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Abstrakt

Dizerta¢ni prace hodnoti vyznam patogenit v popula¢ni dynamice lykozroutd rodu Ips
(Coleoptera: Scolytinae) na zaklad¢ terénnich a laboratornich vysledkt stejné jako vychazi
zjiz publikovanych védeckych praci. Prace zahrnuje seznameni a shrnuti informaci
0 jednotlivych skupinach patogennich organismti a stru¢nou charakteristiku bionomie

hostitelskych druhd.

Béhem let 2007-2011 byl ziskan material kiirovct z lapakd, lapact i z napadenych stromi
pokacenych pii nahodilé t€Zb¢é. V ramci studia patogentt bylo vypitvano a mikroskopicky
analyzovano 12789 jedinct lykozroutl. Byly ziskany nové poznatky o patogenech druhti Ips
amitinus (novy druh prvoka pro tohoto hostitele — Mattesia schwenkei) a I. cembrae
(stanoveno poprvé druhové spektrum a infekéni hladiny patogentl) a soucasné zjistény noveé
poznatky o jejich bionomii (vyskyt, letovd aktivita, obsazovani kmene) 1 rozsifeni (I.

amitinus).

Srovnanim spektra a infek¢nich hladin patogentt mezi |. amitinus a I. typographus. Bylo
amitinus. Byl zjistén nartst infek¢ni hladiny prvoka Gregarina typographi béhem sezony u
mateénych brouki Ips typographus v pozZercich a zaroven poloZen prvni neptimy dikaz o
predavani nemoci u ktirovet. Pti sledovani osmi generaci |. typographus nebyl potvrzen vliv
mikrosporidie Chytridiopsis typographi a stievnich hlistic na populaéni rust Ips typograhus
béhem nasledujicich dvou generaci, avSak byla potvrzena pozitivni korelace popula¢niho

rustu kiirovell s mnozstvim ptitomnych endoparazitoidi.

rwr

Prace pfedstavuje uceleny prehled nemoci a piindsi nové poznatky a zjiSténi v oboru
patologie lesnich skiidct. Z komplexnich vysledkii vyplyva, Ze patogeny lykozroutii ziejmé
dostate¢né nereguluji populace kiirovce a zkoumané druhy zfejmé nebréni jim v uspéSném

rozmnozovani.

Kli¢ova slova: rod Ips, mikrosporidie, gregariny, virus, popula¢ni hustota, predavani
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Abstract

This PhD thesis evaluates the importance of pathogens on the population dynamics of bark
beetles of the genus Ips (Coleoptera: Scolytinae) on the basis of field and laboratory research
similar to previously published scientific work. This work includes a review and summary of
information regarding individual groups of pathogenic organisms and a concise bionomic

characterization of the host species.

During the period 2007-2011, bark beetles were collected from pheromone traps, trap trees,
and infected felled trees. Within this study of pathogens, about 12,789 individual bark beetles
were dissected and microscopically analysed. New findings were obtained about pathogens of
the species Ips amitinus (new protozoan species for this host — Mattesia schwenkei) and |I.
cembrae (species spectrum and infection levels of pathogens determined for the first time).
New information about their bionomics (occurrence, flight activity, trunk occupation) and

distribution (1. amitinus) also was discovered.

A comparison of spectrum and infection levels of pathogens was made between I. amitinus
and 1. typographus. I. amitinus was determined to have a smaller species spectrum and lower
infection levels. A rise in infection levels of the protozoan Gregarina typographi over the
course of a season was observed for mature beetles of Ips typographus in the breeding system,
and thus the first indirect evidence of pathogen transmission in bark beetles was established.
In monitoring eight generations of I. typographus, no impact on population growth was
confirmed either for microsporidia Chytridiopsis typographi or for intestinal parasites during
the subsequent two generations. A positive correlation was demonstrated, however, between

population growth and the quantity of endoparasitoids present.

This work presents a comprehensive overview of diseases and yields new information and
findings in the field of forest pest pathology. The complex results show that bark beetle
pathogens clearly do not regulate beetle populations adequately and that the examined species

evidently do not prevent beetles from successfully reproducing.

Key words: genus Ips, microsporidia, gregarines, virus, population density, transmission
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Prohlaseni

Prohlasuji, ze jsem dizerta¢ni praci na téma ,,Vyznam patogenti v popula¢ni dynamice
lykozroutti rodu Ips (Coleoptera: Curculionidae: Scolytinae)* vypracovala samostatné a ze

jsem uvedla vSechny literarni prameny a publikace, ze kterych jsem Cerpala.

V Praze dne 15.8.2012 Mgr. Karolina Lukéasova
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1 Uvod

V soucasném lesnickém managementu se stavy Iykozrouti monitoruji pomoci
klasickych metod, jako jsou lapaky, lapace ¢i letecké snimkovani. Nejucinnéjsi pro ochranu
porostli vSak ziistava v€asna asanace veskerého napadeného a pro kirovce atraktivniho diivi,
které jim umoznuje dostate¢ny prostor pro rozmnozovani a vyvin nové generace
(Wermelinger 2004). Nové metody vedouci k redukci populace lykozroutd jsou v ochrané
lesa stale zadany. Aplikace ptirozenych neptatel a patogenti do oblasti kiirovcovych gradaci

ma v ochran¢ lesa stale velky potencidl.

Biologicky boj je jedna ze strategii ,,Integrated Pest Management (IPM). V ochrané
lesa je chapana jako usili o obranu pied Skidci, jehoz podstatou je cilevédomé vyuziti zivych
(,,uziteCnych*) organismi €1 produktil jimi vytvofenych pro udrZeni skod plisobenych €lovéku
nebo jeho majetku (hospodarskym rostlinam a zvifatim) Zivymi (,,Skodlivymi‘) organismy v
ekonomicky tnosnych mezich, resp. pro jejich snizeni ¢i eliminovani (Capek 1994). Pouziti
mikroorganismi pro kontrolu hmyzich Skiidcii bylo navrzeno jiz pfed mnoha lety prikopniky
v oblasti patologie bezobratlych: Agostino Bassi, Louis Pasteur a Elie Metchnikoff (Steinhaus
1956). Lesnicka a zemédélska praxe v Australii, Novém Zélandu, Kanadé a USA je
V soucasnosti mnohem dale ve vyzkumu regulace importovanych a vypousténych exotickych
bezobratlych pro biologickou kontrolu. Tyto zem¢ se honosi 1€ty zkuSenosti s realizaci
programil biologické kontroly vzhledem k pfilivu invazivnich neptivodnich druha Sktdci

(Coulson et al. 2000).

Mikrobidlni patogeny hmyzu napadaji a rozmnozuji se v télech hostiteli, z nichz se
pfenaseji na dal$i jedince. Zname jak potencionalni patogeny (pottebuji dalsi faktory), tak
fakultativni patogeny (pottebuji hostitele k rozmnozovani resp. replikaci). Mohou se pfenaset
horizontdIné (v ramci jedné generace) kontaktem s kontaminovanym materidlem (trus, zbytky
uhynulych jedincti nebo kanibalismus) nebo vektory (napf. roztoci, parazitoidi, predatofi atd.)
a vertikdln¢ (z rodi¢l na jejich potomky). Patogeny zpusobujici infekci mohou byt jak
nebunééné organismy (viry), tak prokaryotické (bakterie) a eukaryotické organismy (prvoci,
houby, fasy atd.). Infekce u hmyzu mize byt latentni bez vnéjSich pfiznakii ¢i chronické, kdy
nejsou letalni, ale projevuji se riznymi pfiznaky, a akutni, kdyZ zabiji hostitele. Piisobenim
dalich faktorti se z latentnich a chronickych onemocnéni mohou stat onemocnéni akutni.

Ne&které patogeny (hlistice) si pomahaji uvoliovanim exo- a endotoxinl, oteviraji tim
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hostitele infekci. Houby do hostitele pronikaji pies integument (kontaktné) nebo jako vétSina
ostatnich peroraln¢ (Gstnim otvorem). Patogeny se liSi ve virulenci, tj. schopnosti patogent
pfekonat obranné mechanismy hostitele, namnozit se vném a nasledné ho usmrtit

(Wegensteiner 2004).

Lykozrouti rodu Ips patii mezi vyznamné Skidce jehlicnatych porostii v Evropé
(Pfeffer & Knizek 1995; CABI/EPPO 1997; Grodzki 1997; Grodzki 2003; Holusa et al. 2003;
OEPP/EPPO 2005; Mazur et al. 2006; Wermelinger et al. 2008). N¢ktefi z nich napadaji hned
nékolik hostitelskych druhti dievin. To pravdépodobné také vysvétluje, pro¢ nékteré patogeny
maji vice hostiteli a obecné¢ je druhové spektrum nemoci u lykozroutd velmi podobné.
Naptiiklad hromadinka Gregarina typographi (Fuchs, 1915) je znama u vSech Sesti
analyzovanych druhti rodu Ips (Takov et al. 2007; Yaman 2007; Holusa et al. 2009;
Kereselidze et al. 2010; Takov et al. 2010), nejbéZznéjsi mikrosporidic Chytridiopsis
typographi [(Weiser, 1954) Weiser, 1970] pak u péti druht (Wegensteiner 2004;
Wegensteiner & Weiser 2004; Holusa et al. 2009; Wegensteiner et al. 2010). Na druhou
stranu je znam pouze jeden druhové specificky patogen Larssoniella duplicati popsan
recentné U Ips duplicatus (Sahlberg, 1836) (Weiser et al. 2006; Holusa et al. 2007; Holusa et
al. 2009).

V soucasné¢ dobé zname kolem 20 druhti patogennich organismi (bez hlistic a
entomopatogennich hub) u podceledi Scolytinae (byvala ¢eled’ kuirovcoviti), z nichz je deset
popsano u lykozrouta smrkového Ips typographus (Linné, 1758) (Wegensteiner 2004; Takov
et al. 2010). U vétSiny patogent jsou jen ziidka k dispozici informace o vlivu na jedince ¢i
populace (na vitalitu, plodnost, letové schopnosti, hibernaci atd.), vétSina experimentli navic
probiha pouze v laboratornich podminkach a terénni studie prakticky chybi. V kapitole 4.1
jsou shrnuty vSechny dulezité soucasné poznatky o patogenech (viry, prvoci, houby, zelené
fasy) a parazitickych hlisticich a poskytuji uceleny piehled o zjisténych druzich u rGznych

zastupct rodu Ips.

Bionomie a ekologie nékterych lykozrouti jesté stale nebyly dostatecné prozkoumany.
Naproti tomu existuje cela fada praci o I. typographus (Lieutier 2002; Grégoire & Evans
2004; Wermelinger 2004). V dizerta¢ni praci byly analyzovany nékteré biologické
charakteristicky, druhova spektra a infekéni hladiny patogenli dvou druhd IykoZrouth Ips

amitinus (Eichhoff, 1871) a Ips cembrae (Heer, 1836) (kap. 4.2. a 4.3.).
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Distribuce lykozrouta mensiho . amitinus, byla analyzovdna v Ceské republice a
Polsku na hlavni hostitelské dfeviné - smrku ztepilém (Picea abies (L.) Karst.) (Pfeffer &
Skuhravy 1995; Grodzki 1997; Grodzki 2004; Mazur et al. 2006). I. amitinus byl zjistén na
vice nez poloving ze zhruba 40 zkoumanych lokalit od nizin pies sttedni polohy az po lokality
v horskych oblastech jako jsou napi. Tatry (kapitola 4.2). Podobnou distribuci vyskytu I.
amitinus lze ocekavat v celé sttedni Evropé, v porostech s vyskytem smrku. I. amitinus b&ézné
napada predevsim stfedni partie korunové ¢asti stromi, coz potvrzuji také dalsi prace (Zumr
1984; EPPO/CABI 1997). V mistech vyskytu vysoké popula¢ni hustoty I. typographus byla
popula¢ni hustota . amitinus nizka a obracené. Naopak piedpokladame obecné velmi
podobny a srovnateln¢ dlouhy vyvoj nové generace u |. typographus a I. amitinus. Lykozrout
mens$i ma jednu generaci ro¢n¢ v horskych oblastech sttedni Evropy, ale na lokalitach
s nadmotskou vyskou mensi nez 600 m n. m. miZe mit i dvé generace (Zuber 1992; Jurc &

Bojovi¢ 2004; Grodzki et al. 2008; Tur¢ani & Hlasny 2007; Witrylak 2008; kapitola 4.2).

Vzhledem k tomu, Ze druhy I. amitinus a I. typographus maji podobnou bionomii a
mohou se na hostitelskych stromech bézné potkavat (EPPO/CABI 1997; Okland & Skarpaas
2008), ptedpokladali jsme rovnéz, Ze jejich druhové slozeni a infek¢ni hladiny patogent
budou velmi podobné. Abychom tuto hypotézu otestovali, byli shromazdéni brouci vzdy ze tii
leZicich lapakt na osmi studijnich lokalitach, kde byly prokazatelné piitomny oba druhy, a
urcili jsme pfitomnou nadkazu patogeny. Srovnani bylo provedeno u 938 mate¢nych brouk I.

amitinus a 3435 jedincua I. typographus.

Celkem bylo zjiSténo 5 patogennich organismi, dale stfevni hlistice a endoparazitoidi.
Zasadnim objevem byl prvonalez neogregariny Mattesia schwenkei (Purrini, 1977) v tukovém
télése u 9% jedinct . amitinus. Primérna infekéni hladina vétSiny patogent (Chytridiopsis
typographi, Gregarina typographi, M. schwenkei a parazitoidy) byla statisticky vyznamné
vyssi u dospélet I. typographus nez u I. amitinus. Metschnikowia typographi (Weiser et al.,
2003) byla potvrzena pouze u l. amitinus, zatimco mikrosporidie Nosema typographi (Weiser,
1955) nalezena pouze u I. typographus. Navic bylo zjisténo zvySeni infekéni hladiny

gregarinou G. typographi u I. amitinus béhem sezony (kapitola 4.3).

Vzrlstajici vyznam a nebezpeci gradaci |. cembrae v modiinovych (Larix decidua
Mill.) porostech rizného stafi (Krehan & Cech 2004; Krehan & Steyer 2005; Grodzki 2008;

Knizek 2008; Grodzki & Kosibowicz 2009) vyZzaduji upfesnéni znalosti o bionomii, etologii,
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reprodukénim potencialu, popula¢ni dynamice, monitoringu, ochrané¢ a obrannych opatieni
proti tomuto $kudci. V letech 2007-2009 byla hodnocena uc¢innost feromonovych lapact
(feromonovy odparnik Cembriwit ®) v ohniscich gradace I. cembrae v Ceské republice.
Zaroven byly od konce zafi umistény do fotoeklektorti pilmetrové Spalky napadené |I.
cembrae a studovany za laboratornich podminek v mési¢nich intervalech (listopad az leden).
Na konci biezna byly poloZzeny lapaky o ploge 0,5 m? uréené k zachyceni broukt opoust&jici
hrabanku po pfezimovani. Jarni letova aktivita zacala v kvétnu a kulminovala v poloviné
meésice (Postner 1974; Grodzki & Kosibowicz 2009). Stromové lapaky byly napadeny
kontinualné podél celého profilu kmene. Matecné chodby v horni ¢asti kmene byly delsi a
pocet nakladenych wvajicek niz§i nez ve spodnich partiich. Postupny vylet broukt
Z napadeného modiinového dfivi v laboratornich podminkach v pribéhu zimy potvrdily
pfitomnost pfezimovani broukl, larev a kukel dcetfiné generace ve stromech. Brouci
piezimovali v blizkosti stromti, kde ukoncili vyvoj. VCasné dokonceni vyvoje tak zvySuje

podil pfezimujicich broukt v hrabance blizko napadenych stromti (kapitola 4.4).

Vedle studie bionomie bylo u I. cembrae poprvé ve stiedni Evropé zjistovano i
druhové spektrum a hladiny ndkaz patogeny. Brouci byli shroméazdéni z feromonovych
lapaci, lapaka a fotoeklektorti s napadenym diivim (Larix decidua) v letech 2007 az 2011 na
10 studijnich plochach. Celkove bylo mikroskopicky vySetieno 3379 matecnych broukt. Byly
nalezeny dva druhy mikrosporidii (Ch. typographi a Nosema cf. typographi) a dva druhy
hromadinek (G. typographi a M. schwenkei).

Infek¢ni hladina Ch. typographi u populaci I. cembrae se pohybovala mezi 2 a 58%.
Nakaza Nosema sp. byla prokazana pouze u dvou jedincti na dvou studijnich lokalitach. G.
typographi byla zaznamenana pouze v Rakousku a Chorvatsku u 1-2% mate¢nych broukd. M.
schwenkei byla pozorovana pouze v Chorvatsku u 0,6% jedinct I. cembrae. Pouze jeden
houbovy patogen rodu Fusarium byl nalezen dvou mate¢nych broukt (0,7%) v roce 2010.
Spektrum patogent zjisténé béhem nasi studie u |. cembrae bylo velmi podobné druhovému
slozeni nemoci u |. typographus. Nebyl zjistén zadny novy ¢i druhové specificky patogen
(kapitola 4.5).

U vétsiny nalezenych patogenii lykozroutd se predpokladd horizontalni pienos, ktery
vyZzaduje pfimy kontakt s cystami, sferoidy nebo sporami nemoci a jejich nasledné pozieni.

(Héndel et al. 2003). Nebyl vSak dolozen Zadny dikaz o takovém ptedavani a vétSina autori
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tuto situaci pouze predpokladd (Wegensteiner et al. 1996; Wegensteiner & Weiser 1996;
Hindel et al. 2003). K ptfeddvani udajné¢ dochazi ptedevS§im béhem zralostniho ziru
nedospélych brouktl, kdy ¢asto kvuli nedostatku prostoru protinaji staré mate¢né chodby
sousednich pozerkd (Wegensteiner & Weiser 1996), coz potvrzuje fakt, ze spory patogenil
dokazou pomérné¢ dlouho zistat v inaktivnim stavu az do doby kontaktu s hostitelem

(Wegensteiner & Weiser 1996).

V nasi studii jsme se zaméfili na zmény v infek¢énich hladinach G. typographi u
mateénych broukti. Nartist nakazenych jedincti gregarinou byl studovan v populaci I.
typographus béhem rozvoje rodinného pozerku. Brouci byli opakované shromazdéni ze tii
sekci na kmenech lapakdl v prib&hu let 2009 a 2010 na jedné studijni lokalité v Ceské
republice s vysokou hladinou infekce G. typographi (ro¢ni pramér hladiny nemoci 15,7% v
roce 2009 a 19,8% v roce 2010). Nebyly zjistény statisticky vyznamné rozdily mezi ndkazou
u samcil a samic, sekcemi ani lapaky, ale prikazné se liSila ndkaza mezi jednotlivymi odbéry.
Béhem reprodukéniho obdobi lykozroutii se infekéni hladina patogeni u mate¢nych broukt
témet zdvojnasobila v roce 2009 (10,7 az 19,8%) a vice nez ztrojnésobila v roce 2010 (z 9,3
na 31,3%). Predpokladame, Ze trvalé zvyseni infekce G. typographi béhem obou studovanych
sezon vyplyva z prenosu mezi brouky ve snubnich komirkach, tj. horizontalnim pfenosem
béhem reprodukce a kladeni vaji¢ek samicemi v obdobi kvétna az Cervence (kapitola 4.6). Byl
tak dolozZen prvni nepiimy dikaz o pfedavani ndkaz v rodinnych pozercich mezi mateCnymi

brouky.

I pies témét 20-lety intenzivni vyzkum patogent lykozroutd rodu Ips (Wegensteiner
2004; Takov et al. 2006; Burjanadze & Goginashvili 2009; Unal et al. 2009; Takov et al.
2010; Wegensteiner et al. 2010; Lukasova & Holusa 2011; Michalkova et al. 2011; Takov et
al. 2011; Holusa et al. 2012) chybi stale fada informaci o vlivu pfitomnosti patogenli na
fertilitu, vitalitu, pfezimovani ¢i letovou aktivitu infikovanych $ktidct. Nejasnosti se objevuji
u pfenosu nemoci mezi jednotlivei 1 generacemi. Dostatecné nejsou popsany ani rozdily
Vv infek¢énich hladindch patogent pii pouziti riznych odchytovych metod, vyieSena neni ani
otazka optimalni velikosti vzorku hmyzu pro studium patogent ¢i sezonni zmény v hladinich
infekce. Pro kazdy patogenni organismus stejné¢ jako pro kazdého hmyziho hostitele je
potieba tyto vlastnosti analyzovat zvlast, coz otevird nové moznosti studia patogenti lesnich
Sktidct 1 dalSich na né vazanych organismi. Na druhou stranu jsou patogeny dobie popsany

z faunistického hlediska (Wegensteiner 2004; Takov et al. 2010; Takov et al. 2011) a mnohdy
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je 1 uspésné prostudovana jejich ultrastruktura (Weiser & Wegensteiner 1994; Weiser et al.
1998; Weiser et al. 2003; Weiser et al. 2006) a Zivotni cyklus (Purrini & Zizka 1983; Holusa
et al. 2007; Tonka et al. 2010).

Béhem 4-leté studie jsme jako prvni podrobn¢ analyzovali vliv patogend na populacni
rust lykozrouta smrkového. Vyzkum byl provadén na tfech lokalitdich na ctyfech sekcich
ptipravené série lapakt pro jarni a letni generaci na Uzemi Vojenského ujezdu Libava.
Statisticka analyza pomoci korelaci infekénich ndkaz a koeficientu popula¢niho ristu
lykozroutl nepotvrdila vliv stievnich hlistic (u 15 % studovanych jedincti = niz$i nez zjistili
autofi: Burjanadze & Goginashvili (2009); Kereselidze et al. (2010)) a Ch. typographi
(infek¢ni hladina mezi 0 do 20,4 %, u letni generace vzdy vyss$i nez u jarni) na populacni rist
lykozrouta smrkového. Ziskana data koresponduji S vysledky studie provedené u G.
typographi, kde rovnéz nebyl zjistén zadny demograficky efekt na kirovce (Wegensteiner et
al. 2010). Naproti tomu mezi koeficientem popula¢niho ristu a infekéni hladinou
endoparazitoidit v populaci (primérné¢ 5%) byla zjiSténa pozitivni korelace. Tedy
S popula¢nim rastem lykoZrouta smrkového roste 1 pocet jedincti napadenych endoparazitoidy

(kapitola 4.7).

Na zaklad¢ shrnuti vSech novych poznatkii ziskanych béhem vyzkumu v ramci
dizerta¢ni prace byly zpracovany a publikovany nové vysledky v oblasti patologie hmyzu

(Iykozroutti rodu Ips), které se alespon ¢astecné snazi odpoveédet na nevyieSené otazky.
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2 Cile

1. Zmapovat druhové slozeni a specifika patogeni broukd podceledi Scolytinae se

zamétenim na Ips spp. (kapitola 4.1).

2. Stanovit abundanci, pocet generaci a druhové spektrum patogenti lykozrouta mensiho
(Ips amitinus) v podminkach Ceské republiky a Polska. Srovnat druhové spektrum na
studovanych lokalitach s lykozroutem smrkovym (Ips typographus) (kapitola 4.2 a
4.3).

3. Definovat bionomii a nasledné¢ dosud nepopsané druhové spektrum patogenti u

lykozrouta modiinového (Ips cembrae) (kapitola 4.4 a 4.5).

4. Zjistit moznosti pfedavani infekce mezi mate€nymi brouky ve snubnich komirkéach

(kapitola 4.6).

5. V navaznosti na tato zjiSténi objasnit vliv patogennich organismii na populaéni rust

lykozroutu (kapitola 4.7).
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3 Metodika

3.1 Studijni lokality

Hlavnim tskalim pfi studiu patogennich organismii u ktrovct je vyhledani lokalit
s dostate¢né promofenymi populacemi, pti nizkych popula¢nich hustotach a pii intenzivnim
lesnickém managementu jsou totiz infek¢éni hladiny patogenti velmi nizké a druhové spektrum
malé. Prvnim krokem pfi feseni tématu byl tedy vybér vhodnych studijnich ploch. Béhem let
2007-2011 byla sledovana bionomie a hodnoceny infekéni hladiny patogenti Iykozroutl rodu
Ips na lokalitach po celé Ceské republice a ¢astednd také v sousednich statech ve spolupraci se

zahrani¢nimi kolegy (Polsko, Rakousko, Chorvatsko).

Hlavni studiini plochy v Ceské republice:

Havirov: Studijni lokalita (GPS 49°49'15"N, 18°22'22"E, 265-295 m n. m.), na které byla
sledovana abundance I. amitinus na pfipravenych lapacich (Picea abies) v letech 2005-2007.

Hlubocec (GPS 49°50'30"N, 17°58'11"E, 441 m n. m.), Starechovice (GPS 49°34'33"N,
17°04'34"E, 442 mn. m.) a Sumbark (GPS 49°47'60"N, 18°24'41"E, 260 m n. m.): Lokality
s instalovanymi lapaky (Larix decidua) ur¢ené na odbér brouku I. cembrae uréenych na pitvy

a analyzu druhového spektra patogenti v letech 2008-2010.

Ostravice: Studijni lokalita umisténa do centra rezervace PR Smrk (GPS 49°30'07"N,
18°22'12"E) lezi v nadmotské vySce mezi 1,180 a 1,200 m n. m. Jedna se o chranéné tizemi a
provadi se zde pouze omezeny lesnicky management reprezentovany omezenymi
krovcovymi tézbami, dovozem lapakli a odchytem brouk do feromonovych lapact. Byly
zde sledovany populaéni hustoty I. typographus a I. amitinus na ptipravenych lapacich (Picea

abies) a predavani patogent ve snubnich komurkach v letech 2009 a 2010.

Potstat (GPS 49°41721"N, 17°37'11"E, 610 m n. m.); Kozlov (GPS 49°37'58"N, 17°30'16"E,
660 m n. m.) a Staré Odiavky (GPS 49°43'01"N, 17°36'32"E, 500 m n. m.): Po dobu 8 po
sobé jdoucich generacich (od 2008 do 2011) jsme sledovali vyvoj nakaz I. typographus na
ttech lokalitaich v prostoru Vojenského ujezdu Libava. Material mate¢nych broukt byl

shromazdén z 5 az 10 stromt (pfilehlé stromy byly asi 100 m od sebe) na kazdé lokalité.
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Pusta Polom (GPS 49°51'01"N, 17°59'5S0"E, 434 m n. m.): V roce 2010 byly odebrany

vzorky z lezicich lapaka (L. decidua) na zjisténi patogent I. cembrae.

Slezské Rudoltice (GPS 50°12'37"N, 17°38'52"E, 275 m n. m.): V letech 2007 a 2008 zde
byly umistény lapaky (L. decidua) i lapace (feromonovy odparnik Cembriwit®) na
monitoring bionomie Ips cembrae. V ziskaném materialu jsme analyzovali také slozeni

patogentl.

Utéchov (GPS 49°17'12"N, 16°37'15"E, 450 m n. m.): V letech 2008 a 2009 zde byly
umistény lapaky (L. decidua) i lapaée (feromonovy odparnik Cembriawit®) na monitoring
bionomie a popula¢ni hustoty Ips cembrae. Z tii lapaki vroce 2009 byly odebrany a

analyzovany vzorky brouktl na uréeni patogent a jejich infek¢nich hladin.

3.2 Sbér a zpracovani vzorki

Cas odbéru byl uréen na zakladé zahajeni nové generace broukil — tyto terminy byly
svazany s chodem teploty a srazek béhem vegetatniho obdobi. Na jafe (Cerven) byli
zjistovani dospélei rodiCovské generace (P). V 1ét€ probéhla druha perioda vzorkovani
(srpen), kde byli nasbirani brouci dcefiné generace (F1) ze snubnich komutrek a mate¢nych
chodeb, protoze patogeny se snadnéji zjistuji u dospélych broukt (Wegensteiner & Weiser
1996a). Mate¢ni brouci byli sbirani individualné z lapakti a napadenych stromt nebo
hromadné sesypanim z lapaci do plastovych lahvi. Pro kazdou lokalitu a obdobi odbéru
vzorkli bylo shromazdéno vzdy maximum broukd zkazdé pulmetrové sekce stromu.
Nejcastéji byli odebirani po rodinach z ptl az metrovych sekcich stromu (nejcastéji 4 sekce: 1.
0,5m od paty kmene, Il. v poloviné kmene, IIl. zafatek zeleného vétveni, IV. polovina
koruny; Obr. 1).

Ziskani brouci byli spolu s kouskem navlh¢ené gazy nebo vaty (= udrZeni vlhkosti ve
vzorcich) uloZeni v plastovych nadobach typu 2-cm?® Eppendorf do chladu pii -5°C. Postupng
byli brouci pitvani (do 3 mésict od odbéru) pomoci chirurgickych pinzet do kapky vody.
Vzorky byly sledovany pod svételnym mikroskopem Arsenal LPE 5013i-T pod zvétsenim
100x — 400x. Inspekce se zaméfila piedev§im na travici soustavu, Malphigické trubice,
gonady a tukové téleso, kde jsou patogeny nejcastéji lokalizovany. Z kazdé pitvy byl veden

detailni zdznam o stavu a pocetnosti infekce a vnitinich organit do pfipravené¢ho formulare.
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Pozornost byla vénovana ptedevsim mikrosporidiim, prvokiim, virim, endoparazitoidim a
hlisticim. Pozitivni nalezy byly vyfotografovany a zméfeny rozméry cyst nebo spor patogenil
(program Atlas 3.5.12.0).

KI

K112
Ll

0.5m

L IL ML IV,

Obr. 1 Rozlozeni sekci a jejich vzdalenosti od paty stromu.

Populac¢ni hustota lykozroutii na jednotlivych sekcich lapaka byla zjisStovana pti studiu
populaci na vSech lokalitach béhem celého vyzkumu. Na kazdé odkornéné sekci byl
kalkulovan pocet rodin (= pocet snubnich komtrek, stadium vyvoje, délka chodeb, pocet
nakladenych vajec a mira parazitace) lykozrouta smrkového a pfepoctena jejich hustota na
jednotku plochy podle velikosti studované sekce (délka ptiblizné 0,5 m a Sitka cca polovina
obvodu kmene). Data byla zapsana a poté pievedena do tabulkového softwaru pro dalsi

analyzu.

Pro vypocet korelace mezi infekéni hladinou patogenti a nartistem populacni hustoty
byl pouzit koeficient popula¢niho riistu z roku na rok podle vzorce pro vypocet rychlosti

rastu:

R = logNt — logNt-1 (Jarosik 2005).
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3.3 Analyza dat

Ziskana data byla pfevedena do tabulkového softwaru MS Excel 2007 a poté graficky
a statisticky vyhodnoceny v programu Statistica 9. Pfi analyzach byla vzdy sledovana
normalita dat (Shapiro test) a nasledn¢ provedeny dalsi pokrocilé analyzy zjistujici rozdily
Vv infek¢nich hladindch patogent v jednotlivych datech, na riznych lokalitach, v pohlavi ¢i u
riznych druhit (ANOVA, Kruskal Wallis test, t-test, Wilcox test atd.) nebo korelace mezi
infek¢ni hladinou patogenti a populacnim ristem lykozroutti rodu Ips. Pii vyhotoveni map
vyskytu jednotlivych patogenti a druhti kiirovcl byl pouzit program ArcMap 10 v prostiedi
GIS. Obrazky a fotografie byly graficky upravovany v programu AdobePhotoshop 7.0 CE.
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4 Vysledky

Predkladanéd dizertacni prace je postavena na 7 ¢lancich, jez jsou citovany v textu a
uvedeny v kapitolach 4.1-4.7. Dva z ¢lanku jiz byly publikovany v c¢asopisech Acta
Protozoologica a Journal of Applied Entomology. Tti ¢lanky byly pfijaty k publikaci
Vv ¢asopisech: Zpravy lesnického vyzkumu, Acta Zoologica Bulgarica a Journal of Applied
Entomology. Jeden manuskript je v sou¢asnosti v recenznim Fizeni v ¢asopise Sumarski list a
posledni je rukopis pfed dopracovanim. Hlavnimi vysledky vyzkumu v ramci dizertacni prace

jsou ¢lanky v ¢asopisech s IF nebo v databazi Scopus a jeden rukopis:
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4.1 Patogeny lykoZrouti rodu Ips (Coleoptera: Curculionidae: Scolytinae):
review

Karolina LukaSova, Jaroslav Holusa

2012

Zpravy lesnického vyzkumu, ptijato k publikovani.
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PATOGENY LYKOZROUTU RODU IPS (COLEOPTERA: CURCULIONIDAE:
SCOLYTINAE): REVIEW

PATHOGENS OF BARK BEETLES OF THE GENUS IPS (COLEOPTERA:
CURCULIONIDAE: SCOLYTINAE): REVIEW

K AROLINA LUKASOVAY — JAROSLAV HOLUSA?
V€eskd zemédélska univerzita v Praze, Fakulta lesnicka a dievafskd, Praha

2) Vyzkumny ustav lesniho hospodarstvi a myslivosti, v. v. i., Strnady

ABSTRACT

Some bark beetles of genus Ips occuring in Europe attack multiple tree hosts. This probably
explains why some of the bark beetle diseases have also more hosts. For example Gregarina
typographi was known from all of six analysed species and Chytridiopsis typographi from
midgut epithelium of five species of the genus Ips. On the other hand there is only one known
species-specific pathogen Larssoniella typographi described in Ips duplicatus. At present,
around twenty species of pathogens were described in bark beetle subfamily Scolytinae, out
of which ten are known in the spruce bark beetle Ips typographus. For most pathogens, only
rare information is available about influence on beetles: on the vitality, fertility, flight ability,
hibernation, etc. Moreover, most experiments are conducted under laboratory conditions. In
this paper we summarize the knowledge of pathogens (viruses, protozoa, fungi) and parasitic
nematodes and give a comprehensive overview of detected pathogens in different species of

genus Ips.

Kli¢ova slova: rod Ips, mikrosporidie, gregariny, virus, popula¢ni hustota, pfedavani

Key words: genus Ips, microsporidia, gregarines, virus, population density, transmission

Uvod
Lykozrouti rodu Ips (Coleoptera: Curculionidae: Scolytinae) napadaji ve stfedni Evropé

jehli¢naté porosty piedevs§im smrku ztepilého (Picea abies (L.) Karst.), napt. 1ps typographus
(L., 1758), 1. amitinus (Eichhoff, 1871) (GRoDzKI 1997; CABI/EPPO 1997; MAZUR et al. 2006)
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a . duplicatus (Sahlberg, 1836) (PFEFFER, KNiZEK 1995; CABI/EPPO 1997; GRODZzKI 2003;
HoLusSA et al. 2003). Borovice Pinus sylvestris L. a dalsi zastupce rodu Pinus preferuje Ips
acuminatus (Gyllenhal, 1827) a I. sexdentatus (Borner, 1776) (BAKKE 1968; CABI/EPPO 1997,
WERMELINGER et al. 2008). Na mod#in Larix decidua Miller je jako na hlavni hostitelskou
rostlinu vazan Ips cembrae (Heer, 1836) (POSTNER 1974; OepP/EPPO 2005). Hostitelské druhy
dfevin se mohou prilezitostné piekryvat a jednotlivé druhy lykozrouti se vzhledem ke své
podobné bionomii potkéavaji a nejspise si i predavaji patogenni organismy.

V soucasnosti zname nékolik desitek druhii patogent (tab. 1) a hlistic, které byly nalezeny
Vv télech lykozroutd rodu Ips. Prvni popisy pochazeji z pocatku 20. stoleti (FUCHS 1915), dalsi
az z poloviny 20. stoleti. Intenzivné jsou nemoci studovany od poloviny devadesatych let
(WEGENSTEINER 2004). V té dob¢é bylo objeveno nejvice druht, posledni pak v roce 2006
(WEISER et al. 2006). Piehled vSech nemoci (mikrosporidie a prvoci) byl zpracovan TAKOVEM
et al. (2010). Ve vétsing€ piipadii zndme jen ultrastrukturu nemoci a vySe infek¢nich nakaz
ruznych populaci, avSak bez vztahu k pocetnosti hostitele. U vétSiny druhi nezname vyvojoveé
cykly nebo v soucasné dobé probihd jejich vyzkum. Jesté slabsi jsou znalosti o hlisticich.
Vsechny druhy vazané na rod Ips byly zpracovany v monografii RUHMA (1956), od té doby
bylo napsano jen nékolik studii na toto téma.

V této préaci si klademe za cil kompletné shrnout znalosti o patogenech a hlisticich
parazitujicich v lykozroutech rodu Ips. Posledni podobné shrnuti se objevilo v praci WEISERA
(2002) o lykozroutu smrkovém a WEGENSTEINERA (2004).

Viry

Virova onemocnéni jsou druhove specifickd, selektivni a zptisobuji rozpad hostitelskych tkani
V kalnou tekutinu. Mlécné zbarveni zpisobuji bilkovinné polyedry, které se pired tthynem
jedince objevuji v tukovém télese. NejcastéjSimi hostiteli jsou housenky motyli. VnéjSim
pfiznakem patogenu je masové hynuti larvalnich instari na vrcholeich vétvi ¢i listd (WEISER
1966). Kultivace virl je redlnd pouze za laboratornich podminek, protoze vyzaduje piesné
technologické postupy.

Entomopoxvirus znamy u Ips typographus (ItEPV, obr. 1) a dalSich druhd rodu Ips se
projevuje tvorbou bilkovinnych svétlolomnych inkluzi pouze ve sténé stfeva dospélych
broukil, jiné organy nenapadd (WEISER, WEGENSTEINER 1994; WEGENSTEINER, WEISER 1995;
WEISER et al. 2000; BURJANADZE, GOGINASHVILI 2009; YAMAN, BAKI 2011). Co&kovité
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inkluze obsahuji vétsi mnozstvi sendviCovitych virovych ¢astic (hranaté), postupné vypliuji
stievni epitel a uvoliuji se s vykaly (WEGENSTEINER 2004). Muze dojit az k perforaci stfeva a
tmrti hostitele. V Ceské republice je tento virus zaznamenéan predeviim z Sumavy (WEISER et
al. 2000; WEISER 2002). Patogen se prenasi trusem a predava se béhem uzivného Ziru.
Aplikace infekce byla dosazena oSetfenymi poleny lapaku (rozdrceni nakazeni brouci a
feromonovy odparnik) (PULTAR, WEISER 2004). Dalsi prace studujici efektivitu téchto
pfenost a vlivii na brouky nepfinesly uspokojivé vysledky (HOLUSA et al. 2004). HANDEL et
al. (2001) nalezl ItEPV také u I. amitinus v Rakousku.

Svymi vlastnostmi (selektivita, UCinnost) patifi viry mezi potencionalné¢ nejvhodné;si
prostiedky biologického boje s lesnimi i zemédelskymi Skidci. Vysledky terénnich pokust
vS§ak momentalné nejsou uspokojivé a predbézné vysledky naznacuji, ze viry v boji proti
lykozroutu smrkovému nebudou efektivni. Jejich aplikace nardzi na obtiznou izolaci a

komplikace pti vyrobg.

Prvoci (Protozoa)

Mezi patogeny lesnich a zemédélskych skidct fadime také prvoky, predevSim ménavky,
hromadinky a kokcidie (WEISER 1966). Jejich vyznam v pouziti v biologickém boji proti
Skiidcim je omezeny, nékteré druhy napt. gregariny jsou n¢kdy oznaCovany spise jako
komenzalni organismy a neogregariny napadajici tukové téleso se velice Spatné Sii'i (prakticky
dojde k pfedani nemoci az po uhynuti a rozkladu hostitelskych tkani). S druhem Malamoeba
scolyti (Purrini, 1980) a Menzbieria chalcographi (Weiser, 1955) byly provedeny jedny
z prvnich infekénich pokusi u kirovce Pityogenes chalcographus (L., 1761) (PURRINI,

FUHRER 1979). Kokcidie se u kiirovct nevyskytuji.

e Meénavky (Rhizopoda)
V Malphigickych trubicich a stievé hmyzu se usazuji ménavky rodu Malamoeba, u kirovca
se jedna o druh Malamoeba scolyti (Rhizopoda, Amoebidae) popsany poprvé u druhu
Dryocoetes autographus (Ratzeburg, 1837). Potvrzen byl u dvou druhd lykoZroutd: ve stievé
I. typographus (WEGENSTEINER 1994; WEGENSTEINER et al. 1996; HANDEL et al. 2001) a |I.
acuminatus (ZITTERER 2002). Cely zivotni cyklus M. scolyti u D. autographus popsali

PURRINI, ZIZKA (1983). Tento patogen se vyznaluje se velkymi vejéitymi cystami, které z téla



Cesk4 zemé&d&lska univerzita, Fakulta lesnicka a dievaiska 24

hostitele odchazeji pies zadni stievo spolu s trusem. Pokud se namnozi, mtize dojit k ucpani
trubic, ¢imz je znemoznéno vyméSovani odpadnich latek z téla (WEISER 2002). Byla
provedena experimentalni infekce dalSich kiroved veetné zastupct rodu Ips (. typographus,
I. acuminatus, I. sexdentatus) a na rozdil od kontrolnich jedinci doslo ke zkraceni délky

zivota broukt zhruba na polovinu (KIRCHHOFF, FUHRER 1990).

e Hromadinky (Apicomplexa)

Hromadinky jsou obligatni paraziti bezobratlych zahrnujici tradi€né tf1 skupiny:
Archigregarinida, Eugregarinida a Neogregarinida (THEODORIDES 1984). V poslednich letech
byla prokazana jejich fylogeneticka piibuznost se zastupci rodu Cryptosporidium, vyznamnou
skupinou patogenti obratlovci (BARTA, THOMPSON 2006). Obecné¢ jsou nové druhy tadu
eugregarin popisovany na zéklad¢ kritérii jako je obecnda morfologie, morfometrie, tvar
epimeritu, velikost a tvar a nacasovani spojeni gamonti (SMITH, COOK 2008). Dnes je
popsano vice nez 1 700 druhti gregarin z priblizné 3 200 hostitelskych druhti (CLOPTON
2000).

Zastupci téchto parazitti se bézné vyskytuji u hmyzu (Zuk 1987; SIMMONS 1990; LANGE,
WITTENSTEIN 2002; SMITH et al. 2007; SMITH, CooKk 2008; LOCKLIN, VODOPICH 2010),
zvlasté u broukt (Coleoptera) (SCHAWANG, JANOVY 2001; YAMAN 2002; YAMAN 2007;
SIENKIEWICZ, LIPA 2008). Z hmyzich druhi bylo pouze 0,32 % znamych taxont studovano na
piitomnost eugregarin (CLOPTON 2000).

Eugregarina Gregarina typographi (Fuchs, 1915) byla zjisténa ve stiedni Casti stieva u celé
fady zastupct podc¢eledi Scolytinae (TAKOV et al. 2007; YAMAN 2007; HOLUSA et al. 2009;
KERESELIDZE et al. 2010; TAKOV et al. 2010). Gregariny se vyznacuji né€kolika vzhledové
odlisnymi stadii. Maji pfimy vyvojovy cyklus - nemaji zddného mezihostitele nebo vektor
ptenosu (CLOPTON, GOLD 1996). Kirovci se infikuji pozienim oocyst v nakazeném trusu,
zbytcich téla uhynulych jedinct a kanibalismem pii tvorbé poZerku nebo pii zralostnim Ziru.
Po pozieni oocyst je aktivovdna excystace ve stfevnim epitelu, uvolnéni sporozoiti
prodélavaji v travici soustavé vnitrobunéény vyvoj mezi mikrovily stfevniho epitelu
(TRONCHIN, SCHREVEL 1977) a doristaji do tzv. trofozoitl. Trofozoiti zistavaji spojeni se
stfevnim epitelem pomoci epimeritu (OMOTO et al. 2004; SMITH et al. 2007; VALIGUROVA et
al. 2009) a prodélavaji extracelularni rast. V pohlavni fazi se vzdy dva trofozoiti spojuji do
dvojic jako haploidni gamonti — tento proces se nazyva syzygie a je zakonfen vznikem

reproduktivni gametocysty (obr. 2 — 4). Gametocysta vychazi z téla hostitele spolu s trusem.
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Ve vnéjsim prostiedi probihd mixie a sporogonie. Gametocysty praskaji po uzrani a zivotni
cyklus za¢ina znovu (CLOPTON, GOLD 1996; OMOTO et al. 2004; Toso, OMmoT0 2007).

Ze soucasnych vyzkumi je jasné, ze G. typographi neni pravdépodobné velmi virulentni
patogen (YAMAN 2007; WEGENSTEINER et al. 2010). Obecné gregariny ziejmé zpusobuji
mechanickd a fyziologickd poskozeni stfevniho epitelu, ovliviluji vylu€¢ovani metabolitti a
toxinii béhem procesu pinocytdzy. Vyvoj trofozoiti posSkozuje buiiky ve stfevnim epitelu a
poskytuje tak vstupni branu do télni dutiny pro dal$i patogeny (LIPA 1967). Poskozeni
sttedniho stfeva vSak mohou byt lehce kompenzovana bunécnou regeneraci a patologicky
efekt na hostitele je obecné velmi slaby (LIPA 1967; TANADA, KAYA 1993). V piipadé
vysokého poctu trofozoitti mize jedinec zemfit na ucpani stieva (CERYNGIER, HODEK 1996).
Tukové téleso hostitelskych druhtt hmyzu je napadano a niCeno schizogregarinami
(Apicomplexa, Neogregarinida). Onemocnéni zplUsobuje béhem merogonie a sporogonie
patogena 1yzi bunck tukového télesa (PERKINS 2000), ¢imz ziejm¢ zvySuje Umrtnost
prezimujicich jedinci. Menzbieria chalcographi sporuluje v kulovitych cystach s 30 sporami.
Cysty se v nakaZzeném jedinci rozpadaji na protahle vejcité az Clunkovité spory, jejichz pocet
dosahuje az 100 tisic. Uvolni se az po uhynuti hostitele. Nakazeni jedinci vétSinou nevylétaji
a zustavaji v chodbickach po Gzivném ziru a k pfenosu tak dochdzi az po rozlozeni jedince
(WEISER et al. 2000). Obecné se jedna o pomérné vzacny patogen rodu Ips (WEGENSTEINER,
WEISER 2004; HOLUSA et al. 2009). Nakazu je mozné uméle rozsifit postfikem suspenze
nakazenych jedinct na povrch lapaku (HOLUSA, WEISER 2005). Pivodné popsany dalsi druh
neogregariny Telosporidium typographi (FucHs 1915) z tukové tkané |. typographus byl
podle morfologické charakteristiky nejspiSe zastupce rodu Mattesia (obr. 1), popsaného
pozdéji dal§imi autory (WEGENSTEINER, WEISER 1996a; HANDEL et al. 2003). U dalSich druhi

Skudct jsou neogregariny zaznamenany ziidka (WEGENSTEINER 2004).

Houby (Fungi)

Rada houbovych onemocnéni je spiSe sekundarnim faktorem objevujici se aZ po uhynu
jedinct zplisobenym jinymi faktory jako poSkozeni a prehtati.

Mezi hlavni houbové patogeny sktudci patii piedev§im Beauveria bassiana (Bals.) a
Beauveria brongniartii (Sac.) pokryvajici télo hostiteld hustym bilym povlakem mycelii a

konidiemi (,,bilé muskardiny*). B. bassiana je popséana jako patogen vyskytujici se u vice nez
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100 druhtt hmyzu (HAJEK, ST. LEGER 1994). Tato houba je potenciondlnim ndstrojem pro
biologickou kontrolu mnoha hospodarskych Skiidcii a hodnocena jako ndhrada za bézné
uzivané chemické pesticidy (ROBERTS, HAJEK 1992). Prilkkazné hojnéji se objevuje V lesnich
biotopech, zatimco dalsi entomopatogenni houba Metarhizium anisopliae (Metch.) vice
v zeméd¢lskych biotopech (VANNINEN 1996; BIDOCHKA et al. 2002).

V CR byl registrovan biopreparat Boverol obsahujici prasek s konidiemi entomopatogenni
houby B. bassiana. Preparat byl primarné urcen proti mandelince bramborové, ale je uc¢inny i
proti dal§im sktidciim, napt. housenicim pilatek, obalecim, ponravdm chroustii (Skolky i
koruny stromil) a larvam v ptidé€ (klikoroh, lalokonosci, ponravy) (WEISER 1966). VyuZivani
biopreparatti na bazi B. bassiana proti I. typographus je rozsifeno zejména v Némecku,
Svycarsku a Rakousku, na experimentalni urovni je tato houba zkousena i v dal$ich zemich
(napt. USA, Australie, Finsko, Polsko). Nejcastéji je B. bassiana aplikovana formou vodnich
suspenzi spor na povrch napadenych stromt nebo stromovych lapaki.

U brouktl ziskanych na Sumavé z feromonovych lapact je nejbézngjsi entomogenni houbou
Verticillium lecanii (Zimm.) Viegas, zatimco u broukd na stromech (P. abies) je nejb&ézngjsi
B. bassiana (LANDA et al. 2001). Vysledky laboratornich studii dokazuji, ze v porovnani s
vétsinou ostatnich druhti entomopatogennich hub vykazuje B. bassiana po aplikaci na
dospélce 1. typographus nejen nejvyssi virulenci (WEGENSTEINER 1996; KREUTZ et al. 2004)
— hlavné izolaty ziskané z Cistych kultur z mrtvych hostiteli (DRAGANOVA et al. 2007), ale i
zjevné nejvetsi adaptaci na tohoto hostitele ve smyslu autodiseminace (samosifeni), tj.
schopnosti patogent §ifit se prostfednictvim pifirozenych mechanismii odrazejicich popula¢ni
chovani hostitele (LANDA et al. 2007).

Piikladem praktického vyuzivani tohoto jevu je i unikatni forma aplikace B. bassiana, pfi
které je praSkovy koncentrat konidii patogena aplikovan ptimo do sbérné ¢asti feromonového
lapace, ktery je upraven tak, aby byla zachovana jeho atraktantni funkce, nicméné dospélci
kiirovce nejsou natrvalo odchyceni sbérnou ¢asti lapace. Cilem této aplikace je kontaminovat
povrch téla dospélct vysokou davkou spor a zajistit tak nejen usmrceni konkrétniho jedince
kontaminovaného pii prichodu lapacem, ale zaroven podpofit i1 Sifeni ndkazy v lokalni
populaci. Praktické vysledky prokézaly, Ze tato forma vyuZiti biopreparati na bazi B.
bassiana je velmi Ucelna zejména v situacich, kdy od aplikace neni ofekavan okamzity
ucinek, ale perspektiva dlouhodobé&jsiho potla¢ovani populaci skiidce (LANDA et al. 2007).
Predpokladané vysoké ti¢innosti pravdépodobné nebude dosazeno, protoZze od téchto pokusi

uplynulo jiz 5 let a nejsou k dispozici uspokojivé vysledky o vlivu na populace kiirovce.
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Mezi dalsi houbové entomopatogeny tadime napt. pfilezitostny patogen v hemolymf¢ a
sttevnim  epitelu  kurovct:  kvasinka  Metschnikowia  typographi  (Ascomycota:
Metschnikowiaceae) (WEISER et al. 2003; UNAL et al. 2009).

Mikrosporidie (Zygomycetes: Microsporidia)

Tato skupina striktn¢ intracelularnich parazitli byla diive fazena k prvokiim, dnes se povazuji
za primitivni houby (CORRADI, KEELING 2009; REDHEAD et al. 2009). Jedné se pfiblizn¢ o
1300 oficialné¢ popsanych druhi = 160 rodia (WITTNER, WEISS 1999). Mikrosporidie jsou
nejcastéji se vyskytujici patogeny lesnich i zemédélskych hmyzich Skidct, vyvijeji se ve
vSech tkanich a vyvojovych stadiich hostitele. K infekci dochdzi nejcastéji pozifenim nakazené
potravy (HoLUSA, WEISER 2005). Pouze v piipadé velmi silné infekce mtzou mikrosporidie
napadnout vajeéniky a objevuje se transovaridlni pienos (WEISER et al. 2000; PHELPS,
GOOoDWIN 2008).

Mikrosporidie maji uniformni zivotni cyklus (CALI, TAKVORIAN 1999). Zrala spéra obsahuje
typicky vystielovaci aparat. V klidovém stavu je jeho hlavni slozkou spirdln¢€ svinutd pdlova
trubice, posteriorni vakuola a polaroblast (= systém membran ohrani¢eny dutinami v piedni ¢asti
spory, vétSinou objemna struktura obklopujici rovnou ¢ast polového vlakna a koncici na
urovni prvniho zavitu vlakna) (FRANZEN 2004, 2005; Xu, WEISS 2005; DELBAC, POLONAIS
2008).

Kli¢ici spora vsttikuje sviij obsah ve form¢é malé buiikky = sporoplazmy do cytoplasmy
hostitelské buriky. Sporoplazma roste a d€li se pomoci merogonie do bunék zvanych meronti,
které se dal d€li a postupné vypliuji cytoplasmu hostitelské bunky. Pak je na zaklad¢
neznamého signalu aktivovdna syntéza bilkovin, které tvoii stény spory, bunécnou sténu
obsahujici chitin a specifické proteiny mikrosporidii (BOHNE et al. 2000; HAYMAN et al. 2001;
BROSSON et al. 2005; PEUVEL-FANGET et al. 2006), které jsou postupné ukladany na
plazmatické membrané stadia sporontll. Sporonti se mohou jesté na chvili rozdélit v procesu
sporogonie, ale nakonec kazd4 sporontni buitka davd vzniknout komplexnimu sloZeni spory
véetné vystielovaciho aparatu. Spora, kterd je vysledkem vnitini diferenciace jediné bunky
(VAVRA, LARSSON 1999), je jedind faze objevujici se volné a je to stadium zodpovédné za
Sifeni patogenu.

U ktirovel je zndmo né€kolik druhti mikrosporidii. Tyto druhy napadaji stfevni epitel stfedniho

stfeva, dostavaji se do vajecnikt a jsou predavany larvam (WEISER et al. 1998; WEISER 2002,
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WEGENSTEINER 2004). U larev se vyskyt onemocnéni a mortalita neprojevuje. Hodnoty
infekéni hladiny nad 30 % u viru a mikrosporidii povazuje bez hlubsiho studia WEISER (2002)
za priznak nastupujictho zdniku ohniska pfemnozeni broukd pomoci pfirozené regulace
populace.

Unikaryon montanum (Weiser, Wegensteiner, Zizka, 1998) je nalézan v tukové tkani,
Malphigickych trubicich a vajeénicich lykozrouta smrkového (WEGENSTEINER, WEISER
2004). Nosema typographi (Weiser, 1955) je lokalizovan v tukové tkani, ovariich a
Malphigickych trubicich. Ma dvoujaderné spory odchazejici s trusem (PURRINI 1978;
WEGENSTEINER, WEISER 1996b). Promoteni v populacich I. typographus je bézné velmi
nizké, pohybuje se kolem 2 % i méné¢ (WEGENSTEINER, WEISER 1996b; HANDEL et al. 2003).
Nejbézngjsi mikrosporidie Chytridiopsis typographi (pivodné Haplosporidium typographi)
[(Weiser, 1954) Weiser, 1970] (obr. 5) se vyznacuje tvorbou velmi odolnych silnosténnych
cyst se 16 — 32 kulovitymi sporami, které jsou infekéni agens, a absenci polaroblastu
nahrazeného polarnimi vlakny v trvalém polarnim vaku (WEGENSTEINER 2004; TAKOV et al.
2010, 2011; TONKA et al. 2010; WEGENSTEINER et al. 2010; MICHALKOVA et al. 2011). Ch.
typographi vytvari viedovita ohniska, kde dochazi k poruseni stieva. Vyznacuje se dvéma
typy spor: tenkosténnymi — na vnéjsi prostiedi méné odolnymi a silnosténnymi. Tenkosténné
spory, produkované v tenkosténnych docasnych sporofornich vaccich, $ifi infekci uvnitf
hostitele tim, ze vstiiknou sporoplazmu do epitelovych bun¢k stieva piivodniho hostitele.
Silnosténné spory jsou umistény v trvalém sporofornim vacku pfipominajicim cystu, ktery
neuvolituje spory v ptivodnim hostiteli, ale je vyluCovan s trusem. Tyto spory zlstavaji
infekéni po dobu nékolika mésicli ve vnéjSim prostiedi a slouzi pro horizontalni pfenos
patogena. Kromé toho ma Ch. typographi rané vyvojové stadium s vicejadernymi matefskymi
bunikami, z nichz kazda vytvari jeden pupen v epitelu sttedniho stieva. Kulovity pupen je
spojen s matefskou bunkou limcem a bunécné slozky jsou tlaceny ke vzdalenému konci
pupenu. Obé matetské buiiky a pupen pokracuji ve vyvoji, pupen se poté oddeli od matetskeé
buniky, roste a produkuje buiiky stejného typu. Obé buniky pak pokracuji ve sporogonidlnim
Vyvoji a vytvari cysty s vytrusy. Proces, kdy jedna matetska bunka produkuje jediny pupen
rostouci do stejn¢ho strukturovaného a velkého stadia, nema obdobu u jinych mikrosporidii
(TONKA et al. 2010). Obecné je Ch. typographi nespecificky patogen napadajici pouze epitel
stieva fady zastupcii podceledi Scolytinae (WEGENSTEINER 2004). Infekéni hladina tohoto
patogenu variuje vétSinou v fadech desitek procent (WEGENSTEINER 2004; WEGENSTEINER,
WEISER 2004; HOLUSA et al. 2009; WEGENSTEINER et al. 2010).
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Nedavno byla popsana druhové specificka mikrosporidie vazana na I. duplicatus, Larssoniella
duplicati (Weiser, Holuga, Zizka, 2006) (HoLUSA et al. 2007; obr. 6) z vychodu Ceské
republiky a severovychodniho Polska. Jde o chronickou, Siroce rozsifenou nakazu. Infekéni
hladina tohoto patogenu dosahuje na nékterych lokalitach az 80 % (HOLUSA et al. 2009). Ma
drobné jednojaderné spory, ndkaza probihd v podélnych a okruznich svalech sttedniho stfeva
a v matrix trachealnich zakonceni na povrchu stieva (WEISER et al. 2006; HOLUSA et al. 2007,
HOLUSA et al. 2009). Infekéni hladina L. duplicati se nelisila mezi generacemi lykozroutd a
byla relativné stald i u pfezimujicich jedinct, z cehoz vyplyva, Ze dochazelo k horizontalnimu
prenosu skrz poziti spor (HOLUSA et al. 2009). U lykozroutt rodu Ips se da predpokladat
vyskyt dal$ich mikrosporidii, napt. Canningia spinidentis (Weiser, Wegensteiner, Zizka,
1995) popsané z tukové tkané, Malphigickych trubic, svall a pojivové tkané roda Pityokteines
a Tomicus (WEISER et al. 1995).

Mikrosporidie vyvolavaji spolecné epizootie s virem polyedrie u gradujicich Sktdcii, napf.
bekyné a roztékajici se virotickd housenka rovnéz uvoliluje spory mikrosporidie, které by
jinak cekaly na uhynuti hostitele déle. Mikrosporidie samotné vytvafeji chronicka
onemocnéni, se zietelnou mortalitou u housenek bekyni nebo housenic pilatek hlavné v
kombinaci s virozou (HOLUSA, WEISER 2005). Tyto patogeny jsou skupinové specifické pro
urcité hostitele, jejich namnoZovani je mozné v laboratornich chovech, ale ptipravek na bazi
mikrosporidii proti kiirovcim neni k dispozici na trhu insekticidd (WEGENSTEINER 2004).
Hlavnim diivodem je obtiznd masova kultivace s nutnosti namnozeni v zivych hostitelich,
které je obtizné praktikovatelné vzhledem ke kryptickému zpiisobu zivota lykozrouta rodu Ips

a jejich izolovanému vyvinu jednotlivych stadii v prostoru.

Hlistice (Nematoda)

Entomopatogenni hlistice (Nematoda: Heterorhabditidae, Mermithidae, Steinernematidae)
jsou letalni endoparazité hmyzu (GAUGLER, KAYA 1990; GAUGLER 2002). Jsou b&zné uzivany
V biologickém boji proti druhim hmyzu Zzijicim kryptickym zpisobem Zzivota (RAMOS-
RODRIGUEZ et al. 2006), nejbéznéji ve vlhkém a v pudnim prostiedi (KAYA, GAUGLER 1993).
Jejich vyhodou je nizka patogenita pro obratlovce (KAYA, GAUGLER 1993; BATHON 1996).

Do télni dutiny hostitel se hlistice dostavaji télnimi otvory (stigmata, Ustni otvor nebo
kutikula — rod Heterorhabditis). Po vniknuti do hostitele vypoustéji pomoci symbiotickych

bakterii rodi Xenorhabdus a Photorhabdus (FORST et al. 1997) endotoxiny, kterymi svého
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hostitele zabiji. Po usmrceni hostitele slouzi jeho té¢lo dale spolu s bakteriemi jako zivna ptuda
pro vyvoj hlistic. Infekéni juvenilni stadia (desitky az stovky tisic) opousti usmrceného
hostitele ptiblizné po 2 — 3 tydnech a aktivné (pachové pomoci hlavovych papil a amphid)
vyhledavaji nové zivé jedince hmyzu ke kolonizaci (CROLL 1970).

Hlistice jsou testovany jako efektivni proti Siroké Skale hmyzu v riznych prostiedich proti
Sktidctim jako jsou §vabi (KOEHLER et al. 1992), obaleci, bekyné (WEISER, MRACEK 1988) a
dalsi z celedi Pyralidae (SHANNAG, CAPINERA 2000) a Curculionidae (DUNCAN, McCoy
1996; SHAPIRO, McCoY 2000). Nektefi autofi udavaji souvislost vyskytu hlistic s gradacemi
nékterych Skiidci (MRACEK, BECVAR 2000) a jejich regulaci, napf. ploskohibetky: rod
Cephalcia (odhady kolem 30 %) (MRACEK 1986). Hlistice nepatii k béZnym patogentim
klrovcl, ale mohou je uspé€Sné infikovat (POINAR, DESCHAMPS 1981); experimentalni
aplikace hlistic se vS§ak momentalné neprovadéji.

Hlistice vyuzivaji ktirovce k pfesunu na nova stanovisté (forézie) nebo je potiebuji
k dokonceni svého vyvojového cyklu (parazitace). Mezi hlistice s vazbou ke ktrovcim
fadime predev§im zéastupce tadi Tylenchida a Rhabditida. VétSina hlistic asociovanych
S lykozroutem smrkovym brouky negativné neovliviiuje, ale existuji i nckteré parazitické
druhy (RUHM 1956). Ty jsou lokalizovany v téle broukd bud’ voln¢ v hemolymfé: rody
Contortylenchus a Parasitylenchus, nebo v Malphigickych trubicich: rod Cryptaphelenchus,
¢i ve stfevé: rody Aphelenchoides a Parasitorhabditis (RUHM 1956). Pramérna nakaza
kirovel stievnimi hlisticemi se pohybuje kolem 50 % (WEGENSTEINER, WEISER 1996b;
BURJANADZE, GOGINASHVILI 2009; KERESELIDZE et al. 2010). Podle n&kterych studii zabijeji
parazitické hlistice své hostitele (zptisobuji ucpani stfeva a jeho perforaci) a redukuji jejich
zivotnost a plodnost (LIEUTIER 1980; KAYA 1984), napf. zmensenim oocytl napadenych
samic lykozrouti (THONG, WEBSTER 1975). Vliv pfitomnosti beéznych druha
endoparazitickych hlistic I. typographus na letovou aktivitu nebyl prokazan (FORSSE 1987).
Determinace jednotlivych druhl je obtiznd, protoze se uvnitf téla IykoZroutl objevuji Casto
pouze juvenilni jedinci a je nutné je dochovavat; napt. larvy rodu Parasitorhabditis nelze od
sebe rozeznat viibec (RUHM 1956).

Foretické druhy hlistic (napf. rody Diplogasteroides, Ditylenchus a Ektaphelenchus) se
nachéazeji hlavné pod krovkami brouktl, na kiidlech ¢i v prostorech mezi télnimi €lanky

(RUHM 1956) a prozatim nebyl prokazan zadny vliv na brouky.
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Zelené rasy

U lykozroutd rodu Ips nebyla nakaza touto skupinou zatim zaznamenéna, ale Ize ji
predpokladat, protoze byla zjisténa napi. patogenni fasa Helicosporidium sp. (Chlorophyta:
Trebouxiophyceae) u larev i dospélci Dendroctonus micans (Kugelann, 1794) v Turecku
s prumérnou hladinou infekce 9 % (YAMAN 2008). Jeji vyuziti v biologickém boji s D. micans
komplikuje zjiSténi stejné infekce u ptirozeného specifického predatora tohoto kurovce -
lesknacka Rhizophagus grandis (Gyllenhal, 1827) (YAMAN, RADEK 2007; YAMAN et al.
2009), ktery je efektivnim regulatorem a pouzivd se v praxi jiz nékolik desitek let

V euroasijském arealu (GREGOIRE et al. 1985; FIELDING et al. 1991; FIELDING, EVANS 1997).

Diskuse a Zaveér

V soucasné¢ dobé bylo popsano vice nez 20 druhli patogenti (mikrosporidie, viry, prvoci,
zelené tasy) u broukt podceledi Scolytinae (WEGENSTEINER, WEISER 19964, 2004; HANDEL et
al. 2003). Vétsina autort se jimi zabyvala piedev§im z faunistického hlediska (WEISER et al.
1998; WEGENSTEINER 2004), a tak u vétSiny patogend nezname vlivy na brouky: na vitalitu,
fertilitu, letové schopnosti, pfezimovani atd. Nejpodrobnéji popsané druhové slozeni patogenu
ma lykozrout smrkovy I. typographus. V Evropé€ bylo zjisténo 10 onemocnéni tohoto druhu
(tab. 1); u nekterych dalSich druhi, jako je napi. Ips cembrae a Ips amitinus, nemame
dostate¢né udaje, nebo dokonce donedavna nebyly viibec zadné (HOLUSA et al. 2012).
Mikrosporidie Chytridiopsis typographi a eugregarina Gregarina typographi jsou Siroce
roz§ifeny u spolecné se vyskytujicich lykozrouti rodu Ips (tab. 1), dalsi druhy jsou odliSeny
dle jednotlivych hostitelii a zahrnuji fadu potencionalné novych druhi (HANDEL et al. 2003).
Infek¢ni hladina patogenti je do jisté miry zavisla na populacni hustoté a Casu, protoze nadkaza
matecnych broukii se mize od tvorby snubnich komiirek po dokonceni vyvinu potomstva i
ztrojnasobit (LUKASOVA, HOLUSA 2011).

Infekéni hladiny patogeni mohou zéviset na populac¢nich hustotach lykozroutii. Pti nizkych
populaénich denzitach se lykozrouti setkévaji s jedinci mimo svilij pozerek jen velmi zfidka a
spory patogend tak nemohou byt pozieny s trusem nebo zbytky odumfelych tél a infikovat
dalsi jedince (WEGENSTEINER, WEISER 1996a).

Casto byvaji studovany lokality, kde je diky potencionalni mobilité broukd (b&Zné az 1 km)
(WERMELINGER 2004) zabranéno vzniku subpopulaci s jinym sloZenim patogenti (HANDEL et

al. 2003) a infek¢ni hladiny i slozeni patogenli jsou konstantni i na pomérné vzdalenych
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lokalitdich (HOLUSA et al. 2009). To vysvétluje mimo jiné i fakt, Ze v nékterych vyzkumech
bylo prokazano, ze hladiny patogenti nezaviseji na objemu napadenych stromt (HOLUSA et al.
2009) nebo ze rtzné hladiny infekce nekoreluji s riznymi pocty brouktt (WEGENSTEINER,
WEISER 1996a).

Jednim z hlavnich faktorti ovliviiujicich populace je lesnicky management. Pfedpokladame,
ze kvuli absenci lesnického managementu a nahodné distribuci stresovanych stromt dochazi
ke shromazdéni broukt a tim padem ke vzniku ohnisek vysokych popula¢nich hustot brouki
a intenzivniho pfedavani patogent (HOLUSA et al. 2009). Kdyz je hustota lykozroutl vysoka,
maji nedospéli brouci nedostatek prostoru pro zralostni Zir a pokracuji v Ziru skrz protindnim
dalSich pozerki a larvalnich chodeb. To zvySuje pravdépodobnost pozieni patogennich spor,
které¢ byly uvolnény s trusem nakaZeného jedince ¢i jeho odumienim a rozkladem v misté
pozerku — infekéni hladina patogend se navySuje (WEGENSTEINER, WEISER 1996a). Skupiny
napadenych stroml vytvaieji ohniska Sifeni lykoZroutil 1 jejich patogent, jako je tomu napf.
na Sumavé & v Rakousku, kde se vyskytuje ItEPV a Ch. typographi ve velmi vysokych
infek¢nich hladinach (WEGENSTEINER et al. 1996; WEISER et al. 2000; HOLUSA et al. 2007).
Naopak infikovani lykozrouti v dobfe obhospodatovanych lesich jsou vice rozptyleni, protoze
lesnici rychle odstranuji napadené stromy. Odstranéni stromt silné napadenych kirovcei brani
jednotlivym druhtim patogenti v namnoZeni a nahromadéni, které se objevuje v lesnich
porostech bez managementu, a vede k vyraznému snizeni nékterych patogent ¢i dokonce
k jejich zaniku na nékterych lokalitach. To se tyka piedevSsim patogenu lokalizovanych
Vv tukovém télese (napi. N. typographi a M. chalcographi) (HoLuSA et al. 2007, 2009).

S piihlédnutim k predbéznym vysledkim celosvétovych vyzkumia je jasné, Zze patogeny
nejsou schopny dostatecné a ispésné regulovat populace lykozroutti rodu Ips. Hlavni ptficinou
je komplikované aplikace v praxi (kultivace patogenti, krypticky zplsob zivota klrovcil,
v ptipad¢ nizkych populacnich hustot také témei nulovy pienos patogeni). Patogeny
Iykozroutt rodu Ips nebudou v nejblizsich letech pouzitelné jako jedno s obrannych opatieni

proti témto zdvaznym Skidcim v lesnich porostech.

Podékovani:
Piispévek vznikl v ramci feSeni projektu KUS QJ1220317 Ministerstva zemédélstvi Ceské

republiky a CIGA 20124302 Ceské zemédélské univerzity v Praze.
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Tab. 1.

Piehled zjisténych patogent (bez hlistic a hub s vyjimkou mikrosporidii a M. typographi) u
lykozroutt rodu Ips (dle WEGENSTEINER 2004; TAkov et al. 2006; BURJANADZE,
GOGINASHVILI 2009; UNAL et al. 2009; TAkov et al. 2010; WEGENSTEINER et al. 2010;
LUKASOVA, HOLUSA 2011; MICHALKOVA et al. 2011; TAKOV et al. 2011; HOLUSA et al. 2012)

Overview of the identified pathogens (excluding nematodes and fungi except microsporidia
and M. typographi) on bark beetle genus Ips (according to WEGENSTEINER 2004; TAKOV et al.
2006; BURJANADZE, GOGINASHVILI 2009; UNAL et al. 2009; TAkov et al. 2010;
WEGENSTEINER et al. 2010; LUKASOVA, HOLUSA 2011; MICHALKOVA et al. 2011; TAKOV et
al. 2011; HorusSA et al. 2012) (listed from the top: Pathogens/Species, Systematic

classification, X citations, £ pathogens).

Systematické Ips Ips Ips Ips Ips Ips 2
Patogeny/Druhy zafazeni  typographus acuminatus sexdentatus amitinus duplicatus cembrae citace
Malamoeba scolyti Rhizopoda X X - - - - 6
Gregarina typographi* Apicomplexa X X X X X X 33
Telosporidium typographi  Apicomplexa X - - - - - 1
Menzbieria chalcographi ~ Apicomplexa X - - - - - 4
Mattesia schwenkei* Apicomplexa X X - - - X 7
Chytridiopsis typographi ~ Microsporidia X X - X X X 22
Nosema typographi* Microsporidia X - - - - X 10
Unikaryon montanum* Microsporidia X - - X - -
Larssoniella duplicati Microsporidia - - - - X -
Metschnikowia typographi  Ascomycota X - X X - -
ItEPV dsDNA viry X - - X - - 8
Y patogeny 10 4 2 5 3 4 104

*Druhy, u kterych si autofi nebyli jisti a urcili je pouze do rodu, jsme piitadili k jiz popsanym
druhiim. Ziejmé se totiz jedna o tyto jiz existujici druhy (vzhledem k podobné bionomii a
vazb¢ na stejné hostitelské dieviny lykozroutil). Bez genetickych testi, které jsou zejména u
mikrosporidii velmi komplikované, neni zatim potieba je striktné rozliSovat.

* Species of which the authors were not sure and determined only their genus, were assigned
to the previously described species. Probably they are already existing species (considering
similar bionomy and relation to the same host tree species of bark beetles). Without genetic
tests that are especially in microsporidia very complicated, it is not strictly necessary to
separate them yet.
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Obr. 1.
Sferoidy ItEPV a cysty neogregariny Mattesia schwenkei (M.s.) vhemolymf¢ Ips
typographus

Fig. 1.

Spheroids of ItEPV and cysts of neogregarine Mattesia schwenkei (M.s.) in the hemolymph of
Ips typographus

. -
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Obr. 2.

Stadium trofozoitli, gamonti a syzygie Gregarina typographi zaznamenana u lykozrouta Ips
typographus
Fig. 2.

Life stage of trophozoites, gamonts and syzygy of Gregarina typographi recorded in bark
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Obr. 3.

Gametocysty Gregarina typographi v lumenu stteva Ips typographus
Fig. 3.

Gametocysts of Gregarina typographi in gut lumen of Ips typographus
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Obr. 4.

Zivotni cyklus Gregarina typographi
Fig. 4.

Life cycle of Gregarina typographi
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Obr. 5.

Silnosténné cysty Chytridiopsis typographi nalezené v mesenteronu Ips typographus
Fig. 5.
Thick-walled cysts of Chytridiopsis typographi found in midgut of Ips typographus
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Obr. 6.

Povrch stieva se sporami Larssoniella duplicati ve svalovych vlaknech stfedniho stieva Ips
duplicatus

Fig. 6.

Surface of the midgut with spores of Larssoniella duplicati in the muscle strands of the

muscularis in the midgut of Ips duplicatus
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PATHOGENS OF BARK BEETLES OF THE GENUS IPS (COLEOPTERA:
CURCULIONIDAE: SCOLYTINAE): REVIEW

SUMMARY

Bark beetles genus Ips (Coleoptera: Curculionidae: Scolytinae) are one of the most dangerous
forest insect pests in Europe. At present, around twenty species of pathogens and
entomopathogenic nematodes were described in the bark beetle subfamily Scolytinae. The
most detailed species composition of pathogens has spruce bark beetle Ips typographus has
ten species (Tab. 1). For some other bark beetle species such as Ips amitinus and I. cembrae
no sufficient data are available about pathogens or have been recently studied. First pathogen
in bark beetles were described early in the 20th century, most species were then identified in
the second half of the 20th century. In 2006, the last known pathogen was described —
microsporidia species-specific, Larssoniella duplicati from 1. duplicatus found in the east part
of the Czech Republic and northeastern Poland (Fig. 6). It is a chronic, widespread infection.
Infection level of this pathogen reaches in some study sites up to 80%.

The only virus - Entomopoxvirus (ItEPV; Fig. 1) that was recorded in bark beetles causes the
formation of protein inclusions only in the midgut of adult beetles. Microsporidia
Chytridiopsis typographi (Fig. 5) and eugregarine Gregarina typographi (Fig. 2—4) are widely
distributed in populations of bark beetle genus Ips (Tab. 1). Fat body of host insects are
attacked and destroyed by neogregarines (Menzbieria chalcographi and Mattesia schwenkei)
and some microsporidia (Nosema typographi). This disease causes high mortality of
individuals during the overwintering period in the bark and forest litter.

For most pathogens no information is available about influences on populations of bark
beetles. For example it has been shown that nematodes do not affect the flight activity of Ips
typographus. However, knowledge of the nematodes of the genus Ips is still very limited and
since the 1950s we have not had much new information.

Infection levels of pathogens may depend on the bark beetle population densities. At low
population density callow beetle have contact with individuals outside their breeding system
very rarely and pathogens such as spores cannot be ingested with faeces or remains of dead

bodies of infected individuals. We assume that the absence of forest management leads to
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high population density of beetles on host trees and thus to the intensive transmission of
pathogens.

Comprehensively none of the previously identified pathogenic organisms has been ever
demonstrated as an effective biological control agent. Although laboratory experiments are
often successful (f. e. with Beauveria bassiana or Malamoeba scolyti), cryptic life cycle of
genus Ips under the bark and their bionomy in general is still a major complication in the

succesfull aplication of biological control.
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Abstract:

The distribution of bark beetle Ips amitinus was determined in Czech Republic and Poland and within

individual host trees (spruce). It was detected in more than half of the studied localities, from the lowland
through medium upland locations to the highest localities in Tatra Mts. region. A similar pattern of . am-
itinus occurrence from lowlands to mountains can be expected throughout Central Europe, wherever its
major host (spruce) is grown. /. amitinus was commonly found in the middle parts of the spruce crown.
When 1. typographus abundance was high, . amitinus abundance was low. The development pattern of
1. amitinus could be very similar to that of . typographus. I. amitinus has one generation per year in moun-
tainous areas of Central Europe but might have two generations per year below 600 m a.s.1.

Key words: occurrence, distribution on tree, generation, Central Europe

Introduction

The bark beetle Ips amitinus (Eichhoff, 1872) be-
longs to a group of secondary insect pests of Picea
abies (L., 1753) Karsten, 1881 that includes the bark
beetles Ips typographus (L., 1758) and Pityogenes
chalcographus (L., 1761) (PFEFFER, SKUHRAVY, 1995;
Gropzki 1997, Grobzki 2004, Mazur et al. 2006).

1. amitinus is widespread throughout Europe
where P. abies and P. sylvestris occur, but it is most-
ly absent in the Nordic countries (EPPO/CABI,
1997). I. amitinus is known from Austria, Belgium,
Bulgaria, Croatia, Czech Republic, Western France,
Germany, Hungary, Northern Italy, Lithuania, Latvia,
FYRMacedonia, the Netherlands, Poland, Romania,
Kaliningrad region, Slovakia, Slovenia, Spain (al-
though not recently), Switzerland, Southwestern
Ukraine, and Former Yugoslavia (PAvLovskuy 1955,

Prerrer 1955, Jurc, Boiovic 2004, VooLMA et al.
2004). This species has expanded northward into the
eastern part of Fennoscandia (MANDELSHTAM 1999,
KoproNEN 1975, ANNILA, NUORTEVA 1977, BIERMANN,
THALENHORST, 1977, HELIOVAARA et al. 1991,
JakovLEv, SutoNeN 2005). Recently, /. amitinus was
recorded at Murmansk, north of the Arctic Circle
(VooLma et al. 2004).

Occurrence of 1. amitinus have been recorded
on P, abies, Pinus cembra (L., 1753) (HELLRIGL 1985,
STAUFFER, ZUBER 1998), Pinus mugo (Turra, 1764),
Abies alba (Miller, 1768), Larix decidua (Miller,
1768) (EPPO/CABI, 1997), Pinus sylvestris (L.,
1753), and other species of Pinus (KNizek, TRYZNA
2002, DommNik 2003). 1. amitinus is also an impor-
tant component of the fauna of blue spruce (Picea

1
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pungens (Engelmann, 1879) in Central Europe
(Kura et al. 2009, 2011, Kura, ZaBecki 2010, Pop
et al.,2010)).

It often remains undetected because it is con-
fused with other, more common species of bark bee-
tles with which it often co-occurs (Knizek, 2001).
Therefore, the occurrence and abundance of this spe-
cies is not sufficiently recognized. Quality data have
been provided by only a few papers, and these pa-
pers focused mainly on other species of bark beetles
(Zumr 1984, Knizek 2001, MinaLciuc et al. 2001,
Novo1ny et al. 2002, Jurc, Bosovi¢ 2004, Kus, Kus
2004, Gropzki et al. 2006, Kura et al. 2007, DKLAND,
Skarraas 2008, Gropzki 2009).

Compared with 1. fypographus, which has the
same hosts as 1. amitinus (EPPO/CABI, 1997) but
is recognized as a major pest, /. amitinus is scarcely
mentioned in the scientific literature. While the biolo-
gy and ecology of 1. typographus have been described
and modelled (LieuTiEr 2002, GREGOIRE, Evans 2004,
WERMELINGER 2004), only sporadic information is
available regarding the basic ecological characteris-
tics of 1. amitinus (Zumr 1982, ZuBer 1992, COELN et
al. 1996).

The objective of this work was to determine the
distribution of /. amitinus in an area ranging in el-
evation from 250-1300 m a.s.1.

Materials and Methods

Characteristics of study areas

Research was conducted in Czech Republic (one
study region) and in Poland (three study regions).
The research in Czech Republic was conducted in
three biogeographically different areas in the eastern
part of the country. The terrain of the lowest altitudes
has a flat, upland character with a typical elevation of
220-300 m a.s.l. The climate is moderately warm and
provides abundant precipitation (700-900 mm/y).
The area has low forest cover (9%, about 30% of
which is represented by spruce), with isolated forest
complexes in an agricultural landscape. The terrain
in the middle altitudes consists of plateaux cut by a
network of deep valleys. The elevation ranges from
300 to 700 m. The climate is cold, with rainfall at
600-800 mm/y. Forest cover is 40%, of which 67%
is represented by spruce. The terrain of the highest
localities in Western Carpathians is characterized by
mountains with elevations of 500-1,200 m. The cli-

mate is mostly cold and provides abundant rainfall.
Forest cover exceeds 70%, of which spruce repre-
sents more than 70% (CuLek 1996). In Poland, the
research was done in three main Carpathian regions
with relatively cold climates: Bieszczady Mts. study
region (800-850 m, rainfall 1000-1200 mm), Gorce
Mts. study region (1000-1200 m, rainfall 1000 mm),
and Tatra Mts. study region (1100 m, rainfall 1100-
2000 mm). In Bieszczady Mts., spruce stands consist
of small islands of Norway spruce that are surround-
ed by beech and fir stands. Forest stands in Gorce
and Tatra Mts. are dominated by spruce.

Study of trap trees for detection of 1. amitinus

at Havifov, Libava, and Smrk Mt. in Czech
Republic)

Trap trees were used in three study areas in Czech
Republic: Havifov (three large forest sites: 49°49°N
18°22°E; 49°48°N 18°24°E; 49°50°N 18°22’E; indi-
cated by small stars in Fig. 1), the area surrounding
the town of Libava (at three sites: 49°40°N 17°38’E;
49°38’N 17°30°E; 49°44’N 17°37’E; indicated by
medium stars in Fig. 1), and Smrk Mt. (at one site:
49°30°N 18°22’E; indicated by the large star in Fig.
1). At each study area, spruce trees 25-35 cm in
diameter (at breast height, DBH) and without bee-
tle infestation were cut at the edge of mature for-
est stands (older than 80 years). The number of trap
trees used at each area and in each year are indicated
in Table 1. To assess bark beetle abundance, bark
beetle entry holes were counted on four sections of
the stem (sections were identified but the tree was
left intact, i.e., it was not cut into sections). The first
section (the bottom) extended from the bottom of the
cut tree to 0.5 m higher on the trunk. The second sec-
tion (the stem) was midway between the bottom and
the beginning of the crown. The third section (the
middle) was at the beginning of the crown, and the
fourth section (the crown) was in the centre of the
crown. On each section, one rectangular strip on the
stem surface was designated; the length of the strip
was equal to half of the section’s circumference, and
the width was 0.5-1.0 m. The circumference of each
section and the strip dimensions were measured and
recorded in the field.

The trap trees were debarked 6 to 7 weeks af-
ter they had been cut; this was estimated to be the
time when III instar larvae and pupae of the first
generation would be present. Entry holes made by
bark beetles were enumerated in each strip, and the
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Poland

Austria

Fig. 1. Locations surveyed for occurrence of Ips amitinus in Czech Republic and Poland. Occurrence (presence = black
symbols and absence = grey symbols) was studied using trap trees (stars), sanitary felled trees (circles), and infested
trees (triangles). Small, medium, and large stars indicate Haviiov, Libava, and the Smrk Mt. (all in Czech study region),
respectively. Small and large circles indicate localities lower than 500 m or higher than 500 m, respectively. The large,
medium, and small triangle indicate Tatra Mts., Gorce Mts., and Bieszczady Mts. study region.

Table 1. Number of trap trees (felled in spring/summer) used at three study areas (with seven sites in total) in Czech
Republic . The seven sites with trap trees are indicated by stars in Fig. 1.

. Year
Sludyara, | Alttndemasl) o 2006 2007 2008 2009 2010
Havifov 265-295 4500 40/0 30/0 0/0 0/0 0/0
Libava 550-655 0/0 0/0 0/0 60/52 30/16 20/20
Smrk Mt. 1180-1200 0/0 0/0 0/0 0/0 11/16 5/5

2 Each trap tree was laid on the soil surface close to where it was cut.

species and developmental stage of the beetle(s) in
the gallery associated with each entry hole were de-
termined. The beetles were identified by examining
the galleries and beetles in the field, or, if necessary,
by examining the beetles after they had been taken
to the laboratory.

At the study area of Havifov, trap trees were
prepared in the same time period (from 15 February
to 20 April) of every year (2005-2007). Entry holes
were counted and bark beetles were studied on 10
June 2005, 2 June 2006, and 5 June 2007.

Traps trees were used at three sites in the area
surrounding the town of Libava and were prepared

every year (2008-2010) in the same time period from
5 April to 5 May for detection of parental beetles
and from 15 June to 15 July for detection of filial
beetles. Entry holes were counted and bark beetles
were studied on 5-8 June 2008, 15-17 August 2008,
5 June 2009, 23 July 2009, 27 June 2010, and 1
August 2010.

Trap trees were used at one site in Smrk Mt.
study area and were prepared in early May and late
August in 2009 and in late June and late August in
2010. Entry holes were counted and bark beetles
were studied on 18 June 2009, 24 July 2009, 7 July
2010, and 20 September 2010.
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Study of sanitary felled trees at 37 localities
in Eastern Czech Republic

From 2006-2009, logged spruce trees were
studied at 34 localities in the eastern part of Czech
Republic (from 50°14° N, 17°26” E to 49°31° N,
18°48’ E at elevations of 300-450 and 500-700 m;
Table 2). Studied trees were between 60 and 120
years old and had been logged because they were
suffering from drought, attack by Armillaria sp., and
recent invasion by large numbers of bark beetles.
The localities were visited twice yearly (May—June
and August-September), and more than 10 trees
were studied on each visit to each locality. If more
than one beetle entry hole per dm? was found on a
tree in at least one of its parts (base, centre of trunk,
or crown), it was considered to have been invaded
by large numbers of beetles. The density of entry
holes was determined for three 1-m by 10-cm areas,
one area for each part of the trunk. Logged trees that
were dry were not studied.

Study of infested trees in Poland

Standing, infested trees in three regions in Poland
(Bieszczady Mts., Gorce Mts., and Tatra Mts.) were
felled, and bark beetle entry holes were counted
on four areas of the stem using the same methods
that has been already described. Trees were exam-
ined twice yearly (June/July and August/September/
October).

The study site in Bieszczady Mts. was at
49°02°01”N, 22°51°46”E (see small triangle in Fig.
1). The trees at this site were examined twice yearly
(June/July and August/September/October) in 1998-
2000. A total of 47 trees were studied.

The study site in Gorce Mts. was at 49°33°00”N;
20°15°24”E (see medium triangle in Fig. 1). The
trees at this site were examined twice yearly in 1999-
2002 (June/July and August/September/October). A
total of 35 trees were studied.

The study site in Tatra Mts. was at 49°14°40”N;
20°05°30”E (see large triangle in Fig.1). The trees
at this site were examined twice yearly in 2003,
2004 and 2006(June/July and August/September/
October). At total of 45 trees were studied.

Statistical analysis

Because the data were not normally distributed,
nonparametric tests (Kruskal-Wallis and Mann-
Whitney) were used. STATISTICA 8.0 was used for
all statistical analyses.

4

Results

Study of trap trees at Havifov, Libava, and Smrk
Mt.

1. amitinus was detected on trap trees in all seven
study sites at these three areas though not in every
season (Table 3). At the lowest elevation in the study
area Havifov, it was always found in June (Table 3).
In middle altitudes in Libava, I. amitinus was found
in June 2009, June 2010, and August 2010. /. amiti-
nus was most abundant in Smrk Mt. (Table 2).

At Havifov, the number of entry holes were
highest in the crown section and declined toward
the bottom of the tree; the numbers of entry holes
per dm? differed between crown and bottom sec-
tions (Kruskal-Wallis test: z=4.97; p<0.00001),
stem and crown sections (Kruskal-Wallis test:
z=4.66; p<0.0001), and middle and crown sections
(Kruskal-Wallis test: z=3.98; p<0.001). At Libava,
the number of entry holes per dm? did not signifi-
cantly differ between the trap areas (Kruskal-Wallis
test: H (3, N=760) = 1.20; p>0.05). At Smrk Mt., the
number of entry holes per dm? differed among trap
areas (Kruskal-Wallis test: H (3, N=145) = 14.52;
p<0.01), and multiple comparisons confirmed that
entry holes were less abundant in bottom sections
than in middle (Kruskal-Wallis test: z=2.88145;
p<0.05) and crown sections (Kruskal-Wallis test:
z=2.93; p<0.05).

L. typographus was found in all trap trees at all
three study areas. The abundances of 1. typographus
and [ amitinus were not correlated in 2010 at
Havitov (r=0.02; p>0.10) or in June 2010 at Smrk
Mt. (r=—0.40; p>0.05). The abundances of these two
species were negatively correlated at Libava in June
2009 (r=—0.19; p<0.05) and at Smrk Mt. in June
2009 (r=—0.61; p<0.00001).

Study of sanitary felled trees at 34 localities
in Eastern Czech Republic
At 300-450 m, standing trees that were weak and
infested by . amitinus were found in all studied pe-
riods during 2006-2010, with the exception of May-
June 2009 (Table 4). I. amitinus was found at almost
67% of the 15 localities at this elevation (small cir-
cles in Fig. 1), and the percentage of infested trees
was highest in May-June 2007 (Table 4).

At 500-700 m (large circles in Fig. 1), trees
infested by I amitinus were detected in July and
August during 2007-2009 at more than 40% of the
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Table 2. Localities in Eastern Czech Republic used for study of sanitary felled trees. The 34 localities are indicated by

circles in Fig. 1.

Study localities Altitude (m a.s.l.)

Coordinates

Dolni Datyné 290
Paskov 290
Pazderna 300
Vaclavovice 310
Tiinec 320
Pusta Polom 350-420
Bystfice nad OIsi 390
Slezské Rudoltice 390
Cvilin 400
Janské koupele 400
Kajlovec 400
Dubova 450
Jakubcovice 450
Kyjovice 450
Lesni Albrechtice 450-500
Hlubocec 450-520
Cermna 490
Janov 500
Bilcice 550
Brantice 550
Dlouha Stran 550
Horni Benesov 550
Nové Hefminovy 550
Siroké Niva 550
Nydek 600
Pisek 600
Prazmo 600
Razova 600
Dlouha Voda 650
Drakov 700
Spélené 700
Détiichov 750
Krasna 900
Ostravice 1000

49°45°40.227”N, 18°23°39.935”E
49°42°48.828”N, 18°16°23.595”E
49°40°58.12”N, 18°26°6.79”E
49°44°21.485”N, 18°20°58.906”E
49°40°36.701™N, 18°38°12.827”E
49°52°3.452”N, 18°0°22.929”E
49°36°34.239”N, 18°42°55.427"E
50°12°49.539”N, 17°38°16.085”E
50°3°29.363”N, 17°42°26.204”E
49°50°11.691"N, 17°42°2.393”E
49°51°18.456”N, 17°53°11.738”E
49°49°16.328”N, 17°45°38.756"E
49°49°40.062”N, 17°59°57.209”E
49°51°0.985”N, 18°2°32.887"E
49°49°21.41”N, 17°52’17.1117E
49°51°21.727"N, 17°57°42.44”E
49°47°51.069”N, 17°41°59.768”E
50°13°58.133”N, 17°29°55.015”E
49°51°27.132”N, 17°35°57.913”E
50°4°39.579”N, 17°37°44.326”E
49°57°58.327°N, 17°31°16.94”E
49°59°10.034”N, 17°37°44.421”E
50°1°39.082”N, 17°32°15.149”E
50°4°1.984"N, 17°27°31.291”E
49°38°15.716”N, 18°47°22.112”E
49°34°8.004”N, 18°49°35.106”E
49°35°42.035”N, 18°29°15.825”E
49°56°11.003”N, 17°33°53.499”E
50°11°25.044”N, 17°28°29.543”E
50°11°17.167"N, 17°20°40.27"E
50°10°4.682”N, 17°26°54.237"E
49°50°47.596”N, 17°24’54.72”E
49°34°8.493”N, 18°30°32.821”E
49°32°45.527"N, 18°28°17.045”E

localities; the percentage of trees infested by . am-
itinus ranged from 0 to 28% in 2007, from 0 to 9%
in 2008, and from 0 to 38% in 2009. 1. typographus
was found at all localities (Table 4).

Study of infested trees in Poland

1. amitinus was found on standing infested trees
in all three regions studied in Poland from June to
August in all years. It was occasionally found in
October. The density of entry holes ranged from 0 to
1.2 per dm?(Table 5).

At the site in Bieszczady Mts., the median num-
bers of entry holes per dm? differed among sections
of infested trees (Kruskal-Wallis test: H (3, N=188)
= 20.20; p>0.001). Multiple comparison confirmed
that entry holes were less abundant in bottom sec-
tions than in stem sections (Mann-Whitney test,
7z=-3.59; p<0.001), middle sections (Mann-Whitney
test: z=-2.83, p<0.01), and crown sections (Mann-
Whitney test: z=-3.10; p<0.01).

The median numbers of entry holes per dm?
also differed among sections of infested trees at the

5
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Table 3. Numbers of Ips amitinus entry holes/dm? on
trap trees in study areas in Eastern Czech Republic
(mean£SD).

Year  Period Study areas (Altitudes)
Havifov Libava  the Smrk
(265-295  (520-655 Mt. (1260
ma.s.l.) masl) mas.ll)
2005 June 0.03+0.12 - -
2005  August - - -
2006 June 0.04+0.17 - -
2006  August - - -
2007 June 0.08+0.26 - -
2007  August - - -
2008 June - 0 -
2008  August - 0 -
2009 June - 0.2540.61 1.22+1.14
2009  August - 0 0
2010 June - 0.01+£0.02 0.22+0.17
2010  August - 0.03+0.07 0

Table. 4. Percentage of incidentally felled trees infested
by Ips amitinus in an amount more than one enter hole per
dm? in Eastern Czech Republic (mean+SD).

Year Period ]fll:‘;a:l:);l
300-450 500-700

2006 May-June 1.42+3.07 -
2006 July-August | 23.02+3.07 -
2007 May-June - -
2007 July-August 1.42+1.37 | 5.00+4.46
2008 May-June - =
2008 July-August 0.89+2.67 | 2.88+4.46
2009 May-June 0+£2.66 -
2009 July-August 5.68+3.07 | 8.77£3.15

site in Tatry Mts. (Kruskal-Wallis test: H (3, N=356)
=36.63; p<0.0001). Entry holes were more abundant
in crown sections than in bottom sections (Mann-
Whitney test: z=-3.11; p<0.01) or in stem sections
(Mann-Whitney test: z=-2.63; p<0.01).

At the site in Gorce Mts., Kruskal-Wallis test
indicated significant differences in median numbers
of entry holes per dm? among sections of trees (H (3,
N=136) = 15.38; p<0.01), but these differences were
not confirmed by the Mann-Whitney test. No entry
holes were found in bottom and stem sections, and
very few were found in middle and crown sections.

1. typographus was found on all trees at all three
sites in Poland. The abundances of /. typographus

6

and /. amitinus were negatively correlated at Tatry
Mts. (r=—0.19; p<0.05). Although the relationships
were not statistically significant, abundances of /.
typographus and 1. amitinus tended to be negatively
correlated at Gorce Mts. (r=-0.51; p>0.05) and the
Bieszczady Mts. (=-0.21, p>0.05).

Discussion

The presented results demonstrate that /. amitinus is
a common species in the studied area, which is the
centre of the range for this species. It was detected
in more than half of the studied localities, from the
lowest location through medium upland locations to
the highest study sites in Tatra and Gorce Mts. re-
gions. A similar pattern of its occurrence from low-
lands to mountains can be expected wherever spruce
(the major host of 1. amitinus) is grown in Central
Europe. In the present study, the number of entry
holes per dm? of on a trap tree usually did not ex-
ceed 0.1 at lower elevations (300—450 m) and ranged
from 0 to 0.2 at middle elevations (500-700 m). At
high elevations of Carpathians (1000 m), which are
connected to Smrk Mt. area, the number of entry
holes was greater than 1 per dm?. This high number
of enter holes is the result of a local outbreak of /.
typographus and I. amitinus that occurred on about
10 ha in 2007 in Smrk Natural Reserve (unpublished
data). 1. amitinus frequently appeared together with
I. typographus in all areas. Both species reproduce
at the same time (Jurc, Boiovic 2004, @OKLAND,
Skarraas 2008). On standing trees, I. amitinus was
less abundant in the Polish study areas than in the
areas in Czech Republic. Although Zumr (1984) re-
ported that /. amitinus is the most abundant bark bee-
tle in spruce mountain forests, the proportion of bark
beetles represented by 1. amitinus vs. 1. typographus
was highly variable in the current study. When 1.
typographus abundance was high, /. amitinus abun-
dance was low in the present study and in previous
studies (Gropzki 1997, Kura, ZABEcki 2002). In the
lower elevations, . duplicatus (Sahlberg, 1836) is
very abundant (Horu$a et al. 2010) and may also
compete with I. amitinus. 1. amitinus is probably a
common and abundant species in this region of lower
altitudes because the fitness of the spruce trees in this
region has been reduced by drought and Armillaria
sp. (HoLusa, Liska 2002).

1. amitinus was found on both standing trees
and felled trees (see also Kus, Kus 2004, GRoDzKI et
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Table 5. Abundance of Ips amitinus enter holes/dm? on standing infested trees in Poland (mean+SD).

Year Period Region (Altitudes)

Bieszczady (800-850 m a.s.l.) Tatras (1100 m a.s.l.) Gorce (1000-1200 m a.s.l.)
1998 July 0,26+0,48 - -
1998 August 0,12+0,19 - -
1999 June 0,35+0,55 - 0,002+0,008
1999 September 0,29+0,37 - 0,03+0,14
2000 June 0,27+0,51 - 0,07+0,22
2000 September 0 - 0
2001 June - - 0,02+0,08
2001 September - - -
2002 June - - 0,04+0,16
2002 September - - 0
2003 June - 0,024+0,073 -
2003 August - - -
2004 June - 0,022+0,074 -
2004 August - 0,019+0,089 -
2006 June - 0,014+0,079 -
2006 October - 0,014+0,079 -

al. 2006, KuLa et al. 2007, WiTRYLAK, 2008). Felled
trees are attractive to most pest species in the ge-
nus Ips, including 1. typographus (PreiL 1827), I
cembrae (Heer, 1836) (Grobzki 2010), 1. acumina-
tus (Gyllenhal, 1827) (Zasev 1952), and 1. sexden-
tatus (Borner, 1776) (BesceLi, Ekicr 1969) but not
1. duplicatus (SierpiNsk1 1958). Like most other Ips
species, . amitinus most often reproduces in dy-
ing or weakened trees, but it can also contribute to
tree death, especially in the case of young trees and
trees in plantations (Knizek 2001, MiHALcIUC et al.
2001, NovoTrNy et al. 2002, @KLAND, SKARPAAS 2008,
Grobzki, 2009).

At all localities in the current study, /. amitinus
entry holes were more abundant in crown sections
than in other sections. In contrast to 1. typographus,
1. amitinus prefers to breed in tree parts with rela-
tively small dimensions (Zumr 1984, EPPO/CABI
1997). Galleries of I. amitinus are most often found
on younger trees (Gropzki 2009), in the upper part of
weakened trees, or in large-diameter weakened trees
where the galleries of 1. amitinus overlap those of
1. typographus (Jurc, Bosovi¢ 2004). Therefore, we
conclude that 1. amitinus prefers the middle parts of
the crown from the boundaries of the green branch-
es for reproduction. This finding is consistent with
previous reports (Zumr 1984, Grobzki 1997, Jakus
1998, Kura, ZaBecki 2001, Prasi,, CupLin 2005).

On standing, infested trees at elevations up to
400 m, 1. aminitus was abundant during two periods
of the year (June—July and August—October). During
both periods, we found larvae, pupae, and callow
beetles in the galleries, which indicates that the beetle
completes two generations per year. Unfortunately,
we could not confirm this with data from trap trees
because only the parental generation of bark beetles
was studied on trap trees at lower elevations (Table
1). If 1. amitinus has two generations per year at
lower elevations, its development pattern would be
very similar to that of 1. #ypographus (WERMELINGER
2004) and 7. duplicatus (HoLuba et al. 2003).

Although traps trees were felled in spring and
summer at medium elevations of 500-600 m, the
occurrence of multiple generations per year at these
elevations is unclear because there were few tem-
poral replicates within the same site and year. The
data from medium elevations are consistent with the
occurrence of only one generation per year, except
perhaps in Libava in 2010, when 1. amitinus was
found in trap sections in both June and August; the
abundances, however, were low.

At high elevations, a peak in detection of /. am-
itinus occurred only in June. The present study there-
fore confirms that /. amitinus completes one genera-
tion per year in the mountains. In Czech Republic,
trap trees prepared in July were not infested in 2009

7
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or 2010, although callow beetles of the first genera-
tion were found on trap trees in June and July; the
data therefore indicate that the failure to detect a
second generation did not result from a lack of first-
generation beetles. Results from Poland also failed
to indicate the development of a second generation
at higher elevations (above 800 m). Although galler-
ies of 1. amitinus were found in August in Poland,
these beetles were probably of the first and only gen-
eration. The time interval after examinations in June
was only 6 weeks, and galleries detected in August
likely resulted from the development of some indi-
viduals whose eggs were laid later. In September
and October, galleries of /. amitinus were found
only in a few cases. These could have been galler-
ies produced by beetles emerging later or by sister
brood. Compared with data from trap trees (which
were known to be free of beetles when they were
cut), data from standing trees do not provide clear
information concerning time of infestation.
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Abstract

Ips amitinus and 1. typographus are two serious pests of spruce in Europe,
have similar bionomics and are likely to occur and meet on the same host
trees. We therefore hypothesized that the two species support similar
levels of similar pathogens. To test this hypothesis, we collected mature
beetles from three trap trees at each of eight study sites and determined
beetle numbers and pathogen infection levels. In total, 938 mature 1. amit-
inus beetles and 3435 of L typographus were dissected; five pathogens, as
well as intestinal nematodes and endoparasitoids, were detected. The
neogregarine Mattesia schwenkei is reported here for the first time as a new
pathogen in 9.4% of 1. amitinus individuals at one site. Average infection
levels of most pathogens (Chytridiopsis typographi, Gregarina typographi,
Mattesia schwenkei and parasitoids) were significantly higher in I. typogra-
phus than in I amitinus. Metschnikowia typographi was confirmed only in
Ips amitinus, while the microsporidium of Nosema typographi occurred only
in I. typographus. Within-season increases in G. typographi infection levels
were documented in Ips amitinus.

Introduction

The bark beetles Ips typographus (Linnaeus, 1758) and
Ips amitinus (Eichhoff, 1872) are among a group of
secondary insect pests of Picea abies [(Linnaeus,
1753) Karsten, 1881] along with Pityogenes chalcogra-
phus (Linnaeus, 1761) and other species (EPPO/CABI
1997; Grodzki 2004; Mazur et al. 2006). While the
biology of I typographus has been studied in detail
(Grégoire and Evans 2004; Wermelinger 2004), rela-
tively little information is available concerning the
biology of I amitinus (Zumr 1982; Coeln et al. 1996;
Holusa et al. 2012).

Ips typographus and I. amitinus have similar tree
hosts and similar interactions with their hosts (EPPO/
CABI 1997). Norway spruce is the main host of both
species in Europe (Pfeffer 1955; Christiansen and Bak-
ke 1988; Voolma et al. 2004; Wermelinger 2004),
although they occasionally will breed in species of
Pinus or Abies and other coniferous tree species.
Galleries of 1. amitinus have also been often recorded

© 2012 Blackwell Verlag, GmbH

in Larix decidua (Miller, 1768) (EPPO/CABI 1997).
The spatial distributions of these species on the trunk
often overlaps, although I. amitinus generally occurs
in higher parts of the tree than I. typographus (Zumr
1984; Kula and Zabecki 2001; Holusa et al. 2012) or
prefers thinner bark for its development. At locations
where the two species occur in common, they repro-
duce at approximately the same time (@kland and
Skarpaas 2008). The proportions of the two species
vary widely. When population density of one species
is high, the other’s abundance is lower (Kula and
Zabecki 2002).

The two species have very similar bionomics
(EPPO/CABI 1997; @kland and Skarpaas 2008). After
the first warm days late in May or early in June and at
higher elevations, mature beetles leave their winter-
ing refuge in the litter or under the bark of host trees
(EPPO/CABI 1997; Wermelinger 2004). The males of
the parental generation locate suitable stressed and
dying trees where they then produce aggregation
pheromones that attract both sexes to facilitate
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reproduction and overwhelm tree resistance (Francke
et al. 1980; Wermelinger 2004). Both species are
polygamous; the male fertilizes several females for
which it creates a so-called nuptial chamber where
reproduction occurs. Each female then burrows a
maternal gallery that extends from the nuptial cham-
ber and lays eggs along both of its sides (Wermelinger
2004). At lower elevations and depending on temper-
ature, one or two filial generations occur during the
year, with the main peaks of bark beetle emergence in
July and August or September. ‘Sister broods’ may
occur. The term ‘sister brood’ refers to parent beetles
that re-emerge after successful reproduction and form
galleries at other sites (EPPO/CABI 1997; Wermelin-
ger 2004; Holusa et al. 2012).

In recent decades, pathogens of I. typographus have
been intensively studied (Wegensteiner 2004; Takov
et al. 2010; Wegensteiner et al. 2010; Lukasova and
Holusa 2011). Diseases of I. amitinus, however, have
been only marginally studied as part of extensive
studies that mapped the pathogens of several species
of bark beetles; far fewer than 2,000 individuals of
I. amitinus have been examined in research concern-
ing pathogens (Purrini 1978; Haidler 1998; Héndel
et al. 2001, 2003). In Europe, four protozoan, four
microsporidia and one viral pathogen of the genus Ips
have been determined (Wegensteiner 2004; Weiser
et al. 2006; Takov et al. 2007; Holusa et al. 2009; Ta-
kov et al. 2010). The only known species-specific
pathogen is the microsporidium Larssoniella duplicati
(Weiser et al. 2006) (Fungi, Microsporidia), which
occurs in the intestinal muscles of Ips duplicatus (Sahl-
berg, 1836) (Holusa et al. 2007, 2009).

As noted, previous research has shown that the two
species of bark beetles have similar habitat require-
ments, similar bionomics and a similar spectrum of
pathogens. Because they can encounter each other

K. LukdSov4, J. Holusa and M. Turcani

and one another’s faeces and organic remains in galler-
ies, especially during maturation and feeding, we
presume that they may regularly transmit pathogens
to one another. In this research, we tested the hypoth-
esis that, at locations where they occur together,
L. typographus and I. amitinus maintain similar infec-
tion levels of pathogens.

Materials and Methods

Ips typographus and I. amitinus were studied at eight
sites in the Czech Republic (table 1). At each site, one
sample was always collected on one date per year
after the 3rd instar larvae had occurred, with the
exception of the Smrk Mt. study site, where two sam-
ples were collected in 2009 and four in 2010. It is very
important to document infection level of different
populations in the same stage. There are two pro-
cesses influenced infection level (i) incubation time of
pathogens (see e.g. Wegensteiner and Weiser 2004)
and (ii) pathogen transmission occurred among all
members of the gallery system (Lukasova and Holusa
2011).

In late April or early May, three horizontally lying
trap trees (Picea abies; 80-100 years old; diameter
at breast height = 30-40 cm; height = 30 m) were
placed approximately 30 m apart at each site. From
each trap tree, beetles were collected from four sec-
tions (0.5 m long and about 0.5 m wide; the width
was equivalent to half the tree circumference) located
0.5 m from the base of the trunk, halfway between
the trunk base and the bottom of the crown, at the
bottom of the crown and halfway between the bottom
and top of the crown. For each section, the numbers
of entry holes and the number of beetles of the two
species were counted (mean number of entry holes
and differences in attack density +SD in table 1). Only

Table 1 Description of study sites and numbers of bark beetles during 20092011 in the Czech Republic

Study sites Coordinates Altitude (a.s.l)  Time period Year n Ny pir £ SD Nia pia = SD
Nové Pec 48°47'04"N,13°57'04"E 750 08 July 2009 1 71 79.3 £ 35.1 32 23.1 +£16.9
Prasily 49°06'25"N,13°22"16"E 900 09 July 2009 1 14 69.4 +31.9 30 132+118
Smrk Mt. 49°30'17"N,18°22'40"E 1260 26 May—18 June 2009 2 1,244 120.7 £79.2 250 112.7 £ 112.2
Staré OldFlvky 49°43'01"N,17°36'32"E 550 06 June 2009 1 285 23.0 £30.8 61 10.7 + 40.2
Horni MarSov 50°40'10"N,15°48'48"E 550 30 June 2010 1 101 60.6 = 52.3 38 105 + 8.1
Kozlov 49°37'58"N,17°30"16"E 650 01 August 2010 1 185 21.2+327 30 1.5+93

Pec pod Snézkou 50°42'10"N,15°43'48"E 800 30 July 2010 1 394 87.5+453 31 109 = 8.6
Smrk Mt. 49°30'17"N,18°22'40"E 1260 10 June-07 July 2010 4 822 609 £359 436 55.9 £27.9
Pusta Polom 49°52'03"N,18°00'23"E 400 28 April-02 June 2011 1 219 52.7 £ 25.1 30 380+248

n, number of samples; N, number of mature beetles (per site per sampling period); p, population density (number of entry holes per m? + standard

deviation); IT, Ips typographus; IA, Ips amitinus.

© 2012 Blackwell Verlag, GmbH
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maternal beetles were collected from the individual
galleries in the trap trees. The two species always
occurred together in these trap trees. The individual
beetles were placed in 2-cm® Eppendorf micro-test
tubes, and a piece of wet gauze was added to maintain
100% relative humidity. The beetles were immedi-
ately frozen and stored at —4°C.

All internal organs, including the fat body, were
dissected in a water drop using surgical tweezers.
Each dissected beetle was examined with an Arsenal
LPE 5013i-T light microscope (Arsenal s.r.o., Prague,
Czech Republic) at 40-400 x magnification to
determine its sex, presence of parasitoids [together
Tomicobia seitneri (Ruschka, 1924) and Rhopalophorus
clavicornis (Wesmael, 1835)], pathogens (in case of
nematode only individuals in intestines) and the
pathogen species.

The STATISTICA 9 software program was used for
statistical analyses. Infection level was calculated as
the percentage of beetles with positive infection at the
given site (if > 30 mature beetles had been collected
at the site, table 1) and mean from different sampling
dates (study sites Smrk Mt. and Pusta Polom). For
comparison of infection levels by pathogens, study
sites with positive detection of a pathogen in at least
one species were always analysed. Infection levels
from all sites were compared by beetle species and
genders (t-test or Wilcox test). At the Smrk Mt. site,
the differences among collection times were tested
using the Kruskal-Wallis test. Relationships between
the number of entry holes of 1. typographus or L. amiti-
nus and infection levels of pathogens with more than
one positive sample at the study sites were performed
by regression analyses.

Results

Totals of 938 I. amitinus and 3,435 I. typographus bee-
tles were dissected. Numbers of entry holes per m?
(which was used as an indicator of population den-
sity) ranged from 21.2 and 120.7 for I typographus
and from 1.5 and 112.7 for I. amitinus. Average num-
bers of beetles were higher for I. typographus than for
1. amitinus at all sites (table 1).

Both species of bark beetles contained the
pathogens Gregarina typographi (Fuchs, 1915), Mattesia
schwenkei (Purrini, 1970) (fig. 1), Chytridiopsis typo-
graphi [(Weiser, 1954) Weiser, 1970], Ips typographus
Entomopoxvirus (ItEPV); intestinal nematodes and
eggs; and larvae of endoparasitoids (table 2). Metsch-
nikowia typographi (Weiser et al. 2003) was detected
in 0.1% of the individuals of Ips amitinus at one
study site (Smrk Mt.), and the microsporidium Nosema

© 2012 Blackwell Verlag, GmbH
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typographi (Weiser, 1955) only occurred in 0.5% of
the I. typographus beetles at one study site (table 2).

If pathogens were detected in both beetle species,
we compared infection levels between the two species
of bark beetles. Infection levels of intestinal nema-
todes were normally distributed (Shapiro-Wilk test
for normality: W = 0.96, P > 0.05) and did not signifi-
cantly differ between the two species (f-test: t = 0.94,
P> 0.05); the percentage of mature beetles with nem-
atodes in their intestines was 45.0% for 1. typographus
and 54.4% for 1. amitinus. Infection by the ItEPV virus
was also similar between species (Shapiro-Wilk test
for normality: W = 0.33, P < 0.05; Wilcox test: z=
1.10, P > 0.05). For all other pathogens, infection levels
were significantly higher in mature /. typographus than
in mature /. amitinus. The microsporidium C. typographi
was always more abundant in I typographus (mean
4.8%) than in 1. amitinus (mean 0.6%) at all seven study
sites where it was detected (Shapiro—Wilk test for nor-
mality: W = 0.50, P < 0.00001; Wilcox test: z = 2.37,
P < 0.05; fig. 2). Infection level of C. typographi at the
study site Pustd Polom was very low and, moreover,
confirmed only in I typographus. No differences were
recorded between sampling dates.

The protozoan pathogen G. typographi was detected
at four study sites. Its infection level was not normally
distributed  (Shapiro-Wilk test for normality:
W =0.50, P <0.00001), and significant differences
were detected between the species (Wilcox test:
z=2.52, P <0.05; fig. 2). In the case of G. typographi,

Fig. 1 Spores of Mattesia schwenkei in the haemolymph of lps amiti-
nus; bar = 20 um (micrograph by K. LukaSova).
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Percentage of beetles with the indicated pathogen

Study site Year Beetle N; Chy N, M; Gy M ItEPV Par

Nové Pec 2009 IA 68.8 £5.0 - - - - 9.4 +£0.8 - 63 +33
Nové Pec 2009 IT 45.1 £ 16.1 1:4:41.7 - - - 29.6 £ 149 56 +68 70+24
Prasily 2009 1A 760 +133 - - - - - - -

Prasily 2009 IT 544 +47 44 +33 - - 2.6 + 4.1 11.4+12 09+07 105+1.1
Smrk Mt. 2009 IA 404 £246 - - 01£03 152+£121 - - 03+09
Smrk Mt. 2009 IT 53.1 +284 0.02+0.2 - - 184 +17.4 - - 0230
Staré Oldrivky 2009 1A 24.6 +10.9 49+109 - - - - - 1.6+19
Staré Oldravky 2009 IT 29.8+233 102+101 - - - - - 0.4 +3.0
Horni MarSov 2010 IA 947 £15 - - - 53t 15 - 26+3.6 -

Horni MarSov 2010 IT 90.1 £ 6.7 - - - 119 +19 - - 30+15
Kozlov 2010 1A 350+ 184 - - - - - - -

Kozlov 2010 IT 141 £ 8.7 195+103 - - - - - 1.1 £1.4
Pec pod Snézkou 2010 1A 200 £163 -~ - - - - - -

Pec pod Snézkou 2010 IT 213+ 168 46 +42 05+10 - 2021 6.9 +6.2 178+73 15+14
Smrk Mt. 2010 1A 51.0+ 78 - - - 46 1.4 - - -

Smrk Mt. 2010 IT 587 +£152 - - - 19.0+95 3855 - 1.3+£07
Pusta Polom 2011 1A 789 +£236 - - - - - - -

Pusta Polom 2011 IT 388 £ 128 2717 - - - - - -

IT, Ips typographus; |A, Ips amitinus; N;, gut nematodes; Ch,, Chytridiopsis typographi; N,, Nosema typographi; M,, Metschnikowia typographi; G,
Gregarina typographi; Ms, Mattesia schwenkei; ItEPV, Entomopoxvirus typographi; Par, endoparasitoids.
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Fig. 2 Percentage of Ips amitinus and Ips typographus infected by Chy-
tridiopsis typographi, Gregarina typographi and Mattesia schwenkei.
Box plots show median plus upper and lower quartiles for all seven sites
where the pathogen was detected. Minimum and maximum values are
shown by the upper and lower whiskers (1.5 x interquartile range). Cir-
cles indicate outlying values, and stars indicate extreme values.

infection of 1. amitinus within nuptial chambers appar-
ently increased during the 2009 season at Smrk Mt.,
that is, infection was significantly higher in the last
(28.2%) than in the first collection (1.5%) in 2009
(Kruskal-Wallis test: H=10.70, P < 0.01; fig. 3). In
2010, on the other hand, infection of I. amitinus by

G. typographi did not significantly differ between the
individual dates (Kruskal-Wallis test: H = 2.63,
P > 0.05; fig. 3).

At four study sites where the neogregarine
M. schwenkei was detected, infection was also signifi-
cantly higher in I typographus than in I amitinus
(Shapiro-Wilk test for normality: W =049, P<
0.00001; Wilcox test: z= 2.20, P < 0.05; fig. 2). At
Nova Pec, infection of I amitinus by M. schwenkei
(fig. 1) was relatively high. In total, 9.4% of the
mature beetles were infected (table 2).

Parasitoids (Hymenoptera: Braconidae and Ptero-
malidae) more frequently attacked 1. typographus than
L. amitinus (Shapiro-Wilk test for normality: W = 0.62,
P < 0.00001; Wilcox test: z = 2.27, P < 0.05).

Differences were never found in pathogen infection
rates of male and female beetles of both species. All anal-
yses (Wilcox test) were not statistically significant for
L. amitinus (intestinal nematodes: z = 1.13; G. typographi:
z=0.51; endoparasitoids: z = 0.13; P > 0.2) and I. typog-
raphus (intestinal nematodes: z = 1.75; C. typographi:
z=0.42; G. typographi: z = 1.36; M. schwenkei: z=1.12;
ItEPV: z = 0.17; endoparasitoids: z = 1.22; P > 0.05).

A conclusive linear correlation between the num-
ber of entry holes of 1. amitinus and infection levels of
pathogens was not statistically significant (intestinal
nematodes: r = —0.07; G. typographi: r = 0.39; endo-
parasitoids: r = —0.09; in all cases: P > 0.01). A similar

© 2012 Blackwell Verlag, GmbH
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Fig. 3 Percentage of Ips amitinus infected by Gregarina typographi per
trap tree in 2009 (upper graph) and 2010 (lower graph) at one study site
(Smrk Mt.). Box plots show median plus upper and lower quartiles. Mini-
mum and maximum values are shown by the upper and lower whiskers
(1.5 x interquartile range). Circles indicate outlying values, and stars
indicate extreme values.

result was also found between the number of entry
holes of I. typographus and infection levels of patho-
gens (intestinal nematodes: r = 0.31; C. typographi:
r=—0.70; G. typographi: r = 0.50; M. schwenkei: r =
0.27; ItEPV: r = 0.35; endoparasitoids: » = 0.15; in all
cases: P > 0.05).

Discussion

To date, only 10 species of pathogens (excluding nem-
atodes and entomopathogenic fungi) have been
described in Ips typographus and six have been
described in I. amitinus (Wegensteiner 2004; Takov
et al. 2010; recent study). Because no study has
examined even as many as 1,000 I. amitinus beetles,
the possible existence of additional pathogens of
L. amitinus cannot be excluded.
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While the microsporidium C. typographi can be
found in L. typographus and 1. amitinus, it also occurs in
other species of bark beetles (Haidler 1998; Hadndel
et al. 2001). Therefore, it is apparently a non-specific
pathogen in the intestine of a number of pests in
coniferous stands (Wegensteiner 2004). The infection
level of this pathogen varies greatly (Wegensteiner
and Weiser 2004; Holusa et al. 2009; Wegensteiner
et al. 2010). In our study, C. typographi was the most
common pathogen and was confirmed at seven sites,
with infection levels ranging from 0.2 to 19.5%.

The microsporidium N. typographi was detected in
the adipose tissue of only 0.5% of mature L typogra-
phus beetles, that is in line with other studies, in
which the infection level has always been low (We-
gensteiner and Weiser 1996a; Hiandel et al. 2003).

With the exception of M. typographi, fungal pathogens
other than microsporidia are uncommon in 1. typogra-
phus (Wegensteiner 2004) and I. amitinus (Handel et al.
2001; Weiser et al. 2003; Unal et al. 2009). In the pres-
ent study, M. typographi was detected only in 1. amitinus
at only one site and at a low level of infection.

The only known virus in the midgut epithelium
affecting the genus Ips is ItEPV, and it has been
detected at a number of locations (Weiser and Wegen-
steiner 1994; Wegensteiner and Weiser 1995; Haidler
1998; Weiser et al. 2000; Hédndel et al. 2001; Bur-
janadze and Goginashvili 2009; Yaman and Baki
2011). In the present work, ItEPV infection levels did
not significantly differ between I. typographus and
I. amitinus, perhaps because the virus was detected in
only a few sites. The analysis should be repeated with
a larger number of sites.

Gregarina typographi occurs in the midgut of a num-
ber of representatives of the Scolytinae subfamily, and
its infection level varies greatly among individual sites
(Takov et al. 2007; Yaman 2007; Holusa et al. 2009;
Kereselidze et al. 2010; Takov et al. 2010). G. typo-
graphi is currently not considered a lethal pathogen
and is characterized as having low virulence (Tanada
and Kaya 1993; Yaman 2007; Wegensteiner et al.
2010).

In this study, M. schwenkei was detected for the first
time in the fat body of I. amitinus. It is a common spe-
cies in L typographus and other bark beetles (Purrini
1978; Handel et al. 2003). M. schwenkei was first
described from Dryocoetes autographus (Purrini 1977).

Most intestinal nematodes in bark beetles are
parasitic species that are difficult to identify because
they are usually invasive larvae, which lack distin-
guishing morphological characteristics, and because
identification in certain groups is impossible without
preservation (Rithm 1956). In the current study,
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intestinal nematodes were detected in about 50% of
the bark beetles, an parasitization level similar to that
reported in other studies (Burjanadze and Goginash-
vili 2009; Kereselidze et al. 2010). The effect of these
nematodes on bark beetles in the Ips genus has been
infrequently studied (Lieutier 1980; Forsse 1987), and
we still have insufficient evidence regarding their
effects on the beetles.

Common and well-studied endoparasitoids of adults
in the Ips genus are the parasitic wasps Tomicobia seit-
neri and Rhopalophorus clavicornis (Faccoli 2000, 2001).
They have similar bionomics and attack and lay eggs
in mature beetles even before the beetles bore into
the tree and also attack mature and feeding beetles in
the galleries (Kenis et al. 2004). Because the level of
attack by parasitoids depends on host density, it is
reasonable that the percentage of parasitism by
endoparasitoids was higher for I. typographus than for
L. amitinus because the former species was more
abundant.

Ips typographus is the most common species of
spruce bark beetle and rapidly increases to large num-
bers in older spruce stands at both high and low eleva-
tions (Wermelinger 2004). In contrast, outbreaks of
I. amitinus occur only rarely and only over small
areas. I amitinus is generally less abundant than
L. typographus in forests (as it was in this study), and it
occurs in higher mountain areas, where, moreover, it
only completes one generation per year (Holusa et al.
2012). This can explain why, although both beetles
share similar pathogens, infection levels were lower
for I. amitinus than for I typographus in the case of
those pathogens that are transferred perorally by
infected faeces (pathogens localized in the intestine,
including C. typographi and G. typographi) and those
passed on after the death of the host organism (patho-
gens localized in the fat body, such as M. schwenkei);
infection levels by these pathogen species are influ-
enced by beetle population density. If densities are
low, the beetles do not encounter individuals from
other galleries, pathogen spores are only transferred
among beetles in one gallery system, and infection of
other beetles by faeces and the remains of dead bodies
are almost excluded (Wegensteiner and Weiser
1996b). This situation is typical for locations with
managed forests. In unmanaged forests, bark beetles
can become more abundant and concentrated, result-
ing in a greater probability of pathogen transmission
and therefore higher levels of infection (Holusa et al.
2009). These facts are not in contrary with results of
this study that found relationships between bark bee-
tles densities and pathogens infection levels. We
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know nothing about duration of bark beetles out-
breaks as well about pathogens of initial population.

Another factor affecting the infection rate at a given
place is the time of collection during the season,
because individuals inhabiting the same gallery trans-
mit the infection among themselves and the infection
level can increase substantially within a single season.
This was confirmed at the Smrk Mt. site for I. typogra-
phus (Lukasova and Holusa 2011), where population
densities of both species were very high. In 2009, a
large increase in the G. typographi infection through
the season was also evident in mature I. amitinus bee-
tles. The situation at Smrk Mt. was a little different in
2010 in that G. typographi infection in 1. amitinus at
the end of the study was higher than in the previous
collections but the difference was not statistically sig-
nificant. The difference between the two species can
probably be explained by a markedly lower infection
level by gregarines in I. amitinus during 2010 at Smrk
Mt., which did not vary sufficiently to result in statis-
tical significance. At other sites, maternal beetles of
both species were collected in similar development
phases (i.e. the larvae of both species were already in
the 3rd instar within the galleries), indicating that
they had inhabited the galleries for approximately the
same length of time, which facilitates the comparison
of infection levels between the two species. C. typo-
graphi must be ingested actively by host species; up to
now, such coprophagous habits were only presumed
(Wegensteiner and Weiser 1996a,b) but not proved
for bark beetles. This immediate availability of infec-
tious units in the case of C. typographi can explain
why this species can be found not only in a high pro-
portion of parental beetles, but also (after a certain
incubation period) in a relatively high number of off-
spring beetles. On the other hand, G. typographi needs
a period of maturation outside their host before being
ingested again (Wegensteiner and Weiser 2004).

The risk of infection with all pathogens appeared
similar for both sexes of both species, which corre-
sponds to the report by Wegensteiner et al. (1996)
and Lukasova and Holusa (2011). Both sexes come in
contact with contaminated faeces at the same time
during breeding, egg-laying and removal of frass from
entry holes. These findings show that the risk of infec-
tion is similar for both sexes and that the infection
spreads more or less evenly among males and females.
In contrary, some works (Wegensteiner and Weiser
2004, 1996a,b) reported infection levels of G. typo-
graphi or C. typographi higher for 1. typographus males.
They suggested that because one male is in contact
with two to three females within one breeding gal-

© 2012 Blackwell Verlag, GmbH



Ceska zem&d&lska univerzita, Fakulta lesnicka a dfevaiska 68

K. Lukdsova, J. Holusa and M. Turcani

lery, it can explain the higher infection rates in male
beetles.

In summary, I. amitinus hosts the same species of
pathogens as I typographus, although at lower infec-
tion levels. This probably results from less frequent
outbreaks and lower population densities for 1. amiti-
nus. Low population densities reduce the probability
of beetles contacting each other beneath the bark and
thus reduce the probability of pathogen transmission.
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Abstract

The threat to forests from a nascent gradual increase of Ips cembrae necessitates more precise
knowledge as to the bionomics, ethology, reproduction and population dynamics, monitoring and
protection against this pest.

The effectiveness of trap trees and Cembriawit® pheromone traps for Ips cembrae was evaluated
during 2007-2009 at outbreaks in the Czech Republic. From the end of September the sets of logs
were gradually placed into emergence traps in laboratory conditions in monthly intervals (November—
January). At the end of March, emergence traps with area of 0.5 m? were placed on ground to collect

litter leaving beetles.

Spring emergence corresponded to the fly-out from May to mid-June and which culminated in mid-
May. Trap trees were invaded continuously and evenly along the entire profile of the trunk. Parent
galleries in the upper parts of a trap tree’s trunk were longer and numbers of deposited eggs were
lower. Gradual fly-out of beetles from infested larch wood under laboratory conditions during the
course of the winter confirmed the presence of overwintering beetles, larvae and pupae of the

offspring generation. Beetles overwinter near the trees where they completed their development.

Keywords: Ips cembrae, pheromone-baited trap, trap tree, flight activity, dispersion, overwintering
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INTRODUCTION
UvoD

Large larch bark beetle Ips cembrae (Heer, 1836) occurs in Europe (Austria, Croatia, Czech Republic,
Denmark, Finland, France, Germany, Hungary, Great Britain, Italy, England, Wales, Scotland,
Netherlands, Poland, Romania, Serbia and Montenegro, Slovenia, Slovakia, Sweden, Switzerland and
Ukraine) and Central Russia (OEPP/EPPO 2005). The occurrence of I. cembrae was incorrectly
indicated to be in eastern Asia (Postner 1974), whereas it is the species Ips subelongatus Motschulsky,
1860 (Stauffer al. 2001, Zhang et al. 2007) that is described in some works of (Terasaki et al. 1987,
Yamaguchi et al. 1989, Zhang et al. 1992, Suzuki and Imada 1993, van der Westhuizen et al. 1995,
Yamaoka et al. 1998, Zhang et al. 2000).

The main host plant for I. cembrae is the larch Larix decidua Mill. in the entire area of its distribution,
from the lowest altitudes to the subalpine zone (Postner 1974). It occasionally colonizes the spruce
Picea abies (L.) Karsten (Pfeffer 1989). Reported infestation on pine (Pinus cembra L.) has been
revised [confusion with Ips amitinus (Eichhoff, 1871)] (Pfeffer 1995).

I. cembrae is a secondary pest in larch plantations (Grégoire and Evans 2004), breeding in logs (Elsner
1997), wind-blown trunks (Krehan and Steyer 2005) or storm-damaged trees (Luitjes 1974) and dying
trees (Grodzki 2008). Drought conditions at drier sites may promote infestation on green trees (Bevan
1987). In such cases, it breeds and subsequently acts as a primary pest in healthy trees. Young and
older stands in lower and medium altitudes are threatened (Grodzki and Kosibowicz 2009). As they
increase in numbers, they can cause harm to larch stands as a physiological pest even in visually
healthy, standing trees that succumb to mass invasion, and as a defoliator as a result of maturation
feeding by young beetles upon thin twigs in the crowns of healthy trees or regeneration feeding of
older beetles in thin trunks or thicker branches (Postner 1974, Krehan and Cech 2004).

The basic bionomics of I. cembrae is known, and they differ in details from the bionomics of other
species of the Ips genus. Recently, however, there have been only a few works dealing with the
bionomics of this species and protection against it. Inasmuch as in 2006 the species began gradually to

increase in many places of the Czech Republic (Knizek 2008), this article aims to define:
Q) flight activity, to specify study an approach using artificial lures evaporators;
(i) distribution in time and space on trap trees;

(iii) overwintering of beetles.
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MATERIAL AND METHODS
MATERIJAL | METODE RADA

The research was carried out near the villages of Slezské Rudoltice (50°12'37.827"N, 17°38'52.579"E)
(2007-2008) and Utéchov (49°17'12.646"N, 16°37'15.632"E) (2008—2009). At the Slezské Rudoltice
locality, we selected a forest stand of 1.55 ha, 56 years old with close canopy, larch dominancy of
90%, average d 3 of 23 c¢m, and average height of 23 m. At the Utdchov locality, we selected a forest
stand of 7.02 ha, 88 years old with close canopy, larch dominancy of 44%, average d; 3 of 29 cm, and
average height of 27 m.

I. cembrae beetles were trapped using Theysohn® slot barrier traps with Cembrawit® lures. At the
Slezské Rudoltice locality, the traps (5 pcs) were placed 10-15 m in front of forest stand edge. Lures
were placed in mid-April, just before the beginning of emergence and were renewed eight weeks later

(inspection in an interval of 7-10 days).

Healthy larches were cut at the edge of the stand in the second half of March at intervals of 10-15 m
for trap trees of a first set (1% set) and at the end of June. The trap trees of a second set (2™ set) (June
cutting) were placed inside the stand. Entry holes were counted on four samples of each trap tree. The
first study (root) sample was placed in the base part of the trap tree, the second (trunk) sample was in
the centre of the trunk between the root and below-crown sample, the third (below-crown) sample was
in the place at the beginning of crown, and the fourth (mid-crown) sample in the mid of the crown.
Change in abundance according to the number of entry holes was recorded continually at intervals of
7-10 days in the upper part of each sample in a strip (0.1x1 m) of bark divided into ten fields covering
an area of 0.01 m®. Each entry hole was marked by pin. At the Slezské Rudoltice locality, 22 trap trees
were inspected (2007—2008), and at the Utéchov locality it was nine trap trees (2008—2009).

At the Slezské Rudoltice locality, always five 0.7 m long logs (X 20; August 2008) were obtained from
the upper part of four trap trees. Four logs always including one log from each tree representing
diagonally the profile of the sampled parts of traps were placed at five sites in the larch stand. From
the end of September the sets of sections thus created were gradually placed into emergence traps in
laboratory conditions (temperature of 20 °C) in monthly intervals (November—January). At the end of
March (2009), emergence traps with area of 0.5 m? were placed on ground on each sites. Beetles were
sampled in a 14-day interval. In 2008, pairs of emergence traps were placed at the base of larches in a

transect line at three sites with an interval of 10 m.

At the Utéchov locality (2008), the number of galleries was determined on all sections of three trap
trees and the lengths of maternal galleries were measured, as well as the ten longest larval galleries on
each side of the materanal gallery. Furthermore, the numbers of larval galleries on each side of the

parent gallery were determined.
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The volume of wood infested by I. cembrae in the Czech Republic has been documented over the long
term (Knizek and Zahradnik 1996, Zahradnik 1996, 1997, Zahradnik and Knizek 1998, 1999, 2000,
Knizek 2001, 2002, 2003, Knizek and Zahradnik 2004, Knizek 2005, Knizek and Holusa 2006, 2007,
Knizek 2008, 2009, 2010).

Numbers of entry holes and number of sampled beetles were compared by nonparametric test (Mann-
Whitney U test, Kruskal-Wallis test, median test) that were together with regression analyses
performed in program Statistica 9.0.

RESULTS
REZULTATI

Relatively low (but varying year to year) volumes of wood infested by I. cembrae in the Czech
Republic were recorded during 1996-2009. Increase in wood damaged by bark beetles in 2006 is

connected with gradual local increases of I. cembrae (Figure 1).

At total, 15,100 and 3,158 beetles were captured in five traps using Cembrawit® pheromone
evaporators at Slezské Rudoltice in 2007 and 2008. Flight activity began in the second half of April
and ended at the beginning of August (Figure 2). Total numbers of trapped beetles were significantly
higher in 2007 than in 2008 (U=1075.5*%).

The number of entry holes on trap trees in Slezské Rudoltice locality dropped significantly from
spring 2007 to summer 2008, while at the Utéchov locality it significantly increased from spring 2008
to summer 2009 (H (5, N=152) =94.26***; Table 1).

In all cases, only beetles and galleries of 1. cembrae were determined on trap trees. Entry holes on trap
trees samples at the Slezské Rudoltice locality was balanced in individual years. There was no
significant difference in the numbers of entry holes of entire trees (H (6, N=28) =13.72, p>0.01; 2008
1% set: H (7, N=32) =10.77, p>0.10; 2008 2" set: H (4, N= 20) =9.14, p>0.05). Infestation of trap trees
at the Utéchov locality was balanced in 2008 and 2009. There was no significant difference in the
infestation of entire trees (2008: H (2, N=12) =1.93, p>0.10; 2009 1* set: H (2, N=12) =7.64, p >0.01;
2009 2™ set: H (2, N=12) =3.51, p>0.10).

At Slezské Rudoltice, beetles of the overwintering generation infested trap trees continually from mid
May and the offspring generation from mid July, and the number of entry holes increased in the 1°*
(Table 2) and 2™ trap trees set during 2008 (July 7: 0.0+0.0 entry holes per dm% August: 29 0.3+0.6
entry holes per dm?) (1% set: H (7, N=3520)=754.1***; 2" set: H (6, N=1400)=57.71***). At the
Utéchov locality, beetles of the overwintering generation sought trap trees from mid April with

gradual increase in abundance in 2008 (H (10, N=1320)=827.72***) and 2009 (H (10,
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N=1320)=457.93 ***) (Table 2). Occurrence of entry holes was also recorded on branches 3 cm thick
from trap trees of 1% set.

Abundance of Ips cembrae entry holes on study sections at the Slezské Rudoltice locality was
balanced in almost all cases (2007: H (3, N=28) =9.06, p>0.01; 2008 2™ set: H (3, N=20) =5.21,
p>0.10). The root sections in the 2008 1% set were an exception, having significantly lower abundance
(H (3, N=32) =12.56, p<0.01; z=3.53**). Abundance on study sections was balanced at the Utéchov
locality in all cases (2008: H (3, N=12) =5.69, p>0.10; Median test: 2009 1% set: ¥*=3.00, p>0.10;
2009 2" set: ¥*= 6.67, p>0.10).

There were significant differences in the length of maternal galleries on samples of the 1% set trap trees
(Utéchov, 2008) (H (3, N=78) =38.64***). The difference was caused by significantly longer galleries
of the below-crown and mid-crown sections than of the root section (z=3.04*; z=5.57**) and of the
mid-crown than of the trunk section (z=4.67**) (Table 3).

There are significant differences in the number of larval galleries on the left side of maternal galleries
of study sample (H (3, N=78) =45.23***) because the below-crown and mid-crown sample had
significantly lower numbers of larval galleries than did the root sample (z=3.84**; z=6.36**) and the
mid-crown sample had more than did the root sample (z=3.84**; z=6.36**) (Table 3). There are
significant differences in the numbers of larval galleries on the right side of maternal galleries on study
samples (H (3, N=78)=56.39***) because the below-crown and mid-crown samples had significantly
lower numbers of larval galleries than did the root sample (z=3.75**; z=7.20**) and the mid-crown

sample had more than did the trunk (4.50**) and below-crown samples (z=3.55**) (Table 3).

There are significant differences in the length of larval galleries on the left side of maternal galleries
on individual samples (H (3, N=78) =58.40***) because the below-crown and mid-crown samples had
significantly longer larval galleries than did the root sample (z=4.21**; z=7.30**) and the mid-crown
sample had longer galleries than did the trunk (z=4.98**) and the below-crown (z=3.16**) samples
(Table 3). There are significant differences in the lengths of larval galleries on the right side of parent
galleries on study samples (H (3, N=78) =58.10***) because the trunk, below-crown and mid-crown
samples had significantly longer larval galleries than did the root sample (z=2.66*; z=4.07**;
z=7.37**) and the mid-crown sample had longer galleries more than did the below-crown (z=4.82*%*)
and trunk samples (z=3.39**) (Table 3). Lengths of larval galleries on the left and right sides of the
maternal gallery did not differ significantly (t=0.44; p>0.10).

There were no differences in the total number of beetles that left the logs transferred gradually (from
November to December) from the forest to emergence traps in the laboratory (x* = 2.28, p>0.10)

(Figure 3). I. cembrae beetles reacted immediately after being placed into emergence traps in the
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laboratory and left their place of development within two weeks. Their activity ended after six weeks
(Figure 3).

Numbers of I. cembrae beetles collected by emergence traps in sites where study logs were placed
were quit high (49.3+20.2 adult.m™®) in 2009. The number of beetles leaving study logs did not
correlate with the number of beetles captured in emergence traps in sites where study logs were
located (r=-0.36, p>0.10). Beetles began to be active at the beginning of May 2009, with culmination
in the second half of May. The last beetles were trapped in the first half of June. In contrary, average
abundance of beetles overwintering in forest litter of the larch stands was very low (1.0+2.2 adult.m?)
in 2008. In two traps, no beetles were trapped at all.

DISCUSSION
RASPRAVA

Even though sanitary cutting of wood infested with I. cembrae is minor in comparison with overall
sanitary cutting caused by bark-beetle in the Czech Republic (Zahradnik 1997), it is considered a
serious pest in some European countries (Grégoire and Evans 2004). Short-term outbreak were set off
in central Europe by extreme drought in 2003 (Krehan and Cech 2004, Knizek and Zahradnik 2004,
Stratmann 2004). In Poland, moreover, its breeding was promoted by wood left after thinning made in
young larch forests (Hutka 2006). While wood infested by I. cembrae peaked in the Czech Republic in
2006 with subsequent decrease, the amount of wood damaged by bark beetles in Poland increased six
fold between 2006 and 2007 (Grodzki and Kosibowicz 2009). Outbreaks are known from the past, e.g.
I. cembrae occurred on spruce after a Lymantria monacha (Linné, 1758) outbreak during the 1920s in
the Kiivoklat area and the Brdy hills (Pfeffer 1955).

Most often, 1. cembrae has two generations in a year (Srot 1976, Michalski and Mazur 1999, Krehan
2004, Knizek 2006, Zabrik et al. 2008, Grodzki and Kosibowicz 2009). The number of generations
depends on the weather (Krehan 2004) and altitude (Grodzki and Kosibowicz 2009). Spring
emergence begins in lower and middle altitudes usually at the beginning of May, more rarely at the
end of April (Postner 1974, Grodzki and Kosibowicz 2009, present study). Males bore and release a
pheromone consisting of ipsdienol, ipsenol and 3-methyl-3-buten-1-ol (Stoakley et al. 1978,
Rebenstorff and Francke 1982). In the field, the combination of these three compounds is very
attractive (Stoakley et al. 1978). The absolute configuration of ipsenol and ipsdienol from German
populations of I. cembrae has been determined as 95% (S)-(—)-ipsenol and 95% (S)-(+)-ipsdienol
(Francke and Vité 1983). Interestingly, amitinol, which had been reported as one of the major

pheromone components (Kohnle et al. 1988), was not detected in the symplex of I. subelongatus

(Zhang et al. 2000). Kohnle et al. (1988) detected amitinol in aeration samples of a larch bolt infested
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by both males and females. Thus, it is not clear whether amitinol is released by feeding beetles (males,
females, or both), a host bolt under infestation, or both beetles and bolt (Zhang et al. 2000), but it does
significantly enhance field response in Europe to the three-component aggregation pheromone blend

(Kohnle et al. 1988). 1. cembrae also transforms (-)-o-pinene mainly into myrtenol and trans-verbenol,
but also into cis-verbenol (Kohnle et al. 1988). Upon exposure to vapour of a-pinene, however,

Kohnle et al. (1988) detected myrtenol produced by I. cembrae in the headspace. Surprisingly, trace

amounts of VVn were detected in later phases of the infestation, which might be a contamination from
outside sources, such as autoxidation or microbial activity on the gallery wall (Zhang et al. 2000). Cis-

verbenol was shown to have a strong inhibitory effect on pheromone response of I. cembrae in the

field (Kohnle et al. 1988).

Trees infested by bark beetles defend themselves by means of a number of chemical changes in the
bast (Terasaki et al. 1987, Jung et al. 1994, Rohde 1995, Rohde et al. 1996). Fungi that are transmitted
by the beetles and that cause blue stains in the wood (Redfern 1989, Kirisits et al. 2000, Jankowiak et
al. 2007) help the beetles overcome the defensive reactions of trees, which, therefore, makes them

technical pests as well.

Beetles of the second generation emerged at the turn of June/July, when pupae and callow beetles
were found on trap trees. Flight activity was also recorded much later, however, with the beginning of
flight of the offspring generation (Postner 1974) and also in lower altitudes (Grodzki and Kosibowicz
2009). There may also be a re-emerging beetles of the overwintering generation, flying in June. The
offspring generation adults have a maturation feed in late summer, either in branches of younger trees
(observed) or near to the larval galleries, if there is still fresh bark present. Adults aggregate in

response to terpenoid pheromones (Kohnle et al. 1988). Adults overwinter partly in tunnels resulting

from maturation feeding under the thicker bark of trunks lying on the ground or, more commonly, in
the forest litter (Schneider 1977). In case of incomplete development, they may overwinter in larva or

pupae (Postner 1974), their success of overwintering depending on the course of the weather in winter.

The proportion of the population overwintering in the imagine stage and the place of overwintering
depend upon the weather in autumn and the possibility for completing the entire development. Part of
the early breeding beetles will leave the place of development and overwinter in forest litter or stay in
the place of feeding. For that reason, some findings document overwintering in the place of feeding
(Krehan and Cech 2004) and others in forest litter (Schneider 1977, Grodzki and Kosibowicz 2009).
We have proven the presence of overwintering beetles in logs in winter and their immediate activity
after being transferred to laboratory conditions. Protracted leaving of study logs evidences that part of

the population had overwintered in larva and pupae.
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The tendency to overwinter in forest litter is clear, and its explanation lies in lower mortality there than
in overwintering on a trunk [see Ips typographus (Linné, 1758)] (Wermelinger 2004). Beetles
overwinter near the trees where they completed their development. Their abundance was much higher
in emergence traps placed by study logs (2009) than in those placed randomly in the forest stand
(2008), although the abundance of beetles on trap trees in previous year (2007) was much higher than
in 2008. Also in 1. typographus, 80% of adults overwinter in forest litter directly under the infested
trunk or in its vicinity (Zumr 1985). Overwintering beetles begin to be active in May, according to the
observed flight activity.

Occupation of the trap trunk profile was even in most cases, but sometimes a higher abundance was
observed in the top part. Samples that are higher in the trunk profile of the tree trap are characterized
by longer maternal galleries with lower numbers of laid eggs and larval galleries. In I. subelongatus,
the number of egg niches and adult offspring produced per gallery were shown to decline
exponentially with infestation density (Zhang et al. 1992). The exponential relationships were
attributed to intraspecific competition between female adult parents for breeding space and between
larvae for limited food resources. Inasmuch as the density of feedings on trap trees was identical,
females creating parent galleries reacted to thinner phloem by decreased oviposition in galleries,
increased distance between laid eggs in order to allow larvae to obtain adequate food by creating

longer larval galleries.

Examination confirmed the fact that Ips cembrae virtually has no spatial cambioxylophagous
competitor in central Europe. Tetropium gabrieli Weise, 1905 or possibly Pityogenes chalcographus
(Linné, 1761) can develop in parallel on the same tree, and Pityophthorus pityographus (Ratzeburg,
1837) and Cryphalus intermedius Ferrari, 1867 on thinner branches (Knizek 2006).

Control of 1. cembrae is identical with that for other species of bark beetles that live in conifers. In

European countries, it is used in varying intensity depending on the severity of damage:

Q) silviculture management: clear cutting, selective thinning, silvicultural selection;
(i) chemical treatment of felled trees;

(iii)  trapping out measures: trap trees, trap logs, pheromone traps, baited slash;

(iv)  monitoring by pheromone attractants, trap trees/logs, visual survey, questionnaire

(Grégoire and Evans 2004).

In FEurope, four types of pheromone evaporators are used at present: Cembriwit®

(www.witasek.com), Cemprax (Shell Agrar Ltd.) (www.witasek.com), Cemsan (www.fluegel-

gmbh.de) and Cembrodor (Glowacka 2008). The pheromone lure Cembrawit® serves for exclusive

trapping of I. cembrae; when inspecting pheromone traps, no presence of other representatives of the
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under-bark fauna was recorded. In Slovenia, the pheromone evaporator Cemprax® was used for
trapping I. cembrae while proving effective also for other species of cambial fauna. Hylastes
cunicularius Erichson, 1836, P. chalcographus, Dryocoetes autographus Ratzeburg, 1837, I.
typographus and Ips acuminatus (Gyllenhal, 1827) occurred among the trapped beetles in larger
numbers. I. cembrae represented 98% of the total catch (Pavlin 2001).

Tests under laboratory conditions showed best breeding success of 1. cembrae in larch timber felled
during February—March. In field experiments, timber from the April felling was infested first and
invaded severely (Elsner 1997). Traps from trees of d; 3 30-45 cm prepared in this study in the second
half of March on sunlit places were occupied very intensively. Trap trees can remain active until the
first pupae occur, because even when there was a great abundance of entry holes invasion on trap trees
was not halted. On the other hand there is a possibility of re-emerging of the beetles that infested trap
trees firstly.

At the Slezské Rudoltice locality, trapping of adults in pheromone and trap trees decreased
substantially (2008) as a result of protective measures implemented (pheromone traps, trap trees,

timely elimination of infested trees) in 2007.

In comparison with other European bark beetles of the Ips genus, there are persisting
problems in protecting against I. cembrae: (i) it develops on branches, (ii) a considerable part
of the population can overwinter in forest litter (also in other Ips species), and (iii) trees

processed by harvesters are not protected against infestation.

0] I. cembrae also develops on branches that are up to 3 cm thick (see also Knizek
2006). This knowledge must be taken into account in applying protective methods, and it is
necessary to dispose of logging residues and brushwood (burning and chipping) so that no
feedings can be created and no breeding of this species occurs in this material. Unprocessed

logging waste from thinning interventions in young stands is invaded as well.

(i) Since I. cembrae can overwinter in forest litter, removal of trees infested by bark
beetles may not be sufficiently effective in decreasing the population density. Extension of the
vegetation period by favourable temperatures increases the proportion of adults overwintering

in forest litter, and that intensifies the threat of spring larch infestation.

(iii) Larch harvested by modern harvesters can be successfully colonized by I.
cembrae — or at least those parts having thick bark — and accordingly, appropriate control is

necessary. When thinning wood is left debarked in the stand, infestations may become severe,
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so spatial or temporal gaps should be left between harvesting and thinning (Watzek and
Niemeyer 1996).
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Figure 1 Volume of wood damaged by Ips cembrae in the Czech Republic (1996-2009)
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Figure 2 Seasonal flight activity of Ips cembrae based on the trapping of beetles (Slezské Rudoltice, 2007—
2008) (Square...mean numbers of sampled beetles; dotted line...SD)

Slika 2 Sezonsko rojenje Ips cembrae na temelju ulova kornjasa (Slezské Rudoltice, 2007—-2008)

(kvadrat...srednji broj sakupljenih kornjasa; tocka crta...SD)
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Figure 3 Time distribution of Ips cembrae beetles leaving in laboratory (month of log sampling: black—
September, white—October, dark grey—November, lighter grey—December, light grey—January)

Slika 3 Vremenska distribucija iztlazecih 1ps cembrae u laboratoriju (sakupljanje trupci¢a po mjesecima: crno-

rujan; bijelo-listopad; tamnosiva-studeni; svijetlijesiva-prosinac; svijetlosiva-sijecanj)
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Table 1 Total abundance of entry holes Ips cembrae (per 1dm?) on trap trees and multiple comparisons by Kruskall-Wallis test

Tablica 1 Ukupna abundanca ulaznih rupa Ips cembrae (po 1dm?) na lovnimmstablima i visestruka nusporedba Kruskall Wallis testom

Number of trap

Number of entry holes

Study Locality Year Period 1 2 3 4 5 6
trees (per dm2+SD)
1 Slezské Rudoltice 2007 April-June 7 3.2+1.4 5.21ns. 7.53ns. 1.50n.s. 0.77ns. 2.40ns.
2 Slezské Rudoltice 2008 April-June 8 1.4+0.6 5.21%** 3.38n.s. 1.75ns. 3.49n.s. 5.57n.s.
3 Slezské Rudoltice 2008 July-August 5 0.3+0.4 7.53%** 3.38* 4.06n.s. 5.39n.s. 7.46ns5.
4 Utdchov 2008 April-June 3 2.3+£0.6 1.50n.s. 1.75nss. 4,06*** 1.69n.s. 3.04n.s.
5) Utéchov 2009 April-June 8 3.4+1.2 0.77n.s. 3.49** 5.39%** 1.69n.s. 1.03nss.
6 Utéchov 2009 July-August 3 5.1+1.8 2.40n.s. 557 7.46%%% 3.04* 1.03ns.
Table 2 Abundance of entry holes Ips cembrae (per 1dm?) during season
Tablica 2 Abundanca ulaznih rupa Ips cembrae (po 1dm?) u sezoni
Locality Year April 10 April 18 April 26 May 7 May 17 May 24 May 31 June 6 June 13 June 21
Slezské Rudoltice 2008 0+0 0+0 0+0 0+0 0.3+0.6 0.4+0.7 0.7+0.9 0.8+1.0 1.0+1.0 1.0+1.1
Utéchov 2008 0+0 0+0 0.8+0.7 1.2+0.8 1.5+0.5 1.9+1.0 2.1+1.1 2.2+1.1 2.3+1.0 2.3+1.1
Utéchov 2009 0+0 0+0 0.3+0.5 0.5+0.6 0.7+0.3 1.4+1.3 1.7x1.5 1.9+1.6 2.1£1.7 2.3+2.0
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Table 3 Length of maternal galleries, numbers and lengths of larval galleries (=SD) of Ips cembrae depending on place of sample on trap tree

Tablica 3 DuZina materinskih hodnika, broj i duzina larvalnih hodnika (£SD) Ips cembrae ovisno 0 mjestu sakupljanja na lovnom stablu

Side of parental gallery Root Trunk Below-Crown Mid-Crown
Lenght of parent galleries (cm) 10.7£1.6 11.5£1.9 13.0£1.5 14.5+1.4
Number of larval galleries (per dm?) Left 19.4+3.7 15.7+1.6 12.5¢1.5 12.5¢1.5
Right 19.7£3.1 15.4+1.5 11.8+1.1 11.8+1.1
Length of larval galleries (cm) Left 4.0+0.2 4.4+0.4 4.7+0.3 5.3+£0.2

Right 3.9+0.2 4.4+0.3 4.6+0.3 5.3+0.3




Cesk4 zemé&d&lska univerzita, Fakulta lesnicka a dievaiska 87

REFERENCES
LITERATURA

Bevan, D., 1987: Forest insects. A guide to insects feeding on trees in britain. Forestry Commission,
Handbook 1. HMSO, 153, London.

Elsner, G., 1997: Relationships between cutting time in winter and breeding success of Ips
cembrae in larch timber. Mitt. Dtsch. Ges. Allg. Angew. Ent., 11: 653-657.

Francke, W., J. P. Vité, 1983: Oxygenated terpenes in pheromone systems of bark beetles. Z. Angew.
Entomol., 96: 146-156.

Glowacka, B., 2008: Srodki ochrony roslin zalecane do stosowania w lesnictwie w roku 2009. Inst.

Badaw. Lesn., analizy i raporty, 11: 1-68.

Grégoire, J.-C., H. F. Evans, 2004: Damage and control of BAWBILT organisms — an overview. In:
Lieutier, F., K. R. Day, A. Battisti, J.-C. Grégoire, H. F. Evans, (EDS), Bark and wood boring

insects in living trees in Europe, a synthesis. Kluwer Academic, 19-37, Dordrecht.

Grodzki, W., 2008: Ips cembrae Heer. (Col.: Curculionidae, Scolytinae) in young larch stands — a hew
problem in Poland. Forstsch. Aktuell, 44: 8-9

Grodzki, W., M. Kosibowicz, 2009: Materialy do poznania biologii kornika modrzewiowca Ips
cembrae (Heer) (Col., Curculionidae, Scolytinae) w warunkach potudniowej Polski. Sylwan, 153:
587-593.

Hutka, D., 2006: Nowe oblicze kornika modrzewiowca. Trybuna Le$nika, 4: 10-11.

Jankowiak, R., R. Rossa, K. Mista, 2007: Survey of fungal species vectored by Ips cembrae to
European larch trees in Raciborskie forests (Poland). Czech Mycol., 59: 227-239.

Jung, P., M. Rohde, J. Lunderstadt, 1994: Induzierte Resistenz im Leitgewebe der
Europaischen Larche Larix decidua Mill nach Befall durch den Grossen
Larchenborkenkéfer Ips cembrae Heer (Col.: Scol.) J. Appl. Entomol., 117: 427-433.

Kirisits, T., R. Grubelnik, E. Fiihrer, 2000: Die okologische Bedeutung von Blduepilzen fiir
rindenbriitende Borkenkifer. FBVA Berichte, 111: 117-137.

Knizek, M., 2001: Podkorni hmyz. In: Kapitola, P., M. Knizek, (EDS), Vyskyt lesnich
Skodlivych €initeld v roce 2000 a jejich ocekdvany stav v roce 2001. Zprav. Ochr. Lesa

(Suppl.), VULHM, Jilovisté — Strnady, 76: 17—27.


http://www.pherobase.com/database/journal/J.%20Appl.%20Entomol.-journal.php

Cesk4 zemé&d&lska univerzita, Fakulta lesnicka a dievaiska 88

Knizek, M., 2002: Podkorni hmyz. In: Kapitola, P., M. Knizek, (EDS), Vyskyt lesnich
Skodlivych Cinitelt v roce 2001 a jejich o¢ekavany stav v roce 2002. Zprav. Ochr. Lesa

(Suppl.), VULHM, Jilovisté — Strnady, 68: 15-24.

Knizek, M., 2003: Podkorni hmyz. In: Kapitola, P., M. Knizek, (EDS), Vyskyt lesnich
Skodlivych Cinitelt v roce 2002 a jejich oc¢ekavany stav v roce 2003. Zprav. Ochr. Lesa

(Suppl.), VULHM, Jilovisté — Strnady, 64: 15-24.

Knizek, M., 2005: Podkorni hmyz. In: Kapitola, P., P. Banaf, (EDS), Vyskyt lesnich
Skodlivych ¢initelt v roce 2004 a jejich ocekavany stav v roce 2005. Zprav. Ochr. Lesa

(Suppl.), VULHM, Jilovisté — Strnady, 72: 18-26.
Knizek, M., 2006: Lykozout modiinovy Ips cembrae (Heer). Lesn. Prace, 12: Appendix, I-TV.

Knizek, M., 2008: Podkorni hmyz. In: Knizek, M., V. PeSkova, (EDS), Vyskyt lesnich
Skodlivych ¢initeli v roce 2007 a jejich ofekavany stav v roce 2008. Zprav. Ochr. Lesa

(Suppl.), VULHM, Jilovisté — Strnady, 74: 21-33.

Knizek, M., 2009: Podkorni hmyz. In: Knizek, M., (ED), Vyskyt lesnich Skodlivych ¢initelt v
roce 2008 a jejich odekavany stav v roce 2009. Zprav. Ochr. Lesa (Suppl), VULHM,
Jilovisté — Strnady, 72: 20-31.

Knizek, M., 2010: Monitoring lykozrouta severského v Cesku v roce 2009. Lesn. Prace, 89:
46-47.

Knizek M., J. HoluSa, 2006: Podkorni hmyz. In: Kapitola, P., (ED), Vyskyt lesnich
Skodlivych ¢initeli v roce 2005 a jejich oCekavany stav v roce 2006. Zprav. Ochr. Lesa

(Suppl.), VULHM, Jilovisté — Strnady, 76: 20-31.

Knizek M., J. Holusa, 2007: Podkorni hmyz. In: Knizek, M., (ED), Vyskyt lesnich Skodlivych
Ciniteld v roce 2006 a jejich ocekavany stav v roce 2007. Zprav. Ochr. Lesa (Suppl.),
VULHM, Jilovisté — Strnady, 74: 21-32.

Knizek, M., P. Zahradnik, 1996: Mass outbreak of Ips duplicatus Sahlberg (Coleoptera,
Scolytidae). XX. International Congress of Entomology — Proceedings, Italy, 25-31
August, 527, Firenze.

Knizek M., P. Zahradnik, 2004: Podkorni hmyz. In: Kapitola, P., M. Knizek, P. Banat, (EDS), Vyskyt
lesnich $kodlivych €initeld v roce 2003 a jejich oCekavany stav v roce 2004. Zprav. Ochr. Lesa
(Suppl.), VULHM, Jilovisté — Strnady, 80: 30—39.



Cesk4 zemé&d&lska univerzita, Fakulta lesnicka a dievaiska 89

Kohnle, U., J. P. Vité, C. Erbacher, J. Bartels, W. Francke, 1988: Aggregation response of European
engraver beetles of the genus Ips mediated by terpenoid pheromones. Entomol. Exp. Appl., 49: 43—
53.

Krehan, H., 2004: Data sheet: Ips cembrae (Grofer Larchenborkenkéfer). Forstsch. Aktuell, 32: 9.

Krehan, H., T. L. Cech, 2004: Larch damage in Upper Styria. An example of the complex effects of
damage agents. Forstsch. Aktuell, 32: 4-8.

Krehan, H., G. Steyer, 2005: Borkenkéafer-Monitoring und Borkenkafer-kalamitat 2004. Forstsch.
Aktuell, 33: 12-14.

Luitjes, J., 1974 Ips cembrae, a new noxious forest insect in the Netherlands. Ned. Bosb. Tijdschr.,
46: 244-246.

Michalski, J., A. Mazur, 1999: Korniki. Praktyczny przewodnik dla lesnikow. Wydawnictwo Swiat,

188, Warszawa.
OEPP/EPPO, 2005: Ips cembrae and Ips subelongatus. Bull. OEPP/EPPO, 35: 445-449,

Pavlin, R., 2001: The catch of the larch bark beetle Ips cembrae (Heer) with pheromone traps
in Slovenia. J. For. Sci., 47 (Special Issue 2): 143-146.

Pfeffer, A., 1955: Kirovcoviti — Scolytoidea (fad brouci — Coleoptera). Fauna CSR sv. 6, NCSAV,
324, Praha.

Pfeffer, A., 1989: Kurovcoviti Scolytidae a jadrohlodoviti Platypodidae. Academia, 138, Praha.

Pfeffer, A., 1995: Zentral- und westpaldarktische Borken-und Kernkéfer (Coleoptera: Scolytidae,
Platypodidae). Pro Entomologia, 310, Basel.

Postner, M., 1974: Ips cembrae. In: Schwenke, W., (ED), Die Forstschiddlinge Europas. II. Band.
Kéfer. Paul Parey, 458-459, Hamburg.

Rebenstorff, H., W. Francke, 1982: The large larch bark beetle: monitoring with attractants? Allg.
Forst Z., 37: 450.

Redfern, D. B., 1989: The roles of the bark beetle Ips cembrae, the woodwasp Urocerus gigas
and associated fungi in dieback and death of larches. In: Wilding, N., N. M. Collins, P. M.
Hammond, J. F. Webber, (EDS), Insect fungus interactions, 14th symposium of the Royal
Entomological Society of London in collaboration with the British Mycological Society.
Academic Press, 195-204, London.


http://www.pherobase.com/database/journal/Entomol.%20Exp.%20Appl.-journal.php

Cesk4 zemé&d&lska univerzita, Fakulta lesnicka a dievaiska 90

Rohde, M., 1995: Physiological investigations into susceptibility, defence reactions and
resistance, in relations between larch and the larch bark beetle (Ips cembrae). Mitt. Dtsch.
Ges. Allg. Angew. Ent., 10: 51-54.

Rohde, M., R. Waldmann, J. Lunderstandt, 1996: Induced defence reaction in the phloem of
spruce (Picea abies) and larch (Larix decidua) after attack by Ips typographus and Ips
cembrae. Forest Ecol. Manag., 86: 51-59.

Schneider, H. J., 1977: Experience in the control of the large larch bark beetle in stands of low
vitality. Allg. Forst Z., 32: 1115-1116.

Srot, M., 1976: Né&které nové poznatky o zakladani sesterského pokoleni Iykozrouta modiinového (Ips
cembrae Heer.) v CSR. Lesnictvi, 22: 979-996.

Stauffer, C., T. Kirisits, C. Nussbaumer, R. Pavlin, M. J. Wingfield, 2001: Phylogenetic
relationships between the European and Asian eight spined larch bark beetle populations
(Coleoptera, Scolytidae) inferred from DNA sequences and fungal associates. Eur. J.
Entomol., 98: 99-105.

Stoakley, J. T., A. Bakke, J. A. A. Renwick, J. P. Vité, 1978: The aggregation pheromone system of
the larch bark beetle, Ips cembrae Heer. Z. Angew. Entomol., 86: 174-177.

Stratmann, J., 2004: Borkenkiferkalamitt 2003 was haben wir gelernt, sind wir fiir 2004 geriistet?
Forst Holz, 59: 166-169.

Suzuki, S., H. Imada, 1993: Effect of temperatures on the developmental period of Ips
cembrae (Heer) (Coleoptera: Scolytidae). J. Jap. Forestry Soc., 75: 538-540.

Terasaki, Y., N. Yosida, K. Fukuyama, K. Furuta, 1987: Response of Larix leptolepis to
inoculated Ips cembrae. Bull. Tokyo. Univ. For., 77: 19-30.

Watzek, G., H. Niemeyer, 1996: Verminderung der Borkenkéfergefihr durch
Harvestertechnik und Arbeitsorganisation. Forst Holz, 51: 247-250.

Wermelinger, B., 2004: Ecology and management of the spruce bark beetle Ips typographus — a

review of recent research. Forest Ecol. Manag., 202: 67-82.

Westhuizen van der, K., M. Wingfield, Y. Yamaoka, G. H. J. Kemp, P. W. Crous, 1995: A
new species of Ophiostoma with a Leptographium anamorph from larch in Japan. Mycol.
Res., 99: 1334-1338.


http://www.pherobase.com/database/journal/J.%20Jap.%20Forestry%20Soc.-journal.php

Cesk4 zemé&d&lska univerzita, Fakulta lesnicka a dievaiska 91

Yamaguchi, T., K. Sasaki, S. Matsuzaki 1989: Reaction of Japanese larch inoculated with
Ceratocystis piceae. Annual Report of the Hokkaido Research Center, Forestry and Forest
Products Research Institute, 75-79, Hokkaido.

Yamaoka, Y., M. J. Wingfield, M. Ohsawa, Y. Kuroda, 1998: Ophiostomatoid fungi
associated with Ips cembrae in Japan and their pathogenicity to Japanese larch.
Mycoscience, 39: 367-378.

Zahradnik, P., (ED), 1996: Vyskyt lesnich Skodlivych ciniteli v roce 1995 a jejich ocekavany stav v
roce 1996. Zprav. Ochr. Lesa (Suppl.), VULHM, Jilovisté — Strnady, 1996: 1-64.

Zahradnik, P., (ED), 1997: Vyskyt lesnich $kodlivych ciniteli v roce 1996 a jejich ocekavany stav v
roce 1997. Zprav. Ochr. Lesa (Suppl.), VULHM, Jilovisté — Strnady, 1997: 1-88.

Zahradnik, P., M. Knizek, 1998: Podkorni hmyz. In: Zahradnik, P., (ED), Vyskyt lesnich Skodlivych
&initeltl v roce 1997 a jejich oekdvany stav v roce 1998. Zprav. Ochr. Lesa (Suppl.), VULHM,
Jilovisté — Strnady, 1998: 1-88.

Zahradnik, P., M. Knizek, 1999: Podkorni hmyz. In: Knizek, M., P. Kapitola, (EDS), Vyskyt lesnich
Skodlivych ciniteltt v roce 1998 a jejich ofekdvany stav v roce 1999. Zprav. Ochr. Lesa (Suppl.),
VULHM, Jilovisté — Strnady, 1999: 13-21.

Zahradnik, P., M. Knizek, 2000: Podkorni hmyz. In: Knizek, M., P. Kapitola, (EDS), Vyskyt lesnich
Skodlivych ciniteltt v roce 1999 a jejich ofekdvany stav v roce 2000. Zprav. Ochr. Lesa (Suppl.),
VULHM, Jilovisté — Strnady, 2000: 16-23.

Zhang, Q. H., G. Birgersson, F. Schlyter, F. Chen-Guo, 2000: Pheromone components in the
larch bark beetle, Ips cembrae, from China: quantitative variation among attack phases and
individuals. J. Chem. Ecol., 26: 841-858.

Zhang, Q. H., J. A. Byers, F. Schlyter, 1992: Optimal attack density in the larch bark beetle,
Ips cembrae (Coleoptera: Scolytidae). J. Appl. Ecol., 29: 672-678.

Zhang, Q. H., F. Schlyter, F. Chen-Guo, Y. J. Wang, 2007: Electrophysiological and behavioral
responses of Ips subelongatus to semiochemicals from its hosts, non-hosts, and conspecifics in
China. J. Chem. Ecol., 33: 391-404.

Zubrik, M., A. Kunca, J. Novotny, 2008: Hmyz a huby. Narodné lesnicke centrum, 178, Zvolen.

Zumr, V., 1985: Biologie a ekologie lykozrouta smrkového (Ips typographus) a ochrana proti nému.
Academia, 105, Praha.



Cesk4 zemé&d&lska univerzita, Fakulta lesnicka a dievaiska 92

SAZETAK

U citavom arealu, od najniZze nadmorske visine do subalpinskog pojasa, glavni domacin potkornjaku
Ips cembrae je europski aris, Larix decidua Mill. Samo ponekad ova vrsta naseljava i smreku, Picea
abies (L.) Karsten. Osnovna bionomija potkornjaka I. cembrae je vise-manje poznata i razlikuje se od
ostalih vrsta roda Ips. Unatrag nekoliko godina publicirano je tek nekoliko istrazivanja vezano za

bionomiju i zastitu Suma od ovog Stetnika. Cilj ovog rada je stjecanje novih saznanja o:

(i) Rojenju, kroz pokus koriStenja sintetskih mamaca; kornjasi I. cembrae su se lovili pomocu

Theysohn® naletnih klopki te koriStenjem feromonskih pripravaka Cembrawit®;

(if) prostornoj i vremenskoj distribuciji kornjasa na lovnim stablima; u drugom dijelu ozujka
zdrava stabla ariSa su obarana radi postavljanja prvog seta lovnih stabala u razmaku od 10-
15 m na rubovima sastojina. Krajem srpnja drugi set postavio se unutar sastojine. Ulazne

rupe su evidentirane na Cetiri sekcije svakog lovnog stable;

(iii) prezimljavanju kornjasa; pet trupCi¢a duzine 0,7 m dobivene iz gornjeg dijela Cetiriju lovnih
stabala. Cetiri trup&ica dobiveni iz svakog lovnog stabla postavljena su na pet mjesta u
ariSevoj sastojini. Od kraja rujna u mjeseCnim intervalima (listopad-sijeCanj), setovi

sekcija postepeno su se premjestali u kaveze u laboratoriju.

Sanitarna sje¢a stabala zarazeni potkornjacima |. cembrae mala je u odnosu sa ukupnu sanitarnu sjecu
koje se provode radi napada potkornjaka u Ceskoj U nekim europskimm zemljama takvi napadi
predstavljaju ozbiljan problem. Primjerice ekstremna suSa u 2003. godini uzrokom je gradacija u
Srednjoj Europi. Dok je drvna masa zaraZena potkornjacima I. cembrae u Ceskoj kulminirala u 2006.
godini sa trendom opadanja (Slika 1, Tablica 1), koli¢ina potkornjacima zaraZzene drvne mase u

Poljskoj povecana je Sest puta izmedu 2006. i 2007. godine.

Potkornjak I. cembrae najc¢es¢e ima 2 generacije godisnje (Slika 2). Proljetno izlazenje pocinje na
nizim i srednjim nadmorskim visinama pocetkom svibnja, rjede krajem travnja. Potkornjaci druge
generacije izlaze na prijelazu lipnja i srpnja. Nova generacija imaga obavlja dopunsko Zderanje u
kasno ljeto u granama mladih stabala ili u blizini larvalnog hodnika gdje ima svjeze kore. Nakon
dopunskog zderanja imaga prezimljavaju dijelom u hodnicima ispod tanke kore oblovine ili ¢es¢e u

sumskoj stelji.

U slucaju kad se ne stignu potpuno razviti, prezimljavaju kao li¢inka ili kao kukuljica. Tada njihovo
prezivljavanje ovisi o vremenskim prilikama u zimi. Razmjer populacije koja prezimljava u stadiju
imaga i njihova niSa prezimljavanja ovisi o vremenskim prilikama u jeseni i uvjetima zavrSavanja
razvoja. Dio potkornjaka koji rano zavrsi razvojne stadije napusta mjesto razvoja i prezimljava u
Sumskoj stelji ili ostaje na mjestu gdje se hrani. Ispitali smo prisutnost prezimljujucih potkornjaka u

trupci¢ima u zimi i njihovu aktivnost nakon $to budu premjesteni u laboratorijske uvjete (slika 3).
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Produzeno vrijeme napustanja pokusnih trupci¢a potvrdilo je kako dio populacije prezimljuje kao
larva i kukuljica. Potkornjaci koji prezimljavaju u stelji to ¢ine blizu stabala na kojem zavr$avaju svoj

razvoj.

Potkornjaci prve generacije naseljavaju lovna stabla kontinuirano od polovice svibnja, a druge
generacije od polovice srpnja (Tablica 2). Naseljavanje donjih dijelova stabla bilo je jednoliko u

gotovo svim slu¢ajevima, a samo je ponekad veca abundanca nadena u gornjem dijelu.

Sekcije iz gornjeg dijela debla lovnog stabla karakteriziraju dulji materinski hodnici sa manjem
brojem poloZzenih jaja i larvalnih hodnika (Tablica 3). Eksponencijalni odnos pridaje se
interspecifiénoj kompeticiji prostora za polaganje jaja izmedu zenki i ograniCenog resursa hrane
izmedu li¢inki. Kako je gusto¢a hodnika na lovnim stablima bila jednolika, Zenke su u tanjem floemu
reagirale manjim brojem polozenih jaja i povecavanjem udaljenosti izmedu materinskih hodnika. Na

taj nacin larvama su omogucile izradu duzih larvalnih hodnika i pristup adekvatnoj hrani.

Kontrola potkornjaka |. cembrae je identi¢na sa drugim vrstama potkornjaka koji dolaze na

CetinjaCama 1 obavlja se:

(1) uzgojnim zahvatima: ¢istom sjeCom, selektivnom proredom, selekcijom;

(i) kemijskim tretiranjem oborenih stabala;

(111) mjerama izlova: lovnim stablima, lovnom oblovinom, klopkama, lovnom sjeckom;

(iv) monitoringom uz pomo¢ feromonskih atraktanata, lovnih stabla/oblovine, vizualnim

nadzorom, upitnicima.

U Europi se koriste &etiri tipova feromonmskih pripravaka: Cembrawit® (www.witasek.com),

Cemprax (Shell Agrar Ltd.) (www.witasek.com), Cemsan (www.fluegel-gmbh.de) i Cembrodor.

Feromonski pripravak Cembrawit® se koristi za ciljani ulov |. cembrae; tijekom pokusa i

pregledavanjem ulova feromonskih klopki nisu zabiljeZeni ulovi neciljane floemofaune.

U terenskim pokusima, drvo posjeeno u travnju prvo jer bilo napadnuto i intenzivno naseljavano. Za
vrijeme pokusa lovna stabla promjera d;; 30-45 cm pripremljena u drugoj polovici ozujka na
osun¢anoj poziciji, bilo je vrlo intenzivno napadnuto, a lovna stabla su ostala aktivna sve do prve
kukuljice. Bez obzira na veliku abundancu ulaznih rupa, naseljavanje lovnih stabala nije se zaustavilo.

Moguce je i da su se prethodno ubuseni potkornjaci ponovno ubusivali.

U usporedbi sa drugim europskim vrstama potkornjaka roda Ips, evidentan je problem zastite protiv I.
cembrae iz razloga S$to se: (i) razvija u granama; (ii) odreden dio populacije moze prezimiti u Sumskoj

stelji (kao i druge Ips vrste), i (iii) stabla obradena harvesterom nisu zasti¢ena protiv napada.
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(i) 1. cembrae se razvija u granama koji su od 3 cm promjera. To se mora uzeti u obzir prilikom
poduzimanja zaStitnih mjera. Uz to treba unistiti drvne ostatke i izbojke (paljenjem i
mal¢iranjem) kako ne bi doslo do Zzderanja i rasploda S$tetnika u tom materijalu.

Prorjedama u mladim sastojinama nezbrinuti drveni ostaci takoder budu napadnuti.

(ii) Kako 1. cembrae moZe prezimiti u Sumskoj stelji, uklanjanje stabala napadnutih
potkornjacima, vjerojatno nije dovoljna efektna mjera u smanjivanju gustoce populacije.
Produljena vegetacijski period te povoljne temperature povecavaju broj imaga koji

prezimljuju u Sumskoj stelji $to nadalje intenzivira opasnost od napada u proljece.

(iif) Ari§ nakon obrade modernim harvesterima u prolje¢e moze biti uspjesno koloniziran
jedinkama Ips cembrae, prije svega dijelova sa tankom korom, §to znaéi da je zaStita i
dalje potrebna. Kada prorjedom materijal dodatno ostaje u sastojini, napad postaje

ozbiljniji, zbog Cega treba ostaviti prostorni ili vremenski razmak izmedu sjece i prorjede.

Kljucéne rijeci: 1ps cembrae, lovno stablo sa feromonskim pripravkom, lovno stablo, rojenje,

disperzija, prezimljavanje
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4.5 Pathogens of the bark beetle Ips cembrae: microsporidia and gregarines
known from other Ips species
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Introduction

Abstract

The objective of the current study was to identify pathogens of the large
larch bark beetle, Ips cembrae, which is a secondary pest that has pro-
duced several local outbreaks across Europe in recent years. Beetles
were collected from pheromone traps, trap trees and emergence traps
(Larix decidua) during 2007 to 2011 at 10 study sites in central Europe.
A total of 3379 mature and callow beetles were examined with a light
microscope, and only two microsporidian pathogens [Chytridiopsis typo-
graphi and a diplokaryotic microsporidium (probably Nosema sp.)] and
two gregarines (Gregarina typographi and Mattesia schwenkei) were found.
Within the I cembrae populations, the infection rate for C. typographi
ranged from 2 to 58%. Nosema sp. occurred in only two beetles in 2007
(at two study sites). G. typographi was recorded only in Austria and
Croatia and only in 1-2% of the beetles in those countries. Mattesia
schwenkei was observed solely in Croatia in 0.6% of the beetles in that
country. Only one fungal pathogen in the genus Fusarium was found
and only in two mature beetles (0.7%) in 2010. The pathogen species
found during our study of I. cembrae were very similar to the pathogens
previously identified for Ips typographus. No species-specific pathogen
was detected.

(Heer, 1836), have never been reported, even
though this beetle can increase to high numbers (Ta-

Of the seven species of bark beetles in the genus Ips
that occur in Europe (http://www.faunaeur.org/),
several attack multiple tree hosts (Pfeffer 1995). This
probably explains why some of the pathogens of
bark beetles also have multiple hosts. The pathogens
of Ips typographus (Linnaeus, 1758) have been stud-
ied by numerous authors (Takov et al. 2010) but
those of Ips duplicatus (Sahlberg, 1836), Ips amitinus
(Eichhoff, 1871), Ips sexdentatus (Borner, 1776) and
Ips acuminatus (Gyllenhal, 1827) have been studied
only infrequently (Wegensteiner 2004; Weiser et al.
2006; Holusa et al. 2007, 2009; Takov et al. 2010).
Pathogens of one species of bark beetle, Ips cembrae

© 2012 Blackwell Verlag, GmbH

kov et al. 2010).

Ips cembrae, whose common name is the large larch
bark beetle, occurs in Europe (Austria, Croatia, Czech
Republic, Denmark, England, Finland, France, Ger-
many, Hungary, Italy, Netherlands, Poland, Romania,
Scotland, Serbia and Montenegro, Slovakia, Slovenia,
Sweden, Switzerland, Ukraine and Wales) and in cen-
tral Russia (OEPP/EPPO 2005). I cembrae has pro-
duced several local outbreaks throughout central
Europe in recent years (Knizek and Zahradnik 2004;
Krehan and Cech 2004; Stratmann 2004; Knizek and
Holusa 2007; Grodzki 2009). Even though the scale of
sanitary wood cutting caused by I. cembrae infestation
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is small compared to that caused by other bark beetles
in central Europe (Zahradnik 1997), 1. cembrae is con-
sidered a serious pest in some European countries
(Grégoire and Evans 2004). It has sometimes dam-
aged more than 100 m®> of wood per locality (J.
Holusa, unpublished observation).

The aim of this work was to determine the spec-
trum of species pathogenic to I. cembrae and to com-
pare the pathogens of I. cembrae with those of other
Ips species.

Materials and Methods

Sites and sampling methods

Ips cembrae beetles were collected from 2007 to 2011
at 10 study sites in central Europe (fig. 1). Beetles
were collected from trap trees [Larix decidua (Mill.)],
from pheromone traps near L. decidua trees, and
from emergence traps after immature stages were
reared in field-infested L. decidua logs in the labora-
tory. I. cembrae had an elevated population density at
all study sites, and so all trap trees were abundantly
infested. Table 1 summarizes the study sites, meth-

Slovakia

Slovenia

Fig. 1 Mean infection levels of Chytridiopsis typographi (represented
in black in graphs) in maternal beetles of Ips cembrae in central Eur-
ope. Study sites are identified by numbered points (see table 1). Pie
graphs are for trap trees, bar graphs are for pheromone traps, and
square graphs are for sections of infested log that were incubated in
the laboratory. Infection level is equivalent to the percentage of the
graph area that is filled. For example, a graph that was half filled with
black would indicate that 50% of the collected beetles were infected.

J. Holusa et al.

ods used and study years. Details concerning the
methods used to obtain beetles are provided in the
following paragraphs.

A set of three trap trees was prepared at each of
the study sites in April (years are listed in table 1).
The study sites were chosen on previous knowledge
of outbreak populations of I. cembrae. These trap
trees were used to capture overwintering beetles in
April or to capture beetles of the new generation
(offspring beetles) in June. Mature beetles were col-
lected from gallery systems with larvae in the second
or third instar, or as pupae or callow adult beetles.
Beetles collected from the trap trees were placed in
2-ml Eppendorf micro-test tubes (one beetle per
tube). A piece of wet gauze was added to the test
tube to maintain 100% relative humidity. The
beetles were immediately frozen and stored at —4°C.

Ips cembrae beetles were also collected using They-
sohn® (Theysohn, Salzgitter, Germany) slot barrier
traps with Cembrawit® (WITASEK Pflanzenschutz
GmbH, Feldkirchen, Germany) pheromone evapora-
tors at three of the study sites. Sets of five pheromone
traps were placed 10-15 m in front of sunlit forest
stand at the edge of a wooded glade. Lures were placed
in the traps in mid-April, just before the beginning of
emergence, and were renewed 8 weeks later. The
traps were checked at 7- to 10-day intervals. Beetles
were sampled in this manner until the end of Septem-
ber. The beetles collected from pheromone traps were
stored as described in the previous paragraph.

For the third sampling method, beetle-infested log
sections from trap trees from three of the study
sites (table 1) were transported to the laboratory,
where they were placed in emergence traps and
incubated at 24°C with long-day light conditions
(L:D=16:8h). Log sections were sprayed with
water every second day. The hours of daylight and
darkness were appropriate for the season in which
the beetle-infested logs were taken. Logs from the
Oberwdolbling study site were moved into the labora-
tory on 10 June 2008, and those from the Rudziniec
and Slezské Rudoltice study sites on 10 September
2008. Offspring beetles were sampled each day upon
their emergence.

Examination of beetles

The beetles collected by the first two methods
remained intact after being frozen and were dis-
sected in a water drop within 4 months of collection.
The beetles collected by the third methods were dis-
sected when still alive. Dissection was performed by
removing the entire gut together with parts of the

© 2012 Blackwell Verlag, GmbH
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Table 1 Study sites in central Europe with methods, years of research and occurrence of pathogens

Percentage of beetles with indicated pathogen

Altitude Chytridiopsis Gregarina  Mattesia  Nosema Fusarium

Study site Coordinates (as.l)  Method Beetles n Year N  typographi  typographi schwenkei sp. sp.
Oberwolbling (A)'  48°19'02”N, 15°34'09”E 430 LAB oB 1 2008 143 36.4 2.1 0 0 0
Oberwolbling (A)' 48°19'02”N, 15°34°09”E 430 LAB MB 1 2008 96 583 0 0 0 0
Rudziniec (PL)” 50°23'26”N, 18°24’42"E 204 LAB 0B 3 2008 112 6.3 0 0 0 0
Slezske Rudoltice 50°12'52"”N, 17°40’56”E 275 LAB 0B 20 2008 505 184 0 0 0 0
(c2?

Sokolovac (HR)?>  46°10737”N, 16°48'12”E 118 PT MB 1 2011 160 10.0 1.2 0.6 0 0
Slezske Rudoltice 50°12'52”N, 17°40'56”E 275 PT MB 1 2007 58 293 0 0 17 0
(c2?

Slezske Rudoltice 50°12'52”N, 17°40'56”E 275 PT MB 10 2008 289 21.2 0 0 0 0
(czy

Trzebina (PL)* 50°17’55”N, 17°36’03"E 260 PT MB 1 2007 40 475 0 0 0 0
Hlubocec (C2)° 49°50"30”N, 17°58"11”E 441 1T MB 2 2009 105 11.7 0 0 0 0
Hlubocec (C2)° 49°50"30”N, 17°58’11”E 441 T MB 2 2010 98 153 0 0 0 0
Oberwolbling (A)' 48°19’02”N, 15°34°09”E 430 T MB 1 2008 66 47.0 0 0 0 0
Pusta Polom (C2)® 49°51°01”N, 17°59'50”E 434 T MB 2 2010 274 6.6 0 0 0 0.7
Rudziniec (PL)’ 50°23'26"N, 18°24’42"E 204 T MB 1 2008 80 202 0 0 0 0
Slezske Rudoltice 50°12'52"”N, 17°40’56”E 275 T MB 1 2008 47 2.1 0 0 0 0
(cz?

Sumbark (C2)® 49°47°60”N, 18°24’41”E 260 T MB 3 2009 183 125 0 0 0 0
Sumbark (C2)® 49°47°60"N, 18°24’41”E 260 T MB 3 2010 326 22 0 0 0 0
Trzebina (PL)* 50°17’55”N, 17°36’03"E 260 T MB 1 2007 46 21.7 0 0 2.2 0
Trzebina (PL)* 50°17’55”N, 17°36’03"E 260 T 0B 1 2007 30 0 0 0 0 0
Utechov (C2)° 49°1718”N, 16°37'59”E 450 T MB 3 2009 695 28.7 0 0 0 0
Velky Kosir (CZ)'®  49°34'33”N, 17°04'34"E 442 T MB 1 2008 26 154 0 0 0 0

Superscript numbers refer to sites shown in fig. 1.

Beetles were obtained from infested log sections incubated in the laboratory (LAB); from pheromone traps (PT) in the field; or from trap trees (TT)

in the field.

0B, offspring beetles; MB, maternal beetles; n, number of samples; N, number of beetles.

muscles, the fat body, Malpighian tubules and ova-
ries or testes. Fresh smears were examined with a
light microscope [Reichert Polyvar (Reichert Inc.,
Depew, NY 14043) or Arsenal LPE 5013i-T
(ARSENAL Co. Ltd., Praha, Czech Republic)] at 100
to 400x magnification. Smears were then air dried,
fixed with methanol, stained with Giemsa dye and
then re-examined at magnification 1000x (method
described by Wegensteiner et al. 1996).

Results

Our examination of 3379 I cembrae beetles resulted
in the detection of five pathogen species (table 1).
We found two microsporidian pathogens: a diplok-
aryotic microsporidium (probably Nosema sp.) and
Chytridiopsis typographi (Weiser 1954) (fig. 2), and
two gregarines: Gregarina typographi (Fuchs, 1915)
and Mattesia schwenkei (Purrini, 1977). With respect
to the fungal pathogen, a Fusarium sp. was recorded
in the haemolymph of two mature beetles collected

© 2012 Blackwell Verlag, GmbH

Fig. 2 Chytridiopsis typographi thick-walled cysts (arrows) in midgut
of Ips cembrae obtained from logs in Oberwdlbling (Austria). Bar
20 um. (photo R. Wegensteiner).

in one sample from the Czech Republic in 2010. This
represented 0.8% of the beetles sampled in the
Czech Republic in that locality (table 1).
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The microsporidian pathogen Nosema sp. was found
in the fat bodies of only two mature beetles from two
study sites (table 1). C. typographi, in contrast, was
found in all samples of mature beetles (table 1 and
fig. 1), with a mean infection level of 16.7%. The
infection level of C. typographi ranged from 0 to 58%
in mature and offspring beetles.

We determined the average size of the thick-
walled cysts (n = 170) of C. typographi in the midgut
epithelium of beetles collected in 2010 (n = 17). Ten
cysts were measured in each infected 1. cembrae indi-
vidual. The measured values were normally distrib-
uted (Shapiro-Wilk test, W =0.99, P> 0.05) and
the cyst diameter averaged 20 + 3.4 um (fig. 3).

Gregarina typographi was recorded in 1-2% of the
beetles at only two study sites (table 1). Trophozoites
and gamonts of gregarines were never observed in
the stomodeum but always in the midgut lumen.
M. schwenkei was observed in the fat body of one
beetle (0.6% of beetles in that sample) from Croatia
(table 1).

Discussion

Ips cembrae is a secondary pest of the larch (Larix
decidua) across the entire area of this tree’s distribu-
tion, from the lowest altitudes to the subalpine
zone (Postner 1974). I cembrae occasionally colo-
nizes spruce Picea abies (L.) Karsten (Pfeffer 1989). A
reported infestation on pine (Pinus cembra L.) has been
revised [Ips amitinus (Eichhoff, 1871) had incorrectly
been identified as I. cembrae] (Pfeffer 1995).

The list of microsporidian, protozoan and viral
pathogens known from bark beetles of the genus Ips
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Fig. 3 Diameters (n = 170) of Chytridiopsis typographi cysts (thick-
walled) in the midgut of Ips cembrae. The line shows the normal distri-
bution.
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includes nine species (Wegensteiner 2004; Takov
et al. 2010). Some of these can infect more than one
bark beetle species (Haidler 1998; Handel et al. 2001,
2003). Its preference for a narrow range of host trees
reduces the contact between I. cembrae and other
species of bark beetles and other pathogens as well.
On the other hand, I typographus and I. amitinus do
occur occasionally on Pinus spp. (Pfeffer 1995). The
pathogen species found during our study of I cem-
brae were similar to the pathogens known from I
typographus if one excludes endemic species of
pathogens.

The detected Nosema sp. is likely to Nosema typo-
graphi (Weiser 1954), a species commonly occurring
in beetles of the genus Ips, but with a low preva-
lence (Weiser 1955; Wegensteiner and Weiser 1996;
Héandel et al. 2003; Pultar and Weiser 2004) because
infection occurs in the fat body (Purrini 1978; We-
gensteiner and Weiser 1996), and its transmission is
therefore complicated. Among the group of patho-
gens infecting adipose tissue, transmission typically
occurs after the death and decomposition of the host
(Weiser et al. 2000). Only in the case of intensive
infection would N. typographi attack the ovaries and
then transovarial transmission could occur (Weiser
et al. 2000), as is the case for other species of
microsporidia in invertebrates (Phelps and Goodwin
2008).

Chytridiopsis typographi, a common pathogen of the
genus Ips (Wegensteiner 2004; Takov et al. 2010),
was detected by all methods and at all study sites.
The infection level of this pathogen was usually low
but was >45% in three cases. I. cembrae is a newly
recognized host for this microsporidian species. The
thick-walled cysts of C. typographi in 1. cembrae are
nearly identical to those of C. typographi in I. typogra-
phus, in which they typically range from 10 to
20 um in diameter (Weiser 1954, 1970). The mecha-
nism of microsporidian spore germination can result
in two routes of infection. Most often, the beetles
are infected horizontally by spores that inhabit the
environment and especially by spores in faeces
within the gallery system. C. typographi can also
infect vertically (transovarially), and because the
infection was similar among offspring beetles and
mature parental beetles, infection in the current
study apparently resulted from vertical transmission.

Gregarina typographi is a quite common and non-
specific pathogen of bark beetles. It has been
found in the midgut lumen in a number of members
of the Scolytinae subfamily (Wegensteiner 2004;
Kereselidze et al. 2010; Takov et al. 2010). About
53% of bark beetle species are hosts to G. typographi

© 2012 Blackwell Verlag, GmbH
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(Takov et al. 2010), and in some cases, the preva-
lence in a population can be high (up to 44%)
(Wegensteiner et al. 1996; Wegensteiner 2004).
Although C. typographi and G. typographi often occur
together with high infection levels (Haidler et al.
2003), a high infection level is also possible when
only one pathogen is present (Kereselidze and
Wegensteiner 2007).

The following two pathogens that were previously
recorded in I typographus in the Sumava Mountains
(Pultar and Weiser 2004) and in Austria (Wegenste-
iner 1994; Wegensteiner et al. 1996; Handel et al.
2001, 2003) were absent in our samples: Entomo-
poxvirus  typographi  (ItEPV) (Wegensteiner and
Weiser, 1995) and Malamoeba scolyti (Purrini, 1980).
The microsporidium Unikaryon montanum (Weiser,
Wegensteiner and Zizka, 1998), known from loca-
tions in Austria and Germany (Weiser et al. 1998;
Wegensteiner and Weiser 2004), was also not found
in our study. The neogregarine Menzbieria chalco-
graphi (Weiser 1955) was not found, but this species
is generally rare even though its occurrence can be
very high in some cases (Pultar and Weiser 2004;
Kereselidze and Wegensteiner 2007).

Larssoniella duplicati Weiser, Holusa et Zizka, 2006,
which was not found in the current study, is definitely
specific to I duplicatus (Weiser et al. 2006; Holusa
et al. 2007, 2009). L. duplicati can achieve a high
infection level in I duplicatus (Holusa et al. 2007,
2009), and a high infection level frequently occurs
throughout the beetle’s range (Holusa et al. 2007).

Differences in infection levels caused by horizontal
transmission may be related to the date when the
beetles were collected because this affects the length
of time that beetles remain together in nuptial
chambers. G. typographi infection levels, for example,
increase with the time that beetles remain in the
same galleries increases (LukaSova and Holusa
2011). Because gregarines develop rapidly, horizon-
tal transmission of infection among parental beetles
inhabiting a single nuptial chamber could be signifi-
cant (see also MacDougall 1942; Smith et al. 2007).

The pathogens found in our study of I cembrae
were very similar to the pathogens known from I.
typographus and other species in the genus Ips. A total
of about 10 pathogens are known from these hosts,
three of which are very common (Wegensteiner and
Weiser 2004; Kereselidze et al. 2010; Takov et al.
2011). Among the common pathogens, two were
found (G. typographi and C. typographi) in I. cembrae
but one (IfEPV) was not even in outbreak popula-
tions. It was interesting to find Ch. typographi in bee-
tles from all geographical regions, G. typographi in

© 2012 Blackwell Verlag, GmbH
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beetles from Austria and Croatia, Nosema sp. in bee-
tles from Czech Republic and Poland. In addition,
pathogen species diversity was highest in beetles from
Croatia. No species-specific pathogen was detected.
Given the substantial range of the study sites, we sus-
pect that species-specific pathogens of the large larch
beetle, I. cembrae, do not exist or are rare.
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Gregarina typographi (Eugregarinorida: Gregarinidae) in the Bark Beetle
Ips typographus (Coleoptera: Curculionidae): Changes in Infection Level
in the Breeding System

Karolina LUKASOVA and Jaroslav HOLUSA

Department of Forest Protection and Game Management, Faculty of Forestry and Wood Sciences, Czech University of Life Sciences,
Prague, Czech Republic

Summary. Changes in Gregarina typographi Fuchs, 1915 (Eugregarinorida: Gregarinidae) infection levels were studied in a population of
the bark beetle Ips typographus (L., 1758) (Coleoptera: Curculionidae), which lives in association with Norway spruce. Beetles were repeat-
edly collected from three logs of trap trees during 2009 and 2010 at one study site in the Czech Republic with a high level of G. typographi
infection (seasonal mean of 15.7% in 2009 and 19.8% in 2010). Infection levels did not differ statistically between sexes, logs, and trap trees
but did differ among sampling dates. During the beetle reproductive period, the infection levels nearly doubled in 2009 (from 10.7 to 19.8%)
and more than tripled in 2010 (from 9.3 to 31.3%). We infer that the continuous increase in the G. typographi infection level within each
of the two years resulted from transmission among beetles in nuptial chambers during the May—June reproductive and egg-laying period.

Key words: Beskids, Gregarinidae, horizontal transmission, protozoan disease, spruce bark beetle.

INTRODUCTION beetles of 1. typographus emerge from the forest litter
and tree bark on warm spring days and fly to stressed
host trees. These bark beetles use an aggregation phero-
mone to attract more individuals of the same species to
the tree for the purpose of weakening the tree and mat-
ing. The pheromone attracts both sexes. The attracted
males join the attack and secure an area for mating and
oviposition. This area consists of a hole and a chamber
beneath the bark known as a “nuptial chamber”. The
females construct a tunnel (“maternal gallery”) beneath

Several authors (Wegensteiner 2004, Takov et al.
2010, Wegensteiner et al. 2010) have studied patho-
gens in Ips typographus (L., 1758). The spruce bark
beetle L. typographus is the most damaging insect at-
tacking spruce forests (Picea abies (L., 1753) Karsten,
1881) in Eurasia (Christiansen and Bakke 1988). Adult

Address for correspondence: Karolina LukéaSova, Department of
Forest Protection and Game Management, Faculty of Forestry and
Wood Sciences, Czech University of Life Sciences, Kamycka 129,
165 21 Prague, Czech Republic. Phone: +420 737 322 550; E-mail:
karolina.lukasova@gmail.com.

the nuptial chamber in which to lay eggs. In all spe-
cies of the Ips genus, several females (usually two or
three) join each male in his nuptial chamber (Wermel-
inger 2004). At lower elevations, overwintering /. fy-
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pographus beetles emerge in April/May and produce
one or two generations of offspring per year with the
main peaks of bark beetle emergence in July and Au-
gust/September. At elevations above 1,000 m a.s.1., this
species produces only one generation of offspring per
year (Wermelinger 2004). The emergence and migra-
tion of beetles of monovoltine generations depend on
the geographical latitude: northern populations emerge
later and fewer beetles move before overwintering than
in southern populations (Forsse 1991).

Gregarina typographi Fuchs, 1915 has been found
in the midgut lumen in a number of members of the Sco-
lytinae subfamily (Wegensteiner 2004, Kereselidze et
al. 2010, Takov et al. 2010). Insects usually are infected
when they ingest oocysts contained in host faeces or in
dead or living (in the case of cannibalism) body parts
of the host. Most of authors (Wegensteiner 2004, Takov
et al. 2010) monitored levels of infection in the popula-
tions; only Wegensteiner et al. (2010) tried to determine
the impact of G. typographi on the demographic struc-
ture of 1. typographus. Because gregarines develop rap-
idly, horizontal transmission of infection among paren-
tal beetles inhabiting a single nuptial chamber could be
significant (MacDougall 1942, Smith et al. 2007). Each
male beetle possesses a harem that usually consists of
2-3 females, and the male and females inhabit a gal-
lery system (nuptial chamber) for several weeks (Wer-
melinger 2004). In this study, we observed changes in
the infection level of G. typographi in I. typographus in
the nuptial chamber during two seasons from the time
when beetles begin burrowing into the trees until the
end of the egg-laying period.

MATERIALS AND METHODS

Study site

Gregarina typographi and I. typographus were studied at
the Smrk Nature Reserve in the Beskids (Czech Republic). The
Beskids bioregion has a terrain characterized by mountains with
typical elevations of 500-1,200 m a.s.l. Forest cover exceeds 70%,
and more than 70% of that cover is represented by spruce (Culek
1996). The old-growth forest at the Smrk Nature Reserve consists
of beech and spruce trees. The study site was situated in the center
of the reserve (coordinates: 49°30'N, 18°22'E) within an elevation
range of 1,180 to 1,200 m a.s.l. In 2009, the average tempera-
ture varied 4-5°C, and the total precipitation was about 1,400 mm
(www.chmu.cz).

Spruce bark temperature was calculated from average monthly
air temperature and global radiation (obtained from www.chmu.cz)
during the study period in each year according to Baier ef al. (2007).

The mean bark temperature in 2009 was around 7.7°C in May and
10.7°C in June and was slightly higher the following year at around
11.8°C in June and 15.3°C in July.

The Reserve is a protected area with only minimal forestry man-
agement, represented by limited sanitation felling, trap-tree impor-
tation and removal, and beetle trapping in pheromone traps.

Trapping of beetles

The study involved 11 trap trees (Picea abies) in 2009 and 5
trap trees (P. abies) in 2010. Trap trees were imported from neigh-
boring managed forests. Each trap tree (about 30 cm in diameter,
30 m in height) was cut into three logs of the same length (log I-I1I),
which were situated in parallel with 1-2 m spacing in the center of
the nature reserve. The logs were located in a clearing perpendicular
to a trail through the forest, and the logs from each tree were ca. 50
m distant from the logs of the other trees. Trap trees were placed at
the site on 12 May 2009 and 13 May 2010. Mature beetles were col-
lected under a strip of bark from each log of trap tree during 2009
(26 May, 18 June) and 2010 (at 10-day intervals in June and July).
Each sample area was 1 m long and about 0.5 m wide (half the
tree circumference). The samples collected on different dates were
separated by 1 m.

All mature beetles in nuptial chambers and maternal galleries
beneath each strip of bark were collected. Analyzed beetles from
each sample date and bark strip were always chosen at the same
stage of development of offspring in the breeding system (from nup-
tial chambers to callow beetles). Thus only beetles from the same
period of infestation, i.e. at the end of May (for 2009) and in early
June (in 2010), were chosen. The entry holes were counted, and
the individual beetles were placed into 2-cm® Eppendorf micro test
tubes. A piece of wet gauze was added to the test tube to maintain
100% relative humidity. The beetles were immediately frozen and
stored at —4°C. The tissues of beetles thus prepared remained intact.
The entire body cavity (including intestines, Malpighian tubules,
adipose tissue and gonads) were dissected in a water drop within 4
months of collection and checked for pathogens.

During the last analysis of beetles (20 July 2010), we collected
a samples of frass and faeces from maternal galleries (length 60-80
mm) and entry holes. Frass was removed with a brush and crushed
into drops of water. The final suspension was examined under light
microscope and checked for presence of gregarine oocysts.

Determination of infection and statistical analysis

In 2009 and 2010, each dissected beetle was examined with
a light microscope at magnifications of 40-400 x to determine its
sex and whether it was infected with G. typographi or any other
pathogen. For beetles collected in 2010, life stages of G. typogra-
phi were measured and photographed with an Arsenal LPE 5013i-T
microscope (Arsenal s.r.o., Prague, Czech Republic). When tropho-
zoites, gamonts and gametocysts occurred together, we recorded
all these stages and the data were included (individually) in the
analysis of individual life stages. To compare the total prevalence
of G. typographi, we used only the presence/absence of a patho-
gen (all stages combined). The following structures of trophozoites
and gamonts were measured: length of deutomerite (LD), length
of protomerite (LP), total length (TL), width of deutomerite (WD),
width of protomerite (WP), ratio of the length of protomerite to total
length (LP : TL), ratio of the width of protomerite to the width of
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deutomerite (WP : WD), and ratio of the width of protomerite to the
length of protomerite (WP : LP).

Infections were compared by year (Kruskal-Wallis test), collec-
tion date (one-way ANOVA), sex of the beetle (Wilcoxon rank-sum
test), and trap tree (one-way ANOVA), such that infections of all
beetles collected from a trap tree (> 100 beetles) were calculated.
For comparison of infections among the individual trap trees (one-
way ANOVA), data from beetles collected from a sample were used
(> 20 beetles). The R 2.10.1 software program and STATISTICA 9
were used for statistical analyses.

RESULTS

Gregarina typographi morphometrics and life stages

G. typographi gametocysts were spherical with a di-
ameter of 93.6 £ 20.2 um (n = 30) and were observed
only in the proctodeum. The dimensions of gregarine
trophozoites (Fig. 1) and gamonts are reported in Table
1. Both stages were always found from the stomodeum
to midgut.

In 2010, the presence of G. typographi life cycle
stages in different samples were recorded (Fig. 2). The
percentage of beetles with gamonts (Fig. 2B), and ga-
metocysts (Fig. 2C) did not differ among the sampling
times. The percentage of beetles with trophozoites,
however, tended to increase over time and was 3.45
times greater at the last sampling date than at the first
sampling date (Kruskal-Wallis test; chi-square = 9.50,
p <0.05) (Fig. 2A).

Infection rates

The mean infection rate of G. typographi in 1. ty-
pographus was 15.7% in 2009 and 19.8% in 2010. G.
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typographi infection levels did not significantly differ
between the individual years (Kruskal-Wallis test; chi-
square = 1.00, p > 0.05).

For 2009, a total of 1,624 I typographus beetles
were dissected. Data for infection levels for individual
trap trees in 2009 were normally distributed (Shapiro-
Wilk test for normality; W = 0.97, p > 0.05). Infection
levels differed significantly among the sampling dates
in 2009 (ANOVA; F = 5.69, p < 0.05) (Fig. 3) but did
not differ among trap trees or logs. G. typographi in-
fection averaged 10.7% in May 2009 (n = 792 beetles)
and 19.8% in June 2009 (n = 454 beetles). The only
other pathogen detected in 2009 was a single micro-
sporidium of Chytridiopsis typographi (Weiser 1954)
Weiser 1970. G. typographi infection levels for females
(16.1%) and males (15.9%) did not differ in 2009 (Wil-
coxon rank-sum test; W = 2638.5, p > 0.05). In 2009,
there were 0.6 entry holes of . typographus per dm? of
trap tree in June.

In 2010, a total of 822 1. typographus beetles were
dissected. Data for infection levels for individual trap
trees in 2010 were normally distributed (Shapiro-Wilk
test for normality; W = 0.94, p > 0.05), and therefore
one-way ANOVA (F = 3.57, p < 0.05) was used. Mean
values of G. typographi infection did not differ among
trap trees (ANOVA; F = 3.41, p > 0.05). According to
multivariate analysis, the infection rate was signifi-
cantly lower on 10 June 2010 than on 1 July and 10
July 2010 (ANOVA; F = 5.33, p < 0.05) (Fig. 4). More
males (28.3%) than females (16.8%) were infected, but
this difference was not statistically significant (Wil-
coxon rank-sum test; W = 147.5, p > 0.05). No other
pathogen was found in any organ or haemolymph in

Table 1. Morphometrics of trophozoites (n = 30) and gamonts (n = 30) of Gregarina typographi in Ips typographus. Measurements are in

pm.
Stage TL LP LD WP WD LP:TL WP : WD WP:LP
Trophozoites Min 103.5 20.1 55.0 73 372 0.2 0.1 0.2
Max 277.2 52.1 186.3 29.7 148.4 0.3 0.4 1.0
Mean 163.0 35.1 109.1 16.6 79.7 0.2 0.2 0.5
SD 53.5 9.7 459 6.7 28.1 0.1 0.1 0.2
Gamonts Min 105.0 16.1 82.1 31.4 49.2 0.2 0.4 0.8
Max 241.5 99.7 182.6 82.8 143.5 0.4 0.7 22
Mean 186.1 48.4 130.7 60.2 107.3 0.3 0.6 1.4
SD 40.8 224 27.6 14.5 27.6 0.1 0.1 0.5

TL - total length; LP — length of protomerite; LD — length of deutomerite; WP — width of protomerite; WD — width of deutomerite; LP : TL — the length of
protomerite to total length; WP : WD — the width of protomerite to the width of deutomerite; WP : LP — the width of protomerite to the length of protomerite;

Min — minimum value; Max — maximum value; SD — standard deviation.
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Fig. 1. Gregarina typographi trophozoites outside the body cavity of Ips typographus obtained from trap trees in 2010. Bar: 100 um.

»

Fig. 2. Percentage of Ips typographus infected by Gregarina typographi in 2010 by stage: (A) trophozoites, (B) gamonts, and (C) gameto-
cysts. Boxplots show median plus upper and lower quartiles. Minimum and maximum values are shown by the upper and lower whiskers
(1.5 x interquartile range), and outlying values are depicted as circles. In the trophozoites graph (A), different letters above each bar indicate
a significant difference between mean values (Kruskal-Wallis test, p < 0.05).

2010. The average population density on one trap tree
was 0.4 entry holes of 1. typographus per dm?.

No gregarine oocysts were found in host frass and
faeces from maternal galleries (n = 50) and entry holes
(n=20).

DISCUSSION

Gregarina typographi is the only representative
of eugregarines found in the genus /ps (Wegensteiner

2004). From Ips acuminatus (Gyllenhal 1827) is far
closer blank recorded species of the genus Gregarina
sp. (Takov et al. 2007). Based on the morphology and
morphometrics reported by other authors (Yaman 2007,
Takov et al. 2007) for the individual stages of Grega-
rina, it is certain that the species observed in this study
was also G. typographi. Precise detection of this para-
site is problematic, because intracellular stages (spo-
rozoites) of the eugregarine life cycle are difficult to
identify with a light microscope (Bjornson 2008, Ya-
man 2008). This could result in a slight underestimation
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Fig. 3. Percentage of Ips typographus infected by Gregarina typographi per trap tree in 2009. Boxplots show mean + standard deviation.
Minimum and maximum values are shown by the upper and lower whiskers. Different letters above each bar indicate a significant difference

between mean values (ANOVA, p < 0.05).
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Fig. 4. Percentage of Ips typographus infected by Gregarina typographi per trap tree in 2010. Boxplots show mean + standard deviation.
Minimum and maximum values are shown by the upper and lower whiskers. Different letters above each bar indicate a significant difference

between mean values (ANOVA, p < 0.05).

of infection. Oocysts are easily overlooked, especially
in the early stages of infection (after ingestion) when
they may occur only in small numbers. Most studies
of bark beetle pathogens record only the trophozoite,
gamont, and gametocyst stages or do not differentiate

these stages at all (Handel ez al. 2003, Wegensteiner
and Weiser 2004, Yaman 2007).

Gregarina typographi is a quite common and non-
specific pathogen of bark beetles. About 53% of bark
beetle species are hosts to G. typographi (Takov et al.
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2010), and in some cases the prevalence in a popula-
tion can be high (up to 44%) (Wegensteiner et al. 1996,
Wegensteiner 2004). The similar level of G. typogra-
phi infection in the current study area was relatively
high. The greater was the density of gallery systems
at a given location, the greater was the probability of
the pathogen transmission between beetles. Thus, even
the recently matured beetles can become infected when
they cut through another gallery while feeding (Wegen-
steiner and Weiser 1996). When their population densi-
ties are low, bark beetles only rarely encounter other
beetles outside their own galleries, and the spores can-
not therefore be ingested with frass or the remnants of
dead infected beetles (in the case of infections attacking
the fat body) (Wegensteiner and Weiser 1996).

The ratio of infected males and females was similar
in the two years, which corresponds to the report by
Wegensteiner et al. (1996). Both sexes come in con-
tact with contaminated faeces at the same time during
breeding, egg-laying and removal of frass from entry
holes. These findings show that the risk of infection
is similar for both sexes and that the infection spreads
more or less evenly among males and females.

Increasing infection level of G. typographi is prob-
ably the result of mutual transmission of gregarines
over a very short time. In both years there was a statis-
tically significant increase in infection levels between
the first and last samples. Due to unfavourable weather
(low temperatures, snow and rainfall) in 2010 (10 June)
a time of the emergence of beetles was later compared
to 2009 (26 May). But the time period from the mo-
ment of landing of beetles on the logs and excavation
of nuptial chambers to their leaving the trap trees (the
pupal stage and callow beetles of F1 generation) was
similar (about one month) in both years. The duration
of the ontogenetic development of gregarines is rela-
tively short, even though the development rate depends
on temperature and humidity (MacDougall 1942, Smith
et al. 2007) or the efficiency of the host’s immune sys-
tem (Corbel 1968). The infection cycle of Gregarina
rigida (Hall, 1907) Ellis, 1913 requires about 10-11 d
from the sporozoites stage to reproductive stage (Al-
legre 1948). G. cubensis Peregrine, 1970 requires more
time to complete its development at 27°C (216 h) than
at 15°C (144 h) (Smith ez al. 2007). The temperature
of spruce phloem depends on air temperature and solar
radiation (Baier et al. 2007). During flight activity of
bark beetles, the average daily temperature of phloem
in shaded areas of the tree stem is balanced around
15°C, while the sunlit parts vary between 15 and 30°C
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(Netherer et al. 2003). We measured a slightly lower
bark temperature (7-16°C) due to the high altitude and
low temperature of the study site. This means that greg-
arines’ development cycle may be carried out several
times during the continued presence of beetles in the
breeding. We infer that some infected beetles that were
establishing galleries were only in the initial stage of
infection and could not transmit the infection to other
beetles co-inhabiting the nuptial chamber until suffi-
cient time had passed for G. typographi to complete its
life cycle. These data explain why the infection level
did not increase in the current study unless there were
at least 20 d between samplings (see Fig. 4).

The life cycle of species in the genus Gregarina Du-
four, 1828 is direct, i.e. there is no intermediate host
or vector (Clopton and Gold 1996). Gametocysts are
shed with the host’s frass (Zuk 1987). Upon matura-
tion, gametocysts dehisce to release hundreds of infec-
tive oocysts into the environment (Zuk 1987). Faeces
along with frass are pushed out from the breeding sys-
tem by males (Christiansen 2008). During this process,
individual oocysts adhere to the walls of the breeding
system and are then eaten accidentally when beetles ex-
cavate galleries and feed on phloem. Unfortunately, no
oocysts were detected in any smear of samples from
50 maternal galleries and displaced frass from 20 entry
holes from the sampling date 10 July 2010. Consider-
ing the failure to find oocysts in the frass, we assume
that the probability of oocysts ingestion was very low
in the study population of /. typographus and the rise
of gregarine infection levels took a longer time than
we expected. After ingestion, excystation of gregarines
is activated in the gut lumen and the sporozoites leave
behind the oocysts (Clopton and Gold 1995). The spo-
rozoite grows into a large trophozoite, the feeding stage
of the life cycle. Trophozoites undergo a period of ex-
tracellular growth during which they remain attached
to the intestinal epithelium by means of an epimerite
(Omoto et al. 2004, Smith et al. 2007, Valigurova et al.
2009). Trophozoites as well as gamonts were the most
frequently observed stages in the stomodeum and mid-
gut, while gametocysts occurred most frequently in the
proctodeum, where they become part of the faeces.

In the Smrk Nature Reserve, where forestry man-
agement is limited, beetles are abundant and pathogen
transmission is therefore favored. As beetle numbers
increase, the level of G. fypographi infection in /. ty-
pographus gradually increases (see Holusa et al. 2009,
Wegensteiner ef al. 2010). Given what is known about
the biology of the pathogen and the beetle, the doubling
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of the G. typographi infection prevalence in 2009 and
its more than tripling in 2010 could be a result of dis-
ease transmission among beetles in nuptial chambers,
i.e. by horizontal transmission during reproduction and
egg-laying (May—June).
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Abstrakt

Béhem osmi generaci lykozrouta smrkového jsme sledovali jeho popula¢ni hustoty na 5-10
lapacich na tfech studijnich lokalitich v Ceské republice. Celkem bylo analyzovano 2591
jedinct I. typographus na piitomnost patogennich organismi. Zjistény byly celkem 4
patogenni organismy: stievni hlistice u 14,8 %, gregarina Gregarina typographi 0,3 %,
Chytridiopsis typographi 9,1 % a larvy endoparazitoidi u 4,9 % jedinci. U stfevnich hlistic a
Ch. typographi se potvrdilo, Ze tyto patogeny nem¢ly vliv na popula¢ni rust lykozrouta
smrkového. Oproti tomu mezi koeficientem populacniho rGstu a procentem broukl
napadenych endoparazitoidy Vv populaci byla zjisténa pozitivni korelace. Parazitoidi jsou tak

schopni velmi efektivné reagovat na zvysSeni populace svého hostitele.

Uvod

Lykozrout smrkovy, Ips typographus L. (Coleoptera: Curculionidae: Scolytinae), je
jednim z nejvaznéjSich Skidct smrku ztepilého (Picea abies (L.) Karts.) v Eurasii (Annila
1969). RozmnoZuje se na Cerstvé odumielém diivi, ale pfi velkych populac¢nich hustotach
osidluje 1 zdravé stromy (Weslien et al. 1989). V soucasnosti se stavy lykoZroutl intenzivné
monitoruji pomoci klasickych metod ochrany lesa. U¢inna asanace je vsak stale zaloZena na
odstranéni veSkerého klirovcem napadeného i atraktivniho materidlu (Wermelinger 2004).
Biotické faktory ovliviwjici rist nebo pokles populaénich hustot nejsou u I. typographus stale
presvédCivé vysvétleny, 1 piesto Ze se studiu patogenl a predatorii lykoZrouta smrkového
zabyvala jiZ fada autord (Kenis et al. 2004; Wegensteiner 2004; Takov et al. 2010). Otazka

moznosti vyuziti ptirozenych neptatel v biologickém boji je tak nadale oteviena.
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U lykozrouta smrkového je znamo deset onemocnéni zahrnujici prvoky, mikrosporidie
a viry (Wegensteiner et al. 1996; Weiser 2002; Wegensteiner 2004; Holusa et al. 2009; Takov
et al. 2010). Nejbézn&jsi mikrosporidie je Chytridiopsis typographi Weiser (Zygomycota,
Microspora), vyskytuje se na vétSin€ studovanych lokalit v Evropé (Takov et al. 2010), ov§em
s riznou hladinou infekce (Héndel et al. 2001; Wegensteiner & Weiser 2004; Takov et al.
2007; Holusa et al. 2009; Burjanadze & Goginashvili 2009). Dalsi mikrosporidie jako napf.
Nosema typographi Weiser se objevuji ve velmi nizkych infekénich hladinach fadoveé v
procentech (Héandel et al. 2003; Pultar & Weiser 2004). Virus ItEPV (Entomopoxviridae)
Wegensteiner & Weiser napada a ni¢i buiky stfevniho epitelu lykozrout. Desti¢kovité
inkluze s virovymi télisky odchazeji z téla broukt s trusem a infikuji dalsi jedince pfi
uzivném ziru (Weiser & Wegensteiner 1994; Wegensteiner & Weiser 1995). Hromadinka
Gregarina typographi Fuchs (Apicomplexa, Eugregarinida) ptisobi pouze slabé poskozeni
sttevniho epitelu, které navic caste¢né regeneruje (Tanada & Kaya 1993). Schizogregariny
(Apicomplexa, Neogregarinida) Menzbiera chalcographi Weiser a Mattesia schwenkei Purrini
napadaji tukové téleso, které se naplni Clunkovitymi sporami a nakaZeni jedinci

pravdépodobné umiraji pod klirou stromu (Weiser 2002).

Nezanedbatelnou skupinou patogent rodu Ips jsou hlistice (Nematoda), zptsobuji
ucpani stieva, piipadné jeho perforaci. Jejich determinace je obtizna, protoZze se uvniti téla
lykozroutt objevuji ¢asto pouze juvenilni jedinci a je nutné je dochovavat (Rithm 1956).

Hojné se mohou vyskytovat také endoparazitoidi lykozroutd z Celedi Braconidae a

Pteromalidae (Hymenoptera). Nejbéznéjsi znich jsou Tomicobia seitneri Ruschka a

Ropalophorus clavicornis Wesmael (Eck 1990; Faccoli 2001; Wermelinger 2002).

V této studii jsme se zaméfili na hodnoceni vlivu patogent na populacni hustoty a rist

lykozrouta smrkového Vv hospodarskych lesich s béznym lesnickym managementem.

Metodika

Béhem let 2008-2011 byly hodnoceny infekéni hladiny patogent I. typographus na
ttech lokalitich v prostoru Vojenského 1jezdu Libava: Potstait (GPS 49°4121"N,
17°37'11"E); Kozlov (GPS 49°37'58"N, 17°30'16"E) a Staré¢ Oditvky (GPS 49°43'01"N,
17°36'32"E). Material matecnych broukli byl shroméazdén z 5 az 10 stromt (ptilehlé stromy
ve vzdalenosti asi 100 m od sebe) na kazdé lokalité. Odbéry byly provadény vzhledem
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k dvéma generacim kuarovcu (pfezimujici a dcefind) 2x na lokalitaich Vojenského ujezdu
Libava (Serven, srpen). Cas odbéru byl uréen na zakladé zahdjeni nové generace broukt — tyto
teminy byly svazany s chodem teplot a srazek béhem vegetacniho obdobi. Na jafe (Cerven)
byli zjistovani dospélci rodiCovské generace (P). V 1été probéhla druha perioda vzorkovani
(srpen), kde byli nasbirani brouci dcetfiné generace (F1) ze snubnich komurek a matec¢nych
chodeb, protoze patogeny se snadnéji zjistuji u dospélych broukt (Wegensteiner & Weiser
1996a). Pro kazdou lokalitu a obdobi odbéru vzorkii bylo shromdzdéno vzdy maximum
broukil (miniméalné n=20) z kazdé pllmetrové sekce stromu (celkem ctyfi: I. sekce metr od
paty stromu, Il. sekce — polovina kmene, III. sekce zacatek zeleného vétveni a IV. sekce

zhruba v poloviné koruny).

Popula¢ni hustota lykozroutli na jednotlivych sekcich lapakia byla zjistovana pti studiu
populacnich hustot a dalSich charakteristik poZerki na vSech lokalitich b&hem celého
vyzkumu. Na kazdé odkornéné sekci byl kalkulovan pocet rodin (=pocet snubnich komurek,
stadium vyvoje, délka chodeb, pocet nakladenych vajec a mira parazitace) lykozrouta
smrkového a prepoctena jejich hustota na jednotku plochy podle velikosti studované sekce

(délka ptiblizn€ 0,5 m a Sitka cca polovina obvodu kmene).

Odebrani brouci byli spolu s kouskem navlhéené gazy uloZeni v plastovych nadobach
typu 2-cm’ Eppendorf do chladu pii -5°C. Postupné byli brouci pitvani pomoci chirurgickych
pinzet. Vzorky byly sledovany pod svételnym mikroskopem Arsenal LPE 5013i-T pod
zvétsSenim 100x — 400x. Inspekce se zaméiila predevSim na travici soustavu, Malphigické
trubice, gonady a tukové téleso, kde jsou patogeny nejcastéji lokalizovany. Z kazdé pitvy byl
veden detailni zdznam o stavu a pocetnosti infekce a vnitinich orgdnt. Pozornost je vénovana

piredevsim mikrosporidiim, prvokiim, virtim a hlisticim.

Pro vypocet korelace mezi infekcni hladinou patogenii a nartistem populacni hustoty
byl pouzit koeficient popula¢niho riistu z roku na rok podle vzorce pro vypocet rychlosti

rustu:
R = logNt — logNt-1 (Jarosik 2005).

Ziskana data jsou pfevedena do tabulkového softwaru MS Excel 2007 a poté graficky

a statisticky vyhodnoceny v programu Statistica 9 (normalita, korelace, ANOVA).
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Vysledky

Celkem bylo analyzovano 2591 jedincu |. typographus na pfitomnost patogennich
organismu (Kozlov — 8 generaci, n=1310; Potstat — 8 generaci, n=780 a Staré Oldiavky — 4

generace, n=501).

Zjistény byly celkem 4 patogenni organismy: stievni hlistice u 14,8 + 11,7 % broukd,
Gregarina typographi u 0,3 + 1,0 % broukd, Chytridiopsis typographi u 9,1 £+ 7,9 % brouku a

larvy endoparazitoidi u 4,9 + 6,3 % brouk.
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Graf 1 Infekéni hladiny Chytridiopsis typographi a popula¢ni hustoty Ips typographus v letech 2008-
2011 na vSech lokalitach. Krabice grafu tvofi pramér (¢ara) a 0,95 interval spolehlivosti, svorky

predstavuji smerodatné odchylky zakladniho souboru.

Zmény v infekéni hladiné Ch. typographi a popula¢ni hustoty Iykozrouta smrkového
na vSech lokalitach ve v8ech letech vyzkumu ukazuje Graf 1. Infek¢éni hladina Ch. typographi
byla vzdy niz$i na jate (pramérné 6,3 + 3,0 %) nez v 1été (primérné 11,5 £ 6,8 %) s vyjimkou
roku 2011. Rozdily mezi generacemi nebyly statisticky signifikantni (Shapiro-Wilk test:
W=0,93, p>0,05; ANOVA: F(1, 14)=3,99, p>0,05).

Vyvoj infekénich hladin C. typographi na jednotlivych lokalitach a popula¢ni hustoty
I. typographus vyzkumu shrnuji Grafy 2-4.
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Graf 2 Infekéni hladiny Chytridiopsis typographi a popula¢ni hustoty Ips typographus v letech 2008-
2009 na lokalité Staré Oldiuvky. Krabice grafu tvofi pramér (¢ara) a 0,95 interval spolehlivosti,

svorky predstavuji smérodatné odchylky zakladniho souboru.

Byly vypocteny hodnoty korela¢nich koeficienti mezi koeficientem populacniho riistu
lykozrouta smrkového a infek¢ni hladinou 3 patogennich organismii na 2 lokalitach (Potstat a
Kozlov). Nebyl zjistén vliv stievnich hlistic (lokalita Potstat: y=9,34+1,15*x; r=0,05; p>0,05;
r’=0,003; lokalita Kozlov: y=13,18-8,42*x; r=-0,54; p>0,05; r’=0,30), ani mikrosporidie
Chytridiopsis typographi (lokalita Potitat: y=6,77-2,15*x; r=-0,14; p>0,05; r’=0,02; lokalita
Kozlov: y=9,46+9,72*x; r=0,62; p>0,05; r2=0,39), ani endoparazitoidii (lokalita Potstat:
y=5,70+13,92*x; r=0,75; p>0,05; r’=0,57; lokalita Kozlov: y=2,63+4,32*x; r=0,50; p>0,05;

r=0,25) na populaéni rst lykoZrouta smrkového.

Analyza byla znovu provedena po slouceni dat ze vSech tii lokalit (Potstat, Kozlov,
Staré Oldiavky). U stfevnich hlistic a Ch. typographi se potvrdilo, Ze tyto patogeny nemély
vliv na populacni rist lykozrouta smrkového (Graf 5 a 6). Oproti tomu mezi koeficientem
populaéniho ristu a infekéni hladinou endoparazitoidii v populaci byla zjisténa pozitivni
korelace (Graf 7). Tedy s popula¢nim ristem IykoZrouta smrkového roste i pocet jedinct

napadenych endoparazitoidy.



Cesk4 zemé&d&lska univerzita, Fakulta lesnicka a dievaiska 118

. . . . . . . : 30
210
{ 20
180
- F 0 _
150} = = = E3 =3
~ = =
£ 0 s
8 120 >
= -10 o
< o
S 2
E 90 20 é
§ 9o
g 60 30 2
s
(o]
30 -40
-50
0
. . . . . . . -60
2008 jaro 2009 jaro 2010 jaro 2011 jaro
2008 Iéto 2009 léto 2010 léto 2011 léto
Generace

Graf 3 Infekéni hladiny Chytridiopsis typographi a popula¢ni hustoty Ips typographus v letech 2008-
2011 na lokalit¢ Kozlov. Krabice grafu tvori priumér (Cara) a 0,95 interval spolehlivosti, svorky

predstavuji smérodatné odchylky zakladniho souboru.
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Graf 4 Infekéni hladiny Chytridiopsis typographi a popula¢ni hustoty Ips typographus v letech 2008-
2011 na lokalit¢ Potstat. Krabice grafu tvoii pramér (cara) a 0,95 interval spolehlivosti, svorky

predstavuji smerodatné odchylky zakladniho souboru.



Cesk4 zemé&d&lska univerzita, Fakulta lesnicka a dievaiska 119

45

40

w
(&3]

)
w
o
7
o
o

N
)]
{
1
1
\
\

Infekéni hladina (%
N
o
o
(-]

=
al

=
o

L -~

(6]
o
!

{

-0,6 -0,4 -0,2 0,0 0,2 0,4 0,6 0,8

Koeficient populaéniho rastu

Graf 5 Zavislost primérnych infekénich hladin stfevnich hlistic na koeficientu popula¢niho rdstu Ips

typographus (pasy...0,95 interval spolehlivosti): y =15,46-6,09*x; r=-0,21; p>0,05; r2=0,05).
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Graf 6 Zavislost prumérnych infekénich hladin Chytridiopsis typographi na koeficientu populaé¢niho
rustu Ips typographus (pasy...0,95 interval spolehlivosti): y=8,69+2,78*x; 1=0,19; p>0,05; 12=0,04).
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Graf 7 Zavislost vyskytu larev endoparazitoidi na koeficientu populaéniho rastu Ips typographus
(pasy...0,95 interval spolehlivosti): y=4,72+10,38*x; r=0,68; p<0,01; r2=0,47).

Diskuse

Na lokalitach s omezenym lesnickym managementem s ohnisky pfemnoZeni ktirovct
dochazi k intenzivnimu kontaktu broukti béhem zralostniho ziru se sporami a cystami
patogenti (Holusa et al. 2009). Infek¢ni hladiny nemoci pak jesté vice nartstaji mezi brouky
ve snubnich komtirkdch a béhem tvorby pozerku (Lukasova & Holusa 2011). Pfi nizkych
populacnich denzitach jeSté¢ umocnénych v€asnymi obrannymi opatienimi proti klirovciim,
jako byly zjistény v nafem vyzkumu (poéet rodin jen ztidka piekro¢il 1 na dm?), se Iykozrouti
setkavaji s jedinci mimo svij pozZerek jen velmi ziidka a k pfedavani mimo piimy kontakt
s nakazenymi mateénymi brouky dochazi vétSinou zcela nahodné (Wegensteiner & Weiser
1996a). To vnasi studii vysvétluje absenci patogend napadajicich tukové téleso (napf.
mikrosporidie Nosema typographi nebo neogregariny Menzbiera chalcographi a Mattesia
schwenkei), jejichz spory se uvoliuji az po odumieni hostitele a k pfenosu dochazi v dobé,

kdy uz vétSina broukd rodinné pozerky opustila (Weiser 2002).

Protoze infekéni hladina eugregariny Gregarina typographi byla velmi nizka,
nemuzeme tak pfedpokladat Zadny vliv na populacni riist na studovanych lokalitach. Obecné
se také pfedpoklada, ze se nejednd o pfili§ virulentni patogen (Yaman 2007; Wegensteiner et

al. 2010). Na jednu stranu se povazuje za komenzala (Weiser & Briggs 1971), na druhou
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stranu vSak udajné ni¢i bunky stfevniho epitelu ovSem bez letdlnich u¢inkd (Zuk 1987;
Thomas et al. 1999). Na populace lykozrouta smrkového nebyl zatim touto gregarinou zjistén
zadny demograficky efekt (Wegensteiner et al. 2010).

Stejné tak vétSina hlistic asociovanych s lykozroutem smrkovym brouky negativné
neovliviluje, ackoli existuji nékteré parazitické druhy (Rithm 1956). Podle nékterych studii
zabiji parazitické hlistice své hostitele a redukuji jejich zivotnost a také plodnost (Fuchs 1915;
Lieutier 1980; Kaya 1984), napt. zmensenim oocytll napadenych samic lykozroutd (Thong &
Webster 1975). Primérna nakaza na studovanych lokalitach varirovala kolem 15 %, coZ je
niz$i hladina nez v dalsich vyzkumech, kde se pohybuje kolem 50% (Wegensteiner & Weiser
1996b; Burjanadze & Goginashvili 2009; Kereselidze et al. 2010). Ze ziskanych vysledkt a
neprikazné korelace mizeme usoudit, ze hlistice popula¢ni rist neovlivituji nebo maji jen

minimalni dopad.

Pramérné infekéni hladiny mikrosporidie Ch. typographi varirovaly od 0 do 20,4 %.
Toto chronické onemocnéni je lokalizované v epitelu stfedniho stfeva (Wegensteiner 2004).
Infekéni hladiny tohoto patogenu nekorelovaly s populaénim ristem, coz znamend, Ze
populace kurovce dlouhodobé neovliviuji. Ziejmé nezpusobuji vysokou mortalitu nebo
zapti¢inuji uhyn matecnych broukii az po uspésném rozmnozovani a vykladeni vajicek.
Miuzeme predpokladat, Ze pouze pii silné infekci mize dojit pouze k ucpani stieva, které
navic miize nastat az po obdobi rozmnozovani a nedochazi k snizené plodnosti. V jarnich
odbérech prezimujici generace byly infekéni hladiny tohoto patogenu vzdy niz$i nez v letni
(Wegensteiner et al. 1996) transovarialnim pfenosem z matky pies vajicka na potomstvo
(Weiser et al. 2000).

Tomicobia seitneri jako jeden z nejéastéjsich endoparazitoidi reaguje na agregaéni
feromon vyluovany |. typographus (Faccoli 2000). Vzhledem k obtizn¢ determinaci larev
byly druhové zatazeny pouze larvy 1. instaru. Nami zjiSténd parazitace pohybujici se kolem 5
% vsech endoparazitoidii pfitomnych v broucich (vSechna stadia, tzn. vajicka, larvy, kukly)
byla zcela v rozsahu jiz diive zjisténych dat (Faccoli 2000; 2001; Wermelinger 2002; Feicht
2004; Faccoli & Bernardinelli 2011). Umrtnost kiirovell zptisobend parazitoidy (zahrnujici
endoparazitoidy dospélct i ektoparazitoidy larev) se pohybuje nad 30% (Weslien 1992; Eck
1990). Parazitoidi se vyznacuji vysokou hostitelskou specifitou, jsou citlivi na zmény

v prostiedi a preferuji ten¢i kiiru na kmeni (Jonsell et al. 1999; Wermelinger 2002; Ulyshen &
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Pucci 2010). Své hostitele vyhledavaji pomoci semiochemikalii vypousténymi kiirovci a
volatilnich latek uvoliovanymi napadenym stromem (Pettersson 2001). Celkova mira
parazitace a tedy i mortalita se Casto pohybuje kolem 10 % (Feicht 2004), za urcitych
okolnosti ale dosahuje 20-50% a vice (Faccoli 2000).

Pozitivni korelace mezi popula¢ni hustotou klirovce a procentem napadeni
endoparazitoidy v na$i studii souvisi ziejmé se schopnosti parazitoidi rychle reagovat a
piizpisobit se zménam ve velikosti populace kirovca (Feicht 2004). Pii popula¢nim ristu

lykozroutt se tedy 1 zvysil vyskyt endoparazitickych blanoktidlych v mate¢nych broucich.
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5 Zavéry a doporuceni pro vyuziti poznatki v praxi

Reseni tématu piispélo k hlub$imu poznani u¢inkd patogenti na populace IykoZroutd
rodu Ips. Byl vytvoren piehled a reserse vSech poznatkii o nemocech kirovci rodu Ips. Byl
analyzovan vyskyt a abundance Ips amitinus v riznych nadmotiskych vyskach. Patogeny
lykozrouta mensiho - I. amitinus byly srovnany s lykozroutem smrkovym I. typograhus,
zaroven byla u . amitinus poprvé nalezena neogregarina Mattesia schwenkei z materialu

ziskaného v roce 2009 na Sumave.

U druhu 1. cembrae bylo poprvé definovano dosud nepopsané druhové slozeni
patogent a infekéni hladiny nakaz ve stfedni Evropé (Ceska republika, Polsko, Rakousko,
Chorvatsko). Celkem byl potvrzen vyskyt 4 béznych patogenti. Na vSech lokalitach byla
zjisténa bézna mikrosporidie Chytridiopsis typographi, dale pak na dvou lokalitach Gregarina
typographi a Nosema sp. Mattesia schwenkei byla nalezena pouze u I. cembrae v Chorvatsku.
Specificky patogen nebyl potvrzen (analyzovano vice nez 3 000 jedincd |. cembrae). Mimo
druhového slozeni patogent byla ucelena bionomie tohoto druhu formou odborného ¢lanku

(momentalné v recenznim tizeni v ¢asopise Sumarski list).

V ramci dizertaéni prace byl nepfimo prokazan horizontalni pienos patogent
(gregariny) ve snubnich komirkéch v ramci jedné generace broukt, kdy se infek¢ni hladina
nemoci zvedla vice nez 3x. Analyzou deseti generaci lykoZrouta smrkového a jeho patogenu
byl zjistovan vliv nakaz na popula¢ni hustotu a rist. Korelace nebyla prokazana u hlistic ani
mikrosporidie Chytridiopsis typographi, tyto patogeny nemaji dostate¢ny vliv na populace

ktrovce, aby mohly byt pouzitelné v biologickém boji s timto Sklidcem.

Vzhledem Kk pfedbéZnym vysledkim dizertaéni prace je patrné, Ze patogeny
lykozrouti nejsou schopny dostateCné¢ regulovat populace téchto druhti. S piihlédnutim
k velmi obtizné aplikaci v praxi (kultivace patogend, krypticky zpusob zivota kurovci,
Vv ptipadé nizkych populacnich hustot také témét nulovy pienos patogentll) lze povazovat
potencialni vyuZiti vySe zminénych patogend jako jednoho z obrannych opatfeni vedoucich

ke snizeni populaénich hustot, vitality a fertility kiiroveti za zna¢né€ nedostacujici.

Pivodni vysledky byly a budou publikovany ve védeckych casopisech (databaze
Scopus a Web of Science) a prezentovany na odbornych ceskych (Zoologické dny 2010-
2012) a zahrani¢nich konferencich (3. Meeting of Forest Protection Experts and Forest

Phytosanitary Experts, Videfi, Rakousko, 2009; IXth European Congress of Entomology,
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Budapest, Mad’arsko, 2010; IUFRO WP.7.03.05 - Ecology and Management of Bark and
Wood Boring Insects: Novel risks with bark and wood boring insects in broadleaved and
conifer forests, Sopron, Mad’arsko, 2011; Applied Forestry Research in the 21st Century.
International conference held on the occasion of the 90th anniversary of the Forestry and

Game Management Research Institute. Praha-Prihonice, 2011).
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