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Al1stfur. The eif:iht !>rincdlarch b~rk bc(,.1;I~"infcst various specics ofu,rix in Europe and Asia. Ips cClnb,ac is the only Ips species
with II1rt:h ;a~ it,Oj main host, Ips subL~'oflgatlJ!,I{J.ffallax. Ips shlnanol1£11u/.tand Ip.~c~'mbraevar. l'ngtJdinen,¥i!i ore Ire:UOd n~ ~>,ml-
nyms of l c£lmbro('. Thcg~ three putative !:pccie!\ I1ndthe one variety 1\rC'di::llingnbhcu b)l their host trc!.:and geo,graphic distribution,
.,~ it is opt possible to distingui~h thc,,'m ~n the basi!i of morpholo@ical difforonccs.HcctJes were collected rrom European JLnd A!\iW1

POPlll~lion~, anu from hostS and g~ograrhic nrell'it where the species wc:n:: lirsl round nod dCSl.:ribcd ftnd in their natllral r.u~cs of dis~
tribution. .I1,csc beetle!> W~re 1J.<a:dtn ~~\Jtly the phylo~cnctlf; relationships ofthceight spined I>lrehbark beetles. A region olthe mit\)-

chondrial gene wms Hnalysed and the blU(~.stail1fungi asrociated wid)I. cemhrac in Europe were invesligah:lIl\ml corr'fum:J with
[hose recorded ~~os!'.ociMedwith the lArchbark bcctl~ in Japan.Onlyminorsequence differences were dt)tected between d~ papulil-
tions in Europe arn1 Ahia. However. thoEuropaan popul~tions differed by 4.)'YD from the A5iQf1popul~ti()ns. ThL: p~)lugl1"c~ic
at1ulysi~ rlaced thl~Europ~"n and Asian haplotypes in signilicontly di~tinct CIU\lcr.li.Thi!idislim:til.lnwas supported by the finding of
an ins~11ion/deltljol1 ill n ,~on-cnding n.,,;[onof the mitochondrial DNA. Furthermore, there are differences il1lh~ fungias~uci4ted
with the eight ~pitlcd lurch oorkbeetles in Europe and Japan. The results suggenthM the J. Cf.'rnbtae cOHlrle~ COfHAitHi ~1. lea.>;t tWtl

hl",::r~ /, l-'ernhra~ inf~5ting I~rch in Europe nnd J. subelrmgaJI./J jnfe~tjo~ lotCh in A~iQ.

INTIUJDUCTIOI'

The eigh, spined I.reh bark boctle, Ips cembraoHccr
IX36, is a sccondary pest of variouslarch species(Larix
spp.) in Europe nnd Asia (Sehimil3chok, 1930;
Saw.moto, 1940; Nobllchi, 1974; Poslnrr,1974). The
natural uistribution of J. cembrae is central furopc,
norlhcm Ru.~sia. Siberia, Sakhalin, Korea, Mongolia,
J"pao and north.we.tChina (Pfeffer, 1995), Thc eight
spined larch bark bectleinfes" L. decidl/a,I. .fihirica. I..

kue"'pleri nnd L. gmo/inii, ijnu ra",ly cnnile", in Ihe
gene:111Abie:i. p;C{.'(l and Pt'nm. (Schimjbch~k, 1930;
Nohuchi, 1974; Postner, 1974). According to Wood&
Bright (1992), Pfeffer (1995)and referenoestherein,sev-
eral olhcr :-;pccic~of lp.fi are rcgnrded as synonyms of I.
cembrae iTable 1). Tlteseinclude I. "lIbelllnll"II/' MOl-
schul sky, IRoO,I. .'hil,a.on"",.i.' Yano, 1924. 1./olla:<
Eggcr~.J915and f. cemhrnf: VCtt',e.ngadine'lSis fuchs,
1913. The distrihutions ofthcse bee liesare listed in Tobie
I. Among the synonyms provided hy Wood & Bright
(1992) and Pfeffer (1995)only thc Asian [arch barkbec-
lie, /. .",he/<Jn~Ol/l.f is been described 10 be morphologi-
cally distin"l JromI. cembra' (c_g.Yin et oJ., 1984; He ot
01.,1988).

/. .fl/be/oll",a/"S is the only larch bark bectlc listed as a
torest insect p~~t in Chinn (Fu<1n,1983). In Siberia, J.

'l/be/ollgo/iI.' is rcenrded killing healthy larch trees
(Grechkln, 1962). InEuropc, I. ccmbrae m.in1y infests
living Ln:csgrowing in rcgjons outsidethe nfJtural range
of thc bumpcan larch (Larix decidua), whkhis centr,l
burupc (Bobrov, 1972). Thcse infestationsapJ>Car to be
favoured by drought and high population level, Ihat
follow after thirUlingand Ingging (Schimit,chck, 1930;
Crooke & Hcvan, [957; Redfern elOl., 1987),1_ cemhrae
wos introduccdinto Scotland presumably aller tho scconU
world war (Crooke & Bevan, 1957) and into .Donmarl<
during the I.." dccade of Ihis century (!!.ndins. pers.
eomm.).Both inlroductions arc likcly to have originaled
from conlinental Europe.

RecentlYIdata obtaincd from sC"Iuencingmitochondrial
gerles, in particular the cytochrome I gene (001) hi1vC
bcca used to resolve phylogenetic rchdionships in hark
beetles, particularly in the geoera Ips (Staul)C,r el aI.,
1991;Cognato & Sperling, 2000>,DendmclonuJ(Kelley
& Farell. 199R)and for determining the origio or a hnplo-
diploid ,colylid lincage (Normark cl al.. 1999)_I'nrthcr-
mot'C, n1itochondrial gene ~cqucnccs an: ~lIl)icicnHy
variable to be uscd in the phylogeogrdpllic analyses of.
Dentiro,'/onu.' hrcviromis (Kelley et nl., 1999). Jp, pin;
(CognatoCl al.. 1999) and Ip.. /yp,,;:raphl/.f(Stauffer et
.1.,1999).

. Current "ddrec;,,~ h1.'Otituteofl..c~al Mc~;cine. Unjvc~ily ofVi4:nni)
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Species (Author) Dbtrihutit)R Ho,t

l. L~enthr(fC" !;ee text l.arir d('~idU(1
(Heer, LB36)

I. crmbral...~var. engu(fienvis Switzerlal)d Pic:ea "bies
(Fuoh,,1913)

I.fallax
Ru~sia/Mongoli3 L. ,\"ibirica

(Egge", 1915)

I. .owhelrmgntw:
China/Japan L kaemp.lerl

(Motschliisky, 1860)

1. sltinQttl)m:n.d.~
Chino/Japan L. gmeUnii

(Yano, 1924)

17-08-0~ 21: 33

ThULl:I. Synonyms, natuJ'al distribution anc host tree ofJps
n!mbru~' uecnn!ing to Wood & ~right (1992) ilnlJ Pfeffer
(1995).

Dark bcctlcs vector blue-stain fungi belonging to the
nscomycetous genera()pJu'o:ttomo, Cerato(v:i'liopsi.'fanu
Cera/""ys/i.I, "ml ",1_te<1 ~n~m"rph genera such as
Graphillm nnd Lep/IJ!!.raphilim(Wingfield et nl., .1993;
Paine cl al.. 1997). Following attack by bark hcelles these
rungi generally cause discolour~tioo or ,apwood. Seme of
these rungi arc pathogenic to Irces and other, are Ihought
to aid their vectors in overcoming the lh::fcoccmecha-
nismsof lhc husl trees (Paine et. aI.,1997). Must blue-
stain fungi are relatively specific to pattieul".. bark beelie,
and Ihus nlso to the husl Irces tbey infest (Upadyhay,
1981; Whitney, 1982). It is likely that thisreflectsn co-
cVllluliom,,)' relationship betWeenthe,c fungi and their
vtttOT:-I.Ccratocystis taddcu/a is the most important
fungal :>,.,ociate of I.cel11broeio Scolland, where the
insect h"s been introduced (Rcdfc-m et "I., 1987). This
fuogu, i, a vimlent p"tbog,'n and is thought to playa role
io the dealh of trees infested byI. ce",hroe (Redfern et
aI., 1987). In Jopnn, several hlue-stain fungi, including C.

TMllt; 2. Countries and their nhhrcviutilJns(abbr.), host trees
and collectOrs or thl; I;m:h bmk beetles used in thisstudy - see:
al>oFi~. I.

J.flcltionl Abbr. Host Collector
Scothmd
Alhol! AT I,. decidua D.B.Redfern
Denmark
Grib Skoy GS L df~(.'hbta S, Hanling
Germany
PO'ihhun Pl) L.d~ld!/a K...H.Apel
nungary
SI)flron SO L. dt.'t:iduQ F. Lakatos
Austria
Micdcrs MI L. dt."Ciduo
Switzerlnod
Chamonix CII p, abies
Siovenin
P('C';t PE L dedc/ua
Rusdil
Irkulsk IR L. slblr/en C. lIol/schuh
China
Heliongjifinl:!. HF f.. WIf("/iYlIi A. Roques
Japan
Hokkai~o 110

"
kaempr"L$:.I!I.~"hilY. Yalnnoka

I signiticant n<lme~ cIO!i~ to the site of collcction arc given
~No nome jm]ic~tcs thatbeetlos were collected byauthor5.
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1t,ric:icfJ!a, arc a.~sociated withI. Cemh,.lle(Wcslhuizcn ct
al., 1995; Yamaoka et aI., (998). There are no studies on
the fungi assoeiat~d with T, cembrae in contincntu1
Europe, where the in'eet i~native.

The aim of this stuuy was toiove'tig~te the phylogeo-
graphic relationshipsof Europeananu A,i8Jl larch bark
beetles of Ihe genusIps and 10 evaluate the status of thc
various synonyms ofl. cemhrae. This was accomplished
by sequencing a CO! n;giun. and a non-coding region
belween CO! and tRNAlEU or the mitochondrial genome.
Furthermore, we compare the blue stain fungi asseciated
with 1. cembra" in continental Rurope with that of the
larch bnrk beetle in Japao.

MATERIALS AND MF.THODS

Insert!

Eight spined larch bark beetlfs wen: collc:Clcu from un:lt~ and
host treest where indivldLJul.':Iof the 1.cl'mbrae complex were
first de~crihc,.'dor within their natural distribution (Tab]!,)I).
Adult booties were colkelel1 rnmlomly from treesfelled between
1995and 1998. Beet'" wor< colleelod from six populatioo,
infesting I~ dcddua in Emopc, one infesting P. tJhiCJ inSwil-
7crhmtl. onc infesting L. .tlhirltQ in Ru~in. one infestingL
gmclinff in Chil1a, nnl1 one infestingL kaempfi'ri in J3pan (Fig.

1. Table 2). Ofetlc~ were stored in absolute ,ethanol Unlit
n:quircd.

UNA extraction, PCR QmpliOcatinn and 51,!(lul,!n",ing

DNA was extracted from tht hem]"nu rhora;(. of individual
specimens,and the PCR procedure lIsed was that described by
SUiulTer elal. (1997). A fragment w,,-, amplified U$ing the:sen'"
primer d~scribed by Juanct 111.(1995) and the al1tisenseprimfr
(\J~AIO) ~c..lopcd by Luol el at (1'196). Thi.. regi,'. Wrrc-
sponds ta position 2410 of themitllchondri;,1 DNA of DroJ/)-

phllayakuba and is situated in the second halfoftlJe COI gene.
The UEAI0primer cOlTcspond~to poc;ilion3038in the first part
of the tRNAWJgene of D. yakuba (Clary & Wolstenholme,
1985). AlI1pliroe<l products were puriroe~ u,ing Con<er!" PCR
purification columns(LifeTechn.). SequencingWM pcrformrd
using the UEA I 0 primer anI.! tnc rhodamine cycle sequencing
kit (PerkIn Elmer) according to the manuf~u:turer.s in~truclil)ns.
In order to avoid PCR QrtelQCl~,each ONA :iamptcfrom each
individual in~ect was sequenced at Icast twice from two il1cc-

pc:ndont PCR amp1ificntions.
.

D.atD no.IYIII!

J laplotypc :ocqucnces were :\lign('d using th~ '$oftwnrc pr~
I!JlIm CLUSTAL W 1.60 (Thomp'on 01 .1., 199~) with default
senings. For the maximum p~rsimony (MP) bootstrap a11aly!;i!;,

the hr,nch and bound search« of PAIIP (SwoIlOrd.1~93) "'II'
used with dcfauh settings. J. typlJgrap/m$ WO'Jused as thcout-
group. As in the phylogenetic fto.1lysis previously npplied 10/p.,
:-pp. (Stauffer ct a!.t 1997), DNA sequen~c diver~r1l:t:W"S c3ti-
rIU\tcd by the gamma distance fnlk1wing the T.mur:t & Nci
(1993) model (<< ~ 0.5). The phenogr:>m was constructed using
,he neighbour joining l11etho~ (NJ) (Suitllu & Nei, 19B7) and
MEGA (Klilnar el al., 1993).

mue-,tain funEi from larcb bark b~cclcs In ccntTal Europe

The fungi associated withJ. cemhruc Yo'crecol1«tct! between
1995 and t 998. at variou.'i l(K:uliticswithin the natural range of
J_ decidua in Austria. Adult inscct~.infe~tcd l{1rd1log~ and/Clt

bark and wood samples containing breeding galleries of /, ClW/-
brae werc co\lected ul the 1Iturly sites KindbcrglStyri3 in 19~5,



TM".~ J. Polymorphic nucl"otlde positions of 1/10hnpIOty!"'.<
of meeight spined larch bark beet1e from l'7.uroJ'lcRnd Asia.
H:\ploty~s l HI \\00 I\.'ptolype:~ IV-V differ in 20 mor~ nuch:o--
tid~ j;i~ - ~eetext.

nucle()tidc position

24 {,() 199 202 23j

Europe
Ilnplntyp. I T A C C c

IInplotype II T G C C C

IlaplOlYPC III A A C C C

Asi.
Haplotype IV C G C C C

. lI.plotypc V C G T T T

17-08-04 21:46

GleiniStyri" in 1997. Ehrw'ldll'yml in 1997, lIi..t,,:rglLowcr
Austria in 1998. nod SUICler AlpeniStyriu in 1998. M.II extmct

nser (MEA, 2 'Y. m.l~ 1.6 % osor) supplemented with 100 mgll
streptomycin sulphare W3S 11«:d for c~ltivaling fun)!al isolates.

OCC4.'iiot\all)'. 100 mgll or fhe ttDtibiotic cyclohexhnid'e WQS
added to the medium bcC3u!:e it is ~lective for OphiosloMn spp.
and thcir 3J'u'lnorphs (HorringTOn, 1981). ISQlatjon~ w~re made
from mahm: IIndimm:ltlucbeerles, larva2.()Upneand rrom di.'i-
colourcd wood. In 3ddition, isol.:ui')llS weTC'm4Uc fmm stained
bark and sapwood oflarch logs. :\ill. WI,:f;k:slifter adult 1.c~mbrat.'
had been inf.)~ulah:d into t~sc logs, following a similar meUIL)Lj
10 th.t 4=ribcd by Furniss ct .1. (1990) and Kro~<ne & Sol-
heim (1996). In .ddition to i",l.t., obtainelifrom bcetles or
inrcct~d tt~~ue, j!>I)latc,.W~re (lbti1in~dby tran5fcrring Dscosporcs
nlld conidi6 from scxu<l1 (pcrilhccia) and ~c.cxua1 (conidiup-
hol"f''J.) f1.mgJl s'nlclures occurring in the: i~1Iedcs of Lh~ insects.

The £'dri-di"hcs were incubatl:d at room [cnlper:u:ure and
exposed tDnonnallaboratory roooition.c.. Pure culture of fungi
were obtained hy ~r",nsrL:rTing mYl;clium. ascosporcs or conidiD.f
mo..CO!.t!>. '"(urn lhi= pnmiiry isolates to fresh MeA. Aner lhe onset
nf -"pnml:i(k;In the l\1t1gi were id~ntUied. Refcn:m;c isolilb:s of

the fungal 5pt."Cics were dqH,..ih.-d in the cultl1rc collections or'

lhe 1n...titl.Jh::f'lfrort:'tl Entomology. Forest !'atholoGY and Forest
Prntcetion. UnivcrsitM fUr I:k>d~nkuhurt Vienna &00 or 1~ ror-
CSlry and AAriculturai Uiotechuology In!;tilu:c (F' ARI). Univcr.
dty of J1re1ori3.

RJi:SIJI,TS

The sequences obtainedfor the eight spinedI.rch b.n.:
beetles have been deposited in Gcnhank under the acces-
sion numb... ICU82588 (liuropc.n haplotypes) nnd
ICU82589 (Asian haplotyp",). TIle polymorphic codon

->00027124202954 ECM S. 04

sites of COI are shown in Table 3. Frnm se'en F.uropenn
populntions, 48 Individuals were analysed. Three haplo-
typestb.t dlffer<dat . singlenoeleotidesitewere found.
The silc., were tran,itions on the third codon site, which
did not affectlhe amino acid (AA) sequence. The seven
individU3lsfrom threedifferentAsiancountrieswereone
of two different hnplotypes. These two haplotypes dif-
fered at lhree nucleotide sites, which were trnnsitions on
the Iirst codon position .nd also did not arrect the AA
sequence. The Asian h.plotype IV & Y differed from tile
European haplotype I & 1J! at 20 nucleotide sites in Dddi-
tion tOlhcon"" shnwn in Tahle 3. Two third. nf the ,uh-
stitmiolUll sites oeeuned at the third codon pusition, 290/.
nt the first codon position and one at lhe sewod codnn
position, which caused.n AA change.

Thc distributinn and frequency ofthe fIVe haplotype, in
Eurasia i. show" in Fig. I. Therc is on< haplotype in the
Swiu and thc Ausu-inn populntions, two in tho
Hung.,ian, Slovenian, Gem1an and Danish populations,
and three in the Scottish pnpulation. Botb continemal
A.ian populations .re mnde up of hapl()[)'pe IV aod the
J.pane"" population, nfh.plotype V.

AMlysis ofthe noneoding region b<%WeenCO! and
tRNAlW revealed a difference betwecn tbe A,ian and the
Europea" populations (Table 4). The EUIQpcan"'t<:hbark
bectic populations could be distinguished from the Asian
population, by a 7bp insertion/dcletion. The two sequen-
ces aligned without mism.tch.

The phylogenetic analysi, of Ihe sequence da~1revealed
that the three IJurop<nn haplntype, nnd the tWo Asian
ones arc nlOnophylclie.They""idc in two distinct clades
each with high bOOtStrapv.lue' (Fig. 2)_ Both, MP and
NJ using the gamma distan,'. of TamunI & Nei (1993)
model (a ~ 0.5) gave the same result. The sequencediver-
genee<stimated by Ihe gamma dislamx: wo.' bclwccn
4.33% (haplotype" aad IV) .nd5.28% (haplotype III
.nd V). Within each of thc clndes,the sequence div<r-
genee was less than 1%.

Eight fuugal taxa are assuciall-d withI. cembra. in cen-
tral Europe (Table 5). Thes. includeCemlocy,";"I"';"
minura (Siem<1Szko) Upadhyay & Kendrick, an unidcnti.
fied C.ru/ocysliopsis "p., Ccra/ocy.,ti., faride,,/a Redfcm
& Minter, Ophios/oma bie%r David n & Wells, 0.
brunneo-cjJia/Um Mmhiesen-K~~rik, 0_piecoe (MUnch)
H. & P. Sydow,an llnidentified OphifJ.'lo",,, sp_ .nd an

fiC. I. ni~tribulion of the ~uropcanhaplotypes.Belowthe Abhre\'icUons of Ihe collection sites (seeTabre 2). t'1aplotypes are
given in Rom3n numhcrs (1,11.111). Number of individualssequenced is givenin parenthesis hesid~s
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1%

\.,

f"lurJo1ypoV

/('f~'~I.

Fig. 2. T~c neighbour-jlJining (NJ) tJ{'Cusing the gumma dis-
tanc~ oflhe Tumurii and Nci (1993) model (u." 0.5). The sister
tAxnn I. t}poKrap}ws, was used Il..'ian flulgrullp (StautTcr ct Ill.,
(991). The ma:dmulU pan.imony topolof!;), is almost icJt:ntica1,

exctpl thllllhl.: haplotypes of each of the two main cl<Jdcs are not

re,~olvcd. The length of the horit.onl<ll branchcs <Ire propMtional

to d1e single hils\,:changes"nd can be read 11:>pl:r(,;cntag~ differ-

c-nCc,:susing the scale bOt. O()(lt..'itrapp~..rccnmgcs ilrc indicated
above the nodes for NJ.

unidenlificd (iral'iJillm sp. Hnsed on frequency of occur-
rence, C. laricico/a, n. hnmneo-l'liiaillm and Graphiltttl
sp. are dominant in Europe, \\'h~rei1s O.bieu/or Rnu

0l'hio.<loma sp. were only occa,ionally isolnted.

PISCUSSION

The litemturc on the postglacial history of larch
(Huntley & Hirks, 1983) was used to inlerpret the distri-
bution of Ihe Rumpean hnplulYpcs.This distribution does
110tconform with the postglnciol history of the host trce.
Poilen analyses indicate thatL decidul1wa., present in
Poland duriog the last inlcrgl.cinl period, (Huntley &
Rirks, 1983). Stlbsequently, there wns a northward e.pan'
sion of this tree across p(JJandduring the late glacial
period. AhoUI 7000 ye.rs before present, loreh was
re'tricled to the Alps. The occurrmce oftwn or three hap-
lotype, of the lurch bectle in the' northem countries of
Europe, where this insect was recently introduced by
mnll, is in conlrastto the hypothesis thut fL.,verhaplotypes
nre found in arCas 01 recent introduction (Hcwitt, 1996).
Only the larch h"rk beetle baplotypes I BndII were found
clo,e 10 the glaciat rCliJgial arc.. (Poland & ,oulh.west
Alps). The resulrs of Ihi, study indicate that the larch
bcclle might h,ve been introduced into Scotland nnd Den-
mark frum continentnl Europe. However. haplotype(([ is
only Iccoldoo Jium Scotlandacd Denmark and is absent
from the natural range ofT, cembra'! in l:ontincnta1
Europe. It i> unlikelythat this haplotype aros. indcpend.
ently in Scotland "nd Penmark orthat a mutatinn of one
nuclentici~ t.)c(:\IIT1..~dsh(xtlyatter its introdu.;;liun.It is
likely that haplotype 111also occursin central Ellwpe, but
was not detec(cd due lo the small sample size. Cons!.:-
quently,the ori~i" of haplotype!II requiresf"rtherslUdy.
More individu.1ls will have (D be studied and mor..:
molC:l,;ularmarkers. usedif we are to have a b~ttcr under-

T"~L~.4. Nun tru;Jscrihcd region betWeen COI and tRNA,FL.
of the mitochondrial r,enomc of the European and the A.;;jan
!3rc1 bark bedles uf\hc genus1ps.

Europ..'

Asia

cCfltoaaaga tUl.aaacct

ceataaa... acel
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standing of the postgloci,1 migration of the E"lOpenn
larch bock hc'Ctles.

The Swiss populntion of I. cemhrae.collectedfrom
Picea abi<!s was described as J.cemhrae vnr.
engl1dinen.,i.,(Fuchs, 1913).which wa> suhscqucntly syn-
onymised withI. cembra. (e.g. PfelTer, 1995). Thispnpu-
lalion did not include any uniquehaplotypesandIh", no
host rnee formation can be ded"eed from the prescnt dntn.
I. cembra.e,'n breed in log' of P. <I/lies (Schimil,ehck,
1930; Posmer, 1974) and colonis"" Norway spruce nt
higher alti\1Jdesin Austria (Kirisit", Schopf & l.akntos,
unpuH observations).

Thereare no dilTerences in the DNA 'cquences of the
Iwo populations of I. cembraefrom wntinental Asia col-
leeled there from two different host tree species. 111ese
populations differed from the Japan","e population at three
nucleo1ide sites (Table 3). TIle sub",itul;onat nuclentide
site 60 suggests that the ancestral haplotype wa.' either
haplotype II or haplotype IV. It is unlikelyIMt this sub.
stitution occurred independenlly at the samesite. Using
mte, of moleculnr divergence compiled by Drawer
(1994), specifically dlC median ralc of 1.71 sequence

divergence per million yems for the cm gene in insects,

TAD!.!:S. Comparison of th~ fungala 'mci,ltc.=~ L,r the eight
spin('d larch bark bectlc,/.;in Europe 3nd Japan. Re!;uhsfro"1
Japan are thl):;e ofV"maoka ct 31. (199M).

Oluc slain fungi 3ssoci;ltcd

with larch bQrkbeerles frt>m

Euro )C

C(!ra~()(.")'sti(JIJ.~i.f ~p.

Gmph!um sp.

()phlo.t/omtl bi~()/or

Jilpan

Op/'!o..\ltlnW l£1ridt

Europe_~_,!QPQn

Cerafocystio/llis m;niJta

Cercuocys(/s larldcoJu

Ophiosloma brunl1eo-c;WQ(um

Ophlos(uma Sf1.

Ophim'foma piceae

we estimated 2.5MY A tor this migration event The
colonisationof Jnpan may have heenby haplotype IV
.bout 0.31MY 1\ ago. This is supported by the findiug thai
the length of the noneoding rcgion of the Europenn and
Ihc A,jan indi,idu,ls is 18bp "nd Ilbp, respectively. 11lC
two sequences .aligncd withoutmisma1L:h. jndicating that
there has only been one insertionldcktion eventsince
theydiverged.Thj. suggeststhm dIe A,iao and the Euro-
pel1n loreh bark b':Clh: popltlation~ have been scp:m.1tcd
for a Ions timc, and that they nuw represent distinct gl:nc
poals. 1\ comparison or lhl.:sl,;ven speciesof the Euro-
pean lp.\\ Tcv~nlcd species-specificvariability in dlC
length of the non coding region (Stauffer, 1997). I".!
nrannsfeldi hits the longest insertion/deletion region con-
sisting of 57bp followed hy II''' rypographl/j wid. 23bp.
Jp.~am ilium;ha.~the shortest region withJObp.A similar
compr.rison of the Europc:lI1Ip.'i typugrapJlIIs and the
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Asian Jp~i I)'pographu.~ r. japnmcus revealcd no diffcr~
ences (Stauffer, unpubl. data).

The assemblages of bluc-3tainfungi associated with I.
cemhme supporl Ihe DNA sequence analysis th.t sug-
gests this ~pl.:(;ics to cnnsid in r.'lctof tWD spcdes, one in
Europe and Onein Asia. The !llngi isolated in this study
arc similar to those prcviousl)i recorded fforn Japanese
beetles (Westhui7.en el al.. 1995; Yamaoka et aI., 1998).
There are, however, differences between the fungal
lI,.crnbluge, u350cialcd with thc two beetle popula,ions.
C. millul(1j C laricicn/Q, a. hrmmeo-ciliatum, O. ptceae
~Uld prcsmably also OphiQ~ilQnlasp., a hitherto unde-
scribed species, that resembles O.clIropilioides (Wright
& Cain)Solheiml are associaledwith hoth European and
Japanese f. eombrae(West/mizen et aI., 1995; Yarnanko
el aI., 199&). O.bieolor wns rarcly associated wjlh Euro-
peunund never with Japanese beetles. Likewise, Ceralu~
cy~'fjopsis sp. and the Ciraphium sp., two important ele-
ml.:nlSof lhc mycohiota of /. cemlwae in Europe, arc not
associated with this im:cct in Japan (Yamnoka et al.l
\ 998). Ophio..loma larieis, described by Westhuiun et al.
(1995), was commonlyassociated with I, cembraein
Japan (Yamaoka ct aI., 199X), hut nol in Europe.

C. laticie-vla wa~ pr~s~nt :ind is one of the mQst
common as~ocjates of 1. (}emlwae, bOlh in Eurupe and
Japan. This funsus is Ihe most virul(;nt ",sociale of 1.
ccNllbrae ~U1dcauses lc~ioll~ in the bark of L. wcmpferi
(Ynnwoka et at., 199X) and Ldecidua, (Redfem et nl.,
1987). Its associalion wilhI c"moraoboth in Europe ,ad
Japan suggeststhat I cembraeIi-omEurope~ndAsin are
closely relnted nnd thnl the association dates bnekto
before thedivergenceorthc inscel'i in the two areas.

Apart from C. pu/uolea (,""oeiated with 1. rypo-
~ra,,}ws) I1l1rlC. ruf'ipenni.i' (assocjalcd with Dendrnc~
t(ml/.~ rujipe1111if.), C lari(~i/~ol(J il) thl,~ only CC'rutoc.vst;s

spcL:it:s that is consi..tently associated with bark beetl~s
(Hnrrington & Wingfield, f998). This is unlike Oplrios-
toma spp. thatnre: commOn associatesof a wide range of
bark. beetles (Mmhies"n-KtlLlrik, 1953: Wingl1cld et at.,
1993; Kirisits. 1996). Its high Il:Vc!or virulence is note-
worthyand the fact that it is associated with I. cembl'oein
Europe and Japan is unlikely to be eo-ineid"ntal. This
fungus should be seen 'IS an indication that J. cembl'oein
Euwpi.:~nd Japan are sister species.

Tbt: rmdn aim of' lhls study was to determine whether
the European and the Asiiln larch bark beetles had
diverged gcm:lically and to evaluate tIle various nomes
fIla! have beell lIs~d fen 1. n:mbrat!. Tht: uivergencc 1n tt1c
mitochondrialcm gene indicate Ihntth" European and
the Asjan larch bark beetles diverged during pleistocene.
The: 7bp insertion/deletion in the non-coding region con-
fIrms thllt divergence O~(;lIITedlonglime ago and that the
tWII clades do not share a eommDngene pool. Thi. .pc-
cjation is Ibought to be due to geographic isolati"n ,dlb"r
than to ~ympCltrichctt:;tn(\~ptfltion ns lhe same haplolypes
arc found on dirtercnl host Ireesin Europe and in A,;a.
There arc ohvious differences in the compositionof the
bIUl~-stainfungi associated withI. cembraein Europe and
Jupan.This also ~urporl...the "kw that theips cembf'ae
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complex is composed of two distinct lax.a: J. cembra,,'
inlesling larch in F.urope and r. slibelongalus infesIing
larch in A,ia. Hopefully Ihis study will stimulate Ihe
search for addilional evidence for the separatiun. It js
unlikely Ihat nslndy of populntions from the intermediate
region (European part of RU'"ta and western parI ufSibc-
ria) would have resulted in. i:Idifferent conclusion as larch
eolonised these areas re(;ently (Scmerikov el aI., 1999). It
is likely that the western race of Larix .,ibir":a is intcsled
either with the European or the A,inn forl11.

This finding rnise, the questi"" or quarantine. There is
sufficientevidence to indicate [ha! these hectlcs woold be
a threat to larch in areas wbere lh~y Jo nlJt uccur
natllrally. The incroduction of J. ct!-mb/"ae into Aida or 1.

.sllbelongatll.~ into Europe a~ a result of the international
,,,,de in ""eh lumber could have serious consequences.
The damaging COn~eqLlencesof iutrod1tcing insei:)ts of for-
eign origin have ~trendy been exten'ively reported (Elton,
1958; Metcalf, 1995).The threat in this ca,e i, not only

the beetle, but also its fungal ussl>cii.iles. Several virulent
plant pathogens nrea""oiated with hark heetles (Wing-

field et aL, 1993). For exompJet DphiO!~toma IJImi (Buis.
mnnn)Nannfeldt and OphioSIO"w novo-ltlm; Br<!sicr ~1rC
the cnusnl agents of two pnndemics or Dutch ElmDiscnsc
in this eenlury (Bra'ier, 1991). ResidesIhe highly viru-
knt CeratocysrivJaricic()!Q,the other ~\mgalassociatesof
the IMehbnrkbeetles

"'''
wenktyvirulent-to I",,,h, (Red-

rem ot 01" 1987; Ynmaokn ct aI., 1998). However,
pathogcnfhost tree il1t~rnctions could be dilTt:rent in new

environment' as the hosts could be mOre susceptihle
(Arasier, 2000). Therefor., we recommend thaI greal care
~hnuld be taken to avoid th~ introdllction of I. cembrae

and I. slIbefongams and their associated fungi into or""
oul.ide their n'lural range.
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