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Abstrakt

Entomofilni hlistice u kuarovca rodu Ips (Coleoptera: Curculionidae:

Scolytinae)

Entomophilic nematodes of bark beetles of the genusps (Coleoptera:

Curculionidae: Scolytinae)

Disert&ni prace se zabyva entomofilnimi hlisticemi u vymngch zastupt
lykoZrouti rodu Ips (Coleoptera: Scolytinae), fipemz vychazi z vlastniho
terénniho a laboratorniho vyzkumu a stefak z jiz publikovanych vysledk
védeckych praci. Prace uvadi stnou charakteristiku hostitelskych diyrkteré
byly vybrany pro tuto studii pro velmi nedost&teu ¢i dokonce nulovou znalost
jejich nematofauny, obsahuje zakladni informace iarelgula&nim komplexu
lykoZrouti, jehoZ sotasti hlistice jsou a shrnuje poznatky o hlisticidkeré byly
dosud popsany u zastupmdulps ve stedni Evrog.

Béhem let 2011 - 2013 byl ziskan studijni materigpokacenych
napadenych strom lapaki i lapau. Zpracovano bylo na 6000 lykozrdutodu
Ips a vySeteno vice nez 300 jejich pozérkVysledkem pak je prvni studie
nematofauny |. severskéhb duplicatus) ve stedni Evrog, doplréni informaci o
druhovém spektru hlistic I. méidového [. cembrae) a zjiS€ni miry napadeni |.
smrkového | typographus) endoparazitickymi hlisticemi jako mozZného
piirozeného regulatoru populaci tohoto udgke vjeho gradmi fazi.
Determinovany byly hlistice néleZejici do 7 #ipd toho 1 rod byl zaznamenén
now v asociaci s lykozrouty rodyps ve stedni Evrog a 1 druh rodu jiz znamého
pro lykoZrouty je novy pr&eskou republiku.

Prace také porovnava infestaci hlisticemi u lykokr stejného druhu,
raizného pohlavi, naienych lokalitach a z tznych generaci {pzimujici
a dceind) ¢i ziskanych @iznymi odchytovymi metodami a potvrzuje zasadni vliv

lokalniho mikroklima na rozvoj nematofauny.

Kli¢ova slova: Nematoddps, pohlavi, generace
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Abstract

Entomophilic nematodes of bark beetles of the genusps (Coleoptera:

Curculionidae: Scolytinae)

Entomofilni hlistice u kuarovca rodu Ips (Coleoptera: Curculionidae:

Scolytinae)

This PhD thesis deals with entomophilic nematodeso@ated withlps bark
beetles (Coleoptera: Scolytinae) on the basis @fi fand laboratory research
as well as previously published scientific workshisl work gives a brief
characterization of host species selected fordtudy by the reason of very few
or even no knowledge of their nematofauna, inclutlesasic informations about
natural enemies or bioregulation compleX s bark beetles including nematodes
and summarizes the current knowledge about theswatndes described
in representatives dps genus in Central Europe.

During the period 2011 - 2013 the study materias wbtained from felled
infected trees, tree traps and Theysohn pheronraps.tMore than 600ips bark
beetles were processed and more than 300 theargabntents were examined.
One of the results of this thesis is the very fattdy of the double spined bark
beetle (. duplicatus) nematofauna in Central Europe together with ttiditeon
of informations on the range of nematode speciseciated with the large larch
bark beetle I cembrae) and the determination of the level of endopai@sit
nematode infestation in the spruce bark bedtldypographus) as a potential
regulator of natural populations of this pest im gradation phase. Nematodes
of 7 genera were determined. One of these genesabban recorded newly
in association with bark beetles of the gelpssn Central Europe and one species
is new for the Czech Republic.

This work also compares the prevalence of nematadebark beetles
of the same species between overwintering and raftgpgenerations, beetle
sexes, localities or sampling methods and confithe major influence

of the local microclimate on the nematofauna dgwalent.

Keywords: Nematoddps, sex, genration
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1. Uvod

Vztahy mezi hlisticemi a vyznamnymi lesnimiidki, mezi které lykoZrouti rodu
Ips De Geer, 1775 bezesporu ifjaisou pro nasSe Uzemi dlouhodgliehlizenym
tématem. A to, i festoze je #Sina drulfs tohoto rodu povazovana za velmi vazné
Skiadce (Pschorn-Walcher, 1977), z nich lykoZrout smykdl. typographus
(Linné, 1758)) je dokonce dle nasi legislativy kaitai Skidce a lesnicky vyznam

|. severského I( duplicatus (Sahlberg, 1836)) neustéle roste (Holusa a kol.,
2010b). TFebaze jsou hlistice studovany z hlediska moznagtchj vyuziti

v biologickém boji, existuje pouzeskolik publikaci, které se zabyvaji hlisticemi
asociovanymi s &ovci na Uzemi sedni Evropy (nap Rihm, 1956; 1960;
Balazy, 1966; 1968; Takov a kol., 2006; Nedelchekoh, 2008; Tenk&véa

a Mituch, 1986; 1987; 1991).

Dle rekterych autoit jsou hlistice vyznamnym faktorem, kteryube
ovliviiovat populace Wovcia (Ruhm, 1956; Massey, 1974; Thong a Webster,
1975; Weiser a Mgk, 1988). A&koli vétSinou nejsou schopny svého hostitele
usmrtit, mohou ovlixiovat jeho chovani, ipZivani, letovou aktivitu, redukovat
plodnost¢i posunovat termin jejich rojeni (napMassey, 1956; 1960; Hoffard
a Coster, 1976; Kaya, 1984). V této souvislostiujddavre endoparazitické
hlistice povazovany zainitele, ktgi oslabuji svého hostitele, mohou sniZovat
pocet nakladenych vajék az o 40 % a mohou redukovatebgeneraci krovce
vyprodukovanych za rok (Massey, 1974; Lieutier, 498 Znamé endoparazitické
druhy hlistic rod Parasitylechus a Contortylenchus, které parazituji lykozZrouty
rodulpsi ve stedni Evrog, byly popsany jakoijina tvorby mensiho tukového
telesa, ovarii a horSiho vyvijeni terminélnich odcytparazitovanych lykoZzZrodut
(Lieutier, 1982). Stupenapadeni populaceitovci a mnoZstvi hlistic nalézanych
na jednom jedinci seifpom velmi liSi lokalitu od lokality a pravgbodobr zavisi
na mikroklimatickych podminkéach, spiSe nez na nadkevySce nebo na tom,
jestli jsou vzorky odebrany ze stojiciho nebo pladlétromu (naib RUhm, 1956;
Choo a kol., 1987; Meirmans a kol., 2006).

Uctelem prace je shrnout dosavadni dostupné infornmchlisticich
asociovanych s lykozZrouty rodilps jako sowéasti bioregulaniho komplexu
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a vytvdit seznam druin téchto hlistic, které byly v této souvislosti zaznawduey
na uzemi $edni Evropy. Row¥ stanovit hladinu infestace endoparazitickymi
hlisticemi s bioregukmnim potencidlem u nasSeho nejvyzna&siho kalamitniho
Skiadce I. smrkového I( typographus) v jeho gradéni fazi. Poskytnout
celoevropsky chydjici informace o spektru hlistic vazanych na |. essi«ého
(I. duplicatus), jehoz hospodéky a ekonomicky vyznam stale roste. Doplnit
chykgjici informace o nematofagn. modinového (. cembrae (Heer, 1836)).
A dale se zagfiit na rekteré aspekty, které oviiwji nebo by mohly ovlixiovat
vyskyt €chto hlistic, jako je vliv existence bivoltinniclogulaci lykoZroui, vliv
pohlavi lykoZrouta, vliv vyvojového stadia (Htapozerku), vliv lokality
(nadmdské vysky) na stupeinfestace lykoZzrodit hlisticemi nebo vliv odchytové

metody.
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. Cile

— Shrnout dosavadni dostupné informace o nematéfigiinZzrouti rodulps
a vytvdit seznam druln téchto hlistic, které byly zaznamenany
na uzemi sedni Evropy

— Stanovit miru infestace endoparazitickymi hlisticejako sowdasti
bioregul&niho komplexu u naseho nejvyznatjgiho kalamitniho Skdce
I. smrkového I typographus) v jeho gradéni fazi

— Popsat nematofaunu I. severskéhalplicatus)

— Doplnit informace a seznam hlistic vazanych na lodiimového
(I. cembrae)

— Zhodnotit infestaci hlisticemi se zarenim na aspekty, které owutivji
nebo by mohly ovlisiovat jejich vyskyt u  lykozZrouit
(nap. bivoltinnismus, pohlavi a vyvojové stadium lykouta,
lokalita/nadmaska vyskai odchytova metoda)
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3. Literarni reSerse

3.1. Charakteristika lykozrout a rodu I ps

LykoZrouti rodu Ips jsou tazeni vramciceledi nosatcoviti Curculionidae
do podeledi Scolytinae. Zastupci tohoto rodu dosahujikesti od 2,2 do 8 mm.
Jejich €lo je valcovité hadé az hadocerné, lesklé a kratce ochlupené. Tykadla
maji pt ¢lanka a plochou ovalnou paku s zné tvarovanymi Svy, krovky jsou
v fadcich tékované, u dkterych druli je tetkované i meziryzi. Krovky jsou
vzadu vyhloubené a ozubenieri az Sesti pary pohla¥ndimorfnich zuld.
LykoZrouti rodulps se Zivi lykem jehtinatych strom, prevazi smrki, modina

a borovic. U nas se vyskytuje 7 dtuhohoto rodu: lykoZrout vrcholkovy
Ips acuminatus (Gyllenhal, 1827), I. menSi. amitinus (Eichhoff, 1871),

| modtinovy |. cembrae (Heer, 1836), |. seversKky duplicatus (Sahlberg, 1836),
I. mannsfeldi (Wachtl, 1879), |. borovy. sexdentatus (Bérner, 1776) a |. smrkovy
I. typographus (Linné, 1758). Determirimi klic k urcovani jednotlivych druin
lykoZrouti poskytuje publikace Pfeffer (1989).

Bionomie lykoZroui tohoto rodu je v mnoha smech obdobné. V naSich
podminkach se zpravidla lihnou&generace za rok, ve vysSich polohach jedna,
piicemz (i celkow teplém pébéhu paasi mize byt o jednu generaci vice.
Jarni rojeni z&na wtSinou na pelomu dubna a kna, zavisi na teplét
a nadmeské vySce. Letni rojeni se odehrava obvykle od &gao/na do pdatku
srpna. Za vyhodnych klimatickych podminek neho \yysokych populénich
hustotach mize u obou generaci dojit k sesterskémergyeni (Martinek, 1961;
Anderbrant, 1990). i velmi vyhodnych klimatickych podminkach dochazi
k rojeni tetiho pokoleni. Broucitéti generace sy vyvoj vétSinou nestihnou
dokortit a zimuji ve stadiu larev nebo kukel podréu napadenych strain
Za normalnich podminek lykoZrouti aléegimuji hlavi jako dospli jedinci pod

silngjSi  kirou stronii, pod kmenem lezicich strdm ¢i v lesni hrabance
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do vzdalenosti 3 m od stromu (Postner, 1974; Zurf82; Wermelinger, 2004;
HoluSa a kol., 2014).

Po gezimovani se brouci rozlétaji do okoli, kdy s#hdm jednoho dne
mohou rozptylit az do vzdalenosti 750 m (Matous@R12). Za podminek
epidemie bylo zjigno, Zze se 90 % novych zareai objevilo ve vzdalenosti
do 100 m od mista starého utoku (Wichmann a Raw(lR A bylo
zaznamenano, ze velké&irkvcem napadené plochy ohroZuji okolni porosty
do vzdalenosti az 500 m (Schréter, 1999; WichmannRavn, 2001).
U bivoltinnich populaci sefffom druha generace roxdje dale nez prvni (Furuta
a kol., 1996). Letové schopnosti lykoZzrdujim dovoluji urazit vzdalenost
az 8 km od mista rojeni (Botterweg, 1983). Lyko#rdayli ale zaznamenani
i ve vzdalenosti 35 - 40 km od mista rojeni (Pikbh, 2005; MatouSek, 2012).

Pokud jsou poputmi hustoty nizké, jsou lykoZrouti povazovani
za sekundarni skice, ktéi vyhledavaji a ufednosiiuji polomoveé ¢i jinak
poSkozené stromy nebo porosty oslabené suctiepolutanty (Zumr, 1995;
Skuhravy, 2002). Obeé&nje @ijiman nazor, Ze wovci vyhledavaji hostitelsky
strom na zaklatd emitovanych hostitelskych atraktantétSinou terpenoidni
povahy a dale zrakovychichovych a hmatovych podti (Kausrud a kol., 2011;
MatouSek, 2012). #@mnoZeni jsou Zpobena neépstji extrémnimi podminkami
pocasi. Nap. pii vzniku rozsahlych polof témei vzdy dochazi ke zvysSeni
pocetnosti a rychlému nastupu gradace. V takovychasith, kdy se razantn
zwtSi populéni hustota, lykoZrouti nenalézaji dostatek vhodnéhaterialu
pro zalozeni potomstva, napadaji i zdravé stromgh(@dnik a Knizek, 2000)
a stavaji se tak skici primarnimi (Kistek, 1994).

Jako prvni nalétavaji na stromy samcifkb&hem rekolika dni vyhlodaji
snubni konirku a produkuji agregai feromon (jehoZ hlavnimi slozkami jsou
ipsdienol, ipsenol, verbenol) lakajicicopohlavi ke kolonizaci a samice kipai.
Pritom Usgch kolonizace je zavisly na poptitd hustot lykozrouti a odolnosti
stromu, ktera je korelovana s obsahem priiskyuvoliované khem zavrtavani
lykozZrouti. Paine a kol. (1997) zjistil, Ze IykoZrouti prodyik agregani
feromony pouze do chvile, kdy je dosazeno limitolodsti hostitele (vyjaino

Vv pcoctu atoki na jednotku plochy), tj. do té doby, dokud prységvy systém
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hostitele astava aktivni. Vyldovani pryskyice je ozndovano jako tzv. primarni
(konstitutivni) rezistence (obrana) a krdmmi byla u smrik popsana jest
sekundarni schopnost obrany, kter4 je vyvolana gestem nebo hmyzem
Vv pripact, Ze primarni obranny systém selZze nebo neni @ostaefektivni.
Tato sekundéarni (indukovana) obrana, ktera je Hmokovana fisobenim
endogennich fytohormdn vede k tvorb dalSich pryskii¢cnych kanélk
a nasledné dalSi produkci tergernndukovana obrana e byt specificka pro
konkrétni patogenni organismus a indukovana piyskymize mit rozdilné
chemické sloZeni od konstitutivni (Rani a kol., 2008).

Kazda samice lykozrouta po $pai, které probihd ve snubnich
komarkach, hloubi svou mateou chodbu, kde klade vélia do zéezi po jejich
stranach (v prmeru 60 - 100 kus (Pfeffer, 1955; Martinek, 196 Zumr, 1995)).
Samice lykoZrouta smrkovéhouie @i premnoZeniteSit vziastajici kompetici
o lyko ¢asrgjSim opu&nim maté&éné chodby a zaloZenim sesterského pokoleni,
kdy klade vajka ve stejnénti now obsazeném straimbez nebo i s novou
kopulaci (Martinek, 1961 im kratsi je doba pobytu samice v poZerku, tim3trat
mate&nou chodbou vyhloubi a tim nizSiget vajiek do ni naklade (Thalenhorst,
1958; Mills, 1986; Anderbrant, 1990; Weslien, 19%kuhravy, 2002). Kladeni
obvykle trva zhruba tyden a poté se po jednom ai dydnech lihnou larvy,
které hloubi larvalni chodby a tim vyiadruhow specifické tvary pozetk
Pfi velkych hustotach osidleni stromu byl zaznamekanibalismus u larev,
jejichz chodby seifzily (Dolezal a Sehnal, 2007). Délka vyvoje lajewovrez
velmi zavisla na gibéhu paasi a obvykle trva dva adtyii tydny. Kukleni
probihd vzdy az po fpeti minimalniho mnozstvi potravy a tim dosazeni
minimalni hmotnosti larvy. Probiha v kukelnych kimkéch, které larvy vyhloubi
na koncich svych chodeb. Obdobi kukly trva obvyldée nez tyden. Neéwylihli
brouci jsou zpdatku bili, postup& Zloutnou a dale tmavnou a poté pfadaji
piiblizné dvoutydenni zralostni Zir, ¢bem kterého pohla¥n dospivaji.
Za normalnich podminek je celkova doba vyvoje oldzami pozerku iiblizné
6 - 10 tydri.
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3.2. RozS8ieni a vyznam zkoumanych drufé

3.2.1. Lykozrout smrkovy - |pstypographus (Linn€, 1758)

L. smrkovy je nejznad#Sim a nejproblemati¢jSim zastupcem svého rodu.
Vyskytuje se v celé Eurasii.¢éBem pravidelnych igmnoZeni v poslednich dvou
stoletich zjsobil katastrofalni Skody veistini a severni EvrépAnnila, 1969).
Historicky jsou jeho kalamity dokumentované znhecka, Rakouska eska,
Svédska a Norska, ziveé roz&feni je znamo z Francie, Svycarska, severni Itélie,
Srbska, Bosny a Hercegoviny, Rumunska, Ukrajinybgitskych zemi,
z rozsahlych las Ruska, pourali i Sibe (Skuhravy, 2002). Za nejvagsi
je povazovana situace, ktera nastala v prvni poto20. stoleti (1942 - 1953),
kdy bylo napadeno &kolik miliond m® jehlicnatého @vi, piicinou vzniku
kalamity tehdy byly dsledky valénych Skod a velka sucha (Skuhravy, 2002).

L. smrkovy pati v celé Evrop k nejvyznamgjSim Skidcam smrka.
V Ceské republice je ze zakona povaZovan za kalaroitBkdce, vyskytuje
se prakticky vSude, kde jsou smrkové porosty (Zdthita a Knizek, 2007).
Nejcastji pak v porostech starSich 60-ti let, zejména wefichh okrajich.
Jeho hostitelskou fdvinou je téms vyhradré smrk ztepily Picea abies (L.)
Karts.), vyjime&né napada maidn opadavy l(arix decidua Mill.) a velmi vzacre
borovici lesni Pinus sylvestris Linné, 1758)¢i jedli bélokorou (Abies alba Mill.,
1768). Ricemz napadaipvazre spodni a $edni partie kmene stram

P¥i nizSich populanich hustotach je povazovan za sekundarnitiol Gk
ktery osidluje polomové stromy nebo oslabené pgrostF. suchenti polutanty
(Zumr, 1995; Skuhravy, 2002). Za takovych podmite&to dochazi ke zvySeni
pocetnosti a rychlému nastupu gradacé. fgFemnozeni pak mnohdy nenaléza
dostatek vhodného materidlu pro rozmnozovani, r@apadzdravé stromy
(Zahradnik a Knizek, 2000) a stava se primarnid&m (Kistek, 1994).
Celkovy objem evidovaného smrkovéhdardgvcového divi v roce 2012 byl
0,63 mil. n?, jehoz pevaznousast tvdilo difvi napadené pré. smrkovym, dale
pak I. severskymI( duplicatus). Mezi dlouhodob nejproblematitéjSi oblasti
v tomto ohledu pét jizni a jihozapadn{echy, severni Morava a Slezsko (KniZek
a Modlinger, 2013).
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3.2.2. LykozZrout seversky -Ips duplicatus (Sahlberg, 1836)

L. seversky je Evropskou a i8tlozemni organizaci ochrany rostlin (EPPO)
uvadn jako karanténni $kice (Smith a kol., 1996). Jeho hostitelskdavihou

je stejré jako u I. smrkového hlaensmrk ztepily P. abies) ve wku 40 - 70 let
(Pfeffer, 1955), narozdil odho ale napadéarpvazr stedni a vysSi partie stram
(Pfeffer a Knizek, 1995) a sij$i wtve (Holusa a kol., 2003)Casto napada
pouze jednotlivé stojici stromy v porostu (Mrkv&@9%; Grodzki, 1999), leZici
stromy napadaiika (Pfeffer a Knizek, 1995; Mrkva, 1995; GrodzkB97).
Dokumentovano je také napadeni boron(s sp.) modina (Larix sp.), jedli
(Abies sp.) a jalové (Juniperus sp.) (Pfeffer, 1989; Mrkva, 1994; 1995; Michalski
a Mazur, 1999; HoluSa a Grodzki, 2008).

Jednd se o palearkticky druhiviedne se vyskytoval v tajgach a jeho areal
roz8feni do poatku 20. stoleti sahal od Svédska po severovychaddiii
(Sachalin), byl znam i z oblasti Alp (Pfeffer, 195%niZzek a HoluSa, 2007;
HoluSa a Grodzki, 2008). V MongolskuCdng, kde se od 50. let 20. stoleti jeho
piemnoZeni dosticasto opakuji, je povazovan za hlavnii¢mu poSkozeni
v piirozenych smrkovych porostech (Zhang a Schlyte§51%chlyter a kol.,
2001; Zhang a kol., 2001). V §&hu 20. stoleti se Zal Skit na jih a osidlovat
umelé smrkové porosty na horach i v nizinach (Pfeffé¢nizek, 1995). \Ceské
republice byl poprvé dokumentovan v roce 1927 vygchodnicasti (Wanka,
1927). A v 90. letech 20. stoleti byl u nas a tal¥olsku zaznamenan vyskyt jeho
lokalnich gemnozeni (Knizek a Zahradnik, 1996; Grodzki, 12®903). V tomto
obdobi bylo v dsledku jeho psobeni vytZeno rkolik set tisic mi difvi (Holusa
a kol., 2013a). Dnes je ro¥@h prakticky na celém Uzentieské republiky
do nadmeské vysky asi 600 m n. m. (Témi, 2000; HoluSa a kol., 2010),
vzacrgji i ve vysSich nadmskych vyskach (Grodzki, 2003; HoluSa a Grodzki,
2008; Holusa a kol., 2013a).¢¥ina jeho gradaci je lokalizovanad na severni
Moraw a ve Slezsku (HoluSa a Knizek, 2007). PosletgrihpoZeni |. severského
v Ceské republice zalo v roce 2003 a jeho poptifd hustoty Astavaji vysoké
od roku 2005 (Holusa a kol., 2010a). V &auoé dob je u nas povazovan

za ekonomicky vyznamnéhotice (HoluSa a kol., 2010b) a jehoesii v Evrog
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pokraiuje dale na zépad, vychod a na jih (Vakula a K00Q9; HoluSa a kol.,
2010b).

3.2.3. LykozZrout mod¥inovy - | ps cembrae (Heer, 1836)

L. modiinovy je eurositiskym druhem, ktery se vyskytuje prakticky v celé
Chorvatsko, Ceska republika, Dansko, Finsko, Svédsko, Francigmedko,
Mad’arsko, Velka Britanie, Italie, Anglie, Wales, SKais Nizozemi, Polsko,
Rumunsko, Srbsko @ernd Hora, Slovinsko, Slovensko, Svycarsko a Ukadji
a také v centralnim Rusku (Postner, 1974; OEPP/ERB@S; Grodzki, 2008).

V celém aredlu roz&ni je jeho hlavni hostitelskou rostlinou niiod
opadavy K. decidua) (Postner, 1974). V minulosti byl ro¥h jeho vyskyt
zaznamenan na borovicPifus cembra Linné, 1758.), tento zaznam byl ale
revidovan a nebyla potvrzena jeho spravnost. Jedsal o zarnu s jinym
piibuznym IykozZroutem I. mensinh @mitinus) (Pfeffer, 1995).

L. modinovy je povaZzovan za sekundarnihadte modinovych porost
nizSich a gednich poloh (Grégoire a Evans, 2004), ale je sahmop
ve vyjimeinych gipadech, zejména v obdobi sucha, osidlovat takéysmr
(P. abies) (Pfeffer, 1989). RozmnoZuje se ve &&gném divi (Elsner, 1997),
ve vyvratech (Krehan a Steyer, 2005), polomechtjgsii 1974)i v hynoucich
stromech (Grodzki, 2008). Natipzert suSSich lokalitach tZe obdobi
s podptimérnym srazkovym uhrnem podfib napadani i zelenych vitalnich
stromi (Bevan, 1987). V takovychifjpadech se I. md@thovy namnozi a nasle&n
pusobi jako primarni Sidce zdravych stroth Ohrozené jsoutpdevsim mladé,
ale i starSi porosty nizSich arednich poloh (Grodzki a Kosibowicz, 2009).
S rostouci populaci fp premnozeni mze tento druh lykoZrouta Skodit
v modinovych porostech také jako fyziologicky tlce vizualg zdravych
stojicich strom, které podlehly jeho masivnimu néaletu. R&¥rpisobi Skody
jako defoliator v dsledku zralostniho Ziru mladych brauk tenkych tvich ¢i
v korunach zdravych straimebo v dsledku regenetaiho Ziru starSich brouk
na tenkych kmenech a sijgich wtvich (Postner, 1974; Krehan a Cech, 2004).

Historicky jsou znamé gradace |. niotbvého ve sedni Evrog v souvislosti
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s premnozenim bekynmniSky (ymantria monacha (Linné, 1758) ve 20. letech
20. stoleti (Pfeffer, 1955). Nasladiokalnt gradoval na mnoha miste¢teské
republiky (Knizek, 2008). V poslednich dvaceti tdtenastalo &kolik obdobi
lokalnich gradaci, trvajici nejdél& toky 2003 - 2005 a 2006 - 2008, které jsou
davany do souvislosti zejména s extrémnim sucheneh@h a Cech, 2004;
Knizek a Zahradnik, 2004; Stratmann, 2004).

3.3. Bioregulaéni komplex

Hlistice pati do tzv. bioreguleniho komplexu s potencialem regulovat
(predevsim sniZovat) populace lykoZrdubDo této skupiny organisirjsoufazeny
hlavre patogeny (nemoci) lykozrowt kterym se podrokin vénuji ve svych
pracich nap HoluSa a kol. (2013b); LukadSova a Holusa (2010122 2013),
LukaSova a kol. (2013). Tyto nemoci jsou virovépmtozoarnihai houbového
puvodu, ale uplatuji se zde také parazitické hlistice. Do tohoto glamu déale
spadaiji i parazitoidi a preddito

V souwasné dob je znamo #kolik desitek drufh patogennich
mikroorganisni u podieledi Scolytinae, z nichz je deset popsano u |y
smrkovéhol. typographus (Wegensteiner, 2004; Takov a kol., 2010). Zajem
0 jejich studovani zal ve 20. letech, intenzi¢ji jsou ale studovany az od 90. let
minulého stoleti (Fuchs, 1915; Wegensteiner, 2004).

Z virt byl u lykoZrouti rodu Ips popsan EntomopoxvirustEPV), ktery
napada seva pouze dospych jedinai, vyplhiuje stevni epitel, v dsledkucehoz
muze dojit az k perforaciigyv. Z €la odchazi s vykaly, kterymi se rasihprenasi
na dalSi lykoZrouty (Weiser a Wegensteiner, 1994p®steiner a Weiser, 1995;
Weiser a kol., 2000; Wegensteiner, 2004; Burjanadz&oginashvili, 2009;
Yaman a Baki, 2011).BstoZe viry teoreticky pétmezi nejvhodgsi organismy
vyuZivané coby prostdky biologického boje, dosavadni studie ukaz@iy boji
proti lykoZzroutim pravapodobr nebudou efektivni (HoluSa a kol., 2004).
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Z prvoki (Protozoa) se u lykoZrauwt vyskytuji hlavie menavky
(Rhizopoda) a hromadinky (Apicomplexa). Z¢mavek se jednd o druh
Malamoeba scolyti (Purrini, 1980) (Wegensteiner, 1994; Wegensteinwok,
1996; Handel a kol., 2001; Zitterer, 2002), ktegy\s/skytuje v Malpigickych
trubicich a devech. Do progedi je uvohovan spoléené s trusem.
Pri experimentalnim zavedeni infekce timto druhegnianky doslo ke zkraceni
Zivota lykoZrout asi o polovinu (Kirchhoff a Fihrer, 1990). DalSprvokem
je Gregarina typographi (Fuchs, 1915). Jedna se o druh hromadinky setghoZi
vyvojovym cyklem, kterd je lokalizovana veresini¢asti steva a byla nalezena
u celéifady zastupt podteledi Scolytinae (ndp Takov a kol., 2007; 2010;
Yaman, 2007; HoluSa a kol., 2009; Kereselidze a, 28110). Infeknim stadiem
je oocysta v trusuci téle uhynulého #&rovce. Tento druh prvoka
ale pravdpodobr neni @ili§ virulentni a zfsobuje spiSe mechanicka
a fyziologickd poskozeni epitelu feva, ¢i ucpéani stva (Yaman, 2007,
Wegensteiner a kol., 2010). Peme vzacnym druhem protozoarniho patogenu,
ktery se vyskytuje u lykoZrotit rodu Ips je schizogregarinaMenzbieria
chalcographi (Weiser, 1955)ktera napada tukovéléso brouk (Wegensteiner
a Weiser, 2004; Holusa a kol., 2009). Infek spéry jsou z &a lykoZrouta
uvoliovany az po jeho uhynu a rozkladu, ktery probih@restedi poZerku,
nakazeni jedinci totiz istavaji v pozerku a nevylétaji (Weiser a kol., 2000
Nakazu je mozné udte rozstit postikem suspenze nakaZzenych jedinc
na povrch lapaku (HoluSa a Weiser, 2005).

Hlavnim houbovym patogenem lykozréye Beauveria bassiana (Bals.),
ktera po infikaci pokryvaéto brouki hustym bilym poviakem mycelii a konidii.
PraSek obsahujici konidie bylGeské republice registrovan pod nazvem Boverol.
Postik vodni suspenzi spér na povrch napadenych strosbo lapak jako
zpisob biologického boje proti lykozroutu smrkovému fezsten hlavig
v Némecku, Svycarsku a Rakousku. Tento druh houby bpsgn u vice nez
stovky druli hmyzu a je hodnocen jako vhodna nahrada &axbuzivané
chemické pesticidy (Roberts a Hajek, 1992; HajeRtaleger, 1994). DalSim
béZnym druhem entomopatogenni houby u lykozroradu Ips je Verticillium

lecanii (Zimm.) Viegas. Mezi houbové patogeny ipatkvasinkaMetschnikowia
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typographi (Weiser a kol., 2003; Unal a kol., 200Rtera je prilezitostnym
patogenem v hemolyréaf a stevnim epitelu krovci. Z primitivnich hub
se u lykozZrout coby patogeny uplatlji zastupci velké skupiny Mikrosporidii
(Zygomycetes: Microsporidia). Tito intracelularrarpzité napadaji igvni epitel
stredniho steva, dostavaji se do vajeka a jsou penadseny i na larvy, u kterych
ale nezfisobuji mortalitu¢i onemocgni (Weiser a kol., 1998; Weiser, 2002;
Wegensteiner, 2004). V tukoveé tkani, Malpigickyctubicich a vajenicich
l. smrkového je nalézan drimikaryon montanum (Weiser, Wegensteiner, Zizka,
1998) ¢i Nosema typographi (Weiser, 1955). Nepzregji se ale vyskytuje
Chytridiopsis typographi (Weiser, 1954) Weiser, 1970 lokalizovana viewatim
epitelu, jeji cysty jsou vykovany s trusem a ve $8im prostedi jsou infekni
I nékolik meésiai (Wegenesteiner a Weiser, 1996; LukasSova a HolR6ap).
Tento druh mikrosporidie se vyskytuje tady dalSich zastupc podteledi
Scolytinae (Wegensteiner, 2004). Naopak dréhepecifickou a teprve v nedavné
doke popsanou mikrosporidii jearssoniella duplicati (Weiser, Holusa a Zizka,
2006) vazana na lykoZrouta severského duplicatus), kterd napada svaly
sttedniho steva (HoluSa a kol., 2007).fiBravek na bazi mikrosporidii proti
karovcim v sowkasné dob bohuZel neni na trhu insektiéidk dispozici
(Wegensteiner, 2004).

Prestoze entomopatogenni hlistice celedi Steinernematidae
a Heterorhabditidae jsouwyuzivanyjako prostedek biologické kontroly Sidci,
ktefi procklavaji cast svého vyvojového cyklu vige (ploskotbetky, muchnice,
klikorohové, ponravy chroust - zejména pro svou schopnost napadabee
vétSinou 3. instaru) ¢kterych druli téchto hlistic jsou jiz dokonce konigg
dostupné (nap Seinernema carpocapsae (Weiser, 1955)S. feltiae Filipjev, 1934
Heterorhabditis bacteriophora Poinar, 1976,Phasmarhabditis hermaphrodita
(A. Schneider, 1859)) a prestozetast populaci lykozroudtprezimuje v hrabance
(Postner, 1974; Zumr, 1982; Wermelinger, 2004; Hala kol.; 2014), nepat
tyto hlistice k BZnym paraziim karovci (Weiser a Mréek, 1988). Tebaze
v laboratornich podminkéach prdtly asgdné pokusy o infikacidcovci temito
hlisticemi (Finney a Mordue, 1976; Poinar a Desgh&m 981), v firock nebyla
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jejich vazba na lykozrouty zaznamenana. Hlisticimasbou na lykoZrouty rodu
Ips je v nasledujicim textuémovana samostatna kapitola (3.7.).

Do bioreguléniho komplexu lykoZrotit je nutné zahrnout také skupinu
parazitoidh z fadu blanokidlych (Hymenoptera). Parazitoid je organismus,
ktery Zije natle nebo v &le jiného organismu a ktery vZdy (narozdil od pagz
na konci svého vyvojoveho cyklu svého hostitele nesje. Do této skupiny
nalezi zejména zastupeeledi Braconidae a Pteromalidae,rkijsou vajénymi
parazitoidy, ektoparazitoidy larewi endoparazitoidy dospych brouki.

Z vajeenych parazitoid je to nap. Heydenia pretiosa Foerster, 1856 zeledi
Pteromalidae. Dosf¢ samice larvalnich ektoparazitdide pohybuji po povrchu
kary, skrze Kiru paralyzuji larvy Iykozrouta visknutim jedu a umisji jedno
vajicko na jejich &lo. Ektoparazitoidi z¢eledi Braconidae vyt¥a v pozZercich
kokony, nejznamgjSi z nich jsou nap lum¢ik dutohlav Coeloides bostrichorum
Giraud, 1872) a |. stromolibDendrosoter middendorffii (Ratzeburg, 1848).
Zatimco larvy zastugcceledi Pteromalidae se kukliipmo v pozercich (Kenis
a kol., 2004), nap kovownka kirovcova (Rhopalicus tutela (Walker, 1836))
a k. kladélkataRoptrocerus xylophagorum (Ratzeburg, 1844)). Endoparazitoidem
dosglych lykoZrouti je nag. lumcik kyjorohy (Ropalophorus clavicornis
(Wesmael 1835)) zeledi Braconidaec¢i kovowenka Seitnerova(Tomicobia
seitneri (Ruschka 1924)) zeledi Pteromalidae. Samice obou druhapadaji
lykoZrouta jest pred zavrtanim do iy, vrazi kladélko do zadnickilanka
zadeku pod krovky a pak dogho kladou vajko.

Za souwast bioreguleniho komplexu lykoZrodit mohou byt povazovani
také roztei (Acari). Nekteré druhy roztdi nag. fddu Mesostigmata byly
pozorovany, jak se v pozercich Zivi jejich vhjyi ¢i larvami (Hofstetter a kol.,
2009). Jednalo se zejména o dMkbndrolaelaps quadrisetus (Berlese, 1920)
¢i D. cornutus (Kramer, 1886), ficemZz mortalita vafiek zpisobena dmito
roztati dosahovala 7 % (Kielczewski a Balazy, 1966). Bytwnez zjiS€no,
Ze rekteri foreticti roztati, nejen zfadu Mesostigmata, mohou mit také vliv na
reprodukci a kvalitu potomstva svych hosfite(Cejka a Holu3a, 2013).
Laboratorg bylo zjiS€no, Ze pitomnost foretickych roztdi na samicich

lykoZrouta ovliviuje kvalitu a také kvantitu produkovaného potomsavayl
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zjisten silny negativni efekt na jeho reproduok usgch (Hodgkin a kol., 2010).
Zarovei je ale ¢tmto rozt@um pfisuzovana i jista uzitemost pro lykoZrouty.
Bylo totiz popsano, Ze seckteri zastupci rod Dendrolaelaps ¢i Cercoleipus

piednosts Zivi hlisticemi (Hunter a Rosario, 1988).

Nelze opomenout ani predatory. NejvyznamRimi z nich jsou brouci
Celedi pestrokrownikoviti (Cleridae), zejména pestrokrémék mravegi
(Thanasimus formicarius (Linné, 1758)) aT. femoralis (Zett.) (= T. rufipes
(Brahm)), dale také zastupceledi dralikoviti (Staphylinidae), nap druh
Nudobius lentus (Gravenhorst, 1806) nebo rdehloeopora. Swij vyznam maji
rovnéz zastupciradu dvoukidli (Diptera), zejméndarvy lupicovitych much
(¢eled’ Dolichopodidae) rodiMedetera a Lonchaea (¢eled” Lonchaeidaegi larvy
dlouhosijek (Raphidioptera). Mezififezitostné predatory pat stevlikoviti
brouci, vosy, mravenci, aktefi ptaci (zejména Splhavci). Studii bioreguléo
komplexu etre miry napadeni endoparazitickymi hlisticemi a stgepulace

l. smrkového v gradai fazi v NP Sumava poskytuje kapitola 5.2.

3.4. Entomofilni hlistice karovcua

Patatky zajmu o studium entomofilnich hlistiérievcovitych sahaji do 19. stoleti.
Jednou z prvnich praci zabyvajicich se vztahyiblstkirovci byla publikace
von Linstow vydana v roce 1890, ve které popsaitiaiiAllantonema diplogaster
(pozdji piejmenoval Ruhm (1956) n@ontortylenchus diplogaster) u lykozZrouta
smrkoveého I typographus) (Massey, 1974). Od této doby vznikaly publikace
popisujici nematody nalézanétzmnych druli karovci (nag. Fuchs, 1914; 1915;
1929; 1930; Oldham, 1930; Steiner, 1932; Thorne3519949). Vyznamnou
publikaci v tomto obdobi je prace Fuchs, 1915, ter&k se zabyva hlisticemi
s vazbou na |. smrkového a navazuje na ni i sveantanickou studii hlistic
nalezejicich do pagledi Aphelenchoidea a Tylenchoidea (Fuchs, 1938).
Od 50. let se zajem o hlisticeirkvci zvySuje. Vydano bylo mnoho
taxonomickych studii a nasletimevizi nap. Andrassy, 1954; Wachek, 1955;
Massey, 1957; 1960; 1964ab; 1969; Nickle, 1967019hong a Webster, 1973;
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Hunt a Hague, 1974; Geraert a De Grise, 1981; Taknal kol., 1989; Kaya
a Stock, 1997; Braasch, 2001; Ryss a kol., 2005nahm dalSich. Existuje
tak mnoZzstvi determigaich klica zantienych na jednotlivéeledici rody hlistic.
Vznikaji rovrez publikace zabyvajici se nematofaunou jednotlivgiahhi nebo
roda karovci nag. publikace tykajici se nematofaunyir@vci rodu Scolytus
poskytl Massey (1964a); Ashraf (1968); Ashraf arman (1970); Hunt a Hague
(1974); Moser a kol. (2005), rodDendroctonus Massey (1956; 1966); Furniss
(1967); Thong a Webster (1983), roéityogenes Reid (1958); Nickle (1963);
a koneéné rodulps Ruhm (1954; 1955; 1956); Massey (1960); Hoffar@aster
(1976). S¥Zejni studie RUhm(1956) podava iehled entomofilnich hlistic
nalézanych u zastupc podteledi Scolytinae z Uzemi d&whecka, vetns
vyvojovych cykli, tato prace je i dnes hg@jrvyuzivana a citovana. V praci jsou
podrobr uvedeny charakteristiky zastupdNematoda nalézanych uadovch
13 rodi (Cryphalus, Crypturgus, Dendroctonus, Dryocetes, Hylastes, Hylesinus,
Hylurgus, Myelophilus, Orthotomicus, Pityogenes, Pityophthorus, Polygraphus,
Scolytus). Z rodu Ips jsou zpracovani. acuminatus, |. amitinus, |. cembrae,

I. typographus. Obdobnou publikaci shrnujici druhy entomofilniishit
nalézanych u zastupgodieledi Scolytinae fedstavuje Massefd974) a Choo
a kol. (1987), ve kterych roen uvadi v¥et druhi hlistic vAzanych na lykoZrouty
rodulps. Obs publikace pochazeji ze Spojenych &i@tnerickych.

Jak bylo uvedeno vySe, nematofauniamokcovitych je¢asto zmiiovana
také spoléné s ostatnimi patogeny a jinymi organismy v ramcuds
bioregul&niho komplexu. Vdchto studiich jsou ale informace o nematotaun
vétSinou neucelené a nédka se vztahuji pouze na p&me snadno rozeznatelné
druhy endoparazitickych hlistic nalézanycheémich dutinach¢i travicim astroji
karovci (nag. rod Contortylenchus, Parasitylenchus), nag. Weiser a kol. (2006),
Takov a kol. (2006; 2011), Burjanadze a Goginasli2009); Kereselidze a kol.
(2010), Michalkova a kol. (2012).
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3.5. Vztahy hlistic s kirovci

Vztahy mezi hlisticemi atovci jsou stejd jako u hmyzu obeeénpopisovany
razre. Nag.  endoparazitismus,  ektoparazitismus, semiparamiss
saprobiotismus, komenzalismus, predace apod. (Tem&aa Mituch, 1987).
Vedle iznych forem parasitismu je u hlistic s vazbou feokce (Scolytinae)
velmi rozstena foresie, kdy hlistice vyuzivaji svého hostitglko prostedek
pro osidleni nového prdastdi. Foretické hlistice jsou nalézany aket¢h brouk.
Jejich dauerlarvy (stadia ét8inou 3. instaru) jsou n&gsgji lokalizované
ve shlucich pod krovkami, naiillech nebo mezi jednotlivymélanky €la.
Zejména mezi hrudi a zadem a mezi abdominalnimi tergity. Tyto hlistice
se tSinou Zivi houbami, bakteriemi a jinymi mikroorgemy a nadlech brouki
secasto nachazeji v anabioze&kdy ve specifickych Utvarech jako rfagastupci
rodu Ektaphelenchus, ktefi se pod krovkami a naikllech nachazeji ¥o¢kovitych
strukturach zvanych nematangia (Cardoza a kol.6R0@yvojovy cyklus &chto
hlistic vykazuje #kolik zakladnich ry8. V pozercich se vyskytuji dodp
hlistice, které se pa veétSinou kladou vafka, z nichz se pak lihnou larvy, které
se rekolikrat svlékaji, vyhledavaji svého hostitele, dyk se na & prichyti, jsou
jeho prostednictvim geneseny do nového prestli, kde jej opusti a vyvoj dale
pokraiuje. Larvy se svlékaji, po dosazeni ddepti se pé a cely cyklus
se opakuje. Mezi foretické hlisticeurdovci nalezi napp zastupci rod
Neoditylenchus, Ektaphel enchus neboMicoletzkya ¢i Bur saphelenchus.

Naopak parazitické hlistice jsou nalézany uvn#él svych hostitel,
piicemz infikace hostitele je podminkou pro &&pé dokoteni jejich vyvojového
cyklu (Hunt a Hague, 1974). Hlistice byvaji nalézawoln¢ v teIni dutin
dosglcu, kukel i larev Krovci. Vyvojovy cyklus endoparazitickych hlistic je
popisovan nasledo¥nJuvenilni hlistice jsou nalézany v poZercich, ddepivaji
a pé&i se. Infeknim stadiem je oplozena juvenilni samice, kter@lastava skrz
kutikulu (nefasgji v mistech mezi &nimi ¢lanky) nebo sevo do &la svého
hostitele, ktery je obvykle ve stadiu 1. - 2. ldmnAo instaru, napadany vsak

mohou byt i starsi larvy tkovci. Zivotni cyklus parazita je synchronizovany

22



Ceskéa zeredslska univerzita v Praze, Fakulta lesnick&evdiska

s vyvojovym cyklem hostitele. Samice hlistice dosmhdosplosti zhruba
ve stejném obdobi jako jeji hostitel. Samice palodpkuje larvy (nap
Parasitylenchus) nebo vajka (nag. Contortylenchus) do €Ini dutiny hostitele.
Mladé larvy hlistice penetruji igtvo a jsou vyloteny do prosedi pozerku.
Alternativou miZze byt vyvojovy cyklus zastufcrodu Parasitaphelenchus.
Vajicka jsou kladena v pozercich v blizkosti larev hekdj z nich se vylihnou
larvy, které po #kolikerém svlékani infikuji larvu nebo i kukluikovce, v jeji
teIni dutire saji tekutiny, pak pronikaji doistva a tudy ven zla do poZerk, kde
se svlékaji do adultniho stadia,fipde a kladou vajka. P@et generaci hlistic
vyprodukovanych za jeden rok je obvykle stejny jgdatet generaci hostitele.
Pricemz @ laboratornich pokusech jsou hlistice schopny Hkoséat
az 12 generaci (Massey, 1974).

V télnich dutindch nebo veistvech Kirovci jsou nalézani zastupci rod
Contortylenchus, Parasitylenchus, Parasitaphelenchus, Parasitorhabditis
¢i Cryptaphelenchus. Zastupci roduCryptaphelenchus byvaji také nalézani
v Malpigickych trubicich, vola v tIni dutine i na povrchu dla kirovci. V
lumenu steva se pak n&asgji vyskytuji zastupci rod Parasitaphelenchus
aParasitorhabditis.

3.6. Vliv parazitace

Od paétki studia entomofilnich hlisticdkovca je velmi diskutovanou otazkou
jejich vliv na populace échto lesnich Skdci. Hodnocen je vliv zejména
endoparazitickych hlistic parazitujicich u¥niéla brouki, které ziskavaji ziviny

Z €lnich tekutin, diskutovany je také aftbzivin a energie konzumacitipno
tukového ¢lesa a jinych tkani hostitel Endoparazitické hlistice jsou totiz u
karovca nalézany Bzré, i u vice nez 50 % jedidc (nag. Burjanadze a
Goginashvili, 2009). Massey (1974) povaZuje hlesta dlezity bioticky faktor
ovliviiujici populace #rovci. Tato Nematoda obvykle nezabiji svého hostitele,

ale v rekolika pripadech bylo popsano, Zeémi hostitelovo chovani, snizuji
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plodnost, pezivani a letovou aktivitu nebo posunuji (obvykfeozl'uji) termin
rojeni (nap. Hoffard a Coster, 1976; Kaya, 1984). Fuchs vesk\studiich z prvni
poloviny 20. stoleti uvadi, Ze hlistice zabijejibaoeoslabuji krovce, redukuji
pocet nakladenych vajek az o 40 %, zabiiaji vyvoji vétSiho p@tu generaci
v daném roce (Massey, 1974) a Yatsenkowsky (1924hamenal, Ze infikace
karovca malym mnoZstvim hlistic Zgobuje jejich sterilitu, &Sim pak smrt
hostitele. Dnes ale uz mame vice pozaatktom, jak mohou endoparazitické
hlistice ovliiiovat svého hostitele.

Hlistice vyvijejici se uvnit téla brouki prokazateld odnimaji svému
hostiteli Ziviny. S¢d¢i o tom snizené mnozstvi tukovych Blru infikovanych
karovca popisované ndp ve studiich Nickle (1963); Thong a Webster (1973)
Lieutier (1982). Bylo prokazano &nici se slozeni hemolyfy charakteristické
ubyvanim Zivin (zejména protdéih pii vyvoji oplozené samice rodu
Contortylenchus v hemocelu #rovci (Thong a Webster, 1972; 1975). Slankis
(1967) dale uvadi také mechanické poskozovani drgartkani a intoxikaci
vlivem piitomnosti hlistic. U lykoZrouta borového. éexdentatus) bylo zjiS€no
velké poSkozeni epitelovych btk traviciho traktu u jedinc parazitovanych
hlisticemi roduParasitorhabditis (Lieutier, 1984a)

Signifikantré negativni vliv napadeni endoparazitickymi hlistice
na plodnost samic uvadi rnapReid (1958); Massey (1956; 1960); Thong
a Webster (1975); Weiser a Mek (1988). MenSi gonady jsou u parazitovanych
jedinai popsany jiz Oldhamem (1930) (Hunt a Hague, 19Thphng a Webster
(1975) uvadi 20% zmenSeni ootytl infikovanych samic. Tyto strukturdini
zmeny ale mohou byt obrazem snizeného mnozstvi Zikfieré jsou hostiteli
hlisticemi odnimany, coZz potrvzruji zj$i Lieutier (1982), Ze jedinci
|. sexdentatus, kteri byli parazitovani hlisticemi rod®arasitaphelenchus nebo
Contortylenchus, meéli mensi tukové dleso a ovaria a ménvyvinuté terminélni
oocyty nez neparazitovani. Tukoweso tak neni schopno nashromazdiegone
mnozZstvi Zivin pro normalni zrani oo@ya zpisobuje nasledné zpoxd rojeni
a paétku kladeni vafiek. Zaznamenan byl také maly pokles hustotiezé

a patu nakladenych vajek u samic |. borového parazitovanych hlistici rodu
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Parasitorhabditis (Lieutier, 1984b). Posunuti terminu rojeni potirdiNickle
(1963) ul. confusus LeConte.

Z dostupnych udajplyne pongrné¢ diskutabilni vliv parazitace hlisticemi
na letovou schopnost ukovci. Strukturalni patologické zfny nalezené
na létacich svalech u jedin&colytus ventralis LeConte napadenych hlisticemi
popsané v praci Aschraf a Berryman (1970) mohou digjre¢ tak odrazem
piirozené degradace létacich gsvalForsse, 1987). Mozné ovligni letove
aktivity bylo rovrez studovano uiovci roduDendroctonus (Atkins, 1961; Kinn
a Stephen, 1981) ks (Thalenhorst, 1958; Forsse, 1987). Signifikantdily
mezi parazitovanymi a neparazitovanymi brouky &eyhy nalezeny.

Nickle (1971) a shodni Poinar a Caylor (1974) ve svych studiich uvadi,
Ze rekteré druhy hlistic mohou #pobit znény v chovani hmyzu a ovlivovat
tvar pozerk karovci. U I. borového I sexdentatus) infikovaného hlisticemi
roduParasitorhabditis (Lieutier, 1984b) ani u lykohuba douglaskového
(Dendroctonus pseudotsugae Hopk.) infikovaného hlistici Contortylenchus
reversus (Thorne, 1935) (Thong a Webster, 1975) se tvar ppdzeeznenil,
zmena byla zaznamenana pouze v délce chodeb, kteyeobgb - 28 % kratSi
u parazitovanych jedirtc

Mira napadeni populace ulovci a mnozstvi hlistic nalézanych
na jednom jedinci se velmi liSi lokalitu od lokglia pravépodobre zavisi
na mikroklimatickych podminkéach, spiSe nez na nadkevysce nebo na tom,
jestli jsou vzorky odebrany ze stojiciho nebo pladlétromu (naip RUhm, 1956;
Choo a kol., 1987; Meirmans a kol., 2006). Litefafidaje o incidenci hlistic
u karovca znané variruji, uvadné hodnoty se pohybuji od zhruba 1 do 91 %
(Takov a Pilarska, 2008), rejstji se vSak pohybuji kolem 50 - 60 %.
PozZerky Krovci pak obsahuji hlistice i ve vice nez 99 %ppdi (Hoffard
a Coster, 1976; Tenkéva a Mituch, 1986; 1987; 1991; Cardoza a kol.,800
Burjanadze a Goginashvili, 2009; Kereselidze a, i&8)10). Pozorovana byla také
signifikantni rozdilnost miry parazitace mezZiepmujici a dc&#nou generaci
brouki (Choo a kol., 1987; Tenkéva a Mituch, 1986). iRom nebyly zjiSény
rozdily v parazitaci mezi samci a samicemi (nagitterer, 2002; Takov
a Pilarska, 2008).
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Jednoho &rovce mize obyvat obrovské mnoZstvi hlistic. Neni neobvyklé
najit kirovce se stovkami larev hlistic vefes a hemocelu a zaroke
pod krovkami (Nickle, 1973). Thong a Webster (197i5Weiser (1966) nalezli
pies tisic vagek a larev zastupce rod@ontortylenchus v hemocelu jednoho
infikovaného brouka roduDendroctonus a Ips. Fri¢inou je obrovska plodnost
hlistic, kdy na jednu samici ivie gipadat az 10 tisic vyprodukovanych larev
(Nickle, 1973).

Patet druli hlistic vazanych na jeden druhirkvce je roviZz dosti
variabilni. Rihm (1956) zaznamenal maxinkaltl riznych druli hlistic
u lykohuba borovéhoHylastes ater (Paykull, 1800)). Massey (1974) dokonce
30 druhi u karovce Dendroctonus adjunctus Blaford, 1897 z uzemi USA.
Zda se, Ze kazdy druhitovce ma svou specifickou nematofaunu (Cardozd.a ko
2006).

3.7. Hlistice lykoZzrouta rodu I ps

Nematofauna lykoZrout rodu Ips je pro GzemiCeské republiky prakticky
nezpracovanym tématem. Prvni publikaci z naSehomijzétera popisuje
nematofaunu lykoZzrout tohoto rodu je Weiser (1954), ktery pops#l druhy
hlistic nalezenych wte a pod krovkami |. smrkového. Déale existuggalik praci
Tenka&ova a Mituch (1986; 1987; 1991) tykajicich se nefsainy reékterych
druni  karovcovitych  z Gzemi  byvalé Ceskoslovenské  republiky.
VSechny vyzkumné lokality se ale nalézaly na Uzeén&Sni Slovenské republiky.
DalSi prace se stejnou tématikou jsou znamytr.nagizemi Nmecka (Rihm,
1956; 1960), Polska (Balazy, 1966; 1968), Bulhargkakov a kol., 2006;
Nedelchev a kol., 2008), Portugalska (Penas a R006), Ruska (Slankis, 1969;
1972), Francie (Lieutier a Laumond, 1978), Svéddkarsse, 1987)i Gruzie
(Burjanadze a Goginashvili, 2009).

U lykoZrouti rodu Ips jsou nefasgji popisovani zastupciiadi

Diplogasterida, Rhabditida a Tylenchida é&eledi Parasitaphelenchidae,
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Allantonematidae, Ektaphelenchidae, Aphelenchoaliddiplogasteroididae,
Neodiplogasteridae, Rhabditidae a ParasitylenchiBdédgam (1956) zaznamenal
dewt raznych druli hlistic asociovanych s I. smrkovyrh typographus), po [t

s |. vrcholkovym [. acuminatus) a I. modinovym (. cembrae) a i druhy hlistic
asociovanych s |I. mensirh émitinus). Massey (1974) nalezl 4 - 14 dtuhlistic
nalezenych u zastuppcrodu Ips na tzemi USA. Velikost hlistic sefifpm
pohybuje v rozmezi od 0,2, nam zastupg rod Cryptaphelenchus, az do 2 mm
u zastupa roduContortylenchus.

Prehled hlistic nalezenych u druHykoZrouti rodu Ips vyskytujicich
se na Uzemi &dni Evropy uvadi Tabulky 1-3 kapitoly 5.1. Velkyproblémem
v tomto ohledu je existence mnoha synonymnich hgmo zastupce jednoho
druhu Nematoda. V tabulce jsou tyto druhy ammy (*) a giloZzen
je rovreZz seznam znamych synonym (Tabulka 4 kapitoly 5.1.).
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4. Metodika

Predkladana disertai prace je souborenilanki a je ¢leréna do ti c¢asti.
Prvni  casti je shrnuti dosavadnich dostupnych informaci
0 nematofaudlykozrouti rodu Ips a sodasné vytveéeni seznairi druhi téchto
hlistic, které byly zaznamenany na Uzeméditi Evropy. Jedna se tedy o review,
jejichz zpracovani je podmino praci s literaturou a jinymi inforraimi zdroiji.

Ve druhécasti se disertaceemuje hlisticim jako satasti bioregulaniho
komplexu u naSeho nejvyzna#gpiho kalamitniho Skdce [. smrkového
(I. typographus) v jeho gradeni fazi na uzemi NP Sumava. Pro posouzeni
parazitace femnozené populace |. smrkového v bezzasahové MEnSumava
byla provedena studie naeth lokalitach Na Ztraceném: PRitapotok -
(48°59'23.617"N, 13°30'40.858"E; 48°59'11.240"N,  °3AB5.403"E;
48°59'28.669"N, 13°29'31.022"E, nadiska vyska 1150 m n. m). Na okraji
lokalit, které pedstavovaly skupinyi plochy se stromy napadenymi nebo
opustnymi lykozrouty, byly vybrany a porazeny stromy &mrztepilého
(P. abies) (PP | a Il po 2 stromech, PP Ill 6 strd)rjevici giznaky napadeni
karovci (pritomnost zavrtovych otvér v kare, drtinek, vyronu pryskice).
Po nasledném odtveni stroni byly analyzovany vzdytyii sekce (I. - IV.),
tj. odkorrené pasy o délce rovnajici sdilge délky obvodu kmene a oiée
piiblizné 0,5 m. I. sekce byla uméta ve vzdalenosti 0,5 m od paty stromu, II.
v poloviéni vzdalenosti mezi patou ac&kem koruny, lll. na zgtku koruny
a IV. ve stedu koruny. U kazdého analyzovaného stromu byldosdina jeho
celkova délka, gmeér stromu na jednotlivych sekcich, tloka lyka a kry
a roznmery kazdé sekce. V ramci kazdé sekce byl zaznamendeiet snubnich
komarek (zavrtovych otvar) |. smrkového, délka mateych chodeb, celkovy
pocet nakladenych vajék samicemi (pokud mozno 10 studovanych krateh
chodeb), peet jedind jednotlivych vyvojovych stadii (larva 1. - 3. iasti, kukla,
Zluty brouk). Evidovana byla takéipmnost jinych druth karovca (podteled
Scolytinae). Adspekci byl zfivan stupg napadeni lykoZrouta parazitoidy
(zejména zastupcteledi Braconidae a Pteromalidae fadu Hymenoptera).
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Zaznamenan byl pet jejich larev, kukel nebo z&mdtk Sledovana byla
piitomnost a mnozstvi lara dosgElcu predatod |. smrkového zadu Coleoptera
(brouci) zastupci rodurhanasimus, z fadu Diptera (dvoukdli) zastupci rodu
Medetera a z fddu Raphidioptera (dlouhoSijky). Pomoci exhaustogli z
jednotlivych sekci odebrani vSichni méaté acast dcéinych brouki a ulozeni v
plastovych mikrozkumavkach typu Eppendorf do chl&fC). V laboratsi byli
brouci pitvani dva dny po odhbu a nativni preparaty jejich atrobnich organ
(zejména travici soustavy, Malpigickych trubic, §dn tukového desa) byly
prohlizeny pod sitelnym mikroskopem (atSeni 100x
az 400x, Arsenal LPE 5013i-T). Zjdvana byla fitomnost vifi, mikrosporidii,
prvoka, hlistic a parazitoil (¢eledi Braconidae, Pteromalidae)eBivsi jedinci
piedstavuji sumu vSech Zzivych stadii lykoziqubd kterych byly odgeny
parazitované larvy. Parazitace byla kalkulovanao jgdodil celkového pitu
parazitoidi (larvy na larvach IykoZrouf larvy parazitoid mimo larvy
lykoZrouti, zamotky a kukly parazitoid k celkovemu p&tu parazitoid (vyse
vyjmenovanych) a vSem Zijicim vyvojovym stadiimdykouti. Ziskana data byla
pievedena do tabulkového procesoru MS Excel 2007@ graficky a statisticky
vyhodnocena v programu Statistica 9.

Ve freti ¢asti se disertai prace zaobird studii nematofauny lykoZrouta
severského I( duplicatus) a |. modinového [. cembrae). Pro studium
nematofauny |. severského byly vybrany lokalityelsg hojnym vyskytem,
vSechny tyto lokality se nachazely na severni Mérawe Slezsku, kde je hojny
vyskyt tohoto druhu lykoZrouta dlouhodoby. Jednsdoo lokality: Pustd Polom
(49° 50' 57.5" N, 18° 2' 3.8" E, 350 m n. m.), Bigst (49° 36' 36.0" N, 18° 41"
40.9" E; 450 m n. m.) aidlli¢cna (49° 58'47.1" N, 17° 24' 52.7" E; 600 m n. m.).
Na vybranych lokalitach byl od Kktna do ¢ervna (@ezimujici generace)
a od srpna do #&(dceina generace) odebiran materialéi pmrki (P. abies)
napadenych timto druhem lykozrouta. Z kazdého sirobylo odebrano
20 matenych brouki, kteri byli po jednom samostatrvloZeni do uzaviratelnych
mikrozkumavek typu Eppendorf a do doby zpracovatii uxhovavani v lednici
v laboratdi (teplota do +8 °C). Ze strainbylo odebrano také 10 pozérk

l. severského vizném stupni jeho rozvoje. V laborétdyl z kazdého pozerku
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preparéni jehlou a S3tteckem odebran obsah a ungist v uzaviratelném
plastovém s&u a roviz uchovan v lednici (teplota do +8 °C) do doby
zpracovani. Odebrané vzorky byly popsany, émwadbylo datum odru, paet
mate&nych a larvalnich chodeb, nejstarSi a nej§8jn vyvojové stadium
lykoZrouta v kazdém poZerku. Pro studium nematofaurmodinového byly
vybrany lokality, kde se aktualnvyskytovaly pro tento druh typické lokalni
gradace. Vybrany byly nasledujici lokality: Hrade Moravici (49°51'28.37"N,
17°57'56.07"E 450 m n. m.), PeZgovsky les u Fkad (49°48'40.40"N,
18°24'16.94"E 290 m n. m.), Kostelec naternymi lesy (49°59'1.90"N,
14°48'29.53"E 420 m n. m.). Na vybranych lokalitdgtio v dubnu instalovano
pét lapa&a s feromonovymi odparniky Cembraewit, které bylybivgny

v intervalu 7 az 10 dn Takto ziskani jedinci. modiinového byli po jednom
samostaté vloZeni do uzaviratelnych mikrozkumavek typu Eptanfia do doby
zpracovani byli uchovavani v lednici v laborat@eplota do +8 °C). Na lokalitach
byly také instalovany lapaky navria® feromonem (odparniky Cembraewit),
Z nich byly spolén¢ s brouky odebrany také pozerky. Z pozerku byl arami
jehlou a Stteckem rovreZz odebran obsah a undistv uzaviratelném plastovém
s&ku a uchovéan v lednici (teplota do +8 °C) do dopyazovani.

V laboratdi byli takto ziskani brouci prohlizeni pod lupdiunikroskopem
(Arsenal SZP 1102 T Zoom, Arsenal LPE 5013i-T),tpm byla zaznamenavana
piitomnost foretickych hlistic na jednotlivyélastech dla: krovky, Kidla, thorax,
abdomen a prostory mezi jednotlivymsinimi ¢lanky. V gripadt I. modinového
byla zaznamenavana kipmnost foretickych rozta pod krovkami. Nésledn
byla provedena pitva v kapce destilované vody ndlgimim skle a rowt byla
zaznamenavanarippmnost a lokalizace nalezenych hlistic: v hemacstevu,
Malpigickych trubicich. Dale bylo zaznamenano pehlarouka, lokalita, ze které

Obsah pozerk byl vySetovan na gitomnost hlistic pomoci Baermanovy
nalevky, coz je nalevka ogaha gumovou hackou, na které je umista svorka.
Nalevka byla napkna destilovanou vodou, do které bylidano rékolik kapek
peroxidu vodiku jako zdroj kysliku pro zivé hligticVySetovany obsah poZeik

byl umistén do jemné tkaniny nebo jedné vrstvy papirovéhcekajku, uzaken
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gumitkou, ponden do vody v nalevce a ponechéfegp noc do druhého dne.
Hlistice prochazely i@s vrstvu tkaniny nebo papiru z vy®staného materialu
do vody a usazovaly se v gumové Kadi v oblasti svorky. Druhy den byly
sedimentované hlistice odebrany uvolim svorky a odkapanimékolika kapek
sedimentu na hodinové sklo. Hlistice byly z hodigloy skla odebirany
preparéni jehlou a byly vloZzeny do mikrozkumavky typu Epperf s kapkou
destilované vody a fixovany zalitim horkym roztokéePAF (100 ml roztoku
obsahuje: 7 ml 40% formaldehydu, 2 ml triethanolama 91 ml destilované
vody) (Kaya a Stock, 1997) o teploB0 - 70 °C.Cast fixovanych hlistic byla
pievedena #kolikastupiovym procesem do glycerolu za pouZzitiésinglycerolu,
etylalkoholu a destilované vody (Kaya a Stock, )9%ixované hlistice byly
umisgny na hodinové sklo s¢holika kapkami roztoku I (Sol I - 100 ml roztoku
obsahuje 20 ml 95% etanolu, 1 ml bezvodého glyceeol79 ml destilované
vody). Hodinové sklo bylo vioZzeno do exsikatoru anechdno po dobu
minimalné 24 hodin. Poté bylofjfano rékolik kapek roztoku Il (Sol 1l - 100 mli
roztoku obsahuje 95 ml 95% etanolu a 5 ml bezvodgicerolu). Takto byly
hlistice ponechany v exsikatoru znova po dobu mahin24 hodin. Nasledn
byly zhotoveny trvalé preparaty. Na podlozni sklglab umiséna kapka
bezvodého glycerolu, do které byly hlistice ufoigany v pdétech 1 - 3 kusy
a pekryty krycim sklem, které bylo nasledmataveno sisi parafinu a &eliho
vosku. Poté byly hlistice determinovany na zakladorfologie podle Rihm
(1956), Slankis (1972), Hunt (1993) a Andrassy {30Q'ast hlistic byla také
fixovana etanolem (70%) a podrobena analyze DNi#&dPsamotnou analyzou
byly hlistice gleneseny na hodinové sklo do sterilni vody, hodirsila se vzorky
byla voZzena do Petriho misky s filtr&im papirem a sterilni vodou a v ni byly
ponechany fes noc v lednici. Pak byla z hlistic DNA extrahozahllistice byly
pieneseny do sterilnich mikrozkumavek typu Eppend@d0 pl) s 20 pl
extrakniho pufru (17,7 ddH20, 2ul 10x PCR pufru s MgG) 0,2ul 1% Tween
20 a 0,1ul proteindza K 100 pg/ml). Pufr s hlisticemi byl raden pi -20 °C
na 20 minut a nasledninkubovan pi 65 °C po dobu 1 hodiny, nasledovala
inkubace B 95 °C po dobu 10 minut. Takto ziskané lyzaty bykchlazeny

na ledu a poté centrifugovany 2 minuti @1 600 rpm (centrifuga Eppendorf
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minispin plus), 2 ul vzniklého supernatantu byly pouzity pro PCR.
Byl pouZzit segment malé a velké ribozomalni podggkiy (SSU a LSU).
Fragment obsahujici vmiti transkribovany spacer (ITS1, 5.8 S, ITS2) byl
amplifikovan pouzitim primeér SSU 18A AAAGATTAAGCCATGCATG sense,
SSU 26R CATTCTTGGCAAATGCTTTCG (Blaxter a kol., 199& fragment
genu 28s rRNA pouzitim primeru D2A ACAAGTACCGTGAGBBAGTTG
(Subbotin a kol., 2006). PCR master mix obsahok&@5 ul ddH,0, 1,25ul 10x
PCR pufru s MgGl 1 pl dNTPs 2,5 mM, 0,7l kazdého primeru 10 pmal/
0,1 ul Tag DNA polymerazy Uil, a 1 ul DNA extraktu. Podminky PCR byly
pro SSU 18A: 94 °C po dobu 5 min; nasledované &byqyi 94 °C po dobu 60 s,
52 °C po dobu 90 s, a 68 °C po 2 min a hakoneddgd”dobu 10 min (Eyualem
a Blaxter, 2003). A podminky pro D 2A: 4 miti 94 °C; nasledované 35 cykly
94 °C po 60 s, 55 °C po 90 s, a 72 °C po 2 mimalonec 72 °C po 10 min
(Tanha Maafi a kol., 2003). Po PCR nasledovalatedékéza (40 min, 120 V) 2
ul PCR produktu v agarosovém gelu (1% TAE) barvenétmdium bromidem
(20 ul ETB 10 mg/ml na 100 ml gelu). Purifikovany PCRogukt byl odeslan
na sekvenaci (firmy Macrogen, Soul, Jizni Koreaeg $e, Ceska republika).
Ziskané sekvence byly srovnavany se sekvencememyodi v GenBank metodou
Basic Local Alignment Search Tool (BLAST) Natior@ntre for Biotechnology
Information (NCBI).

Byla srovhavana procenta brduks nematodami (u |. maeishového
i s rozta&i) v zavislosti na pohlavi jedince, lokalita generaci, vzorkem byli
brouci odebrani ze stromii lapate. P&ty nematod v poZercich byly srovnavany
tak, Zze vzorkem byli vSichni brouci z lokality. Kgpracovani dat byl pouzit
MS Excel, ke statistickému zpracovani dat prograia fRatistické testy Kruskal-
Wallis test, jednocestnd ANOVA, Paergenkorela&ni test, Wilcoxodv test,
vzdy na hladit vyznamnostii= 0.05.
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5. Vysledky

Zakladem pedkladané disertai prace jsoutyii ¢lanky, které tvéi jednotlivé
podkapitoly kapitoly Vysledky. Dvaclanky jsou publikovany nebo figaty

k publikovani vcasopisech s IF faktorem (Acta Zoologica Bulgaricdoarnal
of Applied Entomology). Jedetlanek je publikovany v recenzovanémsopise
(Beskydy) a jeden je v pod®bmanuskriptu fed odeslanim do redakce Journal
of Applied Entomology.
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Abstract:

The relationships between nematodes and Ips spp. has been a neglected topic in central Europe. This work
summarizes available informations on entomophilic nematodes associated with bark beetles (Scolytinae)
with focus on the genus Ips Dg Gegr, 1775. The association can be phoretic, in which the nematode
uses the bark beetle for transport to a new environment. This is the case of Bursaphelenchus, Cryptaph-
elenchus, Ektaphelenchus, Fuchsnema, Micoleizkya, Neoditylenchus and Plectus species, while the most
frequent phoretic nematodes in Ips bark beetles are Bursaphelenchus eidmanni (Runm, 1956) and Mico-
letzkya buetschlii (Fucrs, 1915) or endoparasitic, in which the nematode enters and obtains nutrients from
the host beetle and depends on the beetle for completion of its life cycle, the case of Centortylenchus,
Cryptaphelenchus, Ektaphelenchus, Parasitaphelenchus, Parasitorhabditis and Parasitylenchus species.
The most frequent endopararasitic nematode in Jps species are Parasitylenchus dispar (Fucns, 1915) and
Contortylenchus diplogaster v. Linstow, 1890. The effects of nematodes on beetle hosts are discussed.
Lists of the nematodes associated with particular [ps species in central Europe are provided, also the little

that is known about these associations in central Europe is summarized.

Key words: Scolytinae, nematodes, phoresy, endoparasitism

Introduction

Nematodes (Phylum Nematoda) are among the most
numerous and abundant animals. Moze than 24,000
species are currently known (Hugor et al. 2001), al-
though as many as 1 million species are thought to
exist. Therefore, this phylum could be comparable
in size to the class Insecta, which is represented by
approximately 925,000 described species (GRIMALDI,
ENGEL 2005).

Nematodes live in all types of environments.
A large numbers of free-living, terrestrial, fresh-
water and of course saltwater species of nematodes
are known. They display various life strategies and
enter into numerous interactions with viruses, bac-
teria, plants, fungi, and other animals. Many nema-
todes are parasites of plants, invertebrates, and ver-
tebrates, including humans. Representatives of this
phylum are also frequently used as model organisms
in research,

Nematology developed rapidly in the second
halfofthe 20th century and became a well-developed
discipline with a number of sub-disciplines, its own
techniques, and a substantial literature. Nematode
systematics benefitted from the introduction of the
electron microscope in the 1960s, of PCR in the
1980s (Ferris 1994), and of other molecular tech-
niques more recently. Today, the classification and
phylogenetic relationships within the Nematoda is
the focus of substantial part of research, and many
new species continue to be described.

The aim of this article is to summarize the cur-
rent knowledge of the nematodes associated with
bark beetles (i.e., beetles in the subfamily Scolytinae),
with particular focus on the bark beetles of the genus
Jps Dt Geer, 1775 in central Europe. The present
knowledge concerning nematodes of bark beetles is
very fragmentary, and the topic has largely been ig-
nored in central Europe.
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Entomophilic nematodes

Publications concerning entomophilic nematodes
(i.e., nematodes closely associated with insects) range
from those that merely delineate an association to
more detailed studies that describe the relationship
between nematode and insect. These relationships
include saprobiotism (living in decaying material),
commensalism (benefit without affecting the other),
which is, according to Kava, Stock (1997), one of
the most common relationships between nematodes
and insects, phoresy, and various degrees and types
of parasitism (such as semi-parasitism commonly
parasitic but also capable of living on dead or decay-
ing animal matter, ectoparasitism- living on the body
surface of the host, endoparasitism- living within the
host, facultative parasitism- living independent of athe
host but may occasionally be parasitic under certain
conditions, and obligate parasitism- cannot complete
its life cycle without exploiting a suitable host (e.g.,
WEISER 1988, Tenkacova, Mituch, 1987, 1991).

Phoretic nematodes occur on the body and
limbs, in the inter-segment spaces, and under the
wings of beetles, flies, and other insects. These nem-
atodes instinctively leave a drying substrate and at-
tach themselves to an insect, which transports them
to a new environment. In the new environment, the
phoretic nematodes leave the insect and feed on
fungi, bacteria, and other microorganisms (NICKLE,
1973). Nematodes are also found in the reproduc-
tive, respiratory, gastrointestinal, and excretory sys-
tems of insects. These endoparasitic nematodes can
damage or kill their hosts. Entomophilic, especially
entomopathogenic nematodes (nematodes that live
within and that weaken and sometimes kill their host
insects) have been studied by WEISEr (1966), NICKLE
(1973), Pomar (1975), WEisEr, Mracek (1988),
SonmN, SHARMA (1990) Sipir (2000), GAUGLER
(2002), Nguyex, Hunt (2007), and many others.

For more than 50 years, many researchers
have studied entomopathogenic nematodes as bio-
logical control agents of insect pests. Much of this
research has been focused on nematodes of the
families Heterorhabditidae and Steinernematidae,
which have wide host ranges (NErmUT ef al. 2012).
Biological control of insect pests by entomopatho-
genic nematodes has been studied by GaucLer, Kava
(1990), SCHEEPMAKER e al. (1997), STURHAN, LISKOvA
(1999), Fenton et al. (2000), Navon, AscrEr (2000),
WiLson, GAUGLER (2004), GEBREMARIAM et al. (2005),
and many others.

Entomophilic nematodes of bark beetles

Entomophilic nematodes were first studied in the 19th
century, and one of the first works dealing with re-

548

lationships between nematodes and bark beetles was
written by von Linstow (1890), wherein he described
the nematode Allantonema diplogaster (later re-
named Contortylenchus diplogaster by Runm (1956))
in the spruce bark beetle Ips typographus (LINNAEUS,
1758) (Massey 1974). Since that time, in many pub-
lications species of nematodes found in various bark
beetles have been described (e.g., Fuchs 1914, 1915,
1929, 1930, OrpHaM 1930, STENER 1932, THORNE
1935, 1949). Important work in this period included
Fucus (1915), which described nematodes associ-
ated with I fypographus, and Fucss (1938), which is
a taxonomic study of nematodes in the superfamilies
Aphelenchoidea and Tylenchoidea. The interest in en-
tomophilic nematodes has increased since the 1950s
(AnDRrassy 1954, WacHek 1955, Massey 1957, 1960,
1964ab, 1969, NickLe 1967, 1970, THonG, WEBSTER
1973, Hunt, HAGUE 1974, GeragrT, DE GrIsE 1981,
ToMALAK ef al. 1989, Kava, Stock 1997, BRAASCH
2001, Ryss et al. 2005). These publications include
a number of taxonomic keys focusing on individual
nematode families and genera, There are also publi-
cations dealing with nematodes associated with indi-
vidual species of the following genera of bark bee-
tles: Scolytus (MaSSEY 1964a, ASHRAF 1968, ASHRAF,
Berryman 1970, Hunt, Hacue 1974, Moser ef al.
2005), Dendroctonus (Massey 1956, 1966, Furniss
1967, Tuong, Wesster 1983), Pityogenes (RED
1958, NickLE 1963), and Ips (Ruam1954, 1955, 1956,
Massey 1960, Horrarp, CosTer 1976). An important
study by Runm (1956) provided an overview of en-
tomophilic nematodes associated with bark beetles
from Germany and information about nematode life
cycles. This study, which is still frequently cited,
contains detailed characteristics of nematodes found
in 14 genera of bark beetles (Cryphalus, Crypturgus,
Dendroctonus, Dryocoetes, Hylastes, Hylesinus,
Hylurgus, Ips, Myelophilus, Orthotomicus, Pityogenes,
Pityophthorus, Polygraphus and Scolytus) and details
on Ips acuminatus (GYLLENHAL, 1827), I amitinus
(Erchuorr, 1871), I cembrae (HEER, 1836) and I ty-
pographus. Similar publications from the United States
(Massey 1974, Cuoo ef al. 1987) described the ento-
mophilic nematodes found in bark beetles including Ips
species.

The nematodes associated with bark bee-
tles are frequently studied along with other patho-
gens that could serve as biological control agents
of beetle pests. However, the information on these
nematodes is incomplete and often limited to eas-
ily discernible, endoparasitic species (i.e., nema-
todes within the beetle rather than on the beetle),
such as Contortylenchus and Parasitylenchus spp.
(e.2., WEISER ef al. 2006, Takov ef al. 2006, 2011,

36



Ceskéa zeredslska univerzita v Praze, Fakulta lesnick&evdiska

Nematodes Associated with Bark Beetles with Focus on the Genus Ips...

Burianapzg, GooinasuviLi 2009, KERESELIDZE ef al.
2010, MICHALKOVA et al. 2012).

Relationships between nematodes and bark
beetles

Relationships between nematodes and bark beetles
are described by the same terms as is the case for
relationships between certain other organisms.

Phoretic nematodes

Phoresy is widespread between nematodes and bark
beetles, and phoretic nematodes are commonly found
on the bodies of beetles. They are most frequently lo-
cated in clusters under the elytra, on the wings, or be-
tween the individual segments of the body, especially
between the thorax and the abdomen and between ab-
dominal tergites. These nematodes mostly consume
fungi, bacteria, and other microorganisms, and they
are often found on the bodies of beetles undergo-
ing anabiosis. Groups of phoretic nematodes some-
times assume specific formations. Species in the ge-
nus Ektaphelenchus, for example, form cocoon-like
structures (nematangia) under the elytra and on the
wings of the beetle (CarpozA et al. 2006). The life
cycle of these phoretic nematodes has a number of
essential features. Adult nematodes occur in the bee-
tle galleries, where they mate and generally lay eggs
(oviparity) from which the second stage juveniles
hatch. The juveniles moult several times and then seek
their host. Upon attaching to the host beetle, they are
transferred to a new environment, where they leave
the host and continue to develop and moult. Upon
reaching maturity, the adults mate, and the entire
cycle is repeated. Examples of phoretic nematodes
of bark beetles include species of Neoditylenchus,
Ektaphelenchus, Micoletzkya, and Bursaphelenchus.
Nematodes found on the bodies of Ips species in cen-
tral Europe are presented in Table 1.

Parasitic nematodes

In contrast to phoretic nematodes, parasitic nema-
todes occur in the body cavities of their hosts and
require hosts to complete their life cycle (Hunm,
Haaue 1974). In the case of parasites of bark beetles,
endoparasitic nematodes are most frequently found
moving freely in the body cavities of adults, larvae,
and pupae. Cryptaphelenchus spp. are also found on
the surface of the insect and in the Malpighian fu-
bules, and Parasitaphelenchus and Parasitorhabditis
spp. occur in the lumen of the intestine but also move
freely in the body cavity. With respect to the life cy-
cle of endoparasitic nematodes, juvenile nematodes
mature and mate in bark beetle galleries. The impreg-
nated pre-mature female infects the beetle, which is
usually the 1% or 2™ stage larva, by passing through

its cuticle or intestine. The life cycles of the parasite
and host are synchronized, and the female nematode
reaches maturity at approximately the same time as
its host. The female then produces juveniles (e. g.,
Parasitylenchus) or eggs (e. g., Contortylenchus)
within the host body cavity. Young nematode juve-
niles then penetrate the intestine and are emited into
the gallery. A variation on this kind of life cycle is dis-
played by Parasitaphelenchus spp., which lay their
eggs near host larvae in the gallery (e. g. Scolytus,
Ips, Polygraphus, Scolytus genera). The nematode
juveniles then hatch, and after several moults, infect
the larvae or even the pupae of the bark beetle. They
suck fluids within the beetle’s body cavity, subse-
quently infect the intestine, and then leave the body
and return to the gallery, where they moult into the
adult stage, copulate, and lay eggs. The number of
nematode generations per year is identical to the
number of host generations per year, and can be as
high 12 in laboratory experiments of Contortylenchus
elongatus (MAssgy, 1960) NickLE, 1963 in Ips confu-
sus (LE ConTE, 1876) (Massey 1974). Endoparasitic
nematodes associated with Ips bark beetles in central
Europe are presented in Table 2.

The effect of parasitic nematodes on their hosts

Since the first studies of entomophilic nematodes of
bark beetles, researchers have been interested in the
effects of endoparasitic nematodes on the populations
of these forest pests. Endoparasitic nematodes obtain
nutrients from the host body fluids, and in some cas-
es consume all of the host’s fat body and other tis-
sues. Endoparasitic nematodes are commonly found
in bark beetles, and sometimes at infestation rates
exceeding 50 % (e. g. BURIANADZE, GOGINASHVILI
2009). Massey (1974) considered nematodes to be
important factors limiting the populations of bark
beetles. Although these nematodes seldom kill their
host, they can change host behaviour; decrease
host fertility, survival, and flight activity, and delay
swarming (e.g., HOFFARD, CosTER 1976, Kava 1984).
Fuchs, in his studies from the first half of the 20th
century, stated that nematodes weaken and kill bark
beetles, reduce the number of eggs laid by as much
as 40 %, and reduce the number of generations per
year (Massey 1974). Y arsenkowsky (1924) reported
that infestation of bark beetles by small numbers of
nematodes causes beetle sterility while infestation
by large numbers causes death. Subsequent research
has greatly increased our understanding of how en-
doparasitic nematodes affect insect hosts,
Nematodes developing inside the beetle de-
prive the host of nutrients. This is evidenced by a
decreased number of fat cells in infected bark bee-
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Table 1. Nematodes found under elytra, on the wings, thorax, abdomen and between body segments of Ips bark beetles in
central Europe. For species marked with an asterisk (*) in the table see a list of known synonyms provided in Table 4

Nematode species Nematode family Ips species Country Reference
B helenchus eids j I amitinus Germany, PO LSt Lk
ursaphelenchus eidmanni ; : . ;
(Rui, 1956) * Parasitaphelenchidae Lipgrahus Slovakia cova, Mrrucu 1986,
? 1987, 1991
i e i Parasitaphelenchidae | I sexdentatus Germany Runm 1960
Rumm, 1960 *
i Aphelenchoididae | I acuminatus Germany Rusm 1956
acuminati RunM, 1956
Cryptaphelench 1 I. cembrae Germany RU}{M!19l 58, Ttk
ryptaphelenchus macrogaster mac- - A , 1986
rogaster (Fuchs, 1937) * Aphelenchoidifae I typographus Slovakia SO 1 99? !
Ekiaphelenchus amitini . =g
: G Runm 1956
(Fucs, 1937) * Ektaphelenchidae I amitinus ermany UHM
Ektaphelenchus typographi o
P (Fucss, 1930) * Ektaphelenchidae I typographus Germany Runm 1956
I amitinus German Rumm 1956, Tenka-
Fuchsnema halleri (Fucss, 1915) * Diplogasteroididae 1. cembrae v, cova, Mrruch 1986,
Slovakia
I typographus 1991
Micoletzkya buetschli acuminati (M- ; : ;
4 Runm, 1
coLETzZKY, 1922) * Neodiplogastridae 1. acuminatus Germany uHM, 1956
e Czech Republic, | Weiser 1954, Runm
Micoletzkya buetschlii (Fucus, 1915) Neodiplogastridae I . oorank Germany, 1956, TENKACOVA,
- DPORTaPIS | Glovakia Mituca 1986, 1991
; s Runm 1956, Tenka-
Neoditylenchus major (Fucss, 1915) * Neotylmcmdae. syn. Linwsiser Gman}.” Biles: cova, Mrrucn 1987,
Sychnotylenchidae I typographus vakia 1991
Plectus rhizophilus e Man, 1880 Plectidae I sexdentatus Slovakia ViLagiova 1990

tles, as described by NickLE (1963), THONG, WEBSTER
(1973), and LieuTier (1982). Depletion of nutrients
(especially proteins) was confirmed by changes in the
composition of the hemolymph caused by the devel-
opmert of a fertilized female of two Contortylenchus
species in bark beetle hemocoel (THonG, WEBSTER
1972, 1975). During beetle diapause, nematodes may
also undergo dormancy, as described for the nema-
tode Paraiotonchium autumnale (NICKLE, 1967)
SLOBODYANYUK, 1976 (syn. Heterotylenchus autum-
nalis NickLE, 1967, which parasitizes certain flies.
Otherwise, nematodes may infest the fat body, as is
the case when Mermis nigrescens DuiarRDIN, 1842
parasitizes grasshoppers (THoNG, WEBSTER 1975).
SLaNkis (1967) also reported that nematodes caused
mechanical damage to organs and tissues as well as
intoxication. Great damage to the intestinal epithe-
lium was found in Ips sexdentatus (BorNERr, 1776)
parasitized by Parasitorhabditis ipsophila Lisutier
AND Laumonp, 1978 (LieuTiER 1984a).

The fact that endoparasitic nematodes signifi-
cantly reduce bark beetle fertility was reported by
ReD (1958), MAssey (1956, 1960), THONG, WEBSTER
(1975), and WEISER, MRACEK (1988). Smaller gonads
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in parasitized individuals had been previously de-
scribed by OLpHAM (1930) (in Hunt, HaGUE 1974).
THONG, WEBSTER (1975) described a 20% reduction
in oocytes. These structural changes might be direct
effects or might reflect a general decrease in host
nutrition caused by removal of nutrients by nema-
todes. This was confirmed by Ligutier (1982), who
reported that individuals of I sexdentatus parasit-
ized by Parasitaphelenchus sp. and Contortylenchus
sp. had smaller fat bodies and ovaries and less de-
veloped terminal oocytes than non-parasitized indi-
viduals. A small fat body is unable to provide the
nutrients necessary for the normal maturation of
oocytes, which therefore delays swarming and the
start of oviposition. A slight decrease in the density
of oviposition incisions and in the number of eggs in
individuals parasitized by Parasitorhabditis sp. has
also been reported (LiEuTiER 1984b). A shift in the
time of swarming was confirmed by NickLE (1963)
in I confusus.

Nematode infection was reported to cause
pathological changes in flight muscle structure of
Seolytus ventralis LECONTE, 1868 (ASCHRAF et al.
1971) but these changes may have been caused by
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a natural degradation (Forsse 1987). Subsequent re-
search has not confirmed that nematode parasitism
affects bark beetle flight capability. For example,
nematode parasitism did not affect the flight activ-
ity of Dendroctonus pseudotsugae Hopkins, 1905
(Atkins 1961), D. frontalis ZMMERMANN, 1868 (Kinn,
StepaeN 1981), or I typographus (THALENHORST
1958, Forsse 1987).

NickLE (1971) as well as POINAR, CAYLOR (1974)
stated that some nematode species can change insect
behaviour and change the shape of bark beetle galler-
ies. The shape of the galleries created by I sexdenta-
tus, however, was not changed by Parasitorhabditis
ipsophila (LIEUTIER 1984b) or by D. pseudotsugae
or Contortylenchus reversus (THORNE, 1935) Runm,
1956 (THonG, WEBSTER 1975). Although nematodes
did not change gallery shape, they did reduce gallery
length by 25-28 % (THonG, WEBSTER 1975)

The percentage of nematode-parasitized bark
beetles in a population and the number of nematodes
per beetle varies widely by location and probably de-
pends on microclimate rather than on elevation or on
whether the samples are collected from a standing
or fallen tree. The reported prevalence of nematodes
in bark beetles ranges from approximately 1 to 91
% (Taxov, Prarska 2008) but is frequently about
50-60 %. More than 99 % of galleries contained
nematodes in the studies of Horrarp, CosTER (1976),
Tenkacova, Mrtuch (1986, 1987, 1991), CarRDOZA ef
al. (2008), BuriaNaADZE, GoGINASHVILI (2009), and
KeReseLIDZE ef al. (2010). Significant differences
have been documented in the parasitization rates be-
tween the spring and summer generations of beetles
(CHoo, Kava 1987, Tenkacova, MiTuch 1986) but
not between male and female beetles (e.g., ZITTERER
2002, Takov, PiLarskA 2008).

A single bark beetle may contain many nema-
todes, and it is not unusual to find a bark beetle with
hundreds of nematode juveniles in its intestine and
hemocoel and under its elytra (NickLE 1973). THONG,
WeBsTER (1975) and WEIsER (1966) found more than
1,000 eggs and juveniles of Contortylenchus spp. in
the hemocoel of individual Dendroctonus and Ips
beetles. The large number of nematodes per beetle
results from the high fecundity of entomopathogen-
ic nematodes; one female can produce as many as
10,000 juveniles (NickLe 1973).

Although each species of bark beetle is usu-
ally attacked by only a subset of the species of ento-
mopathogenic nematodes (CARDOZA ef al. 2006), the
number of nematode species associated with a single
species of bark beetle can be variable. Runm (1956)
recorded a maximum of 11 species of nematodes in
the black pine bark beetle Hylastes ater (PAYKULL,

1800) in Germany, and Massey (1974) found 30 spe-
cies in Dendroctonus adjunctus BLANDFORD, 1897 in
the United States.

Nematodes associated with Ips spp.

Bark beetles of the genus Ips belong to the family
of snout beetles (Curculionidae) and the Scolytinae
subfamily. In central Europe, seven species occur
(Ips acuminatus, 1. amitinus, I. cembrae, 1. duplica-
tus (SAHLBERG, 1836), I. mannsfeldi (W acutL, 1879),
I sexdentatus, and L typographus). An identification
key to the bark beetle species, including Ips spp.,
was published by Prerrer (1989). Ips spp. feed on
the phloem of conifers, predominantly spruce, pine,
and larch. These bark beetles have been often seri-
ous pests mainly in spruce monocultures but also in
close-to-nature forests. Since 1950, 2-9 million m® of
wood have been damaged annually by bark beetles,
and predominantly by I typographus (SCHELHAAS et
al. 2003).

There have been very few studies of the nema-
todes associated with Ips spp. in central Europe.
The first publication that described nematodes of
Ips spp. in this region was by WEIser (1954), who
described three species of nematodes found in the
body and under the elytra of I fypographus (in
Tenkacova, MiTucH 1987). There are also several
studies by Tenkacova, MrtucH (1986, 1987, 1991)
related to nematodes of Ips spp. in the territory of
the former Czechoslovakia. The study sites in all of
these reports were in the territory of today’s Slovak
Republic. Researchers have also reported on nema-
todes associated with Ips spp. in Germany (RuHM
1956, 1960), Poland (Barazy 1966, 1968), Bulgaria
(Takov et al. 2006; NEDELCHEV ef al. 2008), Portugal
(Penas et al. 2006), Russia (SLaNkis 1969), France
(LEuTier, Laumonn 1978), Sweden (Forsse 1987)
and Georgia (BURIANANDZE, GOGINASHVILI 2009).

Ips spp. have been reported to be associ-
ated with nematodes in the orders Diplogasterida,
Rhabditida, and Tylenchida and in the
families Parasitaphelenchidae, Allantonematidae,
Ektaphelenchidae, Aphelenchoididae, Diplogaste-
roididae, Neodiplogasteridae, Rhabditidae, and
Parasitylenchidae. Ruam (1956) recorded nine spe-
cies of nematodes in I fypographus, including five
each in L acuminatus and I cembrae and three in I
amitinus. Massgy (1974) found 4-14 species of nema-
todes in Zps spp. in the United States. The nematodes
associated with Ips spp. range in size from 0.2 mm
(Cryptaphelenchus) to 2.0 mm (Contortylenchus).

Lists of nematodes associated with Ips spp. in
central Europe is given in Tables 1-3. A problem in
preparing this kind of list is the existence of many
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Table 2. Endoparasitic nematodes associated with Jps species in central Europe. For species marked with an asterisk
(*) in the table see a list of known synonyms provided in Table 4

Nematode species Nematode family | Ips species Location Country Reference
Conlorylenchiis wyminds Allantonematidae | I acuminatus | hemocel Germany Runm 1956
Runm, 1956
- Czech Republic,
Contortpleraias oyian Allantonematidae I amitinus intestinum Germany, Ruma 1956, Weres el al.
Runm, 1956 ; 2006, ViLagiova 1993
Slovakia
Ok bt Bl L cembrae Czech Republic, | Runm 1956, Tenkacova,
s VB;ANSTOW 1§90 + | Allantonematidae | I sexdentatus | hemocel | Germany, Poland, |Mrruca 1986, 1991, Barazy
BT > 1. typographus Slovakia 1966, 1968
Cryptaphelenchus macro- Malphigian
gaster acuminati RuiM, | Aphelenchoididae | I acuminatus tubules Germany Runm, 1956
1956 intestinum
Cryptaphelenchus macro- N T Malphigian German)_f, Slo- Riif 1956, Traiacioa,
gaster macrogaster (Fuchs, | Aphelenchoididae I h tubules vakia Mirucs 1986, 1991
1937) * - DPOSTapAs | ihtestinum 5
Ektaphelenchus typographi :
(Fucss, 1930) * Ektaphelenchidae | I typographus larvae Germany Ruem 1956
Pamsztag‘)helencbm acumi- | Parasitaphelenchi- T .hemf)cel Cremittey Rusm 1956
nati RunmM, 1956 dae intestinum
Parasitaphelenchus sexden-| Parasitaphelenchi- ¥ sarcdentis hemocel | Czech Republic, | Weiser, Mracex 1988,
tati Fucns, 1937 * dae ’ intestinum Germany Freev 1959
Parasitorhabditis acuminati - . hemocel
(Fucss, 1937) * Rhabditidae L acuminatus P Germany Rumm 1956
Parasitorhabditis amitini " - " . Germany, Runm 1956, Tenkacova,
(Fucrs, 1915) * Rhabditidae 1. amitinus intestinum Slovikin Miruca 1987, 1991
Austig, Ruty 1956, WeiseR,
SRS i MRACEK 1988, TENKACOVA.
Parasitorhabditis obtusa Rhabditidac I cembrae — Czech Republic, Mitocst 1986, 1987, 1991,
(Fucss, 1915) * L. typagraphus Germany,
. Barazy 1966, 1968, An-
Poland, Slovakia,
; DRASSY 1983
Slovenia
Czech Republic, | Runam 1956, BaLazy 1966,
Pvasitylanchis dispar Germany, 1968, Wriser 1954, 1977,
s, 191 5)*‘0 Parasitylenchidae | I typographus | hemocel Poland, Weiser, Mracex 1988,
. Slovakia, 2006, TenkAcovA, MrTucH
Slovenia 1986, 1991

synonyms for nematode species. Not all of them
are valid (see Table 4). Synonyms of the Genus
Bursaphelenchus were published by Ryss et al. (2005),
Contortylenchus, Neoditylenchus and Parasitylenchus
by Smpiqt (2000), Micoletzkya and Fuchsnema by
SupHAUS, VON LIEVEN (2003), Parasitaphelenchus by
Rumm, 1956 and the others by BAKEr (1962).

Conclusion

As between other organisms various relationships
from commensalism to obligate parasitism occur
between bark beetles and nematodes. Nematodes
are almost always found in the galleries of bark
beetles and each nematode species may benefit
from the proximity of the bark beetle differently.
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Endoparasitic nematodes even can affect some im-
portant biological processes such as host fertility,
survival, flight activity or swarming time, or change
host behaviour . This review summarizes mentioned
relationships and lists the known nematodes associ-
ated with the representatives of Ips genus which are
importaint pests in Central Europe. Nematodes asso-
ciated with Ips species could live as commensals us-
ing only bark beetle gallery environment (such e. g,
members of Clarkus, Panagrolaimus or Pristionchus
genera), phoretic nematodes use bark beetles for
transfer fo a new environment ( e. g. memebers of
Bursaphelenchus or Micoletzkya genera), to inhabit
bark beetle body cavity is essential for endoparasit-
ic nematode life cycles (e. g. Contortylenchus and
Parasitylenchus genera) but some nematodes are
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Table 3. Nematodes found only in frass and feed marks of Ips bark beetles in central Europe
Nematode species Nematode family| Ips species Country Reference
Clarkus papillatus (Bastian, 1865) Mononchidae | L typographus| Slovakia Vilagiova, 1990
Cuticularia oxycerca (de Man, 1895) Rhabditidae | L sexdentatus | Slovakia Vilagiova, 1990
Mesorhabditis oschei Korner, 1954 Mesorhabditidae | I sexdentatus |  Slovakia Vilagiova, 1990
Panagrolaimus chalcographi Fuehs, 1930 Panagrolaimidae | L fypographus| Slovakia Vilagiova, 1990, 1993
Panagrolaimus rigidus (Schneider, 1866) Panagrolaimidae | I. sexdentatus | Slovakia Vilagiova, 1993
Prionchulus muscorum (Dujardin, 1845) Mononchidae |/ typographus| Slovakia Vilagiova, 1990
Pristionchus lheritieri (Maupas, 1919) Neodiplogastridae| I. typographus| Slovakia Vilagiova, 1990
Tripyla filicaudata de Man, 1880 Tripylidae I sexdentatus | Slovakia Vilagiova, 1990

Table 4. Synonymous names of nematode species associated with Ips bark beetles in central Europe

Nematode species

Synonymous names

diplogaster
(v. Lnstow, 1890)

Bursaphelenchus ; : ;
cidmanni Rosw, 1956 Aphelenchoides (Bursaphelenchus) eidmanni Ruam, 1956
Bursaphelenchus
sexdentati RunM, Aphelenchoides (Bursaphelenchus) sexdentati Runm, 1960; Bursaphelenchus bakeri Runv, 1964
1960
Contoriylenclus Anguillulina contortus typographi (Fucss, 1915); Allantonema diplogaster v. Linstow, 1890; Aphelenchulus

contortus typographi (Fuces, 1915); Aphelenchulus diplogaster (Fuces, 1915) ; Parasitylenchus contortus
cembrae (Fucss, 1915); Parasitylenchus contortus typographi (Fuces, 1915); Tylenchus contortus cembrae
(Fucws, 1915); Tylenchus contorius typographi Fucks, 1915; Tylenchus diplogaster (v. Linstow, 1890)

Cryptaphelenchus
macrogaster macro-
gaster (Fucus, 1937)

Aphelenchoides macrogaster (Fucus, 1937); Aphelenchoides (Schistonchus) macrogaster (Fuces, 1915);
Parasitaphelenchus macrogaster (Fucs, 1915); Tylenchus macrogaster Fuces, 1913; Parasitaphelenchus
(Cryptaphelenchus) macrogaster (Fucus, 1915); Schistonchus macrogaster (Fucns, 1915)

Fuchsnema halleri
(Fucss, 1915)

Diplogaster (Fuchsia) halleri (Fucus, 1915); Diplogasteroides (Diplogasteroides) halleri (Fuces, 1915);
Rhabditolaimus halleri Fucus, 1915

Ektaphelenchus ami-
tini (Fucas, 1937)

Aphelenchoides amitini (Fucus, 1937); Parasitaphelenchus (Cryptaphelenchus) amitini Fucss, 1937

Ektaphelenchus

Aphelenchus typographi (Fucss, 1930); Parasitaphelenchus typographi Fucns, 1930; Parasitaphelenchus

(MicoLerzky, 1922)

fypographi Lt
(Fucss, 1930) (Ektaphelenchus) typographi (Fucss, 1930)
Micoletzkya buetschii
acuminata Fuchsia buetschii acuminati Runm, 1956

Neoditylenchus major
(Fucns, 1915)
MEvL, 1961

Anguillulina major (Fucss, 1915); Ditylenchus major (Fucss, 1915); Synchotylenchus major (Fucss,
1915); Tylenchus major Fucss, 1915

Parasitaphelenchus
sexdentati Fucss,
1937

Aphlenchoides uncinatus sexdentaii (Fucns, 1937); Parasitaphelenchus uncinatus sexdentati Fucss, 1937

FParasitorhabditis
acuminati
(Fucss, 1915)

Rhabditis obtusa acuminati Fucss, 1915; Rhabditis (Parasitorhabditis) obtusa f. acuminati (Fucas, 1915)

Parsitorhabditis ami-
tini (Fucss, 1915)

Rhabditis obtusa amitini Fucus, 1915; Rhabditis (Parasitorhabditis) obiusa f. amitini Fucus, 1915

Parasitorhabditis
obtusa (Fucss, 1915)

Parasitorhabditis typographi (Fucrs, 1915); Rhabditis obtusa Fucus, 1915; Rhabditis obtusa typographi
Fucus, 1915; Rhabditis (Parasitorhabditis) obtusa f. typographi Fucss, 1915

Parasitylenchus
dispar (Fucas, 1915)

Anguiluling dispar typographi (Fucss, 1915); Aphelenchulus dispar typographis (Fucus, 1915); Polymor-
photylenchus typographi (Fucss, 1915); Tylenchus dispar typographi Fuces, 1915
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found on bark beetle body surface as well as in their
body (e.g. Cryptaphelenchus and Ektaphelenchus
species). Although considerable attention has been
devoted to entomophilic nematodes associated with
important pests like bark beetles, our knowledge of
these nematode—beetle associations in central Europe
is still limited. Furthermore, a large number of syn-
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more difficult. Expanding on this knowledge will be
an important task for the coming years, .
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Abstract: Luk4gova K., Holuga J., Grucmanovi 5. 2012: Reproductive performance of univoltine

population of Ips typographus (Colcopicra, Curculionidac) at epidemic level in Central
Europe: case study of small-scale and short-term bark beetles outbreak in the Sumava
Mits. - Beskydy, 5 (2): 153-162

Population of I typographus was studied in one locality with small-scale and short-term
outbreak distant from large-scale and long-term outbreak area by several hundred
meters. In total, ten spruce trees infested by the spruce bark beetle were examined.
Alwaysfourstripesofbark (samplearea)withthelengthequaltohalfthecircumference
of the trunk and the width of approximately 0.5m were analyzed. The local spruce
bark beetle population was characterized by high population density (1.5+1.2 entry
holes per dm?), low number of eggs per female, and short maternal galleries. Relatively
low reproductive success (0.8 female offspring per one mother beetle, percentage of
surviving individuals varies between land 18% was documented. The parasitism rate
of living developmental stages of spruce bark beetle by larval parasitoids averaged
14%. The level of infestation by pathogens and endoparasitoids in maternal beetles
from their galleries was low. Highly likely, it is a result of short-term outbreak during

which response of parasitoids was delayed in time.

Keywords: spruce bark beetle, Ips typographus, natural enemies, intraspecific competition, epi-

demiclevel of population

Introduction

Over the past century, outbreaks of Ips typogra-
phus (Linnaeus, 1758) occurred in many places
across Europe (Grégoire, Evans 2004). Since
1950, 2-9 million m? of wood have been dam-
aged annually by bark beetles, and predomi-
nantly by Liypographus (Schelhaas et al. 2003). In
the 1990s, outbreaks of the beetle were also doc-
umented in places where they had not occurred
previously (Grégoire, Evans 2004). Although
the forests of the Sumava Mountains had been
significantly altered by economic activities over
the past centuries, today they are dominated by
artificially established forests. During the 1990s,
the large-scale outhreak of I typographus was
documented in the central part of the Sumava

Mountains, leading to disintegration of spruce
stands. On the Czech side of the border with
Germany, two main management approaches
were applied during the outbreak. Part of the
stands was left without any anthropogenic in-
tervention, and in the remaining area the bands
of clear cuts were created near the so-called
intervention-free zone (Manek, EZnerova 2007).
In January 2007, according to to estimates by the
admistration of Sumava National Park, the wind
storm Kyrill damaged approximately 15,000 m?
of wood in areas of those second zones around
the so-called "Calamity Skidway” area. This
represents about 20-40ha of strongly damaged
forest (Svoboda 2007). One year after the wind
event, there was a remarkable increase in the
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volume of trees infested by bark beetles. In 2011,
more than 235,000 m® of infested wood was re-
corded, which is a slight decrease in comparison
t0 2009 and 2010. Tn the Sumava Mountains, the
outbreak of I. typographus outbreak lasted over 15
years. In cases of such long-term outbreaks, with
high population densities of I typographus re-
tained high above average over many years and
absence of management by forestry practices,
a significant increase of mortality and parasit-
ism in the beetle is often presumed (Weslien,
Schroeder 1999).

The spruce bark beetle Ips typographus is one
of the economically most serious pest species
of Norway spruce in Eurasia (Christiansen,
Bakke 1988). For successful colonization of liv-
ing trees, a high density of attacking individuals
is needed to overcome the defensive system of
the trees (Mulock, Christiansen 1986, Chris-
tiansen et al. 1987). Reproductive success of the
beetles depends on three main conditions: tem-
perature, natural enemies, and inter- as well as
intraspecific competition (Faccoli, Bernardinelli
2011). In early stages of the development of
the offspring generation significant mortality
is caused by predators, i. e. flies of the Medetera
genus (Dipttera) with frequency of 0.2-0.26%
(Herard, Mercadier 1996). Also Thanasimus for-
micarius (Linnaeus, 1758) (Coleoptera) is able to
reduce the offspring generation of I typographus
by as much as 18% (Mills 1985). In the final
larval stages and in the pupal stage, parasitoids
predominate (Kriiger, Mills 1990, Feicht 2004). Tt
is highly likely that at the endemic level preda-
tion effectivelyreduces the beetle density and its
population growth. The questions as to whether
predation also effectively reduces the epidemic
population of the beetle remains open (Kausrud
etal. 2012).

In Europe, nine species of pathogens are de-
scribed as attacking L typographus (Wegensteiner
2004, Holu3a et al. 2009). Although their distri-
bution has been monitored by many authors
(survey see Wegensteiner 2004, Takov et al.
2010, Luk4gova, Holuga 2012), their influence
on population dynamics of the beele is still
unknown. When considering parasitism by
nematodes, we presume its influence on the rate
of development, fertility, survival and flight ac-
tivity of the beetles (Nickle 1963, Licutier 1981,
Kaya 1984 Tenkdgovd, Mituch 1986). Although
an influence of nematodes on flight activity of
the beetle has not yet been proven (Forsse 1987),
fertility may decrease as documented by 20%
reduction of the size of the oocytes in infected
females (Thong, Webster 1975).

There are no works evaluating reproductive
success in univoltine population of I typographus
in mountain conditions in Central Europe at an
epidemic level, except for the studies of parasit-
ism from the Bavarian side of the Sumava Moun-
tains (Kalina 2000, Feicht 2004). There also are
no studies dealing with the levels of parasitism,
pathogen infections and nematode parasitism
among maternal beetles and/or on parasitism of
the offspring generation of the beetle.

The purpose of the study was to record the
levels of pathogen infection of maternal beetles,
parasitism of the offspring, number of preda-
tors, and reproductive success of the univoltine
generation of I typographus in small-scale and
short-term outbreak with high population den-
sity in an area in epidemic level.

Materials and Methods

Study site

To evaluate parasitism in the popula-
tion of L typographus a special study was car-
ricd out at the following three study sites in
the locality “Na Ztraceném™ Pta¥i potok (PP)
I-TII  (48°59'23.617"N, 13°30'40.858"E;
48°5911.240” N, 13°30’5.403”E; and 48°
59'28.669" N, 13°29'31.022"E, at elevation
1150m 2.s.l) on 23 August 2011. The locality is
situated in the area with the epidemic level of 1.
typographus and the forest stand is characterized
by 80% alochtonous trees. The forest is repre-
senting by Piceetum acid stands (spruce on acid
substrates), i.e. firm, not waterlogged with the
presence of small-reed (Calamagrostis spp.) or
blueberry (Vaccinium myrtillus). The forest mostly
consists of Norway spruce Picea abies (Linnaeus)
Karsten, rowan Sorbus aucuparia Linnaeus, and
also dwarf pine Pinus mugo Turra on peat-bogs.
Most spruce stands inthe locality are 60-80
years old and the original spruce stand was ap-
proximately 160 years old. During the period
1991-2007, the area (286ha) was in the inter-
vention regime (man-affected, managed forest),
later it was on intervention-free regime. Above-
average precipitation (1,224mm per year) and
average annual temperature between 5 and 6°C
is characteristic for this area. First trees infested
by I typographus were found in 2010. The local-
ity with the short-term outbreak of the beetle is
distant from long-term (>10years) outbreak area
approximately 700 meters,
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Analysed trees

At the edges of the sites, there were groups of
trees or places with trees infested or already left
by bark beetles. Spruce trees infested by bark
beetles (presence of entry holes, boring dust,
resin on the bark) were selected and felled (2, 2,
and 6 infested trees at each study sites). Diameter
of felled trees (d,,) was 29 cm - median (range
17-33 cm). After the branches removed four dis-
tinct sample areas (I-IV) were examined for the
presence of I typographus and its natural enemies
on each tree trunk. The sample areas were rep-
resented by debarked bands with length equal
to the half the tree circumference and the width
of approximately 0.5m. Sample area I was situ-
ated 0.5m from the tree base, sample area II in
the middle between the base and the bottom of
the tree’s crown, sample area 111 at the begin-
ning of the crown, and sample area IV in the
centre of the crown. Height/length of the trunk,
trunk diameter and thickness of the bast and
bark in particular samples/sections, and the di-
mensions of each sample/section were recorded
for each tree examined.

Material sampling and data vecording

In each sample area, 10 maternal galleries of I
typographus were studied if this was possible, and
the number of nuptial chambers (entry holes)
was recorded, as was the number of eggs laid by
the females, the length of maternal galleries, the
number of individuals of the different develop-
ment stages (larvae of the 1%-3 instars, pupae,
callow beetles), number of emergence holes,
maternal beetles remaining in the gallery. Also
the presence of other bark beetle species was
recorded.

The average number of eggs per female (+SD)
and average length of maternal galleries (+SD)
were calculated. The main response variables -
colonization density, reproductive success and
production of I typegraphus were summarized
using mean values per dm? of the bark (+ SD).
Reproductive success was defined as the aver-
age number of offspring per mother beetle, cal-
culated as [number of beetles produced- 0.5]/
[number of egg galleries] (Hedgren, Schroeder
2004). Sex ratio was defined as a number of ma-
ternal galleries per one nuptial chamber.

The presence and number of larvae and adults
of predators of L typographus were recorded, es-
pecially those among Raphidioptera and Mede-
tera (Diptera) and Thanasimus spp. (Coleoptera).

Maternal beetles were collected from each
trunk sample area and held under cold condi-
tions {4 °C) in Eppendorf plastic vials. In the

laboratory, the beetles were dissected two days
after collection, and the native dissections of
their visceral organs (especially the digestive
system, Malphigian tubules, gonads, fat body)
were observed under a light microscope (mag-
nification 100x to 400x, Arsenal LPE 5013i-T)
and the presence of viruses, microsporidia, pro-
tozoa, nematodes and parasitoids was recorded.

The rate of parasitism of I typographus by
parasitoids (especially by representatives of
Hymenoptera: Braconidae, Pteromalidae) was
determined by visual examination in the field.
The numbers of their larvae, pupae and co-
coons of the given groups of Hymenoptera were
recorded. The surviving individuals represent
the sum of all living stages of bark beetles, and
from these the larvae infected by parasitoids
were subtracted. The rate of parasitism by para-
sitoids was calculated as the ratio of the total
number of parasitoids (parasitoids larvae on the
bark beetle larvae as well as outside bark bectle
larvae, cocoons and pupae of the parasitoids in
the beetles galleries) to the sum of parasitoids
and all the living development stages of the bark
beetles.

Data analysis

Differences in number of parasitoids among
trees and percentage of parasitism on tree
sample areas (I-IV) were tested using the non-
parametric Kruskal-Wallis test. Relationship be-
tween the number of entry holes of L typographus
and percentage of parasitism in infested trees
was explored by regression analyses. The data
were statistically evaluated using Statistica 9.

Results

The volume of harvested wood infested by
bark beetles it the locality “Na Ztraceném” was
increasing steadily from 30® June until 15%
August 2011, when 9,748 m® of wood infested
by bark beetles (5-72% rate, depending on the
individual segments) was reported in the area
of 286 ha. In this second year of outbreak, L ty-
pographus was documented on all infested trees.
In average, a total of 34 m*/ha was infested by
bark beetles. The species was present in 87.5%
of all samples. Exceptionally (in two samples),
Polygraphus poligraphus (Linnaeus, 1758) was de-
tected. Places not infested by I typographus were
either too dry or covered by the resin, or they
were suitable for the beetle (fresh bast) but were
not colonized.

The average number of nuptial chambers (en-
try holes) of I typographus was 1.5+1.2 per dm?
(0-2.8 holes per dm?). The length of maternal
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galleries was 61.1+11.4mm. The average num-
ber of eggs per female was 23.1+4.4. The popu-
lation of I typographus consisted of Jarvae (L3),
pupae and callow beetles. The number of liv-
ing specimens in various stages (larvae without
parasitoids, pupae, callow beetles) was 6.7+5.4
individuals per dm”. No emergence holes were
observed. The proportion of maternal beetles
remaining in the gallery was 11%. Reproductive
success was 0.8 daughters (female offspring) per
one mother beetle, percentage of surviving indi-
viduals varied between 1 and 18%. Sex ratio was
1.4£0.6.

The average number of predatory larvae of
Medeiera spp. was 0.2+0.2 per dm® The number
of larvae of Thanasimus spp. averaged 0.03+0.06
per dm?. Snakefly larvae (Raphidioptera) aver-
aged 0.009+0.030 per dm>

From the 10 trees, a total of 228 live maternal
beetles were dissected. The entomopoxvirus
TtEPVwas detected in the middle intestine of only
3.9% of those individuals. The microsporidium
Chytridiopsis typographi [(Weiser, 1954) Weiser,
1970] was observed only once, in the form of
thin-walled cysts within the stomodeum. The
neogregarine Mattessia schwenkei (Purrini, 1977)
was identified in the fat body in 34.2% of ma-
ternal beetles examined. In the samples, the
presence of intestinal (12.4%) and extraintes-
tinal nematodes (10.8%) was determined by
dissection. In most cases, these were invasive
larvae which were very difficult to identify. In
6.5% of the samples, the species Contortylenchus
diplogaster (von Linstow, 1890) Rithm, 1956 was
detected.

Only one dead maternal beetle was found in
a maternal gallery upon which the hyphal fila-
ments of a fungus from the genus Beauveria were
evident.

The eggs of endoparasitoids were detected in
0.4% of adults of L typographus. Tomicobia seitneri
(Ruschka 1924) in the first larval instar in 1% of
the beetles examined. Not closely specified en-
doparasitoids were detected in 14.7% of adults.

Larvae of ectoparasitoids were detected on the
larvae of the third instar and pupae of I typogra-
phus, the pupae of Chalcidoids (chaleid flies)
from the Pteromalidae family or the cocoons of
Braconidae were found only rarely. Adults were
observed in two cases only. The average number
of ectoparasitoids was 09+1.2 individuals per
dm?, and the average parasitism was 143+183 %.
The average number of parasitoids did not statis-
tically differ among the studied trees (Kruskal-
Wallis test: H=11.5, p>0.1). Percentage of parasit-
ism did not differ among particular tree sample
areas (Kruskal-Wallis test: H=6.5, p>0.5; Fig. 1).

No statistically significant correlation was found
between the number of entry holes and the
percentage of parasitism (y=8.2591+2.8691*x%,
r=0.17, p>0.5; R*=0.0289).

Discussion

The volume of wood infested by I typographus
and other bark bectle species in the locality
“Na Ztraceném” was increasing from the begin-
ning of 2011, growing more than eight times
from May to August. In this second year of out-
break, in average 34 m*/ha was infested by bark
beetles. The number of maternal galleries in the
studied trees was around 0.4 per dm? (number
of entry holes*sex ratio). This conforms to pub-
lished data (Komonen et al. 2010) about the large
number of maternal galleries in standing trees.
In fallen trees the densities of the chambers
were 1.24+072/dm? and 1.62+1.26/dm?, while
in standing trees it was 4.46+2.07/dm?. As in our
data, no significant dependence on tree height
(i.e. tree sample area) had been detected carlier
by Komonen et al. (2010).

High population densities are also evidenced
by the length of the maternal galleries and num-
ber of eggs laid. Various authors (e.g. Pleffer
1952, Martinek 1961, Zumr 1985) have stated
different numbers of eggs per female, but the
averages range around 60 eggs. Low number of
eggs per female (on average 23.1+4.4) at studied
site can be explained by intraspecific competi-
tion which increases with growing population
density. This is also confirmed by the results of
other studies. For example, Anderbrant (1990),
Weslien (1994), Grodzki {2004) likewise state
that high density leads to a decrease in maternal
gallery length and a reduction in the number of
eggs laid.

In view of the number of eggs laid and the
proportion of stadia living during the study and
not parasitized (we are presuming there will no
longer be high mortality), the portion of surviv-
ing individuals of I typographus in particular tree
sample areas is apparently small (1-18%). These
numbers are, however, completely within the
range of the known data. Of the original num-
ber of eggs laid, only 7-22% were surviving to
become beetles, according to Thalenhorst (in
Klimetzek, Vité 1989). Karpinski (1935) docu-
mented the mortality of L typographus in a range
of 963 and 98.8% and affected by various fac-
tors during development. Niemeyer (1987)
studying the mortality of pre-imaginal stages in
situations with 30,000-40,000 larvae per a tree
determined the mortality to be approximately
50~75%. Such high larvae mortality in the larvae
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Fig. 1: Percentage of parasitism in L typographus between tree sample areas I-IV. Box plots show median plus upper and lower quar-
tiles for all three study sites in the g:cmava Mis. in 2011. Minimum and maximum values are shown by the upper and lower
whiskers (1.5 x interquartile range). Circles indicate outlying values. Sample area I was situated 0.5 m from the tree base, sam-
plearea I1 at middle distance between the base and the bottom of the tree’s crown sample area 111 at the beginning of the crown,

and sample area IV at the center of the crown.

of I typographus is most probably due to spatial
competition. With high population densities,
the competition among larvae increases. Fewer
offspring then accrue to any individual female
(Anderbrant 1990). Although the larvae tend to
avoid one another in the galleries (De Jong et al.
1986), in cases of accidental crossing of their gal-
leries cannibalism has been observed (DoleZal,
Sehnal 2007).

With the approximately determined number
of 4females per dm? and 6.7 surviving stadia per
dm?, the reproductive success is 1.6 stadia per
female. This corresponds to the published data.
Egg gallery density correlated negatively with
reproductive success (Komonen et al. 2010, Fac-
coli, Bernardinelli 2011, Kausrud et al. 2012). At
the density of 0.5 females per 1 dm?, more than
20 offspring accrue to the average female; at the
density of 31 females per dm?, it is only 0.6 (An-
derbrant et al. 1985, Anderbrant, Schlyter 1989).
The reproductive success, as measured by num-
ber of offspring per female, was greater for down
trees (8+7.5) than standing trees (1.82+1.18), and
this can be explained by higher densities of
galleries in the standing trees (Komonen et al.
2010).

At high densities, the duration of develop-
ment of I iypographus decreases, but pupation

always occurs only after ingesting a minimal
quantity of food, and thus reaching the minimal
weight of the larva. De Jong et al. (1986) state
that the minimal length of the larval gallery
was 20mm, at which point the pupae weighed
1.6mg. From this, the influence of the density of
maternal and larval galleries per unit of area on
the quality of the population can be indirectly
inferred {De Jong et al. 1986). Competition re-
sulting from high population densities is there-
fore considered to be the main factor influenc-
ing mortality and fertility of the beetle (De Jong
etal. 1986, Anderbrant 1988, 1990, Wermelinger
2004, Faccoli, Bernardinelli 2011).

Due to high elevation and cool climate, there
is only one generation of L typographus docu-
mented regularly in the study area (Kalina 2000,
Wermelinger 2004). Over the study period,
therefore, overwintering maternal beetles as
well as their offspring in the stages of higher in-
starlarvae, pupae and callow beetles occurred in
low numbers in the galleries during maturation
feeding. No emergence holes were observed.
This means that the beetles leave the bark and
dig into the surrounding area (e.g. forest floor,
where they overwinter) only after maturation of
their gonads.
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The members of the genus Thanasimus and
flies of the genus Medetera are the most common
predators of L typographus, as are parasitic wasps
from the families Pteromalidae and Braconi-
dae (Eck 1990, Schopf, Kohler 1995, Weslien,
Schroeder 1999, Huler 2001, Wermelinger 2002,
Zeleny 2007). The rate of occurrence of natural
enemies in general, depends on a host tree spe-
cies and even varies by a individual tree, as the
bark texture is especially important (Lawson et
al. 1997). The quantities of predators, pathogens
and parasitoids correspond to the beetles' popu-
lation density, but their response can be delayed
by weeks or even as much as a year (Kausrud et
al. 2012).

In this small-scale and short-term outbreak
with high population density of L typographus
in an area in epidemic level the pathogenic in-
fections of the maternal beetles are not high.
For example, a common microsporidium C. ty-
pographi (Wegensteiner 2004, Takov et al. 2010)
was determined only in one case, and BEPV
infection was also not high (3.9% of analysed in-
dividuals), even though Sumava locations have
been among the places with very high infec-
tion (Weiser et al. 2000, Weiser 2002). A higher
level of infection was displayed by the neogre-
garine M. schwenkei (34.2% of maternal beetles).
This data can be overestimated. However, as it
concerns beetles which remained in the galler-
ies and never left them; such beetles could be
affected by M. schwenkei infection occurring in
the fat body in the form of scaphoid spores. All
this, theoretically, may influence the tendency
of beetles to emerge. It is presumed that only
newly infected individuals leave the galleries,
and therefore the pathogen occurs at higher
rates towards the end of the vegetation season
{(Weiser 2002). The obtained data about patho-
genic organisms (percentages) correspond with
and/or are almost identical to the previous find-
ings from the Sumava Mountains (Weiser et al.
2000).

The absence of the cugregarinida Gregarina
typographi (Fuchs, 1915) is very surprising, as it
is one of the most common pathogens of bark
beetles (Wegensteiner 2004, Takov ect. al. 2010)
which is very intensively transferred in nuptial
chambers of the beetle (Lukasova, Holuga 2011).
Such absence, documented also in the popula-
tions with high densities of the beetle, is caused
by the absence of those infections in the initial
populations, Parasitism by entomophagous
nematodes was greater than expected. For ex-
ample, Tenka¢ova, Mituch (1986, 1987, 1991)
report from various locations (e.g. the Tatra Na-
tional Park), report the presence of nematodes

in bark beetles in the range of 43-5.1% of indi-
viduals examined. In the case of L typographus
in the Sumava National Park, higher values of
parasitism by nematodes might be explained by
the high density of the beetle population easily
accessible to nematodes. In the case of Contor-
tylenchus diplogaster, the given studies report its
occurrence in about 9% of L typographus indi-
viduals in the spring generation and slightly un-
der 1% in the summer generation. The obtained
data on the parasitism by this nematode species
in the study area confirm to the known findings.

When evaluating the total rate of parasitism,
it is necessary to observe how its values change
on within individual trees, as even at relatively
high levels of parasitism such rate only occurs
in a small percentage of samples while the rest
samples show very low parasitism (Hougardy,
Grégoire 2001). Eck (1990) reported, for exam-
ple, that if while infestation ranged between 0%
and 70% more than half of the wood samples
showed mortality of L typographus below 5%. In
the study area this was similar. T seitneriresponds
to the L typographus aggregation pheromone
(Faccoli 2000). It is a common endoparasitoid in
the adults (Eck 1990), but the rate of parasitism
is low, i.e. 0-9.5% (Feicht 2004). The data in this
instance fall entirely within the expected range,
even though it concerns only larvae of the first
instar, where the species affiliation is clear. In
some cases, the total parasitism can reach 20-
50% (Faccoli 2000). Other endoparasitoid larvae
cannot be identified precisely. We can presume
the samples to include the presence of another
common species of endoparasitoid Ropalophorus
clavicornis (Wesmael, 1835) (Faccoli 2001, Wermel-
inger 2002, Zeleny 2007).

Most parasitoids of the Scolytinae are among
the ectoparasitoids of larvae and attack their
hosts through the bark (Kenis et al. 2004).
Within the same tree, the representatives of Pt-
eromalidae and Braconidae are predominate on
the upper part of the trunk (with lower tree di-
ameter), where the bark is thinner and smoother
(Wermelinger 2002). In our study percentage of
parasitism did not differ among trees section.
This is probably the result of comparable bast
and bark thickness of the trees, which did not
vary much in the particular sections.

The parasitism rate most often varies in the
range of 5-55% (Mills 1986, Eck 1990, Wer-
melinger 2002, Feicht 2004), but it can be even
higher (Weslien 1992, Markovic, Stojanovic
2003). Parasitism rate in this study is near the
lower limit of the published data outbreak
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Abstract

Ips duplicatus (Sahlberg) is an important forest pest in central Europe, but
its nematode associates have seldom been studied. Therefore, nematodes
associated with I duplicatus were determined at three localities in the
Czech Republic. The percentage of beetles with phoretic nematodes ran-
ged from 18 to 65%. Micoletzkya buetschlii and other phoretic nematodes
were found under elytra, on wings, and between body segments. The
percentage of beetles with nematodes in the haemocoel ranged from 3 to
30%, and the nematodes included Contortylenchus diplogaster and Parasity-
lenchus of. aculeatus. Juveniles of Parasitorhabditis obtusa (Fuchs 1915) were
found in the intestines of 0-16% of the beetles. The most abundant
species in I duplicatus galleries were P. obtusa and M. buetschlii. Cryptaphe-
lenchus sp., Parasitaphelenchus sp. and unidentified tylenchid juveniles also
were found in the galleries. The percentage of beetles with nematodes was
greater in the overwintering than in the offspring generation, and

numbers of nematodes per gallery increased with gallery development.

Introduction

The double-spined bark beetle Ips duplicatus
(Sahlberg) {Coleoptera: Curculionidae, Scolytinae) is
listed as a quarantine pest by the European Union and
the European and Mediterranean Plant Protection
Organization (Smith et al. 1996). Local outbreaks of
I. duplicatus were recorded in Poland and the Czech
Republic during the 1990s (Knizek and Zahradnik
1996; Grodzki 1997, 2003), and 1. duplicatus has been
censidered the major species causing damage in natu-
ral spruce forests in Inner Mongolia, the People’s
Republic of China, where outbreaks of this beetle
have occurred frequently since the 1950s (Zhang and
Schlyter 1995; Schlyter et al. 2001; Zhang et al.
2001). The latest 1. duplicatus outbreak in the Czech
Republic began in 2003, and the numbers have
remained high since 2005 (Holusa et al. 2010a). Con-
sequently, the species is now considered economically
important in the Czech Republic (Holusa et al.
2010b). It is one of 11 known Ips species in central

© 2014 Blackwell Verlag GmbH

Europe and is spreading to the west (Holusa et al.
2010b), east and south (Vakula et al. 2009).

Even though most Ips species are considered serious
pests (Pschorn-Walcher 1977) and even though nem-
atodes have been studied as potential biological con-
trol agents against pest insects, there are only a few
publications concerning nematodes associated with
bark beetles in Europe (Rihm 1956, 1960; Balazy
1966, 1968; Tenkacova and Mituch 1986, 1987, 1991;
Takov et al. 2006; Nedelchev et al. 2008). Nematodes
are considered to be important factors limiting bark
beetle populations (Riihm 1956; Massey 1974; Thong
and Webster 1975; Weiser and Mracek 1988).
Although nematodes seldom kill their hosts, they can
change host behaviour; decrease host fertility, sur-
vival and flight activity; and delay swarming (Massey
1956, 1960; Hoffard and Coster 1976; Kaya 1984).
Other research suggests that nematodes may weaken
and kill bark beetles, reduce the number of eggs laid
by as much as 40% and reduce the number of genera-
tions per year (Massey 1974; Lieutier 1984). The most
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common species of the nematode genera Parasitylen-
chus and Contortylenchus parasitizing Ips bark beetles in
central Burope (Grucmanova and Holusa 2013)
reduce the size of fat bodies and ovaries and reduce
development of terminal oocytes in I sexdenfafus
(Lieutier 1982).

Among the possible interactions between nema-
todes and bark beetles, parasitism and phoresy are the
most common (Massey 1974; Gaugler and Bilgrami
2004). For phoretic interactions, in which the nema-
todes use their hosts as a means of transportation to
new environments (Nickle 1973), the nematodes are
mainly found on the beetle bodies, that is, between
beetle body segments, under the elytra and on the
wings. For parasitic interactions, in contrast, nema-
todes are found in host body cavities, occurring freely
in the haemocoel, in the intestine and rarely in the
Malpiighian tubules (Hunt and Hague 1974; Massey
1974; Poinar 1975; Gaugler and Bilgrami 2004; Serrao
et al. 2008).

The only nematode known to be associated with
I duplicatus is Parasitylenchus aculeatus (Slankis 1972;
as referred to by Poinar 1975). The existence of many
synonymous names for certain nematode species
constitutes a considerable problem (Grucmanova and
Holusa 2013).

The main goals of the present work were to:
(1)identify the nematodes associated with I duplicatus
in central European spruce forests
(2)compare the prevalence of nematodes in beetles
between the overwintering and offspring generations
in bivoltine populations of I. duplicatus (Choo et al.
1987; Tenkacova and Mituch 1986)

(3)determine whether the abundance of nematodes
in L duplicatus gallery frass increases with beetle
development.

Materials and Methods

In the eastern part of the Czech Republic, where I du-
plicatus numbers have long been high (Holusa et al.
2010b) and where the beetle regularly produces two
generations per year (Holusa et al. 2003, 2013), we
collected beetles from three localities at different ele-
vations: Pustd Polom (49° 50/ 57.5" N, 18° 2’ 3.8" E,
350 m a.s.l.), Bystiice (49° 36’ 36.0” N, 18° 41’ 40.9"
E; 450 m a.s.l.) and Bfidli¢nd (49° 58' 47.1" N, 17° 24/
52.7" E; 600 m a.s.l.). These represent the vertical
range of abundant I duplicatus populations (Holusa
et al. 2010a,b). At each locality in 2012, we col-
lected material from five spruce trees (Picea abies (L.)
Karst.) infected by I duplicatus during May-July
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(overwintering generation) and August-September
(offspring generation). We collected 20 maternal bee-
tles from each tree (a total of 100 beetles per locality
per sampling time). These were placed individually in
closable Eppendorf tubes and stored in a refrigerator
at about 7°C.

Ten gallery frass of L. duplicatus were also collected
from each tree on each sampling time. The numbers
of maternal and larval galleries were recorded for each
gallery, and the oldest and the most numerous beetle
stages were also recorded. The maternal and larval
galleries frass was collected from each gallery using a
dissecting needle and brush, placed into a sealable
plastic bag and stored in a refrigerator about 7°C.

Processing of samples

In the laboratory, the individual beetles were exam-
ined with a magnifying glass or microscope (Arsenal
SZP 1102 T Zoom, Arsenal LPE 5013i), and the pres-
ence of phoretic nematodes on the individual body
parts (elytra, wings, thorax, abdomen) was recorded.
The beetles were subsequently dissected, and the
presence and locality of parasitic nematodes (i.e. those
nematodes in the haemocoel, intestine and Malpiigh-
ian tubules) were recorded.

Nematodes were extracted from galleries’ frass in
Baermann funnels (Weiser and Mracek 1988). After
the nematodes were counted, they were put into
Eppendorf tube with a drop of distilled water and then
the tube was filled with hot (60-70°C) TAF fixative (a
mixture of formaldehyde, triethanclamine and dis-
tilled water) and left until the next day; then, the
solution was replaced by a new cold. Nematodes were
identified to species or genus according to Riihm
(1956), Slankis (1972) and Hunt (1993). Some of the
fixed nematodes were transferred into glycerol (Kaya
and Stock 1997). These were mounted as permanent
specimens on microscope slides; the glass covers were
sealed with a mixture of paraffin and beeswax. Other
nematodes were preserved in ethanol (70%) and sub-
jected to DNA analysis as described later.

We compared the percentages of beetles with nem-
atodes between beetle sexes, among localities and
between generations; the beetles obtained from each
infested tree were used as the sample unit. The num-
bers of nematodes in the galleries” frass (total and by
beetle stage) were compared so that the sample unit
was all the beetles from a given locality. MS Excel was
used for data processing, and the R program for statis-
tical testing. The Kruskal-Wallis test, one-way anova
and Pearson’s correlation were used with the
significance level at & = 0.05.
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DNA analysis

For DNA analysis, the nematodes were first trans-
ferred into sterile water on watch glasses, which were
placed in Petri dishes with filter paper and sterile
water and left in a refrigerator overnight. DNA was
then extracted from the nematodes. An individual
nematode was transferred into a sterile Eppendorf
tube (200 ) with 20 pl of extracting buffer (17.7 ul
ddH,0, 2 ul 10 x PCR buffer with MgCl,, 0.2 pl 1%
Tween 20 and 0.1 ul proteinase K 100 ug/ml). The
nematode in the buffer was frozen at —20°C for
20 min and then immediately incubated at 65°C for
1 h, followed by 10 min at 95°C. After the lysates
were cooled on ice and centrifuged (2 min,
11600 rpm, centrifuge Eppendorf minispin plus), 1 ul
of the supernatant was used for polymerase chain
reaction (PCR). We used the segment of the small
subunit ribosomal RNA (SSU) gene. A fragment of
rDNA-containing internal transcribed spacer (ITSI,
5.8 §, ITS2) was amplified using primers SSU 18 A 5'-
AAAGATTAAGCCATGCATG-3' sense and SSU 26 R
5'-CATTCTTGGCAAATGCTTICG-3'  (Blaxter et al.
1998). The PCR master mix consisted of 7.25 pl
ddH,0, 1.25 ul 10x PCR buffer with MgCl,, 1 ul
dNTPs 2.5 mm, 0.75 pl of each primer 10 pmol/yl,
0.1 yl Taq DNA polymerase 5 U/ul and 1 yl DNA
extract. The PCR conditions were: 94°C for 5 min; fol-
lowed by 35 cycles at 94°C for 60 s, 52°C for 90 s, and
68°C for 2 min; and a final extension at 68°C for
10 min (Eyualem and Blaxter 2003). PCR was fol-
lowed by electrophoresis (40 min, 120 V) of 2 ul of
PCR product in a 1% TAE-buffered agarose gel that
was stained with ethidium bromide (20 yl ETB
10 mg/ml per 100 ml of gel). Purified PCR product
was sent 1o a sequencing service (Macrogen, Seoul,
South Korea). The sequences were compared with
those in GenBank using the Basic Local Alignment
Search Tool (BLAST) of the National Centre for Bio-
technology Information. An alignment of our samples
together with representative sequences of all different
but similar species found in GenBank was produced
for each amplified DNA region using ClustalW param-
eters in Mega 5.05 (Tamura et al. 2011) and then
optimized manually in Bio Edit (Hall 1999). Pairwise
distances were computed using MEGA (Tamura et al.
2011).

Results

We examined 600 beetles, of which 420 were females
and 180 were males. A total of 300 galleries contain-
ing I duplicatus at various stages of development (egg
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1o callow beetle) were processed. We found that 66%
of overwintering beetles and 36.6% of the offspring
generation were nematode positive (51.2% in total),
while 72.0 % of galleries’ frass of the overwintering
beetles and 88.7% of the offspring generation were
nematode positive (80.3 % in total).

Adult females as well as large numbers of eggs and
juveniles of the nematodes Contortylenchus diplogaster
(v. Linstow 1890) and Parasitylenchus cf. aculeatus
(Slankis 1972) were found in the haemocoel of I du-
plicatus adults (tables 1 and 2). Some juvenile tylen-
chids were found in the intestines and galleries’ frass.
Genetic analyses showed no match. GenBank does
not contain data on the structure of this genome sec-
tion for the genera Contortylenchus.

Parasitorhabditis obtusa (Fuchs 1915) juveniles were
observed in the intestines of I duplicatus, and P. obtusa
juveniles and adults were simultaneously found gal-
leries’ frass. In a single case, five unidentified nema-
todes were detected in the Malpiighian tubules of a
female of the offspring generation at the Bfidlitnd
locality. P. obtusa was a very frequent and abundant
nematode in galleries’ frass. Another nematode fre-
quently detected in galleries’ frass was Micoletzkya bue-
tschlii (Fuchs 1915), and its juveniles also were found
under clytra, on wings and between body segments.
Usually, these were in groups from just a few to 30
individuals (table 3). The identities of P. obtusa and M.
buetschiii were confirmed in GenBank (identity and
query = 100). Qur P. obtusa nucleotide sequence
(KJ705089) is identical to the sequence EU003189 in
GenBank (identity and query = 100). Our M. buetschiii
nucleotide sequence (KJ705088) is identical to the
sequence JX163973 in GenBank (identity and
query = 100). Along with these two species, Crypia-
phelenchus and Parasitaphelenchus species and unidenti-
fled tylenchid juveniles were observed galleries’ frass.
Our Cryptaphelenchus nucleotide sequence (KJ705087)
was compared with the known Cryptaphelenchus sp
(BU287588) (identity = 95, query = 99).

Infestation by parasitic nematodes (i.e. nematodes
in the haemocoel or intestines) in the haemocoel ran-
ged from 7.8 to 30.0% in the overwintering genera-
tion and from 3.0 to 13.3% in the offspring
generation (table 1). Infestation by parasitic nema-
todes in the intestine ranged from 4.3 to 15.6% in the
overwintering generation and from 0.0 to 10.8% in
the offspring generation. Infestation by phoretic nem-
atodes ranged from 42.3 to 65.2% in the overwinter-
ing generation and from 18.2 to 40.6% in the
offspring generation (table 1).

Nematode infestation levels in beetles did not sig-
nificantly differ among localities. Across all localities,
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Table 1 Percentages of Ips duplicatus beetles with nematodes as affected by locality, beetle generation (F1 - offspring generation), beetle sex (M -
males, F - females) and locality in the beetle (Int = intestinal nematodes; Hem = freely in the haemocoel; Endo = total parasitic nematodes, i.e., nem-
atodes detected in the intestines or haemocoel; Body = found on the body of lps dupiicatus)

Locality Generation Sex Number of beetles Body (%) Endo (%) Hem (%) Int (%)
Bridliéna Overwintering F 74 50.0 243 122 14.9
Bridlicna Overwintering M 26 423 26.9 19.2 77
Pustd Polom Overwintering F 70 743 174 10.0 7.1
Pusta Polom Overwintering M 30 467 333 30.0 6.7
Bystfice Overwintering F 77 55.8 234 78 15.6
Bystrice Overwintering M 23 65.2 174 13.0 43
Total Overwintering F 22 60.2 21.3 10.0 12.2
Total Overwintering M 79 50.6 26.6 05 6.3
Bfidliéna F1 F 63 36.5 79 48 32
Bridlicna F1 M 37 324 10.8 Pl 10.8
Pusta Polom Fi F 67 239 5 6.0 15
Pusta Polom F1 M 33 182 6.1 30 30
Bystrice F1 F 69 40.6 101 58 43
Bystfice F1 M 31 333 133 133 0
Total F1 F 199 337 85 55 3.0
Total F1 M 101 27.7 9.9 5.9 5.0

however, infestation significantly differed between
the overwintering and offspring generations for pho-
retic nematodes (anvova: df.=1; F=13.05
P =0.0012) and also for parasitic nematodes (Krus-
kal-Wallis: d.f.=1; P =0.0102; y*=6.6012). The
values for parasitic and phoretic nematodes were in
most cases higher in the overwintering generation
than in the offspring generation (table 1). Male and
female beetles did not differ in percentages with para-
sitic nematodes (Kruskal-Wallis; d.f. = 1; P = 0.521;
%> =0.4103) or with phoretic nematodes (anova:
d.f. = 1; F = 0.5545; P = 0.4736).

Table 2 Frequency at which nematode species were detected in fps du-
plicatus at all localities as affected by generation

Overwintering  Offspring  Total

Nematode Location I¥4] (%) %

Contortylenchus Haemacoel 33 1.0 22
diplogaster

Parasitylenchus Haemocoel 83 43 6.3
<f. aculeatus

Parasitorhabditis Intestine 10.7 87 7.2
obtusa

Micoletzkya Body 57.7 317 447
buetschlii surface

Cryptophelenchus  Galleries’  * * *
cf. macrogaster frass

Parasitaphelenchus  Galleries’ * * *
sp. frass

*The frequency in galleries’ frass was not recorded.

The number of nematodes found per galleries” frass
ranged from 0 to 1500 and tended to increase with
bark beetle developmental stage (figs 1-3). The num-
bers of nematodes in galleries’ frass significantly dif-
fered between localities (Kruskal-Wallis: d.f. =2,
P =0.0011; * = 13.67). The numbers of nematodes
in galleries’ frass differed between the generations at
Bridlicnd (Kruskal-Wallis: d.f. =1, P =1.434e-15;
y>=63.7206) and at Bystfice (Kruskal-Wallis:
df =1, P=4.016e-09; 7*=34.6158). At Biidlicnd
and Pustd Polom, the numbers of nematodes in the
galleries’ frass significantly differed depending on bark
beetle development (which was assessed according to
the most advanced beetle stage) but only for the over-
wintering generation (Bfidlitna, Kruskal-Wallis:
df =4, P-value =0.000992; »*=18.4846); Pustd
Polom, Kruskal-Wallis: d.f. =6, P=0.00142; 7=
21.6178) (figs 1-3).

Discussion

The nematodes associated with the bark beetle I. du-
plicatus have not been studied in detail. The only
known nematode with a connection to this beetle is
Parasitylenchus aculeatus (Slankis 1972), which was
mentioned by Poinar {1975). This nematode was also
detected in this study.

In the current study, adult females of Parasitylenchus
cl. aculeatus (Slankis 1972) and Contortylenchus diplog-
aster (v. Linstow 1890) as well as large numbers of
eggs and juveniles were found in the haemocoel of
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Table 3 Numbers of phoretic nematodes on individual body parts of
Ins duplicatus at three localities. Values are means + 5D per beetle

Locality Elytra Wings Thorax

Bfidliéna 17.9 £ 16.2 144 £ 119 148 £ 11.0
Bystrice 178 £ 16.7 16.0 £ 131 148 £ 146
Pustd Polom 111 £ 109 12.8 £ 125 111+ 117
Total 15,5 +£15.2 15.6 + 12,6 135+ 125

significant numbers of I duplicatus. Some juvenile
tylenchids were found even in intestines and galleries’
frass. Based on what is known about their develop-
ment cycles (Massey 1974; Siddiqi 2000), these tylen-
chid juveniles were probably representatives of the
same nematode genera found in haemeocoel. Conforty-
lenchus and Parasitylenchus nematodes have also been
found in the haemocoel of the bark beetles Ips acumin-
atus (Gyllenhal 1827), I. amitinus (Eichhoff 1871), I
cembrae (Heer 1836), I sexdentatus (Borner 1776) and
I typographus (see Grucmanova and Holusa 2013).
Even though it is known that individual beetles can
be simultaneously infected (in the haemocoel) with
more than one genus of parasitic nematode (Massey
1974; Lieutier 1980; Choo et al. 1987), no such case
had been previously recorded for I. duplicatus.

The nematode Parasitorhabditis obtusa was found in
L duplicatus intestines and galleries’ frass in the cur-
rent study. This species was previously found in the
galleries” frass and intestines of L fypographus and
L cembrae (Riihm 1956; Tenkacova and Mituch 1986;

Ovenwintering generation Offspring generation
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Fig. 1 Numbers of nematodes per Ips duplicatus galleries’ frass at the
Bystfice locality. Galleries are categorized according to the most
advanced I. dupficatus developmental stage present (L1 = st instar
larva, 12 =2nd instar larva, L3 =3rd instar larva, pupa = pupa,
cabe = callow beetle). Boxplot: band = median, box = SD, whis-
kers = maximum, minimum.
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Weiser and Mracek 1988). Parasitorhabditis spp. are
also found in other Ips spp. [e.g. L acuminatus and I.
amitinus; see Grucmanova and Holusa (2013)].

Juveniles of M. buetschlii were found under the
elytra, on the wings and between body segments of
I. duplicatus. This nematode has also been found in
L typographus and L cembrae in clusters of up to 50
individuals (Weiser 1954; Rithm 1956; Tenkacova
and Mituch 1983, 1986, 1991), which is in accordance
with our findings (table 3). This species is a typical
phoretic nematode that use the bark beetle to colonize
new environments. According to Rithm (1956), up to
70% of beetles of a given population have juveniles of
this species under their elytra. In our case, up t0
57.7% of individuals in the overwintering generation
had M. buetschiii juveniles under their elytra (table 2).
In general, nematode phoresy is very common, espe-
cially for beetles inhabiting trees (Maggenti 1981).

We found the nematodes P. obtusa, M. buetschiii,
Cryptaphelenchus sp. and Parasitaphelenchus sp. in the
galleries’ frass of I. duplicatus (listed according to their
abundance in the galleries’ frass). This fully corre-
sponds with previous reports that Micolefzkya and
Cryptaphelenchus species and especially Parasitorhabditis
species are the dominant nematodes in galleries’ frass
(Tenkacova and Mituch 1980, 1986, 1991). Cryptaphe-
lenchus and Parasitaphelenchus have been described in
association with other Ips species (Rithm 1956; Tenka-
cova and Mituch 1986, 1991). Cryptaphelenchus is
common in galleries of L typographus and I. cembrae
(being the most dominant species, second only to
P. obtusa) and in the joints between the head and tho-
rax of the beetles (Tenkacova and Mituch 1980, 1983,
1986, 1991). In our case, the species was probably
C. macrogaster, which is known from L typographus
(Grucmanova and Holusa 2013). In addition to the
species stated above, tylenchid juveniles that could
not be further identified were also found in the galler-
ies frass, but these were probably C. diplogaster and P.
cf. aculeatus, whose adults were identified in the same
galleries.

The nematodes found to be associated with I duplic-
atus in the current study are in many respects similar
to those associated with the European spruce bark
beetle, Ips fypographus L., which is severe pest (Rithm
1956; Tenkacova and Mituch 1986, 1987, 1991). The
two bark beetle species primarily feed on Norway
spruce (P. abies (L.) Karst). While L fypographus pre-
fers the lower parts of trees, I. duplicatus occurs pre-
dominantly on the upper parts of the trunk. Despite
the different height preferences, overlap occurs, and it

is not unusual to observe galleries’ frass of both I du-

plicatus and I typographus in the middle parts of trees
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Fig. 2 Numbers of nematodes per Ips dupficatus galleries’ frass at the
Bridlicna locality. Galleries are categorized according to the most
advanced |. duplicatus developmental stage present (L1 = 1st instar
larva, L2 =2nd instar larva, L3 =3rd instar larva, pupa = pupa,
cabe = callow beetle). Boxplot: band = median, box =SD, whis-
kers = maximum, minimum. Plots with triangles are significantly differ-
ent from each other.

(Schlyter and Anderbrant 1993). One of the differ-
ences between the nematodes associated with [ du-
plicatus and L typographus is the presence of two
different species of Parasitylenchus. P. aculeatus has
been described in I duplicatus, as mentioned above,
and P. dispar is known from I typographus. A descrip-
tion of P. aculeatus and the characteristics that distin-
guish it from P. dispar were reported by Slankis
(1972). These two species differ especially in the
shape of the tail, which is pointy in P. aculeatus (fig 4)
and round in P. dispar. Based upon the distinguishing
characteristics provided by Slankis (1972), we identi-
fied the specimens as P. aculeatus in the current study.,
This fully agrees with the known narrow specializa-
tion and specificity of bark beetle nematodes, and
especially of the parasitic genera such as Parasitylen-
chus and Contortylenchus (Mracek 1982).

The presence of parasitic and phoretic nematodes in
association with I duplicatus did not significantly dif-
fer between the three locality, which differed in ele-
vation. Even though the studied localities represented
the entire range of elevations that support large num-
bers 1. duplicatus, the similarity in nematodes among
the localities is not surprising considering that they
differ by only 250 m in elevation.

The average annual temperature of the study area
is 7°C, and the average annual precipitation is
819 mm. Nematodes associated with insects are
thought to be more influenced by the local microcli-
mate than by general climatic conditions, and the
local microclimate depends in part on elevation
(Rithm 1956; Choo et al. 1987; Meirmans et al.
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Fig. 3 Numbers of nematodes per lps duplicatus galleries’ frass aL the
Pustd Polom locality. Galleries are categorized according to the most
advanced 1. duplicatus developmental stage present (L1 = 1st instar
larva, 12 =2nd instar larva, 13=3rd instar larva, pupa = pupa,
cabe = callow beetle). Boxplot: band = median, box =5D, whis-
kers = maximum, minimum. Two plots with triangles, or with squares
or circles, are significantly different from each other.

2006). The microclimate in the galleries is influenced
by various factors, but especially by the amount of
sunlight striking the tree trunk (Rihm 1956; Meir-
mans et al. 2006). Because the development of all
nematode genera detected occurs in bark beetle gal-
leries for at least a certain time, the local microclimate
is especially important for nematodes when they
occur outside of the host body, where they are unpro-
tected from external influences (Rithm 1956; Tenka-
cova and Mituch 1980; Meirmans et al. 2006). This
environment is crucial for encountering individuals of
the opposite sex and for reproduction. In the case of
the parasitic nematodes of the genus Contortylenchus,
for example, adult fertilized females, eggs and juvenile
stages of both sexes occur in the host haemocoel,
while the last moulting and sexual maturation of
males and females occur outside the host but in the
galleries. Copulation also occurs outside the host and
in the galleries, and adult males occur only in the gal-
leries (Rithm 1956; Massey 1974; Siddiqi 2000). In
phoretic nematodes, such as those in the genus Mic-
oletzkya, the opposite is true. Most of the development
of Micoletzkya spp. occurs in the gallery environment,
where the adults reproduce. In the case of Micoletzkya
spp., the bark beetles are mostly used by juveniles as
transportation to new environments (Massey 1974;
Tenkacova and Mituch 1983).

Nematodes were more frequently detected in I du-
plicatus of the overwintering generation than of the
offspring generation. This was true for both phoretic
and parasitic (intestinal and haemocoel) nematodes
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Fig. 4 Tails of Parasitylenchus cf. aculeatus nematodes found in Ips duplicatus. 20x magnification.

(table 2) and is consistent with data reported by Choo
et al. (1987) and Tenkacova and Mituch (1983, 1986).
Tenkacova and Mituch (1983) also reported that a
higher percentage of I duplicatus beetles had nema-
todes in the overwintering (6.5%) than in the off-
spring (1.3%) generation. This difference between
generations is probably a consequence of beetle
behaviour in that overwintering beetles spend long
periods in the litter (Holusa et al. 2003), which
increases the probability that they will contact nema-
todes. That the percentage of beetles with nematodes
is greater in the overwintering than in offspring gen-
erations was also previously indicated for the beetles
I typographus and Orthotomicus laricis (Fabricius 1792)
and the parasitic nematodes belonging to the genera
Parasitylenchus and Contortylenchus (Fabricius 1792).
For Contortylenchus spp., the values ranged from <10%
for the overwintering generation to <1% for the off-
spring generation. For Parasitylenchus spp., the values
ranged from <3.5% for the overwintering generation
to <0.6% for the offspring generation (Slankis 1972;
Tenkacova and Mituch 1980, 1983, 1986, 1987, 1988,
1991).

Nematodes are almost always present in bark beetle
galleries. In Slovakia, Tenkacova and Mituch
found nematodes in >96% of bark beetle galleries
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(Tenkacova and Mituch 1980, 1983, 1986, 1987,
1988, 1991). In our study, 72.0% of the overwinter-
ing generation galleries and 88.7% of the offspring
generation galleries were nematode positive (80.3%
in total). The difference between generations in the
number of nematodes in the galleries’ frass was signif-
icant at Bfidlicna and Bystfice, which indicates the
importance of the local microclimate.

Nematode and bark beetle developmental cycles are
synchronized (Riihm 1936; Massey 1974; Thong and
Webster 1975). In addition, as bark beetles develop,
gallery conditions improve for nematodes, mites,
fungi and other organisms associated with bark bee-
tles (Stone and Simpson 1990; Cardoza et al. 2006,
2008; Meirmans et al. 2006). For these reasons, the
number of nematodes in the galleries’ frass usually
increases with bark beetles development. For exam-
ple, the numbers of mites and nematodes per unit
sampling area were positively correlated with the
development stage of I grandicollis (Eichhoff) (Stone
and Simpson 1990). That nematode numbers increase
as bark beetles develop was confirmed at two of the
three experimental localities in the current study.

The percentage of beetles with nematodes did not
differ between males and females in the current
study, which is consistent with previous reports
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(Lieutier 1979; Choo et al. 1987). The percentage of
beetles with nematodes also did not differ between
sexual and asexual populations of L acuminatus (Meir-
mans et al. 2006).

In conclusion, the species of nematodes associated
with I duplicatus are very similar to those known to
be associated with severe pest L typographus. The
occurrence of P. aculeatus, which was the only species
previously known from L duplicatus, was also con-
firmed. Our findings confirm that the percentage of
bivoltine beetles with nematodes is greater in the
overwintering than in the offspring generations and
that the number of nematodes per gallery increases
with bark beetle development.
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Abstract

A study of nematodes associated with the large larch bark beetle Ips cembrae (Heer 1836) was carried out at
three locations in the Czech Republic. The proportion of bark beetles with phoretic nematodes ranged from 18 to
42.9 %. Phoretic nematodes (genus Micoletzkya) were found under elytra, on wings, and between body segments
of the bark beetles. The proportion of beetles infested by endoparasitic nematodes (representatives of genera
Contortylenchus, Parasitylenchus, Cryptaphelenchus and Parasitorhabditis) ranged from 29.9 to 50.9%.
Significant differences were determined in nematode infestation rates level? among locations, generations, and

sampling methods. No differences were found in infestation rate between males and females.

Keywords: Ips cembrae, nematodes, phoresy, endoparasitism

Introduction

The large larch bark beetle {ps cembrae (Heer 1836) (Coleoptera: Curculionidae) is a Euro-Siberian species
occurring practically throughout Europe from the lowest elevations to subalpine levels (Postner 1974; Grodzki
1
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2008). It is one of 11 known Ips species in central Europe. In most of Europe, /. cembrae is an indigenous
species presenting no particular risk and is a much less important pest than /. fypographus (EPPO/CABI 1997). /.
cembrae is therefore considered to be a secondary pest of European larch (Larix decidua Mill.) stands (Gregoire
and Evans 2004). Especially in time of drought, the species is nevertheless able exceptionally to colonize also
spruce (Picea abies (L.) Karsten) (Pfeffer 1989; Grucmanova et al. in press). Local gradations of /. cembrae
have in past years been seen in many places within the Czech Republic (Knizek 2008). Although most Ips
species are considered serious pests (Pschron-Walcher 1977) and nematodes have been studied as potential
biological control agents against insect pests, only a few publications exist concerning nematodes associated
with bark beetles in Europe (Rithm 1956, 1960; Balazy 1966, 1968; Tenkacova and Mituch 1986, 1987, 1991
Takov et al. 2006; Nedelchev et al. 2008). The nematodes associated with bark beetles generally use two main
life strategies: parasitism and phoresy (Massey 1974; Gaugler and Bilgrami 2004). Phoretic nematode species
usually use their hosts as a means of transportation to new environments (Nickle 1973). The nematodes are in
this case found mainly on the beetle bodies, most typically between the beetles’ body segments, under the elytra,
and on the wings. In contrast, parasitic nematodes are found in hosts’ body cavities, occurring freely in the
haemocoel, intestine, or the Malpighian tubules (Hunt and Hague 1974; Massey 1974; Poinar 1975; Gaugler and
Bilgrami 2004; Serrao et al. 2008). Previous studies have focused especially on the effects associated parasitic
nematodes on the lives of bark beetles. It is known that they can influence bark beetle populations (Rithm 1956;
Massey 1974; Thong and Webster 1975; Weiser and Mracek 1988) by changing host behaviour, decreasing host
fertility via reducing the number of eggs laid by as much as 40 %, and reducing the number of generations per
year (Massey 1974; Lieutier 1984). The nematodes can also affect survival and flight activity and delay bark
beetle swarming (e.g. Massey 1956, 1960; Hoffard and Coster 1976 Kaya 1984, Forsse 1987). Members of the
nematode genera Parasitylenchus and Contoriyfenchus parasitizing Ips bark beetles in central Europe
(Gruemanova and Holusa 2013) reduce the size of fat bodies and ovaries and hamper the development of

terminal oocytes in /. sexdentarus (Lieutier 1982).

Even though [ cembrae is an important pest, we have only fragmentary knowledge of the nematode

associated with it. The main goals of the present work, therefore, were to

1) identify the nematodes associated with I. cembrae,
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2) compare the prevalence of nematodes in beetles among the overwintering and offspring generations and

sexes using various sampling methods

Methods

Sampling

At each of three study locations within the Czech Republic — Hradec nad Moravici (49° 51' 28.37" N, 17° §T'
56.07" E, 450 m a.s.1.), PeZgovsky les near Havifov town (49° 48' 40.40" N, 18° 24' 16.94" E, 290 m a.s.1.), and
Kostelec nad Cernymi lesy (49° 59' 1.90" N, 14° 48' 29.53" E, 420 m a.s.l) — five traps with Cembrawit
pheromone dispensers (Witasek Pflanzenschutz, Austria) were installed in April and regularly emptied at 7 — 10

day intervals until September.

At the Hradec nad Moravici location, a trap tree baited with a Cembrawit pheromone dispenser was prepared
in April and July. Each month, 500 individuals of . cembrae were collected by debarking. Beetles acquired in
this way were placed individually in closable Eppendorf tubes, then stored in a refrigerator at about 7 °C. The
maternal and larval galleries frass was collected using a dissecting needle and brush, placed into a sealable

plastic bag, then stored in a refrigerator at about 7 °C.

Processing of samples

In the laboratory, the individual beetles were examined using a magnifying glass or microscope (Arsenal SZP
1102 T Zoom, Arsenal LPE 5013i) and presence of phoretic nematodes and mites on the individual body parts
(elytra, wings, thorax, abdomen) was recorded. The beetles were subsequently dissected, and the presence and
location of parasitic nematodes (i.e. those nematodes in the haemococl, intestine, and Malpighian tubules) were

recorded.

Nematodes were extracted from gallery frass in Baermann funnels, which is a funnel equipped with a rubber

tube upon which a clamp is placed. The funnel was filled with distilled water into which several drops of
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hydrogen peroxide were added as an oxygen source for the live nematodes. The content of the galleries under
investigation was placed into soft fabric or a single layer of paper tissue, closed with a rubber band, submerged
in the water in the funnel, and left overnight. The nematodes passed through the layer of fabric or paper from the
material under investigation into the water and accumulated in the rubber tube just above the clamp. The next
day, settled nematodes were collected by releasing the clamp and allowing several drops of sediment to fall onto
watch glasses. After the nematodes were counted, they were put into an Eppendorf tube with a drop of distilled
water and then the tube was filled with hot (60 - 70°C) TAF fixative (a mixture of formaldehyde,
triethanolamine, and distilled water) and left until the following day. The solution was then replaced by a new,
cold one. Nematodes were identified to species or genus according to Rithm (1956), Hunt (1993), and Andrassy
(2007). Some of the fixed nematodes were transferred into glycerol (Kaya and Stock 1997). These were mounted
as permanent specimens on microscope slides, the glass covers of which were sealed with a mixture of paraffin
and beeswax. Other nematodés were preserved in ethanol (70%) and subjected to DNA analysis as described

below.

We compared the percentages of beetles infested with nematodes and mites between beetle sexes, among
locations, and between the overwintering and offspring generations. The sample unit was defined as beetles
obtained from each infested tree or each Theysohn trap. MS Excel was used for data processing, and the R
program for statistical testing. The Kruskal-Wallis test, chi-squared test, Wilcoxon test, and Pearson’s

correlation coefficient were used while the significance level was defined as ¢ = 0.05.

DNA analysis

For DNA analysis, the nematodes were first transferred into sterile water on watch glasses, which were placed in
Petri dishes with filter paper and sterile water and left in a refrigerator overnight. DNA was then extracted from
the nematodes. An individual nematode was transferred into a sterile Eppendorf tube (200 ul) with 20 4l of
extracting buffer (17.7 pl ddH,0, 2 gl 10x PCR buffer with MgCl,, 0.2 pl 1% Tween 20, and 0.1 4 proteinase K
106 pg/ml). The nematode in the buffer was frozen at —20°C for 20 min and then immediately incubated at 65°C
for 1 b, followed by 10 min at 95°C. The lysates were then cooled on ice and centrifuged (2 min, 11,600 rpm,

using an Eppendorf MiniSpin plus). Next, 1 1 of the supernatant was taken for polymerase chain reaction

70



Ceskéa zeredslska univerzita v Praze, Fakulta lesnick&evdiska

103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

119

120

121

122
123
124
125
126
127

128

129

(PCR). We used the segment of the small and large subunit ribosomal RNA (SSU and LSU) genes. A fragment
of TRNA containing internal transcribed spacer (ITS1, 5.8 S, ITS2) was amplified using primers SSU 18 A
AAAGATTAAGCCATGCATG sense (Blaxter et al. 1998) and expansion fragments of the 28S ribosomal RNA
genes by D 2 A ACAAGTACCGTGAGGGAAAGTTG (Subbotin et al. 2006). The PCR master mix consisted
of 7.25 pl ddH,0, 1.25 pl 10x PCR buffer with MgCly, 1 ul dNTPs 2.5 mM, 0.75 pl of each primer 10 pmol/zl,
0.1 ul Taq DNA polymerase 5 U/ul, and 1 ul DNA extract. The PCR conditions for SSU 18 A primer were: 94°C
for 5 min; followed by 35 cycles at 94°C for 60 s, 52°C for 90 s, and 68°C for 2 min; and a final extension at
68°C for 10 min (Eyualem and Blaxter 2003). PCR conditions for the D2A primer were as follow: 4 min at
94°C; 35 cycles of 1 min at 94°C, 1.5 min at 55°C and 2 min at 72°C; followed by a final step of 10 min at 72°C.
PCR was followed by electrophoresis (40 min, 120 V) of 2 yl of PCR product in a 1% TAE buffered agarose gel
that was stained with ethidium bromide (20 2l ETB 10 mg/ml per 100 mi of gel). The purified PCR product was
sent to a sequencing service (Seq Me, Czech Republic). The sequences were compared with those in GenBank
using the Basic Local Alignment Search Tool (BLAST) of the National Center for Biotechnology Information.
An alignment of our samples together with representative sequences of all different but similar species found in
GenBank was produced for each amplified DNA region using ClustalW parameters in Mega 5.05 (Tamura et al.
2011) and then optimized manually in Bio Edit (Hall 1999). Pairwise distances were computed using MEGA

(Tamura et al. 2011).

Results

In total, 5,229 I cembrae individuals were processed. At the Hradec nad Moravici location, 45.4 % of the
examined beetles from traps were nematode positive. At the Kostelec nad Ccrnymi lesy and Havifov locations,
respectively, 52.3 % and 64.9 % of all examined individuals were positive (Table 1). Nematode presence in
beetles differed significantly across locations, both for phoretic nematodes (nematodes between body segmenis,
on wings and under elytra) (Kruskal-Wallis: df = 2; P < 0.001; ;/ = 18.98) and for endoparasitic nematodes
(nematodes in the haemocoel and intestine) (Kruskal-Wallis: df = 2; P = 0.004; )(2 = 10.93). Males and females

did not differ significantly by infestation levels at any of the locations (Figs. 1 - 2).
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130 Table 1 Percentages of Ips cembrae beetles with nematodes and mites as affected by location, beetle sex (M =
131 males, F = females) and infestation site (Phor = phoretic nematodes found on the body, Hem = freely in the
132 haemocoel, Int = intestinal nematodes, Endo = total parasitic nematodes [i.c. nematodes detected in the

133 intestines or haemocoel],)

Location  Sex Phor Hem Int Endo Total Mites
Havifov F 3.5 133 40.2 46.0 63.3 21.0
Havifov M 429 153 41.9 50.9 66.8 24.1
Havifov  Sum 39.9 14.2 41.0 482 64.9 224
Hradec F 21.6 10.4 24.8 33.6 472 14.4
Hradec M 13.0 13.0 20.3 333 420 18.8
Hradec  Sum 8.6 [1.3 232 335 454 16.0
Kostelee F 345 6.8 25.1 299 52.8 10.6
Kostelec M 30.5 6.3 294 336 51.5 16.8
Kostelee Sum 329 6.6 26.8 314 523 13.1
134
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137 Fig. 1 Percentages of Ips cembrae infested by phoretic nematodes according to sex (M = males, F = females) and
138  location (Hav = Havifov, Hrad = Hradec nad Moravici, Kost = Kostelec nad Cernymi lesy). The differences

139 among locations were significant (Kruskal-Wallis: df =2, P <0.001, * = 18.99).
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Fig. 2 Percentages of Ips cembrae infested with endoparasitic (haemocoel + intestine) nematodes according to
sex (M = males; F = females) and location (Hav = Havifov, Hrad = Hradec nad Moravici, Kost = Kostelec nad

Cernymi lesy). The differences among locations were significant (Kruskal-Wallis: df =2, P =0.004, #* = 10.93).

Nematode infestation site differed significantly between beetles acquired by different sampling methods only
for nematodes found freely in the haemocoel (W = 0, P = 0.029). These values were always higher for

individuals from trees than for those from traps (Table 2).

Infestation by nematodes differed significantly between beetles of the overwintering and offspring
generations sampled from trees (y° = 9.78, df = 2, P = 0.007). Infestation by phoretic nematodes was higher in
beetles from the overwintering generation, while endoparasitic nematodes were more frequently recorded in bark

beetles from the offspring generation (Table 2).
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Table 2 Percentages of Ips cembrae with nematodes and mites according to generation, sex and sampling
method. Phor = phoretic nematodes found on the body , Hem = freely in the haemocoel, Int = intestinal

nematodes, Endo = total parasitic nematodes (i.e. nematodes detected in the intestines or haemocoel)

Generation Sex Method Phor Hem Int Endo Total  Mites
overwintering female  tree 428 19.5 18.4 29.8 583 08
overwintering female trap 20.8 42 25.0 25.0 417 83
overwintering male  tree 214 20.6 17.6 29.0 20 00
overwinlering male  trap 83 16.7 25.0 41.7 417 83
overwintering sum e 372 19.8 182 296 540 06
overwintering sum  trap 16.7 3 25.0 30.6 417 83
offspring female  free 28.7 24.8 42.8 56.6 682 83
offspring female  trap 21.8 11.9 24.8 35.6 485 158
offspring male  free 16.2 243 39.9 56.1 595 15
offspring male  trap 14.0 123 19.3 316 21 211
offspring sum  tree 244 24.6 41.8 56.4 652 8.0
offspring sum trap 19.0 12.0 228 342 462 177

Nematodes of the genus Micolerzkya were found under elytra, on wings, on thoracic and abdominal tergites
and between body segments (especially between the thorax and abdomen) of /. cembrae in groups of dozens of
individuals. Our Micoletzkya nucleotide sequence (KM2435036) is identical to the sequence JX163973 in
GenBank (identity = 100%), which sequence was from nematodes acquired from £ cembrae in Germany (Susoy

and Herrmann 2014),

The nematode Contortylenchus diplogaster (v. Linstow 1890) (Ruhm 1956) was found in the haemocoel
(Fig. 3) as adult females (I - 5 individuals) and large numbers of juveniles and eggs (up to 2000 individuals).
The nematode Parasitylenchus dispar (Fuchs 1915) was also found in haemocoel (Fig. 4), in this case with large
numbers of adult females (up to 34 individuals) and also up to 2000 juveniles and males. In seven cases, both of
the aforementioned genera occurred simultaneously in the haemocoel of a single [ cembrae. Our
Contortylenchus and Parasitylenchus nucleotide sequences (KM245035 and KM245038, respectively) are
identical to the sequences DQ 328731.1 (identity = 99%) and DQ 328729.1 (identity = 100%), respectively, in
GenBank. Nematodes of Crypraphelenchus genus which were not further determined, but probably were C.
macrogaster (Fuchs 1937), also were present and had previously been recorded also in other bark beetles of the

same genus (Grucmanova and Holusa 2013).

74



Ceskéa zeredslska univerzita v Praze, Fakulta lesnick&evdiska

172
173
174

175

176
177

178

179

180

181

182

In the intestine of 1. cembrae, there were found juveniles of the nematodes Parasitorhabditis obtusa and the
aforementioned geneta Contortylenchus and Parasitylenchus, whose adults and juveniles, and in the case of
Contortylenchus also eggs, were found in the haemocoel of this bark beetle species. Our P. obtusa mcleotide

sequence (KM245037) is identical to the sequence EU003189 in GenBank (identity =100%).

Adult and juvenile nematodes of genera Parasitorhabditis, Micoletzkya, Cryptaphelenchus, Bursaphelenchus
and Laimaphelenchus were found in the galleries of L. cembrae as well as tylenchid juveniles. In this case, these

are probably also the aforementioned Contortylenchus and Parasitylenchus species (Table 3).

Table 3 Frequency (%) at which nematode species were detected in Ips cembrae in relation to location (Hav =
Havifov, Hrad = Hradec nad Moravici, Kost = Kostelec nad Cernymi lesy). Asterisk (*) indicates that the

frequency in gallery frass was not recorded

Nematode Location Hav Hrad Kost Total

Contortylenchus diplogaster

(v. Linstow, 1890) Ruhm, 1956 haemocoel 12.8 9.8 5.9 9.8

Parasitylenchus dispar (Fuchs, 1915)  haemocoel 13 1.0 0.4 1.0

Parasitorhabditis obtusa (Fuchs,

1915) intestine 232 40.9 268 35.1

Micoletzkya cf. buetschlii (Fuchs,

1915) body surface 39.9 18.6 32.9 36.4

Cryptaphelenchus ¢f. macrogaster

(Fuchs, 1937) haemocoel 0.2 0.5 0.1 0.2

Cryptaphelenchus cf. macrogaster

(Fuchs, 1937) gallery frass # ® * *

Bursaphelenchus sp. gallery frass * * * *

Laimaphelenchus sp. gallery frass * * * *
9

75



Ceska zenwelska univerzita v Praze, Fakulta lesnickaevdiska

183

184 Fig. 3 Adult female Comtortylenchus diplogaster found in the haemocoel of Ips cembrae.

185

186  Fig. 4 Parasitylenchus dispar females found in the haemocoel.

187 Relationships between the presence of phoretic nematodes and mites were also evaluated. Infestation by
188  phoretic nematodes positively correlated with the presence of mites under elytra (1 = 2.26, df = 57, P = 0.03,r =

189 0.29).
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Table 4 Mean and maximum (max) numbers of mites found on the bodies of Ips cembrae according to location

(Hradec ov — Hradec nad Moravici location, overwintering generation; Hradec off — Hradec nad Moravicf

location, offspring generation) and beetle collection methods (trap — pheromone trap, tree — tree trap)

Location Method Mean SE Max
Havifov trap 0.7 1.8 13
Kostelec trap 04 1.5 15
Hradec trap 05 17 17
Hradecov  ftree 0.0 0.5 10
Hradec off  tree 0.2 1.1 15

Table 5 Mean and maximum (max) number of phoretic nematodes found on Ips cembrae according to location

(Hradec ov — Hradec nad Moravici location, overwintering generation; Hradec off — Hradec nad Moravici

location, offspring generation) and beetle collection methods (irap — pheromone trap, tree —tree trap)

Location Method Mean SE Max

Havifov trap 10.0 18.5 120

Kostelec = trap 6.5 13.7 130

Hradec trap 3.8 11.3 100

Hradecov  free 8.8 15.0 70

Hradecoff  tree 5.2 134 110
Discussion

Nematodes associated with Ips cembrae are very similar to those associated with I fypographus and I,

duplicatus (see Grucmanova and Holusa 2013, 2014), perhaps as a result of the similarity or absolute

equivalence of the host trees (Pfeffer 1989). Transportation of the same nematode species by the bark beetle

Pityogenes chalcographus (Linnaeus 1761), which naturally occurs on spruce, larch and pine, is also considered

as a possibility (Pfeffer 1989; Lieutier et al 2004).

The nematodes Contortylenchus diplogaster, Parasitylenchus dispar and Cryptaphelenchus sp. were found in

the haemocoel of I cembrae. These nematode species have been found in the hacmocoel, intestines and

11
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Malpighian tubules (Cryptaphelenchus) of other Ips bark beetles, including /. acuminas (Gyllenhal 1827),
amitinus (Eichhoff 1871), I cembrae (Heer 1836), I sexdentatus (Borner 1776), and I typographus (see
Gruemanova and Holusa 2013). Specifically, C. diplogaster, which was the species most frequently found in the
haemocoel during the current study. has also been associated with 1. cembrae, I duplicatus, I. sexdentatus and I.
typographus (Ruhm 1956; Balazy 1966, 1968; Tenkacova and Mituch 1986, 1991; Grucmanova et al 2014). It is
known that the haemocoel of individual beetles can be simultaneously infested with more than one genus of
parasitic nematode (Massey 1974; Lieutier 1980: Choo et al. 1987). This fact was also confirmed in the current
study, where Contortylenchus and Parasitylenchus species were found simultaneously in seven /. cembrae

individuals.

Parasitorhabditis obtusa was found in [ cembrae intestines and frass from galleries in the current study. This
is one of the nematode species most commonly found in bark beetles of genus /ps. This species had previously
been found in the frass of galleries and intestines of . cembrae, 1. typographus and I duplicatus (e.g. Rithm
1956; Tenkacova and Mituch 1986; Weiser and Mracek 1988: Grucmanova et al. 2014). Other Parasitorhahditis
species, including I acuminatus and 1. amitinus, have been found also in other /ps species (Gruemanova and

Holusa 2013).

Micoletzkya juveniles were found in clusters of up to 130 individuals under the elytra, on the wings and
between body segments of /. cembrae. This species is a typical phoretic nematode which uses the bark beetle to
colonize new environments. It is known that as many as 70 % of beetles in a population may have juveniles of

this species under their elytra (Riihm 1956). In our case, up to 42.9 % of individuals had phoretic nematode

juveniles under their elytra (Table 2). Our sequence acquired from [ cembrae matches the sequence of
Micoletzkya sp. from 1. cembirae in Germany, where crosses between M. buetschlii and Micoleizkya sp. acquired
from [ cembrae resulted in fertile offspring, thus indicating that they might belong to the same biological
species. The nematodes of Micoletzkya have intimate, stable and highly specific associations with their hosts
(Susoy and Herrmann 2014). The association of Micoletzkya buetschlii with 1. cembrae as well as with 1
fypographus, I duplicatus and 1. amitinus has been described in previous works (Weiser 1954; Rithm 1956;
Tenkacova and Mituch 1983, 1986, 1991; Grucmanova et al. 2014; Susoy and Herrmann 2014). Nematodes of
the buetschlii clade are exclusively associated with the members of the /ps genus and their close relatives,

beetles of genus Orthotomicus (Susoy and Herrmann 2014).

12
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We found the nematodes P. obtusa, M. cf. buetschlii, Cryptaphelenchus sp., Bursaphelenchuys sp. and
Laimaphelenchus sp. in the frass of galleries from [ cembrae. This fully corresponds with reports that
Parasitorhabditis, Cryptaphelenchus and Micoletzkya species are the most dominant nematodes in gallery frass
(Tenkacova and Mituch 1980, 1986, 1991; Grucmanova et al. 2014). Cryptaphelenchus is common in galleries
of I typographus, I duplicatus and I cembrae (being the most dominant species, second only to P. ebtusa) and
in the joints between the head and thorax of the beetles (Tenkacova and Mituch 1980, 1983, 1986, 1991,
Grucmanova et al. 2014). In our case, the species was probably C. macrogaster, which is known from Germany
and Slovakia to infest haemocoel, intestines and body surfaces of /. cembrae and 1. typographus (Grucmanova

and Holusa 2013).

Those representatives found of genera Laimaphelenchus and Bursaphelenchus were not further
determined. The genus Laimaphelenchus is, however, described as part of the nematode bark and wood
community, and Laimaphelenchus species have been described on every continent (Hunt 1993; Swart 1997,
Peneva and Chipev 1999). Across the world, 14 species of this genus have been described, Three species exist in
Europe: Lqimaphe[enchus pannocaudus (Massey 1966), L. vescus (Truskova and Eroshenko 1977), and L.
penardi (Steier 1914) (Filipjev and Schuurmans Stekhoven 1941)) (Andrassy 2007). These are mostly found
associated with moss, algae and lichen on trees, particularly conifers, and also in tunnels of wood borers (Hunt
1993), but their association with /. cembrae in central Europe has not heretofore been described. Only L. penardi
is known from the American species Ips comfusus (LeConte) (Massey 1960). In reference to those
Bursaphelenchus representatives found, an association in central Europe of B. eidmanni (Ruhm 1956) with 7.
amitinus and . typographus is known, as is one of B. sexdentati (Ruhm 1960) with L sexdentatus (Rithm 1956;
T01960; Tenkacova and Mituch 1986, 1987, 1991). In addition to the species stated above, tylenchid juveniles
that could not be further identified were found also in the gallery frass, but these were probably C. diplogaster

and P, dispar, whose adults were identified in the beetles.

The presence of parasitic and phoretic nematodes in association with I cembrae differed significantly
among the three locations. Nematodes associated with insects are thought to be influenced more by local
microclimate than by general climatic conditions, and the local microclimate depends in part on elevation (e.g.
Rithm 1956; Choo et al. 1987; Meirmans 2006). The microclimate in the galleries is influenced by various

factors. The most important of these is the amount of sunlight striking the tree trunk (Rithm 1956; Meirmans et

13
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al. 2006), which very much affects the humidity of the substrate in which the nematodes live. Nematodes are
primarily water organisms and are mostly very sensitive even to short-term drying of their environment. Their
habitat is always wet, and they depend on thin water films within which they live and move (Massey 1974;
Dropkin 1980; Neher 2000). Because all those nematode genera detected develop within bark beetle galleries for
at least a certain time, the local microclimate is especially important for nematodes when they occur outside of
the host body (Rithm 1956; Tenkacova and Mituch 1980; Meirmans et al. 2006).

In evaluating the differences in nematode infestation between beetles acquired by the different methods
(Theysohn pheromone traps versus tree traps), a significant difference was found only for nematodes found
freely within the haemocoel. In that case, the nematode counts in bark beetles from tree traps were higher than
those in bark beetles from Theysohn pheromone traps. Theoretically, the numbers within the material from
pheromone traps could be understated. In the case of a pheromone trap 25 m from an infested tree, only 20 - 54%
of the catch would likely be from the local population (Weslien and Lindelow 1990; Nemec et al. 1993; Duetli et
al. 1997). Based on an analysis of the beetles’ fat bodies, Nemec et al. (1993) suggested that at most just one-
third of the trapped beetles had come from local populations, as their fat bodies were large. The rest of the /.
typographus beetles, with more developed muscle tissue, must have flown longer distances. In our study, too, we
determined that there were significant differences in haemocoel infestations between locations, so some of the

beetles in the traps might have come from locations with lower infestations.

On the other hand, nematodes can also influence flight activity (e.g. Massey 1956, 1960; Hoffard and Coster
1976; Kaya 1984). Although flight of I typographus is thought to be little affected by the endoparasitic
nematodes C. diplogaster and P. dispar (Forsse 1987), nematodes developing inside the beetle do deprive the
host of nutrients. This is indicated by the fact that the number of fat cells decreases in infested bark beetles
(Nickle 1963; Thong and Webster 1973; Lieutier 1982). Depletion of nutrients (especially proteins) has been
confirmed by changes in the composition of the haemolymph caused by the development of a fertilized female
from either of two Contortylenchus species in bark beetle haemocoel (Thong, Webster 1972, 1975). An ideal
nematode parasite should not impede the flight of its host, however, because doing so increases its risk of not
reaching a new tree and the new environment that is necessary for its successful development. Nematode
infection also has been reported to cause pathological changes in flight muscle structure of Scolytus ventralis
(LeConte 1868) (Aschraf et al. 1970), but these changes may have been caused by natural degradation (Forsse

1987),
14
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Assessing infestation differences between the spring and summer generations is problematic, because it is
difficult to discern the end of the flight activity of bectles from the overwintering generation. It is typical for /.
cembrae that individuals are captured practically through the entire season from the start of swarming in April or
May. Its flight activity generally does not display obvious swarming peaks (Holusa et al. 2014). Therefore, the
differences between the overwintering and offspring generations were assessed only for beetles from free traps,
where the collections were sufficiently separated in time. A significant difference was recorded between the
overwintering and offspring generations. Infestation by phoretic nematodes was higher in beetles from the
overwintering generation, while endoparasitic nematodes were more frequently recorded in bark beetles from the
offspring generation. The determined significant difference corresponds with data from other studies. In most
publications, infestation by both phoretic and endoparasitic nematodes is higher for the overwintering generation
(e.g. Slankis 1972; Tenkacova and Mituch 1980, 1983, 1986, 1987, 1988, 1991; Choo and Kaya 1987;
Grucmanova et al. 2014). The higher nematodes infestation found in the haemocoel of bark beetles in our study
can then support the assumed influence of the local microclimate on nematodes.

The percentage of beetles with nematodes did not differ between males and females in this study. This is
fully consistent with known data from the related species I duplicatus (Grucmanova et al. 2014) and from other
previous reports (Lieutier 1979; Choo et al. 1987).

In addition to nematodes, mites are also closely associated with bark beetles. Members of the orders
Mesostigmata, Astigmata, Oribatida and Prostigmata are typical representatives of mites associated with bark
beetles of the genus Ips. Five species of mites are known for I cembrae (Kielczewski and Wisniewski 1983).
Some of them are also known phoretics and were found, just like nematodes, on the bodies and under elytra of
the studied species. Certain publications also document mites hunting nematodes (Massey 1962; Krantz 1965,
Kinn 1967 and 1971). For example, the phoretic representatives of the Mesostigmata genera Dendrolaelaps,
Trichouropoda, and others most frequently feed on nematodes occurring together with beetles in their galleries
or on their bodies (Kielczewski and Wisniewski 1983; Cejka and Holusa 2013). The determined positive
correlation between the number of beetles with phoretic nematodes and with mites documents a simple
relationship that as the gallery develops a favourable environment arises for the reproduction of all the associated
organisms. Stone and Simpson (1990), for another example, found the numbers of mites and nematodes per unit
sampling area to be positively correlated with the development stage of Ips grandicollis (Eichhoff), and a similar

trend has been recorded also in the case of I duplicatus (Grucmanova et al, 2014), The finding of mites more
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frequently on beetles from traps only serves to document the phoretic relationships between bark beetles and

certain mites.

The acquired resulis correspond fully with the known narrow specialization and specificity of bark beetle
nematodes, and in particular of such parasitic genera as Parasitylenchus and Contortylenchus (Mracek 1982).
The findings support the conclusion that host-switching is very common among parasitic and pathogenic
nematodes (Pozio et al. 2009; Hasegawa et al. 2010; Laetsch et al. 2012; McFrederick et al. 2013; Susoy and
Herrmann 2014).

In conclusion, the spectrum of nematodes associated with . cembrae is very similar to the list of species
known to be associated with the severe pest L. fypographus. Our findings confirm differences in infestation rates
between the overwintering and offspring bark beetle generations and that there are no differences in infestation

rates between males and females.
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6. Diskuse

Podobi jako mezi jinymi organismy i mezi hlisticemi a biouty existuje
mnoho tym vztahi, od komezalismu po obligatni parazititsmus (Te&oka

a Mituch, 1987; 1991; Kaya a Stock, 1997). Hlistiseu ténti vzdy nalézany
v poZercich lykoZrouit pricemzZ Gzné druhy hlistic vyuZivaji svého hostitele
raiznym zmsobem. Mohou byt pouze komenzaly,tkteyhledavaji jen progedi
pozerki lykozrouti, takovym pikladem jsou rodyClarkus, Panagrolaimus

a Pristionchus uvedené ve studiich Vilagiové (1990; 1993), ktegakvv nasi
studii nebyly zjidny, ¢i nami pro GzemiCeské republiky nay nalezeny rod
Laimaphelenchus. Mohou byt také foretiky lykoZrotit a vyuZzivat je jako
prostedek k osidleni nového presti (rodBursaphelenchus ¢i Micoletzkya) nebo
mohou Zit pimo v €le lykoZrouta (endoparazitické hlistice tio@ontortylenchu

a Parasitylenchus). Nékteré hlistice jsou ale nalézany jak riet tak v tle
lykoZrouti (rod Cryptaphelenchus). O endoparazitickych hlisticich je znamo,
Ze mohou ovliiovat fertilitu, gezivani, letovou aktivitu, termin rojeni nebo
dokonce mohou #mit hostitelovo chovani (Reid, 1958; Massey, 19%660;
Thong a Webster, 1972; 1975; Lieutier, 1982; 198Ateiser a Mréek, 1988).
Z téchto divodu tedy existuje éity potencial pro jejich vyuziti v biologickém
boji. Uskalim i pouziti biologického boje proti thovcim jsou ale dkteré
praktické problémy, zejména v oblasti namnozeniadgms a zvoleni vhodné
aplikatni metody.

Prestoze se v NP Sumava jedna o dlouhgdpfemnoZenou populaci
|. smrkového s vysokymi denzitami, nebyly zjis§ vysoké hladiny infekni
nakazy patogeh mate&nych brouki. Ziskané Udaje o patogennich organismech
odpovidaji a jsou procentuélnprakticky totozné sigdchozimi zji&nimi
z oblasti Sumavy (Weiser a kol., 2000). Parazitacgomofilnimi hlisticemi
v NP Sumava byla proticekavani vy3si (19%). NapTenk&ova a Mituch (1986,
1987; 1991), ve svych pracich @znych lokalit (nap. Tatransky narodni park)
uvadi gitomnost hlistic u &ovci v rozmezi 4,3 % az 5,1 % zkoumanych
jedinai. P¥iciny vysSich zaznamenanych hodnot v NP Sumava mepativat
ve WtSich hustotach populace I. smrkového, kdy majstick pravdpodobre
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snadrjSi pristup ke svému hostiteli. \fipadt sledovaného druh@ontortylechus
diplogaster stejné studie uvadi vyskyt u asi 9 % jedincsmrkovéhov pripack
piezimujici generace a necelého 1 % u generadendcé&lami namrené hodnoty
parazitace |. smrkového timto druhem hlistice (8% jsou tedy v souladu
s vysledky &chto studii, vzhledem k tomu, Ze Sumavska populabeto druhu
lykoZrouta je univoltinni.

Obecrt se jevi byt pravgpodobné, Ze predace a parazitatieopenymi
negateli hraji utitou roli pri redukci populaci lykoZrouta jejich Gstu v jejich
zakladnim stavu. Ale zda jsou schopni zredukovdarkdni stav populace
na zakladni Grove zistava zatim otéenou a porrné dosti diskutovanou
otazkou (Kausrud a kol.,, 2011). Je znamo, Ze dykeanpopulace #rovca
je ovlivilovana hlava faktory, které ovliviuji odolnost stromu, zatimcdipzeni
negatelé jsou povazovani pouze za minoritni faktoertit v nejlepSim fipadt
pouze urychluje kolaps populace (Reeve, 1997). Ropudarovci mohou zstat
v kalamitnim stavu po dlouhou dobu, pokud jézpiva kombinace hlavnich
faktoni, kterymi jsou dostatmé mnoZzstvi vhodnych Zivnych rostlin, dostate
popul&ni hustota, vhodné klimatické podminky a nizké Hagnpredace
piirozenymi nepateli (Raffa a kol., 2008). Seasr¢ ale bylo popsano, Zé¢gstoze
je parazitace vysoka, pty jedinai I. smrkového mohou dosahovat nebé&rngeh
hodnot (Feicht, 2004).

Nematofauna |. severského. @uplicatus), evropského Sidce se stale
rostoucim hospodskym a ekonomickym vyznamem, dosud nebyla podrobn
studovéana. Jedinou znamou hlistici s vazbou na ténth byl Parasitylenchus
aculeatus Slankis, 1972 zmimy v publikaci Poinar (1975). Tento druh hlistice
byl potvrzen i v naSi studii. Pozorovana nematofajgnv mnoha rysech shodna
se znamou nematofaunou kalamitnihoidgle |I. smrkového (Rihm, 1956;
Tenka&ova a Mituch, 1986; 1987; 1991). Zmié dva druhy lykoZroutprimarre
Ziji na smrku ztepilémR. abies). Zatimcol. typographus preferuje spodni partie
stromi, |. duplicatus se vyskytuje fevazg v hornich ¢astech kmene.
Pres rozdilnou vyskovou preferenci vSak dochazirdkgyvu a neni neobvyklé
pozorovat ve $ednich partiich strolm poZerky jak |. duplicatus,
tak I. typographus (Schlyter a Anderbrant, 1993). Jednim z razdildruhovém

90



Ceskéa zeredslska univerzita v Praze, Fakulta lesnick&evdiska

spektrul. duplicatus al. typographus je pritomnost dvoutznych druli stejného
rodu Parasitylenchus. U |. duplicatus byl popséan, jak jiz bylo zmémo,

P. aculeatus a je tak novym druhem pro Gzefiéské republiky a £ typographus

je znamP. dispar, ktery byl v ramci nasi studie nalezen také u édiimového,

jehoz nematofauna je ro¥h velmi podobna nematofatiri. smrkového a |.
severského, mozna wisledku podobnostii nékdy naprosté shadhostitelskych
dievin (Pfeffer, 1989). Uvazovan taky jeifepos hlistic |. lesklym
Pityogenes chalcographus (Linné, 1761), ktery seffpozerg vyskytuje na smrcich,
modiinech a borovicich (Pfeffer, 1989; Lieutier a k@D4).

V hemocelu vSechigch drult byly dale nalézany hlistidontortylenchus
diplogaster a Cryptaphelenchus sp. Tyto hlistice jsou znamy
z hemocelu, gev ¢i Malpigickych trubic Cryptaphelenchus) i jinych lykoZrouti
rodulps. Jmenovik |. acuminatus, |. amitinus al. sexdentatus (viz. seznam druh
nalézanych u lykozroatrodu Ips kapitola 5.1.). Je znamo, Ze jednotlivi brouci
mohou byt sotasreé napadeni vice nez jednim rodem endoparazitickyidtic
(Massey, 1974; Lieutier, 1980; Choo a kol., 198djp skuténost byla nami
potvrzena u |. madnového, sotasny vyskytContortylenchus a Parasitylenchus
byl zaznamenén v sediedincich. V pipad |. severského nebyl séasny vyskyt
zaznamenéan. Moznym vy&lenim rozdilu by mohla byt rozdilnd velikosiat
téchto dvou druh lykoZrouti, zatimco |. seversky dosahuje maxintdéh5 mm
(Knizek a HoluSa, 2007), |. mtidovy az 6 mm (KniZek, 2006) a je celkov
robustrjsi.

Hlistice Parasitorhabditis obtusa byla nalezena ve igvech a poZercich
nalezanych u lykozrotitrodulps (nag. Ruhm, 1956; Tenk@&va a Mituch, 1986;
Weiser a Mréek, 1988). Jiné druhy rodBarasitorhabditis jsou roviéz znamy
z ostatnich drulnlykoZrouti zminovaného rodu (n&pl. acuminatus a |. amitinus
(viz. seznam druhnalézanych u lykozrotatrodulps kapitola 5.1.)).

Juvenilni stadia hlistic rodMicoletzkya (u |. severského potvrzena
M. buetschlii) byla nalézana pod krovkami, naidkech a mezi&nimi ¢lanky
|. severského i |. mdthového ve shlucich aZzékolika desitek jedinit

AsociaceM. buetschlii s1. cembrae stejre jako sl. typographus, I. duplicatus al.
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amitinus je popsana jiz v idv¢jSich pracich (Weiser, 1954; Rihm, 1956;
Tenk&ova a Mituch, 1983; 1986; 1991; Susoy a Herrman®l14}
coz je v souladu s naSimi poznatky. Tento druhypecky zastupce foretickych
hlistic, které lykozrouta vyuZivaji jako préstiek k osidleni nového prosdi.
Podle Rihm (1956) nosi az 70 % brog&dné populace pod krovkami juvenilni
stadia &chto hlistic, v naSem ffpad to bylo maximald 57,7 % jeding
|. severského a 42,9 % |. mdaového. NaSe sekvence hlistice radicoletzkya
ziskana z |. madnového se shoduje se sekveliitoletzkya sp. z |. moginového
z Némecka, kde pokusnéftikeni M. buetschlii a Micoletzkya sp. ziskané
z |. modinového dalo vznik plodnym potormik, coZz nazn&aje, Zze se jedna
o totozny biologicky druh. Je znamo, Ze hlisticdudicoletzkya maji velmi
tésné, stabilni a vysoce specifické vazby na svétsitete (Susoy a Herrmann,
2014). Hlistice skupiny buetschlii jsou exkluzivisvazané s lykoZrouty rodu
Ips a jejich blizkymi pibuznymi kirovci roduOrthotomicus (Susoy a Herrmann,
2014).

Spektrum hlistic nalézanych v poZercich I. sewdieka |. motinového
je rovrez velmi podobné. V poZercich obou diulykoZrouti byly nalezeny
hlistice P. obtusa, Micoletzkya sp. a Cryptaphelenchus sp. (uvedené v padi
podle jejich poetnosti v pozercich). Coz mrkoresponduje se znamymi Udaji
(Tenk&ova a Mituch, 1980; 1986; 1991). U |. severskéhovs@ozercich
vyskytovaly navic hlistice roduParasitaphelenchus, které jsou steph jako
zéastupci roduCryptaphelenchus popisovany i u jinych druhrodu Ips (Rihm,
1956; Tenk&ova a Mituch, 1986; 1991)Cryptaphelenchus je velmi hojrg
zastoupen v pozercich typographus a I. cembrae (druhy dominantni druh
po P. obtusa) a je také nalézan v zahybech mezi hlavou a hflidhk&ova
a Mituch, 1980; 1983; 1986; 1991). V nasefipadt se pravépodobr jednalo
o C. macrogaster macrogaster, ktery je znam z. typographus (viz. seznam druh
nalézanych u lykozrotitrodulps kapitola 5.1.).

V pozercich |. moiinového byli navic nalezeni zastupci iod
Laimaphelenchus a Bursaphelenchus, ktefi nebyli blize determinovani.
Rod Laimaphelenchus je vSak popisovan jako s&ast spol&enstva hlistic éry

a dreva a je znam ze vSech kontinerfHunt, 1993; Swart, 1997; Peneva
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a Chipev, 1999). Na &t¢ je dosud popsano 14 diuttohoto rodu, v Eurap
se vyskytuji 3 druhy L@maphelenchus pannocaudus Massey, 1966|. vescus
Truskova a Eroshenko, 1977Lapenardi (Steiner, 1914) Filipjev a Schuurmans
Stekhoven, 1941 (Andrassy, 2007)). Jsou popsaity jagociace s mechigsami
a liSejniky rostoucimi fevazg na jehlénatych stromech, jsou znami také
z pozerk drevokazného hmyzu (Hunt, 1993), ale dosud nebylsdup jejich
asociace s |. m@gthovym. Pouzé.. penardi byl zaznamenan u americkeho druhu
lykoZroutal. confusus (Massey, 1960). Vifpact zastupé rodu Bursaphelenchus
je pro stedni Evrofi znama asociacB. eiddmanni (Rihm, 1956) 4. amitinus
a |. typographus a B. sexdentati Ruhm, 1960 d. sexdentatus (Rihm, 1956;
Tenka&ova a Mituch, 1986; 1987; 1991). Vedle vySe zmjmch druli byli
v poZercich nalézani takeé juvenilni jedindiadu Tylenchida, které nebylo mozno
determinovat, ale praggdodobr se jednd o juvenilni stadia nalezenych hlistic
C. diplogaster a Parasitylenchus spp.

Mezi jedinci |. severského z lokalit, které se méeji
v ruznych nadmiskych vyskach, nebyly pozorovany signifikantni ribzd
v pritomnosti endoparazitickycti foretickych hlistic. Akoli studované lokality
reprezentovaly celou #ivertikalniho vyskytu I. severského, nelzeéekavat
zmeny ve druhovém spektru nematod, také protoZe rdeddlit je jen 250 m.
Naproti tomu byl u I|. moknového rozdil mezi studovanymi lokalitami
signifikatni pro endoparaziticke i foretické hlcgii U obou drul byl zaznamenan
signifikantni rozdil mezi fezimujici a dcé&nou generaci. Infestace foretickymi
hlisticemi byla vySSi u brouik pochazejicich zipzimujici generace, zatimco
endoparazitické hlistice |. m&idového byly ¢astji zaznamenany u jediic
pochazejicich z démé generace. Nalezeny signifikantni rozdil koresjuge
S Udaji z ostatnich studii. Vestginé publikaci je vSak infestace jak foretickymi
tak endoparazitickymi hlisticemi vysSi préepimujici (nap. Choo a kol., 1987;
Slankis, 1972; Tenké&va a Mituch, 1980; 1983; 1986; 1987; 1988; 19¢kovy
rozdil mezi generacemi byl potvrzen u I. severskemasSi studii. Nami zjigha
vySSi infestace hlisticemi nalezanymi v hemocelunbdinového pak mize

podporovat vliv lokalniho mikroklima na nematofaunu
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Siroce je totiz uznavan vliv lokalniho mikroklinspise nez klimatickych
podminek prosedi v zavislosti nap na nadmiské vysSce (nap Rihm, 1956;
Choo a kol.,, 1987; Meirmans a kol., 2006). Mikroki poZerk
je pak ovliviovano fiznymi faktory, zejména mnozstvim slénéo zdeni
dopadajiciho na kmen stromu (Ruhm, 1956; Meirmaksla 2006). A protoze
vyvojové cykly vSech nalezenych rodhlistic vzdy aspd po ukitou dobu
probihaji v poZerku lykozZrouta, je lokalni mikrokla Zivotre dilezité pro hlistice
praw ve fazi, kdy se nachazeji miméld svého hostitele, kdyz nejsou ch¢am
pied vrgSimi vlivy (RUhm, 1956; Tenkéva a Mituch, 1980; Meirmans
a kol., 2006). Toto prosdi je krucialni pro setkavani jedaiopaného pohlavi
a nasledné rozmnozZovani. Nap v pripad endoparazitickych hlistic
(rod Contortylenchus se v hemocelu hostitele vyskytuji dokp oplodréné
samice, vajika a juvenilni stadia obou pohlavi, zatimco v pextit poZerk pak
probihd posledni sviékani a pohlavni dospivani séamcamic a nasledna
kopulace, dosfii samci se vyskytuji pouze v pozercich (Rihm, 19%@ssey,
1974; Siddiqi, 2000). U foretickych hlistic, jake pap. Micoletzkya, je tomu
praw naopak. ¥tSina jejich vyvojového cyklu probiha v priedi poZerku,
kde se dosfici rozmnozuji. LykoZrouta pak vyuZivaji juvenilnjedinci
pro transport do nového prestli (Massey, 1974; Tenk@dva a Mituch, 1983).

Déale nebyl nalezen signifikantni rozdil mezi sama&i samicemi
v pifitomnosti endoparazitickyati foretickych hlistic u Zzadného z analyzovanych
druhi lykouzrouti. CoZz je v souladu se znamymi Udaji, tyto rozdibyly
prokazany ani jinymi autory (Choo a kol., 1987;utier, 1979).

V pozercich lykoZrouit jsou téng vzdy pitomny hlistice. Tenkiva
a Mituch ve svych studiich ze Slovenské republikiadiji vice nez 96 %
pozerki, ve kterych byly hlistice nalezeny (Tekkad a Mituch, 1980; 1983;
1986; 1987; 1988; 1991). V nasi studii bylo natldéspozitivnich vice nez 80 %
vSech poZenk Rozdil mezi generacemi v mnoZstvi hlistic v phkuaeibyl
signifikantni, coz mZe potvrzovat zasadni vliv jiz zngimeho lokalniho
mikroklima. Pro znamou synchronizaci vyvojovych keyklistic s cykly Kirovca
(nag. Rihm, 1956; Massey, 1974; Thong a Webster, 18%%)stupné vytu@ni

vhodnych podminek v pozZerku pro organismy asociévarkirovci jako jsou
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hlistice, roztéi nebo houby (Stone a Simpson, 1990; Meirmans a X006,
Cardoza a kol., 2006; 2008), bylgekavano rostouci mnozstvi hlistic v pozerku
s jeho postupnym rozvojem. To je znamoinae studie Stone a Simpson (1990),
kde celkovy poet rozt@u a hlistic na vzorkovaci jednotku plochy pozitivn
koreloval s vyvojovou fazil. grandicollis Eichhoff. Tato skuté&nost byla
pozorovana a byla statistickytazna i v nasi studii, kdy denzity populace hlistic
v poZerku naistaly s jeho postupnym rozvojem.

P¥i posuzovani rozdil v infestaci hlisticemi mezi brouky ziskanymi
riznymi metodami (lapdlapak) byl nalezen signifikantni rozdil pouze
pro hlistice nalezené vainv hemocelu, hodnoty pro lykozZrouty z lagéakyly
vySSi nez pro lykozrouty z lapd Teoreticky mohou byt nakazy v materialu
z feromonovych lapa podhodnoceny. Lagas feromonem ve vzdalenosti 25 m
od napadeného stromu zachyti 20 - 54 % lokalni lpepuWeslien a Lindeldw,
1990; Nemec a kol., 1993; Duelli a kol., 1997). Na zakiamhalyzy velikosti
tukového &lesa, je hypotetizovano, Zze pouze maxiradhetina brouk pochazi
z lokélnich populaci, protoze jejich tukovéleso je velké. Zbytek brouk
I. typographus s rozvinu¥jSi svalovinou plétl z wtSich vzdalenosti (&nec
a kol., 1993). | v nasi studii jsme zjistili, Zeojsrozdily v infestacich hlisticemi
v hemocelu mezi lokalitami signifikantni, takZést brouk v lap&ich mize
pochazet z lokalit s nizSimi infestacemi.

Krome hlistic jsou s #rovci rovreZz Uzce spojeni i rozto. Typickymi
zastupci rozt®i asociovanymi s lykozrouty rodlps jsou gisluSnici radi
Mesostigmata, Astigmata, Oribatida a Prostigmata. U modinového
je znamo 5 drulnroztaii (Kielczewski a Wisniewski, 1983).dKtefi z nich jsou
rovnez znamymi foretiky a byli stefnjako hlistice nalézani naléch a pod
krovkami studovaného druhuéhkteré publikace také dokladaji lov hlistic ragto
(Massey, 1962; Kinn, 1967; 1971; Krantz, 2009). Teag. foreticti zastupci
mesostigmatnich radDendrolaelaps, Trichouropoda a dalSich se n&gstji Zivi
hlisticemi, které se vyskytuji spét® s brouky v jejich pozZercich a nebo na jejich
tslech (Kielczewski a Wisniewski, 1983Cejka a Holuda, 2013). Zji&ta
pozitivni korelace mezi gtem brouku pozitivnich natfpomnost foretickych

hlistic a roztéa doklada jednoduchy vztah, Ze s rozvojem pozerknoikéz
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i vhodné progedi pro rozmnoZzovani vSech asociovanych orgahidag. poiet
roztotti a nematod na jednotku studované plochy pozitkereloval s vyvojovym
stadieml. grandicollis (Stone a Simpson, 1990) a podobny trend byl zagznam
I v pripack |. duplicatus. Zjisteny ¢asgjSi vyskyt rozt@u na broucich z lagéa jen

doklada foretické vztahy mezi lykoZrouty &iterymi rozt@i.
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7. Zavér

V ramci disertani prace byly shrnuty informace o hlisticich, kt¢géu
svym zmisobem Zivota vazané naurkvce (podeled’ Scolytinae)
a zejména pak na lykozrouty rodps. Sestaven byl seznam vSech
znamych druti hlistic asociovanych s lykoZrouty zmfeho rodu pro
Gzemi stedni Evropy, ¥etné seznamu jejich synonymnich ndizv
PrestoZe je sstove vénovana velka pozornost hlisticim jako ptedku
biologické ochrany v boji se 8Hci, v pripact lykoZrout je jejich vyuziti
velmi problematickeé.

U |. severského byly nalezeny hlistice nalezejiciéda u |. motinového
do 7 fiznych rodi kmene Nematoda. Vysledky byly podpoy také
molekularni analyzou. Seznamuvodniho pdétu 18 rodi hlistic
asociovanych s lykozrouty rodps ve stedni Evrog byl rozSfen o rod
Laimaphelenchus nalezeny v poZercich |. mfidového. A seznam
pavodnich 31 drut hlistic vdzanych na tyto lykoZrouty byl roi
0 jeden druh, ktery je soasré novym druhem prcCeskou republiku
(Parasitylenchus aculeatus asociovany s |. severskym). Obeécn
je  nematofauna vSech nami zkoumanych druhykoZrout
v mnoha rysech shodna, a to prgwdobr v disledku podobnostéi
nékdy naprosté shadhostitelskych tevin.

Potvrzena byla rozdilna infestace lykoZfoutisticemi mezi jednotlivymi
generacemi bivoltinnich populaci, naopak neexigtenadili v infestaci
mezi samci a samicemi. Radn byl potvrzen vliv st poZerku
na mnozstvi hlistic v am Zijicich a tim i potvrzen zasadni vyznam
lokalniho mikroklima na nematofaunu lykozréut jeji rozvoj, vliv

odchytovych metodistava nejasny.
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