Lieutier, F., Day, K. R., Battisti, A.,
Grégoire, J.-C., Evans, H.F. (eds.): Bark and wood
boring insects in living trees in Europe, a synthesis.
Dordrecht, Springer, p. 181-235.

Kirkendall, L. R., 1983: The evolution of mating systems
inbark and ambrosia beetles (Coleoptera: Scolytidae
and Platypodidae). Zoological Journal of the Linnean
Society, 77:293-352.

Knizek, M., 1988: Coleoptera, Scolytidae: Xyleborus alni
Niijima, 1909. Acta Entomologica Bohemoslovaca,
85:396.

Knizek, M., Zahradnik P., 1999: Bark and wood boring
beetles in the pine stands. In: Forster, B., Knizek, M.,
Grodzki, W. (eds.): Methodology of Forest Insect and
Disease Survey in Central Europe. Proceedings ofthe
Second Workshop ofthe IUFROWP 7.03.10,20-23
April 1999, Birmensdorf, Switzerland. Swiss Federal
Institute for Forest, Snow and Landscape Research,
300 p.

Kolarik, M., Kubatova, A., Hulcr, J., Pazoutova, S., 2008:
Geosmithia fungi are highly diverse and consistent
bark beetle associates: Evidence from their commu-
nity structure in temperate Europe. Microbial Ecol-
ogy, 55:65-80.

Kvamme, T., Lindelow, A., Knizek, M., 2020: Xylebori-
nus attenuatus (Blandford, 1894) (Coleoptera, Cur-
culionidae, Scolytinae) in Scandinavia. Norwegian
Journal of Entomology, 67:19-30.

Lombardero, M. J., 1998: Primera cita de Xyleborinus
alni (Niijima, 1909) (Coleoptera, Scolytidae) parala
Peninsula Ibérica. Boletin de la Asociacion Espafiola
de Entomologia, 22:244-245. (In Spanish).

Marchioro, M., Faccoli, M., Dal Cortivo, M., Branco, M.,
Roques, A., Garcia, A. et al., 2022: New species and
new records of exotic Scolytinae (Coleoptera, Cur-
culionidae) in Europe. Biodiversity Data Journal,
10:€93995.

Markalas, S., Kalapanida, M., 1997: Flight pattern of
some Scolytidae attracted to flight barrier traps baited
with ethanol in an oak forest in Greece. Anzeiger fiir
Schadlingskunde, Pflanzenschutz, Umweltschutz,
70:55-57.

Martynov, V. V., Nikulina, T. V., 2016: New invasive
phytophagous insects in woods and forest plant-
ings of Donbass. Caucasian Entomological Bulletin,
12:41-51.

Mokrzycki, T., Hilszczanski, J., Borowski, J., Cieslak,
R., Mazur, A., Mitkowski, M. et al., 2011: Faunistic
review of Polish Platypodinae and Scolytinae (Coleop-
tera: Curculionidae). Polish Journal of Entomology,
80:343-364.

Mudge, A. D., LaBonte, J. R., Johnson, K. J. R., LaGassa
E. H., 2001: Exotic woodboring Coleoptera (Micro-
malthidae, Scolytidae) and Hymenoptera (Xyphy-
driidae) new to Oregon and Washington. Proceed-
ings of the Entomological Society of Washington,
103:1011-1019.

Nakashima, T., Otomo, T., Owada, Y., lizuka, T., 1992:
Sem observations on growing conditions of the fungi
in the galleries of several ambrosia beetles. Journal



T. Fiala & J. Holusa / Cent. Eur. For. J. 69 (2023) 000—-000

of the Faculty of Agriculture, Hokkaido University,
65:239-273.

Nikulina, T. V., Martynov, V. V., Mandelshtam, M. Y.,
2007: The first record of the bark beetle Xyleborinus
alni (Coleoptera, Scolytidae) in the faunas of Ukraine
and European Russia. Vestnik Zoologii, 41:542.

Pedersen, J., Hansen, M., Vagtholm-Jensen, O., 2010:
Fund af biller I Danmark, 2008 og 2009 (Coleop-
tera). Entomologiske Meddelelser, 78:117-161. (In
Danish).

Peng, Y., Buranapanichpan, A., Kamata, N., 2022: Suc-
cession of ambrosia beetles colonizing the logs of
fallen alder and birch trees. Insects, 13:223.

Pfeffer, A., 1989: Kiirovcoviti Scolytidae a jadrohlodoviti
Platypodidae. Praha, Academia, 137 p. (In Czech).

Podlussany, A., 2001: Curculionoid beetle species new for
the fauna of Hungary (Coleoptera: Curculionoidea).
Folia Entomologica Hungarica, 62:372-378.

Prochéazka, J., 2011: Srovnani taxocendz a vertikalni
stratifikace letové aktivity ktirovci (Coleoptera: Cur-
culionidae: Scolytinae) v tvrdém luhu a horskych jed-
lobucin. MsC. thesis, Brno, Masarykova Univerzita,
104 p. (In Czech).

Prochazka, J., Schlaghamersky, J., Knizek, M., 2014:
Kiarovci (Coleoptera: Curculionidae: Scolytinae) jed-
lobukovych lesd CHKO Beskydy. Zpravy lesnického
vyzkumu, 59:126—132. (In Czech).

Rauleder, H., 2003: Observations on the flight dynam-
ics of bark beetle (Xyleborus saxeseni and dispar).
Gesunde Pflanzen, 55:53-61.

Rébl, K.,2010: Vysledky faunistického prizkumu brouka
(Coleoptera) na uzemi chranéné krajinné oblasti
a biosférické rezervace Krivoklatsko (Ceské repub-
lika). Elateridarium, Supplementum 4:1-253. (In
Czech).

Roling, M. P., Kearby, W. H., 1975: Seasonal flight and
vertical distribution of Scolytidae attracted to ethanol
in an oak-hickory forest in Missouri. The Canadian
Entomologist, 107:1315-1320.

Salmane, I., Ciematnieks, R., Ozolina-Pole, L., Ralle, B.,
Ievinsh, G., 2015: Investagation of european shot-
holeborer, Xyleborus dispar (Coleoptera, Scolytidae)
inapple orchards of Latvia. In: Proceedings of the 10™
International Scientific and Practical Conference.
18-20 June, 2015. Rezekne, Latvia, pp. 256—260.

Sanchez, A., Chittaro, Y., Germann, C., Knizek, M., 2020:
Annotated checklist of Scolytinae and Platypodinae
(Coleoptera, Curculionidae) of Switzerland. Alpine
Entomology, 4:81-97.

Skelton, J., Jusino, M. A., Carlson, P. S., Smith, K., Banik,
M.T.,Lindner, D. L.etal.,2019: Relationshipsamong
wood-boring beetles, fungi, and the decomposition of
forest biomass. Molecular Ecology, 28:4971-4986.

Smith, S. M., Beaver, R. A., Cognato, A.I.,2020: Amono-
graph of the Xyleborini (Coleoptera, Curculionidae,
Scolytinae) of the Indochinese Peninsula (except
Malaysia) and China. ZooKeys, 983:1-442.

Tajkova, P., Tajek, P., Fiala, T., 2018: Rybnicky U Kap-
licky — shrnuti vysledkt dvouletého biologického
prazkumu. Sbornik muzea Karlovarského kraje, 26:
177-193. (In Czech).

Trmal, A., 2008: Prispévek k poznani broukt na Sedl-
¢ansku. Vlastivédny sbornik stfedniho Povltavi,
1:78-179. (In Czech).

Vorst, O., Heijerman, T., van Nunen, F., van Wielink,
P., 2008: Enige schorskevers nieuw voor de Neder-
landse fauna (Coleoptera: Curculionidae: Scolytinae).
Nederlandse Faunistische Mededelingen, 29:61-74.
(In Dutch).



10.5 Xylosandrus germanus in Central Europe: Spread into and within the Czech

Republic.

132



Received: 23 December 2019

Revised: 21 March 2020

Accepted: 25 March 2020

DOI: 10.1111/jen.12759

REVIEW ARTICLE

WILEY

Xylosandrus germanus in Central Europe: Spread into and within

the Czech Republic

Tomas Fiala® | Jaroslav Holusal
Marek Dzurenko® | Jifi Foit® | Juraj Galko’

| Ji¥i Prochazka®® | Lukas Cizek?® |
| Josef Kagak® | Jan Kulfan® |

Ferenc Lakatos’ | Oto Nakladal' | Jifi Schlaghamersky!® | Michal Svatos! |
Jifi Trombik! | Petr Zabransky'! | Peter Zach® | Emanuel Kula®

1Faculty of Forestry and Wood Sciences, Czech University of Life Sciences, Prague, Czech Republic

2Sjlva Tarouca Research Institute, Brno, Czech Republic

3Moravian Museum, Brno, Czech Republic

“Biological Centre, Institute of Entomology, Czech Academy of Science, Ceske Budejovice, Czech Republic

SFaculty of Forestry, Technical University in Zvolen, Zvolen, Slovak Republic

SFaculty of Forestry and Wood Technology, Mendel University in Brno, Brno, Czech Republic

’National Forest Centre, Forest Research Institute, Zvolen, Slovak Republic

8|nstitute of Forest Ecology, Slovak Academy of Sciences, Zvolen, Slovak Republic

“Faculty of Forestry, University of Sopron, Sopron, Hungary

OFaculty of Science, Masaryk University, Brno, Czech Republic

“Department of Forest and Soil Sciences, BOKU, University of Natural Resources and Life Sciences, Vienna, Austria

Correspondence

Jaroslav Holusa, Faculty of Forestry and
Wood Sciences, Czech University of Life
Sciences, Prague, Kamycka 129, CZ 16500,
Czech Republic.

Email: holusaj@seznam.cz

Funding information

University of Sopron, Grant/Award Number:

EFOP-3.6.2-16-2017-00018 ; Institutional
subsidy, Grant/Award Number: VUKOZ-
IP-00027073; the Ministry of Education,
Science, Research and Sports of the Slovak
Republic, Grant/Award Number: VEGA
2/0012/17 and VEGA 2/0032/19; OP RDE,
Grant/Award Number: CZ.02.1.01/0.0/0.0
/16_019/00008083; the Ministry of Culture
of the Czech Republic to the Moravian
Museum, Brno, Grant/Award Number:
MK000094862

Abstract

Invasive organisms represent great threats to ecosystems and great challenges to for-
est management. In Europe, the black timber bark beetle (Xylosandrus germanus) is an
invasive secondary pest that mostly attacks the logs of felled trees. We showed the
invasion history for Europe and using many local surveys, we summarize the current
distribution and other available information on X. germanus in the Czech Republic.
We report that this species is distributed from the lowlands to the mountains in the
Czech Republic; it is widespread in the eastern half of the country, where it is more
abundant in the warmer south and southeast areas than in the cooler areas. Most
(78%) of the known localities are at elevation below 400 m a.s.l. Although an ice
storm greatly increased X. germanus abundance near the border with Austria, its high
abundance did not result in damage to standing trees. Presence of X. germanus in the

Czech Republic for over 10 years has not led to heavy tree infestation.
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1 | INTRODUCTION

Invasive organisms represent significant threats to ecosystems and
substantial challenges to forest management (Evans & Oszako, 2007;
Pimentel, Zuniga, & Morrison, 2005). Invasive species of bark bee-
tles are especially important in forest ecosystems (Kirkendall &
Faccoli, 2010). Although 28 non-native bark beetles are registered in
Europe (Alonso-Zarazaga et al., 2017), we know relatively little about
their spread and recent distribution. Among the invasive species, the
black timber bark beetle Xylosandrus germanus (Blandford, 1894)
may have a potential for causing damage (Bj6érklund & Boberg, 2017
Galko et al., 2019).

Xylosandrus germanus is native in China, Japan, Korea, Taiwan,
Thailand and Vietnam (Beaver & Liu, 2010). The species has been
introduced multiple times to Europe and North America with the im-
port of timber from eastern Asia (Alonso-Zarazaga et al., 2017; Wood
& Bright, 1992). It is a widely polyphagous ambrosia beetle that de-
velops in the wood of both broadleaf and coniferous trees (Weber
& McPherson, 1983a); the beetle mainly attacks beech (Fagus spp.)
and oak (Quercus spp.) (Maksymov, 1987), but also spruce (Picea
spp.), pine (Pinus spp.) and fir (Abies spp.) (Graf & Manser, 2000). This
bark beetle acts as an important vector of ophiostomatoid fungal
pathogens of trees such as Fusarium, Ambrosiella and Ophiostoma
(Batra, 1967; Buchanan, 1940; Ito & Kajimura, 2017; Weber &
McPherson, 1985).

In Europe, X. germanus is a secondary pest that mostly col-
onizes the logs of felled trees (Bouget & Noblecourt, 2005;
Heidenreich, 1964). It occasionally attacks healthy and newly trans-
planted trees and shrubs (Rabaglia, Dole, & Cognato, 2006). It is a
successful invader in North America, where it has become a seri-
ous pest in tree nurseries and orchards (Oliver & Mannion, 2001;
Ranger, Reding, Persad, & Herms, 2010; Ranger, Schultz, Frank,
& Reding, 2019; Reding et al., 2015; Reding, Schultz, Ranger, &
Oliver, 2011; Werle et al., 2019). In Turkey, it is one of the most
significant pests in hazelnut orchards (Tuncer, Kushiyev, Erper,
Ozdemir, & Saruhan, 2019), but it damaged also the kiwifruit trees
(Ak, Saruhan, Tuncer, Akyol, & Kilic, 2011). In Europe, in contrast,
most published records concerning this species come from forests
(Bjorklund & Boberg, 2017; Bussler et al., 2011; Gossner, Falck, &
Weisser, 2019; Mokrzycki & Grodzki, 2014).

In Europe, X. germanus was first reported from Germany in
1951 (Groschke, 1952; Kamp, 1968; Wichmann, 1955). According to
Wichmann (1957), this bark beetles was most probably introduced
into Germany with oak timber from Japan during the years 1907-
1914 and 1919-1929. In the 1950s, it had established in two large
areas in the warmer part of Germany, the Rhine floristic province
(Wichmann, 1957). The next record from another European coun-
try was in 1984 from Switzerland (Maksymov, 1987). During the last
two decades of the 20th century, the beetle invaded most of the
continent (Bjérklund & Boberg, 2017; Galko et al., 2019).

In the 1990s, X. germanus was
(Holzschuh, 1993) and Poland (Mokrzycki et al., 2011), which

recorded in Austria

neighbour the Czech Republic (Figure 1). Locally, it became the dom-
inant species in assemblages of bark and ambrosia beetles (Henin
& Versteirt, 2004; Miiller, BuBler, & Kneib, 2008; Wermelinger,
Flickiger, Obrist, & Duelli, 2007; Zach, Topp, Kulfan, & Simon, 2001).
It has become a serious forest pest in many countries regardless of
whether it is native or exotic in those countries (e.g. Kaneko, 1965;
Nobuchi, 1981; Weber & McPherson, 1983b, 1984; Grégoire, Piel,
de Proft, & Gilbert, 2001). Many states in the United States, and
many countries in Europe, and in Russia have therefore been mon-
itoring its spread with the use of ethanol-baited traps or flight in-
tercept traps (Bussler et al., 2011; Galko et al., 2014, 2019; Gossner
et al,, 2019; Hauptman, Pavlin, Groselj, & Jurc, 2019; Henin &
Versteirt, 2004; Oliver & Mannion, 2001; Ranger et al., 2010; Reding
et al., 2011; Sweeney, Silk, Grebennikov, & Mandelshtam, 2016;
Werle et al., 2019).

Although no countrywide monitoring of this insect has been
performed, we used the results of many local surveys to gain in-
formation on the distribution and abundance of X. germanus in
the Czech Republic and some neighbouring countries in Central
Europe.

2 | OCCURRENCE IN THE CZECH
REPUBLIC

Xylosandrus germanus was first recorded in the Czech Republic in
2007; the individuals were caught in flight in the central part of the
country by another collector. No detail is known (Knizek, 2009).
There were no further records until 2011, when several individu-
als were found in the Theysohn® traps baited with the pheromone
lure ID Ecolure® for capture of Ips duplicatus (Sahlberg, 1836)
in the eastern part of the Czech Republic (Knizek & Foit, 2012;
Appendix 1). In the same year, this bark beetle was also recorded
from the southern part of the country, near the border with
Austria (Figure 1). Between 2012 and 2018, the species was re-
corded mainly in samples from various traps (mostly flight inter-
cept traps) at more than 50 localities in closed-canopy and open
forests scattered across the country; a total of 3,435 beetles were
collected (Appendix 1).

In the Czech Republic, X. germanus occurs from the lowlands
(150 m a.s.l.) to the mountains (935 m a.s.l.) (Figure 2). The ele-
vation of the majority of known localities (78%) is <400 m a.s.l.
(Figure 2). In most of the country, its abundance has been low,
with fewer than one individual per trap and trapping season on
average. In the lowlands of the southern and southeastern part
of the country, however, more than 10 beetles per trap were col-
lected (Figure 1).

The frequent detection of X. germanus at elevations below
400 m a. s. |. suggests that populations of the beetle have estab-
lished at low elevations (Bruge, 1995; Henin & Versteirt, 2004,
Holzschuh, 1993). The abundance of the beetle in higher eleva-

tion will probably increase because the optimum conditions for the
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speciesare atapproximately 500and 700 ma.s.l. (Galko etal., 2019). Birs, 2014) and in Slovenia (941 m a.s.l.) (Hauptman et al., 2019)
The relatively high elevations where it was detected on StoZec Mt. appear to be lower than those with the highest known occurrence

in the Czech Republic (935 m a.s.l.), in the Eastern Carpathians of of the species from the West Carpathians (1,020 m a.s.l.) (Galko
Romania (760-900 m a.s.l.) (Olenici, Knizek, Olenici, Duduman, & et al., 2019).
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FIGURE 1 Known occurrence of Xylosandrus germanus (a) in Europe with year of first record and known localities in Central Europe
(Line—buffer of 100 km from the Czech borders), and occurrence in the Czech Republic and adjacent areas with collection year (b-d) (grey
colour in c and d map details indicate forests)
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3 | SPREAD INTO THE CZECH REPUBLIC

The recent spreading of X. germanus in Central Europe might be fa-
cilitated by environmental changes and especially by increasing tem-
peratures, but also by timber trade, which has been increasing (Galko
et al., 2019). Its presence in Bohemia may have been overlooked for
several years. We cannot exclude the possibility that the species was
introduced to the first recorded locality in Bohemia in 2007 with
timber or wood products.

The higher abundance of X. germanus in the southeast than
in the other parts of the Czech Republic suggests that it may be
spreading from the south, possibly from Austria, where it has been
known from the Vienna area since at least the 2000s (Figure 1;
Appendix 2). In addition, it had not been detected in southern
Moravia (near Austria and Slovakia) as of 2007 (Appendix 1: lo-
cality of Ranspurk). The first record of the species in southern
Moravia could correspond with its first detection in Slovakia in
2010 (Galko, 2013; Galko et al., 2019). In Slovakia, it was found to
be spreading from the south-southwest from Hungary (Lakatos &
Kajimura, 2007; see Figure 1; Appendix 2) to the north-northeast
and also from a low to high elevations over a period of 5-10 years
(Galko et al., 2019).

The first record of X. germanus in the Czech Republic, however,
came from the central part of the country in 2007 (Knizek, 2009).
Hence, the species might also spread into the Czech Republic via
Germany and northern Bohemia. X. germanus has been present in the
Saxony region of Germany from the 2000s (Reike & Sobczyk, 2007).
Since 2010, it has been reported from additional localities in Saxony
and also from the adjacent area of the Czech Republic, that is north-
ern Bohemia since the 2010s (Figure 1; Appendix 2).

Similarly, the detection of the species in the southern Bohemian
locality of Stozec in 2018 could result from it spreads from Bavaria
(southeastern Germany), where it was recorded in the late 2000s
(Blaschke & Bussler, 2012; Appendix 2; Figure 1).

FIGURE 2 Elevational distribution

of Xylosandrus germanus in the Czech
Republic from 2007 to 2019

Our data show that X. germanus is
distributed from the lowlands to the
mountains in the Czech Republic, that it
is widespread in the eastern half of the
country (Moravia), and that it is more
abundant in warmer areas (in South and
Southeast) than in cooler ones. Available
information on the distribution of this
species in the Czech Republic, however,
is not based on surveys from all regions.
Records of the species are much scarcer
from the western half (Bohemia) than
from the eastern half of the Czech
Republic (Moravia), even though the first
records in the country were from the
western half.

In southern Poland near its border with the Czech Republic, this
bark beetle was not found until 2011 (Mokrzycki et al., 2011). In the
following year, however, the species was found in northern Moravia,
near the border with Poland (Appendix 1; Figure 1).

Although X. germanus may have been initially introduced into the
Czech Republic with importation of timber, since 2010 the species
has spread to the Czech Republic from all surrounding countries.

4 | ABUNDANCE IN THE CZECH REPUBLIC

Thousands of X. germanus individuals were recently detected in eth-
anol-baited traps in Slovakia (Galko et al., 2019), Austria (Holzinger,
FrieB, Holzer, & Mehlmauer, 2014) and Hungary (Lakatos unpub-
lished). Either this insect is indeed more abundant in the neighbour-
ing countries than in the Czech Republic, or the difference is to be
attributed to the widespread use of unbaited traps in the Czech
Republic. Some of our records, however, come also from bark beetle
pheromone traps that also contained alcohols (ID Ecolure contains
96% alcohols; Fytofarm, 2018).

We also collected much fewer X. germanus individuals in the
southeast of the Czech Republic, even in traps with 85% ethanol
(localities Straznice, Ochoz u Brna), than in Slovakia where hun-
dreds to thousands of individuals were collected using equal num-
bers of identical flight interception traps baited with 85% ethanol
of the same concentration (E. Kula, J. Kulfan and P. Zach, unpub-
lished data). It is possible that its abundance has yet to increase
in the Czech Republic, because the captures have been increasing
steadily in Slovakia (West Carpathians) since its first record in 2010
(Galko et al., 2019). High numbers in Slovakia might indicate high
long-term availability of suitable breeding substrates as well as the
ability of the beetle to colonize a variety of forest habitats. In south-
ern Moravia, the presence of numerous broken trees also increased

the abundance of the beetle (see also Hauptman et al., 2019).
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Tunnelling females produce a distinctive symptom resulting from
the production of defensive sap by the tree. This symptom, which
consists of boring dust “toothpicks” that project from the stems and
branches of trees, has not been observed in the Czech Republic.
Several old branches with galleries and dead specimens of X. ger-
manus were found at one locality (Zahrady pod Hajem, Appendix 1).
Only 11 individuals of X. germanus were reared from experimental
trap logs (Juglans nigra L.) (Jefabek, 2015, Appendix 1). Near the bor-
der with Austria, hundreds of individuals were collected in a horn-
beam-lime forest that had been damaged by an ice storm (localities
Cizov and Podmoli, Appendix 1).

It is difficult to find signs of its presence even in forests where
the species is abundant (Hauptman et al., 2019), but using thin
tree parts to record the beetle can help (Zach et al., 2001). The
high abundance of the species in the ice-storm damaged area as
a result of many broken trees did not lead to damage to stand-
ing trees (Hauptman et al., 2019). Presence of X. germanus in the
Czech Republic for over 10 years has not led to heavy tree infes-
tation. A high abundance does not cause substantial damage be-
cause the species exploits thinner dead branches and dead trunks
that are approximately 10 cm in diameter (Maksymov, 1987;
Ranger et al., 2016; Weber & McPherson, 1983b); it rarely attacks
trunks with diameters greater than 10 cm (Reed, Juzwik, English,
& Ginzel, 2015).

5 | CONCLUSION

Xylosandrus germanus has been introduced multiple times to Europe
and North America with the import of timber from eastern Asia. In
the 1950s, it established in Germany. During the last two decades
of the 20th century, the beetle invaded most of the continent. In
the 1990s, X. germanus was recorded in Austria and Poland, which
neighbour the Czech Republic. X. germanus was first recorded in
the Czech Republic in 2000s but the origin of this introduction is
unknown. We cannot exclude the possibility that the species was
introduced with timber or wood products.

In the 2010s, the species spread into the Czech Republic from
all surrounding countries, from Saxony to northern Bohemia, from
Bavaria to southern Bohemia, from southern Poland to north-
ern Moravia, and from Austria and Slovakia to southern Moravia.
Nowadays, this species has been distributed from the lowlands to
the mountains in the Czech Republic. It is very likely that its abun-
dance will increase.

The presence of X. germanus for over 10 years has not led to
heavy tree infestation in forests. Because the species exploits thin-
ner branches and trunks, we cannot exclude future infestation of

young trees in plantations.
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APPENDIX 1

FIALA ET AL.

Records of Xylosandrus germanus in the Czech Republic from 2007 to 2019. Localities disturbed by ice storms are in bold and italicized, and

localities with repeated sampling are in bold without italics. NR = Nature Reserve, NM = Natural Monument, NNR = National Nature Reserve.

Most records came from flight intercept traps that were deployed for most of the growing season, usually from April or May to August or

September. All individuals of X. germanus reported in this research were identified by (or identifications were confirmed by) at least one of the

following experts: J. Prochazka, J. Foit, T. Fiala, J. Kadlec, E. Kula, P. Zach, J. Kasdk and M. Knizek. Data also include published and unpublished

documents that were not peer-reviewed such as such as monitoring reports, research reports and diploma theses.

Locality

Béstvina

Bynovec

Cerveny Hradek NM
Cizov

Décin

Doubrava NR

Galis

Hardegg

Hlubocka louka

Hluboké Mastvky

Hnanice

Hodonin

Hodoninska dubrava
NNM

Jasenovy hrud

Jetfichovice

Kamenny vrch NR

Kenicky NR

Kozinec

Kufim

Coordinates

49.8333333N,
15.5800000E

50.8204253N,
14.2480478E

50.5139719N,
13.4430733E

48.8758333N,
15.8861111E

50.7804931N,
14.1914931E

49.762013N,
16.986296E

48.8428714N,
15.8857858E

48.8541394N,
15.8699714E

48.8233653N,
15.9403956E

48.9248700N,
16.0479689E

48.8021650N,
15.9657231E

48.847802N,
17.148252E

48894248N,
17.099774E

48.7719231N,
17.0307936E

50.8808722N,
14.3455133E

49.1831614N,
16.5517583E

49.6720928N,
17.1782225E

49.8714114N,
18.5004489E

49.2733333N,
16.4991667E

Year of
Detection/
Collection

2007

2017-2018

2015

2017

2018

2017

2011-2014

2013

2011-2013

2019

2015-2017

2013

2013

2018

2018

2018

2017

2012

2012

Source

Knizek (2009)

J. Kadlec, L. Blazej

J. Kasak, J. Foit

J. Prochazka

J. Kadlec, L. Blazej

O. Nakladal, J.
Prochazka

L. Cizek, F. Trnka,
M. Platek, P.
Sebek, P. Kozel,
$. Vodka, J.
Prochazka

L. Cizek, M. Platek,
P. Sebek, P. Kozel,
J. Prochazka

L. Cizek, F. Trnka,
M. Platek, P.
Sebek, P. Kozel, J.
Prochazka

D. Kopr, J. Kasak,
J. Foit

D. Kopr, J.
Prochdzka, J.
Schlaghamersky

L. Cizek, J.
Prochazka

L. Cizek, J.
Prochazka

J. Foit

J. Kadlec, L. Blazej
J. Prochazka

Zida (2018)

J. Vavra, J.

Prochazka

KniZek and Foit
(2012)

Lure/trap
In flight

Ground trap/
Malaise trap
On beech log
Window trap
Ground trap

Window trap

Window trap

Window trap

Window trap

Window trap

Window trap

Window trap

Window trap

Window trap

Ground trap

In flight

Window trap

Window trap

ID-Ecolure

Adults
1

16

1,424

s

23

147

Cumulative
number of traps

20

14

30

11

Unknown

(Continues)
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APPENDIX 1 (Continued)
Year of
Detection/

Locality Coordinates Collection Source Lure/trap

Lanzhot 48.7249167N, 2014 Jerabek (2015) TRAP log from
16.9211667E Juglans nigra

Lazné Kynzvart 50.0052786N, 2019 T.Fiala ethanol
12.5966586E

Liberec 50.7717753N, 2015 Ctvrte¢ka (2015) Window trap
15.0247606E

Lipina 48.8242300N, 2015 J. Horak, J. Window trap
15.9622100E Prochazka

Lipina 48.8242300N, 2017 T. Sitek, J. Light trap
15.9622100E Prochazka

Maly Bojek 48.7049239N, 2018 J. Foit Window trap
16.9830717E

Masovice 48.8364992N, 2018 T. Sitek, J. Light trap
15.9662219E Prochazka

Obirka 49.5767511N, 2016 J. Kasak, V. Holec Window trap
17.589133%E

Ochoz u Brna 49.2490778N, 2017 E. Kula Ethanol/window
16.7019944E trap

Peruc 50.3549364N, 2018 J. Holusa Lineatin
13.9686869E

Podmoli 48.8330556N, 2017 J. Prochazka Window trap
15.9813889E

Popice 48.8227819N, 2015-2017 D. Kopr, J. Window trap
16.0001197E Prochdzka, J.

Schlaghamersky

Ranspurk NNR 48.6766700N, 2007 J. Prochazka, J. Window trap
16.9466200E Schlaghamersky

RanSpurk NNR 48.6766700N, 2015 J. Horak, J. Window trap
16.9466200E Prochazka

Raskovice 49.6254150N, 2016 J. Vavra, J. Window trap
18.4671728E Prochazka

Rejviz NNR 50.2180367N, 2018 J. Prochazka Window trap
17.2950200E

Rohozna 49.80846N, 2017 O. Nakladal, J. Window trap
15.79403E Prochazka

RoZnov pod 49.4544444N, 2011-2012 Knizek and Foit ID-Ecolure

Radhostém 18.1008333E (2012)

Skafiny NR 48.8009092N, 2012 L. Cizek, D. Hauck, Window trap

17.0921797E S. Vodka, J.
Prochazka

Skafiny NR 48.8012197N, 2016 J. Vavra, J. Window trap
17.0936431E Prochazka

Skarfiny NR 48.8038878N, 2015 J. Foit Window trap
17.0985356E

Stozec 48.8799444N, 2018 J. Prochazka Window trap
13.835638%9E

Straznice 48.9220283N, 2018 E. Kula, P. Zach, J. Ethanol/window
17.2921600E Kulfan trap

Straznice - Mucharov  48.915472N, 2013 L. Cizek, J. Window trap
17.288682E Prochazka

Adults
11

37

13

400

126

62

17

171
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Cumulative
number of traps

2

12

11

36

10

30

30

30

12

15

Unknown

12

20

30

(Continues)
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Locality

Sucha Béla

Siroké pole

Tvrdonice
Tynec

Vapenky

Ve VIEi NR
Vranov nad Dyji
Vrapa¢ NR

Vysoka Pec

Zahrady pod Hajem

NNR

Zastudan¢i NNR

(Continued)

Coordinates
50.8888800N,
14.2655311E

48.8603089N,
15.8517539E

48.7398108N,
17.0193353E

48.7659267N,
17.0175756E

48.8744444N,
17.6294444E

48.9291667N,
17.8570000E

48.8787758N,
15.8438081E

49.7080556N,
17.0469444E

50.5406817N,
13.4650333E

48.8850625N,
17.5368217E

49.394767N,
17.324334E

49.397861N,
17.311125E

APPENDIX 2

FIALA ET AL.
Year of
Detection/ Cumulative
Collection Source Lure/trap Adults number of traps
2017 J. Vavra, J. Window trap 1 1
Prochazka
2012-2014 L. Cizek, F. Trnka, Window trap 8 5
M. Platek, P.
Sebek, P. Kozel, J.
Prochazka
2017 J. Foit Window trap 3 8
2017 J. Foit Window trap 1 8
2011 Knizek and Foit ID-Ecolure 1 Unknown
(2012)
2018 E. Ezer, J. Window trap 1 1
Prochazka
2013 J. Vévra, J. Window trap 1 1
Prochazka
2012 Knizek and Foit Window trap 1 18
(2012)
2015 J. Foit In flight 3
2013-2016 J. Prochazka, J. Window trap 868 48
Schlaghamersky,
Z. Racansky, J.
Budka
2013 L. Cizek, J. Window trap 12 2
Prochazka
2013 L. Cizek, J. Window trap 4 2
Prochazka

Records of Xylosandrus germanus in the Czech Republic and within 100 km of its border with neighbouring countries and in Hungary

(Coordinates in bold were estimated according to source maps.)

Country

Austria

Austria
Austria
Austria

Germany

Germany

Germany

Germany

Germany

Locality

Salzburg

Wien
Wien
Wien
SpieRberg

Alberoda

Altliebel

Baruth

Frauenberg NWR

Coordinates

47.822N, 13.032E

48.1467N, 16.254E

48.191N, 16.

215E

48.223N, 16.230E

51.219N, 13.

50.624N, 12.

837E

708E

51.374N, 14.708E

51.225N, 14.

625E

48.846N, 13.381E

Year of collection

1994

2012
2004
2006
2006

2008

2012

2011

2008

Source

Geiser and
Geiser (2000)

Holzinger et al. (2014)
Petr Zabransky
Petr Zabransky

Reike and
Sobczyk (2007)

https://www.gbif.org/
species/8469824

https://www.gbif.org/
species/8469824

https://www.gbif.org/
species/8469824

Blaschke and
Bussler (2012)

(Continues)
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Country Locality Coordinates Year of collection Source
Germany Friedensthal 51.025N, 14.708E 2013 https://www.gbif.org/
species/8469824
Germany Hecke NWR 48.526N, 13.428E 2009 Blaschke and
Bussler (2012)
Germany Hellendorf 50.825N, 13.958E 2009 https://www.gbif.org/
species/8469824
Germany Hohnstein 50.975N, 14.125E 2005 Reike and
Sobczyk (2007)
Germany Klingenberg 50.925N, 13.541E 2005 https://www.gbif.org/
species/8469824
Germany Leitenwies NWR 48.596N, 13.324E 2009 Blaschke and
Bussler (2012)
Germany Moritzburg 51.175N, 13.708E 2006 https://www.gbif.org/
species/8469824
Germany Seelingstadt 51.275N, 12.708E 2008 https://www.gbif.org/
species/8469824
Germany Schonau 51.325N, 14.208E 2013 https://www.gbif.org/
species/8469824
Germany Steigerwald 49.833N, 10.483E 2004 Miuiller et al. (2008)
Germany Woiinschendorf 51.025N, 13.958E 2008 https://www.gbif.org/
species/8469824
Hungary Bakoca 46.186N, 17.976E 2005 Lakatos and
Kajimura (2007)
Hungary Béhonye 46.234N, 17.190E 2019 Ferenc Lakatos
Hungary Cserénfa 46.173N, 17.520E 2019 Ferenc Lakatos
Hungary Kald 47.085N, 16.594E 2018 Ferenc Lakatos
Hungary Kaposhomok 46.191N, 17.560E 2019 Ferenc Lakatos
Hungary Marcali 46.350N, 17.251E 2019 Ferenc Lakatos
Hungary Mesztegnyd 46.290N, 17.300E 2019 Ferenc Lakatos
Hungary Nagymaté 46.186N, 17.976E 2005 Lakatos and Kajimura
(2007)
Hungary Somogyzsitfa 46.325N, 17.202E 2019 Ferenc Lakatos
Hungary Sopron 47.385N, 16.331E 2016 Ferenc Lakatos
Hungary Sopron 47.391N, 16.272E 2010 Ferenc Lakatos
Hungary Sopron 47.450N, 16.350E 2016 Ferenc Lakatos
Poland Murcki 50.185N, 19.052E 2011 Mokrzycki and
Grodzki (2014)
Poland Raciborz 50.058N, 18.262E 2011 Mokrzycki and
Grodzki (2014)
Slovakia Banska Stiavnica 48.463N, 18.905E 2014 Galko et al. (2019)
Slovakia Duchonka 48.666N, 18.083E 2010 Galko (2013)
Slovakia Krupina 48.346N, 19.069E 2014 Galko et al. (2019)
Slovakia Lozorno 48.334N, 17.061E 2014 Galko et al. (2019)
Slovakia Sielnica 48.659N, 19.073E 2014 Galko et al. (2019)
Slovakia Stara Myjava 48.825N, 17.592E 2014 Galko et al. (2019)
Slovakia Sance 48.868N, 17.719E 2014 Galko et al. (2019)
Slovakia Sastin 48.633N, 17.144E 2014 Galko et al. (2019)
Slovakia Uhrovské Podhradie 48.779N, 18.371E 2014 Galko et al. (2019)
Slovakia Utekac 48.606N, 19.797E 2015 Galko et al. (2019)
Slovakia Velky Sarig 49.058N, 21.243E 2016 Galko et al. (2019)
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Abstract: Ambrosia beetles are among the most damaging forest pests. They are frequently moved intercontinentally and
are therefore subject to quarantines. The objective of the current research was to determine whether two commercially
produced lures for Trypodendron species also attract central European ambrosia beetles. In 2018, Theysohn® traps were
deployed in an oak forest that also contained hornbeam and linden trees. Five pair of traps was baited with the standard
synthetic pheromone lures, Trypowit® or Lineatin Kombi®. The 201 adults of ambrosia bark beetles that were trapped
were identified to eight species, which represents almost the entire spectrum of oak ambrosia scolytids in the region.
Trypodendron domesticum, Xyleborinus saxeseni, and Xyleborus monographus were the most abundant species and exhi-
bited a slight preference for the lure with a higher content of alcohols (Lineatin Kombi®). Both lures attracted 7. lineatum
because both contain lineatin. The number of beetles trapped was low probably because food sources (damaged or wilting
oaks) were rare and because the forest was surrounded by agricultural land and therefore isolated from other oak forests.

Keywords: Xyleborinus saxeseni; Xyleborus monographus; Xyleborini; Trypowit®; Lineatin Kombi® Czech Republic

Ambrosia beetles, which include Anisandrus sp.,
Trypodendron sp., Gnathotrichus sp., Xyleborus sp.,
Xylosandrus sp. (Curculionidae: Scolytinae) and Pla-
typus sp. (Curculionidae: Platypodinae), are among
the most important pests of timber. For example, am-
brosia beetles were estimated to damage an average
of 6 000 m? of timber per year in Slovakia (Vakula et
al. 2016), and damaged 250 000 m?® of timber during
a 15-month period in 2000—2001 in Belgium (Huart
& Rondeux 2001). In 1980-1981, ambrosia beetles
degraded C$63.7 million worth of sawlogs in British
Columbia, Canada (McLean 1985). Large sums are
also spent in protecting wood from ambrosia beetles
(Dobie 1978; Wylie et al. 1999).

Pheromone lures have been used to monitor the
ambrosia beetle Trypodendron lineatum (Olivier,
1795) for many years. All of these lures contain
lineatin (the pheromone produced by Trypoden-
dron females) and sometimes other substances

(Kvamme 1986). New lures that have higher alco-
hol contents and that are attractive to other Trypo-
dendron species, including Trypodendron domesti-
cum (Linnaeus, 1758) and Trypodendron signatum
(Fabricius, 1792), have been recently produced
(Trypowit®) (http://www.witasek.com; Holusa &
Lukdasova 2017).

Ambrosia beetles are generally attracted to etha-
nol, which is consistent with their preference for aged
woody material in which anaerobic respiration gener-
ates ethanol (Moeck 1970). Several studies have sug-
gested that ethanol is produced from the fermentative
processes in trees in response to various environmen-
tal stresses including flooding, drought, or high levels
of pollutant gases (Montgomery & Wargo 1983).

The Lineatin Kombi® (Witasek PflanzenSchutz
GmbH, Austria) lure contains quaiacol, nonyl alde-
hyde, and 3-hydroxy-2-methyl-2-butanone (http://
www.witasek.com/). These substances were added
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because the isomers of 2-methoxy-phenol and
methyl-butanol can attract T. domesticum (Ho-
lighaus & Schiitz 2006) and cause the lure to be
slightly more effective than the Trypowit® (Witasek
PflanzenSchutz GmbH, Austria) lure for monitor-
ing the Trypodendron species that attack broad-
leaf trees in forests dominated by coniferous trees
(Holusa & Lukésova 2017).

The use of pheromone traps to monitor ambrosia
beetles in deciduous forests has been studied several
times (Grégoire et al. 2001; Petercord 2006; Franjevi¢
2013; Franjevic¢ et al. 2019; Galko et al. 2019; Gossner
et al. 2019). The aim of the current study was to de-
termine whether two commercially produced lures
for Trypodendron species also attract other species
of central European ambrosia beetles like Xyleborus
sp. and Xyleborinus sp.

MATERIAL AND METHODS

In 2018, five pairs of Theysohn traps were deployed
inan oak forest near the village of Peruc (50.3549364N,
13.9686869E; 280—360 m a.s.l.); the forests were dom-
inated by oak trees, but also contained hornbeam and
linden trees. Pairs were 20 m apart, and pairs were ca
200 m apart. The traps were deployed in small clear-
ings (< 0.5 ha) > 10 m from the forest edge.

One trap of each pair was baited with Trypowit®,
and the other was baited with Lineatin Kombi®. The
main active ingredients in the Trypowit® lure are
alfa-pinen (2,6,6-trimethyl-bicyclo-[3,1,1] hept-3-en)
and lineatin (3,3,7-trimethyl-2,9-dioxatricyclo-[4.2.10
47] nonane), and those in the Lineatin Kombi® lure
are lineatin (3,3,7-trimethyl-2, 9-dioxatricyclo-[4.2.10
*7] nonane), quaiacol (2-methoxyphenol), nonyl alde-
hyde, and 3-hydroxy-2-methyl-2-butanone (http://
www.witasek.com/). The traps were checked weekly
from the 20" of March 2018 to the 31% of July 2018,
and the lures were replaced after 8 weeks.

The Trypodendron species were identified by the au-
thors, and the other species were identified by Milo$
Knizek (Forestry and Game Management Research In-
stitute, Jilovisteé). The mean number of beetles trapped
by each kind of lure was compared with a Wilcoxon
pair test in Statistica software (version 12.0.).

RESULTS AND DISCUSSION

A total of 201 adult ambrosia beetles representing
eight species were detected (Table 1). The most abun-
dant species, T. domesticum, Xyleborinus saxeseni

(Ratzeburg, 1837), T. lineatum, and Xyleborus mon-
ographus (Fabricius, 1792), are common polypha-
gous species, and the first three are recognised as
serious pests (Tuncer et al. 2017).

Fewer than ten specimens in total of other ambrosia
beetle species were trapped; these included the inva-
sive Xylosandrus germanus (Blandford, 1894) (Fiala
et al. in press.) and Xyleborinus attenuatus (Bland-
ford, 1894) (Knizek 1988) (Table 1). The seven spe-
cies represent almost all of the known oak ambrosia
scolytids in Bohemia (Pfeffer 1989); the rare Trypo-
dendron signatum (Fabricius, 1792) was not detect-
ed. Anisandrus dispar (Fabricius, 1792) is a second-
ary pest that attacks almost all of the deciduous tree
species in forests and trees that have been weakened
by other biotic and/or abiotic factors (Tanaskovic et
al. 2016). Xyleborus dryographus (Ratzeburg, 1837) is
a common polyphagous beetle at low elevations and
feeds mainly on oaks (Pfeffer 1989).

The number of ambrosia beetles trapped was
much lower than previously reported in central Eu-
rope (Galko et al. 2014), perhaps because bark and
ambrosia beetles depend on ephemeral and usu-
ally scattered substrates for breeding (Forsse & Sol-
breck 1985). Few food sources (damaged or wilting
oaks) may have been available in the study locality.
The number of trapped beetles may also have been
small because the traps were deployed in forests
that are surrounded by agricultural land and, there-
fore, separated from other forests (Rukke 2000; Ry-
all & Fahrig 2005). Low numbers of beetles were also
trapped in an isolated deciduous forest in western
Bohemia (Fiala 2019). The population density of am-
brosia beetles in fragmented forests is influenced by
the flight capability of the beetles. Ambrosia beetles
are weak fliers. Whereas other bark beetles can fly
tens of kilometres (Nilssen 1984), T. lineatum and
T. domesticum have a maximum range of 0.5 km, and
X. germanus have a maximum range of 2 km (Salom
& McLean 1989; Grégoire et al. 2001).

The number of trapped beetles may also be influ-
enced by the height of the trap placement (Hanula et
al. 2011); forest openness (Dodds 2011); trap type,
colour, and shape, and the volatiles used as lures
(Hanula et al. 2011). Theysohn traps are preferred by
some, but not all, species of ambrosia beetles (Flecht-
mann et al. 2000).

Both of the tested lures attracted T. lineatum be-
cause both contain lineatin. A higher content of al-
cohols probably explained the higher numbers of
A. dispar, T. domesticum, and X. saxeseni in the traps
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Table 1. The total numbers of ambrosia beetles captured in the Theysohn traps, the mean numbers (+ SE) captured per
trap containing Trypowit® or Lineatin Kombi®, and a statistical comparison of trapping by Trypowit® vs. Lineatin Kombi®

. Total No. of Mean No. of beetles Mean No. of beetles Wilcoxon pair test

Species 1 2
beetles trapped per trap per trap (z; P)

Anisandrus dispar
(Fabricius, 1792) 8 0.2+0.2 14 +£0.5 1.83; 0.06
Trypodendron domesticum .
(Linnaeus, 1758) 95 6.6 + 1.4 12.4+ 3.0 1.35; 0.18
Trypodendron lineatum )
(Olivier, 1795) 35 3.8+1.6 32+11 0.73; 0.46
Xyleborinus attenuatus
(Blandford, 1894) > 0202 -
Xyleborinus saxeseni
(Ratzeburg, 1837) 46 1.2+1.2 8.0+ 3.8 1.83; 0.06
Xyleborus dryographus
(Ratzeburg, 1837) 2 0.4+04 -
Xyleborus monographus )
(Fabricius, 1792) 12 0.4+ 0.4 2.0+1.0 1.60; 0.11
Xylosandrus germanus 1 02402

(Blandford, 1894)

lcontaining Trypowit®; 2containing Lineatin Kombi®; z — Wilcoxon pair test

containing Lineatin Kombi® than in the traps con-
taining Trypowit®, although the differences were not
statistically significant (Table 1). However, ambro-
sia beetles could be also caught in high numbers in
lineatin-baited traps (Franjevi¢ et al. 2019), although
the reason is not known. The attraction of ambro-
sia beetles to ethanol is generally recognised, even
in the very common X. saxeseni species (Markalas
& Kalapanida 1997). Some semiochemicals are known
to increase or reduce the attraction of ambrosia bee-
tles to pheromone traps; conophthorin, for example,
increases the attraction of X. germanus (Ranger et
al. 2014), and terpinolene and verbenone reduce the
attraction of Xyleborus fornicatus (Eichhoff, 1868)
(Karunaratne et al. 2008). These compounds, howev-
er, probably represent only a few of the components
of the complex mixtures of volatiles that affect beetle
behaviour. In addition, different ratios of volatiles can
elicit different reactions from insects.

Information on ambrosia beetle numbers and on the
spread of pathogens by ambrosia beetles is generally
based on randomly collected data that are not readily
accessible to forest managers. This unfortunate situa-
tion could be improved to some extent by the perma-
nent monitoring of the most important forest pests
with ethanol lures. Also, however, the lures investigated
in the current research could be useful for the monitor-
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ing of ambrosia beetles in oak forests, which have been
in decline for many years in Europe (Oszako 1998).
Ambrosia beetles are among the pests that most
damage forests and warrant being quarantined be-
cause they are frequently moved intercontinentally
(Haack 2001; Westphal et al. 2008). Early detection of
these potentially invasive species is critical for their
effective management; although the current surveil-
lance methods have intercepted many species, they
failed to detect others that subsequently became
significant pests (Bashford 2012; Rassati et al. 2015).
Adding pheromones to host volatile-baited traps in-
creased the number of species detected (Flaherty et al.
2018). We suggest further research using the lures in
the current study for detection of pests in large wood-
storage areas, because the mass trapping of ambrosia
beetles in such areas could substantially reduce the
damage to the wood (Lindgren & Fraser 1994).

Acknowledgement: The authors thank Bruce Jaf-
fee (USA) for the editorial and linguistic improve-
ment of the manuscript.
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Abstract

Phloeosinus aubei is invasive in Central Europe, spreading northward from the
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protected areas, as well as junipers, thujas and cypresses in nurseries and urban envi-
ronments. In 2020 and 2021, we conducted two experiments to compare various
lures for trapping P. aubei. In the first experiment, we compared four lures: a-pinene;
turpentine; a mixture of cade oil, juniper berry oil and ethanol; and a juniper branch
(8-10 cm long, 3-5 cm wide) deployed with ethanol. In the second experiment, we
compared Hostowit® with a juniper branch (8-10 cm long, 3-5 cm wide) deployed
with ethanol. In both experiments, juniper branches deployed with ethanol attracted a
greater number of P. aubei beetles compared to the other lures. In total, we captured
1056 individuals belonging to 36 species of Scolytinae. Among the most abundant spe-
cies, Xyleborinus saxesenii, Xyleborus monographus and Anisandrus dispar were lured by
ethanol in combination with other substances or deployed with juniper branches. Xyle-
borus dryographus showed a positive association with turpentine. Ips typographus was
positively associated with a-pinene, while Orthotomicus laricis, Hylastes attenuatus and

Gnathotrichus materiarius were positively associated with Hostowit® lure.

KEYWORDS
ambrosia beetles, bark beetles, invasive beetles, Juniperus, lures, small cypress bark beetle,
trapping, turpentine

1 | INTRODUCTION et al., 2013; Pureswaran et al., 2022), the availability of reliable tools

for early interception of incoming species becomes paramount.

Early detection of invasive bark and ambrosia beetles is crucial for
mitigating the potential damage they can cause to trees, habitats, bio-
diversity and the economy (Aukema et al., 2011). Bark beetles primar-
ily feed on phloem, disrupting the transportation of substances
produced by photosynthesis, while ambrosia beetles feed on fungi
that they carry in their mycangia into tunnels in the wood (Hulcr
et al,, 2007). In addition to direct damage, both, bark and ambrosia
beetles can also vector pathogenic fungi, leading to further detrimen-
tal impacts (Hulcr & Stelinski, 2017; Masood & Saeed, 2012;
Montecchio & Faccoli, 2014). With climate change projected to
increase the establishment of new nonnative species (Lovett

The bark beetle Phleosinus aubei Perris, 1855 is native to the
Mediterranean region (Balachowsky, 1949; Beaver et al, 2016;
Schedl, 1969) and is known to cause extensive tree mortality in that
area. Its primary native host is the Italian cypress Cupressus sempervi-
rens L. Infestation by this pest leads to the drying of its branches and
stems. In Tunisia, P. aubei exhibits two generations per year and three
sister broods, with a fecundity rate of 10-25 eggs per gallery and a
nearly equal sex ratio (Bel Habib et al., 2007, 2009). The tunnelling
activity of P. aubei within trees provides an entry point for the fungus
Seiridium cardinalce (W.W. Wagener) B. Sutton & .A.S. Gibson, which
causes cypress canker—a disease that ultimately results in the death
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of the host tree (Danti & Rocca, 2017; Ponchet, 1981; Verdu, 1991).
Both the fungus and its beetle vector have been introduced to Central
Europe from Mediterranean regions likely because of climate change
(Bozsik & Szocs, 2017; Fiala & Holusa, 2019; Sobczyk &
Lehmann, 2007). Additionally, the spread of the fungus is associated
with global trade (Mertelik & Sindelkova, 2003; Urbasch, 1993).

In Central Europe P. aubei has the potential to become a pest of
mature, naturally occurring juniper trees (Juniperus communis L.) in
protected areas, particularly on weakened and damaged trees (Fiala &
Holusa, 2019). It can also infest other host trees such as thujas and
cypresses, commonly found in urban gardens, parks and commercial
horticulture. Incidents of P. aubei damage have already been observed
in ornamental nurseries and parks (see Bozsik et al, 2022; Fiala
et al., 2022; Fiala & Holusa, 2019). Thus, the development of effective
monitoring strategies for the early detection of P. aubei is of utmost
importance and should be considered a research priority.

The use of attractive lures, including pheromones, is essential in
trapping protocols for monitoring beetles of the Scolytinae subfam-
ily (Coleoptera: Curculionidae) (Seybold et al., 2018; Zhang
et al., 2007). However, the current unavailability of identified phero-
mones for P. aubei prevents the use of pheromone traps (Bozsik
et al., 2016). Previous studies have collected volatiles (juniper berry
oil, turpentine) from common hosts of P. aubei, such as the Ameri-
can arborvitae, Thuja occidentalis L. cultivar ‘Smaragd’ (Bozsik
et al.,, 2016, 2022) and Platycladus orientalis (L.) (Yang et al., 2006).
Electroantennography demonstrated the attraction of adult beetles
to the volatiles from the latter. However, other volatiles collected
from P. orientalis (a-pinene, 3-carene, sabinene and widdrene) failed
to attract the adult beetles in the field (Sun et al., 2013), despite
some, particularly a-pinene, being known as primary attractants for
bark beetles associated with conifer trees (Schroeder, 1988). The
commercially produced lure Hostowit® (Witasek GmbH, Austria)
has also shown attractiveness to P. aubei (Sun et al., 2013), although
its specific components are unknown. In addition to baited traps,
another common approach for attracting bark and ambrosia beetles
is using host tree parts soaked or filled with ethanol (Cavaletto
et al., 2023; Ranger et al., 2021). Ethanol serves as a key olfactory
cue for several wood-boring beetles (Miller & Rabaglia, 2009) and
can enhance the attractiveness of other host volatiles emitted by
the logs.

To enhance trapping strategies for P. aubei, our study aimed to
investigate (i) the attractiveness of juniper branches deployed with
ethanol compared to traps baited with previously identified effi-
cient volatiles for P. aubei, and (ii) the attractiveness of juniper
branches deployed with ethanol compared to traps baited with a
commercially produced lure known to attract P. aubei. We hypothe-
sised that the number of beetles captured would be higher using
juniper branches deployed with ethanol as compared to the other,
simpler lures. Additionally, (iii) we took the opportunity to assess
whether other Scolytinae species trapped during the survey exhib-
ited any preference for the tested lures, considering that the trap-
ping strategies tested might also attract other bark and ambrosia

beetle species.

2 | MATERIALS AND METHODS

21 | Study localities

The experiments were conducted in 2020 and 2021 at five selected
localities in central and western Bohemia, where host trees were pre-
sent. The presence of P. aubei had been previously confirmed at all
the study sites (Fiala & Holusa, 2019; Fiala observ.). Three of the local-
ities consisted of open forests or abandoned pastures with juniper
trees: Zaborna Lhota (49.7679° N, 14.3120° E, 1.2 ha in area, 10%
juniper representation, 400 m asl); Nature Monument Jalovce na
Svétoviné (49.8774° N, 13.7380° E, 0.9 ha in area, 50% juniper repre-
sentation, 405 m asl); and Nature Monument Jalovcové strané nad
Vrbickou (50.1878° N, 13.2772° E, 48 ha in area, 30% juniper repre-
sentation, 520 m asl). The remaining two localities were in the village
of Hudlice (Hudlice 1 and Hudlice 2, 49.9624° N, 13.9732° E and
49.9618° N, 13.9616° E, respectively, 400 m asl), where damage to
thujas and cypress trees in the gardens of residents had been
observed (Fiala observ.).

211 | Experiment1

In 2020, we compared the attractiveness and trapping efficacy of four
treatments for P. aubei. The treatments included a-pinene (as a con-
trol); turpentine; a mixture of oils (cade oil, juniper berry oil and etha-
nol) (see Appendix 1) (all provided by Fytofarm s.r.o., Slovakia), and a
juniper branch with ethanol. We used a-pinene as a control because it
is a basic compound emitted by juniper trees (Foudil-Cherif
et al., 2009) and we hypothesised that P. aubei would be primarily
attracted to a-pinene. The three chemical lures were placed in evapo-
rators (polypropylene tubes; diameter = 23 mm, height = 49 mm,
volume = 12.5 mL, weight without attractant = 3.5 to 4.0 g); each
evaporator contained 6 ml of lure. The juniper branches used were 8-
10 cm long and 3-5 cm wide, and were deployed with UHR ethanol
(Alpha Scents, Inc., USA), hung side by side. The branches were cut
from a single juniper tree immediately before the experiment. The
branches were checked for P. aubei and other bark beetles' presence
before experiment, small twigs were removed, and branches were cut
into shorter pieces. All four lures were deployed at traps at all five
localities. At each locality, we placed 20 Ecotrap® black traps with dry
cups (Fytofarm spol. s r.o., Slovakia; five replicates for each treat-
ment); each trap had an intercept area of 5550 cm?. The traps with
lures were positioned 130 cm above the ground using sticks, along an
east-west transect, with one evaporator or branch per trap and 10 m
spacing between traps. The height of the traps corresponded to the
height of the host trees.

212 | Experiment2

In 2021, we conducted the subsequent experiment at two localities

(Hudlice 1 and Jalovce na Svétoving). Two lines of 10 Ecotrap® black
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traps were set up in each locality, running in an east-west direction.
The traps within a line were 10 m apart, and the lines themselves
were also 10 m apart. In each trap, we placed Hostowit® tube dis-
pensers (Witasek GmbH, Austria) and juniper branches with UHR
ethanol.

The traps with lures were deployed at the end of April and were
checked every 14 days until the end of June in both experiments. Col-
lected beetles were frozen and subsequently identified to species by
the first author of the study. Even if the beetles were damaged
by predators, we were able to determine the remains and ascertain

the number of specimens and species present.

2.2 | Statistical analyses

We analysed the data in the R 4.2.1 programme (R Core Team, 2022).
In order to determine the factors influencing the trapping results, we
built a series of generalised linear mixed models (GLMM) based on the
Akaike information criterion (AIC) from the ‘Ime4’ library (Bates
et al., 2015). Locality was included as a random term, while lures, sam-
pling dates and their interaction were considered as explanatory vari-
ables. The significance of individual explanatory variables in the GLMM
was determined by comparing the models with the corresponding sim-
plified models (excluding the focal variable) or the null model. To
address algorithm convergence issues, models were rescaled to
100,000 iterations, with the tolerance for declaring convergence in the
penalised iteratively weighted residual sum-of-squares set on
1 x 1073, and with the ‘nloptwrap’ optimization algorithm.

Initially, we analysed the variation in the occurrence of P. aubei
among the four types of lures in Experiment 1. As a result of the lim-
ited capture of P. aubei beetles (rarely two specimens per replication),
we opted to treat the data as presence/absence rather than abun-
dance data (following a binomial distribution, logistic link). The
abundance was considered as a weight, where a weight of 1 was
assigned for traps with O or 1 beetle and a weight of two for traps
with two beetles. To build the model, we focused on data from the
first three sampling dates, as no P. aubei specimens were captured on
the fourth date. Including the fourth date would not substantially alter
the results but could hinder model algorithm convergence.

Subsequently, we conducted a similar analysis to investigate the fac-
tors influencing the overall abundance of all beetles. For this analysis, we
employed a GLMM with a negative binomial distribution and a logarith-
mic link from the ‘MASS’ library (Venables & Ripley, 2002). Furthermore,
we examined the species richness (GLMM with Poisson distribution, log-
arithmic link), and a ratio of P. aubei specimens to all beetles (GLMM with
binomial distribution, logistic link). Corresponding models were built and
analysed for Experiment 2 as well. Finally, visualisations of the data were
generated using the ‘sciplot’ library (Morales, 2020).

To examine the factors influencing community composition, we
conducted permutational multivariate analysis of variance using dis-
tance matrices (PERMANOVA) with the Bray-Curtis distance matrix.
This analysis was performed using the ‘vegan’ library (Oksanen
et al, 2022), using a permutation test with 999 permutations.

An international journal of the QQD

We employed stepwise forward selection based on AIC for model
construction. Complementing the PERMANOVA, we conducted
constrained ordinations: partial canonical correspondence analysis (p-
CCA) in the case of the first, and partial redundancy analysis (p-RDA) in
the case of the second experiment. In these ordinations, locality and
sampling date were treated as covariates, with lure considered as an
explanatory variable. The statistical significance of the results was
assessed using the Monte-Carlo permutation test with 999 permuta-
tions. Additionally, we employed multi-level pattern analysis from the
‘indicspecies’ library (De Caceres & Legendre, 2009) to identify bark
beetle species that exhibited significant associations with specific lures.

3 | RESULTS

A total of 1056 bark and ambrosia beetles (Scolytinae) representing
36 species were detected in both experiments (Appendices 2 and 3).
Among these, four species were detected in all localities and in both
experiments: Hylastes attenuatus, Pityogenes chalcographus, Xyleborinus
saxesenii and P. aubei. P. chalcographus was the most abundant species,
representing almost 40% of all individuals detected, followed by Ips typo-
graphus and H. attenuatus, both representing >10% of all bark and
ambrosia beetles detected. X. saxesenii accounted for 8% of the detected
bark beetles. The remaining species represented less than 5% of the total
number of bark beetles detected. Only 36 specimens of P. aubei were
detected, representing 3.6% of all individuals observed (Appendices 2

and 3). No bark beetles were observed actively digging the branches.

3.1 | Experiment1

3.1.1 | Phloeosinus aubei presence

After accounting for the effect of locality, the presence of P. aubei varied
among sampling dates (df = 290, % = 25.66, p < .001), lures (df = 292,
x2 = 17.14, p < .001), and showed a significant interaction between sam-
pling date and lure (df = 289, x*> = 9.92, p = .019). Throughout the sam-
pling period, the number of P. aubei beetles gradually decreased. The
highest capture rate of the P. aubei beetles was observed in trap baited
with a juniper branch with ethanol, but its effectiveness decreased rap-
idly compared to other lures (Figure 1a). Juniper branch with ethanol
attracted significantly more P. aubei beetles compared to traps baited
with a-pinene (z=2.70, p =.007) but similar to mixture of oils
(z= —4.40, p = .661) and turpentine (z = —4.28, p = .719).

3.1.2 | Abundances of all bark and ambrosia beetles
After accounting for the effect of locality, the total bark beetle abun-
dance varied among sampling dates (df = 389, x? = 28.20, p < .001)
and lures (df = 391, x2 = 14.54, p = .002), with significant interaction
between sampling date and lure (df = 386, x? = 20.83, p <.001).
Throughout the sampling period, the number of beetles detected
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FIGURE 1 (a) Abundance of Phloeosinus aubei. (b) Abundance of FIGURE 2 (3) Diagram of partial canonical correspondence

all bark beetles in traps, affected by sampling dates and lures in
Experiment 1 (mean + SE).

gradually decreased. Most of them were captured using a-pinene lure.
However, the effectiveness of a juniper branch with ethanol, unlike

other lures, rapidly decreased over time (Figure 1b).

3.1.3 | Community and species affiliation to lures
The community composition was primarily affected by locality
(df =196, F=12.72, p =.001, R? = .198), followed by sampling
date (df = 195, F=5.73, p =.001, R? =.022), and then by lure
(df = 192, F=2.78, p =.001, R%2 = .032). Partial CCA considering
the effect of locality and sampling date as covariates, revealed a sig-
nificant effect of lure (df = 192, F = 1.70, p = .002) (Figure 2a,b).
Multi-level pattern analysis revealed associations between certain

bark beetle species and specific lures. X. saxesenii was associated with

analysis (p-CCA) analysis showing the species composition of beetles
in relation to individual lures. (b) PCoA based on p-CCA showing
differences between samples in relation to individual lures.

the mixture of oils (stat = 0.429, p =.001), I. typographus with
a-pinene (stat = 0.606, p = .001), P. aubei and Xyleborus monographus
with juniper branch deployed with ethanol (stat = 0.325, p = .007;
stat = 0.323, p = .028; stat = 0.273, p = .046), and Xyleborus dryogra-
phus with turpentine (stat = 0.411, p = .011).

3.2 | Experiment2

3.2.1 | Phloeosinus aubei presence

After accounting for the effect of locality, the presence of P. aubei did
not significantly differ among sampling dates (df = 35, x? = 0.28,
p = .599) or between lures (df = 35, x?> = 0.28, p = .599) (Figure 3a).
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all bark beetles, in traps, affected by sampling dates and lures in
Experiment 2 (mean + SE).

3.2.2 | Abundances of all bark beetle species

After accounting for the effect of locality, the abundance differed
among sampling dates (df = 71, x> = 78.02, p < .001) but not between
lures (df = 70, x> = 0.39, p = .531). However, there was a significant
interaction between the sampling date and the lure (df = 70, x> = 7.53,
p = .023). The number of beetles detected increased over time and
then decreased, but the effectiveness of a juniper branch with ethanol
decreased earlier compared to Hostowit® (Figure 3b).

3.23 | Community and species affiliation to lures

The community composition was primarily affected by lure
(df =31, F=4.76, p=.001, R?>=.133). Partial CCA analysis,

6 8

FIGURE 4 (a) Diagram of partial canonical correspondence
analysis (p-CCA) analysis showing the species composition of
beetles in relation to individual lures. (b) PCoA based on p-CCA
showing differences between samples in relation to individual
lures.

considering the effect of locality and sampling date as covariates,
confirmed the significant effect of lure (df =31, F= 1.30,
p = .001) (Figure 4a,b).

Multi-level pattern analysis diagnosed that Anisandrus dispar
was associated with juniper branch deployed with ethanol
(stat = 0.784, p = .002), while H. attenuatus, Orthotomicus laricis
and Gnathotrichus materiarius were associated with Hostowit®
(stat = 0.799, p =.001; stat=0.598, p=.015; stat= 0.586,
p = .016, respectively). P. aubei did not show a clear association

with any specific lure.
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4 | DISCUSSION

Our finding indicate that juniper branches deployed with ethanol were
the most effective lure in attracting P. aubei. In Experiment 1, both
male and female P. aubei beetles were more attracted to juniper
branches with ethanol compared to other lures. The volatiles released
by host tissues (e.g., freshly felled trees, trunk segments, branches,
wood fragments, or bark) are known to attract bark and ambrosia bee-
tles (Addesso et al., 2019; Chen et al., 2021; Holusa et al., 2017;
Lieutier et al., 2004; Mezei et al.,, 2022; Pfeffer, 1955; Resnerova
et al., 2020). Juniper branches likely provide a more attractive combi-
nation of multiple substances, including minor compounds that may
play a role in host finding but have not been fully recognised yet
(Kalinova et al., 2014), compared to simple substances like turpentine,
cade oil and juniper berry oil. The content of monoterpenes in volatile
emissions differs qualitatively (Loreto et al., 2000) and quantitatively
(Nault & Alfaro, 2001) between intact and wounded conifer branches.
Cut branches typically emit a greater variety of volatile compounds
compared to intact ones, although some compounds are specific to
intact plants (Fall et al., 1999). Despite our observation of catching
P. aubei on branches lacking small twigs and needles, we did not find
evidence of the beetles chewing on the cut branches. This highlights
the advantage of using cut branches in monitoring, as it eliminates the
need to search for beetles within the branches.

As described in the literature, drying gradually reduces the attrac-
tiveness of trees to bark beetles (Langstrém, 1983). Therefore, it was
not surprising that the number of P. aubei beetles caught in traps bai-
ted with juniper branches with ethanol decreased over time as the cut
branches dried. Additionally, the attraction of branches can decline as
beetles feed on them (Tilles et al., 1986; Zumr & Stary, 1992). In Cen-
tral Europe, P. aubei exhibits two flight periods. The first period, which
occurs from April to June with a peak in mid-May, is associated with
the construction of nuptial chambers (Nowak et al., 2017). Only adults
from the F1 generation overwinter, as larvae develop slowly
(Pfeffer, 1955). The second flight period, taking place from August to
October, is related to the preparation of overwintering galleries where
maturation feeding occurs (Bozsik & Szdcs, 2017; Tiberi et al., 2016).
Therefore, installing traps with juniper branches and ethanol in early
May is sufficient to detect P. aubei during May and the branches will
remain attractive throughout their flight activity.

In Experiment 2, we compared Hostowit®, a lure previously found
to be attractive to P. aubei (Sun et al., 2013), and juniper branches
with ethanol. The numbers of beetles caught did not differ among
sampling dates or between the two lure types. This finding suggests
that using host branches can effectively attract and detect P. aubei,
eliminating the need for purchasing commercially produced lures.

Despite the probable presence of P. aubei in the Czech Republic
since the 1950s, this species was found in small numbers during the
current study. P. aubei is more common in the eastern part of
the country compared to the western part (Fiala & Holusa, 2019),
which could explain its low abundance at localities in west Bohemia.
However, even with low population densities P. aubei has the poten-

tial to multiply rapidly in suitable environments, such as ornamental

nurseries (Fiala et al, 2022; Fiala & Holusa, 2019; Mertelik
et al., 2007). The effectiveness of the trap strategies used in this study
may generally be low, as evidenced by the lack of attacks or deaths of
juniper trees in most of the studied localities. However, in the Hudlice
locality (Hudlice 1), P. aubei caused significant damage by destroying
an entire cypress plantation, despite only capturing one male in the
area. This highlights the need to consider the mere presence of
P. aubei as a potential threat to trees. Phloeosinus bark beetles, includ-
ing P. aubei, have strong dispersal capabilities and can cover distances
of over 24 km during flight (Furniss & Furniss, 1972). Consequently,
they can quickly appear in locations where they were previously
unknown. Increased population densities of P. aubei can occur on
weakened and damaged juniper trees found naturally in protected
areas (Fiala & Holusa, 2019), and the beetle are then likely to spread
to surrounding areas.

Besides P. aubei, we captured a total of 34 other bark and ambro-
sia beetle species, which represents more than one-fourth of the
known species in Central Europe (Alonso-Zarazaga et al., 2021).
Among these species, the most frequent and/or most abundant ones
in both years of the study were H. attenuatus, X. saxesenii,
I. typographus and P. chalcographus. These species are commonly
found in central Europe (Pfeffer, 1955). The latter two species are cur-
rently experiencing outbreaks in the coniferous and urban forests
throughout Central Europe (Fiala et al., 2022; Hlasny et al., 2021).
Consistent with a previous report, which found that the flight activity
of the most abundant beetles was highest in May (Pfeffer, 1955), we
observed that the number of captured beetles was highest in May in
both experiments of the current study. The pattern may be attributed
to the fact that a-pinene, the main attractive substance of conifers for
many abundant bark beetles (Gallego et al., 2008; Schroeder, 1988;
Schroeder & Lindeléw, 1989; Zumr, 1989), was used as the lure during
the period. Thus, the number of captured bark beetles, particularly
I. typographus, was highest when a-pinene was used. The species rich-
ness varied greatly among localities because of differences in tree
species composition among those areas.

In our study, we observed that X. saxesenii, X. monographus and
A. dispar, were attracted to ethanol in combination with other sub-
stances or deployed with branches. This response is consistent with
the general preference of ambrosia beetles for ethanol, which is pro-
duced in aged woody material through anaerobic respiration
(Lindelow et al., 1993; Miller & Rabaglia, 2009; Moeck, 1970). Ethanol
is known to be produced in trees in response to various environmen-
tal stresses including flooding, drought, or high levels of pollutant
gases (MacDonald & Kimmerer, 1991; Montgomery & Wargo, 1983).
Interestingly, the effectiveness of ethanol as an attractant varied
among different species. Higher concentrations were found to
enhance the attraction of X. saxesenii and A. dispar, while they
decreased the ability of Xylosandrus germanus or Xylosandrus
crassiusculus to attack the tree. The addition of a-pinene to ethanol
has been shown to affect the capture of ambrosia bark beetles,
increasing the attraction of X. saxesenii and decreasing the attraction
of Xyloterinus politus (Addesso et al., 2019; Cavaletto et al., 2021;
Ranger et al., 2011, 2018; Rassati et al, 2020; Reding et al, 2011).

85U8D17 SUOWWOD 3RS0 3(deat|dde 3y} Aq peusenob afe sapie YO ‘SN 0 S3INJ 104 A%eiq1T 8UIUO A1 UO (SUOTPUOD-PUE-SWLBIAL0D A8 |IM A eI 1[oul JUO//StNY) SUORIPUOD pUe SWR L 38U} 88S *[£202/80/0T] Uo ARigITauluO A8|iM Aenins 01601089 4aezD Aq 0982T Gee/TTTT OT/I0p/W0o &3] im Akeiq 1 jeuljuo//SAny Wwoiy papeo|umod ‘0 ‘8rELrYLT



FIALA ET AL.

Annals of Applied Biology =ab WI LEY. 7

This suggests that the response to ethanol and combination of different
volatile compounds can be species-specific for ambrosia beetles.

X. dryographus, a common polyphagous ambrosia beetle, is known
to feed primarily on oak trees, particularly at lower elevations
(Pfeffer, 1955). Its positive attraction to turpentine can be attributed
to the fact that oak trees emit terpenoids (Loreto, 2002; Staudt
et al., 2004); attraction of X. dryographus to turpentine, in addition to
ethanol, has been observed in previous studies (Fiala, 2019; Galko
et al., 2014), as this species was captured on traps baited with turpen-
tine in Italy (Francardi et al., 2009).

Hostowit® is presented as a universal attractant for pests on
coniferous wood, intended to enhance the effectiveness of other
attractants. We observed positive attraction of three species,
H. attenuatus, O. laricis, G. materiarius, whose host plants are conifers,
to this lure. However, it is important to note that this observation is
based solely on a comparison of number of beetles caught on juniper
branch deployed with ethanol in Experiment 2. The higher number of
captured beetles from these three species was only observed at one
site in the experiment, probably because of the influx of species
emerging from coniferous firewood stored in a neighbouring plot near
the traps with Hostowit®. Thus, it can be inferred that beetle of these
species exhibited a preference for traps with Hostowit® over bait with
ethanol. However, conclusive statements cannot be made based on
this finding alone.

H. attenuatus and O. laricis are common species in Central Europe
(Holu3a et al., 2019; Pfeffer, 1955), but little is known about their
pheromones, except that they are typically attracted to ethanol and
a-pinene (Faccoli et al., 2020).

G. materiarius is polyphagous invasive bark beetle species that
infests conifers and has successfully spread in Europe. Most of the
published data in Europe regarding this species come from phero-
mone traps targeting bark beetles of the Ips genus (Knizek, 2009;
Mazur et al., 2018; Schneider, 1985; Valkama et al., 1998). The pri-
mary attractant for capturing G. materiarius is sulcatol (Flechtmann &
Berisford, 2003), an alcohol compound. This is why G. materiarius is
also found in traps intended for other species of bark beetles, includ-
ing those using Hostowit® as lure, which contains other alcohol-based

pheromones.

5 | CONCLUSION

Flight intercept traps, including those made from PET bottles (Pajek
et al.,, 2020; Sanguansub et al., 2020; Steininger et al., 2015; Tarno
et al., 2021) can effectively be used for monitoring P. aubei by baiting
them with a juniper or thuja branch (c. 10 cm long and c. 3 cm thick)
deployed with ethanol. Our study demonstrates that even at low pop-
ulation densities, the detection of this bark beetle is possible. Traps
and baits should be placed in central Europe at the end of April and
be exposed throughout May. However, traps baited with branches
deployed with ethanol may also capture other species of bark beetles,

providing an opportunity to monitor multiple species simultaneously.
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APPENDIX 1: Descriptions of the lures used for catching Phleosinus aubei.

Lure Abbreviations Daily vapour (g) Ratio of compounds CAS number
Alpha-pinene® a-pinene 0.070 7785-70-8
Turpentine® Turpentine 0.241 8006-64-2

Cade oil + juniper berry oil 4+ ethanol® Mixture of oils 0.210 1:1:1 Cade oil: 8013-10-3

Juniper berry oil: 8002-68-4
Ethanol: 64-17-5

Juniper branch plus ethanol UHR Juniper + ethanol 0.300 64-17-5

@ The evaporators for these attractants were polypropylene tubes (diameter = 23 mm, height = 49 mm, volume = 12.5 mL, weight without
attractant = 3.5 to 4.0 g). Each tube contained 6 mL of attractant.

APPENDIX 2: Numbers of bark beetles caught with all lures (a-pinene, turpentine, mixture of cade oil, juniper berry oil with ethanol and

juniper branch with ethanol) in all localities of western and central Bohemia in Experiment 1 (2020).

Hudlice Hudlice Jalovce na Jalovcova stran u Zaborna
Species/locality No1 2020 No2 2020 Svétoviné 2020 Vrbicky 2020 Lhota 2020 Total
Anisandrus dispar Fabricius, 1792 1 1 1 3
Crypturgus cinereus Herbst, 1793 3 3
Cyclorhipidion bodoanum Reitter, 1913 3 3
Dryocoetes villosus Fabricius, 1792 1 8 1 5
Ernoporus tiliae Panzer, 1793 2 2
Hylastes ater Paykull, 1800 2 1 3
Hylastes attenuatus Erichson, 1836 1 10 2 1 3 17
Hylastes cunicularius Erichson, 1836 4 2 4 1 11
Hylesinus varius Fabricius, 1775 1 1
Ips acuminatus Gyllenhal, 1827 1 1 2
Ips duplicatus C.R. Sahlberg, 1836 1 1
Ips typographus Linnaeus, 1758 110 33 4 2 5 154
Kissophagus novaki Reitter, 1894 1 1
Orthotomicus suturalis Gyllenhal, 1827 1 1
Phloeosinus aubei Perris, 1855 (female) 3 2 7 4 2 18
Phloeosinus aubei Perris, 1855 (male) 5 3 6 14
Phloeosinus thujae Perris, 1855 2 2
Pityogenes bidentatus Herbst, 1783 1 1
Pityogenes chalcographus Linnaeus, 1760 89 284 5 32 1 411
Pityophthorus lichtensteinii Ratzeburg, 1837 1 1
Platypus cylindrus Fabricius, 1792 1 1
Polygraphus grandiclava C.G. Thomson, 1886 8 8
Polygraphus poligraphus Linnaeus, 1758 1 2 1 4
Scolytus intricatus Ratzeburg, 1837 1 1
Scolytus mali Bechstein, 1805 1 1
Scolytus ratzeburgii E.W. Janson, 1856 1 1
Scolytus rugulosus P.W.J. Miller, 1818 1 1 2
Taphrorychus bicolor Herbst, 1793 3 3
Xyleborinus saxesenii Ratzeburg, 1837 1 4 7 2 20 34

(Continues)
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Hudlice Hudlice Jalovce na Jalovcova stran u Zaborna
Species/locality No1 2020 No2 2020 Svétoviné 2020 Vrbicky 2020 Lhota 2020 Total
Xyleborus dryographus Ratzeburg, 1837 3 46 49
Xyleborus monographus Fabricius, 1792 8 3 11
Xylocleptes bispinus Duftschmid, 1825 1 1
Total 233 360 43 97 37 770

APPENDIX 3: Numbers of bark beetles caught with two lures (Hostowit®, and juniper branch with ethanol) in two localities of western and
central Bohemia in Experiment 2 (2021).

Species/locality Hudlice No1 2021 Jalovce na Svétoviné 2021 Total
Anisandrus dispar Fabricius, 1792 5 44 49
Cyclorhipidion bodoanum Reitter, 1913 11 11
Dryocoetes autographus Ratzeburg, 1837 1 1
Gnathotrichus materiarius Fitch, 1858 19 19
Hylastes ater Paykull, 1800 1 1 2
Hylastes attenuatus Erichson, 1836 96 5 101
Hylastes cunicularius Erichson, 1836 2 2
Hylesinus varius Fabricius, 1775 1 1 2
Ips acuminatus Gyllenhal, 1827 1 1
Ips typographus Linnaeus, 1758 1 1
Orthotomicus laricis Fabricius, 1792 6 1 7
Phloeosinus aubei Perris, 1855 (female) 2 2
Phloeosinus aubei Perris, 1855 (male) 1 3 4
Pityogenes chalcographus Linnaeus, 1760 4 3 7
Scolytus rugulosus P.W.J. Miller, 1818 2 2
Taphrorychus bicolor Herbst, 1793 2 2
Tomicus piniperda Linnaeus, 1758 2 5 7
Xyleborinus saxesenii Ratzeburg, 1837 6 54 60
Xyleborus dryographus Ratzeburg, 1837 2 2
Xyleborus monographus Fabricius, 1792 4 4
Total 148 138 286
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Bark and ambrosia beetles pose significant threats to the stability of forest stands
worldwide, making their control crucial. Among these pests, Gnathotrichus
materiarius, a polyphagous invasive ambrosia beetle living on conifers, has
successfully established itself in Europe. Early identification of these pests plays a
fundamental role in designing effective pest control strategies. The work aimed to
assess the efficacy of different lures in Ecotrap® for capturing of invasive ambrosia
bark beetles. The lures tested included Wood Stainers Lure (containing the potential
pheromone sulcatol for capturing Gnathotrichus materiarius adults), a-pinene,
ethanol UHR, and Cembrawit. The objective was to determine the most suitable
lure for use in traps. In four locations in western Bohemia, a total of 7,410 individuals
from 46 species of ambrosia and bark beetleswere captured. The abundance of
invasive ambrosia beetles (Gnathotrichus materiarius, Cyclorhipidion bodoanum,
Xyleborinus attenuatus, and Xylosandrus germanus) primarily depended on the
day of the season and secondarily on the lure used. Although their population
density was low, more beetles were caught using ethanol as the lure. Notably,
these invasive ambrosia beetles accounted for less than 3 % of the total number
of ambrosia and bark beetles detected (187 individuals). Ethanol was found to
be a universal lure for attracting ambrosia beetles, with the majority of Scolytinae
species being captured in traps baited with ethanol.

KEYWORDS

a-pinene, Cembrawit, Cyclorhipidion bodoanum, Gnathotrichus materiarius, sulcatol,
Xylosandrus germanus, Xyleborinus attenuatus

1. Introduction

Bark and ambrosia beetles are among the most serious pests that threaten the stability of
forest stands worldwide (Hulcr and Dunn, 2011; Hlasny et al., 2021). While bark beetles feed
on the phloem, interrupting the transport of substances produced by photosynthesis and
utilizing transferred fungi to overcome the defensive reactions of the host tree, ambrosia beetles
feed on fungi carried in their mycangia and actively cultivate them on gallery walls within the
wood (Hulcr et al., 2007). Invasive bark and ambrosia beetles pose threats not only to native
biodiversity and functional ecosystems but also to the economic productivity of forest
management (Brockerhoff et al, 2006a; Aukema et al, 2011; Gohli et al., 2016). Early
identification of pests is a fundamental step in invasive bark and ambrosia beetle control, as it
aids in the design of pest management strategies (Douglas et al., 2009).
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Implementing integrated control measures proves more cost-
effective than the loss of timber (Franjevi¢ et al., 2016). For example,
failure to monitor the invasive ambrosia beetle in Pinus taeda L. forests
in the southern USA has resulted in an estimated economic loss
amounting to several hundred dollars per hectare for landowners
(Susaeta etal,, 2016). At the same time, lures require smaller financial
expenditure than the human labor associated with the control of traps
(Sramel et al., 2021).

Bark and ambrosia beetles use a complex chemical communication
system (utilizing pheromones, allomones, kairomones, synomones)
to locate and infest new host trees for feeding, mating, and
reproduction (Wood, 1982; Hulcr et al., 2007; Seybold et al., 2018).
Trees play a crucial role as producers of kairomones. When trees
experience stress due to factors like drought, frost, floods, fire, or
human-induced damage, they release ethanol, which is the most
important volatile compound attractive to ambrosia beetles (Kithnholz
etal., 2001; Kelsey and Joseph, 2003; Ranger et al., 2013, 2019, 2021).
Different combinations of volatile compounds have been employed to
monitor and detect bark and ambrosia beetles at an early stage. One
of the most used approaches involves the simultaneous use of ethanol
and a-pinene (Borden et al., 1980; Schroeder and Lindelow, 1989;
Miller and Rabaglia, 2009; Burbano et al., 2012; Flaherty et al., 2019).

In Europe, most invasive ambrosia beetles originate from
temperate or subtropical regions. When these invasive beetles colonize
new territories with suitable conditions, their population numbers can
increase dramatically over time (Galko et al., 2014; Boland, 2016).
Conversely, under unsuitable conditions, the abundance of ambrosia
beetles remains low, or the population will even disappear (Fiala et al.,
2020). Gnathotrichus materiarius Fitch, 1858 a polyphagous invasive
ambrosia beetle that primarily infests conifers, has successfully spread
throughout Europe (Kamp, 1970). Despite its presence in European
forests for nearly a century, no significant damage has been reported
from G. materiarius infestations (Mazur et al., 2018). Although we can
lure this ambrosia beetle to host tree logs (Fiala et al. in prep.), it is
often caught in traps baited with lures designed for capturing bark
beetles of the Ips genus (Valkama et al., 1997; Fiala, 2019). Commonly
used lures for this purpose include ID Ecolure®, IT Ecolure®,
Cembriwit®, Amitinuswit®, Hostowit®, and ethanol combined with
other lures (Schneider, 1985; Knizek, 2009; Mazur et al., 2018). It is
worth noting that sulcatol, a potential aggregation pheromone, has
also been identified (Flechtmann and Berisford, 2003) and for other
member of Corthylini ambrosia beetles, Monarthrum mali Fitch, 1856
(Miller and Crowe, 2020). All mentioned lures are alcohol-based,
aligning with the use of ethanol for capturing ambrosia beetles
(Lingren and Fraser, 1994; Rassati et al., 2015; Rabaglia et al., 2019).

We aimed to: (i) Analyze the effectiveness of various lure types on
capturing invasive ambrosia beetles in endemic populations in central
Europe; (ii) Analyze the impact of various lure types on species
richness and abundance of both bark and ambrosia beetles, identifying
their distinct responses to lure treatments; (iii) Examine the
proportions of invasive ambrosia beetles and native coniferous bark
beetles in relation to lure attractiveness, emphasizing the lure
preferences of each group; (iv) Assess the potential interaction effects
between season and lure type, elucidating how these factors jointly
influence beetle behavior and their distribution across the
study period.

This work aimed to compare the attractiveness of different lures
and determine which one is most effective in attracting G. materiarius.
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The lures tested included Wood Stainers Lure, containing the
pheromone sulcatol (Flechtmann and Berisford, 2003); a-pinene due
to the preference of coniferous bark beetles (Schroeder and Lindelow,
1989); ethanol as G. materiarius is an ambrosia beetle known to
respond to ethanol (Kelsey and Joseph, 2003), and Cembrawit since
G. materiarius has shown a positive response also to this lure
(Schneider, 1985). We predicted greater catches of invasive ambrosia
beetles, coniferous bark beetles, and Ips spp., in traps baited,
respectively, with ethanol, a-pinene, and the Cembréawit lure.

2. Materials and methods

2.1. Study localities

The experiments were conducted in four localities in western
Bohemia (Czech Republic), in 2022. The invasive ambrosia beetle
species, G. materiarius, Xylosandrus germanus, Cyclorhipidion
bodoanum Reitter, 1913, and Xyleborinus attenuatus Blandford, 1894,
were found to occur in the studied areas. All the localities are
coniferous forests, namely Uboéi (50.0259°N, 12.5859°E, 750 m asl),
Kladska (50.0116°N, 12.6746°E, 865m asl), Zihle (50.0391°N,
13.3520°E, 510 m asl), and Kdyné (GPS 49.4024°N, 13.0995°E, 600 m
asl) (Figure 1).

2.2. Trapping

In 2022, four lures were compared for their ability to attract and
trap G. materiarius: Cembrawit (as the control, Witasek GmbH,
Austria), a-pinene, ethanol UHR (all from Synergy Semiochemicals
Corp., United States), and Wood Stainers Lure (a mixture of a-pinene,
ethanol, and sulcatol) (abbr. as WSL) (Alpha Scents, Inc.,
United States) (Table 1). All four lures were deployed in traps across
all four localities. Each locality had 20 Ecotrap® traps (4 treatments x 5
replicates per treatment) (Fytofarm spol. s r.o., Slovakia) arranged in
a linear transect at 10-meter intervals. This interval is sufficient
because the effectiveness of traps on flying bark beetles can
be calculated in units of meters (Duelli et al., 1997). The traps were
placed 130 cm above the ground using wooden stakes along an east-
west transect, with one lure assigned per trap. Randomly placed in the
trap row, there were five replicates per lure treatment per locality.

The traps, baited with the lures, were deployed at the end of April,
and checked every 14 days until mid-August. The collected beetles
were frozen and subsequently identified by the first author according
to Pleffer (1989). Even if the beetles exceptionally had been damaged
by predators, it was possible to study the remains and determine the
number of specimens and species.

2.3. Statistical analysis

The data were processed using R 4.2.2 (R Core Team, 2022).
Negative Binomial Zero-Inflated Mixed Models from the NBZIMM
library (i, 2020) were fitted to analyze the richness and abundance of
bark and ambrosia beetles. The response variables included the
abundance of all beetles, the richness of all beetles, the overall
abundance of invasive ambrosia beetles (C. bodoanum, G. materiarius,
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Gnathotrichus materiarius were compared (C).

The location of the Czech Republic in Europe (A), the geography of the Czech Republic (B), and the localities where lures for their ability to attract

TABLE 1 Descriptions of the lures used for catching Gnathotrichus materiarius.

Abbreviations Release rate (g/ Compounds CAS number
day)/type of
package
Alpha-pinene a-pinene 0.070/bubble cap 80-56-8
Cembrawit Cembrawit 0.060/pouch Ipsenol, ipsdienol, methyl butenol
and amitinol
Wood Stainers lure WSL 0.362/bubble cap Sulcatol, alpha-pinene, ethanol; Sulcatol: 1569-60-4 alpha-
1:1:1 pinene: 80-56-8 ethanol:
64-17-5
Ethanol UHR Ethanol 0.300/pouch 64-17-5

X. germanus, and X. attenuatus), their richness, and their individual
abundances (except for X. attenuatus, where the model was omitted
due to limited data). As potential explanatory variables, we considered
the type of lure, the day of the season (dos), the quadratic polynomial
of the dos, and the interaction between dos and the type of lure as this
analysis focused on investigating the season-part-dependent effect of
individual lures. The model incorporated sampling location,
individual plots nested within the sampling location, and individual
traps nested in plots as random terms. These components
simultaneously defined the autocorrelation structure as “arl” in
the model.

For the second part of the analysis, Generalized Linear Mixed
Models with binomial distribution from the lme4 library (Bates
et al., 2015) were employed. Since the focus shifted away from the
season, the catches from individual traps were aggregated across
the season. The explanatory variable considered was the type of
substance, while the random terms included sampling location
and individual plots nested within the sampling location. The
response variables were the proportions of individuals of invasive
ambrosia beetles in all ambrosia beetles, the genus Ips, and native
coniferous bark beetles (excluding Ips) in all individuals. The
resulting models were compared with the respective null models
to assess their fit. To monitor potential autocorrelation, auto- and
-correlation function estimation was
of the model. Given the
interdependence of proportions, the resulting p-values were

cross-covariance and
performed on the residuals
adjusted based on the false discovery rate. Potential convergence
issues in the algorithm were addressed by setting the maximum
number of iterations for the model to 10°, establishing a tolPwrss
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tolerance level of 10~ for declaring convergence in the penalized
iteratively weighted residual sum-of-squares, and utilizing the
Gauss-Hermite algorithm. Furthermore, in the model examining
the ratio of individuals of invasive ambrosia beetles to all
individuals, the sampling location Kladska and a-pinene lure were
excluded from the analysis. This decision was made due to the
absence of recorded invasive ambrosia beetles. In the analyses,
WSL was chosen as the control group due to the absence of
invasive ambrosia beetles on a-pinene and their limited abundance
on Cembrawit.

Partial Canonical Correspondence Analysis (p-CCA) from
Canoco 5.01 (ter Braak and Smilauer, 2012) was utilized to investigate
whether the dos and lure had a significant impact on the composition
of beetle communities, with sampling locations included as a covariate.
Before the analysis, rare species were down-weighted, and the results
were assessed using the Monte-Carlo permutation test with 999
permutations. To identify indicator species for each lure, the IndVal
method was employed, which considers the frequency and relative
abundance of the beetles (Dufréne and Legendre, 1997). This was
followed by multilevel pattern analysis using “indicspecies” (De
Céceres and Legendre, 2009) and “labdsv” (Roberts, 2019) libraries.
Most of the plots were generated using the sciplot library
(Morales, 2020).

3. Results

In total, 46 species of bark and ambrosia beetleswere caught
amounting to a total of 7,410 individuals (Supplementary Table S1).
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3.1. Invasive ambrosia beetles

The numbers of G. materiarius captured were primarily
dependent on the day of the season (df,,.=1, dfs,=556,
F=119.65, p<0.001), with higher numbers observed at the
beginning of the season. The lure type also had an effect
(dfyum=3, dfyen =57, F=4.95, p=0.004), where most beetles were
caught using ethanol (Figure 2A). The interaction between the
day of the season and the lure was not found to be significant
(dfum =3, df4en =556, F=1.69, p=0.168). When comparing the
capture of G. materiarius in WSL-baited traps with other lure
treatments, no beetles were captured with a-pinene, fewer beetles
were captured with Cembréwit, and more beetles were captured
with ethanol.

The numbers of C. bodoanum captured were significantly
influenced by the day of the season (df,,,=1, dfs., =556, F=405.82,
p<0.001) with higher numbers observed at the beginning of the
season. The lure type, on the other hand, had an insignificant effect
(dfum=3, dfsn, =57, F=0.80, p=0.497). However, there was a strong
interaction between the day of the season and the type of lure
(dfum=3, dfyen =556, F=35.80, p<0.001). The highest number of
beetles was found in traps baited with ethanol at the beginning of the
season (Figure 2B).

The numbers of X. germanus were significantly influenced by the
day of the season (df,,,=1, dfs,=556, F=633.56, p<0.001) with
higher numbers observed at the beginning of the season. The lure
type, however, had an insignificant effect (df,,,, =3, dfse, =57, F=0.81,
p=0.491). Nevertheless, there was a strong interaction between the
day of the season and the type of lure (df,,, =3, dfs.,=556, F=8.00,
p<0.001). When comparing the catch with WSL-baited traps, no
beetles were found on a-pinene or Cembrawit, while a higher number
of beetles were found on ethanol at the beginning of the season
(Figure 2C).

10.3389/ffgc.2023.1258729

3.2. Richness and abundance of bark and
ambrosia beetles

The average species richness of ambrosia beetles per trap
depended on the day of the season (df,,,, =2, dfy., =552, F=115.26,
p<0.001) with higher richness at the beginning of the season around
the end of the May, and on the type of lure (df,.,=3, dfse.=57,
F=39.96, p<0.001), the interaction between them was not significant
(dfyum=3, dfyen =552, F=1.36, p=0.228, Figure 3A). In comparison to
WSL, lower species richness was captured on «a-pinene and
Cembrawit, but higher species richness was captured on ethanol UHR.

The average abundance of ambrosia beetles per trap depended on
the day of the season (df,,,=2, dfy., =552, F=274.99, p <0.001) with
higher abundance at the beginning of the season around the end of
the May, and on the type of lure (df,,,=3, df4e,=57, F=46.98,
p<0.001) with their interaction (df,,,=6, dfy.,=552, F=2.20,
p=0.041, Figure 3B). In comparison to WSL, lower abundance was
captured on a-pinene and Cembrawit, and similar abundance was
captured on ethanol UHR with except of period from end of May till
end of June, where ethanol UHR was most effective lure.

The average species richness of bark beetles per trap depended on
the day of the season (df,,, =2, dfy., =552, F=156.16, p <0.001) with
higher richness at the beginning of the season around the end of the
May, and tended to depend on the type of lure (df,,,=3, dfs.,=57,
F=2.76, p=0.050), the interaction between them tended to
be significant (df,,,» =3, dfse, =552, F=1.87, p=0.084, Figure 3C). WSL
was the most effective lure at the beginning of the season, later in the
season, its efficacy became comparable to other compounds, leading
to a diminishing distinction in attractant preferences among
bark beetles.

The average abundance of bark beetles per trap depended on the
day of the season (df,,,=2, dfs,=552, F=187.65, p<0.001) with
higher abundance at the beginning of the season around the end of
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FIGURE 2
The numbers of ambrosia beetles caught per trap, including Gnathotrichus materiarius (A), Cyclorhipidion bodoanum (B), and Xylosandrus germanus
(C), varied depending on the type of lure and the date of checking in year 2022 (mean + SE) (WSL, Wood Stainers lure).
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FIGURE 3
The richness (A,C) and abundance (B,D) of ambrosia and bark beetles varied depending on the type of lure and the date of checking in year 2022
(mean + SE) (WSL, Wood Stainers lure).

the May, and on the type of lure (df,.,=3, dfen=57, F=52.86,
p<0.001) with their interaction (df,,=6, dfs,=552, F=12.55,
p<0.001, Figure 3D). In comparison to WSL, lower abundance was
captured on a-pinene, higher abundance was captured on Cembrawit,
and similar abundance was captured on ethanol UHR. Cembrawit had
a different progression of the season than the other types of lure—a
second peak during the season and a much faster decline after that.

3.3. Richness and abundance of invasive
species and all bark and ambrosia beetles

The average species richness of bark and ambrosia beetles per
trap was significantly influenced by the day of the season
(dfyum =2, dfyen =552, F=195.32, p <0.001), with higher richness
observed at the beginning of the season, particularly around the
end of the May. Additionally, the type of lure also had a significant
effect (df,um=3, dfe,=57, F=15.30, p<0.001). However, the
interaction between them was not found to be significant
(dfpum=3, dfyn=552, F=1.72, p=0.114, Figure 4A). When
comparing the species richness captured in WSL-baited traps with
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other lure treatments, lower species richness was observed on
a-pinene and Cembrawit, while higher species richness was
observed on ethanol.

The average abundance of bark and ambrosia beetles per trap was
significantly influenced by the day of the season (df,,, =2, dfy, =552,
F=226.86, p<0.001), with higher abundance observed at the
beginning of the season, particularly around the end of the May. The
type of lure also had a significant effect (df,, =3, dfse.=57, F=63.26,
p<0.001), and there was a significant interaction between them
(dfum =6, dfyen =552, F=14.49, p<0.001, Figure 4B). When comparing
the abundance captured in WSL-baited traps with other lure
treatments, lower abundance was observed on «-pinene, higher
abundance was observed on Cembrawit, and similar abundance was
observed on ethanol. Cembrawit showed a different progression
throughout the season compared to the other lure types, with a second
peak during the season and a faster decline afterward.

The average species richness of invasive beetles per trap was
significantly influenced by the day of the season (df,,m=2, dfsen =552,
F=91.80, p<0.001), with higher richness observed at the beginning of the
season, particularly around the end of the May. The type of lure also had
a significant effect (df,,,=3, dfse,=57, F=2.99, p=0.038, Figure 4C).
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FIGURE 4
The richness (A,C) and abundance (B,D) of both invasive and all bark and ambrosia beetles varied depending on the type of lure and the date of
checking in year 2022 (mean + SE) (WSL, Wood Stainers lure).

However, the interaction between them was not found to be significant
(dfyum=3, dfs, =552, F=1.13, p=0.339). When comparing the species
richness captured in WSL-baited traps with other lure treatments, no
beetles were captured on a-pinene, lower species richness was observed
on Cembrawit, and higher species richness was observed on ethanol.

The average abundance of invasive beetles per trap is significantly
influenced by the day of the season (df;,,,=2, dfse, =558, F=98.05,
p<0.001), with higher abundance observed at the beginning of the
season, particularly around the end of the May. The type of lure also
had a significant effect (df,,,=3, dfsen=57, F=5.89, p=0.001,
Figure 4D). When comparing the abundance captured in WSL-baited
traps with other lure treatments, no beetles were captured on a-pinene,
lower abundance was observed on Cembriwit, and higher abundance
was observed on ethanol.

3.4. Ratio of invasive beetles to all bark and
ambrosia beetles

The proportion of invasive ambrosia beetles to all ambrosia beetles
depended on the type of the lure (df=40, y*=10.52, p=0.005, Figure 5A).
In comparison to WSL, no beetles were captured on a-pinene, the higher
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proportion was captured on Cembrawit (z=2.96, p=0.003), and the lower
proportion tended to be captured on ethanol UHR (z=1.69, p=0.092).
The proportion of Ips beetles to all individuals was significantly influenced
by the type of the lure (df=74, y*=5267.30, p<0.001, Figure 58). When
comparing the proportion in WSL-baited traps with other lure treatments,
there was a tendency for a higher proportion to be captured on a-pinene
(z=1.78, p=0.075), a higher proportion was captured on Cembrawit
(2=37.51, p<0.001), and there was a tendency for a lower proportion to
be captured on ethanol (z=—1.73, p=0.083).

The proportion of native coniferous beetles (excluding Ips) to all
individuals was significantly influenced by the type of the lure (df=74,
¥>=33.65, p<0.001, Figure 5C). When comparing the proportion in
WSL-baited traps with other lure treatments, a similar proportion was
captured on a-pinene (z=0.19, p=0.847) and Cembrawit (z=0.10,
p=0.532), while a lower proportion was captured on ethanol
(z=—5.03, p<0.001).

3.5. Associated taxa

Of the 46 species of bark and ambrosia beetles identified, 16 were
found to significantly respond to one or more lures. Table 2 presents
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TABLE 2 Species of bark and ambrosia beetles significantly associated
with studied lures or their associations (WSL, Wood Stainers Lure).

Lure/lures Species Stat p-value
associations
Cembrawit Ips typographus 0.668 0.001%%**
Ips cembrae 0.379 0.001%%#*
Pityokteines 0.237 0.001%%#*
vorontzowi
Ethanol Anisandrus dispar 0.487 0.0017%#%
Cyclorhipidion 0.209 0.002°%*
bodoanum
a-Pinene and WSL Tomicus piniperda 0.256 0.001#%**
Hylastes angustatus 0.254 0.013%
Hylastes attenuatus 0.241 0.015%
Ethanol and WSL Dryocoetes 0.503 0.001%**
autographus
Xyleborinus 0.367 0.001#%**
saxesenii
Xylosandrus 0.301 0.001%#%**
germanus
Gnathotrichus 0.282 0.001%%#*
materiarius
Hylurgops palliatus 0.244 0.001 %
a-Pinene and Ethanol Trypodendron 0.387 0.001 %
and WSL lineatum
Cembriwit and Ethanol | Orthotomicus laricis 0.25 0.029*
and WSL
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the species that were associated with some lure (i.e., they were caught
on this lure at higher frequencies and abundances).

Furthermore, p-CCA analysis (after removing the effect of
locality) revealed that the species spectrum of bark and ambrosia
beetles was primarily influenced by the lure (df=381, F=20.30,
p=0.002) and secondarily by the day of the season (df=381, F=6.10,
p=0.025; Figures 6A,B).

4. Discussion

Sulcatol has been reported as a potential aggregation pheromone
of G. materiarius (Flechtmann and Berisford, 2003). This is likely
because sulcatol has been detected in the guts of males that initiate
attacks on the host tree and ceases production after mating with
females (Flechtmann and Berisford, 2003). However, we captured
more G. materiarius in ethanol-baited traps than in WSL-baited traps
(Table 2). The details and chiral ratio of sulcatol in WSL are unknown
to us, while the chiral ratio of the pheromone observed from the
headspace of G. materiarius was 31% (S)-(+)- and 69% (R)-(—)-
sulcatol (Flechtmann and Berisford, 2003). No G. materiarius has been
caught on sulcatol in the USA (Miller and Crowe, 2020).

Ethanol alone significantly attracted all ambrosia beetles. It is well-
established that ethanol is the primary volatile lure for ambrosia
beetles (Kithnholz et al., 2001; Kelsey and Joseph, 2003; Ranger et al.,
2013,2019,2021; Supplementary Table S2). Therefore, it was expected
that ethanol would have a higher capture ratio of invasive ambrosia
beetles compared to the other lures.

Among the 46 bark and ambrosia beetle species detected,
C. bodoanum, G. materiarius, X. attenuatus, and X. germanus are the
invasive ambrosia beetle species that were expected to be found. These

frontiersin.org


https://doi.org/10.3389/ffgc.2023.1258729
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org

Fiala et al.

10.3389/ffgc.2023.1258729

1.0

PlaiCyln &

ethanol
Dyl

PolgPoly

_ 4 Dos
AnisDisp

Abylskerd A

Yo
TnpDums  a  Demdrct Drvacoer
KyihSars 4 o &

Grathot
A Nl ong
Drvedutg & =
cembrawit
&
< IpsCentby

PineVorn & &
PirySpir

Crypnig & Pityiich &8, fo T

Crapturg

alrth At A i

Crypap A OrthLae
HylyCupe -

Ipsde
HyirPall bl i
Trypline  Fivlsdim 5
HyfsBrind &, Hyiotipae
InsThuplc & O Hilsdings
KidesSyrinds
Tame Pl & Hudelign

PitQuad &

&
PityGlah

Tingpleitict

a-pinene
&
CripPice

-1.0

cembrawit

-4

-1.0 1.0

FIGURE 6

season; WSL, Wood Stainers Lure).

Ordination diagram of the p-CCA method showing the different compositions of the bark and ambrosia beetle assemblages depending on the lure
(A) and PCoA diagram based on the p-CCA (B) analysis showing the different communities of bark and ambrosia beetles in individual lures (Dos, day of

-4 | ' 6

species were identified in a total of 187 individuals, which accounts
for less than 3 % of the total number of bark and ambrosia beetles
collected. This suggests that the population densities of these beetles
are still relatively low. In comparison, Slovakia and Slovenia have
reported higher captures of the invasive ambrosia beetle X. germanus
(Galko et al,, 2018; Franjevi¢ et al, 2019), suggesting that the
Czech Republic is on the edge of the range of the species’ range.
Similar observations apply to C. bodoanum (Fiala et al., 2021) and
G. materiarius (Fiala, observ.). X. attenuatus, on the other hand, is
widespread throughout the Czech Republic but is not abundant (Fiala
and Holusa, 2024), which explains its relatively low number of
individuals in the current study.

Europe is home to approximately 30 species of invasive Scolytinae,
with most of them belonging to the ambrosia beetle group (Marchioro
etal, 2022; Alonso-Zarazaga et al., 2023). These ambrosia beetles are
predominantly native to temperate or subtropical forests, making
them particularly concerning for southern Europe regions due to
similar climatic conditions (Francardi et al., 2017; Leza et al., 2020).
In the Central and Northern European countries, damage has been
recorded only for X. germanus, while other species have not caused
significant harm (Maksymov, 1987; Galko et al., 2019). X. attenuatus
is considered a secondary pest (Borowski et al., 2012; Skrylnik et al,,
2019). As for C. bodoanum, no damage has been documented in
Europe; and G. materiarius is also not known to cause damage in the
region (Mazur et al., 2018). Nevertheless, it is important to note that
all these ambrosia beetles can serve as vectors for fungi that can
be detrimental to trees, so their occurrence should not be ignored
(Batra, 1963; Nakashima et al., 1992; Kawasaki et al., 2010; McPherson
et al., 2013; Moore et al., 2019).

The occurrence of all species of invasive ambrosia beetles, as well
as most of the other bark and ambrosia beetles, was observed at a
single locality (Kdyné). This can be probably attributed to the presence
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of diverse range of tree species, both deciduous and coniferous, in the
surrounding area [e.g., Quercus robur L., 1753, Larix decidua Mill.,
1768, Fagus sylvatica L., 1753, Abies alba Mill., 1768, Populus tremulae
L., 1753, Sorbus aucuparia L., 1753, Acer pseudoplatanus L., 1753,
Pinus sylvestris L., 1753, Corylus avellana L., 1753, Picea abies (L.)
H. Karst, 1881].

In all conducted analyses, the day of season emerged as a
significant factor, with the highest number of captured beetles
observed in May during the study (as shown in Figures 2, 3). This
pattern can be attributed to the increased flight activity of the most
abundant beetle species during the period (Pfeffer, 1989). Notably,
traps baited with Cembréwit exhibited a significant peak in summer,
which can be attributed to the captures of Ips cembrae, with most often
two generations per year in Central Europe (Holusa et al., 2014). The
observed variation in species richness among the different localities
can be attributed to the variations in tree species composition across
the study area.

A total of 10 species of bark and ambrosia beetles were captured
across all locations (Anisandrus dispar, Crypturgus cinereus, Dryocoetes
Hylastes  cunicularius, Ips
typographus, Pityogenes chalcographus, Pityophthorus pityographus,
Taphrorychus bicolor, and Xyleborinus saxesenii). The species are

autographus, Hpylastes attenuatus,

commonly found in Central Europe (Pfeffer, 1989). Notably, two of
these species, I typographus and P. chalcographus, have recently
experienced severe outbreaks and have become epidemic in the
studied area (Fiala and Holusa, 2022). The occurrence of most of the
species was observed in two or three localities, depending on the
presence of their respective host trees. For instance, Pityokteines
spinidens and Pityokteines vorontzowi were predominantly found in
sites with Abies alba Mill. Another group of species was present in
several localities but was captured in only a few specimens. An
example is Phloeotribus spinulosus, which primarily develops on thin
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dead spruce twigs and is exclusively found on them (Pfeffer, 1989). In
our experiment, this bark beetle was detected in three localities, with
a total of 5 specimens caught. It can be speculated whether this
occurrence is influenced by the I typographus outbreak and the
availability of abundant suitable breeding material, as observed in
other species (Fiala and Holusa, 2021, 2022), or if it represents a long-
term trend.

Relatively low catches of certain bark beetle species can
be attributed to specific factors. Cryphalus piceae is generally a rare
inhabitant of fir forests (Prochdzka and Schlaghamersky, 2019), and
the occurrence of fir trees is limited in the Czech Republic (Kozakova
et al., 2011). Dryocoetes hectographus primarily occurs in mountain
spruce forests (Pfeffer, 1989), where traps were not placed. Only two
specimens of the bark beetle Dendroctonus micans were caught in the
Kladska locality because this species is not attracted to traps
(Prochazka et al,, 2014). Although substances such as E-conophthorin,
exo-brevicomin, and ipsdienol elicit a positive response from
D. micans, they are most likely not its pheromones (Tommeras et al,
1984; Zhang et al., 2002). Contrarily, the substance exo-brevicomin
has shown effectiveness in trapping American and Asian species of the
Dendroctonus genus (Barclay et al., 1998; Greenwood and Borden,
2000; Zhao et al, 2017). However, the fertilized females of
Dendroctonus emerge from galleries and primarily rely on visual
detection during host tree attacks, suggesting that pheromones may
not play a significant role for them, except during the larval stage
(Lukésova and Holusa, 2011).

An association between a-pinene and WSL had a significant effect
on attracting conifer species of bark beetles that typically inhabit areas
where pine bark meets the soil, such as Hylastes angustatus and
Hylastes attenuatus (Schroeder and Lindelow, 1989; Erasmus and
Chown, 1994). While aggregation pheromones cis-verbenol and
trans-verbenol have been reported for T. piniperda (Kangas et al.,
1970), it has been suggested that T. piniperda relies on monoterpenes,
including kairomones derived from its host, pine, for host and mate
location (Lanne et al., 1987). This explains the high attractiveness of
a-pinene observed in our experiments, as all the species live on pine
trees (Byers et al., 1985; Schroeder and Lindel6w, 1989; Czokajlo and
Teale, 1999; Poland et al., 2004).

In Cembriawit, the main component is ipsdienol, which serves as
an aggregation pheromone for Ips typographus and Ips cembrae in low
concentrations (Vité et al., 1972; Stoakley et al., 1978). Therefore, it
is not surprising that most specimens of both bark beetles were
caught in traps baited with Cembrawit (see also Grucmanova et al.,
2014; Holusa et al, 2014). Pityokteines vorontzowi was also
significantly attracted to Cembréwit, as it shares ipsdienol and
ipsenol as its aggregation pheromones (Harring, 1978). The highest
number of bark beetles caught was observed on Cembrawit®
compared to other lures, which can be attributed to the
aforementioned outbreak of I. typographus in the study area (Fiala
et al., 2022).

Ethanol and WSL significantly attracted two species of ambrosia
beetles, Xyleborinus saxesenii and X. germanus as well as two species
of bark beetles, Dryocoetes autographus and Hylurgops palliatus. These
species have been frequently observed in traps baited with ethanol
(Schroeder and Lindelow, 1989; Lindelow et al., 1993). More species
of bark and ambrosia beetles responded to these lures compared to
any other lure.

The ambrosia beetle Trypodendron lineatum was significantly
associated with three lures, a-pinene, ethanol, and WSL. This is
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consistent with previous studies that have shown a-pinene and
ethanol to be attractants for this species (McLean and Borden, 1977;
Schroeder and Lindelow, 1989). Conversely, this ambrosia beetle
exhibits weak attraction to the substances used in Cembrawit, such as
ipsdienol and methylbutenol (Gavyalis et al., 1981). The association of
Cembriéwit, ethanol, and WSL significantly attracted only the bark
beetle Orthotomicus laricis. Bark beetles of the entire genus
Orthotomicus are primarily attracted to ipsdienol, cis-verbenol, and
2-methyl-3-buten-2-ol (Giesen et al., 1984; Valkama et al., 1997).
Ipsdienol is the main component of Cembriwit®, which also contains
ipsenol, methylbutenol, and amitinol (Zuhlke and Mueller, 2008).
However, since O. laricis is found in the tops of uprooted spruces
(Fiala, observ.), on pine stumps, and on felled spruce wood that is
shaded (Holusa et al,, 2017, 2019), it is evident that this bark beetle is
also attracted to ethanol.

Overall, the results demonstrate that accounting for the
influence of location and day of the season, the differences among
lures were significant (see also Beaver and Loyttyniemi, 1991).
Ethanol significantly attracted all ambrosia beetles in our
experiments. In the USA and Italy, volatile lures such as ethanol, a
combination of a-pinene and ethanol, and other combinations of
ipsdienol+cis-verbenol+methylbutenol are used for monitoring
invasive bark beetles (Rassati et al., 2015; Rabaglia et al., 2019). In
Italy, these traps are placed in ports and adjacent forests; with higher
capture success observed in deciduous forests compared to
coniferous forests or ports (Rassati et al., 2015). Our experiment also
shows the higher capture success of invasive ambrosia beetles was in
deciduous forests, as evidenced by the capture of 162 specimens
(e.g., 87%) at the Kdyn¢ locality, probably due to the prevalence of
deciduous trees in that area. A similar approach is employed in
New Zealand, where traps are placed in ports, international airports,
and adjacent forests using different lure combinations such as
a-pinene+ethanol, p-pinene+ethanol, frontalin+ethanol, and
ipsdienol. This monitoring model has proven successful in the early
detection of invasive bark beetles, increasing the chances of
eradication when infestations are still relatively small (Brockerhoff
et al,, 2006b). In Australia, the monitoring efforts have a broader
focus and include the capture of Lepidoptera. Various lures such as
ethanol, cineole, a-pinene, phellandrene, and a combination of
pinene, phellandrene, cineole, terpene, and cymene as bait are used.
Traps are positioned near ports and airports and within a 5km
radius of these areas (Bashford, 2012). In France, monitoring
activities targeting invasive cerambycids include testing trapping
methods using a-pinene+ethanol in Ecotrap traps. Traps were
deployed in natural forests and later extended to ports, airports, and
horticulture areas (Fan et al., 2019). In all these cases, the traps
successfully captured invasive species.

There are several methods available for monitoring bark and
ambrosia beetles, with baited traps being the most effective among
them. Baited traps offer several advantages, including their ability to
cover large areas, easy application in various locations, and cost-
effectiveness. However, they also have some drawbacks, primarily
related to the selection of bait types and the physical demands
associated with checking numerous traps and subsequent
determination in the laboratory (Poland and Rassati, 2019). While
citizen science can help alleviate the physical demands of monitoring
(Steininger et al, 2015), coordination is still necessary, and the
expertise of bark beetle specialists will always be essential for
accurate determination.
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5. Conclusion

Ethanol serves as a universal lure that effectively attracts both
bark and ambrosia beetles, with the majority of Scolytinae species
being caught in traps baited with ethanol. Conversely, ethanol’s
inability to attract economically important species in Central
Europe, such as Ips typographus, is a significant advantage since
these species are typically abundant. By not attracting them, the
number of bark and ambrosia beetles captured is not needlessly
increased, thus reducing the complexity and cost associated with
sorting and determination. For the detection of invasive ambrosia
beetles in Central Europe, it is recommended to use one bait of
ethanol per year installed in April in any impact trap. Our
preference lies with Ecotrap® due to its disassemblability, storage
capacity, and ability to catch beetles in a dry state without the need
for preservative liquid. Moreover, the material remains intact by
predators even after a two-week period.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Author contributions

JH: Conceptualization, Methodology, Supervision, Validation,
Writing - original draft, Writing - review & editing. TF:
Conceptualization, Investigation, Methodology, Writing — original
draft, Writing - review & editing. PP: Data curation, Formal analysis,
Writing - original draft, Writing - review & editing.

References

Alonso-Zarazaga, M. A., Barrios, H., Borovec, R., Caldara, R., Colonnelli, E.,
Giiltekin, L., et al. (2023). Cooperative catalogue of Palaearctic Coleoptera
Curculionoidea. 2. Available at: http://sea-entomologia.org/monoelec.html (Accessed
March 1, 2023).

Aukema, J. E., Leung, B., Kovacs, K., Chivers, C., Britton, K. O., Englin, J., et al. (2011).
Economic impacts of non-native forest insects in the continental United States. PLoS
One 6:¢24587. doi: 10.1371/journal.pone.0024587

Barclay, H. J., Safranyik, L., and Linton, D. (1998). Trapping mountain pine beetles
Dendroctonus ponderosae (Coleoptera: Scolytidae) using pheromone-baited traps: effects
of trapping distance. J. Entomol. Soc. Brit. Col. 95, 25-32.

Bashford, R. (2012). “The development of a port surrounds trapping system for the
detection of exotic forest insect pests in Australia” in New advances and contributions to
forestry research. ed. A. A. Oteng-Amoako (Rijeka: InTechOpen), 85-100.

Bates, D., Maechler, M., Bolker, B., and Walker, S. (2015). Fitting linear mixed-effects
models using Ime4. J. Stat. Soft. 67, 1-48. doi: 10.18637/jss.v067.i01

Batra, L. R. (1963). Contributions to our knowledge of ambrosia fungi. IL
Endomycopsis fasciculata nom. Nov. (Ascomycetes). Am. J. Bot. 50, 481-487. doi:
10.1002/j.1537-2197.1963.tb07218.x

Beaver, R. A, and Loyttyniemi, K. (1991). Annual flight patterns and diversity of bark
and ambrosia beetles (Col., Scolytidae, and Platypodidae) attracted to bait logs in
Zambia. J. App. Entomol. 112, 505-511. doi: 10.1111/j.1439-0418.1991.tb01084.x

Boland, J. M. (2016). The impact of an invasive ambrosia beetle on the riparian
habitats of the Tijuana River valley. California. Peer] 4:¢2141. doi: 10.7717/peer;j.2141

Borden, J. H., Lindgren, B. S., and Chong, L. (1980). Ethanol and a-pinene as
synergists for the aggregation pheromones of two Gnathotrichus species. Can. J. For. Res.
10, 290-292. doi: 10.1139/x80-049

Borowski, J., Pigtka, J., and Szczepkowski, A. (2012). Insects found on black alder
Alnus glutinosa (L.) Gaertn. When stands are dying back. For. Res. Pap. 73, 355-362. doi:
10.2478/v10111-012-0034-0

Frontiers in Forests and Global Change

10

10.3389/ffgc.2023.1258729

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The authors thank Véclav Tyr and Martin Kacerovsky for
fieldwork support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/ftgc.2023.1258729/

full#supplementary-material

Brockerhoff, E. G., Bain, J., Kimberley, M., and Knizek, M. (2006a). Interception
frequency of exotic bark and ambrosia beetles (Coleoptera: Scolytinae) and relationship
with establishment in New Zealand and worldwide. Can. J. For. Res. 36, 289-298. doi:
10.1139/x05-250

Brockerhoff, E. G., Jones, D. C., Kimberley, M. O., Suckling, D. M., and Donaldson, T.
(2006b). Nationwide survey for invasive wood-boring and bark beetles (Coleoptera)
using traps baited with pheromones and kairomones. For. Ecol. Manag. 228, 234-240.
doi: 10.1016/j.foreco.2006.02.046

Burbano, E. G., Wright, M. G,, Gillette, N. E., Mori, S., Dudley, N., Jones, T, et al.
(2012). Efficacy of traps, lures, and repellents for Xylosandrus compactus (Coleoptera:
Curculionidae) and other ambrosia beetles on Coffea arabica plantations and Acacia koa
nurseries in Hawaii. Environ. Entomol. 41, 133-140. doi: 10.1603/EN11112

Byers, J. A., Lanne, B. S., Lofqvist, J., Schlyter, E, and Bergstrom, G. (1985). Olfactory
recognition of host-tree susceptibility by pine shoot beetles. Naturwissenschaften 72,
324-326. doi: 10.1007/BF00454776

Czokajlo, D., and Teale, S. A. (1999). Synergistic effect of ethanol to a-pinene in
primary attraction of the larger pine shoot beetle, Tomicus piniperda. J. Chem. Ecol. 25,
1121-1130. doi: 10.1023/A:1020838010648

De Caceres, M., and Legendre, P. (2009). Associations between species and groups of
sites: indices and statistical inference. Ecology 90, 3566-3574. doi: 10.1890/08-1823.1

Douglas, H., Dang, P. T., Gill, B. D., Huber, J., Mason, P. G., Parker, D. J., et al. (2009).
The importance of taxonomy in responses to invasive alien species. Biodiversity 10,
92-99. doi: 10.1080/14888386.2009.9712850

Duelli, P,, Zahradnik, P.,, KniZek, M., and Kalinov4, B. (1997). Migration in spruce bark
beetles (Ips typographus L.) and the efficiency of pheromone traps. J. Appl. Entomol. 121,
297-303. doi: 10.1111/j.1439-0418.1997.tb01409.x

Dufréne, M., and Legendre, P. (1997). Species assemblages and indicator species: the
need for a flexible asymmetrical approach. Ecol. Monogr. 67, 345-366. doi:
10.1890/0012-9615(1997)067[0345:SAAIST]2.0.CO;2

frontiersin.org


https://doi.org/10.3389/ffgc.2023.1258729
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/ffgc.2023.1258729/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/ffgc.2023.1258729/full#supplementary-material
http://sea-entomologia.org/monoelec.html
https://doi.org/10.1371/journal.pone.0024587
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1002/j.1537-2197.1963.tb07218.x
https://doi.org/10.1111/j.1439-0418.1991.tb01084.x
https://doi.org/10.7717/peerj.2141
https://doi.org/10.1139/x80-049
https://doi.org/10.2478/v10111-012-0034-0
https://doi.org/10.1139/x05-250
https://doi.org/10.1016/j.foreco.2006.02.046
https://doi.org/10.1603/EN11112
https://doi.org/10.1007/BF00454776
https://doi.org/10.1023/A:1020838010648
https://doi.org/10.1890/08-1823.1
https://doi.org/10.1080/14888386.2009.9712850
https://doi.org/10.1111/j.1439-0418.1997.tb01409.x
https://doi.org/10.1890/0012-9615(1997)067[0345:SAAIST]2.0.CO;2

Fiala et al.

Erasmus, M. J., and Chown, S. L. (1994). Host location and aggregation behaviour in
Hylastes angustatus (Herbst) (Coleoptera: Scolytidae). Afr. Entomol. 2, 7-11. doi:
10.10520/AJA10213589_125

Fan, J.-T., Denux, O., Courtin, C., Bernard, A., Javal, M., Millar, J. G., et al. (2019).
Multi-component blends for trapping native and exotic longhorn beetles at potential
points-of-entry and in forests. J. Pest. Sci. 92, 281-297. doi: 10.1007/s10340-018-0997-6

Fiala, T. (2019). Kirovci (Coleoptera: Curculionidae: Scolytinae) v narodni ptirodni
pamatce Komorni htirka. Zap. Entomol. Listy 10, 34-39.

Fiala, T., and Holuga, J. (2021). Infestation of Norway spruce seedlings by Cryphalus
asperatus: new threat for planting of forests? Plant Prot. Sci. 57, 167-170. doi:
10.17221/112/2020-PPS

Fiala, T, and Holuga, J. (2022). Outbreak of Pityogenes chalcographus and
Pityophthorus  pityographus on spruce seedlings resulting from inappropriate
Management in a Forest Nursery. Forests 13:987. doi: 10.3390/f13070987

Fiala, T., and Holuga, J. (2024). Distribution of the invasive ambrosia beetle Xyleborinus
attenuatus Blandford, 1894 (Coleoptera: Curculionidae: Scolytinae) in the
Czech Republic (Central Europe). Cent. Eur. For. J. 69. doi: 10.2478/forj-2023-0022

Fiala, T., Holusa, J., Prochdzka, J., Cizek, L., Dzurenko, M., Foit, ., et al. (2020).
Xylosandrus germanus in Central Europe: spread into and within the Czech Republic. J.
App. Entomol. 144, 423-433. doi: 10.1111/jen.12759

Fiala, T., Holusa, J., and Véle, A. (2022). Both native and invasive bark beetles threaten
exotic conifers within the spa towns in the Czech part of “the great spas of Europe”.
Urban Forest. Urban Green. 67:127417. doi: 10.1016/j.ufug.2021.127417

Fiala, T., Knizek, M., and Holusa, J. (2021). Continued eastward spread of the invasive
ambrosia beetle Cyclorhipidion bodoanum (Reitter, 1913) in Europe and its distribution
in the world. BioInv. Rec. 10, 65-73. doi: 10.3391/bir.2021.10.1.08

Flaherty, L., Gutowski, J. M. G., Hughes, C., Mayo, P., Mokrzycki, T., Pohl, G., et al.
(2019). Pheromone-enhanced lure blends and multiple trap heights improve detection
of bark and wood-boring beetles potentially moved in solid wood packaging. J. Pest Sci.
92, 309-325. doi: 10.1007/s10340-018-1019-4

Flechtmann, C. A. H., and Berisford, C. W. (2003). Identification of sulcatol, a
potential pheromone of the ambrosia beetle Gnathotrichus materiarius (Col., Scolytidae).
J. App. Entomol. 127, 189-194. doi: 10.1046/j.1439-0418.2003.00743.x

Francardi, V., Noal, A., Francescato, S., Pinto, R., Bruni, A., Loffredi, L., et al. (2017).
Coexistence of Xylosandrus crassiusculus (Motschulsky) and X. compactus (Eichhoff)
(Coleoptera Curculionidae Scolytinae) in the national park of Circeo (Lazio, Italy).
Redia 100, 149-155. doi: 10.19263/REDIA-100.17.19

Franjevi¢, M., Porsinsky, T., and Duka, A. (2016). Integrated oak timber protection
from ambrosia bark beetles: economic and ecological importance in harvesting
operations. Croat. J. For. Eng. 37, 353-364.

Franjevi¢, M., Siki¢, Z., and Hra$ovec, B. (2019). First occurrence of Xylosandrus
germanus (Blandford, 1894) — black steam borer in pheromone baited panel traps and
population build up in croatian oak stands. Sumarski List 143:219. doi: 10.31298/
s1.143.5-6.2

Galko, J., Dzurenko, M., Ranger, C. M., Kulfan, J., Kula, E., Nikolov, C., et al. (2019).
Distribution, habitat preference, and management of the invasive ambrosia beetle,
Xylosandrus germanus (Coleoptera: Curculionida, Scolytinae) in european forests with
an emphasis on the West Carpathians. Forests 10:10. doi: 10.3390/f10010010

Galko, J., Dzurenko, M., Zach, P, Rell, S, Lalik, M., Vakula, J., et al. (2018). “Vyskum
a monitoring nepovodného $kodcu drvindrika ¢ierneho na Slovensku” in Aktudlné
problémy v ochrane lesa 2018: Zbornik referdtov z 27. ro¢nika medzindrodnej konferencie,
ktord sa konala 1. a 2. februdra 2018 v Novom Smokovci. ed. A. Kunca (Zvolen: Narodné
lesnicke centrum), 120-123.

Galko, J., Nikolov, C., Kimoto, T., Kunca, A., Gubka, A., Vakula, J., et al. (2014).
Attraction of ambrosia beetles to ethanol baited traps in a slovakian oak forest. Biologia
69, 1376-1383. doi: 10.2478/511756-014-0443-z

Gavyalis, V. M., Yakaitis, B. Y., Gavelis, V., and Jakaitis, B. (1981). The attraction of
various species of bark-beetles with methylbutenol, cis-verbenol, ipsdienol and mixtures
of these pheromones. Khemo. Nasek. 6, 115-120.

Giesen, H., Kohnle, U, Vité, J. P, Pan, M.-L., and Francke, W. (1984). Das
Aggregationspheromon des mediterranen Kieferborkenkifres Ips (Orthotomicus) erosus.
Zeit. Ang. Entomol. 98, 95-97. doi: 10.1111/j.1439-0418.1984.tb02688.x

Gohli, J., Selvarajah, T., Kirkendall, L. R., and Jordal, B. H. (2016). Globally distributed
Xyleborus species reveal recurrent intercontinental dispersal in a landscape of ancient
worldwide distributions. BMC Evol. Biol. 16:37. doi: 10.1186/s12862-016-0610-7

Greenwood, M. E., and Borden, J. H. (2000). Co-baiting for spruce beetles,
Dendroctonus rufipennis, and western balsam bark beetles, Dryocoetes confusus
(Coleoptera: Scolytidae). Can. J. For. Res. 30, 50-58. doi: 10.1139/x99-184

Grucmanova, S., Holuga, J., Trombik, J., and Lukéd$ovd, K. (2014). Large larch bark
beetle Ips cembrae (Coleoptera: Curculionidae, Scolytinae) in the Czech Republic:
analysis of population development and catches in pheromone traps. Les. Cas. For. J. 60,
143-149. doi: 10.2478/forj-2014-0015

Harring, C. M. (1978). Aggregation pheromones of the European fir engraver beetles
Pityokteines curvidens, P. spinidens and P. vorontzovi and the role of juvenile hormone
in pheromone biosynthesis. Zeit. Ang. Entomol. 85, 281-317. doi:
10.1111/j.1439-0418.1978.tb04040.x

Frontiers in Forests and Global Change

11

10.3389/ffgc.2023.1258729

Hlasny, T., Zimovd, S., Merganicovd, K., Stépének, P, Modlinger, R., and Tur¢ani, M.
(2021). Devastating outbreak of bark beetles in the Czech Republic: drivers, impacts,
and management implications. For. Ecol. Manag. 490:119075. doi: 10.1016/j.
foreco.2021.119075

Holusa, J., Foit, J., Knizek, M., Schovankov4, J., Luk4s$ova, K., Vanicka, H., et al. (2019).
The bark beetles Orthotomicus laricis and Orthotomicus longicollis are not pests in
Central Europe: a case study from the Czech Republic. Bull. Insect. 72, 253-260.

Holusa, J., Kula, E., Wewiora, E, and Luka$ovd, K. (2014). Flight activity, within the
trap tree abundance and overwintering of the larch bark beetle (Ips cembrae) in the
Czech Republic. Sumarski List 138, 19-27.

Holusa, J., Lukd$ovd, K., Hub4ckovd, J., Knizek, M., and Wegensteiner, R. (2017).
Pathogens and nematodes associated to three bark beetle species of the genus
Orthotomicus (Coleoptera Curculionidae) in central-South Europe. Bull. Insect. 70,
291-297.

Hulcr, J., and Dunn, R. R. (2011). The sudden emergence of pathogenicity in insect-
fungus symbioses threatens naive forest ecosystems. Proc. Biol. Sci. 278, 2866-2873. doi:
10.1098/rspb.2011.1130

Hulcr, J., Mogia, M., Isua, B., and Novotny, V. (2007). Host specificity of ambrosia and
bark beetles (Col., Curculionidae: Scolytinae and Platypodinae) in a New Guinea
rainforest. Ecol. Entomol. 32, 762-772. doi: 10.1111/j.1365-2311.2007.00939.x

Kamp, H. J. (1970). Zur Biologie und derzeitigen Verbreitung von Gnathotrichus
materiarius Fitch und Xylosandrus germanus Blandf. in der Bundesrepublik
Deutschland. Ver. Entomol. 5, 34-40.

Kangas, E., Oksanen, H., and Perttunen, V. (1970). Responses of Blastophagus
piniperda L. (Col., Scolytidae) to trans-verbenol, cis-verbenol, and verbenone, known
to be population pheromones of some american bark beetles. Anna. Entomolog. Fenn.
36, 75-83.

Kawasaki, Y., Ito, M., Miura, K., and Kajimura, H. (2010). Superinfection of five
Wolbachia in the alnus ambrosia beetle, Xylosandrus germanus (Blandford) (Coleoptera:
Curculionidae). Bull. Entomolog. Res. 100, 231-239. doi: 10.1017/5000748530999023X

Kelsey, R. G., and Joseph, G. (2003). Ethanol in ponderosa pine as an indicator of
physiological injury from fire and its relationship to secondary beetles. Can. J. For. Res.
33, 870-884. doi: 10.1139/x03-007

Knizek, M. (2009). Faunistic records from the Czech Republic - 272. Klapalekiana
45:22.

Kozékova, R., Samonil, P,, Kune$, P,, Novék, J., Ko¢ér, P, and Ko¢arové, R. (2011).
Contrasting local and regional holocene histories of Abies alba in the Czech Republic in
relation to human impact: evidence from forestry, pollen and anthracological data. The
Holocene 21, 431-444. doi: 10.1177/0959683610385721

Kithnholz, S., Borden, J. H., and Uzunovic, A. (2001). Secondary ambrosia beetles in
apparently healthy trees: adaptations, potential causes and suggested research. Int. Pest
Manage. Rev. 6,209-219. doi: 10.1023/A:1025702930580

Lanne, B. S., Schlyter, E, Byers, J. A., Lofqvist, J., Leufvén, A., Bergstrom, G., et al.
(1987). Differences in attraction to semiochemicals present in sympatric pine shoot
beetles, Tomicus minor and T. piniperda. J. Chem. Ecol. 13, 1045-1067. doi: 10.1007/
BF01020537

Leza, M., Nufiez, L., Riba, J. M., Comparini, C., Roca, A., and Gallego, D. (2020). First
record of the black twig borer, Xylosandrus compactus (Coleoptera: Curculionidae,
Scolytinae) in Spain. Zootaxa 4767, 345-350. doi: 10.11646/zootaxa.4767.2.9

Lindeléw, A., Eidmann, H. H., and Nordenhem, H. (1993). Response on the ground
of bark beetle and weevil species colonizing conifer stumps and roots to terpenes and
ethanol. J. Chem. Ecol. 19, 1393-1403. doi: 10.1007/BF00984884

Lingren, S. L., and Fraser, R. G. (1994). Control of ambrosia beetle damage by mass
trapping at a dryland log sorting area in British Columbia. For. Chro. 70, 159-163. doi:
10.5558/tfc70159-2

Lukasova, K., and Holusa, J. (2011). Pfirozeni nepratelé a biologicky boj s
Dendroctonus micans: review. Zpr. Les. Vyzk. 56, 15-23.

Maksymov, J. K. (1987). Erstmaliger Massenbefall des schwarzen Nutzholzborkenkifers,
Xylosandrus germanus Blandf., in der Schweiz. Schweiz. Zeit. Forst. 138, 215-227.

Marchioro, M., Faccoli, M., Dal Cortivo, M., Branco, M., Roques, A., Garcia, A., et al.
(2022). New species and new records of exotic Scolytinae (Coleoptera, Curculionidae)
in Europe. Biodiv. Data ]. 10:€93995. doi: 10.3897/BD]J.10.€93995

Mazur, A., Witkowsk, I. R., Géral, J., and Rogowski, G. (2018). Occurrence of
Gnathotrichus materiarius (Fitch, 1858) (Coleoptera, Curculionidae, Scolytinae) in
South-Western Poland. Fol. For. Pol. Ser. A For. 60, 154-160. doi: 10.2478/ffp-2018-0015

McLean, J. A., and Borden, J. H. (1977). Suppresion of Gnathotrichus sulcatus with
sulcatol-baited traps in a commercial sawmill and notes on the occurrence of G. retusus
and Trypodendron lineatum. Can. J. For. Res. 7, 348-356. doi: 10.1139/x77-044

McPherson, B. A., Erbilgin, N., Bonello, P., and Wood, D. L. (2013). Fungal species
assemblages associated with Phytophthora ramorum-infected coast live oaks following
bark and ambrosia beetle colonization in northern California. For. Ecol. Manag. 291,
30-42. doi: 10.1016/j.foreco.2012.11.010

Miller, D. R., and Crowe, C. M. (2020). Sulcatol: enantiospecific attractants for
Monarthrum mali (Coleoptera: Curculionidae: Scolytinae), Leptostylus asperatus
(Coleoptera: Cerambycidae) and associated predators. Env. Entomol. 49, 593-600. doi:
10.1093/ee/nvaa042

frontiersin.org


https://doi.org/10.3389/ffgc.2023.1258729
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org
https://doi.org/10.10520/AJA10213589_125
https://doi.org/10.1007/s10340-018-0997-6
https://doi.org/10.17221/112/2020-PPS
https://doi.org/10.3390/f13070987
https://doi.org/10.2478/forj-2023-0022
https://doi.org/10.1111/jen.12759
https://doi.org/10.1016/j.ufug.2021.127417
https://doi.org/10.3391/bir.2021.10.1.08
https://doi.org/10.1007/s10340-018-1019-4
https://doi.org/10.1046/j.1439-0418.2003.00743.x
https://doi.org/10.19263/REDIA-100.17.19
https://doi.org/10.31298/sl.143.5-6.2
https://doi.org/10.31298/sl.143.5-6.2
https://doi.org/10.3390/f10010010
https://doi.org/10.2478/s11756-014-0443-z
https://doi.org/10.1111/j.1439-0418.1984.tb02688.x
https://doi.org/10.1186/s12862-016-0610-7
https://doi.org/10.1139/x99-184
https://doi.org/10.2478/forj-2014-0015
https://doi.org/10.1111/j.1439-0418.1978.tb04040.x
https://doi.org/10.1016/j.foreco.2021.119075
https://doi.org/10.1016/j.foreco.2021.119075
https://doi.org/10.1098/rspb.2011.1130
https://doi.org/10.1111/j.1365-2311.2007.00939.x
https://doi.org/10.1017/S000748530999023X
https://doi.org/10.1139/x03-007
https://doi.org/10.1177/0959683610385721
https://doi.org/10.1023/A:1025702930580
https://doi.org/10.1007/BF01020537
https://doi.org/10.1007/BF01020537
https://doi.org/10.11646/zootaxa.4767.2.9
https://doi.org/10.1007/BF00984884
https://doi.org/10.5558/tfc70159-2
https://doi.org/10.3897/BDJ.10.e93995
https://doi.org/10.2478/ffp-2018-0015
https://doi.org/10.1139/x77-044
https://doi.org/10.1016/j.foreco.2012.11.010
https://doi.org/10.1093/ee/nvaa042

Fiala et al.

Miller, D. R., and Rabaglia, R. J. (2009). Ethanol and (—)-a-pinene: attractant
kairomones for bark and ambrosia beetles in the southeastern US. J. Chem. Ecol. 35,
435-448. doi: 10.1007/s10886-009-9613-9

Moore, M., Juzwik, J., Miller, E, Roberts, L., and Ginzel, M. D. (2019). Detection of
Geosmithia morbida on numerous insects species in four eastern states. Plant Health
Prog. 20, 133-139. doi: 10.1094/PHP-02-19-0016-RS

Morales, M. (2020). Scientific graphing functions for factorial designs. Available at:
https://cran.r-project.org/web/packages/sciplot/index.html (Accessed June 20, 2022).

Nakashima, T., Otomo, T., Owada, Y., and lizuka, T. (1992). SEM observations on
growing conditions of the fungi in the galleries of several ambrosia beetles (Coleoptera:
Scolytidae and Platypodidae). J. Fac. Agric. Hokk. Un. 65, 239-273.

Pfeffer, A. (1989). Kiirovcoviti Scolytidae a jadrohlodoviti Platypodidae. Praha: Academia.

Poland, T. M., de Groot, P, Haack, R. A., and Czokajlo, D. (2004). Evaluation of
semiochemicals potentially synergistic to a-pinene for trapping the larger european pine
shoot beetle, Tomicus piniperda (Col., Scolytidae). J. App. Entomol. 128, 639-644. doi:
10.1111/j.1439-0418.2004.00900.x

Poland, T. M., and Rassati, D. (2019). Improved biosecurity surveillance of non-native
forest insects: a review of current methods. J. Pest Sci. 92, 37-49. doi: 10.1007/
510340-018-1004-y

Prochézka, J., and Schlaghamersky, J. (2019). Does dead wood volume affect saproxylic
beetles in montane beech-fir forests of Central Europe? J. Ins. Cons. 23, 157-173. doi:
10.1007/s10841-019-00130-4

Prochézka, J., Schlaghamersky, ], and Knizek, M. (2014). Kurovci (Coleoptera:
Curculionidae: Scolytinae) jedlobukovych lest CHKO Beskydy. Zpr. Les. Vyzk. 59, 126-132.

R Core Team. (2022). The R project for statistical computing. [https://www.R-project.org].

Rabaglia, R. J., Cognato, A. I, Hoebeke, E. R., Johnson, C. W., LaBonte, J. R.,
Carter, M. E,, et al. (2019). Early detection and rapid response. A 10-year summary of
the USDA forest service program of surveillance for non-native bark and ambrosia
beetles. Am. Entomol. 65, 29-42. doi: 10.1093/ae/tmz015

Ranger, C. M., Reding, M. E., Addesso, K., Ginzel, M., and Rassati, D. (2021).
Semiochemical-mediated host selection by Xylosandrus spp. Ambrosia beetles
(Coleoptera: Curculionidae) attacking horticultural tree crops: a review of basic and
applied science. Can. Entomol. 153, 103-120. doi: 10.4039/tce.2020.51

Ranger, C. M., Reding, M. E., Schultz, P. B., and Oliver, J. B. (2013). Influence of
flood-stress on ambrosia beetle host-selection and imlications for their management
in a changing climate. Agr. For.  Entomol. 15, 56-64. doi:
10.1111/j.1461-9563.2012.00591.x

Ranger, C. M., Schultz, P. B, Frank, S. D., and Reding, M. E. (2019). Freeze stress of
deciduous trees induces attacks by opportunistic ambrosia beetles. Agr. For. Entomol. 21,
168-179. doi: 10.1111/afe.12317

Rassati, D., Faccoli, M., Toffolo, E. P, Battisti, A., and Marini, L. (2015). Improving the
early detection of alien wood-boring beetles in ports and surrounding forests. J. Appl.
Ecol. 52, 50-58. doi: 10.1111/1365-2664.12347

Roberts, D. W. (2019). Labdsv: ordination and multivariate analysis for ecology. R
package version 2.0-1. Available at: https://cran.r-project.org/web/packages/labdsv/
index.html (Accessed June 20, 2022).

Schneider, 1. (1985). Gnathotrichus materiarius Fitch (Col.,, Scolytidae) in

Pheromonfallen von Ips cembrae (Heer) (Col., Scolytidae), ein neuer Fundort fiir NW-
Deutschland. Anz. Sch. Pfl. Umwelt. 58, 50-51. doi: 10.1007/BF01903080

Frontiers in Forests and Global Change

12

10.3389/ffgc.2023.1258729

Schroeder, L. M., and Lindelow, A. (1989). Attraction of scolytids and associated
beetles by different absolute amounts and proportions of a-pinene and ethanol. J. Chem.
Ecol. 15, 807-817. doi: 10.1007/BF01015179

Seybold, S. J., Bentz, B. J., Fettig, C. J., Lundquist, J. E., Progar, R., and
Gillette, N. E. (2018). Management of western north american bark beetles with
semiochemicals. Annu. Rev. Entomol. 63, 407-432. doi: 10.1146/annurev-
ento-020117-043339

Skrylnik, Y., Koshelyaeva, Y., and Meshkova, V. (2019). Harmfulness of xylophagous
insects for silver birch (Betula pendula Roth.) in the left-bank forest-steppe of Ukraine.
Fol. For. Pol. Ser. A For. 61, 159-173. doi: 10.2478/ffp-2019-0016

Sramel, N., Kav¢i¢, A., Kolgek, M., and de Groot, M. (2021). Estimating the most
effective and economical pheromone for monitoring the European spruce bark beetle.
J. App. Entomol. 145, 312-325. doi: 10.1111/jen.12853

Steininger, M. S., Hulcr, J., §igut, M., and Lucky, A. (2015). Simple and efficient trap for bark
and ambrosia beetles (Coleoptera: Curculionidae) to facilitate invasive species monitoring and
citizen involvement. J. Econ. Entomol. 108, 1115-1123. doi: 10.1093/jee/tov014

Stoakley, J. T., Bakke, A., Renwick, J. A. A,, and Vité, ]. P. (1978). The aggregation
pheromone system of the larch bark beetle, Ips cembrae Heer. Zeit. Ang. Entomol. 86,
174-177. doi: 10.1111/j.1439-0418.1978.tb01925.x

Susaeta, A., Soto, J. R., Adams, D. C., and Hulcr, J. (2016). Pre-invasion economic
assessment of invasive species prevention: a putative ambrosia beetle in southeastern
loblolly pine forests. J. Environ. Manag. 183, 875-881. doi: 10.1016/j.
jenvman.2016.09.037

ter Braak, C. J. F, and Smilauer, P. (2012). Canoco reference manual and CanoDraw for
windows User’s guide: Software for canonical community ordination (version 5.01). Ithaca:
Microcomputer Power.

Temmerss, B. A., Mustaparta, H., and Gregoire, J.-C. (1984). Receptor cells in Ips
typographus and Dendroctonus micans specific to pheromones of the reciprocal genus.
J. Chem. Ecol. 10, 759-769. doi: 10.1007/BF00988541

Valkama, H., Rity, M., and Niemeld, P. (1997). Catches of Ips duplicatus and other
non-target Coleoptera by Ips typographus pheromone trapping. Entomol. Fenn. 8,
153-159. doi: 10.33338/e£.83934

Vité, J. P, Bakke, A., and Renwick, J. A. A. (1972). Pheromones in Ips (Coleoptera:
Scolytidae): occurrence and production. Can. Entomol. 104, 1967-1975. doi: 10.4039/
Ent1041967-12

Wood, D. L. (1982). The role of pheromones, kairomones, and allomones in the host
selection and colonization behavior of bark beetles. Annu. Rev. Entomol. 27, 411-446.
doi: 10.1146/annurev.en.27.010182.002211

Yi, N. (2020). NBZIMM: negative binomial and zero-inflated mixed models. R package
version 1.0. Available at: https://rdrr.io/github/nyiuab/NBZIMM/ (Accessed June 20, 2022).

Zhang, Q.-H., Tolasch, T., Schlyter, F, and Francke, W. (2002). Enantiospecific
antennal response of bark beetles to spiroacetal (E)-conophthorin. J. Chem. Ecol. 28,
1839-1852. doi: 10.1023/A:1020569303433

Zhao, M., Dai, L., Fu, D., Gao, J., and Chen, H. (2017). Electrophysiological and
behavioral responses of Dendroctonus armandi (Coleoptera: Curculionidae: Scolytinae)
to two candidate pheromone components: frontalin and exo-brevicomin. Chemoecology
27, 91-99. doi: 10.1007/s00049-017-0235-3

Zuhlke, T., and Mueller, M. (2008). Method for controlling bark beetle populations by
controlling bark beetle antagonists. U. S. patent no. 2008/0222943 A1. Washington, DC:
U.S. Patent and Trademark Office.

frontiersin.org


https://doi.org/10.3389/ffgc.2023.1258729
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org
https://doi.org/10.1007/s10886-009-9613-9
https://doi.org/10.1094/PHP-02-19-0016-RS
https://cran.r-project.org/web/packages/sciplot/index.html
https://doi.org/10.1111/j.1439-0418.2004.00900.x
https://doi.org/10.1007/s10340-018-1004-y
https://doi.org/10.1007/s10340-018-1004-y
https://doi.org/10.1007/s10841-019-00130-4
https://www.R-project.org
https://doi.org/10.1093/ae/tmz015
https://doi.org/10.4039/tce.2020.51
https://doi.org/10.1111/j.1461-9563.2012.00591.x
https://doi.org/10.1111/afe.12317
https://doi.org/10.1111/1365-2664.12347
https://cran.r-project.org/web/packages/labdsv/index.html
https://cran.r-project.org/web/packages/labdsv/index.html
https://doi.org/10.1007/BF01903080
https://doi.org/10.1007/BF01015179
https://doi.org/10.1146/annurev-ento-020117-043339
https://doi.org/10.1146/annurev-ento-020117-043339
https://doi.org/10.2478/ffp-2019-0016
https://doi.org/10.1111/jen.12853
https://doi.org/10.1093/jee/tov014
https://doi.org/10.1111/j.1439-0418.1978.tb01925.x
https://doi.org/10.1016/j.jenvman.2016.09.037
https://doi.org/10.1016/j.jenvman.2016.09.037
https://doi.org/10.1007/BF00988541
https://doi.org/10.33338/ef.83934
https://doi.org/10.4039/Ent1041967-12
https://doi.org/10.4039/Ent1041967-12
https://doi.org/10.1146/annurev.en.27.010182.002211
https://rdrr.io/github/nyiuab/NBZIMM/
https://doi.org/10.1023/A:1020569303433
https://doi.org/10.1007/s00049-017-0235-3

10.9 Ambrosia beetles prefer closed canopies: a case study in oak forests in

Central Europe.

136



'™ forests

F

Ny

Article

Ambrosia Beetles Prefer Closed Canopies: A Case Study in Oak
Forests in Central Europe

Jaroslav Holusa !

check for

updates
Citation: Holusa, J; Fiala, T; Foit, J.
Ambrosia Beetles Prefer Closed
Canopies: A Case Study in Oak
Forests in Central Europe. Forests
2021, 12,1223. https://doi.org/
10.3390/£12091223

Academic Editor: Dariusz

J. Gwiazdowicz

Received: 17 August 2021
Accepted: 4 September 2021
Published: 8 September 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Tomas Fiala 1-*

and Ji¥i Foit 2

Faculty of Forestry and Wood Sciences, Czech University of Life Sciences, Kamycka 129,
16500 Praha, Czech Republic; holusaj@seznam.cz

Faculty of Forestry and Wood Technology, Mendel University in Brno, Zemédélska 3,
61300 Brno, Czech Republic; foit jiri@gmail.com

*  Correspondence: tomas.fiala@nature.cz; Tel.: +42-07-2415-1113

Abstract: Research Highlights: The percentage of canopy closure was found to be the main factor
associated with ambrosia beetle abundance and species richness. The latter two variables increased
as canopy closure increased, probably because a high percentage of canopy closure provides a stable
and humid environment suitable for the growth of ambrosia fungi. Objectives: Oak is a common host
tree for ambrosia beetles (Coleoptera: Curculionidae: Scolytinae), which have independently evolved
a nutritional mutualism with fungi. We suspected that ambrosia beetles might have specific habitat
preferences that are different from those of other saproxylic beetles and that reflect the specific habitat
preferences of their food, i.e., ambrosia fungi. Methods: We assessed ambrosia beetle abundance
with ethanol-lured traps in five old-growth oak dominated forests and five managed oak dominated
forests (one trap per forest) during the vegetation period in 2020. We determined whether ambrosia
beetle abundance and species richness depend on forest type (managed vs. unmanaged), degree of
canopy closure, abundance of oak trees, abundance of coarse deadwood, and abundance of dead oak
branches. Results: In total, 4137 individuals of six species of ambrosia beetles associated with oaks
were captured. The native ambrosia beetle Anisandrus dispar represented the majority of trapped
ambrosia bark beetles. A. dispar along with another ambrosia beetle, Xyleborinus saxesenii, represented
99% of all captured beetles. Conclusions: In addition to canopy closure, the abundance of oak
trees and the abundance of dead oak branches were significantly associated with ambrosia beetle
abundance and species richness. The abundance of A. dispar was mainly correlated with dead oak
branch abundance and the degree of canopy closure, whereas the abundances of X. saxesenii and of
the invasive species Xyleborinus attenuatus and Cyclorhipidion bodoanum were mainly correlated with
the net area occupied by oak trees.

Keywords: Anisandrus dispar; Cyclorhipidion bodoanum; deadwood; invasive species; Xyleborus saxe-
senii; Xyleborinus attenuatus; Xylosandrus germanus; Scolytinae; Quercus

1. Introduction

European temperate oak woodlands have a rich and unique biodiversity, which can
be mainly attributed to the life history traits and structural characteristics of the oak trees
Quercus robur and Q. petraea [1-3]. In Central Europe, oak trees are components of temperate
broadleaf and mixed forests. Oak is a common host tree for ambrosia beetles (Coleoptera:
Curculionidae: Scolytinae) [4,5].

The ambrosia beetles have independently evolved a nutritional mutualism with
fungi [6]. Most species of ambrosia beetles depend on recently dead or stressed woody
plants in which the beetles bore their tunnel systems (“galleries”). In the galleries, ambrosia
beetles actively farm one or several fungal mutualists, which serve as their essential food
source [6]. Some species of ambrosia beetles are among the most damaging forest pests,
and species of quarantine significance are frequently moved intercontinentally [7,8].
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Because oak trees attacked by other bark beetles provide suitable breeding substrates
and other resources for ambrosia beetles, the volume of oaks and the area occupied by oaks
under attack by other bark beetles are likely to affect the abundance of ambrosia beetles in
a region [9]. Unlike other bark beetles that can fly tens of kilometers [10], ambrosia beetles
can fly only up to about a hundred meters to a few kilometers [11,12]. The short dispersal
distance of ambrosia beetles also suggests that the abundance of ambrosia beetles in an oak
forest should be affected by the area that is occupied by oak.

Many studies in boreal and temperate forests have indicated that insect diversity
increases as stands become more open because of higher temperatures and other changes
in the microclimate [13-16]. Sun exposure was found to be the most important factor
affecting the composition of buprestids and cerambycids in oak forests [17]. There has
been sparse research on the influence of the canopy closure on the occurrence of scolytids,
but some research suggests that the effects of canopy closure may differ among scolytid
species. For example, Scolytus intricatus Ratzeburg, 1837 prefers oaks with a high canopy
closure [18], but Scolytus mali Bechstein, 1805 prefers orchards with open canopies [19].
Similarly, the position of trap in the forest (edge vs. interior) also generally does not affect
the occurrence of bark beetles [20-22], but it does affect the occurrence of some species. The
scolytids Hylurgops palliatus Gyllenhal, 1813 and H. glabratus Zetterstedt, 1828, for example,
require the shaded environment of the forest interior for feeding and are found in higher
numbers in the forest interior than at the forest edge [23]. Two ambrosia beetles showed
opposite patterns patterns: Xylosandrus crassiusculus Motschulsky, 1866 is more common at
the forest edge, while Xyleborinus andrewesi Blandford, 1896 is more common in the forest
interior [24]. Similarly, the bark beetle Hylesinus taranio Danthoine, 1788 prefers canopy
closure at the forest edge [25]. We do not know of research focusing on the effect of canopy
closure on ambrosia beetles.

Based on our unpublished observations, however, we suspect that ambrosia beetles are
not primarily dependent on the sun exposure provided by an open canopy. On the contrary,
as wet and warm conditions are important for the growth of their symbiotic fungi [26],
ambrosia beetles are likely to be more abundant in wetter and warmer localities [27,28].
Localities are likely to be wetter and to have a more stable microclimate if the canopy is
substantially closed rather than open [29].

The biodiversity of phloexylophagous insects is greater in old-growth oak stands than
in many other kinds of forest stands, because old-growth oak stands have more deadwood,
including dry branches in treetops [30,31]. For ambrosia species, this dependence was
confirmed only in beech stands in that the abundance of ambrosia beetles was found to be
higher in unmanaged than in managed stands [32].

In the current study, we tested the hypotheses that ambrosia beetle occurrence will
depend on the degree of canopy closure, the abundance of oak trees, the abundance of dead-
wood, and abundance of dead oak branches. We also tested the hypothesis that ambrosia
beetle occurrence is greater in unmanaged oak forests than in commercial forests [31,33,34].

2. Materials and Methods
2.1. Study Plots

The study was conducted in the biogeographically isolated area (the Chebsko-sokolovsky
bioregion) of “Western European broadleaf forests” in the western Czech Republic (Figure 1)
(https:/ /en.wikipedia.org/wiki/Western_European_broadleaf_forests, accessed on 12 Au-
gust 2021). At lower altitudes in this area, “Western European broadleaf forest” is the
main forest type. The natural vegetation of the bioregion consists mainly of acidophilic oaks
(Quercion roboris Malcuit, 1929), but only 6% of the region is currently occupied by oaks. These
are mostly in commercial oak forests, and old-growth oak forests have survived in only a few
localities [35].
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Figure 1. Locations of unmanaged oak dominated forests and managed oak dominated forests in western Bohemia where
ambrosia beetle abundance and species richness were determined.

For assessing ambrosia beetle abundance by trapping, we selected oak dominated
forests in which oaks represented > 60% of the trees (Only in study plot Soos the oak
representation is 40%, and the rest of forest is cover by birch Betullus sp.) and that were
>80 years old and >1 ha. The forests were at altitudes between 400-700 m a.s.l. (Table 1,
Figure 1). The study plot is located in the mesophytic zone, which is characterized by
an average annual rainfall of around 550-700 mm and an average annual temperature
of 7.5 °C. Orographically, the study plots are located on flat land, with only the Korunni
and Loket plots (northwest orientation) and the Vladat plot (south orientation) being on a
steep slope.
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Table 1. Characteristics of the studied oak dominated forests.

Net Area Volume of of Abundance of Distance
: : . Volume of Canopy
Longitude; Altitude Occupied Coarse Dead Oak from Stand
Study Plot Latitude (m a.s.l.) Age  ForestType DBH (cm) by Oaks O(‘::l(3v/¥::;d Deadwood Branches Clg;l)u-e Boundary

(ha) (m3/10 m?) (No. per Tree) © (m)
04/

Vlada¥ 1550 fz?;s’ ,I\]IE' 605 130 Unmanaged 40 52 264 30 3 66 100
P 3 o / /!

Maridnske ﬁofﬁ,i%,, 1;27 700 185 Managed 58 05 369 0 0.1 48 20
0Q/ 1"

So0s ir’go g 45119,,1\115' 440 80 Managed 30 03 131 20 02 31 20
O i /!

Okounov 5;’33;, ;‘g,, ]15\1 440 80 Managed 40 05 58 5 0 35 10
] /gl !

Korunni i%oi‘?ﬁ,, I]\EI 500 150  Unmanaged 50 15 262 20 1 66 50
o/l

Kldra 1522 179,759,1,‘11;: 440 90  Managed 40 03 215 20 02 45 20
o / "

Holubin ﬁoii,‘;‘é,, I;:I 615 90  Managed 35 18 255 0 0.33 63 20
o ! /!

Loket 5102023,1333,, 1]\51 410 110 Unmanaged 20 25 123 15 1 64 0
on/Q!!

Holina 152?, 3%%8,1,\% 700 180 Unmanaged 50 05 361 50 5 68 30
£ on/ /!

K])ﬁ;{zlirt f’go 35}28, ,I‘]IE' 565 200  Unmanaged 120 07 245 5 1 66 10

Quercus robur was dominant in all localities except Vladaf and Loket (see Figure 2),
where both Q. petraea and Q. robur grow but Q. petraea dominates.

Figure 2. Views of managed 80-year-old oak dominated forests at Holubin (a) and unmanaged oak forests at Kynzvart
(b) and Vladaf (c).

2.2. Traps and Lures

To estimate the abundance and species richness of ambrosia beetles [4,36], one trap
baited with ethanol was placed in the center of each study plot. Ethanol was released from
a plastic-vial dispenser (ca. 250 mg-day~!). These dispensers were made of polyethylene
with foam and were 5 cm in diameter and 5 cm high. Each dispenser was placed in a
Theysohn® trap that was located ca. 1.3 m above the ground and that faced the main wind
direction. The traps were emptied, and the ethanol was replaced every 2 weeks from the
beginning of April to the end of August in 2020. All trapped insects were preserved in
70% ethanol.

The insects were identified by the second author, who used Pfeffer’s key [37].
Dr. Milo$ KniZek (Prague) confirmed the identification of C. bodoanum.

2.3. Environmental Variables

Forest type. We recognized two types of forests according to management. Mature-
managed forests were oak dominated forests between 80 and 120 years old. All trees in
each managed forest were the same age and were very homogenous; cut stumps were
abundant. Forests in this category had reached maturity (i.e., had attained their maximum
annual increase in volume) and represented typical state-owned forests. The volume of



Forests 2021, 12, 1223

50f16

deadwood and dead branches was low (Table 1). These forests were last managed ten
years ago.

Most of the oldest trees in unmanaged forests were >120 years old, and the forests had
not been managed for the last 70 years. The forests in this category represented the closest-
to-natural forests that remain in western Bohemia. The only signs of human interference
were a few scattered stumps from past selective cuttings. Unlike the managed forests,
the unmanaged forests included trees of all ages including small areas with young trees.
The volume of deadwood and dead branches was high (Table 1). These forests were last
managed more than fifty years ago. The unmanaged forest at Kynzvart (Figure 2b) had
been modified into a park with grasslands, but more than 60% of the area was covered
with trees, which grew in large unbroken patches. Because the structure of this stand was
otherwise similar to old-growth stands, we included this stand in the unmanaged forest
category (Figure 2b). In contrast, the forest at Soos, although located in a protected area,
was classified as a managed forest because it was a homogeneous stand that had been
planted in a meadow.

Net area occupied by oaks: The net area was calculated as the total area of the stand
multiplied by the tree density and the percentage represented by oak. Data were obtained
from the regional inventory of forests.

Volume of oak wood: Data for the volume of oak trees (m3/ha) in the oak dominated
forests were obtained from the forest management plan, which contained detailed data for
all forest stands.

Volume of coarse deadwood: Deadwood volume was quantified in five areas of
10 m?/area. The diameters and lengths of the dead trees and dead branches were measured
manually.

Abundance of dead oak branches: Numbers of large dead branches were determined
on 10 oak trees along a transect running through each study area; the values were sub-
sequently expressed as the mean number of dead branches per tree. The transects were
located in the central part of each study area (one transect per study area) and were about
50-m long. Dead oak branches included all standing and lying dead wood with a diameter
greater than 7 cm and with a hard consistency based on resistance to finger pressure.

Canopy closure: Canopy closure at each study area was assessed by photographing
the sky from the ground straight up. The sky was photographed on ten places with
distances of 20 m. The photographed surface was ca 200 m?. The photographs were
analysed for the percentages of white (sky) and black (canopy) using Image] software
(v.1.47). The percentage of the area of the sky that was black in the photographs was
considered equivalent to the percentage of canopy closure.

Distance from stand boundary: The distance of each trap from the nearest boundary of
the studied oak dominated forest stand (not the forest edge, stand means a homogeneous
unit of the spatial distribution of the forest) was measured to the nearest meter.

Values of all variables are presented in Table 1.

2.4. Statistical Analysis

The importance of forest stand characteristics for ambrosia beetle abundance and
species richness was evaluated by implementing a random forest algorithm using con-
ditional inference trees as base learners provided in the party package (function cforest,
10,000 trees generated) in R 4.0.2 software (The R Foundation, Vienna, Austria). This
method was used because it is a highly effective for evaluating the importance of explana-
tory variables, it can manage different types of variables, and is robust with respect to the
multicollinearity of variables [38]. Because certain tested explanatory variables exhibited
multicollinearity in our dataset, a conditional computation of the importance was per-
formed (option conditional = TRUE). In addition, an unbiased random forest model was
constructed (option control = cforest_unbiased), because the tested predictors were both
quantitative and categorical variables. The response variable in the models was represented
by the number of ambrosia beetle individuals and species in specific samples (sample =
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beetles captured in one trap during per 2-week-period deployment as described earlier
in the Methods). The statistical significance (x = 0.05) of each explanatory variable was
evaluated using the permutation-based attribute selection algorithm provided in the Boruta
package. Finally, the marginal effect of the selected significant variables on the number of
trapped ambrosia beetle individuals and species was visualised with a partial dependence
plot using the package pdp (functions partial followed by plotPartial).

Ordination analyses of the relationship between ambrosia beetle abundance (i.e.,
species composition of their assemblages) and forest stand characteristics were performed
in Canoco 5 (Wageningen University & Research, Wageningen, Netherlands). Based on
preliminary analysis of the data (gradient length of response data was 2.2 SD units), redun-
dancy analysis (RDA) was used. Data on the abundance of species were log-transformed
and centered by species. After a global Monte-Carlo permutation test (10,000 permu-
tations) of a full model (including all of the available explanatory variables) confirmed
the overall significance of the relationship between response and explanatory variables
(pseudo-F =4.2, p = 0.001), a forward selection of explanatory variables was performed
to identify the forest stand characteristics most closely associated with ambrosia beetle
abundance and species richness.

3. Results

A total of 4179 individuals and 15 species of scolytid beetles were captured in the
traps that had been deployed in 10 localities with oak trees in the western Czech Republic.
Among the 15 species, six (represented by 4137 individuals) were ambrosia beetle species
related to oak (Appendix A, Figure 3). Anisandrus dispar was the most abundant beetle
trapped with an average of 40.0 individuals per sample. The 3520 specimens of A. dispar
represented 84% of the trapped beetles (Appendix B). Xyleborinus saxesenii Ratzeburg,
1837 was the second most abundant species with an average of 6.5 individuals per sample.
The 576 specimens of X. saxesenii represented 14% of the trapped beetles. The other four
species were represented by fewer than 20 trapped specimens, i.e., they represented less
than 1% of all trapped specimens (Appendix A, Figure 3).

60 4
50 1
40 4
30 A
20 -

10 A

Number of trapped individuals

Anisandrus dispar
Cyclorhipidion bodoanum
Trypodendron domesticum
Xyleborinus attenuatus
Xyleborinus saxesenii E—(
Xylosandrus germanus

Figure 3. Number (mean =+ SE) of individuals of ambrosia beetle species captured per sample. Each
sample represented the beetles captured in one trap during 2-week period.

The number of ambrosia beetle individuals caught in the traps was significantly
related to date of sampling, the percentage of canopy closure, and the abundance of dead
oak branches per tree (Figure 4a). The number of ambrosia beetles trapped increased with
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the percentage of canopy closure, but the increase was considerable only when canopy
closure exceeded 45% (Figure 4b). The number of beetles caught also increased with the
number of dead oak branches per tree, but the relationship plateaued with four dead oak
branches per tree (Figure 4c).

a)
Date of sampling* o
Canopy closure* o
Abundance of dead oak branches* o

Distance from stand boundary

Locality
Forest type

o

o

o
Volume of oak wood | ©
Net area occupied by of oaks |- o
o

Volume of coarse deadwood

T

0 500 1000 1500 2000 2500

Variable importance (i.e. mean decrease in model accuracy)

b) c)
0 ©®
S 60 g 90
o o
£ =
3 40 g 60
& 30 g
E = 40
© 20 o
g g 20
g 10 g
- b
30 40 50 60 70 0 1 2 3 4 5
Canopy closure [%] Abundance of dead oak branches

[mean number per tree]

Figure 4. Results of random forest regression of number of ambrosia beetle individuals caught in
traps as the response variable: (a) variable importance plot (based on the decrease of mean model
accuracy with omission of the variable) showing the importance of particular variables for the number
of ambrosia beetle individuals caught in the traps. Variables with a significant effect (p < 0.05) are
denoted with an asterisk (*); (b,c) partial dependence plots showing the marginal effect of selected
significant explanatory variables on the mean number of ambrosia beetle individuals trapped during
the eight 2-week periods from April to August.

The number of ambrosia beetle species trapped was most strongly associated with
the date of sampling (see Appendix B) and the percentage of canopy closure. Volume of
oak wood and abundancy of dead oak branches were also associated with the number of
ambrosia beetle species, whereas the associations with study plot and net area occupied
by oaks were weak (even if statistically significant) (Figure 5a). The numbers of ambrosia
beetle species trapped increased slightly with percentage of canopy closure, volume of oak
wood, abundance of dead oak branches, and net area occupied by oaks (Figure 5b—e). The
resulting curves were more or less sigmoidal, with most of the increase in the number of
trapped species restricted to a narrow interval of explanatory variable values. This interval
was between 40% and 50% for canopy closure; 200 and 250 m?3 for volume of oak wood;
2-3 for number of dead oak branches per tree; and 1.0-2.5 ha for the net area occupied
by oaks.
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Figure 5. Results of random forest regression of the mean number of ambrosia beetle species
captured per trap per 2-week period from April to August as the response variable: (a) plot of
variable importance (based on the decrease of mean model accuracy with omission of the variable).
Variables with a significant effect (p < 0.05) are denoted with asterisk (*); (b—e) partial dependence
plots showing the marginal effect of the indicated explanatory variables on the mean number of
ambrosia beetle individuals trapped during the eight 2-week periods from April to August.

The partial RDA analysis with the date of sampling treated as a covariable confirmed
the significant associations between the studied explanatory variables and the occurrence
and the numbers of ambrosia beetle individuals and species. Forward selection of explana-
tory variables indicated that two explanatory variables had significant effects: canopy
closure and net area occupied by oaks (Table 2). Canopy closure had by far the highest
explanatory power followed by net area occupied by oaks and the abundance of dead
oak branches. The model including these three explanatory variables explained 24.4% of
the variability in species occurrence and the numbers of ambrosia beetle individuals and
species (Table 2).
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Table 2. Results of the partial redundancy analysis forward selection of the percentage of variability
in ambrosia species occurrence explained by the indicated forest stand variables. Conditional effects
of the explanatory variables are shown. Effect of the date of trap deployment was removed by
considering it as a covariable. The upper three explanatory variables highlighted in bold were
included in the model based on the results of the forward selection process. Although it was not
statistically significant, the abundance of dead oak branches was included in the model because it
helped explain the variability in the occurrence of the species.

Explained Variability in

Forest Stand Variable Species Occurrence (%) Pseudo-F p
Canopy closure 16.5 15.6 0.002
Net are occupied by oaks 6.6 6.7 0.002
Abundance of dead oak branches 1.3 1.3 0.234
Volume of coarse deadwood 1.0 1.0 0.360
Distance from forest stand boundary 0.8 1.0 0.368
Forest type 0.4 0.5 0.652
Volume of oak wood 0.2 0.2 0.834

The RDA analysis revealed several associations between the abundance of ambrosia
beetles and measured variables. The abundance of A. dispar was positively correlated with
canopy closure and the abundance of dead oak branches. The abundances of X. saxesenii
and the invasive species X. attenuatus and C. bodoanum were positively correlated with
the net area occupied by oaks. The abundances of T. domesticum and X. germanus were
positively but weakly correlated with the abundance of dead oak branches (Figure 6).

Q 4
-~

Oak-occupied area

Xyl sax

Canopy closure
<—

Ani dis

Xyl _ger

| Dead branches

< .
C|5 | Try_dom

-0 00

Figure 6. Results of redundancy analysis (RDA) of the relationship between presence of the ambrosia

beetle species (blue arrows) and the most important characteristics of forest stand (red arrows). The
species and the forest stand characteristics have been abbreviated to simplify the plot. The shown
projection of the 1st and the 2nd axes represents 23.8% of the variability in species occurrence. Effect
of the date of trap deployment was removed by considering it a covariable (Ani_dis—Anisandrus
dispar, Cyc_bod—Cyclorhipidion bodoanum, Try_dom—Trypodendron domesticum, Xyl_att—Xyleborinus
attenuatus, Xyl_ger—Xylosandrus germanus, Xyl_sax—Xyleborinus saxesenit).
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4. Discussion

Anisandrus dispar and X. saxesenii were the most abundant ambrosia beetles detected
in this study in western Bohemia (the Czech Republic) and are also very abundant in many
other countries [9,39-42]. Anisandrus dispar is recognized as a serious pest of fruit and
hazelnut trees [43]. It tends to infest trees that have been weakened by biotic and/or abiotic
factors [44]. X. saxesenii is rarely considered to be a pest [43].

Anisandrus dispar is probably considered to be a pest more often than X. saxesenii
because it can develop on thinner branches [44]. It is therefore able to attack hazelnut
and fruit trees [43,44], which have thinner branches than forest trees. Given the high
abundance of A. dispar in the current study, one would suppose that this species could
cause substantial damage in the region, but such damage occurs only rarely and only on
trees with thin stems [45]. Even in regions where A. dispar damages fruit trees, the damage
it causes to oaks and beeches is insignificant [46], although it has been associated with oak
damage [47].

Unlike A. dispar females, X. saxesenii females directly bore into tree trunks and form
a radial entry tunnel [48]. Xyleborinus saxesenii females therefore require relatively thick
branches and find relatively few resources in forests.

Trypodendron domesticum was the third most abundant species, but it was much less
abundant than A. dispar and X. saxesenii. Trypodendron spp. attack the surfaces of tree trunks
and thicker branches [37]. A high availability of suitable breeding substrate (e.g., wind-
damaged or highly stressed trees) at the forest-stand scale seems to enhance T. domesticum
population densities and attack rates, e.g., [49] break of bark beetles on spruce has resulted
in the increased harvesting of spruce and the suspension of deciduous forest harvesting.
As a result, suitable host trees are scarce in oak forests, and the abundance of T. domesticum
has been low see also [50].

We found only a few individuals of the three species of invasive ambrosia beetles,
i.e., C. bodoanum, X. germanus, and X. attenuatus. Cyclorhipidion bodoanum and X. germanus
have recently spread from the west into the Czech Republic, and their abundance remains
low [51,52]. In places where both X. germanus and C. bodoanum have established, however,
they are the most abundant Scolytinae species [9,39,40,53].

The introduced ambrosia beetles are considered pests in Europe [54,55]. They can
detect stress-induced ethanol emissions from weakened oak trees and can rapidly colonize
those trees [56]. Once a forest begins to decline, trees lose vigor, which increases their
susceptibility to secondary pests and pathogens [57-61]. If the abundances of invasive
species increase overtime, which is likely, these invasive species are likely to contribute to
the mortality of trees in weakened oak forests.

The number of ambrosia beetle individuals as well as ambrosia beetle species trapped
in the traps was significantly related to date of sampling because of phenology bee-
tles in our study (Figures 4 and 5). The time distribution of the two most abundant
species (Appendix B) is in accordance with known seasonal flight activity of these two
species [62—-64]. The lower numbers of specimens caught in the second half of May are
related to the rainy weather.

In this study, we found that the abundance of ambrosia beetles was significantly
associated with the percentage of canopy closure and the abundance of dead oak branches
(Figure 4). Rather than reflecting the preferences of all species of ambrosia beetles, these
associations might mainly reflect the preferences of A. dispar, the dominant species in our
study (Figure 3). On the other hand, increases in these two variables also increased the
number of ambrosia beetle species trapped (Figure 5), suggesting that the percentage of
canopy closure and the abundance of dead oak branches may affect species in addition to
A. dispar. In support of that possibility, the abundance of T. domesticum was also positively
correlated with the abundance of dead oak branches (there is a positive relationship also
in X. germanus, but we have trapped only one specimen) (Figure 6). A high percentage of
canopy closure is an indication of a stable and humid environment that is suitable for the
growth of ambrosia fungi [65,66]. Because ambrosia bark beetles require these fungi as a
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food source for development, both the fungi and the beetles are more frequent in wetter
and warmer localities than in drier and colder localities [26—28]. In addition, ambrosia
beetles generally prefer to inhabit the lower parts of tree canopies, such that most bark
beetles are caught in traps at a height of 35-200 cm [36,67-71].

The volume of oak wood and the net area occupied by oaks represent the quantity and
distribution of ambrosia beetle hosts. Ambrosia and other bark beetles are dependent on
ephemeral and generally scattered breeding substrates [72,73], and it is therefore reasonable
that the abundance of ambrosia beetle individuals and species at a site will increase with
the concentration of host trees (Figures 5 and 6). The abundance of scolytids increases with
resource availability [9,74]. In addition, the abundances of the invasive ambrosia beetles
X. attenuatus and C. bodoanum were previously found to be positively correlated with the
net area occupied by oaks, because both of these species live in oaks and other deciduous
trees [40,49,50,75].

The number of species of ambrosia beetles trapped was significantly affected by study
plot (Appendix A). On the other hand, the distance from the stand boundary had no
effect on either the species spectrum or the number of captured beetles, which shows
that a single trap was sufficient for monitoring the abundance of ambrosia beetle species
and individuals at a study plot. This is reasonable because the beetles are lured to the
traps by the bait, which was ethanol in the current study. Although not well studied, the
population dynamics of ambrosia beetles are probably similar to those of other scolytids.
Most individuals that hatched at a given site will probably tend to develop at the same site,
but some individuals will disperse to search for new sites with suitable resources [73,76,77].

Although the number of ambrosia individuals trapped was not significantly associated
with oak forest type (managed vs. unmanaged; Figure 4a), the abundance of many species
was higher in the unmanaged forests than in the managed forests (Appendix A). We
therefore cannot draw clear conclusions from these results. The unmanaged forests in
the current study were abandoned coppicing forests in three cases (Vladaf, Korunni, and
Loket), a remnant of an old-growth forest that had been converted into a park in one case
(Marianské Lazné), and a reserve that resembled a virgin forest in only one case (Korunni)
(Figure 1). We also captured many beetles at one managed site (Holubin) (Appendix A),
which may help explain why the number of beetles captured was not significantly lower
in the managed than in the unmanaged sites. Undisturbed, old-growth primary forests
are generally considered to support high species richness [78], but species richness for
some arthropod assemblages did not differ between primary forests and secondary or
degraded (logged) forests in earlier studies, e.g., [79-82]. In a recent study, anthribid
species richness did not significantly differ between primary and secondary forests [83],
and anthribid species richness was greatly affected by the presence of suitable dead or
dying fungus-infested wood, e.g., [84-86].

5. Conclusions

Six species of ambrosia beetles were recorded during the present study. The two most
abundant species, A. dispar and X. saxesenii, represented 98% of the trapped beetles. Both
of these ambrosia beetle species were more abundant in oak dominated forests with a high
percentage of canopy closure, indicative of a stable and humid environment suitable for
the growth of ambrosia fungi, compared to oak forests with a low percentage of canopy
closure. Further, a higher abundance of dead oak branches in the canopy was found to be
an important factor promoting the occurrence of A. dispar. Although the abundance of some
species was slightly higher in unmanaged forests, no statistically significant differences in
ambrosia beetle abundance in managed vs. unmanaged forests was found. We also have no
evidence that particularly high abundances of A. dispar in the several studied unmanaged
forests would lead to substantial damage to the surrounding forests. In the study area, the
abundance of the recorded invasive ambrosia beetles (C. bodoanum, X. attenuated and X.
germanus) was low but will probably increase over time. Once the availability of weakened
trees increases locally, invasive ambrosia beetles could contribute to oak decline.
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Appendix A

Table Al. Total numbers of bark beetles that were trapped at the 10 studied localities in the western Czech Republic
(ambrosia beetle species that use oak trees as hosts are in bold).

Study Plot

Species

Vlada¥

Marianské Lazné Soos

Okounov  Korunni  Klara Holubin  Loket Holina Lazné Kynzvart Total

Anisandrus dispar
Fabricius, 1792

122

70 2 1 296 2 226 810 1558 433 3520

Xyleborinus
saxesenii
Ratzeburg, 1837

154

4 49 15 5 57 194 3 95 576

Trypodendron
omesticum
Linnaeus, 1758

Cyclorhipidion
bodoanum
Reitter, 1913

13

13

Trypodendron
lineatum
Olivier, 1795

Dryocoetes
autographus
Ratzeburg, 1837

Xyleborinus
attenuatus
Blandford, 1894

Hylurgops palliatus
Gyllenhal, 1813

Hylesinus varius
Fabricius, 1775

Pityogenes
chalcographus
Linnaeus, 1761

Polygraphus
mndyiclava CG.
homson, 1886

Polygraphus

poligraphus
Linnaeus, 1758

Hylastes
cunicularius
Erichson, 1836

Scolytus intricatus
Ratzeburg, 1837

Xylosandrus
ermanus
Blandford, 1894

Ips typographus
Linnaeus, 1758

Total

299

100 51 1 313 7 286 1006 1583 533 4179
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Appendix B
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Figure A1. Number (mean + SE) of individuals of the two most abundant ambrosia beetle species
captured per sample in particular sampling periods from April to August 2020. Each sample
represented the beetles captured in one trap during 2-week period.
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ARTICLE INFO ABSTRACT

Handling Editor: Richard Hauer Exotic coniferous trees in forests adjacent to spa towns and in parks within spa towns are increasingly being
attacked by outbreak populations of native bark beetles in western Bohemia (Central Europe). In the 12 localities
in western Czech Republic the current study, we detected a total of 19 native bark beetle species infesting more
than 10 % of exotic tree species in the genera Abies, Picea, Pinus, and Pseudotsuga in 1 year. Several exotic tree

species were identified as new hosts for native European bark beetles. We also identified three non-native bark

Keywords:
Dendroctonus micans
Gnathotrichus materiarius

I hi . . . . . . .
I\I;:xﬁ:zp " beetles, including Phloeosinus aubei, a species that transmits the pathogens that cause cypress canker disease.
Parks The numbers of infested trees in the localities were not correlated with the distance from surrounding bark

beetle outbreak sites in commercial forests, because all forests adjacent to spas and all forests in spa towns (i.e.,
“urban forests™) are close to commercial forests with infested trees. Infestations were greater in spa towns than in
the forests adjacent to spa towns. We therefore assume that trees within spa towns will be further attacked due to

Phloeosinus aubei

the increasing abundance of native bark beetles.

1. Introduction

The Great Spas of Europe is a World Heritage Site (https://whc.unesc
o.org/en/list/1613/documents/) consisting of 11 spa towns located in
seven countries: Baden bei Wien (Austria); Spa (Belgium); the ‘Bohe-
mian Spa Triangle’ of Karlovy Vary, FrantiSkovy Lazné, and Marianské
Lazné (Czech Republic); Vichy (France); Bad Ems, Baden-Baden, and
Bad Kissingen (Germany); Montecatini Terme (Italy); and City of Bath
(United Kingdom). These towns bear witness to the international Eu-
ropean spa culture that developed from the early 18th century to the
1930s, leading to the emergence of grand international resorts that
affected the landscape around spa “ensembles”. The principal spa
ensemble includes springs; pump rooms and drinking halls; bathing and
treatment facilities; a ‘kurhaus’; colonnades and galleries; hospitals and
sanatoria; assembly rooms; casinos; theatre and concert houses; arcades
of shops, hotels, and villas; churches of various denominations, and
support infrastructure. These are set within a green environment of
promenades, parks and gardens, rides, and woodland walks. The spa
ensembles are all integrated into a carefully managed recreational and
therapeutic environment in a picturesque landscape.

In the Bohemian Spa Triangle of the western Czech Republic, spa
towns include both an inner spa landscape (i.e., parks and “urban

* Corresponding author.
E-mail address: holusaj@seznam.cz (J. Holusa).

https://doi.org/10.1016/j.ufug.2021.127417

forests” within the town) and an outer spa landscape (i.e., parks and
forest parks surrounding the spa centers) (https://whc.unesco.org/en/I
ist/1613/documents/). The urban forests in spa towns have a long his-
tory in the Czech Republic. As early as the middle of the 16th century,
the forests around Karlovy Vary city (“Karlsbad” in German) were used
for the leisure enjoyment of spa guests. Because of the aesthetic pref-
erences of guests, parks in spa towns changed during the 19th century
with the increased planting of non-native woody plants (Snajdrové and
Peskova, 2017). Very common non-native tree species in parks include
those of American origin (Pinus strobus L., Abies grandis Douglas, Picea
pungens, and Pseudotsuga mengziesii (Mirb.)) and the European species
Pinus nigra J.F. Arnold (Brundu and Richardson, 2016). These exotic
trees are currently considered important components of spa town parks
and forests and are appreciated by the public (Kunovska, 2019). Parks
and forests within and adjacent to spa towns in western Bohemia persist
to the present day (Snajdrové and Peskova, 2017) (Fig. 1). Many of the
forests in the area surrounding spa towns are in “natural mineral water
protection zones” (Fig. 2). Therefore, they have been recently consid-
ered a special type of legally recognized forest (law no. 289/1995 Sb.), i.
e., “Forests adjacent to spas” (in Czech original “lazenské lesy™) (Fig. 1).
Forestry management in commercial forests and in forests associated
with spas differs mainly in that forest aesthetics are more important than
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economic profit in the latter ones. The selection of trees that compose
forests adjacent to spas also reflects safety and hygiene requirements,
the inclusion of species that produce wood essential oils (conifers), and
the avoidance of large numbers of allergenic trees (Hruban et al., 2020).

In their original range, the exotic woody trees planted in Europe host
several species of bark beetles (Kelsey, 1994), and related species of bark
beetles of the same genera are present in Europe. In western Bohemia,
bark beetles have become very abundant (www.kurovcovamapa.cz).
Native bark beetles, such as Ips typographus (Linnaeus, 1758), often fly
into heavily urbanized areas and attack trees that have been stressed by
the urban environment i.e., by pollution (deposition of metals, as well as
by the gases SOz, NO», and Os) but also by heat and drought (Liittge and
Buckeridge, 2020). Trees weakened by these factors are especially sen-
sitive to infestation bark beetles (Marini et al., 2017; Kolb et al., 2019).
Although bark beetle abundance decreases towards city centers (Piel
et al., 2005) and although the environment for trees is less stressful in
spa towns than in cities, it is very likely that non-native spruces in the
parks and forests in and around spas will be attacked by breakout
populations of the bark beetles I typographus and Pityogenes chalcogra-
phus (Linnaeus, 1758) (Hedgren, 2004), and that non-native pine species
will be attacked by Ips acuminatus (Gyllenhal, 1827) (Foit and Cermdk,
2014). We already have evidence of the infestation of exotic trees by
non-native bark beetles in arboretums, i.e., invasive Ips amitinus
(Eichhoff, 1871) has recently killed trees of several species of pines and
spruce (see Kerchev and Krivets, 2021), and Ips duplicatus (C.R. Sahl-
berg, 1836) has recently attacked Picea omorika (Vakula et al., 2021).
Other species of economically unimportant bark beetles have also
increased in abundance, because large quantities of breeding material is
generated by the harvesting of bark beetle-damaged trees (Fiala and
Holusa, 2021).

An increased number of host trees represents an increased resource
for native bark beetles (Bussler et al., 2011), and urban trees facilitate
the establishment of non-native forest pests (Branco et al., 2019). It is
therefore possible that non-native species spreading through the Czech
Republic (Fiala and Holusa, 2019; Fiala et al., 2021) may attack their
original hosts now growing in Europe.

Solitary coniferous trees are especially prone to bark beetle infesta-
tion (Netherer et al., 2021), because they are more sunlit and therefore
more stressed than trees in commercial forests (Niinemets and Valla-
dares, 2006). We therefore assume that the probability of bark beetle
infestation is greater for trees in the parks and urban forests within spa
towns than in nearby forests.

In the current study, we tested three hypotheses: (i) the infestation of
non-native trees by native bark beetles will be higher in the parks than in
the forests; (ii) the numbers of infested trees will increase as the distance
from bark beetle infestations in commercial forests decreases; and (iii)
the numbers of infested trees will increase with the proportion of native
conifers (the primary hosts of the bark beetles of concern) in the area.
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2. Materials and methods

The ‘Bohemian Spa Triangle’ is in western Bohemia in a geographi-
cally isolated area by surrounding mountains that prevent beetle flights.
We conducted the current study in all 12 parks and forests (referred to as
“localities”) in western Bohemia (Czech Republic) where exotic tree
species are commonly grown (except that Pseudotsuga mensiesii is grown
in many other places) (Fig. 2, Table 1). While the parks are characterized
by typical urban greening with areas of lawns and solitary trees, the
forests surrounding the spa towns are semi-commercial and have trees
with full canopies (Fig. 1). Most of the 12 localities were represented by
either a park or a forest; both habitats occurred together in only one
locality (Fig. 2).

Most bark beetle species fly to trees during or before May in Central
Europe. They lay eggs and the resulting larvae consume bast (Pfeffer,
1995). The trees wither and turn yellow, and their needles rust and fall
off, and have been conspicuous since June (Fig. 1). In all 12 localities,
we inspected entire parks and forests every month on foot from June to
November 2020 to find all trees that were infested with bark beetles.
This is a standard forestry method for searching for bark beetle-infested
trees (Schwenke, 1994). Infested trees were debarked over the entire
trunk area to a height of 2 m, so that corridors and beetles could be
detected. Only the presence of bark beetles was recorded, and the
infested trees with living beetles in galleries were counted (Table 2).
Bark beetles were also studied on available lower branches or on fallen
branches under infested trees (Table 3). Beetles were identified to spe-
cies according to Pfeffer (1995) by the first author. The assessment of
large localities required several hours.

The studied trees ranged in height from 1 m (cypresses) to >30 m
(Douglas-fir). The diameters of the trees ranged from a few centimeters
(thujas and cypresses) to 150 cm (white pine).

Ordination analysis for the relationship between the relative abun-
dance of bark beetle-infested trees and environmental variables
(described below) was performed in Canoco 5. The dependent variable
was the relative abundance of bark beetle-infested trunks of trees at the
locality. Trees infested with Phloesinus spp. that attack only Juniperus
and Thuja spp. were not included in the analysis. We used a semi-
quantitative scale to assess the number of bark beetle-infested exotic
trees in a locality. The scale was based on our unpublished observation
that the probability of a tree being infested by bark beetles is greater if a
locality has many potential host trees than if a locality has only one or a
few potential host trees. For a given species of bark beetle, the scale
ranged from 1 to 3, with 1 indicating that 1 tree was infested, 2 indi-
cating that 2-5 trees were infested, and 3 indicating that > 6 trees were
infested at the locality. The following nine environmental variables were
assessed: locality type (spa park or spa forest); area of the locality; dis-
tance from the nearest bark beetle-infested commercial forest (Table 1);
the percentage of potential host trees that were non-native species
(Abies, Picea, Pinus, Pseudotsuga, and Tsuga) among all trees in the

Fig. 1. Infested spruce trees (Picea pungens) in the park within the spa town of Marianské Lazné (left) and a typical “healing landscape” in the forest adjacent to the

spa town of Frantiskovy Lazné (right).
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locality; and the percentage of potential host trees that were native
coniferous species among all trees in the locality. For non-native species,
the mean (+ SE), minimum, and maximum percentages were 7 (+ 8), 0,
and 90, respectively. For native species, these values were 32 (£ 32), 5,
and 90, respectively. The contribution of predictors was assessed by
canonical correspondence analysis (CCA) with forward selection of
explanatory variables. The relative abundance of bark beetle-infested
trees was square-root transformed.

3. Results

A total of 19 species of bark beetles were detected. At least one
species of bark beetle was found in each locality and in each tree species.
One to six species of bark beetles were found on individual tree species.
The highest number of bark beetle species was detected on P. pungens
(six species), followed by P. strobus and P. mariana (five species for
both). However, the number of beetle species per tree species per lo-
cality was greater for P. mariana than for P. pungens or P. strobus because
P. mariana occurred in only one locality, while P. pungens and P. strobus
occurred in four and five localities, respectively. The trees Cupresus,
Thuja, and Picea jezoensis had only one bark beetle species each (Tables 2
and 3). A total of 123 non-native trees in 11 localities were attacked,
which was about 11 % of all non-native trees in 12 localities (Table 1).

The number of host species for each bark beetle species ranged from
1 to 6. Pityogenes chalcographus was found on six species of non-native
trees, and P. pityographus was found on four species of exotic trees in
several genera. For beetle species that had two hosts, the hosts were in
one genus and were presumably closely related. Ips typographus was
found on three non-native hosts in two genera. Most bark beetle species
were found on one species in the genus Picea (Tables 2 and 3).

A total of three species of non-native bark beetles were identified.
Gnathotrichus materarius was found at one locality on P. menziesii.
Phleosinus aubei was found at one locality but in two species, Cupressus
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leylandii and Thuja occidentalis. Pityogenes bistridentatus was found on
P. strobus and P. nigra on one locality. The non-native bark beetles,
G. materarius and P. aubei, were found on the trunks of infested trees, but
P. bistridentatus was found only in the branches (Tables 2 and 3).

CCA with the forward selection method identified locality type as the
only significant predictor (p = 0.01) of the abundance of non-native
trees infested with bark beetles. Locality type explained 14 % of the
variability. Of the species studied, the abundance of I typographus and
P. poligraphus was higher in parks than in forests while the abundance of
C. pussilus was higher in forests than in parks (Fig. 3). As predictors of the
abundance of non-native trees infested with bark beetles, the following
were not statistically significant: the distance from infested commercial
forests, the abundance of non-native trees, the proportion of native co-
nifers, and the areas of localities.

4. Discussion
4.1. Bark beetle diversity

In the current study, we found common European species of bark
beetles infesting non-native trees in forests and parks within or adjacent
to spa towns in western Bohemia; among these species, I typographus
and P. chalcographus are serious pests. When abundant, they are primary
pests, and I typographus is often accompanied by P. chalcographus
(Pfeffer, 1995; Hedgren, 2004). Other bark beetle species found in for-
ests adjacent to spas and parks in spa towns included the pests
L. acuminatus and D. micans (Lukasova et al., 2014; Siitonen, 2014). The
ambrosia beetle T. lineatum is also a common species in Central Europe
(Pfeffer, 1995). Occasionally, P. poligraphus, P. pityographus, and
P. thujae also cause damage (Kraemer, 1951; Benz, 1985; Viklund et al.,
2019).

The three non-native bark beetle species represent three different
groups. Among them, P. aubei has a Mediterranean distribution with

g natural mineral water
m protection zone | O forest
7 natural mineral water
///A protection zone Il @ park
coniferous forest

32 km

1 - FrantiSkovy Lazné; 50.1190953N, 12.3545719E
2 - Komorni hiirka; 50.1002836N, 12.3357750E

3 - Sokolov; 50.1460542N, 12.6260544E

4 - Karlovy Vary; 50.2292633N, 12.8745986E

5 - Cista; 50.0990861N, 12.7255536E

6 - Ubo¢i; 50.0258042N, 12.5873447E

7 - Lazy; 50.0343778N, 12.6192739E

8 - Kladska; 50.0251839N, 12.6677253E

9 - Jedlova; 49.9597547N, 12.5744058E
10 - Lazné Kynzvart; 50.0054250N, 12.6061417E
11 - Marianské lazné; 49.9672636N, 12.7043750E
12 - Mnichov; 50.0196556N, 12.7853561E

Fig. 2. Map showing the 12 study localities with forests adjacent to spa towns and with parks in spa towns, and their surrounding forests in western Bohemia. Areas
with natural mineral water protections zones containing spa forests visited by spa guests are indicated.
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Table 1
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Background information on the 12 localities including the numbers of exotic trees and the numbers of exotic trees infested with bark beetles. If trees of more species

were infested, the numbers of infested trees of each species are separated by a slash.

Locality Park/forest Area (ha) Abies Picea Pseudotsuga Tsuga, Thuja, and Cupressus Numbers of infested trees
Cista Park 2.5 1 1
Karlovy Vary Park 18.0 10 2/1
Kladska Park 1.0 10 3
Lazné Kynzvart Park 3.0 3 2 2/7/1
Marianské Lazné Park 70.0 250 4 35/2
Sokolov Park 0.7 200 10 7/3
Frantiskovy Lazné Forest 60.0

Jedlova Forest 1.5 25 21
Kladska Forest 2.0 20 10
Komorni hirka Forest 2.5 1
Lazy Forest 2.0 100 20
Mnichov Forest 0.6 40 6
Uboci Forest 2.0 200 1

northward range expansion probably due to climate change and is the
most significant pest; it can seriously damage juniper and cypress
plantations (Fiala and Holusa, 2019). P. aubei is a carrier of the path-
ogen, Seiridium cardinale (Wag.) Sutton and Gibson that cause cypress
canker disease and is therefore an important pest of cypress trees in
southern Europe (Danti and Rocca, 2017). The next most significant
non-native bark beetle pest detected in the current study was
G. materiarius; this species was introduced into Europe from North
America almost 90 years ago and has yet to cause economic damage
(Mazur et al., 2018). Pityogenes bistridentatus might be a South/Central
European species with limited previous records in those parts of Europe
(Pfeffer and Knizek, 1996; Urban, 2000) but is considered a non-native
species in the Czech Republic. It was introduced with host trees and was
found infesting the thin branches of non-native pine species in the cur-
rent study. Other bark beetle species listed in Tables 2 and 3 lack sig-
nificant economic importance (Pfeffer, 1995).

Not surprisingly, we found that Picea- and Pinus-associated bark
beetles infested other non-native Picea and Pinus species, and that
polyphagous bark beetles that attack conifers infested a range of conif-
erous species; attack of P. pungens by D. micans was previously reported
(Lukasova et al., 2014). We also found the following new host trees for
the following bark beetle species: P. omorika for P. poligraphus;
P. mariana for C. asperatus, C. pusillus, and P. pityographus; P. pungens for
X. pilosus; and T. heterophylla for P. chalcographus (Tables 2 and 3).

4.2. Effects of environmental variables

The infestation of non-native trees by the native bark beetles
L typographus and P. poligraphus was higher in parks than in forests.
Trees in parks are more endangered than trees in forests in or adjacent to
spa towns because the trees in parks grow in more open, sunnier habitats
(Tanhuanpaa et al., 2019), which facilitates host location by bark beetles
(Kasak and Foit, 2018). Generally, bark beetles in outbreak populations
of I. typographus preferentially attack trees in areas with a high level of
sun exposure (Mezei et al., 2019; Duraciova et al., 2020).

We expected that the numbers of infested trees would increase as the
distance from bark beetle infestations in commercial forests decreased
because number of I typographus that penetrate into city centers de-
pends mainly on the distance from the city outskirts and is adversely
affected by the built-up area (Piel et al., 2005). In general, scolytins are
very good fliers and can fly for several kilometers (Jones et al., 2019). Ips
typographus is also a good flier, and although 50 % of the population flies
less than 500 m, the median of the flying range was >3 km at high
population density and was >5 km at low population density when the
beetles migrated above the forest canopy (Ohrn et al., 2014) to locate
new food sources (Jakus et al., 2003). Although dispersal success at the
level of individual beetles decreases with dispersal distance and is lowest
in early flight cohorts, host selectivity increases and colonization density
decreases with increasing distance across all environments. The ability

to fly long distances is generally important for the spreading of species,
but the successful infestation of trees, which was observed in our study,
also depends on the density of the host and its susceptibility (Kautz et al.,
2016).

There are two main reasons why the number of infested in forests and
parks within or adjacent to spa towns was not significantly related to the
distance to the nearest I. typographus-infested commercial forest. First,
the nearest bark beetle-infested commercial forest was always <2 km
away, which is less than the median flight range of I. typographus (Ohrn
et al., 2014); consequently, the distance to bark-beetle infested trees in
commercial forests was not a limiting factor. Second, bark beetles
dispersing into parks within spa towns probably had a high probability
of infesting because the trees in the parks of spa towns grow in open
areas and therefore experience increased water loss and drought stress.
Host stress helps bark beetles overcome host defenses (Gely et al., 2020).
For spruce, another stress is that the trees in forests and parks within or
adjacent to spa towns are growing at low altitudes, i.e., at altitudes that
are not ideal for spruce (Roder et al., 2010).

Our hypothesis that a larger proportion of native conifers at a locality
would support a larger number of infested trees was not supported by
the data, although stand density and spruce percentage affect host sus-
ceptibility to bark beetle infestation even in outbreaks (Hilszczanski
et al., 2006; Koren et al., 2021). The reason is that bark beetles do not
distinguish between native and non-native tree species (Tables 2 and 3).
However, a high proportion of broadleaved trees, such as birch, poplar,
or ash, emit volatiles that repel many bark beetles (Byers et al., 1998;
Zhang et al., 1999). If the proportion of broadleaved trees in the parks
and urban forests within spa towns in the 12 localities of the current
study was high and abundance of bark beetles was low, the broadleaved
trees could potentially protect the conifers in the 12 localities. Bark
beetle abundance in the forests near spa towns, however, is very high; in
the western Czech Republic where the spa towns are located, the
recorded volume of spruce wood infested by bark beetles in 2020 was
greater than 1 m® per ha in most cases and even greater than 5 m® per ha
in some cases (Knizek and Liska, 2020).

5. Conclusion

The Great Spas of Europe represent a unique urban landscape based
on natural mineral springs. Parks and forests within and adjacent to spa
towns are currently suffering from infestations by both native and non-
native bark beetles. It is alarming that 10 % of non-native coniferous
trees within and adjacent to spa towns have been attacked in 1 year. The
parks within spa towns are more endangered than the forests sur-
roundings of spa towns, and the level of infestation is evidently not
related to the distance to the nearest infestations in commercial forests.
These results indicate that a “protective” strip of forest (Jurc et al., 2006)
of any width will not prevent the infestation of trees within spa towns.
Infested trees with beetles must be rapidly detected and removed to



T. Fiala et al.

Table 2
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Frequency of bark beetle-infested trunks of exotic tree species in forests adjacent to spa towns or in spa town parks in 12 localities in western Bohemia. The number of
localities where the indicated species of bark beetle was found is in parentheses; asterisks indicate the infestation frequency (* = one tree infested; ** = 2 to 5 trees
infested; and *** = > 6 trees infested). Tree species that are new hosts for the indicated species of bark beetle are in bold.

Bark beetle Abies

species/Tree grandis
species (Douglas ex
D.Don)

Lindl.

Cupressus Picea
leylandii A. mariana
B.Jacks & Britton,
Dallim. Sterns &
Poggenb.

Picea Pinus Pinus Pseudotsuga Thuja Tsuga Total

pungens nigra J. strobus mengziesii occidentalis heterophylla exotic tree

Engelm. F. L. (Mirb.) L. Sarg. species
Arnold Franco colonized

Number of 2
localities with
tree
occurrence

Cryphalus
asperatus
Gyllenhal,
1813

Cryphalus piceae ~ **(1)
Ratzeburg,
1837

Crypturgus
cinereus
Herbst, 1793

Crypturgus
pusillus
Gyllenhal,
1813

Dendroctonus
micans
Kugelann,
1794

Gnathotrichus
materiarius
Fitch, 1858

Ips typographus
Linnaeus,
1758

Phloeosinus
aubei Perris,
1855

Phloeosinus
thujae Perris,
1855

Pityogenes *(1)
chalcographus
Linnaeus,
1760

Pityophthorus *1)
pityographus
Ratzeburg,
1837

Polygraphus
poligraphus
Linnaeus,
1758

Tomicus minor
Hartig, 1834

Trypodendron
lineatum
Olivier, 1800

Xylechinus

pilosus
Ratzeburg,
1837

Cummulative 3
species
richness

1 1

(1)

*%(1)

*1)

*(1)

(1)

*%(1)

% (1) 1

#x(]) 2

*%(1) 1

wx5(3) *%(2) 3

*%(1) 2

(1) 1

*(3) *(1) 5

*%(1) 3

*1) 2

*(1) 1

*%(1) 1

*%(1) 1

prevent bark beetle spread. The detection of infested trees can be fungi. Such dead trees, however, must be managed, and the public
facilitated using drones (Nasi et al., 2018; Kloucek et al., 2019) but also should be educated about the benefits but also the dangers generated by

by the participation of citizens who live nearby (Branco et al., 2019).

dead trees (Pecenko and Brack, 2021).

The protection and management of trees within and around spa
towns is the responsibility of the national/regional government but Author statement
especially of the local authorities. The local authorities can decide to

allow the dead trees to stand. Such trees have significant value because

TF: Conceptualization; Formal analysis; Investigation; Methodology;

they provide habitat and food for birds, mammals, reptiles, insects, and Validation; Writing - original draft; Writing - review &editing; JH:
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Table 3

Urban Forestry & Urban Greening 67 (2022) 127417

Presence of bark beetle-infested branches of exotic tree species in forests adjacent to spa townss or in spa town parks in 12 localities in western Bohemia. The number of

localities where the indicated species of bark beetles was found is in parentheses.

Bark beetle species/Tree species Picea jezoensis Picea omorika Panc¢i¢)  Pinus nigra J.F. Pinus strobus ~ Pseudotsuga mengziesii (Mirb.) ~ Total exotic tree species
Carriere Purk. Arnold L. Franco colonized
Number of localities with tree 1 2 1 4 3
occurrence
Ips acuminatus Gyllenhal, 1827 1) 1
Phloeotribus spinulosus Rey, 1883 (€8] 1
Pityogenes bistridentatus Eichhoff, 1) 1) 2
1878
Pityogenes chalcographus (€8] 2) 2
Linnaeus, 1760
Pityophthorus lichtensteinii (2) 1
Ratzeburg, 1837
Pityophthorus pityographus 1 1
Ratzeburg, 1837
Cummulative species richness 1 1 2 3 1
Brundu, G., Richardson, D.M., 2016. Planted forests and invasive alien trees in Europe: a
< code for managing existing and future plantings to mitigate the risk of negative
N impacts from invasions. NeoBiota 30, 5-47. https://doi.org/10.3897/
Pitypity TrypLine neobiota.30.7015.
‘CrypAspr CrypPusl IpsTypog Bussler, H., Bouget, C., Brustel, H., Brindle, M., Riedinger, V., Brandl, R., Miiller, J.,
= :'Deird:':};c; PalgPolg Pr'r:(."haf 2011. Abundance and pest classification of scolytid species (Coleoptera:
XyicPils CrypCinr CrypPice 7 Curculionidae, Scolytinae) follow different patterns. For. Ecol. Manage. 262,
© | TomcMine GnatMatr 1887-1894. https://doi.org/10.1016/j.foreco.2011.08.011.
l'}l Byers, J.A., Zhang, Q.-H., Schlyter, F., 1998. Volatiles from nonhost birch trees inhibit
4 10 pheromone response in spruce bark beetles. Naturwissenchaften 85, 557-561.

Fig. 3. T-value biplot of the canonical correspondence analysis with results of
regression of beetle abundance on the park within the spa town (red circle) and
the forest adjacent to the spa town (blue circle) (Cryphalus asperatus —CrypAspr;
Cryphalus piceae —CrypPice; Crypturgus cinereus —CrypCinr; Crypturgus pusillus
—CrypPusl; Dendroctonus micans —DendMicn; Gnathotrichus materiarius
—GnatMatr; Ips typographus —IpsTypog Pityogenes bistridentatus —PityBist;
Pityogenes chalcographus —PityChal; Pityophthorus pityographus —PityPity; Poly-
graphus poligraphus —PolgPolg; Tomicus minor —TomcMinr; Trypodendron line-
atum —TrypLine; Xylechinus pilosus —XylcPils).

Conceptualization; Formal analysis; Funding acquisition; Investigation;
Methodology; Project administration; Supervision; Validation; Writing -
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significantly contributed to this manuscript and have read and approved
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Invasive bark beetles pose a threat to native biodiversity and to functional
ecosystems and the economic productivity of forests, parks, and orchards. In the
Czech Republic, there are six species of invasive ambrosia and bark beetles with a
stable natural population, and it can be assumed that other invasive species that
will be found. In the Czech Republic, there are no guidelines or methods for the
early detection of invasive ambrosia and bark beetles. We propose monitoring
at a total of 24 locations considering the following: (i) monitoring approaches
used in other countries; (ii) identified entrance gates of invasive ambrosia and
bark beetles found in the Czech Republic; (iii) presumed invasive species that
occur in surrounding countries and are expanding their range; (iv) substances
attractive to all the above mentioned species; (v) commonly available traps; and
(vi) minimization of operating costs. Most of the chosen locations are located
on the state borders and in river valleys, which are probably the entrance gates
to the Czech Republic for invasive ambrosia and bark beetles. In addition, two
large timber warehouses where international trade takes place, all international
airports and three botanical gardens with tropical greenhouses were selected.
Three Theysohn or Ecotrap impact traps should be installed every year at all
locations. Traps should be baited with ethanol and exposed from mid-April to
the end of July and should be checked every 2 weeks.

Cyclorhipidion bodoanum, Dryocoetes himalayensis, Gnathotrichus materiarius,
Phloeosinus aubei, Xyleborinus attenuatus, Xylosandrus germanus

1. Introduction

Invasive ambrosia and bark beetles (further BB) represent a threat to biodiversity,
functional ecosystems, and the economic productivity of forestry (Brockerhoft et al., 20065
Aukema et al., 2011; Gohli et al., 2016), as well as to parks and orchards (Francardi et al,
2017; Branco et al., 2019; Fiala et al., 2022). BB are important vectors of fungal diseases that
cause massive tree death. The simultaneous effect of several invasive species, their symbiotic
fungi, and the subsequent interaction with climate change creates a situation in which it is
difficult to predict the future impact of ambrosia and bark beetles on the environment (Lovett
etal, 2013). Early detection is key to controlling BB because only then can a real integrated
pest management (IPM) strategy be developed (Brockerhoff et al., 2006, 2010; Douglas et al.,
2009; Samons, 2022).
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Bark beetles spread in several ways, the most common being
the global trade in wood material (treated and untreated wood),
wooden packaging, and fruits or live seedlings of various non-
native trees (Mathew, 1987; Meissner et al., 2008; Pombo et al.,
2010; Augustin et al., 2012; Brockerhoft and Liebhold, 2017;
Meurisse et al, 2019). It has also been confirmed that they
can be introduced with wooden material that has been treated
according to the international standard ISPM 15 (Haack and
Petrice, 2009; Haack et al., 2014). In Europe, ports on the Atlantic
and Mediterranean coasts are most often the gateway (Hagedorn,
1910; Hoffmann, 1942; Schedl, 1962; Cola, 1971, 1973; Faccoli,
2008; Moraal, 2010; Inghilesi et al., 2013; Rassati et al., 2015; Binazzi
et al., 2019; Branco et al,, 2019; Barnouin et al., 2020). Another
entry point is botanical gardens, where non-native ambrosia and
bark beetles may be introduced when expanding collections of
exotic trees (Chobaut, 1897; Merkl and Tusnadi, 1992; Schuler et al.,
2023).

Due to climate change, the host tree species are spreading
northwards into areas where they did not originally occur (Ge
et al, 2017). Even ambrosia and bark beetles, which are only
found in southern Europe, may spread north; e.g., the bark beetle
Phloeosinus aubei Perris, 1855 has spread to colder areas in Central
Europe (Fiala and Holusa, 2019). Ambrosia and bark beetles not
only spread through global trade but also naturally, as some
are good flyers (Nilssen, 1984; Jones et al., 2019). Dry summers
contribute to the appearance of ambrosia and bark beetles in
alpine locations, even though they do not normally ascend to high
altitudes, also (Marini et al., 2012).

However, the influence of humans on the spread of BB is
far greater than the influence of climate (Gohli et al, 2016;
Ward et al., 2019). Establishing plantations of non-native trees
increases the risk of introducing non-native ambrosia and bark
beetles (Lantschner et al., 2017). In Central Europe, this mainly
concerns the cultivation of black pine (Pinus nigra) and bark
beetles, which feed on it; Pityogenes bistridentatus Eichhoff, 1878
and Orthotomicus robustus Knotek, 1899 are found in several
areas in the Czech Republic (Pfeffer and Knizek, 1996; Urban,
2000; Knizek, 2006; Knizek and Mertelik, 2017; Fiala et al., 2022).
Climate change may help the maintenance of populations of BB on
continents (Rassati et al., 2016a).

Most ambrosia and bark beetles are native to temperate
and subtropical forests, so they represent the greatest danger
for southern Europe due to a similar climate; hence, damage is
most concentrated here (Pennacchio et al, 2004, 2012; Alfaro
et al, 2007; Francardi et al., 2017; Leza et al., 2020). In the
more northern countries of Europe, only damage by the ambrosia
beetle Xylosandrus germanus Blandford, 1894 has been recorded
(Maksymov, 1987; Graf and Manser, 2000; Galko et al., 2019).

Due to the economic and ecological damage caused by
ambrosia and bark beetles, some governments perform regular
monitoring of BB in their territory. This is helpful for identifying
risk in a timely manner. There have been several monitoring
attempts, of which baited traps are the most effective and least
expensive method (Poland and Rassati, 2019).

Since BB are spreading increasingly around the world, there
have also been efforts to introduce global monitoring. Observations
were made on several continents at the same time to determine
the abundance of ambrosia and bark beetles in the affected
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regions. The following semiochemicals were used in the traps: a-
pinene + ethanol and a-pinene + ethanol + ipsdienol + ipsenol + Z-
verbenol. The study is the first step toward the development of an
international monitoring protocol based on trapping in traps baited
with different types of substances (Faccoli et al., 2020).

There are six species of BB in the Czech Republic with a stable
population in the wild (Knizek, 1988; Prochdzka et al., 2018; Fiala
and Holusa, 2019; Fiala et al., 2020, 2021), and other species can be
expected to occur in this territory (Gebhardt, 2014; Gebhardt and
Doerfler, 2018). In the Czech Republic, there are no guidelines or
methods for the early detection of BB. In addition, approximately
half of the records of new species of ambrosia and bark beetles
for the Czech Republic were accidental; the species were caught
by amateur entomologists, and there was a delay of approximately
1-3 years between detection and publication (cf. Knizek, 2009a,b,
2011; Knizek and Kopecky, 2021). An extreme example is a
report published 18 years after the species Pityophthorus balcanicus
Pfeffer, 1940 was captured (KniZek and Liska, 2015). Therefore,
it is necessary to create a stable network of traps for monitoring
invasive species of ambrosia and bark beetles. To determine the
methodology, several experiments were carried out in the Czech
Republic, providing basic knowledge about the spread of BB and
their bionomics in the Czech Republic (Fiala and Holusa, 2019,
2020; Fiala et al., 2020; Holusa et al., 2021; Fiala et al., 2023).

The aim of this work is to propose a methodology for
monitoring BB based on the following:

(i) monitoring approaches in other countries;
(i) the entrance gates of the existing species of BB found in the
Czech Republic;
(iii) presumed species that occur in surrounding countries and are
expanding their range;
(iv) substances attractive to all of the above;
(v) commonly available traps;
(vi) minimization of operating costs.

1.1. Monitoring methods in North
America

In Canada, the first attempts to detect BB were made at the
end of the 1990s in the vicinity of Vancouver. The following
substances were used for trapping: ethanol, a pinene, and
attractants (cis-verbenol, ipsdienol, and methylbutenol) for Ips
typographus Linnaeus, 1758 (Humble, 2001). Ethanol and a-pinene
are kairomons for many ambrosia and bark beetles (Schroeder and
Lindelow, 1989). After that, long-term monitoring began, and was
carried out in the period from 2000 to 2021. Each year between
2000 and 2011, six Lindgren funnel traps were installed at each
of 63-80 locations (ports, industrial zones, and wood processing
industries). Traps at each location included three baited with
ethanol + a-pinene and cis-verbenol + ipsdienol + methylbutenol
and three baited with ethanol alone. Since 2012, another trap
baited with ethanol + C6-ketol + C8-ketol as aggregation
pheromones have been added to longhorned beetles (see Hanks
et al, 2019). Since 2015, traps for longhorned beetles have been
baited with the combination of racemic (E,Z)-fuscumol + racemic
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(E,Z)-fuscumol acetate + ethanol and the combination of
ipsenol + monochamol + a-pinene + ethanol. During the
experiment, seven species of BB were captured, of which three
species were new to Canada (Thurston et al., 2022).

The most sophisticated system of regular monitoring is carried
out in the US, where monitoring has been ongoing for 20 years
(Rabaglia et al, 2008). Even before the start of this program,
BB were caught in ports and airports in the US (Rabaglia and
Cavey, 1994; Haack, 2001, 2006; Mudge et al., 2001). The American
system is based on a dense network of Lindgren funnel traps
lured with ethanol, a-pinene + ethanol, and ipsdienol + cis-
verbenol + methylbutenol, each separately. Traps are located
mainly along both ocean coasts but also in the interior of the
US. The US territory is divided into three parts, and each part is
monitored once every 3 years. Even connected overseas territories
such as Puerto Rico or Guam regularly participate in monitoring,
where other volatile substances are also used for captures, such as
manuka oil or ethanol + cubeb oil. Traps are located at seaports
or at companies in the wood processing industry (Rabaglia et al.,
2019). Data from this monitoring are used to determine the
behavior of BB and to model their spread in the US (Rassati et al.,
2016a). During the evaluation of this program (Rabaglia et al.,
2019), ethanol was found to be the most suitable for trapping BB,
while trapping with Ips lures was not effective for BB. Specific
substances can be used to target selected BB (Hartshom et al.,
2021).

1.2. Monitoring methods in Australia and
New Zealand

Efforts to detect BB has also taken place in New Zealand.
The first attempts to develop invasive species monitoring were
in the 1980s (Hosking and Gadgil, 1987; Carter, 1989). Lindgren
funnel traps with baits of a-pinene + ethanol, B-pinene + ethanol,
frontalin + ethanol, and ipsdienol were also used in ports,
international airports, and forests near these locations. This
monitoring model has been proven to be successful in the early
detection of BB, and it has, therefore, a good chance of eliminating
these ambrosia and bark beetles (Brockerhoft et al., 2006). There
was also an experimental trial to detect damage by invasive
pests using field observations (car and walking) in New Zealand.
Virtually no difference in results was found between these two
methods (Bulman et al., 1999).

The monitoring of invasive species in Australia was broader;
Lepidoptera was also caught. In sticky traps, Lindgren and
Ecotrap. Ethanol, cineole, a-pinene, phellandrene, and a mixture
of pinene, phellandrene, cineole, terpene, and cymene were used
as bait. Traps were placed near ports and airports, and others
were placed in a zone within 5 km of ports and airports
(Bashford, 2012). The following baits were also tested in Brisbane
harbor from 2006 to 2007: ipsenol, ipsdienol, frontalin, exo-
brevicomin, and a combination of ethanol and a-pinene; a total
of 29 species of ambrosia and bark beetles were caught (Wylie
et al., 2008). In Tasmania, a method of static traps baited
with a combination of a-pinene and ethanol was developed
to monitor BB in Pinus radiata plantations (Bashford, 2008).
These attempts subsequently developed into massive permanent
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monitoring throughout Australia (Carnegie et al, 2018, 2022;

Carnegie and Nahrung, 2019).

1.3. Monitoring methods in Asia

In China, an IPM plan has been created and monitoring is
carried out in designated areas using various methods, from baited
traps with different types of semiochemicals to light traps to simply
patrolling the area (Anonymus, 2009). At the same time, ambrosia
and bark beetles are caught in ports (Lin et al., 2021). China also
has an IPM standard for P. aubei, which causes serious damage to
cypress trees there (Anonymus, 2017).

Other maritime countries also monitor BB in ports. In Japan,
BB have been monitored in ports since the 1950s (Murayama,
1957; Schedl, 1966, 1969, 1970; Browne, 1980a,b; Ohno, 1989). In
South Korea, BB were also monitored in harbors as early as the late
1970s (Choo et al., 1981; Choo and Woo, 1983; Choi et al., 2003).

1.4. Monitoring methods in Europe

In Italy, BB have long been monitored in ports (Cola,
1971, 1973). In total, 15 international ports and their adjacent
forest stands are monitored; for trapping, Lindgren funnel traps
and semiochemicals similar to those in the USA, ethanol, a
pinene + ethanol, and ipsdienol + ipsenol + methylbutenol, are
applied. Three traps were placed in the harbor, and three traps
were placed in the adjacent forests. More species were found
in deciduous forests than in coniferous stands. Invasive species
richness was higher in forests than in harbors. The ambrosia and
bark beetles were caught in the harbors, and were not yet able
to establish a permanent population in the surrounding forests
(Rassati et al, 2015). At Malpensa International Airport, the
capture of invasive beetles in PET bottles was successfully tested
using the following baits: apple cider vinegar, red wine, and 80%
ethanol (Ruzzier et al., 2021).

Monitoring of invasive longhorned beetles (Cerambycidae)
was launched in France, where they also tested trapping with o
pinene + ethanol in Ecotrap traps. The traps were placed in natural
forests and then in ports, airports, and orchards (Fan et al., 2019).

In Lithuania, as part of prevention, the bark beetle
Dendroctonus rufipennis Kirby, 1837 was monitored in 2000
in the port of Klaipeda, near the Vaidotai railway station and
along forest roads. D. rufipennis was not detected (Ostrauskas
and Ferenca, 2010). In the period from 2002 to 2005, further
monitoring was carried out at the borders, again in the port of
Klaipeda, and at temporary wood warehouses, but no BB were
caught. Lures a-pinene, myrcene, and cis-verbenol were used in
Lindgren funnel traps (Ostrauskas and Tamutis, 2012).

Extensive monitoring of invasive species took place in Great
Britain between 2013 and 2017. Lindgren funnel traps and cross-
vane panel traps were placed in different types of forests near the
ports. Ethanol and ethanol + a-pinene were used as bait. A total
of three species of BB, Cyclorhipidion bodoanum, Gnathotrichus
materiarius, and X. germanus, were captured (Inward, 2020).
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In the Czech Republic, there are six species of BB with
a stable natural population: C. bodoanum ,
Dryocoetes  himalayensis ~ Strohmeyer, 1908, G. materiarius
Fitch, 1858, P. aubei, Xyleborinus attenuatus Blandford, 1894,
and X. germanus ( ; s
; ). Furthermore,
several introduced species that could not form a stable population
due to an unfavorable climate or absence of host plants were
found in the territory of the Czech Republic: Coccotrypes
dactyliperda Fabricius, 1801, Hypothenemus areccae Hornung,
1842, Hypothenemus hampei Ferrari, 1867, Hypothenemus setosus

Eichhoff, 1868, Xyleborus affinis Eichhoff, 1868, Xyleborus
volvulus Fabricius, 1794, and Xylosandrus morigerus Blandford,
1894 ( H g

).

New invasive species of ambrosia and bark beetles which
are already present in Germany may be expected to invade the
Czech Republic. These include, Xyloterinus politus Say, 1826, which
was detected in Bavaria in 2014 ( ),
and Cyclorhipidion pelliculosum Eichhoff, 1878, which was found
in Baden-Wiirttemberg in 2013 ( ). The greatest
economic danger to tree species in the Czech Republic is the
bark beetle Pityophthorus juglandis Blackman, 1928, which has
been spreading in Italy since 2013 and is a carrier of the serious
fungal disease, thousand cankers disease (

). From the east, we can expect an invasion of the bark beetle
Polygraphus proximus Blandford, 1894, which spreads from Siberia
toward the west, and its harmfulness is comparable to that of
I typographus (
developed for both species ( ).

The MaxEnt algorithm can be used to model the spread of

). Therefore, a pest risk analysis was

invasive species around the world. For the invasive ambrosia beetle
Xylosandrus compactus Eichhoff, 1876, which occurs in southern
Europe ( ; f

; ), with the continuation of average
climatic values from 1970 to 2000, X. compactus is predicted to
find suitable ecological conditions for development in southern
Moravia (which is the warmest region of the Czech Republic) by
2050 ( ).

2.1. Basic points for determining the
monitoring methodology of invasive
ambrosia and bark beetles in the Czech
Republic

Since 2020, efforts have been underway to determine the
possible entry gates and directions of expansions of BB in the Czech
Republic ( ; ;

). Potential types of volatile substances that could be used
for monitoring were compared to find the simplest monitoring
method ( ; )-
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The Czech Republic has no seaports, but has five international
airports (Prague, Brno, Ostrava, Pardubice, and Karlovy Vary;
) and many road and rail border crossings with foreign
countries. Therefore, global trade is a possible reason for the flight
activity of individual invasive species when entering the Czech
Republic. In 2022, 302,640 tons of wood materials with a size larger
than 6 mm were imported from all over the world into the Czech
Republic, of which 4,993 tons were tropical wood of all kinds (
).

The invasive ambrosia beetle X. germanus in the middle of the
Czech Republic in 2007 ( ) was first found near the
largest wood warehouse of Stora Enso in Zdirec nad Doubravou,
similar to the invasive sawfly Urocerus albicornis Fabricius, 1781,
was found on the grounds of the Kronospan wood processing plant
in Jihlava ( ). The occurrence in botanical
gardens through the importation of live exotic plants has only
been demonstrated once in the Czech Republic, in the case of
X. morigerus ( ); however, this does not mean that other
introductions have not occurred and escaped notice. The ambrosia
beetle G. materiarius was first found through flight monitoring
near the border with Bavaria in western Bohemia ( ).
Likewise, the spreading of X. germanus in northern Bohemia and
southern Moravia ( ) or D. himalayensis in southern
Moravia ( ) is a result flight of beetles.

Most of the BB were found near the borders with Germany and
Austria (cf. H
of the BB in Europe have been detected near seaports in western

). This is logical because most

and southern Europe. The main entry points were clearly identified
as river valleys and border crossings ( ).

2.2. Results of case studies in the Czech
Republic

In 2021, two experiments were conducted to detect BB: (i) the
capture of ambrosia and bark beetles at a warehouse of tropical
wood imported from Central Africa in Pilsen — Doubravka town!
and (ii) the capture of ambrosia and bark beetles in the Botanical
Garden in Prague - Troja with a tropical greenhouse, where tropical
trees are brought in every year. This botanical garden is the largest
in the Czech Republic, and its tropical greenhouse offers vegetation
of dry tropics and subtropics, lowland rainforest, and tropical
forests of high mountains.?

No invasive bark beetle was caught near Pilsen (

); only the bark beetle Lymantor coryli Perris, 1855, which
is rarely found throughout Europe, was detected ( ). No
bark beetles were caught in the tropical greenhouse, but the two
BB, X. germanus and D. himalayensis, were caught at the edge of
oak forests ( ).

At the same time, at the end of 2021, 13 companies involved
in the coffee trade in the Czech Republic were asked to cooperate
to detect the occurrence of introduced species of ambrosia and
bark beetles damaging coffee beans. Several samples of damaged
beans were obtained, and the bark beetle H. hampei ( )

from Brazil, Colombia, and India ( ) was detected
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FIGURE 1

invasive ambrosia and bark beetles in the Czech Republic (B).

The position of the Czech Republic in Europe (A) and the possible entry gates, places of first detections, and a proposal for monitoring locations for

by the occurrence several dead individuals in the Czech Republic.
However, H. hampei does not pose a danger, even to undamaged
coffee stocks, as its stages do not survive the Central European
climate (Jaramillo et al.,, 2009). It can be speculated that beetles
may, however, introduce various fungal and bacterial infections
into uninfected beans (Damon, 2000; Jaramillo et al., 2006).

3. Proposal of a methodology for
the detection of invasive species of
ambrosia and bark beetles in the
Czech Republic

The selection of locations is based on possible entry points
such as border crossings, border river valleys, international airports,
large timber warehouses, and botanical gardens; at the same time,
these points will be used to monitor already established species

Frontiers in Forests and Global Change

whose abundance is still very low (Prochdzka et al., 2018; Fiala and
Holusa, 2019, 2020; Fiala et al., 2020, 2021, 2022; Holusa et al.,
2021). For the purposes of regular and permanent monitoring of
BB, we therefore propose the following locations (Table 1 and
Figure 1). A quarter of the locations are in protected areas; there is
sufficient dead wood, and there are overgrown stands that provide
a suitable environment for the development of ambrosia and bark
beetles (Lee et al., 2019; Fiala et al., 2021).

Some invasive bark beetles are polyphagous, such as
X. germanus (Weber and McPherson, 1983) and X. politus
(MacLean and Giese, 1967), and can attack both coniferous
and deciduous trees; some attack only deciduous trees, such as
X. attenuatus (Kvamme et al, 2020), or only conifers, such as
G. materiarius (Kamp, 1970). The representation of tree species is
not significant for ambrosia and bark beetle monitoring because
the type of forest has no effect on the abundance of beetles (Bouget
et al., 2008). Therefore, the type of forest in which the trap is
placed is not important, although a mixed forest with different tree

frontiersin.org


https://doi.org/10.3389/ffgc.2023.1239748
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org/

Fiala and Holusa

10.3389/ffgc.2023.1239748

FIGURE 2

Dead individual of bark beetle H. hampei found in damaged coffee bean introduced to the Czech Republic.

species is preferable. We prefer oak forests, in the vicinity of which
there are also conifers. In the Czech Republic, almost all forests
are cultural, and conifers grow even at low altitudes. Therefore,
choosing a combination of forests at the different locations was
straightforward ( ).

Most BB in Europe are ambrosia species (

), and in our study in oak forests in western Bohemia,

we found that ambrosia beetles had a higher abundance with a
greater canopy cover, due to the wetter microclimate and greater
amount of dead wood ( ). The influence of
the close canopy on the abundance of ambrosia and bark beetles
was also confirmed by ( ). Therefore, forests
with close canopy is generally preferred, although we are aware
that C. bodoanum seems to prefer open forests (

).

We also tested substances suitable for trapping BB. Factory-
produced pheromones were suitable for trapping ambrosia and
bark beetles of the genus Trypodendron; we found one specimen of

X. germanus ( ). Among volatile substances,

Frontiers in

we found the best combination of ethanol and juniper twigs
suitable for trapping bark beetles P. aubei ( ).
We found ethanol to be the most suitable for G. materiarius
( ). Likewise, C. bodoanum was captured in
ethanol (
X. germanus were captured in impact traps as such, they were

), and although D. himalayensis and

also captured in ethanol ( ;
). X. attenuatus, like
the ambrosia bark beetle, was attracted to ethanol (

).

Although sulcatol, which is considered a potential aggregation

> >

pheromone of G. materiarius, was expected to be successful
( ), it was not the best lure tested
in Central European conditions. The combination of sulcatol
and ethanol resulted in the capture of a significantly greater
number of beetles of Gnathotrichus sp. (

). However, in our case, ethanol alone captured more beetles
than the combination of baits. Ethanol also significantly attracted
other invasive ambrosia beetles, C. bodoanum, X. germanus,
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TABLE1. Proposed localities for permanent monitoring of invasive X. attenuatus, and other species of native ambrosia and
:r::l:(b’;z ?\ln; z:::;::fﬁ::k(’_t{lp:;,oh:;:g:ft;:tzrre:;;:t:_c;: c,\:‘ature bark beetles. Ethanol attracts both ambrosia and bark beetles
Monument; PR, Nature Reserve). X. politus and C. pelliculosum, which are already present in
Germany (Ranger et al, 2011, 2014). Ethanol generally has
Monitgring R_eason for_ a better capture ratio of invasive ambrosia beetles than the
locations locat:jo.n Sle le.Ctlon other substances (Fiala et al, 2023). Ethanol has long been
L known to be the main volatile substance on ambrosia and
1 Zoologickd a 49.7595N, Botanic garden bark beetles (Kelsey and Joseph, 2003; Ranger et al, 2013,
botanické ) 13.3598E 2019).
rabtad Plzen For capturing and monitoring the dangerous invasive species
2 Zahli:;nﬁ];jrec 51(;70776;2) Botanic garden P. juglandis, ethanol is also a suitable substance (Roling and
: Kearby, 1975). However, in acute situations, the monitoring
3 Prazskd 50.1224N, Botanic garden network can be extended by adding a trap with the aggregation
bm;mfika 144138E pheromone prenol, which was detected in this bark beetle
Zi‘ e (Seybold et al, 2015). Ethanol can also be used to detect
4 Zdirec 49.7022N, Wood storage P. proximus, although the beetles will most likely be caught in
15.8088E small quantities, as it reacts mainly to cis-verbenol, ipsdienol, and
5 Jihlava 49.4219N, Wood storage ipsenol (EPPO, 2014), like I typographus (Schlyter et al., 1987).
1560508 If the occurrence of P. proximus in the vicinity of the Czech
6 Ceski Kubice 49.3643N, Border crossing Republic has already been predicted, the monitoring network
128522E can be expanded by adding another trap to the monitoring
7 PP Horni Malie 48.6553N, Border crossing location with one of the industrial attractants containing cis-
14.4575E verbenol.
8 Tvrdonice 48.7504N, Border crossing We propose total of 24 monitoring locations. Most of them
17.0210E are located at the border crossings of the Czech Republic
9 PP Okrouhld 49.0466N, Border crossing and in river valleys, which are probably the entrance gates to
18.0576E the Czech Republic of BB (Figure 1). In addition, two large
10 THinec 49.6795N, Border crossing timber warehouées in which international trade takes place
18.6930F were selected (Zemlicka, 2012), along with all international
" Hronov 504776N, Border crossing airports and three botanical gardens with tropical greenhouses.
16.2129E The latter locations cover a variety of modes of invasion
O PR Meandry 50.9508N, Border crossing by ambrosia and bark beetles: natural dispersal by the flight
Smedé 15.0345E abilities of ambrosia and bark beetles and spread by global trade
- (Table 1).
13 Velky Senov 51(119()65(;1;’ Border crossing We designed specific locations so that they were easily
accessible in forests and were warmer locations of southern
14 Hrensko 50-8730N, Border crossing exposures. We selected overgrown forests near state borders or
1423928 places that represent a “steppingstone,” as in the case of point
15 Karlovy Vary 50.1998N, International airport 22, NPR Dévin (a woven area in an agricultural landscape), and
12:9028E point 23, NPR Jezerka (located on the migration route along the
16 Praha Ruzyné 50.1244N, International airport Ohge River valley). From airports and large timber warehouses,
14.3054F we assume that bark beetles will fly to the nearest forest stands.
17 Brno 49.1606N, International airport Botanical gardens have the character of open forests and are mostly
16.6602E surrounded by forests, so localities in the territory of the garden
18 Pardubice 50.0203N, International airport have been suggested.
15.7153E Three traps at each location is sufficient (Rassati et al., 2015;
19 Ostrava 49.6981N, International airport Thurston et al., 2022). In the Czech Republic, two types of impact
18.1397E traps are used; both are inexpensive and commonly available. They
20 PR Rathsam 50.1013N, Assumed migration path are easy to install and do not catch large numbers of non-target
12.2485E insects (Lubojacky and Holusa, 2014; Galko et al., 2016). The
51 NP Podyji 48.8495N, Assumed migration path traps can be a Theysohn slot type, which is the most widely used
15.8835E in forestry in the Czech Republic (Zahradnik and Zahradnikova,
» NPR Dévin 1S.8587N, Assumed migration path 2016), or impact type Ecotrap, from which it is easier to extract
16.6511E the caught beetles. They can be disassembled after each season and
— stored in a much smaller space than the Theysohn traps.
» NPR Jezerka 51(;,54‘;34341;) Assumed migration path These types of traps are primarily intended for catching
economically important bark beetles that are attracted by specific
24 PP Osoblazsky 50.3032N, Assumed migration path pheromones (Flechtmann et al., 20005 Sramel et al., 2021); however,
vybezek 17.7005E

they can also be used to capture invasive species without any
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TABLE 2 Basic costs of operating the proposed monitoring network of invasive species of ambrosia and bark beetles in the Czech Republic (prices for
the year 2023 in €) [energy costs (freezer), human fieldwork and labor costs, and determination costs are not included].

Cost per

At total for
all lures

The total
postage for all
locations

At total
lure

10.20 1,469 150 5,9391/3,203%

Numbers Cost per At total for | Number of
of traps trap all traps ethanol
lures
72 60'/22% 4,320'/1,5842 144
Additional years can be calculated without the cost of traps.
!Theysohn trap.
2Ecotrap.

problems (Holusa et al., 2021; Fiala et al., 2023). Different species
of ambrosia and bark beetles are found to prefer different types of
traps. Dryoxylon onoharaense Murayama, 1934, an invasive species
also found in Europe (Marchioro et al., 2022), or G. materiarius
prefer the Ecotrap type. In contrast, bark beetles X. affinis and
Premnobius cavipennis Eichhoff, 1878 prefer the Theysohn type
(Flechtmann et al., 2000; Dodds et al., 2010; Miller and Crowe,
2011).

Each trap is baited with ethanol, which is universal for catching
ambrosia and bark beetles (Rassati et al., 2016b; Chen et al., 2021).
Traps should be placed between 30 and 50 m apart (Niemeyer, 1997;
Rassati et al., 2014). Ethanol is also partly attractive to common
species of ambrosia and bark beetles that live on conifers (Fiala
et al., 2023). Traps should be operated from mid-April to the end
of July, as the flight activity of ambrosia and bark beetles decreases
in August (Fiala et al., 2023). Traps are checked once every 14 days,
and the collected samples are then stored in the freezer for later
determination. Ethanol should be changed in early June since the
evaporators are active for approximately 60 days.

In total, there are only 72 traps (e.g., three traps at 24
locations), which represent 144 ethanol lures per year (Appendix
4). Given that the Czech Republic is a small country, the number of
locations is small, and monitoring should be carried out annually.
Since most of the locations are forested, we suggest, if agreeable,
partnering with the local forest administration of Forest of the
Czech Republic (LCR, s.p., in Czech), a company that manages
more than 50% of the Czech Republics forest stands and has
cooperation with the Forest Advisory Service (Lesni ochranna
sluzba in Czech) of Forestry and Game Management Research
Institute (FGMRI, VULHM in Czech) Jilovisté at Prague, capital
of the Czech Republic. In total, the LCR manages thousands of
trappers throughout the country every year. The traps that we
suggest, slightly more than 70 traps, are not difficult to manage
because foresters move around the forests every day. Similarly,
workers at the botanical gardens and timber warehouses move
around daily and can send samples for determination. The average
catch per trap in the world varies between 200 and 500 specimens,
similarly in the Czech Republic it is between 50 and 500 specimens
(Appendix Table 5).

The entire organization of monitoring corresponds to the
activity and assignment of the Forest Advisory Service. The Forest
Advisory Service deals with research, expert, and monitoring
activities in forest protection against biotic pests. It monitors the
occurrence of the bark beetle Ips duplicatus Sahlberg, 1836, every
year. This monitoring has been ongoing for a total of 25 years,
and during this period, a total of approximately 400 traps baited

3  www.e-econex.net
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with I duplicatus were placed around the country (Holusa et al,
2010; KniZek and Liska, 2022). The traps were checked by foresters,
and beetles were collected and sent to FGMRI for determination.
In Central Europe, other forest research institutes have also been
involved in monitoring BB, e.g., in Slovenia (see Hauptman et al.,
2019a), Slovakia (see Galko et al., 2014), and Latvia (see Ostrauskas
and Tamutis, 2012); however, these were one-time events.

Our proposed monitoring of BB can be easily merged with
the existing monitoring of I. duplicatus. It involves incorporating
only 72 traps. The Forest Advisory Service would purchase ethanol
vaporizers for cooperating entities and provide basic operator
training; however, it is also possible to use a recorded instructional
video. The total volume of all samples from the three traps does not
exceed 1 dm?, so workers can place it in closed cans in any freezer
where the insects will be frozen. It is necessary to determine the
entire material of beetles into species by a specialist because data
will be obtained on several species of ambrosia and bark beetles,
especially rare ones (Fiala, 2021; Holusa et al, 2021; Fiala and
Nakladal, 2022; Fiala et al., 2023).

Due to the importance of early detection of invasive species
of ambrosia and bark beetles, the economic costs are minimal
(Table 2) compared to the damage that can occur. In the US, the
annual loss associated with all invasive species is estimated at $120
billion (Pimentel et al., 2005). In Europe, the loss caused by all
invasive species is estimated to be hundreds of millions of € per
year (Vila et al,, 2010); e.g., for invasive longhorned beetles of the
genus Anoplophora, the cost of eliminating one infested hectare of
vegetation is $25,000 (Anonymus, 2014). Estimated economic loss
to landowners exceeded hundreds of dollars per hectare for invasive
pests in Pinus taeda Linnaeus, 1753 stands in the southern US when
no monitoring was performed (Susaeta et al., 2016). When carrying
out integrated protection, the cost is less than the loss of value of
the wood (Franjevic et al., 2016). At the same time, lures require
smaller financial expenditure than the human labor associated with
the control of traps (Sramel et al., 2021).

4. Conclusion

The proposed monitoring method based on commonly used
traps in selected locations (entrance gates at borders, wood
warehouses, tropical greenhouses, and airports) is necessary
because we BB have already been detected in the Czech Republic.
Therefore, it is necessary to monitor these species and be able
to detect new ones. Ethanol is effective for capturing the species
that have already been detected, and the method is inexpensive.
The method can be implemented by the research institute
for monitoring pests. The monitoring results can inform the
professional actions of the Central Institute for Supervising and
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Testing in Agriculture and for the targeted eradication of invasive
species, as required by EU regulations.
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Appendix

APPENDIX TABLE 1 Detection of ambrosia and bark beetles according to the type of bait at a tropical wood warehouse in Pilsen.

Species

Anisandrus dispar Fabricius, 1792 1

Hylastes attenuatus Erichson, 1836 1 1

Hylesinus varius Fabricius, 1775 1

Lymantor coryli Perris, 1853 1

Scolytus rugulosus P.W.]. Miiller, 1818 1

Tomicus piniperda Linnaeus, 1758 3

Xyleborinus saxesenii Ratzeburg, 1837 2 1

In Plzeo - Doubravka (GPS 49.7622N, 13.4095E), three Lindgren funnel traps with wet capture and ethanol, ethanol + a-pinene and ethanol + E-conophthorin were used as bait. Trapping
took place from mid-April to mid-July, and beetles were collected once a month (det. T. Fiala, M. KniZzek).

APPENDIX TABLE 2 Detected species of ambrosia and bark beetles in the Prague-Troja Botanical Garden (GPS 50.1224N, 14.4139E).

Species ‘ Number of specimens ‘
Anisandrus dispar Fabricius, 1792 599
Dryocoetes himalayensis Strohmeyer, 1908 1
Dryocoetes villosus Fabricius, 1792 12
Ernoporus tiliae Panzer, 1793 1
Pityogenes chalcographus Linnaeus, 1761 1
Polygraphus grandiclava C.G. Thomson, 1886 4
Scolytus rugulosus P.W.]. Miiller, 1818 5
Xyleborinus saxesenii Ratzeburg, 1837 367
Xyleborus dryographus Ratzeburg, 1837 70
Xyleborus monographus Fabricius, 1792 44
Xylocleptes bispinus Duftschmid, 1825 1
Xylosandrus germanus Blandford, 1894 1

Theysohn traps baited with ethanol were used at the Troy Botanical Garden. Ten traps were placed in nature near the tropical greenhouse, and two traps were placed inside the tropical
greenhouse. Trapping was performed from mid-April to mid-August, and beetles were collected at 2-week intervals (det. T. Fiala, M. Knizek). Invasive species are in bold.

APPENDIX TABLE 3 The presence of feeding and the detected numbers of Hypothenemus hampei Ferrari, 1867 in samples of ten coffee beans
imported to the Czech Republic from seven countries in 2021-2022 (det. T. Fiala).

Country of Brazil, Colombia Ethiopia, Ethiopia, India, Salvador
origin region Sao region region Guiji region

Paulo Yirgacheffe Tamil Nadu
Presence of feeding Yes Yes Yes Yes Yes Yes Yes
Numbers of beetles 1 0 2 0 0 1 0

Appendix 4 | Basic monitoring design.

Twenty-four localities

Three traps per locality, 30-50 m each other
Each trap baited with ethanol

Traps checked once every 14 days
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APPENDIX TABLE 5 Overview of the number of scolytines caught by trap in the Czech Republic and in the world.

Country Traps/Sites Total Numbers of invasive References
Scolytinae species/Specimens
United States 2001-2005 1,240/310 Variable 250,000+ 24/ Rabaglia et al., 2008
1985-2000 /97 Variable 6,825 67/2,737 Haack, 2001
2007-2016 4,320/1,440 Variable 840,000+ 28/456,000+ Rabaglia et al., 2019
Ttaly 2009-2011 72/4 Variable 1,043 4/30 Rassati et al., 2014
2012 90/15 Variable 40,473 11/406 Rassati et al., 2015
Czech Republic 2020 10/10 Ethanol 4,179 3/24 Holusa et al., 2021
2022 20/4 Ethanol 1,176 4/186 Fiala et al., 2020
2018 1/1 Ethanol 124 0/0 Fiala, 2019
Slovenia 2017 19/19 Ethanol 94,104 3/67,605 Hauptman et al., 2019b
Slovakia 2010-2012 53/1 Ethanol mixture 24,705 2/561 Galko et al., 2014

Frontiers in Forests and Global Change

14

frontiersin.org



https://doi.org/10.3389/ffgc.2023.1239748
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org/

