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Abstract

In recent decades, the number of wind disturbances has risen. Bark beetle outbreaks
follow up on wind disturbances as physiologically stressed or mechanically damaged

individuals provide a suitable environment for bark beetle development on spruce.

Dissertaéion thesis is aimed at factors, which influence the presence of the bark
beetles antagonists. The thesis is divided into three parts. First two are aimed
atthespecied Ips typographusand Ips duplicatus The third part is dedicated
to the Trypodendro genus. For thé typographusametd analysis of previously done
research was the first priority, followed by field reseasofour locations in th&atry
mountainsTat r ans k1 dgtrrodanEs kia r K FielkobsHraation daswy ) .
concluded foi. duplicatus(on four sites inthe CzechRepublic, five in Romania, eight
in Poland and four in Swedeahd Trypodendrorwas studied onine sites in the Czech
Republic, five in Poland and one in Austria. The intestines were inspected under the light
microscope for analysis of the pathogens, obtained imagos were dissected,

andtheintestines were inspected.

For a long time, the intervention was considered a significant factor for creating
pressure on the population loftypographusandits antagonists. Stigtical comparison
of research sites showed that most common pathogens are present on higher infection
levels on sites without intervention. Following field study showed no influence
if intervention in Tatry mountains national parks on the population itgens

of I. typographuslevels of parasites, pathogen infection nor predation.

Infection levels olL. duplicatidecreased with latitude, where higher levels were
observed on the original area of longterm focus points, and lowest was observed
onthesouth innewoutbreakareas, where. duplicatistarted to appear twverpopulate

only in recent years.

For the Trypodendrongenus, as a species with different bionomy compared
to thelpsgenus, the pathogen spectrum was described for the first time. Preseuited res
show low levels of infectious pathogens and nematodes of the ambrosia beetles

Trypodendrorineatum Trypodendroriaevea Trypodendrordomesticum

Key words: Ips, Trypodendronintervention antagonists
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1 bvod

Lesn2 ekosyst®my po cel ®m svDthD jsou pogkoc
za n8sledek odum2r8&n2 jednotlivich stromT
(Perry et al., 2008Ni kol ov et al ., 2014) . Reakce I
sekl i mati ck® podm2nky nejsou jednotn® a m

adr uhov ® Kmtlet a, 204  (

Smr k z[Pieep abled(L.) H. Karst] je jednamej roz g2 Senhj g2c
vest Sedn2 a severn2 EvrophD (J°nsson et al.
st8le ddesawpgoul asn® dobhD g2 ¢evéhijageni
dSevd hslvedk u z mHanewinkellet ama0)8. (Vzhl edem k vy
rTstov®&mu potenci 81 u, kval int2lx kd mpewdgiatde lv
nakval itu | okality se smrk stal jedn2m z h
(Yousefpour et al., 201MHanewinkel etal., 2003Mnoh ® porosty byly vy
pSirozenl ar e§[lv,odc[o § ejheo jne dzekrRSpiackes OO c e a
Brosinger & ¥bitleetal, 20b7er , 2009

Vposledn2ch nhRkolzwklagi deswltd Kyttt 2 ot rsrel
(I kl& nBlerryman, 2004; Wermelinger, 2004; N\
aprodl ougen?2 obdob?2 sr8§gkov®ho deficitu a
vzhikup Semné@deon¥cT (T kland &eBip®geisz akTROVET]
di sturbance navazuj 2 pSedevg2m proto, ge
pogkozen® (zIl omen® nebo vyvr8cen®)o str omy
kTrovcT na s Beryman, 2004kWeanelthge&2004; Nikolowakt 2014).

L e s nilcet@hkepubliky p Se koomlaKk odii kt ur b an]| fjakoc h per
napS2lelech ®0082008, kdy syenSspra&gv &velirinT ch &

aEmma. I np&esivn2 oyrcdic owds®lSomstt 2780k | et 2
vevromkT ch |l es2ch zvigil rozsah pSeidkta@azen? p
2014 Dobor et al . zkurgy@radkdj,. ¢Nee jbnuwdvady cg?2 zvmiDn a
dS§kvekovatv zni k ropSedhkendIeqdsgon eSedatla,, 200
2017Dobor et al., 2020), cog mTge m2t nepS$S
ekosyst ®mo s pboh e Bbrosgeedh, 2018 Dobor et al ., 20

obdob? suchai2meBi vilietiozd re3Potily h abedl o k dal
namnogen? a g2 Sen?2 podkor n2 h o roden2918)u (Zpt
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https://www.sciencedirect.com/science/article/pii/S0304380016307153#bib0305
https://www.sciencedirect.com/science/article/pii/S0304380016307153#bib0805
https://www.sciencedirect.com/science/article/pii/S0304380016307153#bib0305
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https://www-sciencedirect-com.infozdroje.czu.cz/science/article/pii/S0301479719315105?via%3Dihub%22%20/l%20%22bib23
https://www-sciencedirect-com.infozdroje.czu.cz/science/article/pii/S0301479719315105?via%3Dihub%22%20/l%20%22bib60
https://www-sciencedirect-com.infozdroje.czu.cz/science/article/pii/S0301479719315105?via%3Dihub%22%20/l%20%22bib60
https://www-sciencedirect-com.infozdroje.czu.cz/science/article/pii/S0301479719315105?via%3Dihub%22%20/l%20%22bib43

Vsoul|l asnosti |l el 2me historicky nejvDtg? mu
aktu8l nhD dosahuje objem vythDgen®ho KkTrovc
kub2 kT rol ni, a t o pou@2prmp8§wa Y esfoeel e s k ®&s
2019)

KTrovci (Col eoptera: Curculioni dae: Sc
nejintenzivnhDji zkoumaml® kdarcueh ys el ezsal? Thwa jhm
t ®matui K Dchto druhT, t ak riapionn 95 4905 ¢ k T mi
Skuhravl, 2002 ; Lieutier et al ., 2004 ;
Fettig& Hi | szcza@®s ki, 2015; Hivlgsazkcizsat@Esjke Seatd aa l

souvisej2&doahneboydamhovim slogen2m ant ag:¢

Vsoul asn® dobhD je&0popds 8hd %k ZFSkdmord g ( Br i
2002; N®MmMethy et disert aP9d8) sePSOdlupgemj \
druhTm kTroveTzmbamis mb ik darakteristikdmikni e rjdom i

)l T kogr outlps sypograpoug(linnaeus, 1758) i i) | T koépsout s
duplicatus(Sahlberg, 18363 i i i ) d STeypodekdzon. i rodu
Zat2mco | Tkogrout smrkovl je nejbnRngnl

spTvodin2movimi miSeombBrgreM2ucel enN prozkoume
pSirozenich nepSs§tedJkawm§ivéd i vejl ecmij cd®hoz
na tyto antagonisty a z8roveR jejich vIiyv
sr TznT miy (vic &apitolm3 . 5 Ant agonilsitk® gk duobvcsTe)v.er
nadruhou stranu demnf necerof¢BH%pBmme adrhwhy

sice zn8mo, jak® druhy antagonistT | ej na
a reagovatzema& crm vitSrdtday anl manbbg ekt edhSey bk a
rodu Trypodendron kteS$S2 se na rozd2l od pSedegl T
seh o u b ami a neblTvaj?2 primm8umSmnRalptosroasmTzp

je jejich biomejgm®aDnzn&mmal exyb?2 ucel ens8§
patogenn2ch organi smT.

13



2 C2l e prs8ce

T Srovnat t | ak paranmetrya gopulaces f k o gasanu tkao v ® h o
nalo k a | irtT8zcrhlerns n imanadementem

T Anal yzovat i luafsserkelladéplicatil lpsdupicatusyp Tvodn?2z m
are®lowlaah gradalmRrcopid.bl astech v

f Analyzovatpatogenyd S e v 0 k aTzyfodedmvue st Sedn2 Evroph

14



3 Rozbor problematiky

PSiglletkiogmaugiTv® stromy | snokiorgamsag a a s
konfr oysit Drvigmi mechani smy obrany ;&mokeremT ( Fr
2015 Schroeler & Cocos, 2018)K p Sekon&n2 obrany =zdr@vIich
koordinova® hromad® n ap ad enméha jedinc (Berryman, 1982
Mulock & Christiansen, 1986Schroeder& Coccs, 2018)Terto ur | i t T pol et
| asto oznal ov®ml| ¢tkkoer krijtei crkdzbytnl pro
(Berryman, 1982 Raffa & Berryman, 1983; Mulock& Christiansen, 1986
Schroede& Cocos, 2018)Kr i t pokjée u jednot | iTviadl idygrnih
vdTsl edku rozd2| T | &4 schopnostl b rkeofyrprantuitbvaty | a st r
feromony (L°yt tAwWmS tekali 219836chradde’,CocbsO Z0IB)

Vivoj kpTrrodp?ahd® k Tr g u kgter csme gweycshknyat uvji2v oj
stadaV dTspedkluigmrrouky a | arnvaarmig edh®c hv8ozd?i vk ¢

ahostidgterd asrhy® p o s t(Liep&n Bakkel 1881r Amdebrant et al. 1985
Capinera, 2000®met hy ¢t al ., 2018

Prostorov§ oriensaae e|pRoadsimtesodjiet T

aspeci athilziocvidosviign 81 T, kterTmi dok&¢g?2 iden
prokolonizaci,j ak o g i zeela napdrey{Sghlytér& Birgersson, 1999Byers,
2004 Byers & Zhang, 2012Duduman, 2014)T Dmi t o s i g n 8dromonyno h o u
akairomony.

Prim8rn2mi volatil n? mi | 8t kami jsou kai

| 8t ky jsou vyldbsesp®hkigreimampathbmz i tele vyl
fer omony obsahuj2c?2 ter penoi2@Rudinskyelt, ©T1i z ov an
N®met hy etAgaleg,al hGm&j)er omojnwhSig2 kob gdamac i
hmyzuna hostitel sk® s;tWoodni982BIBnqdist atsalk 20,0 1 9 6 2
Duduman, 2014)

TNl esng tepl mtkeo linfang spowwiisep ashnot DV Kk a
stadi ? (vaj?]| ko, | ar va, kukl a, i mago) , z a
nat e p Ipo tol3 (Weenelihger & Seifert, 1998 Fleischer et al., 2016V 1 v 0 |
jednot!| ivigmcist ploipkdd ggro@eud V1 i v nI®Bn pracvareD g of
apSiroizenémSsteli ( KWemmielimger eet al.,a2D13)) a K20 04 L i v
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adTsl edky bude m2t gradace na danl porost

stavu porostu, typu gradee a | e (Kulakowski, 2006 i t D

Vel k®s mnd ghorbyl zass tvech m2r n®ho p8&sma procl
stavem diapauzg kT r ov c i nejsou vIji rokdokn e pSizapa w2 a |
podm2nek pro vIivoj dan®ho druhu. BNDhem
metabolismujedinec  j e od odhladdazy@s tva[Viuj e dees 19%8GHo v Iv
Tauber& Tauber, 1976Tauber et al., 198®anks, 1987Denlinger, 2002K 0 § S§1 , 200 €
Schebeck et al., 201l Diapauza spoluk et n 2 tneamlmotSsk oy v I gkou 1
o poltu dmem@mRusiicegenerac2 za rok viraznhD
popul ace dan®ho druhu a s t 2 mé&dDalnrdlg2z i vl

Me z i k metalyobrka@ y pr ot i kTrovcTm se Sad:?
trojnogky, trinetyslar §ppEldm2mosnlolv.garketpdsil ev y u ¢
nezastav? gm&dagiz, zan?2e n a pGrodakiTeb D h2AD06 gr ad a
Zahr ad&Z&hr a20153 la keuad),2015).

31 Viznam managepmpemuluall s adwnami ce KkTr o\

Pojem AMarfdgyeme ®yfiviamtgdriMeance) obsahuje v2c
kontroluMe zi hl avn?2 | i ntn2orsttd paojcrAd m EpPto$2e ndBMez
a zamhmem?2 g s @chadjn @h e k o(blils ¢ tc @ m Es201i7) Jedivtl ia vV ®

typy managementize jenv e | mi odil @igtLt 2 s e i ntpeomnuziittdw ha
met o dvB[oghe.me r oz | i ¢ (Kulakowskiet adt, R0A7) n2 t ypy

- pas i wmandgement=pezintervencg¢ jet y p ipcSkiir o pmeedymikt er ®
tvaruj?2 dynami kuz§edmub8zsentedzgvazhes
|l esni cky ob h@bsykl® favBevam®er ven| n2ch obl
mrtv®ho doBlastechs mégrvenc:?

- int e nak tvmahagemer(Eintervencek namen§ sanaudiSevia§cer
a mnohoObtalkgfNh o z ehodnytitj ;a kpo rodbshtoys poda Sov a

Obl asti s mr lezmntérneemceapionrtoestyon w2 vel mi | ast
a mnohdy nen?2 jasn8 ostr8 hranice, kter§8 &
d o s pnBdylcschopnilewou akti vitou tyitGomdzkietd,2d0& no st i
Montano et al., 20t6Ha v a g o v; 3hon & &.1201Y.

16



Aktivn2 maemf8&mpht?2 se na udrdgen?2 popu
Yar o,van amen § rychl ® odstranibDnehrsatnrno@nT p rp8acc
aodstraRov §n2nTlsthr oknTTr onvacpeand Gtaslenman ¢t §lr 2083 t N g b
Mezeiet al, 2017).

VpS2padhN propwknuopatgcremmtacerabl vaj? v |
aodstranhDn2m napadenlTch stromPpvieTl atpae@., D
sloug?2 rovnhRg i pro konMezeétal.,20) t u kTr ovc]

V porostech bez intervencepvS2 padhN vzni ku disturbanc:

KTroveT, jsou napadem®oat pobpdmad®8s ydrSpeario
ak Tvoi | sou Kkeystangpeoie§F kil 2 daw®y ( Mgl ;) Wid et al

etal.,,208;Bal e et ;Madket,al, 2006MBzei et al., 2017)

Porostysas kt i vn2 m managementpami y@a2im gnanad e pa
v konstruk, nabisdtoigdkTocsid Kk @ ® yl snelyRamEe @ tona
smysl u, ge rozmanitost typT pKérpelod®962 ch st
Bobiec, 2002 onsdale et al 2008;Brunet et al 2010; Floren et al.,, 2014y Dd e c k ®
modelyj ak by mbDI agameninaedjasto umammn ohdy dosabgt el nD
moH y b Tt Ipeosungiictly@ewinkehet dl., 201 hiele et al., 2017)

Vsoul|l asn® Sdiobddt asneoven? nej vhsiduerolyag2 ho |
h | a v n(Fhiele ét &l.£2017)

1) vwt vo Si®m, s ks er Tdal y2 p rpopsjyislt ® opyolpii ksiug r ®
interakce n a prBezi lesem & | i mat e m, pTdou a podnelt
abi oticklai ekozdomiyck Tedb&kowvidDn2syst®m by
pouze jednotlivIim d2lill2mbyrpbl &mTuwmg e cé
byseSegi |l a kompl exnh,

2) pr o B &sthopnosts y s unRanb 2 cekooomicky vhod®mo g np bk §hov §n 2

vr 8 mc i p Ns taochrgngl 2e,6rT@ MGby z mNny kIl i mat u

3.2 Bionomie Ips typographus

LT ko ¢gr outlps ypogrépbug Te memajpr oz g2 hBpgmabj 2 ¢
kTr ow@&TE anl cHicea rabies v Eurasii (Christiansen & Bakke, 1988

Hol &gak8§goVy&on20b7Ta popul ace hromadnim odc
2001 et . Stromyy@y tpaphkichb®@ | wal yp,oulgyl vy vgak
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ng§kl adm&tarvy ch pS2 paalteefBakk®ebal. 2198 Arasehjy bti k o v
al., 2012)Pr ot ogeni mwyll @ sv i szljoiggetn®?n oa gtraekg®disn 2 ho f
verbenol, 2metyl3-buten2-ol nebo ipsdienol) T k o gsrnorukt cajs@®ivoQ u| as n ®
dobnD hoj nhD vyu @asw 8anpya | fee r oemdearo® ®ny kgi2 w b s aht
agregal n%n &k BlkypagraphugHulcr, 2004; Reddemar&Schopf, 1996;

Zhang et al., 1999).

Kol oni zace stromuktjer Tz ahy8§ enpae ssaameclem?, |
samen al § k § 2 3garBice. Jedna sasoenakladea § &j02(vpeckd obn N | ak
u sest er s eadger, 199p\\VeznmeAnger 2004)Lary a t z vijeding | ut 2
(nedosphsles gima2gal Tkem (Paynter et al., 199

PomY pohl av?2 potomkT P&dlie2 dasat udmrelichgr
Zzji gtmaopolg®t k gradacygwogrkdacg t = e samiczd\iby 2 ce ne g
50% a znovulnse Yip 5% keRonBi@r ad al n 2(tetoogradaed) | u
(Lobinger, 1996Wermelinger2004) Z t o h o 5l sami nagdndho samce
Uvi t §j ed ibylacrofinah a r j@dmoho samce Nt ¢ i n @u S esamicénd, n
se kterT mi souvi s2mat echontigoeb. vSamicev 2c2vy pggP et
nadmoSek§kBch pr oidrutkairjsBstera®® ir Ibrjeegn¥riiyg g2 c h
nad mo S¥ Kk B & Netherer et al., 200Wermelinger 2004.

DosphRlTkogmejus du schopni se vyhnout vel
stromhN. Zvitaykagt dus §eeake okmiladeh ajeénbue k
samié (Beaver, 1967 Thomson& Sahota, 181; Lekander 1972 Ogibin, 1973
Andebrant et al.1985) Produkce v@ | e Bviisn Bgt epLbo b ®8r n2 mod
ni gg2 tS pl4AClireline8r n2 cthbymad evlydppotlitnegnlan2 t ep
30Ar o juvenP89ACT pi uoj Wamairder& Seifert, (1998
1999 Wermelinger2004).Tyto¥sd a | en ejzsbgmuavny®& ve Sem? al n2 ch mo
dynamiky populacé typographus

Mortalitaz aznamenan§ v zimhD mTge bbtipg&Il M2t ¢
| i ni .tM?2|rfsontality zhruba 506 | e z® gt ®lbyg rell typkgoaghus
pSezimuje na p a deteplatchvzdsichu pohyteuje tol0 A ICBagcoli,

2002 Wermelingey2004)Nedos p NDin8j 3t agg@g2 mor t alnietgu b Dh
d os p NI 2Forgse, d99MVermelifger 2004).
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KI i mapoidank @ k ¢ p | o Zvaltinismusl. ltypggraphusa ma jr2o v n N ¢
viiv na letovou aktivitu a vi Wollastecou r yc
steplejg2m kIl i maS$éenaceg vsHmc io bjveykn @ aokaki vn2
vchl adnnj ¢ 2seVyskyuelpausgdag @ ner ace& Barmisseo,n 201

J°nsson gJtl nasls.oon 2Gllal ., 2012)

Denn? | et o\W§ o bapk®si bvliitgan N o d thodh 0 do
(Funke& Petershagen, 199Wermelinger 2004).Voj edi nNlI Tch pS2pade
odligovat, jted p lkootgD . z 8MiinsiZm8n a 2 t epAOt a vz

aopti m8l s peplydua2RA Gy 28AcCEmle& Petershagen, 1994

Lobinger, 1994Wermelinger2004).Hor n2 pr ah o v A Glbbingen 89948 | e 3
Wermelinger2004).Samci =zal 2naj 2?2 | ®af [jdS2smpoher® sma
jakogtomws2onh8&i ®zt v o dstwokry (@uber & \Bantz, 1992

Wermelinger 2004).Pro¥:s p ddi ¢ratonizacistronu jsouz apoh &8epaSe nej m®r
ag |ltySi tepl® dny vpBab (Wesfbeshp, 099D u na
Wermelnger, 2004).Vopal n®m pS2padhN mTge |l et sn2git
pSekongn2 obrannlch mechan®MT ¢§gi v®Oho strc

O vzniku p Semn a@erh?2oduj e i nfor mace o] dostu
pol §8teln2 velikost pphuol at%sep Nec hard hpaSdiy rrTezpni
n a p a dredarBrantet al., 198%nderbrant, 1990 ° nsson ezv lag en ® 2l0elt2r
teplotyad | ouh8 obdob2 sucha sniguj2 obranyschc
n a p a b pographugRouault et al.,, 20068 ° nsson eKombinacV1rge
faktorT |l ze pSedv2dat zmNDny velikost? pop
etal., 2012) Aktivita imagjev y g @g2i mn2 m,atbadbddu zvi genT ch
St2mspoejied@r p&§n2 t whkrschak et &l., 2013/ ezrilet al, P017).

VI at ent n2 c hl typogchphtish € 8 d @ mi ¢ k & ap &ped | na®&nea)

oslaben® a stresovan® stromy, kter® se n
Lindel °w pSaldl® ,etl1\WW@tlT bdoa@ade) ldyje v el mi VYyso
popul al n2 Vg osvelRl, 2 s¢hemocuizéatcti i ina zdr av stro

(Mulock & Christiansen, 1986 al | ® etJ°als.s,on2 G¥Hp S22 padR2 oMz |
hustotym8p o | e tkladd svtl i v n a evd.SypagraphdsVo mal n®m p S2 p a
vzni k8 znalng§ vnitrgdwvilpromee® mkpak bi énchd,avl
faktorem regulace populade typographus( | k | & Betryman, 2004Sal | ® et al
2005)Vni trodruhov 8 k omegiateinmcae? vne8l iirkootstdD g suak o v

19


https://www.sciencedirect.com/science/article/pii/S0378112704005353#bib40
https://www.sciencedirect.com/science/article/pii/S0378112704005353#bib41
https://www.sciencedirect.com/science/article/pii/S0378112704005353#bib67
https://www.sciencedirect.com/science/article/pii/S0378112704005353#bib67
https://www.sciencedirect.com/science/article/pii/S0378112704005353#bib126
https://www.sciencedirect.com/science/article/pii/S0378112704005353#bib110

imag (Atkins, 1975; Botterweg, 1983; Anderbrant et al., 1985; Sauvard, 1989;
Anderbrant, 1990; Amezaga Garbisu, 2000Sal | ® e tVyaslo k ® 2h0uWs5t)o.t y
ke kratg?2m poger kTm a wovipaieerAnderbrang K990n ast § v
Weslien, 1994Wermelingey 2004).

3.3 Bionomie Ips duplicatus

LTkogr outlps sluplicaus(s&kd! eoptera: Curculionidae,
znej z § vag@knTd ogP cshmr P.abied vregnid sékh®@ v(T g c 600ni § g2
mnm ve stSedn? a jtiGodsestied o&I®EH DR § PN®.N aV
ve smr kdwlséhte® j s ou VymiE§m@nys v Tj pSirozer
( K reR&yzahradek, 1996 St a n o v s kGrqdzki220@B®r u b 2 k;,Oleriio 0 7

etal., 2009 Dudumanet al, 2011 Olenici et al, 2011 Duduman 2014).1. duplicatus
senevysktuje pouzevEvr opBl e m§ eurosi hoilzBs &l @atr e & k ¢
vMongol sku, k d&g g ve8 nr ozvan Nlyl apvorPicdaanongdtichd c e s
W. D. Xu (Schlyteret al, 2001 Zhanget al, 2001 Duduman 2014)

P T v o d niRdupticatusr o0 z g 2bSerneglesnéhk andi BEbi &s k®
tajgya g Kprissk®ostrow (Wood& Bright, 1992 Pfeffer& Kn 21§98 Rav 2 dk ov §
&Dol ega)Ve 2s0t19% dn2 a jihovichodn2 Evroph b
byl povagovs8n za i n¥#&b etalk2006Vdkulaletvdh 2OR7a , 192
Daise, 2009Duduman 2014)

VEvV r o pl.Mbuplicatuss poj e ¥ 8 p n Dtyppgrakhwss P. abies jako
sesvim hlavn2m hostitelem. v8egl mi plraasvtdod pjosic
ipodceRovEny, jelizkhaBymBvelometosphhoodd®o ut em
s mr k o(Schlyter et al., 1992; Lakatos et al., 2007).

Me z i dat gt elhsok ® s smirkoanjy a nis dReited jerbensis
(Siebold& Z u c c ) (1856 Picea mengolicaas mr k  s'i Bites sbkvhta
(Ledelerg, 1833)Escherich1923 Pfeffer, 1989 Mrkva, 1994, 1995Zhanget al.,1995
Ho |l & &mdzki 2008 Ka g &K oi t |, 2015) . D8l e je prav
mnohem m®@®mbol agyt oRinus sgvestrid. aborovid s i b i1 Pimus ®
sibirica (Du Toud,j e d | i ibABiesalbaMiil. @alovcii Juniperussp. L.,.mo d S2 nu
0 p a d & \waimdeciduaMill., mo d S2 nu dia arin gnelni&Rupr.) Kuzen.,

modS2 nu slarxisiBrekL@deb. borovici limb)i Pinus cembrd.., borovici
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kore | s PiBus koraiensissiebold & Zucc.a borovici vejmutovcd Pinus strobud..
(Spessivtseffl921; Saalgsl923; Mrkval 9 9 4 ; &HGrddzkig2@08 K a g & Foit,
2015)

LTkogroutkodewdrzukle zej m®na horn2 | §sti
jsoustromy napaldleknoygrroautremMgKeampil &8Ein. Spol el
viskyt obou druhT je regulov8nsgeoktrekl a
n § r m&l TloKSchlyter& Anderbrant1993) amepos|l edn2 Sadh s e mi
mechanismy (Schlytest al., 1992 Grodzki, 2012)Dosavadn?2 studie pot
gi vot n2l dopychtlsukst elrd e popsat fenologickim n
l.typographusL et ov8 aktivitaowhbasndrahmMazamdmni§8c k (
pol2taj2 potl &rmnii&lun?p,Searméommeenb Tt iei@nti ck®
2003 Hodt al. @G12 Dav & Dlod vwg a)lSev2edrin® pTvod a me|
velikost I. duplicatusv g ankaznal uj 2, ge tepeln® pogadayv
p 0 g a dlaypdgraphug Ho leta§,2012 Dav &dDlodea)l , 2019

Podle jig zjigtnNnlch uduplitaussikT S8 aer aw:
h 1 aval?2 adpsdienol (Id) a B myrcenol (EM) (Bakke, 1975; Schlyter et al., 1987,
1992; Bfer s et al ., 1990; Zhang et al ., 2007
vev § ereglonechy T s Kl.yduplicatus(Schlyter et a].2001; Zhang et al., 2007).

Sor§vnou kontrolu al gudiéauskdonnip | o tkrug reu nrk
fakt oEZ3d opsrpvd® ecc napad8 zej m®n a akddrikuoin®vwjue |
vRDt ginou svTj vinedj gwl paytkin®s naPrmwdé npr o mn
nel zel pdeagpStky, jelikod jsouldudicatusaShadkacna
nevyklagiSek ® plEembibd e a 9kolaScnaider & Sierpinski, 1955;
Grodzki, 1997; Kn2 gek 2013.99 8 ; Lubojackl &

3.4 BionomiedS$ e v oTkodw Trypodendrm

Vsoulasn® dobhD jd40@n8mbrivgcek Trragk$3 2 me z
k T r e(@oteopteraCurculionidaeScolytinae) KT,;sdwv¢inlD j ako ,ambr os
jsou ron N ast o Spoj ovE&:nymbs, kiraudjolveosy Dy § Sej 2
seskupirou hubAs ¢ 0o my ¢ ot &Bas@ionydta (Hkiau et al., 200Barrington,

2005 Vega et &, 2015 You et al., 2015Lehenberger, 2029
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Ambr o kiTo wjdoeciini ci 8§t 0Si r oz Kuhkaedvu |deSenv?ac ha
ek osysij &mee lh miNejstuprotepjo voagd8zap r i mozbuproj i vot n?2
prost Se,dl®98 (iBrystion €010 Robideau et al., 2016 ek onomi c k ®h o
pohledu sev g gle dmpSerai st ent @2 kltesSt2 zpKIBdbd uj 2 p C
sn§s| edockulity VdT ze zpracovanBehki kmenInhnkhp?
zbarve® p o g Kk @iZReici®et al., 2014Robideau et al., 20165k 0,d p Tsoben ®
t Mitodruhys e vysghiktujpehlilnatlTcaupnNkalkri chi $tn
j € zng8mo, ge napadajaprzod®nlseNSadsr am@zist
v T z n adramy@orden, 1988K ¢ h n h o | z 1;®lenicket al, 20182 0 0

Vobdob?2 jarmohoudosi§hnepCbad $5CL, 8 ,z3a|l nou vyl (
pSezi muj 2zhtabamnky (Lipdgrénc1i990Dos p NI § i magavnk ol oni
odumBeb® um2raj2c2 pE8Bemy, Bdemidech§rv §K?
kter8&8 proch8z2 skrzladebo jadnatol jddhevha, k rkas
nap Tv dcdnodbu um2stjlendincoht IcihvoS8d evbaj 21 ka ( Rei ch

NedosphRIl § stadi &aub? sreshevp®) e viE@dghair kzu
semTge vyskyt ovadte jhebdFranckei Gdosmmh, T967 Kirkendall
etal., 2015 Lehenberger, 2019). ¢Hu b o v 2 S (yfzm bamlmosa v ®@ouby)
seopakovanm z vyveijm@ni AsBamycota |(Gplhicstdnmataceae,
Ceratocystidaceace, Nectriaceae, Bi onectri
Baddiomycota (Peniophoraceae, Meruliaceaeulcr & Stelinski, 201Y. Zat 2 mc o
dS2vNjg2 hypot ®z &oeylGceadrphovou spetificitumezi bk u
ahoubamjsoul|l asn® wWdaje naznal uj 2, ge houbov®
( n a Wa#hderpool et al., 20)7 a ge t Dsnost drinsloTern @acee 2z &
(Franckei Grosmann, 196Mueller et al., 2005Kostovcik et al, 2014 Mayerset al,
2015 Lehenberger, 2039

DospDiDIl ci transportuj? i nokul umpejchpeci fi
pTvodn2ch poger kT (der tn kv ,n %z a |poSgeenrotist) k y u |
vmyk a n g (Frarchke Grosmann, 1956; Batra, 1963; Six, 2068ijlcr & Cognato,

2010 You et al., 2015Lehenberger, 20)9Poloha a morfologiemka n gi 2 se | i1 g?2
ur|it®ho druhu. Porer8BEmn8,semandpBukBad?2,
a mnoho d,&008;You bt al( BiL5Hulcr & Stelinski, 2017 Lehenberger,

2019. Vsoul ashm® jcko pwt ambemsi ovli ch broukT S
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https://www.sciencedirect.com/science/article/pii/S1754504818302654?via%3Dihub#bib32
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/coevolution
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/species-difference
https://www.sciencedirect.com/science/article/pii/S1754504818302654?via%3Dihub#bib63
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/taxon
https://www.sciencedirect.com/science/article/pii/S1754504818302654?via%3Dihub#bib20
https://www.sciencedirect.com/science/article/pii/S1754504818302654?via%3Dihub#bib44
https://www.sciencedirect.com/science/article/pii/S1754504818302654?via%3Dihub#bib37
https://www.sciencedirect.com/science/article/pii/S1754504818302654?via%3Dihub#bib42
https://www.sciencedirect.com/science/article/pii/S1754504818302654?via%3Dihub#bib42

seskupinouhubAscomycota (Ascomycota: Sordariomycetes) k t epr e rj §agmeaun y
pul 2 c?2 kv a smycdlionné&o kosiceey Beaver, 198%u et al., 2015)

Druhy gij2c?2 rmapaphgvislviRanleacht itel e poc
monoterpefl,  z e jalfai @imeru (U pinen)(Bauer& Vi t ® ,; Nijiot & Shonherr,
1976 Kohnle, 1985 Olenici et al., 2018)T Nk av ®v d &k k § nrzd pr$ildt ah uj
jedince rodu Trypodendronzt o ho d Tv optbunonitofingpp &8 gi ty agreg
feromony (lineatin) (Nijholt& Shonhery 1976 Bordenet al., 1982 Byers 1992
Robideau et al., 2016).

RodTrypodendront v $¥ n§ct popsanl o rpkuo it e k® e |

zpdlsuj?2 hostitaedes&lienmsdar®@m3dan,druhov®ho spe
VEvrophD se v y s k yTtypogleddrondomesicum (ldnnaeus,y 1758),
dSevolkako VT Trypodendron signatum, (Fabricius, 1787), d Sev ok a z
| § r k o Wrgpodendronlineatum (Olivier, 1795) aTrypodendronlaeve (Eggers,
1939) (Kn2gek, 2010; v@eehivizeammlich @Ol
sevVEvV T opWvinjte el mi viraznl pohlavn2 dimorfi
p$iohl edu shora zaomhehowp,Sedat? mExsts airhaivy
1968).

JakT. domesticuntak T. lineatums e b RNDgnND vyskytuj2 v jeh
asm2genich |l es2ch, maj?2 pSekrivaj2c?2 se do
a thNDkaw®ol Ruk#¥%c?2 (Sabm& Mchears 199Qt Peterdord,2006
Humble,2009 Robideau et al., 2016).

Trypodendron domesticunsevyvé¢gel ® tSadidch | istnatlc
Jer 0z gpdcSeeln® EvrophN a z §p a @004 RobiReawsekal, 2Q)®obes b
Mezi | eho hoabufl2e $HRagssbylvatiall., @ubl e ¥ Quercusrobur
L., habro b e & @afpinusbetulusL . , bbIBl2 cdkBetuldpendulaRot h. ( Fr anj e
2013) Tento druh m8 pouze jednu generaci rol
pod kTroKovalteom@P56; Fr Dojse Wi P, jzespotlsdcpli | so

|l exnge2trbenhly aspacdrnomnakyladl gV sgpiall atl & a
(Pfeffer, 1955.
Trypodendron lineatumj e n a rTodordestcumwidz namnT m gkTdc

jehl i heaaPa@ §la ®t o $Bonen etyn]. 1997 Robideau et al2016.
ObecnhD je zn8mo, ge n PpeasPiBusgAbibsk 26| makn @ st r
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https://onlinelibrary.wiley.com/doi/full/10.1111/jen.12254#jen12254-bib-0032
https://onlinelibrary.wiley.com/doi/full/10.1111/jen.12254#jen12254-bib-0017
https://onlinelibrary.wiley.com/doi/full/10.1111/jen.12254#jen12254-bib-0008
https://onlinelibrary.wiley.com/doi/full/10.1111/jen.12254#jen12254-bib-0002

nebo dvapoo d u mS$ ¢ m VDYeF & Chapman, 1965Park& Reid, 2007)Pr i m&r n N
napad§8 P.sahesk @l e napS2kl ad v S doughaskn 2 Ame
tisolistoui Pseudotsugamenziesii (Tommergts & Mustaparta, 1989 J e pTvodem
zEvropy, Sibi Se, Turecka, s e v,e013 Robidedur i ky &
etal.,, 2016)Dosp RNl cezpra®vip 8ry ,Ereké&y jsou tmav®
pruhy Pffefer, 195%.

Zat 2wicgpe udrdlryn ®ektveyrs@yt gipsPouv pomNDrnN d
pr ost udrypodéndrgnaevef e vel miT, m§led ikm&mj eho t axo
byl objasnhDn teprve neld®pvomos.k uNej po vrel kboylli
rovnRgr ssku, al je m@niedityppdendrbnmpiceum (A. Strand, 1946)

(Eggers, 1939 Strand, 1946 Olenici et al.,, 2018)Po z d Dj i j e vgak nel
detekovat protoge standar dn? taxonomi ck$§8 [ it
napS Balachowsky (1949), Stark 952),Nunberg (1954), Pfedf (1955) nezahrnovaly

T. laeveneboT. piceum(Olenici et al., 2018Ho st i t e | B lae®eneti somy p Sesr

zn&m®, jelikpgl bmécmahelze n PrabiasP.csylvestris r o me ¢
P.obovata P. jezoensigStrand, 1946; Holzschuh, 199 Martikainen, 2000; Olenici
etal., 2018).Dos p RNl ci se vyznaluj2 |ernimi prvn?

ubg8ze), krovky mBysder&Senohidi@d0og.t ou bar vu (

35 Ant ag &nfirotv& T

Nej dTl egithDj g2 mi ant agoni wd, parakitgidi a iouby | s ou
(Keller et al., 2004; Wegensteiner et al., 2007; Wermelinger et al., 2D1®). g 2 m®e®n
viznamn?2 pSi jsoueetombpatogengntesztie | k&t em ®p S2ek | Saadd 2v i
amikrosporidie (Wegenstein& Weiser 1996 Reeve 1997 Gilbert& Gr ® g 8003 e ,
Hedgren2004; Kenis et al.2004 Hilszczanski et al200 Ho | &« 4a k 8gov g8, 201
Podle zjigthRnTch studi?2 antagonist® kol oni
stromyDRDjoy @ pdig d N ien & Regander, 1992; Wermelinger, 2004).

NDter @&mivnul osti publikovan® visledky Reeve
nZnal uj 2, ge emtugFemn KT®m2weETm Dynami ka k
ovliivnhDna odal hadtdg antamdni st® maj 2 jen
aelimnacipopul ac?2 kT&lawkEP ovVHEd e R2ipal7 )pSesnT viiv
nen?2 pdSessundd z nsSem,mTjgeel iuk g ¢erd i aytidt§ wal sjlld srkau pd a
ukazatel2ch (Reeve, 1997; Wermelinger, 20
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https://onlinelibrary-wiley-com.infozdroje.czu.cz/doi/full/10.1111/jen.12392#jen12392-bib-0035

Patogeny

Komplexp at ojgepno[s | edindt elwdilwWdml¥y §n, | elskujdinaug | s ou
br oskell lelkmnomi ckTm viznamem a mohou ,zpTsob
hromadn@®ajg&ldiyl nat T ¢ hechl|Sedium? rozmanijpsii réd th y
patogenT hmyz2ch gkTdcT souvis2 s vivoj el
za¥| eluemg e nfFu snt2atky® g k Bhe T evfTakogyek &b.g2012)a

Vsoul asn®EdokzpBm&®kwel i Kk patogenT ,kTrovc
2006 Hol uga e;tHod I&d,as k2809009 8A, | kG Iu7h)o v @mlylp e k t r
i ntenzi vnWivaa dydamkupro@ ul ace Kk jejiclowajakb e b o
potencion8hbnod¢lgn8&®r «jofit r ol yo(kHPrnodvecl T ente na
2003 Takov et al., 20L1Ho | Wwglau k 8 gov 8Do s2a0viammdi e ukazu
genfek|n2pahlogeinma z8vi s2j aka fjslotuorreamhs. C
patogenu, jeho ¢givotn2 <cyklus, hustota a i
a dal g2 f akt 200¢ TakoWst @.2014)t ei ner

Prvn2 studie ppzog@ngonki@eswrolebdy] kdy
(1915) popsal Greganna 2typographr (Flichs, 1915)v 8§z an ®
nal. typographugTakov etal.,2011) PozdDdal gB&blrTkstudovalo
kTroveT, rtap203, Weanstenér2004, Yaman Q007 | i Hetlalu g a
(2009.

U mi krobi 8l n2ch chorob hmyzu patBhbaeny 1
ai nfi kuj 2 dal g2 ho | e diSremeshjoerRigz afkghekbym NPmo h o u
pomowekion) a verotdi kgoainl T( ha S emdSsevsekjy2 | k o)
(Wegenstmer, 2004) VI voj ovli cyklus patogerncjyklenj e | as
hostitek, cog zdag i %We @ geng 2 Glassey 1956 R ¢ h, ml956
Thong& Webstey1973 Takov et al., 2011).

Patogeny moho®@i bblutn rfeedganiothyn\Wegensteiner
2004 Novs8 generace kTrovcT se obvykle giv?2
spatogeny.Sc hopnost patogenT infikov¥tr ihloesritin?ze
pat ogen?y svwa®hkg ejostitelelnfeé¢dkncerm8hl ek loni
aobvykle jen m8lo hostitelT pSegi jRotoa sl ou
bNhetuiavel k®ho poltu ¢givich hostitelT je pr
pS2 palgjou nalkezemi nf ek| naV It ognit ok @.S2 padhN je m2r
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alezd Tv ondrtalitys e preval ence patogenT v givlich
2011)

Dl ouhodobnD se studuje vlIiiv managementu
asn2m sepopaenogRBgdpokl! §d§ sleesnGe h i mptoerowsdn
zdl ouhodob®ho hl edi s kwal zpnoavnanglocvhg nfaa kztao r jTe dve!
napopulace I. typographus kdy s e patogenSy? hmmmagict ¢
Jaktoves k ut el nos,ajakp Sesm® waragpaogangk TnaveceT

nen2 pSesnhD potvrzeno.

Viry

Doposud zjneSdninT vi typographusije Entomopoxvirus typographi
(Poxviridae, Entomopoxvirinag) k t e r o ssaemo Shb @HtypuPls e s ki p e n 2

p o x v(\Weis@r& Wegersteiner, 1994; Wegenstein&rWeiser, 1995; Wegensteiner
2004).0nemocnmMoa2pdsieu dosphl T atobgzread ch2lfd a v 2
Nezrvailr@ v ® jsdud v € ivazituly u z a ®8 e h usojvrév®me mbid § n

(Gi @¢ekah,2000) Zral®virov®l 8§ £f s cou @& vEh PP®HWj 2né kloavydtu | §dr
sel ekt r pBdmbdma hnukedpmeeino§v | &K/pskytus e ve st Sedn
epitel u. Virove® | §srtiuscemsekupgobhBRajfbt Spo I
sedostanou do kontaktsd a | gd?onsi p (WMeiser et al.,, 2000)l nf ek | n?2 hl ac
sepohybuje kolenB80 % (Weiser2002).

Houby

VNt gi na ent omooptentao peorvm2chh swh ehnt hodided i t el T
Jejich réosteza nvivnd)j g2 mi podm? rslokmiu pr dhkto$
neboteplad u, kter rjoespdPreadiacg a kl 2] en2 spor

VT viwpl z e r oz dN(Wedenstioer, 2088 f § z 2

1) adheea k| 2or mpo¥rchshmyzu,
2) pr onpb &0 gkhemooelu,
3)yvivoj hdowmByobktaen modaltnhsnsyl zeud,e kk on? 2 ¢c2 s

napovrchujedince
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Hostitel sk8 specifita entomopatogwejnn2 ch
gi r ok ® hsmpyedttarst fn & B&lveria bassiangBalsamo. Criv.) infikuje
a31 00 r Tz nT c h](Wegenskirer 280d)y z u

Beauveria bassiana (Ascomycota Hypocreales) (Ba z vy , 1962) j e p .
sevyskytuj2c? a giroce rozg?2Senl pS2rod

(Gottwald& Tedders, 1983Khan & Selman, 1984, 1987, 1988odrigez &Pratissoli,

1990 Ardan 1994 Padin et al., 1997. Koni di e mo h ou vyvol .
prost Sednictv?2hostiteld Sedg2hacshS&evaaktu nebo
(Boucias & Pendland, 1998. Houba pot® napadne t Dl o dosp
hostitele a vyt voShapirdVan Btjaf,2200kkKkmo D os phoy mi
B.bassianap ot enci §| pp®est Segv¢ata wSeng§gdspgll chior

(Godonou et al., 2000Meikle et al.,2001, Trudel e t al ., 2007) . | nf

sepohybuje kolem 30 % (GrodzKi Kosibowicz 2015).

Metschnikowia typographi{Ascomycota, Metschnikowiacea@)eiser, Wegensteiner,
Handel, Gbygka, p @@wdBriihiio victypographusal. amitinus

(Eichhoff, 1871) (Kleespies et al., 201¥)Secka t ohot o d rsuthSue dmyl a
| §st i WsiteiSekal.,,2200&leespies etl., 2017)Tentodrum ek &l t i vovat el
na §8dn®m.typo@rdphimapad8g pSefedy2 m| §st st Sev
(Lachance, 2011; Kleespiesal,201).Mec hani smus pSenosu kvasi
jasnprawat Bpodo bprSe ruaosEuip® fispoikKleespies et al., 2017)

I nf ek | n 2 pohybugedalenl® % Kleespies et al., 2017)

Podl e nanom® sd mez i houby mS&ddsptoak @i e.
seoi ntracel ul 8rn2 eukaryotn? parazvratngu pr akt
strukturou spor sychPp i t el nT m v I § kinzeSre ns?l aniyngf2oaddoore km2 r o
genet i c kWB vimuat a& el WLarrad), 2012 Bab & Weiss, 201Cprsaro et
al.,2019 . Mi krosporidie jsou vysoce zjSavdm§ ® n
omet abolick® procesy | z8sobnz energii (
Keeling et al., 2010; Cuomo et al., 20Cyrsaroetal.,2039. U kTrovcT j sou
| S idruhy mi kr os,p oj & d i Ehytraliepsis dypographi (Weiser, 1954)
Larssoniella duplicat{ We i ser , Hol uNpsemayfegraphi(d/eiser21955)%6 ) ,
aUnikaryon montanunfWe i ser, Wegenst.einer, Gigka, 19¢
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https://www-sciencedirect-com.infozdroje.czu.cz/topics/agricultural-and-biological-sciences/ips-typographus
https://www.sciencedirect.com/science/article/pii/S0022201116302270?via%3Dihub#b0275

Chytridiopsis typographi(Microsporidia,Chy t ri di opsi da) Fel ®iroc
Evr opnD (\WRaiserrl985; iWegénsteiner & Weiset996; Wegensteiner et al.,

2015; Corsaroetal.,2019)y z n a | tulj ues tsces t N n ndysaminlap | a Win i Mmmi
16 neblulvotsgeamikt er ® d@miftieklujBunnNk (Weisese dn 2 hc
1954, b; Purrini & Weiser, 1984; Wegensteiner 2008).typographm8 pr avdDpodob
vivnad ® ku ¢gi vot a kal rlogvardenéd Cobha2@0%; Wegensteiner et
al.,2010).Kn §kaze jedi nce doc hpdtzadou (WeigeSEMb)m spor

I nf ek| n2 sehpohyduien kolem 10% (Purrini & Weiser, 1985
Wegensteine& Weiser, 2004Ho | Wgd ,ser & XxGigka, 2009

Larssoniella duplicati (Microsporidia, Unikaryonidae) s e nawdssze v N,

vMal pi ghiralblivwt#ajhe |landupicatosV e st S@ewnP m stpatog
infekce | okalizovg&na v pod®l nTch a kruhovl
I nfi kov§gni j sou bezSproorzyd2d uv sgsertcay yiykng a of
vsouvislTch skupink8¢hfoekcenbsne§ goépitelngys,tt i s
kol onizovanTch bunhRk nNajsbukggamBch nfmz&l @t
vyskytuj?2 |jak ,gakéavle® ed az1i WM&Epgls taplamy tr ubi c
seobj evuj 2?2 mal § spo§énfelece. Bpor§ z fnieknavwanfach bunnk
opougtDnDj?2 tr8vicdetvakt| spbluna) demesemv ar
skupi nami spor , kter® dozr8vaj? z chorob
| nf ek| n2 pohybugedkalemd®Bx¥e ( Luk8&8govsg8 & Holuga, 20

Nosema typographi (Microsporidia, Nosematidae)s dvoujadernl mi
sevyskytujet plSew®&mMaldpieghi ak Wedensteinar, B004).2 ¢ h
Spory jsou vejlit® s | dsndorue nv aukpur oolsat uS enda (jVeé
Infekk n2  hl adina | e n2zk%® (\Wegensteineg & Weiser, 1896p Se k r
H@ndel et al ., 2003; Luk8govsg§ & Holuga, 2

Unikaryon montanum (Microsporidia, Unikaryonidae)s e vyzinadmugtl i vim
sporamj p Sed ewlyd Rk Epieu s t S evalpighick T ¢ h  t rawbvialm2i &h
d o s p(Wegerkteine2 004 ) . Il nf ekl n2 hl &dWeiser,2602). po hyl

Prvoci
Ent omop aprvocgjsnjineédnobuniD| n®t esrre® a mizdmy uj 2 na

Rhizopoda Apicomplexa Microspora Zoomastiginaa Ciliophora Vysocep at o ge nn?2
formys e v y siknyetuMjcrospora k t enap@a jheémocoelr T ztnkBSagl3 S 2
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sei ntrac&INdlg@mvaddlak az2 s v @hSoe shSovs tcizh etémed knt? .
stademj e o bperanebdcystaNNDkt er ®T d t \wzAg@ uvretraktua p Si poj 2
seke st SeepitetuneboSesofist r Snvtiakte figp Sregariny)J i n® dr uhy
pr onideo ahgrocoel a r o 2\ B¢ v buRk§eht &lgn? a or g8
(n a pAficomplexaaMicrosporg (Wegensteine2004)

Gregarina typogaphi (Eugregarinorida, Gregarinidae) (Fuchs, 19¥evyskytuje

vest Sedn? | 1. §tgpographesWedemsteiner, 2004V T voj ov | cykl us
10111 dnin% ofov Srofmditadamantsey v2 grefj Pacetl u§e€r afdm
traktus v ®Hoglitee.Nej prve se speabnoutisepSiyghytod aa
seskl §d8 ze tS2 | §sdeut cenparmetr.i tJ akpmiolteo nieajic
sel §st gsugpotomeariaideutomerity@padneVznikne tak gamont, dva gamonti

se z@lomad u s pvazjno vkante, sayg ygi e, jednotl i v®
aspoj?2 se jejich DNA. Vzni kndrusgna Roevenikkic y st a,
n o0 vgeéneracepotomstva (tedy cca?2 mi sa?l &keo | i gametroacwrsg m
pSezi)sonmganetocysty 0 z Sehm®@& nT m hostitel dWeisar, cy k!l u
1954a,b; Tanada& Kaya, 1993; Wegensteiner et al ., 2
pozSen2m s ppotravos PMeisee 19B)). sI nf ek B%¢i ©14 adand®
spol el n®h o bpnotb yk apolijb@esekaiem 20% ( L u k 88 oWl u g a,
2015.

Gi v ot n 2Malamodébh acslytiAmoebidae, Sarcomastigophor@urrini, 1980)
prob2h§ ve dveu PrvopovEBeclke &8zviyyswkyjtaujwve vset
am®ky )v y trofo®if2 kjsoe Bkt kuoknebo ¢giroce elipsoioc
vest Sev D | s &uvojjadedd a tetjaruklidok n Drpualr & z i tv ywotkv88 §28 z «
cystyvMa | pi ghirak]i ckttcehr ® ggd o w cev filav®e&kkull B nkR 1 a o
se pohybje kolem2 % (Purrini& Gi § k9&3).

Mattesia schwenkeilApicomplexa Neogregarinida) (Purrini,
t NI es o. Wskytupwsew odob D dilcystosult §cm poltem jad
sevpr TbNRhu sv®ho vIivoje dRIlj2e dm? nj ejdsdorted m v(®\

1966).K p S eMh schwenkeime z i jednotl i veci dochg§z? p o
pogit2m | 8§sti zemSel \@iros tieitfMedernsteiaen ®I04 h o st
Luk 8§&dlwog uga, 201 2.) typograpbus £ p IT 6 b Me BcBwenkei

sevyskytuje nejl|l astDji bNDhem oRWAb2 Im$exi m
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https://www.sciencedirect.com/science/article/pii/0022201183902070#!

hladinasema | okal i t §ch v Tpshybyjekolerh 3®h(oud lo§ p@av ® getn.u
2012).

Menzbiera chalcographi(Apicomplexa NeogregarinidajWeiser, 19555ena p ol 8t ku
vivojov®wskytupyakdkw | ovi t § cysta ob sapddujj22 c?

tukov®v tmMBmgobozpadaj 2 na prtodt SHoserera,) | it ®
2000;Weiser2002). nf ek | n2 hl adi nl®b(taman BauekB0l). e kol e

Pred8toSi

Mezi pr ed 8k orroyv c T, kt eS? zpTs cskeuj Guodshy s o k o u
(Dolichopodidae, Medeterinag) dr av?2 SEdou diedru it S2 z8§st uj
| el edi Nii kt & sl kih § ldEjuesa ilaeviuscul@aGyllenhal, 1827,Epuraea

angustula Sturm, 1844), Tenebrioniddep ot e mn 2 Hypophloeus cagtaneus
Fabricius, 1790), Cleriddep e st r o k r o Vle formitakius Linnaetis, 1758
RhizophagidaeRhizophagus depress&sbricius, 1792), Staphylinidded r ab | 2 ko v i t
(Placusa tachyporoideswWaltl, 1838, Phloeonomus pussilussravenhorst, 1806)
aHisteridaei mr g n 2 KPlegadetud sayciugrichson, 1834Plegaderus vulneratus

Panzer, 197) (Christiansen& Bakke, 1988; Weslien, 1994; Lawson et al., 1997;

Wer mel i nger, 2002, 2 0 0 & ;Berrifneam, 2004, Eayta e &l., |, 20
2005;Ryall&k Fahri g, 2005; Feicht, &Bj0oBrndsHudaady 20
Warzee et al.2006; Hedgren, 2007; Hilszczanski et al., 2007; Johansson et al., 2007;

Hol &a4ak8govsg, 2017).

Pred§toSi maj 2 obecnhD girg?2 spektrum d
efektamnmdgoni sty, protoge mnoho druhT je v
jejich koSist. StejnhD jako u parazitoidT
koBi pomoc2 semiochemi kBenisétal.,2004. feromonT |}

Bi ol ogie vDtginy pred8torT je poambDrnD
b ; Weslien & Regnander, s&998§ e @PDidrl ez enzi ¢
viraznhD sniguj?2 ¢2 Sem 2992 wWenelingercet al. k20120 vec T |
I nterakce mezi KkTrovecivgalepSnir oszleondlini® n(ePeS

Wermelinger et al., 2012).

Jako neplre8§tspqu? upé&stdno krpestlmélkcriovel r
mr a v & Thanasimudormicariusa Thanasimugemoralis(Bakke& Kvamme, 1981).
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Oba druhy se ¢gi v?2 Kk Tarko(Milts]l985 Weslien1994;kulal o s p D1

et al ., 2006) . PoThanasimuspp.z§ o P a LponkTj ndN rddll 24 71 a(r
59 | arev kTrovcT (Gauss, 1954; Mills, 198¢
Di ppel et al ., 1997; Hol uga & WwWLk&Bgly 8§,

g €. formicariusmT g e r epbpulaadl.vypographu 18% (Mills, 1985).

NejviznamnBj g2 ml ue d e mbgichdpatiiat jeMedetena
Vvl upi c mapiSteigcint 2 hosti Bgl T p@gbDhDodws En?
z pTs orbdemMedeteraj e mévillgy 4986( a | e nhewsStvdlish8o na
pr ed 8ils 1985. Jejichhustotp o d Kk Trcas §MTryeut 4a0Pcnt O | ar e
(Dippel etal., 199y a zpTWWmbt t &0i tHoppikyol947 Bluoriteva,
1959.Ze z 8 st u poachaeiflagli ¢ cei s uolze rodLonchkeg(Morge,
1963.NDkter ® druhy |egls«kdit uvlehtl@éijsasmabda e at or n2r
pred§8tor ymisey sley tvejl Rkadno up cveg egrii vivtl voj ov 1 mi
kK Tr oMargg, 1967.

Larvy much z komrzumir #100)6 I(asx ev kTrovcecT (H
Nuorteva, 1959; erard & Mercadier, 1996; Dippel et al., 1997). Dr®@ mouchy a br
se vyskyptepgpndRjgi kTrovcijgichmekg8vnsbsmuna obd
(Wemelinger et al., 2012).

Viv pred8torT na ®Tkowne KY &k oavbatit2kganc e mn
potravy yree&§t®nug,j ep rpobeto2§dpohds ipredovat nejen
nastudokgdmn®mci, aldruak®hnpojdkovicdhoNDhmyed
a par alendeleetatl, 199, | 2 mg s e dopaidpdSu jriex Aoeepl Sk§at vell
na popul APred§rogirorykBuestdsho hustotnND pSi
hust ktT§ @lv callvey g@Sic h hauuts§ w8 jgfcshl Tsnei i mwae rhzurs o |
Proposouzen? ddh2eghtospSs&§p&kPrpako regul al n:
strategi?2 ke zvIigen? | ejKeristetasPOOhKkT je zapoc

Fora et al.(2014) aWermelinger et al. (2013)ezz na men al i g8dn®
vpol etnostech pred8tor TNIVk ozl8ivki sa uotsotri T ndao smpa
ge pSirozeemanpepBtega®ai populSachlebek, Trovec
1952 Bombosch, 1954Faccoli, 200), alej i n 20 g avk dNtemaelp 1987,
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https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0495
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0490
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0090
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0275
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0580
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0580
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0525
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0525
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0530
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0465
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0315
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0135
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0825
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0655
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0655
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0060
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0105
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0460

VIiv managementu $aulpasendeg8tdolyD niem® e nvz i
anej sou zn8&my |jednozna, nderostech bed managémdreud p o k |

je pred8t arah aw2ooveandeh worostech.,

Parazitoidi

VNt gi nu P aypographusoeipdrfezent uj ? ektoparazitoid
| arv§l nz2ch parazitoid] pat$2z do W& du Hy.

aPt eromal i dae, al e tak® Il chneumoni dae, E
(Nuorteva, 1957 Hedqvist, 1963 Mills, 1983 Hedqvist, 1998 . Nej bRDgnNj ¢
par azit oi de mopiroeerup xylbphdg@ugiRatzburg (Hedqvist, 1963;

Samson, 1984; Sullivan et al ., 1999,; Pette

parazitody | T ko gr out a jsos rGoeloides @hstrichorum(Giraud, 1872)

Rhopalicus tutela(Walker, 1836 a Dendrosoter middendorffi{Ratzeburg 1848)
Bombosch, 1954: Kr¢gger & Mil | Bb1 aln9o9koS 2 dH o®ik
hmyzu | ze me SBi§e¢zeds a dizte n®a rnCeafrididas(Pednipholae | e d
robustaRuschka 1923 (Sokanowsky, 1936)Vi ¢ h ma n n , 1954, Boul ek,
& Gr aham, 1957; Nov 8k, 1960) .

Druhov8pakhaiddwiidd?T na druhu hostitel sk¢
borky (Lawson et al., 1996; Wermelinger, 200d)a k | e v g e éarazitowid z n 8§ n
nal eznou sv®ho hostitele pomoc? optickTct
| ichovich podnhRtT a jsou velmi citliv2 na
2004; Were | i nger et al ., 2012) . Nejprve znehy
pomoc?2 klad®l ka a posl|l ®ze nakl adoKenig edno
etal., 2004.

Tomicobia seitneri(Ruschka 19249 j e | astT m endoparazi
I.typographus Sami ce kl ade vaj2|l ka do i mag, ale
zavrt8vat pod kTru stromT a klIlBs¢g2 %a@aj 30kaea
(Sachtleben, 1952Vy sokou specificitu parazitoidT n;
vysvDtl it skutel nost 29dogben NDs a noikcael | Zo$ P | eskv
agregaln2m f er omo n & eitneng(Mills & 8chlupp1989 Facoplt, Dn o u
2000 . Zd§ STesgitnejjee dp $i2hv ®ing h n Dletppogpaphusa ¢ M2 r a
parazitismu se pohybuje od 20 do P@JFaccoli, 200).
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https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0575
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0235
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0485
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0240
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0315
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0315
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0655
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0500
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0100
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0100
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0100

Ektoparazitoidp r o k 2 8 ugtrsd oh ks[trapgvdduTz e nad wur | i tou
hostitele. Studium vivu v gech pSirozenTchen@Pp® &t8elo!| b ®c
Parazitoid jso u pravdbpvalobrAd@sni ckT m, mapnagemen tje
specialstyna vysok® t Weslien& l@oedéer, 100998Bhaw&(Hochberg,

200 Hi | sz cz a @Es K)iTenots valir. nve@2&k0& b e ¢ aldv S8udzhn8®& § n
vislijeodrkeg/j ednoznal n® neb dNagpdokBaijee: ypur¢adtdisceh) T d
ge ilels® g B8Rkpblyet pSir ot ypodraptusseasen? Sy€tne®Iim | e s
ale n8sl eduj 2c? studi e z&s ashoykvpily Rustotur e gi or
I. typogrgphus (Mazur et al.,, 1996 Nav 2nceimt ez ve@lowvd i vni | i psS
nepS8&tel ® r e ko diKdridmed et aks2p)felcht (2004 j i st i | g
infek| mpahaaidi insmu byl as viynstoekr8v @jlnackk w Sli ¢ ©%
| e s Werrnelingeret al.(2013)u v e d | i zitoidj le typpgaaphaishyli v oblastech
zasag@gedti Wmhou ulrdjamitj2gpkstentees disturbance

ProtichTdn®o wlpodetd&zaeanonl c hl. typ&graphusgr a d a c
tzn. zda se populace kTrovcT vyv?2zj 2 na ¢
knapad8&n2 zdravlich str omTinter®nod 2e tinio sbte zp airnatz
tak® mTge z8vi sdeotpl Raovioshh updo®§iil] potravy
di ver zitnD kwestmoruk®wihc hr opsitdntn§ g2 ch vyggz2ch
pS2tomno nNRkolik druhT rostlin, kter® moh
I. typographusposkytovat nektar a py. ¥ Dcht o porostech je talk
produkov8§no vel k®ho mnogstv2 medovice, Kkte
(Hougardy & @r ®goire, 200

Exi stuje pouze jedna studie, kter8 podp
v k o merdegah s i nt em®&neh choj n?2 neg v | es2ch
(Weslien& Schroeder, 1999 . NDkter® metody v t@dode st ud:i
danTm visledkTm obt2¢gn® dTJvRDSovat.

Pod?z2| Kk Tr ovec Jporasteccsanaer vend7 wyfodle i nte
studeWer mel i nger et PadobitROL8pustzaegmy. studi
gsanaln2 k8cen2 napadenlch, ale jegtn st 8§
Jvgak nutno pSipustit,snga i nardasgyodsins?®t Tz §(sk
2004 Hilszczanski et al2007 Wermelinger et al2012 Wermelingeret al., 2013).
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https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0115
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Paraziti

Hl 2stice jJsou hlavn? skupinou parazitT
vzgjemnlch vztahT jako nap§. ektoparazit
| predace (Tenk8|l ovs8g8§ & Mituch, 1987). Nejl s
na | Tuty oduipsjsouz § scczapS8§dT Diplogasterida, Rhe
(Grucmanovsg et al., 2014). Vel k® mnogstv?
zprobl ®mT jejich doPSedfwvgme?2 byl popil §sv gz
pot encipromrs§ |SieédiekR hlwjepr ot i hmyz2m gkTdcTm, n
publikac?2 o hIRBtoE®GcbpBpOREhHIMCIMZY 8966 , 196
1968; Tenk& | o&MBtuch, 1986, 1987, 1991; Takov et al., 2006; Nedelchev et al., 2008;
Gruemanov §2084 al

Nejstag p Bfhd est kt er § vca je @ahtdrtyldndhusodiplogaster
(v.Linstow, 1890) HI 2 stice vyskytuj2c?2 se na povrc
j s 0 u Bursaghé&enchus eidmanf®uhm, 1956)Ektaphelenchus typograptiiuds,

1930) neboMicoletzkya buetschli{fFuchs, 1915)Endopar azi ti ck® hl 2 st
sena Wzem?2 st Sedn 2CorEotyleachus diplogastgy. Linstgwm890,a
hemolymfa), Cryptaphelenchus macrogastdiFuchs, 1937,Ma | p i gthubic)k ®
Parasitorhabditis obtusgFuchs, 19155t Sevo) ( Grucmanov§ & Hol L

HI 2 swtyw?j ej2c2 se uvnitS dosphlcT, se Vy
nal ®zt %% gj edi ROT (Burjanadzel &sv@odeiyrn aug 2 \ci?
senap o v r d hau dtol3 pzBzdnam@a mel zzie j ednot | i v 1 mi | I 8§nk
apod krovkamjkdesen ac lv&®z 2> hl uc2 ch. Ektoparazitick®
bakteri emi, houbami ya kdsmhm@ mpowriklhrwotr BQhai
(Cardoza et al2006).

Vivojoviekdylklau sahzli2tgitaKeipdolg evc2ch kTroveT.
sezde sp§Sz, nakl adou vaj?2] ka aPd2danageén?s

dosphRlostighdstabgl seomobl i opNhNt ps&Sit

Juveniln2opamadiz iumi ekldc h phlg2estkiuc el en aseh !
sp§S2 a ol esiewy hsé miBost®l es.anmamnsivce proni k§
pSes kutikulu a vITtvidjnoev Td ustyiknod siviparge.ly Xk h § s v
apol et geneé&ioadc 3y njcehr asni z o 16, Mdssey, h 1874,

Thong& Webster1975Gr uc mano284. et al .,
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PSi v siksyed up hed kpsak| §dg§ vIiiv na vivoj, pl
KTr ovc T 193 Lieutle1981; Kayal984; Ten& | o& Nituch, 1986,Ho | u g a
&Luk8§@oW)Endoparazitick® hl2stice nav2c me
a mhDn2 slogen2 hemolymfy (Slanki s, 1967; 1

VIiv | esni ck ®heon tnoammoapgyaetmmneemr? 2n aml§2ns t
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4 Metodika

Cel §epjr&cror $Blpdmld enat uddviank@hda vicdruhb u
. typographusbyla provedean e j drfetda @ al §zjai GtiNnT c hr Simcfior ma

studovan® problemati ky
ad Sakazyrodu Trypodendrorbylopr oveden o

a pot ® Ibydlplicgusoveder

4.1 Vliv managementu na antagonistylps typographus

Metdanal l za

V N d e stukli@® patogenech typographus y |y
of Science, Scopus, Google Scholata | g2 c h

provedeno

kombi nac?2.
|l esn2ho
2016)

z2 s k88nydagtraed ze2d § v §

region8l n2ch

pol adé ctudum®mn m 2

| asop

p 0 mo ¢p3 typdraphufd,v TAcnha nsd gobompennt it ,a A peaj ti

Z publikovanTch
hospod§8§SspattggenrTuha v ®mY asipileakiet & hd ta d

rukopi sT

Tab.1St u d o v a n@o vlivonkradmientuya patogenk. typographus

Studovan® | Management GPS souSa St §
AigeniSc hl 2 gl Ano 48665 N, 13973 E  AUT
Bi agowi eUz¢ Ano 52701 N, 23886 E  POL
Bi agowi eUa Ano 52739 N, 23786 E  POL
Bi agowi eUa Ano 52704 N, 23899 E  POL
Bi agowi eUa Ano 52666 N, 23759 E  POL
Bi agowi eUa Ano 52670 N, 23770E  POL
Bi agowi eUa Ano 52727 N, 23842 E  POL
Bi agowi eUa Ano 52683 N, 23785 E  POL
Bi agowi eUa Ano 52730 N, 23831 E  POL
Block N71 Ne 41,860 N, 43234 E  GEO
Block N78 Ne 41,839 N, 43283 E  GEO
Block N79 Ne 41,873 N, 43334 E  GEO
Borjomi Ano 41,782 N, 43494 E  GEO
BystSice n Ano 49601 N, 18717 E  CZE
Combloux Ano 46,470 N, 07054 E CHE
Edelwies Ne 47,759 N, 15056 E ~ AUT
For °t delouk a Ano 47,157 N, 06106 E ~ FRA
Gr ¢nau Ano 47,767 N, 13933 E AUT
Horn2 Mar g Ano 50670 N, 15813 E  CZE
Hubhof Ano 48,392 N, 15353 E AUT
Hundsau | Ne 47,779 N, 15043 E  AUT
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Studovan® | Management GPS souSa St §
Hundsau I Ne 47,778 N, 15042 E AUT
Hundsau Il Ne 47,777 N, 15042 E AUT

Chaux des Crotenay Ano 47,098 N, 06569 E FRA

J8§nsk® Kou Ano 49733 N, 17717 E CZE
Kechkhobi Ano 41,782 N, 43469 E GEO
Keprnzk N 50,181 N, 17116 E CZE
KobernaulCer Ano 48,088 N, 13381 E AUT
KobernaucCer Ano 48,087 N, 13381 E AUT
KobernaucCer Ano 48,088 N, 13382 E AUT
KobernaucCer Ano 48,088 N, 13380 E AUT
Kozlov Ano 49,633 N, 17504 E CZE
Kreisbach Ano 48,097 N, 15629 E AUT

Kr e msstar, n Ano 48,086 N, 14132 E AUT
Lacelle Ano 46,063 N, 02400 E FRA
Lambach Ano 48101 N, 13872 E AUT

Les Tenelles Ano 46,024 N, 01622 E FRA
Libani Ano 41,784 N, 43462 E GEO

Melk Ano 48,240 N, 15393 E AUT
Millevaches Ano 46,079 N, 02144 E FRA
NaZtracen®m, Ano 48986 N, 13502 E CZE
Nasswald Ano 47,737 N, 15664 E AUT
Nov§ Pec Ne 48784 N, 13951 E CZE
Ossiach Ano 46,677 N, 14003 E AUT

Pec pod Snl Ne 50,703 N, 15730 E CZE
Prg&gily Ne 49107 N, 13371 E CZE
Pust§8 Pol ¢ Ano 49,868 N, 18006 E CZE
Puy de Montchal Ano 45822 N, 0476 E FRA
Rothenburg Ne 47,101 N, 08233 E CHE
Rothenburg Wald Ano 47113 N, 08284 E CHE
Rothwald Ne 47,749 N, 15084 E AUT
Siedlce Ano 52,188 N, 22163 E POL

Smrk Mt. Ne 49505 N, 18378 E CZE

St. Georgen/ Lavanttal Ano 46,724 N, 14954 E AUT
Star® 0Ol dS Ano 49717 N, 17609 E ~ CZE
Tamsweg Ano 47,117 N, 13629 E AUT
Tamsweg, Salzburg Ano 47115N, 13849 E AUT
Tosstock Ne 47,306 N, 08962 E CHE
Treffen Ano 46,674 N, 13862 E AUT
Tsagveri Ano 41,794 N, 43484 E GEO
V8cl avovi ¢ Ano 49,733N, 18350 E CZE

Data,uk t e miedlty |

vyl oul ena.

dtef p nmavrBaage ment u
Pokud ve

37

zdrojovich

l esn2ch p
ndaadtmeocSts k & h y



vigka, byly tyto i nf orsntauwdei jzrasckeSdniy&RSaal izt§ k |
(Tab.1)( Vani cksg et al ., 2016) .

V pol 8teln2 anallze bylo shrom§gdhRDno 2
zdat ab8ze Weloofvy$Pdailmik&e er ® postrS§daly ir
managementu na st (nmmagemeni ez nhnademdntyy by® c h
pron8§sl ednowy w@ated @ up u QHaidleratcak2 0 0 3 ; dfalnde |
2003; Wegensteinereta@® 0 0 7, 2 0 1 4 ,et a2, 2009 Kered¢lazeual,2010;
Luk8goy2801le2, a2013; LuXi®dlawv2g & Hol uga

Do anallzy byly zahrnut ymagzd ape | %d a jl ea pt§
as t och Stranf. Lokality s managementemSe dst hoopatd £Sk® por o st
kde byl aiapgleinkdw§Bsaaan apcremskiScceetmi® napaidenT ch
Lokality bezmanagementb y | y obl ast k §cemBosani nfch2poeve
opat SékTrpmMa jedn® lokalithD byly vybr §n)
(pS2te@MrnosovVathinky pryskySice na ,R0MHe) (Lu
Oblasti bez managements e b NDgnN v ygkdaktechso val yi kvt n2m pS?2
ochrany pS2nr8ordoyd,n2rcehp .arw2ch a@Vabictclo8inegth
2016)

Tab.2Z 8kl adn? i nf or mgypmgraplus ppao lotge n e dokdlity z ov an

azdrcchj 2dat zahrinnal tkhydo met a

NadmoS cel ko

Polet | ok Y _
vigka polet zZdroj
Patogen >600 O6 0 .
Managemer Bez m m VYP! tv data
managementu jedin
n.m. n.m.
tEPV 39 12 28 23 25366 1.2,5,6,7,
9,10
Gregarina 1,2,3,4,5,
typographi 48 16 35 29 30854 89,10
Chytridiopsis 1,2,3,4,6,
ypograph 46 17 34 29 30680 3 %8, 9. 10
Mattesia 32 8 20 20 20952  2,6,910
schwenkei

! Haidler et al,2003,2H2 n d e |, 20@8PH @ |l u § a20@9f Kemedelidze et g12010°L uk § gov § &
Hol 2018,°L uk 8§ g o v®12€1lt u knd g o v B®13&Wegensteiner et al2007,° Wegensteiner
et al, 2014,°Wegensteiner et al015.
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Z dTvodu mal GmE zke®| i mflekKk alPi thl adi ny byl
zanal T z vM. thalaodraphjM. scolyti N. typographaU. montanum Anal T z a
patogenT byl a zvaynl§Se n an f neak dratwaylyipdhiamyi pauaeu
|yt Si d r u HtgPV, mikiospauidie C. typographi gregarinaG. typographi
aneogregarina. schwenkei Pokud dan§ studie pSedstavo
vypolteny pr  TmDRDr(nW&nii cfke8k lert2 all. adi2dy 6) .

Jeli kog data o pma88lom% ne @tandvdreedtizbiip nor
Wi | k ov T mbylyemdgramu)STATISTICA1Dpr ovedeny nepar amet
(KruskafWa | | i s TWr 8tmedt )t.est T byl ynkselivm3aly ©hloac
sl edovanT ch typographugymezi I mr k o v 1 ny s nmamagemesntem

abezmanagementg Vani ck 8 et al ., 2016)

VIiastn2 vizkum

VI astn?2 viednumg§bydnPechhvparc?2 ¥lysoKaSAR, TPN
VysoTat®l ed2 na hra(B8i058iha, 76t ablasti\ky s o KTate) h

aPolska (21076 ha, tj. 22,86V y s o KTater) (Grodzki etal., 20080b | ast j e nej
| §st2 Karpat a mn 600 mnmNejhdod ITg 2pdSheaalitibyn 2ef €2
ale vysokohor sk§ vekgne(+4a% ekaiyaPSe §t ppa zjee 3d
ovlivdnmme&kouviidenomsed 2100 | et pS2rodn?2 | es
pSi bl i KnA (Bleiséh@rOet al., 2037 Dominancesmrku se pohybuje od 8%
vn2zkTch nadmoSski®h velEkSemdndoh 98admoSs
(Bodziarczyk et al., 2099V TANAPu( Tat r ans k1 sne§ rvo dpnd's | peadrnk?)c h
zast ourprekn? dr a maa polyhuje sesod 2Zpiv h 2 z k T pph40% ¢
vevysokTch nadmgaRiKIsekieatig V g k 8 bh v ed ikotpu olgann «c?
(Kontpka ¢t al ., 2019

Oba n&8rodne® paglkedmaavy i1V0ONA e t athomTv el |
(.po g E20000mMd SewanNlat erTch e&npeobudaghnd kus
. typographus(Grodzki & Guzik, 2009 K o r e R ; HoRK3dktsal, 2016 Fleischer
etal., 2017 Grodzki& GNs i eni ca )Fr omejkm®md di#8a RPo 8 &g d
TANAP |l eg2 na TPNgmathzaEak?P cPagk Narsdowy
svaz2ch pohoS$S2, jsouvdida ond®dlGrthi! (vnDny r
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Polsko
TPN

Slovensko
TANAP

—Z

m— Statni hranice
[_] Hranice narodniho parku

Polsko
: 0 10 k

s Lokality m

Ceska .

republika D Intervence/ D Bez intervence/

Management Bez mangementu
g Sk Ukrajina Typ managementu Krajina (2003)

\Q’

Q_‘S*“ Intervence/Management Porost

Mad’arsko

:] Bez intervence/Bez mangementu E Bezlesi

Obr.1St udokality¢ e dvou n8rodn2ch parc?2ch: TANA
aTPN (Tatrza@Eski Par kT a\tam&bednicvBioyenska®olsiea c h § z e
Lokality: ATVygn® HS8gy (iiTnitcehrSvadbexieiorvencey, C Potok
KoScieliski ( bekiy(nemweneey vence) a D

PSemnemekdvich kTrovcT v TANAPuU

Smr kov@®Taewbwgywh posl ednzalb azy@ alyb @edmmi uds8l o
spojenV mir esed enukaduhodo® mu e prSo §.dypdgraphusV Nt r n §
smrAgISgbNta (listopad 2004)° ees@k ¢ dil ha h2 cenr
les]) a12600ha v TANAPu N ® ntheyy et al.,, 2018 (Obr. 2. Po t ®t o neo| ek:
ud&8Il ost i obne&splr eedioavdeal rokdgypadgfaphush N h e m mortalita s e
stromTankY v oir oemkh@uicilesa(l 5007 1650m nm., Potterf et al.,
2019azas §8hl a/ nar kipidloas®WE ovddt gd FhontkpvSElasan d n 2

(P. abiegi mo d $(k.decidud (Fleischeretal., 206Kk Tr ovcov§ grvadaece t
nel@let(©Obr.2) , pSi| emdobybyblzeom atc®@YEHL® nfidlSeo@T m
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TANAP
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TANAP ®@@® o090 @ o0 — ® | [ ] ]
®
TPN L J e —— — ® ®

Obr.2VIiskyt vDtrnlc
ap Se mn o tymgraphusp § 9k w TANAPu a TPN v |l etech
| asovs8vliemeeh B954 agv O0I1LIBni(a@pl n2 | a

VKvRtnu 2014 zas§hVys ovkd® (Gublet blo201%e Gof i
Kuncaet al, 2014.O0bj em pogkozen®ho dSevadpyill eomthad
67% ¢ kyodozpg Tl pmocel ®m e gikordu ba | 3 vseol uksitcShe d I
pl o c lfkaincd et al., 2014 V2 tvrletech 2004 a 2014 spolupsSe mno §genz2 m
l. typographuz p Tsobi |l y | ®G%ap @k Ip#okehyal ® zal esnin
TANAP | e v s olud sarehaie mbloy INe sormd2 mi porosty ml
10let (Gubka et al., 2014Kon!* pka et Jak .naz2malbuj e rost o
vyt Dgen®ho dSeva spotasdBtypagragphgsndcice @ imc s e p
ve feromonovich | apal2ch v intervehatn? [
vroce 2014 p Nt oastartbvabradacil. typographugObr. 2).

P S e mn b typographus v TPN

V. S2jnu a | ilwtorp aplan K2bDe@s2000smMdmio vi ch porost
napl oge Vv32000hawi2lcje neg 350 ha smrkoemdch | e
Roz|l §m8n? nebotromVr SgessRyvhodndadteati K u
prol. typographusv e vichodn? Rd z8ss&turta@ad $INr. omT vyvol a
kTrovademl a v Gnodzlgeeal, 200@Sprouflet al, 2017 abylau moc n NDn a
povidt r n ®m pooel 2@0@Erodzki& Guzik, 2009.

Koncem r ok uaK?»®t owedolins/§htir n§ di skttwerrkBa recaes §
jak intervaebhkenZemy Phaedsh® a z | oylpe @ 2084 r o my
odstranhDny ze z8sameivi®t ez-wmeyn| @ er ok k 02015
stromT napypodraphusvc hi nt ervenl n2 z-nihhtedvenjng?
z-nhN ztrGodzkxi&&bbi en{ca ,P&nek, 2017
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Hi storie pS2stupT k obhospodaSovgn2z | esT

ZS2 zeon®n2mcshr parkT (TANAP v roce 1949 a TP
zmNDN&m ve vyug2vegn2 krzagT sesb cho®ospaEein A n ®m
azonace intervenln2ch z-n se v po¥yloednzch
zmNDny ovli¥énhlbydnmoelkr e are2s trgevgm Zantyrr taanhu, sv acd o v |
dSeva a mnoho souvi sejPleiséherbtale20d7syst @mov 1 ct

Od poloviny 90. let2 0.  steo In@at » 94 HleisgIn ITANAP apl i ku
bez intervencdK o r e R ). D@rokli 8012 bylav gak povol enat Seln2 me
nakontrolu gkTdcT s rTznoul §stzeakBizt8wa, t KD
Ministerstvo ¢givotn2ho prélavd8gd¥§Skovansk
Odroku 2004 Obr. 3) jsou vi nt e r abkagii (ale hikol v oblasti beznterven®)
evi dowd8mayden®v R Ts, b voony \intereebhdevaysttvio Si |l o r oz
holiny. Od roku 2012 bylyovolenyf er o mb m@@a®e moni t oimagv 8n2 p
l. typographusnikolivv g a kobranu o

Na celkem 7% TPN je dTslednhD dodr@ng)8n bez

apovoleno | e pouze Gnoondiztkdr o& § BNs ig&k)Tidcd K
NazbT vaj2c? | §snl  zTaPsNahpe8nogstebg umogRuUj
arozm2stNDn2 feromonovlich | apal(@dzkietae, je 2z
2003 Grodzki et al., P06 . Po roce 2013 byla vel k8 | 8st
obl asti, definov8nagb¢akohloddwasnabegr §\nu ejre

(Grodzki & GNsi e2i9ca Fronek, 2017
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Historie disturbanci na zikladé klasifikovanych snimki Landsat (2004-2014, res. 30 m)

B Studovani lokalita Vitrn
SEtrna

Polom disturbance Fi\ust Tvp managementu
2006 - 2011 200E - 2000 - 2005 | 204 Intervence’ Managemsnl M
07 [ 2012 2006 - 2011 - 2014 Bezlesi D Bez intervine .
2008 ([ 2013 2007 [ 2012 [ 2014 e gy
w00 [ 2004 N coo: s s Stétni hranice
210 . Em RO [ Hranice nisodniho

parku

]
Satelitni snimky ESRI s vysokym rozlifenim (2014-2016, res. 0,5 m) 250 500 m

A B C D
Dratuin #shkdni foto: (4092014 24032016 JV0R2015 0112015
Infradervené barevné Snimky Sentinel 2 (2017, res. 10 m)
--
Obr.3Hi storie disturlbkain(c®, |IB,ySCsaubd)j maclh §
Landsat (2002 014; horn2 Sada), vyabklmtndegihi §en Ml
2016; stSedn? Sardeav) San2imkf T adeenrtviemellc h2 b(a2 0 1
vegetace jd er venhi, napaden® stromy a holiny |s

oblast Ix1 k m Kk ol e mokality tutia. |A a D Bolokality sintervené, B a C
jsoulokaltybe z i nt esv®neée] t Yt uveddnojn@bt.t. h
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St u dlokplity 2

Vizkum byl Tmt ovBedi20042017 V kagd®m zeadkdu n§
byly vyor§ ny t y Si Iskality,djédparv2oblasti intervence ad r u haddlastv
bezinterverce (Obr. 4, Tab. 3. V TANAPu (Slovensko) by lokalita bezintervence

um?2 @avcBmruo b1 ast i bez 27 &d ahablastthsirt.2u dbo vkam & dl o k a
V TPN (Polsko) bylylokality sinterverc & bezinterverce2 km odsebe Qbr. 1, Obr. 3,

Tab.3).

Tab.3Z&8kl adn?2 informace o ViyThartaminshk I omk8a loidtn
TPNT Tatr za@Eski Park Narodowy) .

] Nadmo & ]
N§ zlekality N8r odn?2 Typ S2ze vlIigkeée SouSad
(mn.m.)
. TANAP, Intervence 49,1255N,
Vygne® Slovensko (management) 1305 20,1005E
. TANAP, Bez intervence 49,2M7N,
Tichs | Slovensko (bezmanagementu) 1115 19,9244E
Potok Bez intervence 49,2497N,
KoSci e TPN, Polsko (bezmanagementu) 1100 19,8650E
. 49,2639N
* ’ ]
Kiry TPN, Polsko z8sah 980 10.8709E
* intervence byla pougita ag v roce 2014

Vybran® | esat ap0fletes tzyy sh wriukp R abfesir 90 %
z § k | lakdlityp (Obr. 4. VRkov® sl ogen? auvsdebtigB2 | dBal i
podobn®.

Historied i st uv g elatoldi@litj e z n § z brn2DMeai nntaer ven| n
lokality [Obr. 4 A T Ti ch§ Dol i na (bePotimk e Kvértée) .
(bezintervence)] s ou ¢ h a rya Kkt Te nistizbancegni2004, 2014) @ r a d a ¢ 2
I. typographusp ol 2 naj e ,rmalkcekna |BedtioBSvdamcenebyla provedena
g8§dm& at M Seva an iNapot@atonmutng rork 2a Ist [0 @nlot &E0brvde n ¢ 2
BiVygn® HS8gy ( iinkKine(ntereence)d)y, ya pddmynm® aden ®
k Tr o vpcoesnm @aspanndo VP® rroce 2014 se oblasta p a &ke[m Hrvoczig?2 Si | a
inast udil jorkkad(hgte8®&h obl ast v B, @®bra3). \Or ¥mecispod
v 1 z k u yiyu probedeny dva experimenty, jeden v  TANAPu a jedenTPN,
expermenty se | igil vy, mejsoutoocbgoeu zpSkrocrtnc& o needzneont
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Obr. 4 Nei ntervenl| n2 (vl evo) a interven|n?2 (
(Tatranskl n8rodn?2 park, Slovensko) (nahoS
(dole): Ai Tich§ Dol iViyagH&ygi Pot ok Ko StKirgl i ski a D

Experiment | (TANAP)

ZdTvodu z8kazu tRgby namadé rodezitikerventlyly vcov I c
pro studium vzt,alVomedir opzod relt rnitgpegrabpuS §t e | |
pougnritkov®. WiSEwhyk agdivyrtokeSenyt yS smrkovlict
podobi ch r oz mPt Ybezdarpad@pographuss p o c hrBejeb lyi g2 h «
zdrav®ho porostu v intervebWNl $émhyd ynIpr (TmRNr ]
306cm N 6pr2T mir ad® | $EY e d n oStel bijwn®a ma zv@skewn,
abysez abr 8nil o vysychg8n?2.

Kagdovwleteci@42 017 byl bok@aVkae@®®RHSEgyY (i nte
Tichg8 Dolina (mesgst Dmd edn® & mo& £ b(brozksBpyz T
10m). Aby byl v y | emuliy mikrohabitatuna parazitoigt (Feicht, 2004Hi | s z c z a Es k
et al., 2007, byly v Saiamy s man yo ®elegSee3d m strorl napadeh ¢ h
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l.typogrgphus VI Sekzwl y rokemgdiNDmypyk v p6edwird du
aktivitou I. typographusa hodnoceh pr ovw@dhpgeltva nD sr pna.

K vyhodnocltypographusaojjeeho antagonistT by
asekery, kgmarHK o ®obdyli &rerz Ptypograpiiso yl| zaznamen &
pol et ma tde®|l ckhac dhe b , pol et vaj 2]l ek nakl aden
jedikafd® vivojov® f8zi (vaj?2lka, larvy 1.
RovnhDg byl Zzaznamen8n pot@st U @cBEuonidak @ &% |
aPt eromal i daedaspBl ¢y Mmaclkv( Bi pter a: Loncl
pestroko v e | mmdukh@inasimug¢ Col eoptera) a polty dal g?2ct
byly tak® vgechny ostatn2z didwkwnl(kl.8cwhwc T n
Pro detekci patogenT byla studdhg&baowkifeec
l. typographuskte S2 byl i u m2 stypD BEppendbid bxslkalhma ¢ &€ R c h mc
g8zu (prieO%u et @gé¢mayn2 vl hkostidACa byly skl act

Za Yl elem anallzy patogehhko§piouwgEmii s
pomoc?2 chirurgickTchspplinczTethy ISt Speidatell 2od egns
mikroskopem Nikon EclipgeC i pSi ziddt gen?2 100

AnallTza dat experimentu I

Pro apabUltagpogtaphubyl y pougi tsy vplosukingit leved aj e

instaruv poger ku.raRbmer(keyhjpdj €di naci L1, L2)
pravdDpodobnhD Kk Fl&sehero ¢t ln ®036p o pTuyitacci v (s | e d |
ovlivRovaly anaddwvyglcye pgrad pge abiyt ame a zvy
hustoty. VTab.4jsouwed e ny zj i gt Dn @& ep aar gpmeotnrNyd apRoyppwlb § i

anallTz8ch.

Tab. 4P $%d ed promNRnnich pougitich pSi anallz
zaznanmeSianamr K awl ¢ h wtl uSlemdtY 1. typsgraphud

P o ity
. ~ pro
PromBDnn§ Popis vipoltu anal i
RDA
p ol etv ynlo2vHamE rma matku (tj. na
Reproduk]| n?2 matd n ehodby , cel kovT pol Ao
|. typographus rozdDpEhpmat oge se p¢
p o hl avAhnilal 19731 (
Dryocetessp. (m?) vypol teno | asknor kpor vITmhy Ne

46


https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0125
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#t0010
https://www.sciencedirect.com/science/article/pii/S0378112720309786?dgcid=author#b0025

P o itag

. ~ pro
PromBDnn§ Popis vipoltu anal T
RDA
Vaj 2l ka nakl a: . ~
sami c:2 vypol teno | asknor kporvlimi Ne
G. typographi(%) procento pol tu ulokdituk c Ano
C. typographi(%o) procento pol t jednulokdlitu k c Ano
ItEPV (%) procento pol t jednulokbitu k Ano
M. schwenke{%) procento pol t jednulokbitu k Ano
I. amitinus na m? vypol teno | asknor kporvITmiv Ano
D®I kar v 8l n2@nm) « vypol teno jnasknor kpor vITmiv Ano
D®I ka | mathe cho . -
I. typographus(mm) vypol teno | asknor kporviimIv Ano
HI 2 stmi cnest Sev procento pol t jednilokéitu k c Ano
HI 2 ssit Sevn? procento pol t jednilokéitu k c Ne
Pol etnalr;T/]tZw@g?ag)hesk vypol teno jsahkrok@viTml Ano
Pol etz | egkp §er k . ~
I typographus vypol teno | asknor kporviimI Ano
Po| et | imadhedeb . .
I typographusna nPk T r y vypol teno | asknor kporviimI Ano
Po | krev Thanasimusna m? vypol teno | asknor kporvITmiv Ano
Pol etv8ll @k ch ch . ~
polet matelnl vypol teno | asknor kporviimI Ano
Dal g2 pred§tof€ )
(Histeridae, Monotomidae, vyptoelno jakosmr Km@t n Ano
Nitidulidae, Staphylinidae)
vypol teno jdaleDprdc
typographusy e v gggichclsts par
Parazitismus (%) parazitoidn?2mikTmaoneba er Ano
mi mo nnj a parazitoi ain
jako pr ITmDr
Pityogeneshalcographusna nv vypol teno | asknor kpor vITmiv Ne
Pol et lptmeawm?® D vypol teno | asknor kpor vITmny Ano
Produkcel. typographus pol ettuni kp $Sichmue e p § $iebe | Ano
nam’k Try vnitrodruhov® kot
polledani kl Tch pSirozen
Produkcenantk Tr y vnitrodruhona®mkloakxur: Ne
Larvy Raphidioptera(m?) vypolteno jako prT Ne
pomNDr madlett mT cdh mdhlotde b
Po mDr  ploypdgmphas smrko$Sdz vi Ano
Tetropiumsp. (M?) vypolteno jako prT Ne
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Jeli kog data nemlBlhapnarom8ibrydk Tpo 0 ki@lod ma
promiRnnT ch |m&zail intakny iolulgii & Tpoworamedatisticy
12.0 (promDnn®hfHsou uvedeny v

Variabilita z8vislTch promRnnich ve vzt
(rok a typ managementuintervence nebdez intervence) bylavyp o | taemaal 1
redundance (RDA) v Canoco 5Def Braak& Gmi | a u ¢ (Tab 4)2Data Byla loj

transfor movgna, vycent Sowagmat iac k § t avnl dzanradm

ZOou

vyhodnocena permutal n2z mi test X8 MoeyyeD Clar |
pougitytihddpdotty se msam®witaltinthimi promDnnT mi

viznamnich z8vislost?2.

Experiment Il (TPN)

Experiment |1 byl pomolboal ®vdvolnsei ypeSttpua diD, p
nebyly j e | ndbyyev TPN povolenyBy |l y prop8i vguégBBgn® neb
zl oma#ron®pouze jeden za rlak#it thmm K aokd®Bokz & c t v «
KoSci el interkence) @ iieyzintervencepbr. 4]. Prok a gdy v r §stramn T

( DBH: 31, 57 bylyardlyz6&n |yt OpekdeiG)? Sékee( pod ®1 pod @l
osystomupyl a ~0,5 m a d®l ka byl a rSekcebdy j edn®
um?2 s t)0,6 m odfaty kmenestromu;(2) u p r o spatBuasip oné iz Koruhy§ s t 2
B)uz § k ykodmya@ v e st S6rddzki, ROOF ZdnTyv a(chwa | pbuzey

|l tyS gtTomifchbt tdstvadnPel sbal sy 2 podisk umu
statistlabezs t at i st i Tak ®). R o lsbiryozuypbgraphus pol et pr ed§
a viskyt patogenT byl whL.hodnoceny podle excg¢

4.2 Mikrosporidie Larssoniela duplicatiu Ipsduplicatus

Patogenyl. duplicatusbyly st udov8ny na 21 | okalit$8ch; !
VRumunsku, osm v Polsku a |tySi ve Gv®dsk
sepohybovala mezi 229 a 1 009 m n.riab. § . DospDiDIl ci b 3016i vV | €
odchyt8v8ni p omocl2T fTehreoynsoonhonvE c(hT hleaypsao n K u
NDmecko), Il nterceptE (pouze v Rumunsku) a
| D Ecol ureE (FYTOFARMv@mowkpmp) , | Pdehesargy | DUE
Les kS8 republ i ka), Dupl odor Ei nieCrhte§ri rp2a n n § Wi
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(Rumunsko) (Duduman, 2014T4b. 5 . Ve vgech pougitlch fer

sl ogkoumwrgade n &l hl avn?2 sl dgukpkcats@yersgtal n2 hc
al ., 1990) . Feromonov® odparn? kgd® el ankdanli il ty
odebr §n iednpranebbdsouvet ech (Zi movg et al ., 20109
Tab.5Z28kl adn? i nformace o0 studi j nl2dgphcatlsok al i t
astudovs8§ny patogeny. ZemhD jJsou oznaleny n
Lesk@ubrlee ka (CZ), Rumunsko (RO). V | apal

odpar n2ky:E, DuploddEc Bheagr IBE a v Rumunsku exper
odparn2k (exp. n8vnada) (Duduman, 2014).

_ GPSsouSad1 Typ NadNrr_wS
Lokalita St §t Rok st vigka
N E feromonu
(mn.m.)
N-s SWE 60,467 14,500 2014 ID Ecolure 232
Siljansfors SWE 60,973 15,057 2014 ID Ecolure 324
Vansbro SWE 60,522 14,238 2014 ID Ecolure 229
Vindeln SWE 64,200 19,783 2014 ID Ecolure 291
Pet k- wi PL 49,733 19233 2015;2016  Duplodor 668
Rajcza PL 49,766 19233 2015; 2016  Duplodor 646
Romanka PL 49,580 19,224 2016 Duplodor 829
RO men ka PL 49933 19,398 2015 ID Ecolure 1009
Sopotnia Dolna PL 49,935 19,466 2015 ID Ecolure 953
Tokarnia PL 49,983 19,983 2015 ID Ecolure 688
Ujsogy PL 49,750 19200 2015;2016  Duplodor 859
Zgatna PL 49,483 19,166 2015 ID Ecolure 638
Hl ubol | Cz 49,692 17,414 2013 ID Ecolure 382
J2]l ov® u Cz 49,886 14,505 2016 Pheagr IDU 354
J2]l ov® u Cz 49916 14,507 2016 Pheagr IDU 457
Pug 8 Pol Cz 49,851 18,024 2014 ID Ecolure 454
Cal afin RO 47,851 26,145 2011 exp. lure 497
lonu RO 47,613 25481 2013 exp. lure 1080
Solca RO 47,700 25,796 2013 exp. lure 625
Sucevi RO 47776 25481 2013 exp. lure 605
Todire’ RO 47712 26,032 2013 exp. lure 415
DospDiDIl ci byl i odeb2r 8ni od zal 8tku kvD
l okalithD byly feromonov® | apal e 180m? st NDny
ods mr kov®ho porostu, kterl byl stadgi n836Oh
|l okalit8ch byly tvoSeny mozai kou stromT V¢

Odchycen8 imaga byla um2 &pblOs&aedovihkibmay
k zachov8§n2 vlIhkosti. Zkumavky byly ucho\
vypitv§8netal(2d819)mo v §
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Kagdl dospnRIl ecdolryhu( Brduesn tdtf i slo.v@Binki0o §8) a
vgichni | duplsatus(plcy|l o sl ed doa§ po gtlriuSde @oe,, gon:

at ukov® t DI eso). Z2skan® tk8nDhD bylken pr ohl
Eclipse 50 Ni, Ni kon I nstruments Inc., Me
pro st anov elndupligat 2otvoS8rhmoBs tsip or §¥3 ,d5 o1 Wied i X os
2,5 1 1,5 ve stSevn? ®lvastivéi.nN) a dal g2ch

Pdaj e tel k@jzzgeSem2 jehlilnatich |l esT na
z publikace Brus et al. (2012)upr aveny pomoc2 Corine Land C
10.0 (ESRI, Redl andwyt VCFENLEArfylukmpawgiet 1

studovantl c(hZilnockvad iet al ., 2019).

30°0'0"W 10°0'0"W 0°0'0" 20°0'0"E 40°0'0"E  50°0'0"E
1 1 1 1 1 1 1 L 1
> A r
=y
A o)
60°0'0"N
60°0'0"N-
50°0'0"NA ~50°0'0"N
40°0'0"N- 40100 0255 100 150 200 km
i —— vodni toky
O ft‘;dlo_t"a”e —— statni hranice
okality B s

0510 20 30 40 km
| = = )

Obr.5Studijn2z Jlokality (krougk2d0ly E&dclbpt§v
| Tkogrouw il es?2velr git2el en§) .
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Z8kl adn?2 statistick® anallzy byly prove
Dell, Austin, TX, USA).Pr o st anoven2 nor maloiutgyi ti nSheakplin
WIkT vt est . WilcoxonVybp&nosuviovingse bwnifek]| n?
pohl av?2 mi (procenta i GEZi movB8néthabkamcZO0¢9)

Podrobn® anallzy b ylSAM 40 (Rangeldeeal.y2010), pr og
vypol2?2?t8no byl o Moranovo |, pro vyhodnocen
(i nf ekl hXduplcit)a di aiymov § et al ., 2019).

vzt alylL mmplcat ai mf8esK ledu|j he

Posuzovaly s e
Tmi: nadmoSsk§ W\ligkha, gradhipe

nez§vii spronmnNDnn
zemDpisng di@ISpadn¢] gh @dlé e npatdgenuC. typbgeakhi n 2 h |
aparazitsmth | 2 st i ¢ aww nhietnfo |sytutield/jaypg @lné tc h insag vy pi t \
| Tkogerovaet kbwhk (doba sbRru imag). Pro reg

hladiny na nez8vislTch promBDnnTcharcsinyl y i
druhou odmocninu, aby byd o s a goemmalty. Anal T zy i nterakce me
nez8vislTmil mipr oud§z al vy mul tikolinearitu
(VIF=r ozptyl nl i nfl al n?2 faktor > 2), cog b

vi chzo8dp ad vp Scebrinabsgigilicdétus ZemDpi sn§ d®l ka tec

analyzovg8na.

NRDkter® nez®vneb®| premBnamn®, proto do
vybr8ny promRnn® na z8kl adhD RoboCekhaAlk@r ke
velikosti vzorku), jak dagll @2 dhmpddeddatinz o 1§ n
byl o pougito sedm nze@lpissi&hgp»skjmNigt ald
i nfek] n?2 hsbosidiei G ytypogrepii r opar azi t i s mus st Sevr
paraziti s mutsenholl2ysmfilx,emiadimoSskg vigka 1ok
avypitvanT tduplidausi@mDIl okoadiNr 0 amag (Zi mov§g et

43 HI| %csat mi kr ospori di e Trypoddrfrerv okaz T rodu

Jednotliv® druhy dSevokazT byly studov§gny
|l okal PobBskhuva jRdh®ubkalObhRN. ve). pdDoscsel ci
feromonovich | apal T TheysohnE navnadRnTch
XL EcolureE (Tab. 6).
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Obr.6Lokal ity,

Lapale byly
|l esn2ho porostu
| ervheat eech 1998,

domi
relativn?
as k|l adovigoAe, p Hiok ud
pitvsgni

krotestovac?2ch
vlI hkosti

bezprostSednn

(Wegensteineet al., 2016).

KagdTl
spol u | §st mi
1996). TkE8gR

zvihDtgen?

dodellegani mylv §mi tdvo8 nd roudhsut raa n Dn 2 m

um2 st NDny ak®

sval T,
byl a

kterlch

pol 8t kem bSezn
2010 a 2011
zkumavek

| maga ze
nebyl a

po sbDr

tukov®ho

pot® prohl 2gena opod®nms v Nt

(Wegensteiner et al .,
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Tab.6Z8kl adn?2 informace oTrgpodepds ppch d&ekbdk:

byly studov8ny patogeny. A = RaklolaBlko; CZ
aT.do= p dllaeve, T. lineatum & domesticum
Lokality GPS soUS o Tla Tl Tdo , P
N E feromonu
Dubov§ (48750 14383 2011 5 20 i XL
Ecolure
Hainfeld/Ramsau (A) 47,983 15816 1998 i 31 T Linoprax
HnDvanov 48683 14416 2011 12 17 3 XL
Ecolure
Hom? Mar go 50683 15833 2011 7§ 208 4 XL
Ecolure
Hr adec nad . XL
(C2) 49833 17,883 2011 I 1220 114 Ecolure
. . XL
2
Jaronz2n 48966 14,216 2011 I 2 I Ecolure
Jel eSni a 49566 19266 2011 i 161 12  Trypodor
Kartuzy (PL) 54,333 17,950 2011 i 270 15 Trypodor
Lazec (C2) 48833 14,283 2011 i 21 T XL
Ecolure
Lipusz (PL) 54,233 17,783 2011 i 28 i Trypodor
Ot2n (Cz 49266 15550 2011 i 16 i XL
Ecolure
Star ® Haml 49466 18400 2011 i 42 T XL
Ecolure
Tich§ (C 48633 14550 2010 i 12 i XL
Ecolure
Wngi er ska € 49533 19183 2011 i 66 13 Trypodor
Wihgi erska ,9533 19933 2011 7 325 10  Trypodor

(PL)
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5 Visl edky

Visl edykoyubbylk pe8mpt i vich enti@&nmatlilc&nyc 2zcahmn Sk
citov8ny u kagd®wpS¥Teh8dhudhasavedkeny pr §c

5.1 VIiv managementu na antagonistylps typographus
Metaianal T z a

Celkeml O publikac?2, ktem®abylzy, zabsaltkeliy atl o e
s 1 nt a&l6lokalihbeZintervence(Tabh7)( Vani ¢c R@lH.et al . ,

Nal ok albiez8e¢mt ervence byl aG.itypofgrapkiv nggaI| ad
neg na |ioktad i i(Shdpwdawi 6 k Tv test: w = 0i, 54, p
Wal | i sT(¢,;6d¢st: 8H75, p <0, 01; Cdsrtypogiaphi Pr T m
(8BD)nal okalit&8ch bez inte&@rvemdenNDbggai aBek]
C.typographi(+ SD)nal ok al i t § c hdosahovalmyp € T mB/He? N 21, 9
abyl a signi fi k alnotknalbeztiBengicadShapigpi Wial Kk Tv t est
W =0,55, p<0,0001; Kruskawa |l | i sTv test: H (1; Vax)i cxk 85,
et al., 2016).

PrTmRrng infttPkbe2 pbhabdownal aokwv!l pS2pad
M.schwenkeb k 01 0 0%.9 W o5bo3u t NRchto patogenT byl

nal ok al i tn®rwdmce:IbE€N? T ShapiroWi | K Tv test :<0,0001;= 0, 5
KruskaiWal | i sTv test: H (1,; MIsghwenkei Shafird , p <
Wil kTv test: W = 0iwa9 ] i pT¥040)6-6/08, xG:DKr u s k a |
(Cbr.7)(Vani ck 8 et al ., 2016) .
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Obr. 71 nf ekl n?2 hl adilIntypogtaphys® a p & © & gi énitTe§ cvhe n s 2
vs.Bezintervence. (AXG. typographi (B) C. typographi (C) tEPV a (D) M. schwenkei
Krabicov® grafy ukada®®wj Rvat Smdwo | e dmatr § gk
mi ni ma a maxi ma. Krougky ukazuj? odl ehl ®
hodnoty (Vanick8 et al., 2016) .

NDkter® patogeny byl y ze vzhladem st i c k
knedos tmat%ddnni. typ managementu nebyl specifiwn nebo pol e
nenul ovich hodnot nebyl dostatnall il spr @ sit8a
patogeny  r TmRr nou i nfN kypographi:6 | a d ifbnUduorianum:
1,8N 3%, M.scolyti: 0, 1 % ald.,chalcograpii 0, 0 0 1  $. POkudOjde 1
ol etnost viskyt wsitdkealtiot §caht osy einf[t enravenc 2 ,

u U. montanunm(32lokalit) an e j n iMgap&lcoguaphi(4 lokality). Na 16l ok al i t §c h
bez i ntervence byl a\. typogeaghv (8 okakt) anneegjjvnyi gggg?2
u M. chalcographi(O lokalit) (Tab. 7)( Vani ck &8 et al , 2016) .
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Tab. 7Fr ek venc el typagtaphgskn B r ®

nebylmetdanah (Trewt y

naj ednotlivich | okalit8gch
. NadmoSs
Pathogen orally vigka N zdr o]
. >600 060 I data
Intervence Bez intervece
mn.m mn.m
M. scolyti 4 6 7 17193 15
M. chalcographi 0 4 0 1368 2
N. typographi 18 8 12 14 21821 1,2,3,4,5
U. montanum 32 7 19 20 20724 1,56

'Ha ndel,2068fH@ll ug a200FfL taH 8§ g Hw & LYIE*L uk § g o v®13e t
SWegensteiner et aR014,° Wegensteiner et aR015;N=p o | et

al

anal yzovanTch |j

Ter ®nn2 experiment

Experiment |
Pol et mat e | Intypoghaphesh ®d e b g 300 rpao mmr poh
(od1,0do 2,5 sami cev slaemeecdh srea need d w iGbt.8).dovanl
Ipstypographus y | zj i gt Pn na vgech zkoumanTch
Druhyl. amitinusaP.chalcographug Li nnaeus, 175 8%, rebpgktve z | i g
175% smrkovich viSezT (Tab. 8)
Tab.8Hust oty dal g2ch druhT kTrovcT na smrko
TANAP (experiment |) Hodnoty jsou pr TmBDrr
Rok 2014 2015 2016 2017 2014 2015 2016 2017
Studijn? A A A A B B B B
Intervence Ano Ano Ano Ano Ne Ne Ne Ne
. 652, < 0,5 6,018, ¢ -
Ips amitinusna n? 1,7 30, 7 55,3 0 N 0 147 313 0 N
Pityogenes o , 186,7185, 57,:1,416,3’0 30, (4 ¢
chalcographusan? ’ 1495 87,6 66,2 4,9 144.1 35,8
Tetropiumsp. (m?) 0 N o N o,5 fo N o NoO N 68’29 97’93
Dryocetessp. (m?) o N 0o N 1,5 0 No No N O NO KN
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Pomér vaji¢ek na mate¢nou chodbu Hustota mateénych chodeb na m 2 kiry

Délka larvalnich chodeb (mm)
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Obr.8Hustota matelnlch

mk Try, d® ka matel n@
pomBDr pohl av?2 (samic
vaj 2|l m&kt enaaou chodbu

vaj 2| e’k Tmg, mdl arhwdlby
chodbu, d@®
chodeb (mm), produkce na?rk Tr vy ,
repr od ukialttypographus
vesmr kovi chr wd iBegztelzml

namat el nou

na pl (okpdasiAnt er vence,
r8§mel ky) a pl oge
bezi nt ervence, ged®
VT ANAPuU (experiment |
T medi 8 ni,25%a076% kvartil,

odchylkyi mi ni m8maxXi m& | n?2

Ke srovngn? | et byl
Wal |l i sTv test (KW);
oznaluj?2 p <0,05, <O



Hodnotyanal yz @wamDomT ch se s | asem snigov
viznamnl d@bkye mat el nTch chodfeBry,pkiperbdbduwa
nam?’k Tr vy a repr odtypkdrapifus( @b p NDc h8) . Reproduk|
I. typographusklesl z 9,9 [okalitas i nt er viekaltabpzai Bt 8r yence) ¢
dospRlcT na samici v roce 2014 na t®mNS nt

Odroku 2014 do roku 2016 se parazitace |
143a31,3%nal okal it D s i nt e% vnean d 20 kaa | metzlrockle,z3 iant
2017 nebyla parazitace zjigtBDna vTbec. F
Thanasimead al g2 ch pjednaligichor etseechv pohybov2@ly v r
jedi ncIVmraTHNhu | asu se [Jarbpautznvolsgti Itae smaaS 21koTl
bez i nter vBrgocetes phH8 s tau plseivoyushkoygt? g veak! i pouze ¢
(Tab. 8, Tab9).

Obr. 9Virus |ItEPV (A), st adiyogaphgamBht Thig? e
Contortylenchus diplogasté€) a spory neogregaririjl. schwenkeD) v experimentu |
bar = 100 & m.

58



Tab. 9 Antagonistil. typographusna st udi jenlP chANAK a( éx Ber i ment IN) .s miDo eddeikayh S Ep u

nebobezrozptylu
Rok 2014 2015 2016 2017 2014 2015 2016 2017
Vygnt¢ VygnC Vygn Vygn Tich Tich Tich Tich
2
St u dlokplita H8gy H8 gy H8gy HS8gy Dolina Dolina Dolina Dolina
Z 8ab Ano Ano Ano Ano Ne Ne Ne Ne
Parazitismus (%) 14, 3 31,3 28,0 i 2,8 11,3 14,8 N i
p o |lagev Thanasimusiam? i 3,9 N9,4 ~N3,1 K i 1,6 | i 0,7
d a lp g & d Gdleoptia
(Histeridae Monotomidae, 10,0 12,0 20,0 10,1 10,1 8,2 |1 20,4 10, 6

Nitidulidae, Staphylinidag (m?)

Larvy Diptera nam? i 0,9 N3,17 K2,6 K2,6 10,1 i 6, 1 |
Larvy Raphidiopteram?) T | 3,6 K | | o, 1 | | |
HI kesist Sevn? 3 11 33 9 9 25 63 1
HI ke mi mo nt{%)e v 3 16 i 4 18 23 13 12
G. typograph(%o) I | | | 2 | i i
C. typographi(%) T | | | 1 | | |
I. typographudtEPV (%) 3 T T T 5 T T T
M. schwenke({%) | | 17 2 12 1 | 3
P o |iragl. typographus 240 319 260 247 346 722 180 119
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Celkem bylo i ANAPuU st w@83mag&ned n2 c h typographuk T

St Sevn2 a mimost Sevn?2 h% 2isma gc en ab ylitogkranl a htel?
aulag %ralokd i t D bez intebtoveéeMchstoiVéhtlry Ine gi MWIa
larev, apr ot o byl o vel mi ®©bri9% g n ®o 3§ letPdogrihost i f i k C
nebyly d@mfdiSoyErdy®Nhamoglkdgdp®).Nsat uldd kea I(i t § «
bez i ntervence byl vy % r o c @uze2miktodporidiea | e z e r
C.typographi(2 %), gregarima G. typographi(1 %) a viruslitEPV (5 %). Nej bRDgnNDj g
patogenem byld. schwenke{(Obr.9 ) kter8 byla zjigthDna na

v knddl i ka | et eximgg. a to ag u 17

© z 0
- = i

EEggGal
[y Manage

;B’m‘asir A

14

GalLen

MatGal

. LarLen LarLen

0 s 0 s

A o : Syt
1 1

-'O.6= T 10 -=0.6= - 10

Obr. 10 Tihodnota biplai r edundant n?2 analTzy experi men
z8vislTch pr omndnn nategement(vprave).Blead+ reevpor) o dau Kk lym?2
Y4s p D typographus CHT = C. typographi(%), Diptera=  dr asy®v d tak S2 d | T c |
nam? Eggs= p ol etl typajaghlisek?f, EggGal = polet vaj?
|. typographus Gal l en = pol et | ar v 8Innl2cchh  cchhooddeebl

60
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GT = G. typographi(%), IA =1. amitinusna nt, ItEPV =I. typograplusEntomopoxvirus
(%), LarLen=d ®ll&krav 8| n2 ¢ h MNdnagece & y(pmm)n,t er venc e, M:
maté h c h ¢ hl.o ymdraphusna nt kK Tr vy, MS schwenkei (%),
NemEX=H| 2 sitmi an® st S e v n 2= ParéajtismusR%)PredscE Produkce
l. typographushantk Try, Sex Rat lLtypograpmidr Thamlamrew pol e
Thanasimusant, (gi pky vIiznamnlTch faktorT nepSes

Byl o zrnNkyalRinkk si Il nTch pozitivn2ch a nec
promNnmd|mézd kv anja ppyplyepeki ti vnhND korelov§&n s
vap | m&k k|l adenl jegnoazsamsmus byl magaiin®nh
chodby Infed n 2 & M. aadhwenkebyla pozitivniDkorelo v 8 po | t lemh enat e
chodeb na nf a negativii) korelo v 8§ 8 @d e t nlo anithus Po mDr pohl av?:
ul. typographud y | pozi t i wd e tKlaessbtiudhagasimugObr. 10).

Experiment Il

Na obou | okalit8ch TNP v cel ®m sl edovar
na97% vgech zkoumanich sekc?. Protoge byl y
sekcemina okal it za rok, jednotliv® vzorky ne

posky hut o shr nut 2 lgypagrapheTab.I0).popul ace

Parazitismus lareVl. typographusse pohyboval mezi 1 a 24. Polty preds
larev dvok S2 d | T ¢ hThaaasimussreevpohybovaly v rozmez:
nalm’vkagd®m roce. Celkem byltEPVizklontdebé b o g 8
pouze u pDtypograpous pHlI € $t i ce byly d¥imagkovs8§ny
pouze jednu ge8zTdamlg). na 2 | okal.i
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Tab. 10 Parametry populacks typographusa  “sd aj e o  alihNR aegpermensutlldleh nv er ven| n2 | okbskii ta TF
ai ntervenl|ln?2 )l&kdamnotyw [TRNG Kir gk yeld® bez rozptylu.

Rok 2014 2015 2016 2017 2014 2015 2016 2017
St u diokplit Kiry Kiry Kiry Ky oBei ¢ Kobeiel Kobsiel Kodeiel
Intervence Ano Ne Ne Ne Ne Ne Ne Ne
Pole””ﬂi‘g‘f’rﬁeb"typographus i 9,7 N 93,6 RN i i 79,7 N 176,9 R 58,2 K
PomhDr ploypdgmphds i 1,1 KN 1,3 N i i 2 N o, 1,4 N 1,4 KN

Vaj 2|l ka nak!| amdert§ i 39,6 N 47,4 K [ [ 38,9 N 29,7 N 40,9 K
Pol et 'Cﬁ‘oab‘ag'”z‘:h € 32,3 N 41,9 K i i 34,17 K 23 R 4 36,2 K
Produkcenam2k Tr y i 457 N 27765 N i i 9982 N 34837 N 16292 6N
Repr oduk!| hépodtappusd c i 13,8 K 8,7 N i i 13,8 KN 5,1 N 6 N 2,

Tetropiumsp. (m?) i i 14,5 N i i i 1,5 N i
Dryocetessp. (m?) i i i 68, 2 i 1,2 N i 37,1 N
Parazitismus (%) i 5,8 N 1 N 2, i i 0,9 N i 20, 9 KN

P o | lardv Thanasimusna n? ) 7 7 7 i i 3,8 N |
Pred8toSi larev?2d: i i 2,7 N i i 3,4 N 3,5 N 15 N 1

HIl fcsitst Sevn2 (% T 1 T T 18 6 T T

Hl 2 sitmi ecn@ st Sevn? T 1 T T 22 14 T T

G. typographi(%) T ) ) ) ) ) ) T

C. typographi(%) T ) ) ) ) ) ) T

I. typographusltEPV (%) T ) ) ) 2 3 ) T

M. schwenkei(%) T ) ) ) 6 ) ) T

P o | imdg l. typographus 2 163 7 T 61 286 5 i
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5.2 Mikrosporidie Larssoniela duplicatiu Ips duplicatus

Cel kem

byl o

na2zlst udi j nzch

(Zi movsg§g et al
Pr TmDr n§
byla 16,7% N

detekov8naloknlda ( &b .z

neligily

pouze ve

Tab. 111 nf ek | n?2

( SWE) ,
C.typographi (C.t.)
(h.n.).

ok al

2019)

na Vaz em

I nlf. @uglitativ’p ohplud tedapticatinsz e

| Lndipdicati sne?

2

vgech

odeEMPH DL adosmpdll Yixduplicagtusdi nc T
it 8ch

Lesk® r

Zem?2

%8 (SH) apohybovala se mezi % a39,1%. L. duplicati byla
1211) .

vhi | zandai rmnyn

me z i |. du@icattis(Z =d,33pa MO5E mfekice byla nalezena

s lvdadlicatash Zs m&e § a et

Pol sko

(PL) .,

parazitismus

Lesks§

al .,

hl adipmayl.adaplidatdsg e AKr at ky
rLedpplichtil (L.k),a
s)tab 6 ¢ m T mi

2019) .

Zem?:
(Cz)
v h Ih2esntoil cy
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Lokality St §t N L.d.(%) C.t.(%) l.n. (%) h.n. (%)
N-s SWE 46 391 i 15,2 i
Siljansfors SWE 70 214 1,43 10,0 4,3
Vansbro SWE 156 16,7 i 32 1,3
Vindeln SWE 72 236 i 11,1 5,6
Pet k- wka PL 107 19,6 i 38 4,6
Rajcza PL 103 136 i 14,1 55
Romanka G- PL 27 7.4 i 14,8 |
Romanka G- PL 192 20,8 i 4,7 7.3
Sopotnia Dolna PL 35 257 i 57 2,9
Tokarnia PL 139 194 ) 6,5 3,6
Ujsogdy PL 22 9,1 i 136 9,1
Zgatna PL 20 10,0 T 10,0 |
Hl ubol ky CzZ 22 136 i 18,2 4,6
J2vi® u Pri CZ 18 | T 5,6 T
J2l ov® u cz 43 7,0 23 4,7 4,7
Pustg§ Po cz 237 27,4 0,8 10,1 1,7
Cal afind RO 20 20,0 ) 10,0 T
lonu RO 33 18,2 i 121 3,0
Solca RO 80 11,3 T 3.8 3.8
Sucevi Hi RO 45 8,9 i 133 6,7
TodireHt RO 52 19 i 58 9,6
| nf ek | nduplicatisde nnye zi st §ty vIzmpa®osd nel i
| nf ek | n?2L doplicatdsesmvay goval a od i hu na sever,



12,1N65% v Rumunsku% VviI5P@! sNku@g 146 Le2sKN® 8t &pul
a252N84% ve Gv®dsku (Tab. 11) (Zimov§ et al

MikrosporidieC. typographb y | a nal ezena pouze na t Se
at o v Lesk® republice a Gv®dsku. I nf ekl| n2
et al., 2019).

HI 2stice lyel ystrSaelvddz enrkytuplicatugnrao [2ylmfsi udi j 1
l okal it 8ch. M2ra par%doiléd sumiws t See viné hghb v & Is:

do 10% u hvyvRBRemolcymfnD (Tab. 11) . U obou drut
parazitismu mezieldzegmDmi (witSreape?Ohi05st ht é s
v hemol yeei;p= ®H, 05) (Zi movsg§ et al., 2019).

Prostorov§ aut ok olrauplieattnee biyn fae kv|T rz2n ahmna8d i(n
To naznaluje, ge infekln?2 m§hkhaddmly wmhdpryo g tem
by mbDly sklon ke shlukovg8n2 nebo pravidelr
lbylaiO, 06 (Zi movs§ et al ., 2019) .

Tab. 12St at i sti ky pro anal Tliznd egd o4t digiceavd® nau t
up o p ull dapticatusna2 1 | okal it 8ch v EvropD.

Distance Class Distance Centre Moran's | P
1 452 0,1 0,6
2 3066 0,1 0,7
3 6503 10,2 0,2
4 8778 10,1 0,6
5 1,137.8 0,1 0,7
6 1,510.1 10,1 0,9
7 1,975.8 10,4 0,1

| nf ek | n2L dupliGtily hanamnhN korel owalval gk ouw,a
zemDpisnou ¢g2Skou, rokem, poduv gmchi beant al
patogenTp<fOPlL,Falb.,, 633). Regresn?2 model se vg
vTabh 13 vysvDtl i% vcaerlikaebm | 71 1 ,y2.duplidate k |1 nn2f etkll an@
hladinaL.duplicattn ebyl a vIiznamnh kor ol ©tydgraphj s i nf

parazitismem hl2stic ve stSevhD nebo hemol )
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In f e k lladida L. hduplicati sevT znamnhD zvIigila se zen
nadmoSskou vigkou pai tpvoalntiecnh zd2osskpadiTccTh za | o
studie seigwdlat TamnN18n (Zi movsg§ et al., 201

Tab.13V1 sl edky pr o r egr asmezinfekond2e | bulpahgpidas u j 2 c 2

vpopulladaplicatisa ng§sl eduj 2c2mi promBRnninii: zem
jin); infek | n2 ahCl. ypmbgraphi parazitismuss t S e vIn2 smt; ipataitismus

hl 2 sthemol ynnafddmo Ss k o védgitkyagenT ch g egine®nlT
I.duplicatusa r ok ( datows mp)ibnbfBraul n 2 faktor vari ac
Akai keovo informal n2 WrzintaBrni® np r(oAiNcn)® 5 siol

PromRDnn® VIF t value? P value
Konstanta 31 0,01
ZemNDpgs8EBa 1,1 35 0,01
C. typographi 1,3 1,4 0,18
HI 2 smiintoesnt2Se\ 14 0,8 0,43
HIl 2 svt ihceemo | yr 11 10,8 0,46
Nadmo Ss k& vig 14 38 0,01
Polet jeditrt 11 29 0,02
Rok 1,6 134 0,01

V dml g oku st at i s tzimodel® odsirddenigiezvyl z b » Imp ®
promimins@;ednT mo d @lvariability (v’ &df 90j701Tah 04). \I tomto
modelu byly u vgech promRnnich, s vIijimko
hodnotyp( Zi mov§ et al ., 2019)

Tab.14V1 sl edky modelaps &It efia nz2§KI®pkN pdel t a

infekk n 2  bulLaddidicati vp o p ul laduplicatus( t r ansf or movg8na o0«
koSene Mejclsém@?d . model zahrnoval |tySi pre
(gradient sevéijih), nadmoSsk&8poVvegkaycenlich imag pitva

I. duplicatus r o k ( datjednce.sValdrival n 2 I nf |l &pmr2aveal®to
Akai keovo informaln?2 krit®rium (Al Cc) = 12

PromRnn@®& VIF t value P value

Konstanta 3,9 0,002

ZemNDpiS$kag 10 40 0,002

NadmoSsk§ 1,2 3,7 0,002

Polet jec 10 2,8 0,020

Rok 11 3,9 0,002
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53 HI csat mi krospori di e TrypodérSrerv okaz T rodu

Celkembyloodc hy c eno a 439impgTtline8tumpl71p e d iT..donlesticum
al7d o s p Nlkaeve[Tab. 15 (Wegensteiner et al., 2016)

Pouze u dvou =ze 17T daavabylyzzjoivéatndreih.oniesiti @
Vobou pS2padech se | ekdlitddh Bv aWegdnSeineretal., hl 2 st
2016)

ObdobnhD byl y weondsticane j ji ehdliRmsgjedodh® samce
z lokality Jel e$mikelaty W g vegerstaimei eH.,r Xk a |
2016)

H 2 styyd et e k na8& i lokalitsv T s k yI't liseatumap r TmRr n §
parazitace % y(INKaSES dbd sIpETiMemesfummDpr ok §z8nu n 8§k
Chytridiopsiss p. v buRk&8ch epitelu svesSteled m2omsgtSe
vi voj ov@egarinhaapd(Tah. 15) (Wegensteiner et al., 2016).

Tab.15PSehl ed i nf ekl n2Tcihcatimnad il admtkadgoni§sthT

Chytridiopsis Gregarinasp.

Lokality HIl %ces(%0) sp. (%) (%) Poljeedi
Dubovs§ (CZ i i i 20
Hainfeld/Ramsau (A) T 34 6,9 31
HnDvanov ( 120 I I 17
Horn2 Mar go T | | 208
Hradec nad Mo T | | 1220
Jar o(An T | | 2
Jel eSnia ( 31 i i 161
Kartuzy (PL) T | | 270
Lazec (C2) 4,8 i i 21
Lipusz (PL) 71 T [ 28
Otzn (C2Z) 111 i i 16
Star® Hamry T I I 42
Tichg (CZ; 16,7 i i 12
Whgierska G- | 15 | | 66
Wngierska G-r 8,3 I I 325
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6 Diskuse

6.1 Vliv managementu na antagonistyips typographus

Metdanal T za l.tysograpubiyT a zal ogena nal O%dchjudd B z
VNt gvMinzak umk aj 2 t dypopraptisbyl a provedena v Evr
zomezen?2 v y®b,o0 GealldgttobchybhRly konkr ®t n?2
na studovanlch | okalité8ch. Lze vgak pSedp
smrkT byly pravvgethDl pkavB8d®aly ¥ani ck§8 e

Rychl ® odstranhDnh kitko@gTourtapaaendad er i
pror epr odukci mTge vIr azh BpogaphugWermelngerd, i k o st
2004; Stadel mann et al ., 2013)%s pN@g rdir urha®z s
popul #&pographusv dTsl edku fryagmetnt ades kiDla® i pe
naznal n® vzd8lenosti a hledat nov® | okalit)
mTge m2t za n8sledek transport asociovanl
zpTsobit navl g eablsteghmet intevengea t kotgeern® obrliskou § 2 | a
vi skgauogeon Tm2 sTtaa se pak st8&vaj2 |l okalitami
patogenT a nejvygg??m poltem dr ugorpstechl nf e k|
bezintervencef e pravdhDpodobnhD U&rsdgeVy $Ma tadlk®u tpa dbd
vest romech napadenlch kTJrovcem zTst&vaj2?2 d

2004; Vanicksg et al ., 2016) .

V. omezen® m2Se se tak® mTge vyskytnout
rodi | ovsk® genemZacgemar aca. nRat dgenylpSen ¢

zTst8vaj? neaktivn?2, dokud danl jedinec
nepravdlDpodobn§g, protoge vgechny ekonomi clk
| Tkem (kter® je stewildnu)hTa sleanwvwhi v gi wy
(Wegensteiner, 2004) . U patogenT, kter®
popul ac2ch obecnhD n2zk® procento infikovan

a kryptickl ¢givotn2 gYahusk§§T&bgabut a2 8 mé X

Diverzita a i nf ekll tppdpgraghussedriohoyvl pamé gdén T

porostech s intervenc? a bez intervence z
et al ., 2007, 2015; Luk 8 glotyp8graghtiss e | t pt i2@ 1
nezanedbatel nD mDn?2 i di sperzn? mechani s
synchroni zovs8n s cyklem hostitele, aby se
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ng§sledn® ¢g2Sen2 ( Malebstery 1973;1 Wdgénsteinef, h200d)g &
Mikrosporid e NasefifUnikaryonj sou | asto pSen§8§geny ver:t

vaj2lek a infekce se vyv2j;2 pouze u dospnhl

Horizont &8l n2 pSenos mikrosporidi2 je m
jedincT v podgerkn§j «krdes estek §wealji2n.ciDanlag2 p S
kontaktu mezi samcem a samic?2 ve snubn? k

Weiser et al., 2000). Patogeny jaRotypographi kt er ® se vyv2jej2 po

a kter® neinfillj 2pojuizre® joerdee§nyz p Tnsao b, j a
atohori zont &8l n2m pSenosem peror§ln2ch infe
2004) . Rizi ko infekce Jje s nejvDtg? prav
abiotickT mi faktory z8Serjm®nabdepbkbabiuyn?
podm2nky rovnRg znalnhD ovlivRuj? vhodnost
protoge patogeny | ast ®y Senilrcfthi kaj 20skImBrk

nerpl ok aluiztay Skemnd <thz maldnT ch et Wead e n's t2e0ilnder Van
2016).

GregarinaG. typographj e | ast T m patogenem kTrovcecT
vV p o p ulltwagfapghbisvliv G. typographina popul ace hostitele
Bj Br&asPaohegtte 2003; Takbwozet t JG.aypograpmd h )y T S
sevyvz2ijej? extracelul 8rnD v zag2vac2zm tral
avzni k8 syzygie, ze kter® vytvsg§S2 zygoty u
sest rusem dost8vaj?2 doupPmsbBdddb2 Pos§nel &t
od doby zah8jen2 kladen?2 vaj2]lek ag po %gi
cysty pSij2mg&ny vhodnim hostitelem, aby za
et al ., 2010) G. typogripte & pbapdlaci Ih typagtaphuss e b Dhem
rozmnogovac2ho obdob? nhDkolikr8t®zeygupdi
byl o zji gt BDnoaG.tysographjfee kv yn?g 2h | va duthd ravsd receé 1t

sintervenc?2, cog | etudiemigkeraseldzeé et | s , p 2Oddh o MV2an
et al., 2016).

C. typographibyl jedi nTm patogenem, ktuerT ne
nal okalit8&8ch bez intervence neg s interven

charakteru onemocnlDdhowktceo®u zITad Bjvesn &gpjo?2 R
pouze u dosphDl cT ( We g e n sWegenstezner, 2804; We i s
Wegensteine& We i s er |, 2004, Hol uga et al ., 2009;
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vzni k§ ve slt¥peglaphustivegensBieevd@ al, 1996). Cel T v
cyklus ag do stadia zrallch sp-r prob2h8§
Jakmile spory dozraj?2, mohou zah8jit infesk

doj2t ag kdyg jsou zr al & 8slpc?rcyh )( uuzvaovl Snelhn® v

(Wegensteiner et al., 2010; Vanick§8g et al .

Viry vyskytuj2c?2? se u hmyzu jsou oblig:
speci fickg§g. Jedinld z n 8.mTltypographes cii fitEPY k T Vi
sevyskytujevb u Rk §dahe |l epist Sedn2ho st Seva (Weiser
Wegensteiner &\e i s er 1995) . Infekce I tEPV je ob
mortalitu (Wegensteiner, 2004) . Di skoi dn?2

ai nfekce ni| 2 dtcFevinfegemist @li ndp s gtBPY 0 4 ) . I
vpopul latyfogrdaphusv soul| aimm@ | meea byl a% Wirupr TmRr
sepSeng§g2 bhNhem t rozkaduly o ptoigtea lkeu. al npfoe k| n2 h
naloka i tk8eczh i nt er v e nncce2 nperga vsd NDiprotdeorbwvnd) pr ot o,

asouvisej2c?2 spory nejsou bRDhem sanit8rn?2

Podobn8 situace rMasshw8nkeg it enre® gtr lg@ rii mfyi

t Bsbk Trovce. MKschwéhkemesiu j ednot | i vanibalisdemc h § z 2
nebo pogit2m | §sti zemSel ®ho ,i 2004 kov an:
Luk 8 &dlw § u B04a2). Mortalita |. typographus z p T s o Me scBwenkei
sevyskytuje nejlastDji bNDhem oRdlBaYanpSlkegi mi
et al., 2016)

I nfekln2 hladina nhRkterTch patogenT kT
nz2zgdBokonce nulovsg8 (Luk8govsg & Holuga, 20:
nebyly zjigtRDny rozd2ly infeklberhtendledcadi ny
ud r uMh dhalcographjM. scolyti, N. typograpraU. montanum Ve | mi nzzkg i
hladmmT ge bTt dTsledkem ne¥% inn®ho pSenosu
hustot popul ac?2 ks[atokv&\V[a jp2% qexaynleang @awWli hai hse et
nashne brzy bRhem pwipwdjad . ngP hikEndr O® nov @
vyhTbaj?2 startygmmppogmrik Tsnp@ar §m t Dchto pato

Patogeny u kTrovcT byly studov8§ny t®mDnD.
porozumBt eda mMmozgwnost.i bi ol ogick®ho boj e. \
bi ol ogi ck ®hlol kloajjreo u @m ¢ tsimrsk &Jd.e Ameajlaiszna dop
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managementunanf ek | nBy himalli amut ut o ot 8zku @&bj asni
anallza poskffoumecegipela® poblikac2 hodn
na pSirozdtyograpbug Stneallel a je nutn® dal g2
2016) Kkt er ® kjoanprhn klod/yao ®2 gt BAi¥ odar ost T. Mn o h
sintervenc? ambezDriyntpepsaymoaceedl e sebe neb
nad r u Kdzei ¢t al., 2017).

PSier ®snh @& chi u a nltaa gosxpesnedtu bed®| kat e| nT ch
chodebl. typographus p o | e t proguicerfalnfekkT, mye | i gi | a me z i i n
lokalitou a lokalitou bezinterverce, stejnhD jpkloets emarellingiclh
apomBDr pothelyaa? | min@ven@albez smtervence.

Lze pSedpokl §dat, ¢ge pokud parasitoidi
. typographus p S e mn d.¢typogaphusby bylo ne gat i v n ®demitami v nNn
par aziproedd§ft o4 T v pogerc2ch. Byly zjigtDn
pr odlutypaglaphuss pol et nost2Sgduebi ptedg8tariTazeyv

Thanasimus Vv pr TbNDhu oll®@swmogtostlaa ew obou s k

Vexperimentu | byl a poletnost | arev pest:
smrkoviehlbalbkiat 8¢kervenc2 vygg2 neg na | okali
se na |l okalitnD s i nt 8foweerperimentp d mgsduvsel a | 0 C

sreproduk| n2zm YspBDchem popul ace kTrovce.

V. obou experimentech |je lztgegrapi®snege poryg
ovliivnDna parazl olkahiatbng@e p a sinevedaey.i md ek | n?2
hladinap ar a piatt PganT byl a vel.inmervenciz zlkgf dlelzn 2 hhle
mikrosporidieC. typographj gregarinyG. typographa virultEPVb y | v t ak ® v el mi
bNDhem sl edovan®ho o0bdvw bchwenkeby pduzepo BDj ¢ vipat

korelpolEmamel|l nTch chodeb na m

V. lokalit8ch nTab¥»z&m2 bVANAR i @t NDn vyso
chodeb (50300 nam) , cog o dp G%dmajKiedbyPpv o k Svysdk® y
hustoy napade n? (vLak8Hpdwsga 2017) . Popul al n2
smk ov®ho byly podobn@PNv e osklad d a v8acrh® nT Ad\NbAdPo ba
20152017 Naopak w oce 2014 TPA(Plod okl iKto&8cch rebylos ki a
zj i @ts8NRimd® nl.daypogrdpbu¥®b r . 4) . Nedostat ekPNrozd?2]|
bez nternerce (Pot o k K9 & s iinevercs?(Kity) pr avdRNpodobniD vy
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z podobnosti managementu j enlaipkaodge n ® stromy ji g nebyly
od roku 2015 do konce stud{©br. 4). V1 slteRitkoy szt udnal  ® om2 rdy
vsouladu 12 zkHundt ot ami  zji gthRnT miGNsieocea2F1®6
(2018).

@ 1 800 000
c
@1 600 000
-
C 1 400 000

=1 200 000
>

1 000 000
S

@ 800 000

[—

o
o 600 000

400 000

200 000

20042005200620072008200920102011201220132014201520162017
Rok

Obr. 11 Objem dSeva r8ynchgevn®hron® di sedumd ance
ak Trovcov® d&S®y) ,( bktldr @ Iboyulpo n&sl ednh vy
ng§rodn2zm parku (TANAP).

Rel ati vmai® vygopuwihal n? hustoty % TANAPuU
pravdRDpodobnhD vypl yhtypograplms ysgut e ldmesd tuip,n ®¢
nastromech rovnomRDrnN a ide&lnN | (%aamreoumaa
smr kose®h ok ol &@©be t1l @br.112nasmrkod chl 8ehmen e mT g e
vyskytnout vy.ggRaw?od eveljkeldi malTet pogkozen]
teplTm a suchTm polas2m, kter® zTstaly st
atrakt i v tyfbpragphusng)r oe x p er s me kK b § ®(Fleidci®eea gl.,

2016, Mezei et al., 2017).
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Po¢et odchycenych jedinct I. typographus v lapagich

Obr. 12 Po |l et d o s p NpsTtypdgraphusodd ecnhcyTc enT ch  ve fer c
l apal 2ch v TANAPu: % ceh®ml plhakiut Qbsg | ®nté¢ 0
(|l ern® sd orupcleokal ithD bez intervence (Tich
V. roce 2004 bylo instalov8§no celkem 100 f
sr.0., Slovensko); 50 bylea a | o knterverctal®0 ra lokat D ittervence. Podle

aktm8 ch doporulen2 (Jakug et al., 2015) by
| apal. Lapale byly monitorovsgny kagdl t1T1de
Mal T vlIiiv typu manageme n tl.typographusyTngaemi k u

vyplynout zZ tzRsnn® Iplr2ozk cshtTdnT mi typy manac
mi grovat me z i Z-nami . V e n d e lmypogkaphaish pod .|
pravdDpodobhit enti yerulj rk2 loalit bpeozr os h fferdwence z
nedostatku dostupmékbhi vRodbhospsestdaSmTanTct

et al ., 2016) . Naprot.i tomu v podm2nk8ch
okraje stresov8ny vygg?2 intenzitom8lilsétwumel
| Tkogr owztn]i kau kger adacev®h&ofKauta emr &l ., 2
2012) . KromhD toho nejasn® strategie manag

| egi sl ativn2ch pSek&8gek), rozs8&8hl ® pSedch
2018) pravdBDpodobnnnD pSsahs pgfadage. tgpograpaus T v al ®
veVysoklch Tatkn®clwysakich populaln2ch hust
opat Sen2 new inn§g.
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Konkurence vyppadwal &lcavl zhaegtddo tkyRaliti v Ruj e
aplodnost samic |. typographus (Anderbrant 1988 Anderbrant, 1990
deJong& Grijpma, 1986 Faccoli& Bernardinelli, 2011Hedgren& Schroeder, 2004
Hol &4 & k 8 g o v;8Marini20adl, 72012 Wer mel i nger , 2004) . i
g dwustotal. typographusmT ge ov Il i vnit r e p rloedduukjc2ic 2v gsemwe
(Anderbrant etl., 1985 de Jong& Grijpma, 1986 de Jong& Sabelis, 1988Grodzki,
2004Sal | ® et ahhy wkpddel mntd pera¢Ehmonen etal., 2011).
Al kol i phhWysm&kgla ovlivnit popul &l Tarfeyhitl y na mi k
1994),lzet yt o Yl inky na z8kladhD ter®nn?2c¢h %daj
Grodzki& GNsi eni ca Fronek, 2017).

Kl esajustedty kpgowwleydographusna nf Kk Try a sni gu
seprodukce v dan® studieim jzsmoun wl| edyr amivd en
I. typographus Vy s ok ® p op.typogréaphuxz vhywgautj ¢t konkur enci
sniguj?2 pSeg2vsgn2 (Anderbrant, 199@m. Poku
mohou pSed|asnhD uhynout (idkeostionged& n&abel
smrkov®ho obou pohl avpubkal i {Thalpnhere,dd¥8; 0 ost o
Ogibin, 1973; Botterweg, 1983; Anderbrant et al., 1985; Schlyter & Anderbrant, 1993;

Sal la® .t 2005Nn,agemg sbybdouvkr Epeazentd®Y Xiyo c
vdal g2clobt et 6 h Gamice jsou pakmaneelgrl cah s
chodb&8ch, kter® jsou kratg?2 Of.BhTolkazojd or st ,
ge hust otsan §awlni2w2Rueg] erfee)ki v | @ak (ARderpranh et al.,

1985) . Sehngeygtupuckagd8 samice produkuj e
produkce potomkT je d8le redukov8na ni gg?
(Anderbrant, 1990).

Jedincese kywBpbitgbthkhlstot, jsou yr TmRru meng:
nejgedinci vyvinuti za n2zkl ¢1973)hThaldntotst ( Th a
(1958pr o la&Ki®aM veli kosti samic na pol et nak
nenakl adou hodnhD vaj2fg8dn®Nensoumagakokt di
samic ovlivRuj e geon eerta cneo.v DB ovtztne rkvaeg ¢ c(21 9 8 3)
zvigen® hustoty napovtedmkTo.stL iapiodbys ajhs otuu kpuo L
energie bhDhem | etu ( Ca%% bhampson & Behrgell971) At ki n
azd§ se, ge vyugit2z tuku bBDhem |l etov® akH
udosphDl cT (Gr aham, 1 9 5 & Kennkdy k1980)s , 1966 ; Cho
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Dal g2 faktor, kterT by mohl blt jeovlivn
jejich schopnost produkovat feromony ve f
zdrav® stromy, vel k8 izmad & vmmito w blrTatn ylsscpidg
ve formhRD vironu pryskySice. Z8roveRoje vy¢
Kk usmrcen? stkomWWpureongi vemdei kbearvaeamgea me
sn2git schopnost nov® generace pSekonat

epidemi ck® popul ace (Anderbrant et al ., 1¢

PSegit2 potomstva z8wdasEnhDnapSkust atvdlj a
namNDn2c2 se mnogstv2 host it elltypdglaghiskdgi e vi n |
mal T pol et pol 8§manTch stromT kol oni zov§8n
(Hedgren & Schroeder, 2004) . bé&zehedwnatyyr end
intervence(Tab.5,0br . 6). Jedinim parametrebyl viraz
pomBbDr pObhl aw?d , (tj. pomBbDr mezi sami cemi a
sintervené n e ¢ bez i ntervence. Pravd®&pondsastbh D
gekr 8§tkodob®mTheti zprntawdmMmpodobnost avisky't

managementem (nap$S. odstranhDn2m Latie@yj2 c2? c
prostorovou konektivitumepi Se mno § 8e¢ thl et al ., 2015). Sn
vgak odstranhDn2 pogkozenlTch stromT na | ok
|l arv8l n2 konkurenci, a t2m LnypagephysBytod!| ou g i

zjigtNno m®nN mafkTnychatbodélmenasamic na

sintevenc?2 neg na |l okalithD bez intervence.

ObecmPesdppkf8§diEnt ervence Yl i nhPr mecBsSt :

Podle Hughes& Dr ever (2001) m8 i ntervence mal T
Devisl edkT Romme et al r zppf@stuOnéa)s t @ad $ t rgarnalXna
KTro%pmToul | et al . (2017) porovns8val. mo
vporostechs nt ervenc2 a bez i nt managemeke.r oVicg ! ¢ ak
ne¥llivokol 2 porostT bez i ntervence. VIiwv

zporostT bez i ntiertvwamngeakd®ol yp oz oislt A0EINny ( G
Mezei et al., 2017).

Larvy pestr oRhamasinuf s0lkT droond tmant n2 mi pr e
p ol e tobou pokusechdosahoval 107 | @odilmeeT vm&Ech p |
vexperimentd pSes§hl 29 Tojjeevdsouladulp Sread cthoz2 mi v s
ohustothD preduj?2c?2ch broukT v Tatr8ch (Tyl
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(Mazur et al., 1996:; HilszczaGkilevlav.,
typu managementu na hwketsorwkpoedun2cpciby
hojnhRj g2 v experiimetnemnuvdncrra nlecgk ana til8eka lsi
pravdRDpodobnhD pr2oteySge®upBaeadn®spRujosty (
1993; Warzee et al ., 2006; HilszczaGki et

Pol et prSe&d&t odrvTouk S2dl Tokz mee2 poldy Do wdal €
nam> Vv obou experimentech. Z8stupci | el ed?2
hl avn?2 b tyeodr&phus(Wermdinger, 2002; Hedgren & Schroeder, 2004).
Hustoty tRDchto pred8torT jsou obvykle vyg:
dokonce tis2?¢®i ppdineT mah. m 1997; Hedgren
polet zm2nDnTch predgvDrMitv ¢$REoelsn adti d, |
dg§vat pSednost stoj2cimmkevtroimTm§ $Semcil ery
Medetersj sou pSi |l §k&ni ke sv® potravhD smRs2 t
(Hulcr et al ., 200 %9myalJaep 8pkryo ks8ez 8l niog,2 ¢se oshtlc
a rychl ost uvol Rov §n2 alt 20kp 8admcehroddieteesk (K a |
obvykle k|l adbdwm2vdij8sitka kvnene stromu ( Wer mel
a instal aser pbowigs hed ahSeggdaporc2 m stromu a
pred8tora tak mohlaabli 2004yvnNDda (6dyem
(instalaces mr kov T c)h wd S@iztT§ v t ®t cposcedidn2 mobl
pred8torT z S8du Diptera.

V pSedlogen®o st upli édSttopP| & Thanaddriupt er a
zvigila od roku 2015 do renkuume20tk® »nHe@jI
pred8torT na zvligenou populaln2 hustotu |1
1997; Wermelinger, 2002; Wermelinger, 20t hr oeder , 2007; Hol ug
2017).

Aby byly hodnoty parazitismu u kKkTrovcT
odkornPBDn2m napaden®ho strdrmau,vapnoz racvagnimi
kukel nebo kokonT. BoyH wg ed al joajtemmid khoat i Kk me
at akov®m hodnocen? (naps§s. Schro°oder , 1974,
studii pohybovala od 0 do 3. Tok or esponduje s dS2ve publ
zregionT s pB6ems§fHikbongirouta IFImnkow®Haoaswovlir
obdob2ch na Gumavh (Holuga & Lubk$$némsg, 201
u kr 8§t k p&emh o(l eok)2 a pohybovala ser o z me z 2 30 ag
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udl ouhopd8bmnbgend® | et) (Holuga & LukS§8govs,
rAnTch studi? je vgak obt2¢gn®, protoge nh
z| ap8kT (Feicht, 2006) nebo | apal T (Wer mel

Parazitoidi n e o Biptypoegkaghas] 2a | nkuot| ni N ehkut sot poatr a
nahustothD kFdévqdBea§er, 1966 ; Beaver, 1967
korel ovsgn S p plotgeemOerk 9.j(¥jlienk cha pS2padech

parazitismus | arev kTrovcT obvykle az8vislT
1994; Lozano et al., 1996 Lozano etal., 199 ) . Al kol i parazitoidi
numeri ckou hadpotONkdaovcecT, Y%l i neKlomg[ge bl
zan8§sl edek, e vztah je inverimBDekfntshil an

parazitismupope kv yeskiy tpwjl2t uagk TrovecT ( Reeve,
Wer mel i nger, 2004; Schroeder, 2007; Hol u
geumeri ck® odpovDdi nemus?2 pozitivnh k o
Parazitismusdblbdemovipakampeiy] ougSka kTry
dr uhu parazitoidT a alternativn? zdr o]

(Hougardy& Gr ®goi re, 2003; Wegensteiner et al .,

Al kol i na prvn? pohled byl parazitismu
vev Dt gti nMa lleokal it 8ch s intervenc? vygg? ne
statisticlkoprvi ®@hammMiez@l8 se tedyRsmge&kobww di
vi SemzyativnhD ovlivRdvypdgsaphusant eepkce mérr o
nepS&twelaizdpowi cz et al., 2012; Wermelinge
zjigtNDn2zm bylo zjigthNDno, ¢ge k8cen?2 napaden
dopadnp Si rozen® popul ace nepS8tel (Feicht, 2

PSedpok|l §t@ng8 hyba, ge hl adi porosteghat oger
bezi nt ervence neg s intervenc? (Vanicksg et
patogenT byly vel mi n2zk® bez ohledu na |
mTge bTt v Tatr gch abti®edm It hmd Xxlo§ 8 ( et al .,
C.typographj virus ItEPV a eugregarinds. typographij sou nej | ast Dj i V)
sepatogenyy T kogrout aa gmrjkacw®honfekl n2 hladina s
(Weiser et al., 2000; Weiser, 200®egensteiner, 2004; Takov et al., 2010).

| nfekce patogeny kTrovcT,preovedaeu jk |riyxdh

mezi jedinci je pomalTl, a tud2g je nepravc
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popul aln2 dynami ku kTp®ercs§gejSpop e dpeavtge?gne n
l. typographuy r 8 mci jednoho pogerku, takge infek
KTrovcT je m8lo pravdDpodobn8 (Wegenstein
hl adiny patogenT na ponemwksu2 glrlatd ascceh P rzyk @y

koncem gradace.

NeogregarinaM. schwenkeibyla ve v zkumu v Tatr §ch nej |
patogenIn f e k | n2zddplozditnanD korelovala s 2polten
zSejmhN proto, ag@aogenumf ¢gtefl nd& v thil mpidma | n 2 hust
l. typographugf Wegensteiner & Wei serM schiwerkeéinT gldol u g :
znemogRovat |dtysogdphus DPmpust it poger ek ( We |
Hol &8g¢ak8govs§, 2017) a tento patosthbeoulkng t e

p$iSerojovsegn2z a zvigit mortalitu bhRhem pSe

Al koli se infekln2 hl adipmoy omdlalt Isok §lt
il esn2ch porostech bez intervence (Wer mel
Wegenste ner et al ., 2015; Luk8govsg et al ., 2
vliv intervence na nf ek | n?2 hl adiny patogenT, jeliko
druhov® spektrum i infekl|ln?2 hladiny patoge

6.2 Mikrosporidie Larssoniela duplicatiu Ips duplicatus

V dal gzm studiu byl srovng8vsgn viskyt dr ul
L.duplicativ 8§ zanT na | Tko@pTowvda?2sdyv @bd bbBadtrs,c\n  r 0 z
kde jeho pSemnogen?rnbly Inoe dz8wzmoasntevn Einio tpy Imn
zaj2mav® vIisl edlkdguplicatin f peckp thldwplibdtussei v T znamnh
sniefpseziemNDpi snim gradi phham ad naepakiu vkznoe
sezvyguj2c?2 se admo3LRI®u wi gkou

V oblastech, kde jé. duplicatusp Tvodn?2 , byl a L. duplicagéi k | n 2 i

vysok8 a do%ahVvvablaa atgje 8, k de Iddapjcatos k nov
se i nfekln? hl adina pé&t ddHenwgpokRryba@gdal a 2K

zjigtnDns I nf ek] n?2 %1 adiinmaf et 6 ® & h ohvdadghai miy 9 ,
st udo Vokalitivyhg g2 %me¢coX0 je v souladu s pSedec
etal . , 2006 ; Hol uga &eHol allga, 20A38B;) . LPk®Fd\0

i nf ekl m2d adin anal yz ocowah ®dypor dpsat t oor goevnl um nuesbpyol
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studovanTch l okal it (tj . | ok al iod nebylg VYysSo

nahl oulen®). Platilo to i pSesto, ¢ge nhDkt
senachy§zvelbl 2zkosti smrkowlichh poumtsdarn a ysouw
chorobami. V. takto stresovanich |l es2ch S

vevygg2ch popul al nRocrho shesctho tnSecsht ré&esipyhkaa,l ¢ h
2002; Holugla. e@beaclnn 12201052 ci, ¢ge prokgza
anadmoSsk® vIigky souvipdpslagdghmnpobt edij
severn?z Evropy a v oblastech s dlouhodob
spol etnDj g2 mi vpdpujlsaccee m$ t kkadiaryoB v ypak2asit D e k [
hl adiny patogenT ZiLmndkvwg oevt§ elt. ,al20 1 2)0.13;

Na z8kl adhR t NDc htloduplidatmTejoek Tovsi & vand §, i ev a
|. duplicatus Pr avdRpodobnT m dTv aate.muplicatibd ot oy & u
fitness infikovanT chohinmasgg kaa vy nsoer g 2vS2t vpooSre

KromnD v slipicatiby! u | Tkogrouta sewersk®
M.schwenkeia dal ¢ 2 i pprazitiktgSefnsyo u 2iz n 8 ml T ko ¢kroovthao . s
Obdobntetkale®@ce vIiskytu pSirozenTch nepS§t
voblastech o v brmiskemv T skytu neg v oblm$Sdmmrdgen 2dmic
(v2celmed RMHbOLKEHW)VRkug e popul al n?2 2tzks8t ot a
nebo pokud je kontakt mezi | edi nporbsteeh poger
S intervenc?2, pravdRDpog@ddbnostj pSeadguzaahn
infek| agRktlardlimh bNgnTch paZogenF20eBo il ga

| nf ek | n?2L dbplicatdse ;ygy oval a s poltem anal yz
zi ednot | i vA&rho vipoBkmaldm2t .se z mRDnami vV hustotrtr
(Weiser et al., 2006; Holuga &Holadga, 2200173
codg naznaluje, ge pSenoschpei poratv8iDpodeBHah
2009), jako je tomu u dukk200tGdenztetal, R0A7A).c h mi
Doposud nen?2 jasn®, anpl¥loa zbvyy gsoev aitn feel kplln|2t ehni
imag|l. duplicatus V pS2padh horizont&8lnhND pSang§gen]
bNDhem reprodukbbemdrk@roencgrdce zdvojn8sob
(Luk 8grboviSuga, 2011). V p&helda vongzenm @ ma kvtT ozrkeunm u:
sn2lzki i nf ek| n2duglicatiul d d ikrodmio u dobha, p® ktercei bylak ® h o
obl ast napadena (tZimmov retheanl KJr2d20r @)
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Ips duplicatusm8 bw r e 81 n 2 ¢she vlieersrt2cnn RPaol sku pouze
rolnnD (Pfeffer, SilOrsmpi;nskdhnal A=x5) ,& al e m8§
vest Se dn2GroEzkir16go l(uga et al ., 2003; Hol uga
pSemnaduplindiuss e vyskytuj?2 jen sporadicky ve
(Grodzki, 2002,Grodzki, 2003; Holga et al . , 2010; Vakul a et
2013),infek n 2 hl. duplidatibay | a ve st 8vapadmoSsuodui v
To by mohlo blTt vysvRDtleno vztahem mezi z
ti.l2m v2ce jihoviilcmBbdo?2 ek zkokali nfek]| n?2 h |
nadmo$9d &Mwi movsg et al., 2019).

Byl o d8le zji gt lh.ouplicgtice ei mfeé klgmd ahIimadii n
l.duplicatusnebo mezi studovanimi pGedasbome micagi,]
olL. duplicati a t T k§ sepatoogenTJdal( wWéegbnsteiner
Luk8&dlwg ugazZzi 2618;et al ., 2019).

Neviznamn® vztahy byl youjdupfcatiBomyt anezd mi r

promRnni mi ; i @.ftypdglaphRpardzitismdsi nsat Sev nhk hsthil@ s
vhemol ymf nN. CHbtypographi¢s ol nej | ast NDji uv 8dDnDn
l. duplicatus( Hol uga et al ., 2009; Luk8govs§8 & Hol

Infek n2 hC. &ypographj e | ast o vel mal, 2000 z\k ®t OHEIt wga
byla nalezen&. typographpouze hakb&edBdr k| n2 hlggdi na L
ne ., 3 cog naQ tymdraphper,avgdeDpodobnN neovl i vRuj e
[. duplicatus Parazitick® hl 2syislcdaplicatus ouv ytsBgn |
sevev 2 c e nN®g padderc2chTekhKE8booF & Mi t uch,
Tenk 8& Mivt8uc h, 1987; Tenk &SrauxcnaoMmMgt ec h ,al 1
Stejnh | aR typographS22psatdilic e neov!l i wRawlkdtiy i nf e
(Zi movsg§ et al., 2019).

6.3 HIl fcsat mi kr ospor i di e Trypodérfirenv ok az T r odu

Specializace ambrosiovich broukT umogRuj e
adruhy taknejsouomezgnn a ol T kde dochg§z2 ki nimig2okgarkiu
(Lindgren & Raffa, 2013)Trypodendrons p p . pat S2 mezi ambr osi c

jednotlivg vivojovg stadia v pogerc2ch se
odumSel ® stromy, do kterTch na sv®m tDNnDIe
larvy i dcenS®@ dosphl ce (Borden, 1988) . Hust ot
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z§vrtovli chio sdti w e fineaummTpdSe dosahoz 8vrt ®@mND8 h ¢
ot voapT/lomhy hostitelsk®ho stromu (Bor kowsk

Rod Trypodendronzahrnuje 14 din T ( Robi deau et al ., 2
vel i kost 2 pogkozen?2, kter® zpTsobuj?2 host
aspektrem hostitelT. E k o Ti. dimatumkbyd g n Bj wlazpraare
jehl il nat ® pT danssticunse olvgktep g Kk yt uj e v | i stna
(Salom & McLean, 1990; Petercord, 2006; Humble, 2009). Zhot o dTvodu
pSekvapuj2c?2, Tdireatum é®hoj sDudim ayhej bNggnnj
n§sl e daenestiduaT.laeveVd S2 vNj gTF.laavepld 0 alhylvEn za | e
viznamn®ho gkTdce ve stSedn2? Evroph (Hol
prol esni ct vaodgsmstivghkedem k jeho hojnosti p
lokalt,opom2jen. Z prakti ck®ho Thliiheatdras.keve se ne
jelikog bi onomi e, pogkozen? a kontrol a
(Bussler& Schmidt2008 Luk8govy3 et al., 2012

U jinTlkhr oroad,u dSeVrypédendrdrs e omeahou jedno

vivojovg stadia hpowybweodénlvc hporgoedicl2av skl m

vpogerc2ch vytvoSenTch sousedn?2 mi rodi nam
propojit. Tento fakt wusnadRuje horizont §l
prostSednictv2m infikolvak®hioz otvrans®u v(epr ot ¢

C.typographi a G.typograph) p o uhynut 2 hostitele (pro
vt ukov®m t DM.schveenkegij akof p&| n2 hl adina tRDcht
popul aln?2 hustotou kTrovcNa (MWegaenlsted nteldc H
kTrovcT se pogefrgppdendrBre v §k amMNDr adpr opoj uj 2
stadia se givdvhobbpmjepotech.d®&wdmT e rnilt |
hl 2snbDkeenvich | okalit8ch doymiinnafnetkn tn@t ohpl aarde
studii velmi n2zk® veps6Govao®ahows |&kHGF o¢
Grucmanovs§ et al., 2014, 2016) .

N2zk8 m2ra parazitismu dokumentovan§ v
mo n o g Brypodéndrorspp. Samiceinicij 2 n § 1 ejte can p8 S amee m\. P
samec zTst8v8 v pogerku se samic?2 a pom8hs§s
v pogerku je v tRDsn®m kont akpgal ppame? ¢ledeé&mn

jako je Ips spp., samec iniciuje oasz e n 2 stromu, obvykle vyhl
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asp§$hhNkelika samicemi (Raffa et al., 201
ag2 Sen? infekce v populaci (Luk&8govsg§ & Hol

N a studijn2ch | okal it 8ch byl 'y kny,o mD  h
ato Chytridiopsissp. ahromadinkaGregarinasp, kser®DgnhD vyskyt uj 2
z8stupcT podleledi Scolytinae a jejich inf
et al ., 2007; Hol uga ecC. typographis € 0WYYSs k yltalkkjoer
umnoha druhT kTrovcT (Haidler, 1998; H2 n
patogenem ve stjSehll | Qady chTdewdT (Wegenst
hladinyG. typographis e vel msoli pfroa®ddli vikok alt et atil mi
dr uhy (Hol uga et al ., 20009; Wegensteine
amor fol ogick8 data v t®to studid.i nebyl a al

pouze jakdChytridiopsissp. aGregarinasp.
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7 Z28v0Dr a doporulen?2 pro praxi

Typ intavenceM esn2ch porostech byl dVvbzhahob®hp
faktorT vyv2jej2c2?2 tlak mda, pamgal gcee vlel kson
porostech intervence, ndT e adb pe@dphus vI i vn
Druhy patkotgeern€f se vyskytuj2 zS2dka a s n2
zTstat ve starlalnibskecpogiapbus Weetdam2adi ze dat
opatogenech byl o tiendfye kpl Snead ptiol ka eSi do§yntoa, pdaet o g
pravdhDpodmd niNo khaelgigtd &hctcher vence nedg na | okal |
hostitel ® a |jejprostfatdgenystiaBov &ni pos
napadenT @td6?2gtmckim srovng8§n2m jednotl i vl
bNgnT ch speatsokgwetne]l nN vyskytuje ve vygg2ch i
bez |l esnick®ho management u. Cltgdgraphp uk tvvé& j § ml
byla zjigthRDna jako b®gnihD¢gEmdmahagaméonkaeaini

V. navazuj2c2mbyko®pontmrsaséndj uge typ in
par c FTANAPaTPNvT znamnhD neov! i vhtypbgraphug mif @ kh Hh 2 h L
hladinyp ar azi ti smu, i nfek]| ni hPlSaeditmyy ep at§osgen Tn
polet | ar @vanagimuge d f ®xreh2 nepS&§tel ® mNIi ma
napot | plSemh&Jenm# cT. Podobn® visledky byly
Nap S2 kdll aodu h v d o b ®orslaitnebyla ivelikost populace typographus
regul ov8na parazilitkoliadnyd n& b®©h rpjrsetdi%a m§eyrz j(i 9
naznalzgj2m®ndag en2 i ntraspemiefdi cpkSB rkogremet ince
vVyva@pbekl es p.aypographuss tM2 ra zhorgen?2 kvality
mortalitn? faktor pr o kTrovce a jejich |
(Wermelinger eal., 2013).

Obdob®v T sl edky byly dosageny i anallzou
L.duplicatikt er 8§ j e s pehoseil koK Bewtea sigke@poc & vad Dp o do
pouze crhpatogeencsinl ni m& | nnrm \loistéemel skjh®n g ed
vobl asti pTvodn2ho rozg2Sen2 hostitele. PS
negabivVnR@nit |l etovou schopnost pionTrsklict
novich hostitelwkasd 6cnbhbmlik al eatt)®t e i |
mikrosporidieviov ® popul aci zvyguje a rozd?2ly jJsoc
L. duplicat v populaél. duplicatusk | e s § se z e miSpilreenduy @d Skiolug c
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Abstract

Forest management greatly affects the population density of the European spruce bark beetle, Ips typographus. In this study, a meta-a-
nalysis was used to determine whether infection levels of pathogens of . typographus differ between managed and unmanaged spruce
stands. Theanalysis used data from 10 publications and a total of 61 locations, The results indicated thatinfection levels of the most com-
mon pathogens (ItEPV, Gregarina typographi, and Mattesia schwenker) are higher in unmanaged than in managed locations. The only
exception is the microsporidium Chytridiopsis typographi, which is more common in managed than in unmanaged locations. Our meta

-analysis indicates that pathogen levels are generally higher in unmanaged than in managed locations.
Keywords: pathogen infection levels; management; microsporidia; gregarines; tEPV

Editor: Tomas Hldsny

1. Introduction

Intensive forest management, which involves sanitation
felling and logging, dramatically reduces the amount and
diversity of woody debris; such debris is crucial for forest
nutrientcycling and for the biodiversity of forest ecosystems
(Harmon et al. 1986; Bobiec 2002; Jacobs et al. 2007; Lan-
gor et al. 2008; Londsdale et al. 2008; Brunet et al. 2010).
The loss of this debris and the subsequent loss of biodiver-
sity undoubtedly alter ecosystem functioning (Fischer etal.
2010).In many forest regions, the quantity of deadwood isan
order of magnitude smaller inmanaged than inunmanaged
locations. The loss of deadwood at managed locations also
affects thousands of saproxylic species (Seibold etal. 2015).
Saproxylic beetles, including the spruce bark beetle Ips
typographus (Linnaeus, 1758), do not occur randomly in
forest stands but choose their host trees based on volatile
substances secreted by the treesand by beetle preference for
host height (Gossneret al. 2013a, 2013b). The extent of a
bark beetle outbreak is determined by a wide range of fac-
tors including beetle movement. Unmanaged and managed
areas of spruce stands are very frequently located adjacent
to ¢ach other, and there is seldom a clear boundary or suf-
ficiently large distance that would preventbark beetles from
flying between the areas (Grodzki et al. 2006). The migra-
tion potentialof 1. fypographus is substantial; individuals can
fly several kilometres (Botterweg 1982; Forsse & Solbreck
1985; Otto & Schreiber 2001), and I. typographus has been
captured in pheromone traps located considerable distances
from the nearest spruce stand (Duellietal. 1986).
Pathogens are closely tied to their hosts, and thus man-
agement interventions that affect their hosts can also influ-

*Corresponding author. Hana Vanickd, e-mail: vanicka@fld.czu.cz

ence the pathogens. Removal of bark beetle-infested trees,
forexample, will remove both bark beetles and their patho-
gens but could increa se the release of pathogen spores from
living beetles or from their remains. The speciescomposition
and infection level of pathogens in bark beetle populations
differ not only between locations but also between years in
the same location (Wegensteiner et al. 2014). The require-
ments for pathogen reproduction and the effects of patho-
gens on their hosts are poorly known for essentially all 10
pathogen speciesofl, typographusin Europe (Wegensteiner
2004; Lukasova & Holusa 2012; Wegensteiner etal. 2015).
In thecaseof microbial insect diseases, thepathogens invade
and multiply in insects and spread to infect other individu-
als (Wegensteiner 2004), but the pathogens lack the ability
to actively move and actively seek hosts, Pathogens of bark
beetles spread horizontally when healthy beetles contact and
ingestspores associatedwith an infectedbeetle orwhen they
contact and ingest spores carried by a vector (a non-host
organism). For some pathogens, transmission can be verti-
cal, i.e., the pathogen can be transferred fromthe parentsto
the offspring (Wegensteiner 2004).

Inunmanaged areas, very large populations of bark bee-
tles often develop but then collapse, and researches have
inferred that the collapse results from combinations of abi-
otic factors and natural enemies (Grodzkiet al. 2006). This
inference, however, has not been sufficiently supported by
data and especially by data collected over long-term study.

In this research, we conducted a meta-analysis of the pub-
lished literature to determine whether the infection levels in
I. typographus populations are higher in unmanaged areas
than in managed areas of forests.
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2. Materials and methods

Scientific articles on pathogens of I. typographus were
obtained by searching the Web of Science, Scopus, Google
Scholar, and regional journals. The search, which included
papers published before 25 August 2016, was performed
using the keywords “Ips typographus™, “management”,
“pathogen”, and their combinations. Information on alti-
tude, type of forest management, species spectrum of
pathogens, and infection levels was then extracted fromthe
published manuscripts.

Data that were collected without reference to manage-
ment type were excluded fromthe analyses. If certain infor-
mation such as altitude was omitted in a source document,
such information was obtained based on location names and
GPScoordinates (Appendix 1). Local pathogen infection lev-
elsincluded in the analyses were always based on individual
samples.

In an initial analysis, 219 manuscripts from the Scopus
database and 183 from the Web of Science database were
considered. After articles that lacked information on type of
management at the study locations (managed vs. unman-
aged) were discarded, we acquired and analysed data from
the following 10 publications: Haidler et al. 2003; Héndel et
al. 2003; Wegensteineretal. 2007, 2014, 2015; Holu3a et al.
2009; Kereselidzeetal. 2010; Lukasovaetal. 2012, 2013; and
Lukasova& Holuga 2015 (Table 1). Onlydata concerning liv-
ing adult beetles fromwind-thrown trees, horizontally lying
trap trees, pheromone traps, trap logs, and standing trees
were included in the analysis. Managed areas represented
commercial forest stands where intensive and regular sani-
tation felling of trees infested by bark beetles was applied.
Unmanaged areas were those without sanitation cutting,
harvesting, or other bark beetle preventive measures. In
one unmanaged arca, spruce trees infested by bark beetles
(presence ofentry holes, boring dust, resin on the bark) were
selected and felled as part of aresearch effort (Lukasovaetal.
2012). Unmanaged areas were commonly in locationswith
astrict level of nature conservation, e.g., national parks and
nature reserves.

The following pathogens were excluded from the analy-
ses because of the small numbers of locations, low infec-
tion levels, and small numbers of references: the protozoan
Malamoeba scolyti (Purrini, 1980), the neogregarine Men-
zbiera chalcographi (Weiser, 1955), and the microsporidia
Nosema typographi (Weiser, 1955) and Unikaryon monta-
num (Weiser, Wegensteiner, Zizka, 1998). Because we lim-

ited our analysis to those pathogens with higher frequencies
of occurrence, our analysis included only four species: the
microsporidium Chytridiopsis typographi, the gregarine
Gregarina typographi, the virus tEPV, and the neogregarine
Mattesia schwenkei. If a given study constituted multi-year
research, average infection levels per location were calcu-
lated.

Becauseof alack of normality in the data (as determined
by the Shapiro-Wilk test), non-parametric tests (Kruskal-
Wallis test) of pathogen infection levels were performed in
the STATISTICA 12 program. We used these tests to deter-
mine whether pathogen infection levelsin I. typographus
differed between managed and unmanaged spruce stands.

3. Results

The 10 publications that were included in the meta-analysis
contained data from 45 managed locations and 16 unman-
aged locations. For each of the four pathogens, a total of at
least 20,000 I. typographus specimens (adult beetles) had
been dissected (Table 1).

Atunmanaged locations, infections were most frequent
forthe gregarine G. typographi (Shapiro-Wilk test: W=0.54,
p<0.0001; Kruskal-Wallis test: H (1;64) =875, p<0.01;
Fig. 1). The average G. typographi infection level (£ SD)
across all unmanaged locations was 13.7 + 17.0%. At man-
agedlocations, C. typographi was dominant ( Shapiro-Wilk
test: W= 0.55, p < 0.0001; Kruskal-Wallis test: H (1;63) =
5.64, p <0.01; Fig. 1). The average C. typographi infection
level(+ SD) across all managed locations was 14.5+21.9%.

The infection level averaged across all locations was 2.7
+5.4% for tEPV and 0.9 +5.3% for M. schwenkei. For both
of these pathogens, infection levels were higher in unman-
aged than in managed locations: [tEPV — Shapiro-Wilk test:
W=0.53, p<0.0001; Kruskal-Wallis test: H (1;51)=5.71,
p=0.01 (Fig. 1); and M. schwenkei — Shapiro-Wilk test:
W=0.49, p<0.0001; Kruskal-Wallis test: H (1;40)=7.98,
p<0.01 (Fig. 1).

Asnoted earlier, some pathogens were excluded from the
statistical analysis because of insufficient data, i.e., forestry
management type was unspecified or the numbers of non-
zero values were insufficient to support statistical evalua-
tion. Among these other pathogens, the average infection
level across all locations was 0.2 + 0.5% for Nosema typo-
graphi, 1.8 + 3.6% for Unikaryon montanum, 0.1+ 0.1%
for Malamoeba scolyti, and 0.001 + 0.001% for Menzbiera

Table 1. Background information on the pathogens of Ips typographus, the number of analysed locations, and data sources included in

the meta-analysis,

Pathogen MNumber of locations Altitude

Managed Unmanaged =600 — =00 Total number of beetles dissected Datasources
gg?m&wmmn 1994) # 12 % B 25,366 1,2,5,6,7,9,10
gr;s::rn:};ﬂsmphr 48 16 35 2 30,854 1,2,3,457,8910
Fﬁhﬁﬁ%ﬁbﬁﬁm} i 17 u » 30,680 1,2,3,4,6,7,8,9,10
gf::? :c‘:r;nmkr i 8 20 0 20,952 2,6,9,10

"Haidler et 3l 2003, *Héindd et al. 2003, * Holuda efal. X049, * Kereselidoe etal XM{, *Luki fové & Holuda 2015, *Lukifovi eral. X132, " Lulkidowd etal. X113, *Wegensieiner etal. 3107, *Wegensieiner etal.

H14, " Wegenstaner etal. 2015; N= number of dissected beetles.
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Fig. 1. Percentage of Ips typographus adults infected by four pathogens in managed vs. unmanaged locations. (A) Gregarina
typographi, (B) Chytridiopsis typographi, (C) Entomopoxvirus typographi, or (D) Mattesia schwenkei. Box plots show median plus
25-75% quartiles. The upperand lower whiskers mark the non-outlier range. Circles show outliers, and stars indicate extreme values.

chalcographi. Regarding the frequencyof occurrence of these
otherpathogens at the 45 managed locations, the frequency
was highest for U, montanum (32 locations) and was low-
est for M. chalcographi (4 locations). Among the 16 unman-
aged locations, the frequency was highest for N. typographi
(8 locations) and lowest for M. chalcographi (0 locations)
(Table 2).

4. Discussion

The meta-analysis of I. typographus pathogens reported
here was based on data from 61 locations in 10 studies.
Most studies conceming [. fypographus have been done in
Europe, where forests are commonly managed to suppress
1. typographus outbreaks. One limitation in our analysis is
that specific information on the nature of the management
at managed locations was often lacking. [t is reasonable to
assume, however, that logging and removal of the infested

spruces were regularly conducted at all managed locations.

The rapid removal of bark beetle-infested wood and of
material suitable for reproduction can considerably reduce
the local abundance of I. typographus during outbreaks
(Wermelinger 2004; Stadelmann et al. 2013). On the other
hand, deterioration of conditions for successful development
of 1. typographus populations resulting from landscape frag-
mentation in managed areas causes pioneering beetles to fly
substantial distances and seek new locations (Valeria et al.
2016). This movement of beetles can resultin the transport
of associated pathogens to new areas and can also support
increases in pathogen numbers inunmanaged areas, which
serveas disease reservoirs and places with highest pathogen
infection rates and species spectra. The infection levels of
most pathogens in unmanaged stands are probably main-
tained over the long term, in part because spores in beetle-
infested trees remain viable for long periods (Wegensteiner
2004).

Table 2. Background information on four pathogens of Ips typegraphus that were not included in the meta-analysis.

Numberof locations Aitude
Pathogen Managed Unmanaged =) — =plil Total numbero fheetles dissected Diata sources
F.;:l:moerm 9‘;:):@ " 4 6 7 17,193 LY
Riq;&n:};ﬁ;kusmpﬁﬁ 4 0 4 0 1,368 3
:;:r: ;:;rsc;ig)mphr' 18 8 12 14 21,821 23,579
(Nt Wegnasioe 2tk 198 2 ! v 2 o kil

! Haidler etal. 2003, *Hindeletal. 2003, *Holudaetal. 2009, “Kereselidzeetal. 2000, *Lukisova & Holuda 2015, *LukiSovietal. 2012, " Lukasova etal. 2013, *Wepensteiner etal
2007, Wegensteiner et al, 2004, "We gensteiner etal, 20 15; N =numberof dissected beetles,
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Vertical pathogen transmission (trans ovum or in the
course of maturation feeding) from beetles of the parental
generation to beetles of the filial generation can also occur
toalimited degree. Pathogens transmitted to eggs evidently
remain unapparent until thebeetles matureinto adults, Nat-
ural infection of beetle larvae is unlikely because all of the
economically important bark beetle species normally feed
inphloem (which s sterile), and larvae of most of these spe-
cies avoid contact with each other (Wegen steiner 2004). For
pathogens thatdo spread vertically, a generally low percent-
age ofinfected individuals persists in local populations, espe-
cially considering the isolated life cycle of I typographus.

The diversity and infection levels of I. typographus
pathogens can vary considerably in managed and unman-
aged forest stands (Wermelinger 2004; Wegensteiner et al.
2007, 2015; Lukasova et al. 2012). Dispersal mechanisms
alsodiffer considerably among pathogens of 1. typographus.
The pathogen developmentcycleis frequently synchronized
tothat of the host to ensure the pathogen's successful infec-
tion and subsequent distribution (Massey 1956; Thong &
Webster 1973; Wegensteiner 2004). Microsporidian spe-
ciesinthe genera Nosemaand Unikaryon are often vertically
transmitted via eggs, and infection develops only in adults
(Weiser et al. 2000). Horizontal transfer of microsporid-
ians is possible during the maturation feeding of adults in
the galleries, where adults encounter other adults; a second
opportunity occurs during contact between the male and
female in the primary mating gallery (Zizka et al. 1996,
1997, 1998; Weiser et al. 2000). Pathogens like Chytridi-
opsis typographi that develop only in the gut wall and that
donot infect other organs have only one way to invade the
host: horizontal transmission by peroral infection (Weiseret
al. 2000; Wegensteiner 2004). The risk of infection is most
probablyinfluenced byother, primarilyabiotic factorsand in
particular by temperature, UV radiation, or relative humid-
ity. These conditions also greatly influence the suitability
of trap trees and fallen trees for pathogen infection in that
pathogens more frequently infect bark beetles in open and
sun-exposed areas than in closed, shaded areas (Wegen-
steineretal. 2014).

The gregarine G. typographi is a frequent pathogen of
bark beetles and regularly occurs with other pathogens in
1. typographus populations; the effect of G. typographion I.
typographus populations is disputed (Bjornson & Schiitte
2003; Takov et al. 2011). Trophozoites and gamonts of G.
typographi develop extracellularly in the digestive tract of
their hosts, where the gamonts undergo syzygy and form
zygotes enclosed in thick-walled gamont cysts that are
excreted into the environment. After a relatively long matu-
ration period (lasting atleast from the time of parental gallery
initiation to the maturation feeding of the offspring genera-
tion, i.e., approximately 2 months), the cysts are ingested by
a suitable host to start a new parasitic cycle (Wegensteiner
et al. 2010). The infection level of G. typographi withinan I.
typographus population increases several times during the
breeding season (Lukasova & Holusa 2011). Our finding
that G. typographi infection levels are higher in unmanaged
than in managed area is consistent with a previous report
(Kereselidze et al. 2010).
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Chytridiopsis typographi was the only pathogen that
did not have higher infection levels in unmanaged than in
managed areas. The explanation may relate to the chronic
characterofthe disease, which remains latent fora relatively
long time; symptoms appear only in adults (Wegensteiner
&Weiser 1996). Chyeridiopsis typographi infection levels in
I. typographus are usually about 10% (Wegensteiner 2004;
Wegensteiner & Weiser 2004; Holusa etal. 2009; Wegen-
steineret al. 2010). Infection destroys the midgut cells of I.
typographus (Wegensteiner et al. 1996). The entire devel-
opmental cycle up to the mature spore stage occurs in the
cytoplasm of midgut epithelium cells; once spores mature,
they can initiate infection of newcells. Spread between hosts
can occur when mature spores (enclosed in sporophorous
vesicles) are released into the environment (Wegensteiner
et al. 2010).

Insectviruses are obligate pathogens, and most are rela-
tively host s pecific. The only known virus of I. typographus—
[tEPV- is also host specific and occurs in the cells of the
midgut epithelium (Weiser & Wegensteiner 1994; Wegen-
steiner & Weiser 1995). IfREPV infections are usually very
contagious and cause mortality (Wegensteiner 2004).
Discoidal inclusion bodies of ItEPV are released with fae-
ces, and the infection destroys the gut epithelium of adult
beetles (Wegensteiner 2004). tEPV infection levels in [,
typographus populations frequently range from 0.0 to 3.6%
(Wegensteiner et al. 1996) and averaged 2.7% in the cur-
rent meta-analysis. The virus is transferred during gallery
formation and afterthe death of the host. Infection levels are
higher inunmanaged areas than in managed areas probably
because dead hosts and associated spores are not removed
during sanitation cutting. A similar situation occurs with the
neogregarine M. schwenkei, which also infects the bark bee-
tle’s fat body. Transfer of M. schwenkeibetween individuals
occurs only through cannibalism or ingestion of part of a
deceased, infected host (Wegensteiner 2004; Lukasova &
Holuga 2012). . typographus mortality caused by M. sch-
wenkei occurs most frequently during the overwintering
period (Lukasova & Holusa 2012).

The infection levels of some pathogens of bark beetles
can be very low and even zero at many locations ( Lukasova
&Holuga2012). This may help explain whywedid not detect
differencesininfection levels between managed and unman-
aged locations for the following species: U. montanum, M.
scolyti, M. chalcographi, and N. typographi. Very low infec-
tion levels can result from inefficient transfer of propagules
within the bark beetle population and also from low bark
beetle population densities, such that individuals only meet
within the family gallery and mortality occurs early during
development. At low population densities, bark beetles of
the new generation avoid older galleries and the associated
spores of these pathogens.

Pathogens of bark beetles have been studied for almost
100 years (Wegensteiner 2004 ) with the goal of understand-
ing anddeveloping biological control. The valueof pathogens
as biological control agents against /. typographus is still
unclear. Analysis of the effect of management on infection
levels should help clarify this question. Although the cur-
rent meta-analysis provides useful information, the number
of publications reporting the effects of forest intervention
on [, typographus natural enemies is small, and additional
research is needed.
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5. Conclusion

Whether or not spruce stands are managed can greatly
influence the infection levels of /. typographus pathogens.
Pathogen species thatoccur infrequently and with low levels
of infection tend to remain in the old foci of I. typographus
in the absence of forest management. We can therefore
assume that pathogen levels and diversity will probably be
higher in unmanaged than in managed locations because
hosts and pathogen propagulesare removed by management
practices. Despitethe greater pressure exerted by pathogens
on I. typographus populations in unmanaged than in man-
aged areas, their ability to suppress bark beetle outbreaks in
unmanaged area is unclear and requires additional study.
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Locality* Forestmanagement GPS coordinates Country
Adgen- Schilg) ¥ 48665 N, 13.973E AUT
Bialowietal ¥ SLTOLN, 23 886 E POL
Bialowieta ll Y SLTIWN, 13786 E FOL
Bialowieza 11 Y SLT04 N, 23899E POL
Biglowieza [V Y 510666 N, 23.759E POL
Biglowieza V' Y SLETON, 23TT0E POL
Bialowieia Vl Y SLTITN, 23842E POL
Bialowieia Vi1 Y 51681 N, 13LT85E POL
Bialowieza VIl Y SLTION, 23831E POL
Block NT1 N 41860 N, 43.234E GEO
Block NTE N 41839 N, 43283 E GED
Block NTY N 41L.8TI N, 41.3M4E GEO
Borjomi Y 4LT82 N, 43 494E GEO
Bystice na O13i Y 49,601 N, 18T1TE CZE
Combloux Y 46,470 N, 07054 E CHE
Edehwies N 47759 N, 15.056E AUT
Forét dela Haute-Joux Y 47157 N, 06106 E FRA
Grilnau Y 47,767 N, 13.933E AUT
Horni Margov Y HLGTO N, 15813 E CZE
Hubhof Y 48,392 N, 15.353E AUT
Hundsau N 47779 N, 15.043E AUT
Hundsau l N 47TTEN, 15042E AUT
Hundsau 11 N 47077 N, 13.042E AUT
Chaux-fes-Crotenay Y 47098 N, 06.569 E FRA
JYinské Koupele Y #TENITTITE CZE
Kechkhobi Y 41782 N, 43 469E GED
Keprik N SOLIET N IT.0I6E CZE
Kobernaubier Wald | Y 48088 N, 13.381E AUT
Kobernaubier Wald [l Y 48,087 N, 13.381E AUT
KobernauBer Wald 1l Y 48088 N, 13382 E AUT
Kobernauller Wald [V Y 45088 N, 13380E AUT
Kozlov Y 49,633 N, 17504 E CZE
Knzishach Y 48097 N, 15.629E AUT
Koremsmiin ster Y 48,086 N, 14.132E ALT
Lacelle Y 46,063 N, 02400 E FRA
Lambach Y 48,101 N, 13.872E AUT
Les Tenelles ¥ 46024 N, 01622E FRA
Libani Y 4LT84 N, 43 462E GEO
Melk Y 48240 N, 15393 E AUT
Millevaches Y 46079 N, 02144 E FEA
NaZ traceném, Ptaid potok N 48986 N, 13.502E CZE
Nasswald Y 47.73T N, 15,664 E AUT
Nowva Pec N 48TR N, 13951E CZE
Ossiach Y A06TT N, 14003 E AUT
Pee pod Snéikou N 50,703 N, 15.730E CZE
Pridily N 49,107 N, 133T1E CZE
Pusti Polom Y 40868 N, IEM06E CZE
Puy de Montchal Y 45,822 N, 03 ATOE FRA
Rothenburg N 47,101 N, 08.233E CHE
Rothenburg Wald Y 47113 N, (8284 E CHE
Rothwald N 47749 N, 15084 E AUT
Siedice Y SLIBE N, 21.163E POL
Sk Mt N 49,505 N, 18.3THE CZE
St Georgen/ Lavantial Y AT N, 14.954E AUT
Staré Oldrivky Y 40717 N, 1TH9E CZE
Tamsweg Y 47117 N, 13.629E AUT
Tamsweg, Salzburg Y 47115 N, 13 849E AUT
Tisstock N 47,306 N, 08962 E CHE
Trefien Y 46,674 N, 13862 E AUT
Tsagveri Y 41,794 N, 43484 E GED
Viclavovice Y 49.733 N, 16.350E CZE

*¥ = managed ares, N=unmanaged area.
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ARTICLE INFO ABSTRACT
Keywaonds: Outbreals of the European spruce bark beetle Ips sypographus Jill extensive areas of Norway spruce forests in
Eumpean spruce hark beetle Central Europe, affecting both protected areas and neighboring commercial forests. In protected areas, un-
Intraspecific competition controlled (non-intervention) management allows natural beetle-induced tree mortality, while in commercial
Large-scale windthrow forests infested trees are salvage-logged in order to lower I typographus numbers and stabilize wood production.
Eﬁm':sd}nm'“ However, the effects of active pest controls on 1. typographus population are often ambiguous, and little is known
pua_:g;ids about how antagonists, beetle density, or intraspecific competition help terminate I typographus outbreaks. To
Picen abies answer this question, we studied I. npographus population development, breeding performance, and natural
Predators antagonists under intervention and non-intervention management in the High Tatra Mts. from 2014 to 2017, We
used sentinel logs and windthrown tees, following the current legislation in Tatransky ndrodny park (TANAFP,
Slovalda) and Tatrzansld Park Narodowy (TFN, Poland). Both parks are mountainous, are covered by Norway
spruce forests that have been extensively affected by windthrows and extensive L typograpfus outbreaks over the
last 20 years, and are zoned under intervention and non-intervention types of management. We found that I
typographus was a dominant species and that its numbers gradually increased during the stdy, but that the
numbers of maternal galleries in sentinel logs (fom 50 to 300 per m”) and sex ratio (1 male:25 females)
remained the same among years. The length of maternal galleries and egg production (per m* of bark), however,
gradually declined, and breeding performance decreased from 10 daughter beetles per female in 2014 to al most
zero in 2017, These parameters did not significantly differ between intervention and non-intervention sites,
Antagonists were not abundant and had limited effects on L typograpfus numbers,

Active intervention did not affect L gypographus population dynamics or rates of parasitism but increased
numbers of Thonasimus beetles, which are predators of bark beetles. In other words, intervention increased the
numbers of some natural enemies of L cypographus but did not affect 1. ypographus population dynamics, Because
control measures did not reduce I cypographus numbers in the intervention zone, the natural ecological processes
crucial for maintaining ecosystem functioning and biodiversity were evidently preserved.

1. Introduction keystone species that initiates (Miller et al., 2008) decomposition of

wood (Wermelinger, 2004), provides resources for a large number of
The European spruce bark beetle Ips typographus (Linné, 1758) is a associated species (Weslien, 1992), and even facilitates forest

Abbreviations: C typographi, Chytridiopsis typographi; G typographi, Gregarina gypographi; I amitinus, Ips anitinus; I eypographus, Ips typographus; M schwenkei, Mattesio
schwenkel; RDA, redundancy analysis; TANAP, Tatransky ndrodny parl; TPN, Tatrzafiski Park Narodowy
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succession by creating disturbances of various scales (Martikainen
et al., 1999), L typographus, however, is considered one of the most
common and damaging pests in Eurasian Norway spruce (Picea abies
(L.) Karst.) forests that are managed to provide ecosystem services such
as timber production or protection against natural hazards. When a
surplus of breeding material is available (Mulock and Christiansen,
1986) due to windthrows (Wermelinger, 2004) or long-term drought
(Rouault et al., 2006), spruce bark beetle populations increase to such
high numbers that the beetle can overcome the defences and kill vig-
orous Norway spruce trees, Mass outbreaks of L typographus affect both
managed and protected forest areas across Europe. To protect the
economic value of wood and to reduce beetle numbers durng out-
breaks, foresters removed trees infested with immature beetles from the
forest (Burton, 2006; Lindenmayer et al., 2008; Stadelmann et al.,
2013). Other control methods, such as deployment of trap trees and
application of pesticides, are effective only when L typographus den-
sities are relatively low (Holuga et al., 2017).

Approximately 10% of the forest area in Europe is located in pro-
tected conservation areas (Bauhus et al., 2009; Parviainen and Schuck,
2011). In these areas, conservation-oriented management aims to pro-
mote multi-layered forests stands (Carey, 2003; Zenner et al., 2012;
O'Hara et al., 2013) and tends to follow a “benign neglect strategy™ in
response to bark beetle outbreaks and other natural disturbances
(Angelstam, 1998; Lindenmayer and Noss, 2006). Nevertheless, most
stands of commercial forests across a wide mnge of temperate and
boreal conditions are single-layered due to historical silvicultural stra-
tegies and high economic efficiency (Nyland, 2003).

Because recently windthrown or drought-stressed trees with com-
promised health provide optimal habitat for the growth of spruce bark
beetle populations, I typographus outbreaks often follow wind dis-
turbance, especially if warmm and dry weather conditions support beetle
reproduction and survival. Within 1-3 years following a windthrow, I
typographus switches from attacking and reproducing on weakly de-
fended, wind-thrown trees to attacking standing trees (Komonen et al.,
2011; Modlinger and Novotnyg, 2015), Under natural conditions, i.e.,
without human intervention, L typographus outbreaks last approxi-
mately 3-6 years (Wermelinger, 2004) and end due to intraspecific
competition (Komonen et al., 2011; Holufa and Lukasovd, 2017), nat-
ural antagonists (Grodzki et al,, 2010), weather (see Grodzki et al.,
2006), and rarely by exhaustion of host trees (@kland and Bjernstad,
2006).

Several studies have attempted to understand how different types of
forest management, i.e., intervention (active pest management) or non-
intervention (passive management), affect the relationship between I
typographus  population numbers and levels of beetle-induced tree
mortality (Sebek et al, 2015; Winter et al., 2015). According to some
authors, active management practices have only limited effectiveness in
reducing beetle-induced tree mortality in Tatras MNational Park Mts,
(Sproull et al,, 2017; Havasovd et al., 2017). The probable reason is that
classical forest protection procedures may actually increase forest sus-
ceptibility to bark beetle attack by altering forest edges, which expose
newly sun-stressed trees that are more attractive to beetles (Grodzki
et al, 2006; Kautz et al,, 2013), and by decreasing habitat hetern-
geneity and complexity, a known defense against bark beetle outbreaks
(Raffa et al.,, 2008; Nelson et al.,, 2014). However, other authors re-
ported that spruce bark beetle-induced tree mortality is lower and
forest recovery is faster in pest-controlled stands than in non-managed
stands in the same mountains (Grodeki et al., 2006; Grodzki, 2016),

I. typographus has a variety of natural enemies (Wegensteiner and
Weiser, 1996; Reeve, 1997; Gilbert and Grégpire, 2003; Hedgren, 2004;
Kenis et al., 2004; Hilszczanski et al., 2007), but their effects on the
beetle's populations in forests under different intervention regimes are
poorly understood.

Most of the parasitoids of I typographus are larval ectoparasitoids.
The majority of the larval parasitoids are wasps that attack their host
through the bark, This biology is manifested mainly in the Braconidae
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and Pteromalidae, but also in the Ichneumonidae, Eurytomidae,
Torymidae, and Eupelmidae (Nuorteva, 1957; Hedgvist, 1963, 1908;
Mills, 1983) The best known cryptoparasitoid is the holarctic Rop-
trocerus xylophagorum (Ratz.), a common and polyphagous parasitoid of
conifer bark beetles (e.g., Hedqvist, 1963; Samson, 1984; Sullivan et al.,
1999; Pettersson et al,, 2000). Coeloides bostrichorum Giraud, Rhopalicus
tutela (Walker), and Dendrosoter middendorffii (Ratzeburg) are also
parasitoids of I. typographus larvae (Sachtleben, 1952; Bombosch, 1954;
Kriiger and Mills, 1990; Hougardy and Grégoire, 2001). Parasitoids
usually locate their host by walking on the bark, paralysing the larvae
or pupae by injecting venom via a long ovipositor, and laying a single
egg on the paralysed host. Larval ectopamsitoids of Scolytinae are
thought to be more host-tree specific than host-specific, but this is
highly variable (Kenis et al.,, 2004),

The pteromalid Tomicobia seitmeri (Ruschka) is a frequent parasitoid
of I typographus adults, Females oviposit into adult beetles. Parasitized
beetles are still able to bore into the bark and lay eggs, but fecundity is
reduced by an average of 30% (Sachtleben, 1952), T. seitneri seems to
be present in most L typographus populations, and parasitism rates
range from 20 to 100% (Faccoli, 2000). Ropalophorus clavicornis
(Wesmael) is a frequently encountered parasitoid of I. oypographus adult
(Nuorteva, 1957; Hedqvist, 1998; Faccoli, 2001) with parasitism as
high as 18% (Bombosch, 1954), The high specificity of parasitoids at-
tacking eggs and adults could be explained by the fact that female
wasps probably locate their host by the host aggregation pheromone, as
shown for 1. seitneri (Mills and Schlup, 1989; Faccoli, 2000), Parasitism
rates and consumption rates are poor indicators of the real effect of
natural enemies on bark beetle populations. The ectoparasitoids
showed a density-dependent response only above a certain host density.
Sewveral authors have concluded that natural enemies do not play an
important role in regulating bark beetle populations (e.g., Sachtleben,
1952; Bombosch, 1954; Faccoli, 2001), but a few others affirm the
contrary (e.g., Mendel, 1987).

Many generalist predators, such as clerid beetles and dolichopodid
flies, feed indiscriminately on both hosts and parasitoids (Mills, 1983),
Predators generally have a larger range of prey species than parasitoids.
They can be efficient antagonists because many species are more mobile
and active during winter than their prey, Like parasitoids, many pre-
dators are known to locate their prey by semiochemicals, i.e., by bark
beetle pheromones or tree volatiles (Kenis et al., 2004). Insect predators
do not seem to prefer specific tree parts, but tend to colonise the lower
parts of bolts (Wermelinger, 2002), Most predatory species belong to
the Coleoptera and Diptera.

Some important coleopteran families of predators are Cleridae,
Monotomidae, and Trogossitidae. Many species of other families are
also  associated with bark beetles Among the Diptera, the
Daolichopodidae and Lonchaeidae are the most relevant families. Both
their larvae and adults may feed on larvae or adults. Experimental
studies showed that Thanasimus formicarius (L.) can reduce a brood of L
typographus by 18% (Mills, 1985),

The most relevant genus of predator in the Dolichopodidae is
Medetera. The adult flies prey on small insects with soft integuments
(Nuorteva, 1956; Lieutier, 1979; Nicolai, 1995). Most species are
known to prey on scolytid larvae, pupae, and teneral adults (Beaver,
1966; Lieutier, 1979). The effect of dolichopodid flies on scolytid sur-
wvival is controversial, Bark beetle mortality caused by Medetera species
was found to be minor (Mills, 1986)and to be independent of Medetera
density (Mills, 1985). However, species of these predaceous flies can
reach densities of up to 10 larvae per 100 em?® (Dippel et al., 1997) and
cause mortality rates of 70-90% (Hopping, 1947, Nuorteva, 1959).
Among the Lonchaeidae, only the genus Lonchaea lives subcortically,
ie., below the tree bark (Morge, 1963). In conifers, some species are
known to be obligatory predators, occurring in high numbers, They can
feed on eggs, larvae, and adults (Morge, 1967).

The larvae of some Raphidioptera prey on beetles or onlarvae under
the bark. A few species of Raphidiidae are known to forage non-
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specifically on cerambycids, bark beetles, and other subcortical or-
ganisms (Schimitschek, 1931; Wichmann, 1957).

Quantifying the effects of predators on bark beetles is difficult. The
consumption of prey in the field is difficult to measure, and predators
may not only forage on the target bark beetle but also on other sub-
cortical insects, including predators and parasitoids (Mendel et al.,
1990), thereby reducing the overall detrimental effect of natural ene-
mies on a bark beetle population. Predators showed a density-depen-
dent response at low beetle densities, but became inversely density-
dependent at higher densities. Futher study is needed to assess the
importance of natural enemies as regulatory factors of scolytids and to
develop strategies to enhance their effects (Kenis et al., 2004).

Studying the effects of all of the natural enemies of beetles in a
forest is challenging and time consuming. Parasitoids and predators are
probably susceptible to forest management practices because they are
specialist consumers of high trophic level prey (Weslien and Schroeder,
1999; Shaw and Hochberg, 2001; Hilszezanski et al.,, 2005). However,
this inference has not been widely supported, and reported results have
been ambiguous or even contradictory. For example, Balazy (1966)
found that forest management lowered numbers of natural enemies of I.
typographus ina mixed forest, but a subsequent study in the same region
found that forest management did not influence the abundance of I
typographus predators (Mazur et al., 1996). No differences in predator
levels among management types were recently reported by Fora et al.
(2014) or Wermelinger et al. (2013), In a non-intervention reserve,
natural enemies did not affect beetle reproductive success (Komonen
et al., 2011).

For parasitism, Feicht (2004) found that levels of parasitism were
high in both managed and natural forests. Wermelinger et al. (2013)
reported that both parasitoids and I typographus were more abundant in
uncleared windthrown areas than in cleared areas. Contradictory re-
sults might origin from differences in the I typographus outbreak phase,
i.e., whether the beetle population is developing on windthrown trees
or has shifted to attacking standing trees, Abundances of parasitoids in
both managed and non-managed forests could depend on the avail-
ability of supplemental food sources. In spite of the reduced diversity of
flowering plants expected in even-aged spruce plantations, several plant
species are present that might provide nectar and pollen throughout the
growing season to the hymenopteran parasitoid complex of I typo-
graphus. Conifer aphids are also abundant in these stands and produce
large amounts of honeydew, which might also be consumed by the
parasitoids (Hougardy and Grégoire, 2000).

We found only one study that supported the hypothesis that natural
enemies are less abundant in commercially managed than in un-
managed forests (Weslien and Schroeder, 1999), However, some of the
methods in that study are unclear, and it is therefore difficult to have
confidence in the results,

A recent meta-data analysis found that pathogen levels were gen-
erally higher in unmanaged than in managed locations, except that the
microsporidium  Chytridiopsis typographi (Weiser, 1954) was maore
common in managed than in unmanaged locations (Vanicki et al,
2016). Beetle infestations in well-managed forests are patchier because
foresters rapidly remove infested trees. Removal of trees heavily in-
fested by bark beetles prevents the kind of pathogen buildup that occurs
in unmanaged forests (Holuga et al, 2009), In unmanaged or poorly
managed forests, trees infested by bark beetles usually occur in groups
that generate hot spots of high beetle and pathogen numbers. The re-
peated development of new generations of bark beetles is common in
these groups of infested trees, and beetle numbers can remain very high
over many generations, When their numbers are very high, young
beetles often cannot find enough space for their maturation feeding and
are forced to continue feeding by crossing other nearby galleries, Such
maovement increases the chance of pathogen transmission and therefore
results in an increase in pathogens (Wegensteiner and Weiser, 1996).

Over 20 bark beetle pathogens are currently known. Some species of
spruce bark beetle pathogens are considered to be generalists because
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they occur in several bark beetle species and in the majority of beetle
populations studied. The most common pathogens of L typographus are
the virus ItEPV (Wegensteiner and Weiser, 1995), the microsporidium
C. typographi, the gregarine Gregarina typographi (Fuchs, 1915), and the
neogregarine Mattesia schwenkei (Purrini, 1977) (Wegensteiner et al,,
1996, 2014; Wegensteiner, 2004; Lukifovi and Holuda, 2012; Holuda
and Lukifowvd, 2017), These pathogens can be horizontally transmitted
to bark beetles by contact, ingestion of faeces, or ingestion of parts of
dead bodies of infected individuals (ItEPV, Gregarina, Chytridiopsis,
Mattesia) (Wegensteiner and Weiser, 1996; Wegensteiner et al.,, 1996;
Wegensteiner, 2004; LukdSovd and Holu$a, 2011). Because micro-
sporidia and other microbial groups are density-dependent pathogens
(Weiss and Becnel, 2014), high beetle population density increases
transmission caused by contact between hosts (Wegensteiner et al.,
2014; Holuga and Lukifovd, 2017). Some of the less common or rare
pathogens (e.g., members of the genera Nosema and Unikaryon) are
vertically, transovarially transmitted wvia the gonadal tissues or are
transmitted by a combination of horizontal and wvertical routes
(Wegensteiner and Weiser, 1996; Wegensteiner et al, 1996
Wegensteiner, 2004),

Environmental and forest structural conditions do not greatly affect
pathogen transfer. Only microclimatic factors (temperature, humidity,
maoisture} surrounding hosts or trees where spores persist can affect
pathogen growth and development. Most pathogen spores do not persist
in the environment for more than 1 year (survival is substantially re-
duced by dryness or direct sunlight), and survival is increased when
spores are bound in the faeces or cadavers of infected individuals
(Kramer, 1976; Weiss and Becnel, 2014),

Additional research is clearly needed to understand how interven-
tion type affects I typographus population numbers, its intraspecific
competition, and its regulation by natural enemies,

To fill this gap in understanding, the current study assessed I ty-
pographus population numbers, I. typographus breeding performance,
and the development of natural antagonists under intervention and
non-intervention types of management. We hypothesized that numbers
of predators and parasites would be similar at intervention and non-
intervention sites but that pathogen infection levels would be higher at
non-intervention sites than at intervention sites. We conducted the re-
search in two adjacent national parks in Central Eurcpe: Tatransky
nirodny park (TANAP, Slovakia) and Tatrzanski Park Narodowy (TPN,
Poland). Both parks are mountainous and are covered by Norway
spruce forests that have been extensively affected by windthrows and
widespread L typographus outbreaks over the past 20 years (Fig. 1).
Both parks also include zones with intervention and non-intervention
types of management.

2. Materials and methods
2.1, Study area

The Tatra Mts. are located at the border between Slovakia
(73,058 ha, i.e, 77.6% of the Tatra Mts. area are in Slovakia) and
Poland (21,076 ha, i.e., 22.4% of of the Tatra Mts. area are in Poland)
(Grodzki et al.,, 2003). The area is the highest part of the Carpathians,
and many peaks exceed 2000 m a.s.1.; the longest idge is 26 km, but the
alpine vegetation occupies only 341 km? (~40% of the area). Although
the area has been affected by human intervention for more than
100 years, natural forests (without intervention) still cover approxi-
mately 400 km? (Fleischer et al., 2017). The area dominated by Norway
spruce ranges from 81% at low elevations to 98% at the middle ele-
vations (Bodziarczyk et al,, 2019), In TANAP, the area dominated by
Norway spruce has dramatically decreased in recent years and ranges
from ~25% at low to ~40% at high elevations due to recent large-scale
disturbances (Kondpka et al., 2019).

Both national parks have been affected by a number of large
windthrow events (Le., an event affecting = 20,000 m” of wood) over
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