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Abstrakt

Dizeek t al n2 pr&8ce hodnoptotpuvhtnamdpaamgepT | Vko

(Col eoptera: Scolytinae) na z8kladhD ter ®nn?2
zjig publikovanTch wvhRdecklch pracz2. Prgce
ojegdnot | i vich skupin8ch patogennz?2ch organism’

hostitelsklch druhT.

BNhem |-2001b200Z2sk§&n mataer8ikgl, ki Fapead e[ lichz st r
pok&cenlTch pSir8ambodislt@di Bg pla.t ahikrosfopickyy | o vy

anal yzorv8®no edd ncT I TkogroutT. Byly zPhskS8ny
amitnus( novl druh prvokai attesia scowenkgiaol. cerobeae i t el e
(stanoveno poprv® druhov® spektasmBDazjngeRhy
poznatky o jejich bionomi.i (viskyt, Il etovs
amitinug.

Srovn8n2m spektra a i nfledmitimsaclhtypdglaghusBylo pat og
potvrzeno jednak chudgakdrumoy®2spekelkim2 &
amitinus Byl zjigtnDn n8r T &tegarinatypedtaphbD hle Ima dierzy nyr
mat el nT c Ips typogoaphksfp o ger c2ch a z8roveR pologen
pSed&8§vE&n2 nemoc? uo skiir oylkctipegragtattiebylpotezeroviivg n 2

mikrosporidie Chytridiopsis typographaa st Sevn2 ch hl 2 g typogranua popu
bNDhem n8sleduj?2c2ch dvou generac?2, avgak by

r Tstu knhroogwscS[¢ 2smammi ch endoparazitoidT.

Pr§ce pSedstavuje ucelen pSehled nemoc? a

—_ =

patol ogi e | eksonmpclhe xgnk Teche Tv.T s42 edk T vypl Tv§g, ge
dostatelnhD nereguluj?2 popBepmB k§b/bsSoRy n@imm Kk

rozmnogovsgnz2,

Kl 2| ov §dpd omakr osporidie, gregariny, Vvirus,
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Abstract

This PhD thesis evaluates thepamtanceof pathogens on the population dynamics of bark

beetles of the genups (Coleoptera: Scolytinae) on the basis of field and laboratory research
similar to previously published scientific work. This work includes a review and summary of
information regarding individual groups of pathogenic organisms and a concise bionomic

characerization of the host species.

During the period 2062011 bark beetles were collected from pheromone traps, trap trees,
and infected felled trees. Within this study of pathogens, about 12,789 individual bark beetles
were dissected and microscopically lgead. New findings were obtained about pathogens of
the speciesps amitinus(new protozoa species for this hosgt Mattesia schwenkgiand .
cembrae(species spectrum and infection levels of pathogens determined for the first time).
New information aboutheir bionomics (occurrence, flight activity, trunk occupation) and

distribution (. amitinug also was discovered.

A comparison of spectrum and infection levels of pathogens was made bétveeaitinus

andl. typographusl. amitinuswas determined thave a smaller species spectrum and lower
infection levels. A rise innfection levels of the protozoaGregarina typographiover the
course of a season was observed founedieetles ofps typographusn the breeding system,

and thus the first indireatvidence of pathogen transmission in bark beetles was established.
In monitoring eight generations df typographus no impact on population growth was
confirmed either for microsporidi@hytridiopsis typographor for intestinal parasites during

the sulsequent two generations. A positive correlation was demonstrated, however, between

population growth and the quantity of endoparasitoids present.

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

evidently do not prevent beetles from successfully reproducing.

Key words: genuslps, microspaeidia, gregarines, virus, population density, transmission



Lesk8& zemnhdnNI, Baku§al uersinvi ecrkz8i taa d Sev a Ss k8§

Prohl §gen?

Prohlaguj i, ge jsem dizertaln? pr 8ci na t®
| T kogr o lps (TColeoptem:uCurculionidae: Scolytinde) vy pr acoval a samos

jsemuvedlagechny | iter8rn2 prameny a publikace,

V Praze dne 15.8.2012 Mgr. Karolina Luk:
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1 Dvod
Vsoul asn®m | esnick®m managementu s e st a
klasicklch metod, jako jsou |lapsgky, lInapal e |

porostT vgak zTst8&8v8 vlIasn8 asanace vegker ®h
kter® jim umogRuje dostatelnl prostor pr o
(Wer melinger 2004). rddu®cmepogpgyl sedolid&mo@r o
lesa st&le g8ds&ny. Aplikace pSirozenich nep:¢

m§ oxwhranhD lesa st&§le vel kIl potenci §1l.
Biologickl boj je jedna ze strategi?2 Al nt
l esa je ch&8p8na jgkKac¥si ljehoolproarsu apded|je
(AugitelnTchi) organismT |i produktT jimi vy
nebo jeho majetku (hospod§8§Sskim rostlingm a
ekonomicky ¥Ymosmésm. mprzédcjejich sn2dgen2 | €

mi kroorgani smT pro kontrolu hmyz2ch gkTdcT b

v oblasti patologie bezobratllTch: Agostino B
1956). Les ni ck 3MN&NIzse&k 8 praxe vZeAasddugl iKanraMdd®dv Ram
vsoul asnost.i mnohem d8&8le ve vizkumu regul ace
bezobratlTch pro Dbiologickou kont rroelaul.i zBy® o

programi ok ® 1l kontrp8%Il ivethl edeamzikvn2ch nepTv
(Coulson et al. 2000).

Mi krobi 81 n2 patogeny hmytziul encahp ahdoascthigtaesl €]q
pSeng8gej?2 na dalg?2 jedince. Zn 8 méktojyptak pot en
fakultativn2 pat ogreonzymn(opgootvSent?u jr2e shpo.s trietpelliek ak
horizont 8l nnN (v r §mcikdretdanm® ngoevneerr Tans ema tkeornit 8alk
uhynulTch jedincT nebo karitmdlii, s mpwmg)aznedmd dve
a vertiks8lnhD (z rodi| T na jejich potomky).

nebunhD|l n® organismy (viry), tak prokaryotick
houby, Sasy atd.).t |Indte&rmtenu heny zunMmTgZecthip$
nejsou | et 8l nz, ale projevuj2 se rTznl mi pS:

dal g2ch flaktemrtTh2sd =&A chronicklch onemocnhin?
NDkter® pateyersy (pholnt8shtaij 2 a ueotiBbwvgndMm, erbe



Lesk8& zemnhdnNI, Baku§al uersinvi ecrkz8i taa d Sev a Ss ko§

hostitele infekci. Houby do hostitele pronik
ostatn2ch peror8lnhD (Y%stn2m otvorem). Pat og:¢
pSek®mbatann® mechanismy haoBmitael a8 s lneadmnd g hb
(Wegensteiner 2004).

LTkogroupgsipat 8du mezi viznamn® gkHdrcepl) ehl
(Pfeffer &CABWEPR@IO97GPBOHZKI 1997; Grodzki 2003
OEPP/EPPO 2003jazuret al 2006;Wer mel i nger et nailc.h 2n0a0p8a)d a jND
nNDkolik hostitelskich druhT dSevin. To pravd
maj 2 v2ce hostitelT a obecnD jemdr phadwo®n®p

NapS2kl ad Gregarimea typogrdpli( Fuc h' s, 1915) j e zns8ma
analyzovanTclps (diraklolv readual . 2007; Yaman 20C(
Kereselidze et al . 2010; Tak ov Chytridiogsis . 201
typographi [(We i s er , 1954) Wei ser , (Wegehstdiner RGD4L u p
Wegensteiner & Weiser 200Ho |l uga et al . 2009; . \We@rghmin st ei n
stranu je zn8m pouze | edlarssonikltaudopticatipopp 8o i f i
r e ¢ ewlps muplicatugSahlberg, 1836)We i ser et al . 2006 ; Hol uga
al. 2009)

V. soulasn® doblD zn8me kolem 20 druhT pa
entomopatogeomid ehedub)Scol ytinae (bl vdaskt§ | el ¢

pops8&no u | Tk olgsrtypagiaghug sLn r nkno®\@edutaistgide) 2004; Takov
et al . 2010) . U vDtginy patogenT jsou jen z
populace (na vitalitu, plodwilBtsdgind e¢ op®r ismmdn

prob2h8 pouze v | aboratorn2ch po ckaphoeki8c h a
jsou shrnuty vgechny dTlegit® soulasn® pozn;
Sasy) a paraziticklchl hpSehliedch ajippsRyt ol
z8stuplps] rodu

Bionomie a ekologie nhRkterTch ITkogroutT
Naprot.i t omu exi slttyppgeaphose L B e Staidar p2 @@2; oGr ®g
2004; Wermelinger 2004)Vdi zer t al n?2 pr 8ci byl vy anal yzc
charakteristicky, druhov8 spektra a Ipsnf ekl n

amitinus(Eichhoff, 1871) dps cembradHeer, 1836) (kap. 4.2. a 4.3.).
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Distribuce |TkaginsutlaylmengAaloyzovg§na v L
Polsku na hlavnzshrolsu it Rdeg dblei est) i(Plefler &
Skuhravl 1995; Grodzki 1997l aftnesdyki zPD§#éaBDN |
v2ce neg polokiomMmanéchhiobal 40 »nd n2gin pSes
v horskich oblastech jako jsou nap$S. LLTatry
amitinusl ze o] ekBE®att %e gonodtecEw r ® Ip Yt, e h arsitimustk Mg n N
napadévpSmdst Sedn2 partie korunov® | §sti str
1984; EPPO/CABI 1997). Yh2 st ech vi1skyt u v ylstypég@physaylpul al n?2
popul al ni anfittush © la 8 a obr 8cenhn. Naopak pSed
pododndrovnatel nN dl ou hiypoydphusj. amitious ® Ld ko g m @ ¢

me n g 2 m8 jednu generaci rolnnN v horsklch o
snadmoSskou vigkou meng2 neg 600 m n. m. mT¢
Bojovil 2004; Grodzki et al. 2008; Turl &ni &

Vzhledem kt o0 mu , gl.eamitinusa h fypographusmaj 2 podobnou bio

mohou se na hostitelsklch stromech bRgnnD pot
2008 |, pSedpokl §dal i j sme rovnDhDg, ge jejich ¢
budou velmi podobn®. Abychom tuto hypot ®zu o
l eg2c2ch | ap8kT na osmi studijn2chdrdhpéal it §
urlili jsme pS2tomnou n8kazu patogenyl Srovn

amitinusa 3 4 3 5 |. jymograpimus T

Celkem bylo zjigtRDno 5 patogenn2ch organi
Z8sadn2m ob| exmreogretpasiniatiesiassahwelkéRurrini, 1977) 4 uk o v ® m
t DI NDse u lLaskbtingse dPMTEMDr n8 i nf ek]| n2 Chylridiopsisna v Dt
typographj Gregarina typographiM. schwenkeea par azi t oi dy) byl a st
Vygg?2 ul gpogrgphlisn @ Bl. amitinus Metschnikowia typographiWeiser et al.,
2003) byla potvrzena pouzd.uamitinus z at 2 mc o Nosekna tgpepgraptieider, e

1955) nalezena pouze u typographus Navz2c byl o zjigthDno z vl
gregamou G. typographu l. amithnusb Dhem sez- ny (kapitola 4. 3).

Vzr Tstaj2c?2 vl znamcembraavanoaSp ev|earii detidua a c 2
Mill.) porostech rTzn®ho st §S2 (Krehan & Cec
Kn2gek 2008; b6moadzki2089Kowviygaduj 2 upSesnhDn?
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reproduk| n2m potenci 8l u, popul aln?2 dynamice,
prot.i t o muletech D677 @@€9 . bwl a hodnocena %Y innost
(feromonoviembdpaviah kE)sCc ¥ c h cembraavdlaecsek ® r epubl i
Z&roveR byly od konce z8S$2 um2stPDny ldo fot
cembraea st udov8ny za | aboratorn2ch podm2nek v
Na konchbylypSkaeagany | apiky | endd taygee 02, br ouk T o
hrabanku po pSezimovgn2.kvIRamm?2 al ektpobvihdd v kil \

mNDs2ce (Postner 1974, Grodzki & Kosi bowicz
kontinu8delD®poodwrlofilu kméonpen2 Mag8slt n®kmbodby
pol et nakladenlTch wvaj2lek nigg?2 neg ve sy
znapaden®ho modS2nov®ho dS2v2 v | aboratorn?
pS2tomnost bp®axiTmoviS§aarzev a kukel dceSin® g
pSezimovali v bl 2zkost.i stromT, kde ukonl] il

pod2|l pSezimbhjabadcbebbbukKovnapadenich strom

Vedle studie bionomie bylo U. cembraepopr v® ve st Sedn? Evro
druhov® spektrum a hladiny n8kaz patogeny.
lapal T, | apS§kTapatienhd duixldEd® m[ (et ech 2007 a
10 studijn2ch pol ontihk8 cohs.k oQeilckkoyv v ybgyelt Seno 337
nal ezeny dva drQhhtypognaghik Nosesnp ofr typdgraphia (va druhy
hromadinek G. typographia M. schwenkig.

| nf e k| n €&h. thpograghhiiun ap o pl.ucknzbr@ése pohybovala meZ a 58%.

Ng§ k dNpsemas p. byl a prok8z8na pouze u dvdu jedi|
typographiby | a zaznamen8na pouze -2v% Rmaaktoeu snki . ha ba hoou
schwenkebyl a pozorov8na pouze W cénbraerPouzd jsderu u O
houbovl paRusargmmy Ir omMal ezen dvou matelnlch br
Spektrum patogenT 2z | I cemblaeb®y | boD hveerl mmia gz o dsot bund® €
slogen? Lnwogaphds Webyl zjigthDn ¢g8&dhickiovpatl dg
(kapitola 4.5).

U vhRtginy nalezenlch patogenT ITkogroutT
vygaduje pSeyst akmint askftersoi dy nebo spor ami ne
(H@ndel et al. 2003). Nehylkow@ak pdeldEde&m 2 g &
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tuto situaci pouze pSedpokl 8§8d§8 (Wegensteine
Handel et aled®WOM?2) . %dKaj nN doch§z2 pSedev;
nedospRlTch broukT, kdyolastrook¥mbj 2 netias ®a
sousedn2ch pogerkT (Wegensteiner & Weiser 1
dok8gou pomBDr nNi ndal kotuihvon 2 mT ssttaatv uv ahpstiiettm doby
(Wegensteiner & Weiser 1996).

Vnag? st wedizannNSmd i § mfae k4 mI3 ey, wpdgeaphiun § ¢ h
mat el nlch broukT. N8r Tst nakagenlTch 1ljedinc
typographusb Dhem rozvoje rodinn®ho poger ku. Brouc
sekc? na kmenéb®Ohul apg§kPR009paT 2010 na jedn®
republice s vysokou hladinou infek& typographi( r ol n2 pr TmRDr hl adiny

roce 2009 a 19,8% v roce 2010) . Nebyly zjigt
u samcT a ndamind, |lsagpkke , al e prTkaznD se |igi
BNDhem reprodukln2ho obdob2 I TkogroutT se in:

t ®mNS zdvojng§sobila v roce 2009 (10,7 ag 19,
na31,%) . PSedpokl| §d§&§ me, @ tpographiball hRe nz vol bjoeun 2s ti undf oe:
sez-n vypllTvsg z pSenosu mezi brouky ve snub
bNDhem reprodukce a kabaddoebn22 kvval]t2n ae ka gs aByki rcveemi c «
tak dologen prvn2?2 nepS?mididTkanh pop8&ed8eBnm
brouky.

| pSes -1te@MNSi n20enzi vn2 vI zKkulps(Wegehsteigpee n T | T
2004; Takov et al. 2006; Burjanadze & Goginashvili 2009; Unal et al. ZD&yv et al.

2010; Wegensteiner et al. 2010; Luk8govsg & I
al . 2011; Hol uga et al . 2012) chyb?2 st 8§l e
fertilitu, vitalitu, p Sezigko[w&nl2. |Nie jlaestnmwsd U
u pSenosu nemoc? me z i jednotl i veci [ gener ac

vinfekln2ch hlading§ch patogenT pSi pougit?2 r
ot 8zka optim8Iln2 vel iukm tait ogzonrTk U i Ieaedziu nngne?to

infekce. Pro kagdl patogenn? organi smus st e
pot Seba tyto vliastnosti analyzovat zvl §gS$S, «
gkTdcT i dal g2 chi snmT.nhDNav §&ramH cth trrgeamu j sou

zf aunistick®ho hlediska (Wegensteiner 2004;
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j e i YospRNDgnhD prostudovs8na jejich wultrastrukt
1998; Weiser et al. Z03 ; Weiser et al. 2006) a givotn2z
et al. 2007; Tonka et al. 2010).

BNDhemed® studie jsme jako prvn2 podrobnhi

rTst I Tkogrouta smrkov®ho. VIiz&umtpSeéchproek
pSipraven® s®rie | ap8kT pro jarn2 a |letn?
Statisticks$§ anallza pomoc?2 korel ac? infek]
|l TkogroutT nepotvrdila vliv edti®evn2=chihlg?®s tni
autoSi: Burjanadze & Gogi nashviGChitypdg@agio9) ; |
(infekln?2 hladina mezi O do 20,4 %, u |l etn?

|l Tkogrouta smrkov®ho. SHdsKernky dasttaudGer @ po
typographjk de rovnRg nebyl zjigthNDn g8§dnl demograf

al . 2010) . Napr ot t o mu me z i koeficientem
endoparapopoil da€i v(pr TmDr mA P @y i thi yvlna? zkj oir get |
spopulaln2m rTstem ITkogrouta smrkov®ho rost

(kapitola 4.7).

Na z8kladhD shrnut? vgech novichr mzinat k
dizertaln2 pr8ce byl yovz& ralicsoblathpaiologie pnyzo | i k o v
(I Tkogr 9t Tkred® se alespoR | §stelnhD snag? o



Lesk§& zemhdnNI, BakuBal uvensinvi ecrkz8 taa d Sev a Ss k4§

2C2 | e

1. Zmapovat druhov® slogen? a specifika pai
zamnS e pgspp. (kapitola 4.1)

2. Stanw it abundanci, pol et generac?2 a druhov(
(lps amitinuvpod m2 nk8ch Lesk® republiky a Pol sk
studovanl chl Tlkokja loiutt ortps sgpograpbug (kapitolg 4.2 a

4.3).

3. Definovat b o no mi i a n8sl ednN dosud nepopsan®
| Tkogrout a IpaceinBrap(kapio@ 4.4 a 4(5).

4. Zjistit mognosti pSed&§vgn2 infekce mezi

(kapitola 4.6).

5.V n8vaznost.i na vtlatvo pzajtioggtelhm?22 cdb joarsgmainti s i
| T k o §(kapitala 4T7).
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3 Metodika

3.1 Studijn? Il okality

Hl avn2m %skal2m pSi studiu patogenn2ch o
sdiostatelnhD promoSenTi mi popul abemi pSpSiinn%enk
|l esni ck®&m managementu jsou totig infekl|ln2z hi
mal ® Prvn2m krokem pSi Segen2n2tc@meaptl w cthy | Bthe
20072011byl a sl edov&na bionomaei my hpathogem I|ink
Ipsna | okalit8ch po cel ® Isosls®@dmépghblisit ¢ eaxd h| §:
zahraniln2mi kolegy (Pol sko, Rakousko, Choryv

Hl avn? stubleshkh® pépuohlyi ve:

Hav2:SoStudijn249A49l15aN, GR®AE22m 2r." Em. )2,65n a
sl edov §nal antinusncha mpcSeé p r a v eRickacahiesV letqui§20022007. (

Hl ubo(lGPeS 49A50' 30" N, 17 AS5t8aSlelc"hEB,R 54419 A4 n33"
17A04"' 34" E, G gnGkhS 4Mm A4 72 60" N, 18A24' 41" E,
sinstal ovandarixdeciduda pgklyerf® na. cantrbedr | enbokTna p
a anallTzu dr uhov ®deoh280R@1R.t ra patogenT Vv

Ostravice: Studijn? |l okal irteweumase DPR danr k e N tGrPaS
18A22' 120 &I md Hk® vwi gce mezi 1,180 a 1,200 m
provgd?: se zde pouze omezenl l esni ckl ma
kTrovcovimi tRgbami, dovozémrbmpB8kTI @ah oldapay|

zde sl edov§ny laypographusll. arfitnbsua t @w$iypr av eRickaa h | ap
abie a pSed&§vE&n2 pat ogeletfch®09a20M0.bn2ch komTr k §

Pot tGPtS 49 A41"' 216100mn. M7KbABoY (GPI4RAB,7' 58" N, 17A30
660 mn.maSt ar ® OUGHYS k49 A4 3"' 01500m n. 7 Podébu & " E,

sobRNcjdbugenerac2ch (ethe2808ddubtydiffapiusna o | n§
t Sech | opkrao sitto8rcth Woj ens k ®h o | m¥ajteezldnul clhi bbarvo§u k
shrom8§gddyh %0 stromT (pSilehl® stromy byly a
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Pust§&8 PGPS M49A51' 01" N, 17A5905e0"EQ1 M3y Iny no.
vzorkyzl e g2 c 2 clhdetidcagp 8k g £ i gtddmbtac pat ogenT

Slezsk® RGESI 50A&2' 37" N, 17 ARt8ch 3007 aE2008 2d65 m |
byl y um2 st DndecidudapiS8ky agal e (fer omonowa odpa
monitoring bionomielps cembraeVz 2 skan®m materi 8l u | s2me anée

patogenT.

Pt Dch&PS 49A17' 12" N, 16 A3Igteci B008Ea 2009 Tde byly n.
um2 st NDnylL. deadpd8 ky (apale (feromonovi odparnzk
bi onomi e a polpsudembrarZt SPusltop §leT 2909 npsly od
analyzov8ny vzorky broukT na url]len2? patogenT

3.2 SbNRr a zpracovs8§n?2 vzorkT

Las odbDru byl ur |l en na z §Kiltyatdod tzbghhng2jneyn 2
s v 8§y § chodenteploty a =k BBhem vegetaNam2ggabbbdodn) b
zji gSovegni dospniDI ci rodi| ovsk® generace (P)
(srpe n) kde byl nN@& s @ é nBlhzae s roubcn 2 cdhc ekSoi mT r e k
chodeb, protoge patogeny se (Vegeastemdd & Weiserj i g Su
19963. Mat el n?2 brouci byl il ap®kTapmid e nindteboisd u ® Imn
hromadnDhD slesp®l8h2do zpl astovich | ahvz2, Pro k
vzor kT bylo shrom8gdnDnok ayy@d®y pmad koe simomuy ® r ¢ ek
NejlastNDji byli pTUOlbdgsgmét poviohWi agkhzaeh str
0,5m od paty kmene, . pol ovi nD kmene, I zal 8tek ze
koruny; Obr. 1).

Z2skan? brokowuskwgmi@ sagesbzhyb eeebo vaty (= ud
vzorc2chplabogeht hvahdtEopbpscnhd otryfp wdsiC. ¢ Plosd w pp$P

byl i brouci pitvsgni (do 3 mNDs2cT od aoadbDru)
Vzorky byly sl edo vrgskopempAosenal $REIF01Eil mplod mivkdt gen
100xi 400x. I nspekce se zamhRSila pSedevg2m na

gon8§dy a tukov® tDNDIeso, kde kagu®ppti o gegnyyt
detailn2 z8znamimfekaeuaavpoptSSiproabteim®@h®n T od
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Pozornost byla vhRDnov&na pSedevg2m mikrospor
hl 2stic?2 m. Pozitivn?2 n8lezy byly vyfotografo
(program Atlas 3.5.12.0).

KI

K112
Ll

0.5m

(.5m

L IL ML IV,

Obr.1Rozl ogen? sekc2? a jejich vzd8lenosti od p

Populaln2 hustota |ITkogroutT na jednotl!l iv
popul ac? na vgech l okal it 8ch bNDhem cel ®ho
kal kulovsg§n poll et msoadibm2¢h komTr ek, st 8dium
nakl adenlTch vajec a m2ra parazitace) |ITkogr
jednot ku plochy podle velikostdi studovan® se
obvodu kmene)Dat a byl a zaps8&na a posowarpSreoredahg? |

anal lzu.

Pro vipolet korelace mezi infekl n2z hladiri
byl pougit koeficient populaln2zho rTstu z r
rTstu:

R=logNtilogNt-1 (Jarog2k 2005) .
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3.3 Anallza dat

Z2skan§ data byl a pdeaudGeEacdd 2ADUI Rop®h
a statisticky vyhodnoceny wr ogr a mu Statistica 9. PSi ana
nor malita dat I|(eSchmpiproovedsany adanl8s? pokrol il
vinfekln2ch hl gdeidnnSocth ipdtccg edmaTt ew hp,o hnlaa vri2T zIniT «
rTznTch druhT ( ANOV Adest, Niilcaxstéstaaltd.) Méhol kbrelase neei s t
infek| nt phdtadgewT a popul al nipsm PHist emepnd ko gr
viskytu jednotlivich patogenT a druhdstkJe b2
GI'S. Obr8zky a fot ogr aprogambAdbbgPhagoshead 7.0CE.y upr a
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AVI sl edky

PSedk!| §danh 8| dd zpr8§ce je postavena na 7 ||

uvedeny \kapi t ol48 c7h. 4Dvia z | 1 8nku jig byl vy publ
Protozoologica a Journal of Appl i ed Ent omo
vl apiosech: Zpr 8vy Il esnick®ho vIizkumu, Act a z

Entomology. Jeden manuskript jsvo u | a srneocsen z nv2 Ima Sé giene Gumar s k
posljednrfukopis pSedl doeptmcovEaBemdhky dpz@&&eé mu n
j sou |lla8sndkpyilFsmebo Wi as a b § z ijedSlopsu s a
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4.1 Pat ogeny | lbsk (Cgeopiesat Turculiamidae: Scolytinae):
review
Karolina Luk8govs8§, Jaroslav Holu
2012

Zpr 8vy |l esni ck ®hpou bvlTizkkouvngun,2 .p Si j at o
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PATOGENY L hKOGBIWUPS{COLEOPTERA: CURCULIONIDAE:
SCOLYTINAE): REVIEW

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

KAROLINA LUK ¢ 6 OV EJAROSLAY HO L U &R
Yesk§ zemhNdNI s kBraza,fakwd tzmi tteeswmi ck§ a dSevaSs

VT zkumnl %stav |l esn2ho hospod§Sstv2z a mysli:

ABSTRACT

Some bark beetles of genlps occuring in Europe attack multiple tree hosts. This probably
explains why some of the bark beetle diseases &lseemore hosts. For exampil¥egarina
typographiwas known from all of six analysed species &gstridiopsis typographirom

midgut epithelium of five species of the geps On the other hand there is only one known
speciesspecific pathogernLarssonella typographidescribed inlps duplicatus At present,
around twenty species of pathogens were described in bark beetle subfamily Scolytinae, out
of which ten are known in the spruce bark begifetypographusFor most pathogens, only

rare informations available about influence on beetles: on the vitality, fertility, flight ability,
hibernation, etc. Moreover, most experiments are conducted under laboratory conditions. In
this paper we summarize the knowledge of pathogens (viruses, protozoa, funggrasitic
nematodes and give a comprehensive overview of detected pathogens in different species of

genuslps.

Kl 2] ov §odpd omakr osporidie, gregariny, Vvirus,

Key words: genuslps, microsporidia, gregarines, virus, population density, transmission

" P2R

LTkogroupgsii Colbbe@apter a: Curculioni caa?2 Ewoloypthd
jehlilnat® porosty Ppi@eabeglg2m Karlpgstypoaprepap h o
(L., 1758, I. amitinus(Eichhoff, 1871) GRoDzkI 1997;CABI/EPPO1997 MAZUR et al 2009
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a |. duplicatus(Sahlberg, 1836)RFEFFER KN ¢ G EI®95; CABI/EPPO 1997; GRODzKI 2003;

HoL u Get al. 2003. BorovicePinus sylvestrid.. a dal g2 z RBirmuspteferoj@psr o d u
acuminatugGyllenhal, 1827) & sexdentatu¢ B ° r n e r BAKKEL 1PGB&ABI/EPPO1997,
WERMELINGER € t al . 2 0 0 Bajix.deciia Mimloldé&S”2 nj e jako na hl a
rost | i ipsicembiagH®ar, 1836) POSTNER1974;0EPRFEPPO2009 . Hostitel sk®
dSevin se mohou pS2legitostnhN pSekrivat a |
podobn® bionomie potkgpSpds&as&§npejpptggennz or

Vsoul asnost.i zn8me nNkolik des2tek druhT pa
vt Dl ech | T Kps.grPruvn?2 rpoodpgd sly§ tplow hB®oHel @1 &) et 8 al g
agpaloviny 2O0hzishbl ¢gtsdDu Inhetmeci studov§&ny od
(WEGENSTEINER2004). Vit ® dobnD byl o objeveno m&j2006ce dr
(WEilseEret al . 2006) . PSehled vgech nefmsaem ( mi kr
et al. (20mMO0OpS2padyPNrggme jen ultrastruktur

rTznTch popul ac®polaethaokstbhehowztiaed ek U vDtgi
cykly nebo v soulasn® dobhD prob2h8 jejich v
Vgeghdruhy v 8mhnp®y nap rrmaodagraf@Rt ymay1956) , od t®
byl o naps8no jen nBRDkolik studi? na toto t®ma
Vit ®t o pr 8ci S i kl ademe za <c?2| kompl etnhD s

par azi tluljk2ocg?rcohulpsePodtel nr2o dpuo d o bn® s hp m8MEIBERAS e 0 b j

(2002) o | T ko QWEGENSTEINER(2OO4.0 v ®m a
Viry
Virovg onemocniDn2 jsou druhovhD specifick§g, s

vkal nou tekutinu. MI ®l n®peobgeden? kpE&s®bsje?

j edince toblew@m:?2t IVl ese. Nej |l ast Dj gz mi host it
pS2znakem patogenu je masov® hynut 2WeEbkerr v§I| n?2
1966) . Kultivace vboITatjaer nr2ec8hl npgo dpm?unzeek , z ap r lod

technologick® postupy.

Ent omopoxvi ripsdypograpBusiiEPVu o br . 1) a dlpsls§2ch d
projevuje tvorbou Db2lkovinnTch svRtlolomnTc
broukT, yj inne@ dersar BECENSTEINER1994; WEGENSTEINER WEISER1995;

WEISER et al. 2000;BURJANADZE, GOGINASHVILI 2009; YAMAN, BAki 2 01 1) . Lol kov



Lesk8& zemnhdnNI, Baku§al uersinvi ecrkz8i taa d Sev a Ss 3§

inkluze obsahuj?2 vDtg? mnogstv2 sendvilovitdl
st Sevn?2v @lpRuyell k 3leyass{EINER200) . MT g e pceajf2otr ax§ kt S
vumr t 2 hdetsikt®e ree.publ i ce je tentGunvaiwWseesetzaznar
al. 2000; WEISER 2002).Pat ogen se pSeng§g?2 trusem a pSedc
Aplkace infekce byla dosagena oget Senl mi pol
feromonov| Putdry WESER X0 0 4() . Dal g2 pr8ce studuj
pSenosT a vIiivT na br ouk Howmuee §.i200d4)81| \DEal s p 0 k 0 |
al. (2001) nalezItEPVt a kl®mitinusv Rakousku.

Sv 1 mi vliastnost mi (selektivita, Y%l innost)

prost Sedky bibésg?mk®ho zebmPdNks kT mi gkTdci .
vgak moment §l nD®naj pSedbBpyga®oijvil sl eaibrgti nazna
|l Tkogroutu smrkov®mu nebudou efektivnz2, Jej
komplikace pSi virobn.

Prvoci (Protozoa)

Mezi patogeny lesn2ch a zemRdRI skl mAR&aGKKW,.c T
hromadinky a kokcidie WEISER1 9 6 6 ) . Jejpobghii&@iha@gi cvk ®m boj
gkTdcTm je omezenl, nNDkter® druhy naps§. gr
komenzg&ln2 organismy a neogr egarh ngy Sra p(ad aajk?t
dojdekp Sed8&n2 nemoci ag po uhynudheraMalanwebk | a d u
scolyti (Purrini 1980) aMenzbieria chalcographiWeiser, 1955) byly provedeny jedny

zprvn2ch i nf ek | n2 cPityogpnesk anacdgraphud_k T7610) \PURRINI,

FF HRER9 79) . Kokcidie se u kTrovcT nevyskytuj?2.

e MNDRavky (Rhizopoda)
VMal phigickTch trubic2ch a stM8anodba hmykTr sec T
se | edn 8alamoelhrsoolyti Rhi zopoda, Amoebi dae) pops
Dryocoetes autographysRat zebur g, 1837) . Potvrzen byl u
l. typographus(WEGENSTEINER1994; WEGENSTEINEREet al. 1996H NDEet al. 2001) 4.
acuminatus(ZITTERER 2 0 0 2 ) . Cel T M isoolgtitu rD? autogyaghuspapsali
PURRIN,G GKA1983). Tento patogen se vyznafi Q& se
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hostitele odch8zej2rpSem. zRohkudssSenamapgPkuy
trubi c, |l 2mg je znemognhDno VWEsHRRW)EBYyRr odpa
provedena experiment 8l n2 i nf eklpsé€l typaglaghdsc h k Tr
|. acuminatus|. sexdentatys a na r ozd?2| od kontroln2ch je
givota broukT KRaHHOERE HREOMP | ovi nu (

e Hromadinky (Apicomplexa)
Hr omadi nky j sou oblig8tn?2 parazit. bezobr
Archigregarinida, Eugregarinida a Neogregariniie £ ODOR 1 1984). Vpo sl edn2 ch | e
byla prok&8z8na jejich fybdu@ngtospdridiumk §v 1pzSr? abnunzonuw
skupinou pat o®@sm]THamesoN2t0l006v)c.T QbecnlD jsou no
eugregarin popisovs8ny na z8kladhD krit®ri? |
epi meritu, vel i kost a t v &wmTtH,a&ook A0D&. sDoes §en 2 s p
pops8&no v2ce neg 1pST®GOi gnDhB Q@OOgCDRISR i 2 el s
2000).
Z8stupci t Dcht o parazi tZpk 1987; SkaMogsnae0; bapcEK yt uj 2
WITTENSTEIN 2002; SMITH et al. 2007;SmITH, Cook 2008; LOCKLIN, VODOPICH 2010),
zvlI 8gt D u br o 6AHAWANG, Caoidve BOPLL Yarmaa )200Z; YAMAN 2007;
SIENKIEWICZ, LIPA2008). Zh my z2 ch druhT bylo pouze 0,32 %
pS2tomnos tClopTong2008)g ar i n (
EugregarinaGregarina tyographi( Fuc h s, 1915) byla zjigtBhDna Vv
Sady z8stupcT p oaddvetlak 2007:Y B1eNo2007 tHO nuaset al.(2009;
KERESELIDZE et al. 2010;TAKOV e t al . 2010) . Gregariny se Vvy
odlignTmi Mapd pS2minemajoijoygidrn®ked umezi host
pSen6eruONGoD1996). KTroveci se infikuj?2 pozSe
zbytc2ch tRla uhynullTch jedincT a kanibalisr
Po pz Sen? oocyst j e aktivovsgna excystace vV e

prodRDl 8vaj?2 Y tr 8vic? soustavhD vnitrobunn|

(TRONCHIN, SCHREVRIO 7 7)) a dor Tstaj?2 do tzv. trofozo
stvhe m epitel em QvoToetak 20@4HviTmet BLi2000VAL | GUR @V C

al . 20009) a prodnl Pwahjlzavert MfBzdal usle§ rvn@2d yr Tdsvt a
dvojic jako hiatpémtiadnpr gaenonse nazlvenkemsyzygi

reproduktivnz dGédnet Gametpcfy®dba. Wds htRiged.l 8 s pc
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Ve vnpijgémSed2 prob2h8§ mixie a sporogonie. ¢
cykl us z aCLérmol, Ga@m1®6;MMOf0 et al. 2004Toso, OMOTO 2007).

Ze soulasnTch vI1G@G kypogrfphin en?j apmaydhpeodobnhN ve
patogen YAMAN 2007; WEGENSTEINER € t al . 2010) . Obecn grega
mechanick8 a fyziologick8 pogkozendetsath®dvrn T
toxinT bRDhem procesu pinocyt-zy. VIivoj trof.
poskytuje tak vstupn? br 8nu Leaol 961 l) n2 Powytkiorz
st Sedn2ho stSeva vgak mohou blTac2d ehcpakolmpe
efekt na hostitel eLPi 29670TBNAIANKAYA VIBIB)MVDp SS pall (
vysok®ho poltu trofozoitT GIRYNSERHODEK1896)C z e mS?2
Tukov® tRleso hostitelsklch dr utlglegarihamy zu |

(Apicompl exa, Neogregarinida). Onemocnin? z
patogena |ITzi bumnPERKNS QR OY ®ho 2 mBIl ezsSee j N z v
pSezi muj 2 dvienzlierigchattogragsTp or ul uj e v kulspovamt T ch ¢
Cysty se v nakagen®m jedinci rozpadaj?2 na pr
dosahuje ag 100 tis2c. Uvoln2 se ag po uhynt

a zTst8vaj2 v chodbiplSkefoloxd §%§i varg®np og 2rrowz | @
(WElIsERet al . 2000). ObecnhD se | dpd((WEBGENSTEIREG MDr n N
WEISER 2004; HOLUGa t al . 2009) . N§kazu je mogn® uml'
nakagenich jedi nBIJLUGWESPRREVIOSEN . | FFlWdnd popsat
neogregarinyTelosporidium typograph{FucHs 1915) zt u k o v ®I. typkgiaphisbyl

podle morfologick® char akMattesecohbhky b spopes
pozdDnDj i daWEGENSTHINERAMEISER@T996aH NDE&t al . 2003) . U de
gkTdcT jsou neogr eg aMEGERSYEINER20@4n amen§ny z S2dk a

Houby (Fungi)

fada houbovich onemocnhRDn2 je sp2ge sekund§r
jedincT zpTsobenTm jinlBig§tiraktory jako pogko
Me z i hl avn?2 houbov® pat oBeauveria bipdsiandBalf.) gp at S?2

Beauveria brongniartii Sac . ) pokriTvaj2c2 tRlo hostitelT

konidiemi (AbB.b®Bsianmjus kpops$ Byd )| ak os e au owg2eme vy
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100 dr uhHAERSYIZGER Y99 4) . Tato houba |je potenc
bi ologickou kontrolu mnoha hospod§Sskich gk
ug2van® chemRosERHAAEKEO O R2) dy P( Tkaznjviheog m2g h ¢
biotopech, zat 2 mco daMgathiziennanisopliagiViettho g é o e 2 h c
vzemNDdNI s kT cVanNIBEN AA9GBmieatHa et(al. 2002).

V. LR byl registrovs8n bioprepar 8t Bover ol ob
houbyB.bassiana Pr epar 8t byl prim8rnBhD ur| en proti
proti dalg2m gkTdcTm, napS. housenic2m pil a
koruny stromTdRDa(kair k®moh, WaSERLK®GHO s crnV¥,y upgd nvr
bi opr epar Btbassianaprotinl.Stgpographusj e r oz g2 Seno zej m®na
Gvicarsku a Rakousku, na experiment 8l n2 Yir o\
(naps§. USA, Austr 81 i e,B.assiamsekpol,i kPoowl 8sokao ). o d\he?jcl
suspenz?2 spor na povrch napadenlTch stromT ne
U broukT z2skanlTch na GumavhRD z feromonovich
Verticillium lecanii( Zi mm. ) Vi egas, zat 2 Malbe3u jer cméek D Ny a
B. bassianalLANDA et al . 2001). VIisledky |l aboratorn?2c
vidDt ginou ostatn2ch dr uhT B.nbassianapp apliiag @a n 2 ¢ h
d o s piDtypogeaphusn e j en n e | v WEGERSTENER1I996I Kerutz et al(2004)
ihlavnhD izol Bsyl e Ansrktavhi ®uhz DracaNovAteteal. J007], ale i
zjevnhD nejviDtg? adaptaci na tohoto hostite
schopnosti patogenT ¢g2Sit se opdroSsgte§edrriccht vp2on
chovg&n?2 Lhnossetal 2087).e (

PS2kladem praktick®ho vyug?2v§gn?2B. basdiana op Jievu
kter® je prg&§gkovl koncentr8&8t konidi?2 patogen
| apalred, jket eupraven tak, aby byla zachov8na |
kTrovce nejsou natrvalo odchyceni sbPDrnou | 8§

povrch tRla dospRlcT vysokou d8vkouedisggor a

kontaminovan®ho pSi pr Tchodu | apal em, al e 2
popul aci . Praktick® visledky prokgzaB.y, ge
bassianaj e v el mi Y% elng zejm®na Vv situamdgicthl] K ¢
Yal i nek, ale perspektiva dl ouhbadmtetlr. g00H.o pot
PSedpokl §dan® vysok® Y% innost. pravdhDpodobnl

uplynul o i ¢ib5ploesti cd rmuejpsokw jk Bl avd es | ke Tdrkoyv ce .\
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Me z i dal g?2 houbov® entomopatogerhyem8hagmmBd a:
st Sevn2m epitelu MeTschoikowid] : typogkapha (#\scomiycata:
MetschnikowiaceaeWEISERet al. 2003JUNAL et al. 2009).

Mikrosporidie (Zygomycetes: Microsporidia)

Tato skupina striktnhD intragrevakBmn2dhepasaz
za pr i mitCorrRABI, KEELONG POO9; REDHEAD et a | . 2009) . Jedns§
1300 ofici 8l nhN pops amtined) Wass 1990] Mikrospdri@i®json o d T  (
nej |l astDji se vyskytuj?2c? patogeny | esn2ch

vgech tk&8n2ch a vI1voijmfvdkcdci sdoSadh &z2h rhejsita steld
potravy (HO L U G WEISER2005) Pouzeyp $ad N vel mi si Il n® infekce
napadnout vajeln2zky a objWeser pteal. 20@0;PHELPSA NSOV a 'l
GoOoDWIN 2008).

Mi krosporidie maj?2 Gan,jThAkworAN PI99))Zralg spraroBsahuey k | u s
typi c @lovadvapat Vk|l i dov®m stavu je jeho hlavn2 s
trubice, posteriordvakuola a polaroblagt = sy st ®m mlembr $inut @hdSésit iv p
spory, vRDt ginou objemnS8l§str pkt ov@®h ¢?hck?l Gran ja?2
YWovni pr vn?2 h rRArzZENV2004, LO0FNUSWEISS2P05; DELBAC, POLONAIS

2008)

Kl 2] 2c?2 spora vstSikuje svTj obsah ve form
hostitel sk® buRKy. Sporoplazma rost erong, dDnDI| 2
kter® se d§gl dnl 2 a postupnhD vypl Ruj?2 cyto
nezn8m®ho sign8lu aktivov8na synt®za b2l kov
obsahuj2c?2 chitin a s pBowNEetal QUOBHAYMANCetak 2001y mi kr
BROSSON et al. 2005; PEUVEL-FANGET e t al . 2006) , kter® |jsou
plazmatick® membr 8nhD st8dia sporontT. Sporor
sporogoni e, ale nakonec kagdS8exsmp2omw nd In¢§ ebruzR |
vlietnhD vystSelovac2ho apar§tu. Spor a, kter 8§
(VCEVRALARSSON1 999) , je jeding f8ze objevuj2c?2 se
g2Sen?2 patogenu.

U kTrovcT je zn8mopanDikdbyti k dmrmwhhyl ma kadaj 2 st
st Seva, dost8vaj? se do WmasEretahPIBWESER2002,0u p Se
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WEGENSTEINER200Y. U | arev se vIskyt onemocnin? a mi
infek|l n2 hl awiirnuyy an anmdi k3rOo s¥ our 2 di 2 WRISER(2002) j e b e .
za pS2znak nastupuj2c2ho z8&8niku ohniska pS

populace.

Unikaryon montanum(We i s er Wegensteinat ®z&%n gka,t uks 9 &
Mal phi gtirck@icch2 c h a vajel n?cWeGENSTEINEKK WHISERO Ut a S
2004). Nosema typographiWe i s er , 1955) tjuek ol @k atlki8noiv,8 no w
Mal phigickTch trubic2ch. M§ truséra PuRRINL A¥/B; N ® s p
WEGENSTEINER WEISER 19960 ) . PromoiSeInB typogrdphusj e bnNgnnN vel

n2zk®, pohybuj e WESENKBNERWHSER1996bD;H N mE&naN20Q03).

Nej bRgnnNj g2 Chytridiopss sypographidp Bv ddptogporidium typographi

[(Weiser, 1954) Weiser,9%0]( o b r . 5) se vyznaluje tvorbou
cyst se 16 32 kulovitTmi sporami, kter® jsou in
nahrazen®ho padlr&ran2®@m pw WEENBENBR2004 KAakoV Et al.

2010, 2011ToNKA et al. 2010;WEGENSTEINERet al. 2010MI CHA L K v dl. 201) Ch.
typographivyt v8S2 vSedovit§&§pohnigeka, skdevadocN§zhn.
typy spor: itnankaddtj@rnipmiost Sed2 m®&nN odol nl m
spory, prodd ovan® v tenkostPRDnnlich dolasnlch spor
hostitele t2m, ge vstS2knou sporoplazmu do
SilnostNnn® spotrryv ajl Boru swpm2rotfryn2wm vEl ku pSi
neuo | Ruj e psfprpowrdyn2m hostiteli, ale je vylul ov!
i nfek] n?2 po dobu nBhDkolika mRDs2cT ve vnDjg?2r
patogena. KChotyptyraphp ha®m&T voj o v ®epnadi nhmms mat
buRkami, z nichg ka®Edp§teyuvsiSejdmddon puFSewv a
spojen s mateSskou buRkou | 2mcem a bunh| n®
pupenu. ObRN mateSsk® buRky a pupen pelSs&aPuj 2
buRky, roste a produkuje buRkKky stejn®ho typ!
vivoji a vytvg§sS2 cysty s vitrusy. Proces, Kk
rostouc?2 do stejn®ho strukturonwlan®hmi lar ovsefd &kr
(Tonkaet al . 2 0 10h.)typograxhie e s e ¢ ief i ckT patogen nap
st Seva Sady z8§st up WIGENPTEINER2604e.d i | nSfceokl| ynt2i ntalea d(i
patogenu varS$8&dec hv Nd s WEcansENER 2004 ; 8VAGENSTEINER
WEISER2004;HO L U Gat al. 2009WEGENSTEINERet al. 2010).
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Ned8vno byla pops8na dr uhovdgplgausliafssomeda8 mi kr
duplicati ( We i ser , Ho | u gHoL UG@ti afj RAD7; obR B)0w6l)c h(h d 8 k ®
republiky a severovichodn2ho Polska. Jde o
hladina tohoto patogenu dos aHouyaetan2009MBkt er T c
drobn® jednojader n@ osdp®lrnyl,c hn 8§k aakdr umrndke2hm & v
avmatrix trache8l n2ch (¥ademwehd. 20OGHO InuaGet pl.2O07;c h u st
HoLuGeat al . 2009) L. duplicdties k| m21 hgadanae zi gener ¢
byla relativnhD st&§l §ehog p$getki meh?rditzddnoticslgrizze
pSenosu skrHoLpaRGi ta2l .sp2o0r09() . Ip¥sd T&D gpBatdpokek
viskyt dal g2 ch @anringia spimidentis( dWe2i,s emap SNegenst ei r
1995) popsan® zhitguikcokvi® h kt&rnudo, i cMa | spityakieifiesa p o |
a Tomicus(WEISERet al. 1995).

Mi krosporidie vyvol8vaj?2 spoleln® epizootie
bekynnD a rozt®kaj?2c?2 se viroticki&ihaq u sketnekra®
j T nak | ekaly na uhynut 2 hostitele d®l e. \
onemocniDn?2, se zSetelnou mortalitou u house
kombinaci sv i r -(Hoa u G XEISER2005) Tyto patogengcjbBopaoak®kpp
url it® hostitele, jejich namnogovg8§n2 je mogr
mi krosporidi? prot.i KTr ovc T mWBEGENSTEINEK200d)i s po zi
Hlavn2zm dTJvodem je obt2gn8§ masdivv8l ckiu |lhoisvtaictee
kter® je obt2gnhD praktikovatel n® vzhllgsdem ke

a jejich izolovan®mupresiomi nu jednotlivich st a

HlI 2stice (Nematoda)

Ent omopatogenn? hl 2stice (nitkidaa tStideenematitee)t er or
jsou |l et 8l n2 eGCAubERKAYAALI90;GARGLERAY DR ) ( Jsou bRDgnC
vbiologick®m boji prot.i druhTm hmyRamMos- §i j 2 c 2
RODReéGWEtz al . 2006), n ep Tbdh@ mb ¢ @A ovsBAUGLER 199 M a v
Jejich vihodou je n2zI&, GQUoIERI19ISBATHOR 1996).0 o br at
Do t DI nz2 dutiny hostitelT se hl2stice dost
kutikula 7 rod Heterorhabditi§ . Po vnikmrut?2 vi@pohgsDj] 2 pomoc?
b akt er Xehorhabdush PhotorhabdugFoRrsTe t al . 1997) endot oxin



Lesk8& zemnhdnNI, Baku§al uersinvi ecrkz8i taa d Se v a S's 80§

hostitele zab?zj 2. Po usmrcemd@akthersite miel jeald o
pro vivoj hl 2shtcstgdfekl|(nesfukegnialj stovky
hostitele PSitbidmgeddh pma &ktivnhD (pachovlD pomc
vyhl ed8vaj?2 nov® ¢giv®CRoerdd70).ce hmyzu ke kol on
Hl 2stice jsou testookB®ygkakeThkmekl i pnédspfed:
gkTdcTm | akKoeEHiEB®tu &@lv.8bl992) WESERHMRCe EXO88)ab e ky n I
dal g=l ed? ByakNad, CaimeeA 2000) a CurculionidaeDUNCAN, McCoy

1996;SHAPIRO,MCCoYy 2 000) . NNIKt§er%?3 2a wstoauuSii su gradacemi T s k y t
nNkterTcMRAIKMBHICVERQOO) a jejich regulac?, n
Cephalcia (odhady kolem 30 %)MRCLE& 9 86 ) . HI 2 sbtiigcnel mn eppaattoSge n
kTroveceT, al e mo h o u PONeR, DExpaAlrg @ B8 1 )n;f i kapat i ne
aplikace hl2stic se vgak moment 8l nD neprov§sgd
HI 2stice VyugrPrSeasjlnuk Traovoev s stanovigthn (f
kdokonlen2 sv®ho vIivojov®ho <cyklu (parazita
Same2 pSedevg?2m z8§stupce S8dT Tylenchida a |
sl Tkogroutem smrkovim brouky negativnhD neov
druhy R HM1956 . Ty jsou tldolkeal bizow i TilyebnmioN ywd Nn N r w
Contatylenchusa Parasitylenchus nebo v Mal p hi gCrgptagheemchus,r ubi ¢
| i v e st ApbeleithoidesaoPdrgsitorhabditis (R HM1956 . PrTmRDrng8 n8§
KkTrovcT st Sevn?2 mi hl 2 st i WeseNsSTEINERRWEIBER hogabu | e  k
BURJANADZE, GOGINASHVILI 2009;KERESELIDZEE 't a | . 2010) . Podl e nhDkt

parazitick® hl2stice sv® hostitele (zpTsobuj

gi vot nost LauTEp 198Q Kreass1 9 8(4) , naps§. zmenlgem2 m o
samic | T kTeciNe, OWEBSTER 197 5) . VIiv pS2tomnost .
endopar azi tlitypséglaghtsn eh | Pstt o cou akt i ForRssE1I98T.e by | P
Determinace jednotlivich druhT je obtégnsg, |
pouze juveniln2 jedinci a | larasitariabdiisnejze odd o ¢ h 0\

sebe rozerR Adl®59.v Tbec (

Foretick® dr uhy Dipldgdsemides Ditylemchup & Ektapheterclys se
nachg8zej?2 hl avnh pao dk Skrdd pekcahsni loirbe wohu k e z in t NI
(RRHML956) a prozat2m nebyl prok8z8&n ¢g8&§dnl viIi
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Zel en® Sasy

U ITkogr puintefbyrloadun§8§kaza touto skupinou za
pSedpokl §dat , prot oge b Helieosparidiunigp. [Thlerophyta:p S . p
Trebouxi ophyceae)Dendroctoraus reicangdugeldna, s1pol)| dargcku
spr TmRDrnou hl adYamanR 0i0Bf) ek debjio |yl ¢ Xt®oansb o j i s
komplikuje zjigtnDn2 hetasjpre®i fntk®bhe pr-oditror
| e s k nR&ikokhagus grandigGyllenhal, 1827) YAMAN, RADEK 2007; YAMAN et al.

2009 , kiteer Bfektivn2m regulp§taxriem ia mdkpa i &
veur oasi j s@R®eaeolaaledd3;RELDING et al. 1991;FELDING, EVANS 1997).

5A41daS8 | %t GSNJ

Vsoul asn® dobhD bylo pops8&8no v2ce neg 20 dr
zelen® Sasy) u br oWiGINSTRINERIWESER2I9Ga, 280dtb Niyeati nae (

al. 2003)or WhDdgijniamiauzabl val a pSeMieeragiadlm z f a
1998; WEGENSTEINER2 0 0 4 ) , a tak u vDpDtginy patogenT ne.
fertilitu, |l etov® schopnost i, pSezimovgn2 at

m8l Tkogrouttywgmamphus vV EvrophD bylo zjigthRDno 10

(tab. 1) ; u nNRkter T ch Ipdarbgagaclgs anditnus h Tn e nj§arkeo

dostatel n® Ydaje, nebo dokodowesta.@Q0i®.d8vina neb
Mikrosporidie Chytridiopsis typographia eugregarinaGregarina typographij sou gi r o C ¢
rozg2Seny u spolelnhD sdpsvtyastkytbl) 2cdahga T &ogh
dle jednotlivich hostitelT a #HaNDEatal.j2803).Sadu
|l nfekln2 hladina patogenT je do jist® m2ry z
mat el nifch broukT se mTge od tvorby snubn2ch
ztroj rn8wcashiHbL Y G2011).

|l nfekl n2z hnTadmalyo ipaz Dyies et na populaln2ch hu
populaln2ch denzit8dhdseclil knd gmoo stviTj s eptokj&w ]l
spory patogenT taktnesmemonebdt zpbpziSenpdsmSe
d al grice WeesNSTEINER WEISER19964a).

Lasto blTvaj2 studov8&ny lokality, kde je d2k)
(WERMELINGER2 004) zabr §nhDno jvizmilikus lsudpepkpmbdematz o ge
al . 2003) a infeklnT jhsadi kpnst sdtog2enk pat
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|l okalHot @@t (@l . 2009). To vyswniDkiwjrd cmi md zku
byl o prok8z8no, ¢ge hladiny patogeéeaolfucsal.z8vi se
20009) nebo ¢§e relzmedk ohwlEatduifndyi siprofedgesTiNER u k T (

WEISER19963a).
Jednhmavn2ch faktorT ovlivRuj2c2ch populace
ge kvTli absenci |l esni ck®ho managementu a n¢

ke shrdamdgobDkKkT a t2m p8§dem ke vzniku ohnisel
a intenzivn2ho HoSedwsyBDOIK dpjae olgentTot(a | Tkogr o
maj 2 nedospiRDl 2 brouci nedost atgeek up rsoksezorpur optr
dal g2ch pogerkT a |l arv8ln2ch chodeb. To zvy(
kter® byl yrugsemnhbhrmrkagen®ho jedince ristjleho
pogeiriknk ekl n2 hl adi na(WsGENSTEGER MWESERL896ah Ikupynyg u j e
napadenich stromTJ vytvg§8§Sej?2 ohniska ¢g2Sen2 |
na Gu maRaRouskuj kdevse vyskytuEPV a Ch. typographiv e v e | mi Vysok
i nf ek]| n2 c WeEGhNsT&ZIERenag £9B6WEISERet al. 2000HOLU G et al. 2007).

Naopak infikovan2 | Tkogrouti v dobSe obhospo
l esnzci rychle odstraRuj2?2 napaden® stromy. C
jednot!livim drmudmmo gpeant2o ga,n Tlktve o ®a & B @ 3o cehv u |
porostech bez management u, a vede k virazne
ki ejich z8niku na nhRkterTch lokalitégch. To
vt ukov ®m t K.ltypographigvh ehalc®graphi (HoL u et al. 2007, 2009).

S pSihl @Brewdthb@nkm visledkTm celosvhRDtovich
nejsou schopny dostatelnhD a ¥slpsDgHRDaveygupB¥h
je komplikovam®xiap(k klatcikw awpe i patft ogemTBob ¢i v
vpS2padnN n2zkTlch popul al n2ch hustot tak® t
| Tkogr olpgngbudowovdej bl i §gg2ch | etecbbpangitkl o@ai
proti tNmto z 8veasym?lcrh .gpko[rdocsTtme ovh

PodRNkovgn?2:
PS2sphRvek&§meini Segen2 projektu KUS QJ1220317
republiky a CIGA20124302. e s Kk ® Zke®mludnN IVBazez i t 'y v


http://ga.czu.cz/Project.aspx?ProjectID=84097&backTo=http%3a%2f%2fga.czu.cz%2fdefault-main.aspx
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Tab. 1.

PSehled zjigtnRNnTch paltjoigmidu ( mieN tydodgrgptyruii i 2a a
| Tko g r o ulpsT(dler VeEdBENSTEINER 2004; TAKOV et al. 2006; BURJANADZE,
GOGINASHVILI 2009; UNAL et al. 2009;TAakov et al. 2010;WEGENSTEINER et al. 2010;
LUKCGOMWDL UG2011;MI CHAL K @val. 2011TAKoV et al. 2011HOL U Get al. 2012)

Overview of the identified pathogens (excluding nematodes and fungi except micriasporid
andM. typographj on bark beetle genups (according tONVEGENSTEINER2004; TAKOV et al.
2006; BURJANADZE, GOGINASHVILI 2009; UNAL et al. 2009; Takov et al. 2010;
WEGENSTEINERet al. 2010LUK CGOVHDL UG2011;MI CHA L Kavdl. 2011TAKOV et
al. 2011; HoLuGet al. 2012) (listed from the top: Pathogens/Species, Systematic

classification, E citations, FEF pathogens).
System Ips Ips Ips Ips Ips Ips 72

Patogeny/Druhy Zz a S a z typographus acuminatus sexdentatus amitinus duplicatus cembrae citace

Malamoeba scolyti Rhizopoda X X - - - - 6

Gregarina typograpti Apicomplexa X X X X X X 33

Telosporidium typograph Apicomplexa X 1

Menzbieria chalcographi Apicomplexa X

Mattesia schwenkei Apicomplexa X X X 7

Chytridiopsis typgraphi  Microsporidia X X X X X 22

Nosema typographi Microsporidia X X 10

Unikaryon montanumm Microsporidia X X 6

Larssoniella duplicati Microsporidia - - - - X

Metschnikowia typograpl Ascomycota X - X X

ItEPV dsDNA viry X - - X

F patogeny 10 4 2 5 3 4 104

*Druhy, u kterlch si autoSi nebyljigipopsaniul
dr uhTm. ZSejmh se totig jednSpwdabynt® biioyn oenx
vazbhN na $ts&Pn@SeosniytéT kogrout T) . Bez genei
mi krosporidi 2 velmi komplikovan®, nen?2 zat2m
* Species of whiclthe authorsvere not sur@end determinednly their genus,were assigned

to the previousl describedspeciesProbablythey are already existingspecies ¢onsidering

similar bionomyandrelation to thesame hostree speciesof bark beetles)Without genetic

tests thatare especiallyin microsporidiavery complicated it is not strictly necesary to

separate them yet.
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Obr. 1.
Sferoidy ItEPV a cysty neogregarinyMattesia schwenkei(M.s.) vh e mo | yipaf D
typographus

Fig. 1.

Spheroids oftEPV and cysts of neogregarihdattesia schwenkéM.s.) in the hemolymph of
Ips typographus

. -
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Obr. 2.

Stadium trofozoi Gdgarinagtypogmepht Tz aasmgagases | T kog
typogaphus

Fig. 2.

Life stage of trophozoites, gamonts and syzygyGoégarina typographirecorded in bark

beetlelps typographus
, J e\
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Obr. 3.

GametocystyGregarina typographi/ I u me n u lpstgp&mphas
Fig. 3.

Gametocysts oBregarina typographin gut lunen oflps typographus
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Obr. 4.

Gi v ot n Gregayn& typographi
Fig. 4.
Life cycle ofGregarina typographi

konzumace
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Obr. 5.

Si | nost IChytri®opssytypdgrgphn a | e zneesef@ieronlps typographus
Fig. 5.

Thick-walled cysts ofChytridiopss typographifound in midgut olps typographus
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Obr. 6.

Povrch st Selamssongela dupliwaivea ms val ovich v §KHpsech st
duplicatus

Fig. 6.

Surface of the midgut with spores bérssoniella duplicatiin the muscle strands ohe

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

SUMMARY

Bark beetles genugs (Coleoptera: Curculionidae: Scolytinae) are one of the most dangerous
forest insectpests in Europe. At present, around twenty species of pathogens and
entomopathogenic nematodes were described in the bark beetle subfamily Scoljimae.
most detailedspecies composition of pathogens Bpsucebark beetldps typographushas
tenspecieqTab. 1). For somether bark beetle specisach adps amitinusandl. cembrae
no sufficient dataare available about pathogenshawve beemecently studiedFirst pathogen

in bark beetles werdescribecdearly in the 20tltentury,most speciesvere tha identified in
the secondhalf of the 20thcentury. In 2006, the last known pathogen was described
microsporidia speciespecific,Larssoniella duplicatirom I. duplicatusfound in the east part
of the Czech Republic and northeastern Poland (Figt &).al chronic, widespread infection.
Infection level of this pathogen reaches in some study sites up to 80%.

The onlyvirus - EntomopoxvirugItEPV; Fig. 1) that wasrecorded irbark beetlesauseghe
formation of protein inclusions only in the midgut of adult beetles. Microsporidia
Chytridiopsistypographi(Fig. 5) and egregarineGregarinatypographi(Fig. 2 4) arewidely
distributedin populations ofbark beetlegenusips (Tab. 1). Fatbody of host insectsare
attacked andlestroyedby neogregarinegMenzbieriachalcographiand Mattesiaschwenkei
and somemicrosporidia (Nosematypograph). This diseasecauseshigh mortality of
individualsduring the ovewintering periodin the barkandforestlitter.

For most pathogens no information is available abofitences on populations of bark
beetlesFor exampleit has been showthat nematodeslo not affect thdlight activity of Ips
typographusHowever, knowledge of the nematodes of the gépsiss still very limited and
since the 1950s we have not hadcimmew information.

Infection levels of pathogensmay depend on thbark beetlepopulation densitiesAt low
populationdensitycallow beetlehave contactvith individualsoutside theibreeding system
very rarely andpathogensuchas sporescannotbe ingestedwith faeces oremains ofdead

bodies ofinfectedindividuals. We assume th#te absence dfbrest managementeads to
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high population density of beetles on host traed thusto the intensiveransmission of
pathogens.

Comprehensivelynone of thepreviously identified pathogenicorganismshas been ever
demonstratedis an effectivebiological controlagent Although laboratory experimentare
often successful (f. e. witBeauveria bassianar Malamoeba scoly}j cryptic life cycle of
genuslps unde the barkand their bionomyin general isstill a major complicationn the

succesfull aplication of biological control.
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4.2 Is Ips amiinus (Coleoptera: Curculionidae) abundant in wide range of
altitudes?
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Is Ips Amitinus (Coleoptera: Curculionidae) Abundant

in Wide Range of Altitudes?

Jaroslav HoluSa'*, Karolina LukdSovad®, Wojciech Grodzki*, Emanuel Kula®, Pavel Matousek*

Forestry and Game Management Research Institute, Prague, Office Frydek-Mistek, Na Pustkach 39, 738 01 Frydek-Mistek,
Czech Republic & Faculty of Forestry and Wood Sciences, Czech University of Life Sciences, Kamycka 129, 165 21 Prague,
Czech Republic; *Corresponding author’s e-mail: holusaj@seznam.cz

2 Faculty of Forestry and Wood Sciences, Czech University of Life Sciences, Kamycka 129, 165 21 Prague, Czech Republic;

Emails: karolina.lukasova@gmail.com, matousek@cizp.cz

3 Department of Forest Management in Mountain Regions, Forest Research Institute, ul. Fredry 39, 30-605 Krakéw, Poland;

E-mail: W.Grodzki@ibles.waw.pl

* Faculty of Forestry and Wood Technology, Mendel University in Brno, Zemé&délska 3, 613 00 Brno, Czech Republic;

E-mail: kula@mendelu.cz

Abstract:

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

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

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

Introduction

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

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

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

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

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

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

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

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

Materials and Methods

Characteristics of study areas

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

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

Study of trap trees for detection of 1. amitinus

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

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

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

Austria

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

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

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

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

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

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

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

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

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

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

Study of infested trees in Poland

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

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

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

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

Statistical analysis

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

4

Results

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

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

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

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

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

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

circles in Fig. 1.

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

Coordinates

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

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

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

Study of infested trees in Poland

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

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

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

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

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

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

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

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

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

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

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

6

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

Discussion

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

1. amitinus was found on both standing trees
and felled trees (see also Kus, Kus 2004, GRoDzKI et



Lesks§

zemnNDd NI, Baku8a l uensinvi ecrkz8i taa d Sev a Ss k78

Is Ips amitinus (Coleoptera: Curculionidae) Abundant in Wide Range of Altitudes?

Table 5. Abundance of Ips amitinus enter holes/dm? on standing infested trees in Poland (mean+SD).

Year Period Region (Altitudes)

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

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

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

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

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

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

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