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Abstraet. The eight spined larch bark bectles infest various specics of Larix in Europe and Asia. Jps combroe Is the anly Ips species
with larch ax its main host. Ips subelongarus, lps fallax, [ps shinanoncnsis and Ips combrae var, enpadinensis are treatod as syno-
nyms ol L cembrae. Thesa three putative species and the one variely are distinguished by their host tree and geagraphic dastribution,
2% it is not possible to distinguish them on the basis of morphological differences. Beotles were collectad from European and Asian
pupulations, and from hosts and geographic areas where the species were first found onu deseribed and in their natural rnges of dis-
tribution. These beetles weee wied (o study the phylogenetic relationships of the cight spined larch bark beetles. A region of the mito-
chendrial gene was analysed and the blue-stain fungi associated with £ cembrae in Furope were investigated am comgpared with
these recorded as nssociated with the larch bark beetls in Japan. Only minor sequence differences were detected betwesn the papula-
tions in Europe and Asia. Howcover, the Europoan populations differed by 4.3% from the Asion populutions. The phy logenedi
enulysis placed the European and Asian haplotypes in significantly distinct clusters. This distinetion was supported by the finding of
an insartion/deletion in & non-coding region of the mitechondrial DNAL Furthermore, there are differences in the fungt asscciated
with the eight spined larch bark bectles in Europe and Japan. The results suggest that the J, cembra comples contains it least wa

taxa: | cembrae infesting lorch in Europe and 1 subelongatus infesting larch In Asia,

INTRODUCTION

The eight spined larch bark beetle, Ips cembrae Heer
1836, is 4 sceondary pest of various larch species (Larix
spp.) in Furope and Asia  (Schimischek, 1936;
Sawamaoto, 1940, Nobuchi, 1974 Postner, 1974). The
natural distribution of L cembrae is central Lurope,
northern Russia, Siberia, Sakhalln, Korea, Mangolia,
Jupen and morth-west China (Pfeffer, 1995). The eight
spined larch bark bectle infosts L decidug, . sibirica , 1.
kaempferi and L. gmofinil, und rarcly comilers in (he
genermn Abiey, Picerr and Flauy (Schimitschek, 1930:
Nohuchi, 1974; Postner, 1974). According 1o Wood &
Bright (1952), Pfeffer (1995) and references therein, sev-
cral other species of [ps are regarded as synonyms of /.
cembrae (Table 1), These inelude [ swbelomgutns Mot-
schulsky, 1860, I shingnonensis Yano, 1924, 1 fallox
Eggers, 1915 and [ cembrae var, engadinensis Fuchs,
1913. The distributions of these beeiles are listed in Table
l. Among the synonyms provided hy Wood & Bright
(1992) and Pfeffer (1995) only the Asian larch bark bee-
te, I subelongatus is been described 10 be morphologi-
cally distinet from I cembrae (e.g. Yin et al., 1984; He et
al., |988),

[ subelongatus is the only larch bark beetle listed as a
forest inscel pest in China (Fuan, 1983). In Siberia, J

subelongatus 15 recorded killing  healthy lasch trees
(Grechkin, 1962). In Europe, [ cembrae manly infests
livimg (rees growing in regions outside the natural range
of the European larch (Larix decidua), which is central
Europe {Bobrov, 1972). These infestations appear to be
favoured by drought and high population levels that
follow afier thinning and logging (Schimitschek, 1930;
Crooke & Bevan, 1957; Redfern ot ul, 19870, F. cembrae
wis introduced into Scotland presumably after the seeond
world war (Crooke & Bevan, 19537) and into Denmark
during the last decade of this century (Harding, pers.
comrm.). Bath intreductions are likely to have originated
from continental Europe,

Recently, dala oblained from sequencing mitochondrial
genes, in particular the eytochrome 1 gene (GO have
beem used to resolve phylogenctic relationships in bark
beetles, particularly in the genem Jpy (Staulfer et al,
1997, Cognato & Sperling, 2000), Dendroctonus {Kellcy
& Farcll, 1998) and for determining the origin of o haplo-
diploid scolytid lincage (Normark et al,, 1999). Furiher-
more, mitochondrizl gene sequences are smfficiently

variable to be used in the phylogeographic amalyses of

Dendroctonus brevicomis (Kelley et al,, 1999), Jos pini
(Cognato ct al., 1999) and Ips nypographus (Stauffer et
al., 1999,
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Tavce 1. Synonyms, natursl distribution and host tree of s
cembroe acconling to Wood & Hright {1992) and Plefier
(1995).

Species (Author) __ Distribution Hoat
{i;i ::":‘:’J{;"f‘:ﬁ] SBe text Larix decidua
1 ﬂmi’;fc:if-[';”ﬁ‘;‘mﬂ“" Swirzerland Ficea abics
i g!; if?]f; % RussivMongolia L sibirica
; L:Dg:’mﬁ’:";‘;m} China/Tapun L kacmpfer!
1. shinanonensis China/lapan L gmelinii

(Yann, 1924)

Dark beetles vector blue-stain fungi belonging to the
ascomycetous gencra Ophiastoma, Ceratocystiopsis and
Ceratocystis, amd relaled snumorph genera such as
Graphium and Leptographium (Wingfield et al, 1993;
Paino ctal,, 1997). Following attack hy bark heetles these
[umgi generally cause discolouration of sapwood. Some of
these fungi are pathogenic to trees and others are thought
to aid their vectors in overcoming the defence mecha-
nisms of the host trees (Paine et al,, 1997). Most blue-
stain [ungi are relatively specific to particular bark bectlcs
and thus also 1o the host trees they infest (Upadyhay,
1981; Whitney, 1982). 1t is likely that this reflects a co-
evoluliomary relationship berween these Rungi and their
veetors. Ceratocystis laricicola is the most important
fungal associate of /. cembrac in Scotland, where the
inscet has been introduced (Redferm ot al., 1987). This
fungus is a virulent pathogen and 1 thought to play a role
in the death of trees infested by I cembrae (Redfern et
al., 1987). In Japan, several blue-stain fungi, including C.

Tauie 2. Countries and their shbreviations (abbr.), host trees
and collectors ol the Jarch bark beetles used in this study — see
also Fig. |,

Taocation' Abbr. Hast Collector’
Scotland

Atholl AT {. deridua D.B. Redfern
Deamark

Crib Skov GS L. iy 5. Harding
Germany

Postdam [ ¥ L. declaua K.-H. Apel
Hungary

Saprun S0 L. decichia F. | .okatos
Austria

Migiders Mi L. decidig

Switzerland

Chamonix CIH P. abies

Slovenin

Prea PE L, decielua

Hussia

Irkutsk IR L. sibirica C. 1loleschub
China

Helinngjinng HF I, gmolini A Roques
Japan

Hokkaido HOQ L kaempforl K. IguchifY. Yamacka

! siymificanr names cloze o the site of eollcetion are glven
Mo name indicates that beetles were collected by authars.
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laricicola, are associated with [ cembrae (Westhuizen et
al., 1995; Yamaoka et al,, 1988). There are no studics on
the fungi associated with [ cembrae in continenlal
Europe, where the inscct is native,

The aim of this study was to investigate the phylogeo-
graphic relationships of Eurcpean and Asian larch bark
beetles of the genus [ps and to evaluate the status of the
various synonyms of [ cembrae. This was accomplished
by sequencing & COT region, and a non-coding region
between COI and IRNA ey of the mitochondeal genome,
Furthermore, we compare the blue stain fungi associated
with 1. cembrac in continental Furope with that of the
larch bark beetle in Japan.

MATERIALS AND METHODS

Imsects

Fight spined larch bark beerles were collected from urens und
host trees, where individualy of the | cembroe complex werg
first desceibed or within their natural disrribution (Table 1)
Adult beetles were collzeted randomly from trees felled between
1995 and 1998, Beetles were collected from sbo populations
infesting £. decidua in Europe, ane infesting £ abies in Swil-
zerlund, one infesting L. alhirles in Rusia, one infesting L
gmelinil in China, and one infesting L. kgempferi in Japan (Fig.
1, Tahle 2). Deetles were stored in absolute ethamol until
required.

DNA extraction, PCIR amplification and sequencing

DMNA was extracted from [he hepd gnd thorax of individual
specimens, and tha PCR procedure used was that described by
StaulTer et al. (1997). A fragment was amplified wsing the sense
primer dzscribed by luan et al. (199%) and the antisense primer
{UEALD) developed by Lunt ot al. {1996). This region come-
sponds 1o position 2410 of the mitochondrial DNA of Droso-
phila yakuba and i3 situated in the second half of the COI gene.
The UEA LD primer comesponds to position 3038 im the first part
of the tRNAs; gene of D yekuba (Clary & Walstenholnie,
1985). Amplified products were purified using Concert® PCR
purification columns (Life Techa.). Sequencing was performed
using the UEAID primer and the rhodamine cycle sequencing
kit {Perkin Flmer) according to the manufacturer®s instructions,
In order to avoid PCR artefocts, each DNA sample from each
individual insect was sequenced at least wice from two inde-
pendont PCR amplifications.

Datn analysis

Haplotype sequences were aligned using the software pro-
gram CLUSTAL W 1.60 {Thesrpson et al., 1994) with default
settings. For the maximum parsimony (MP) bootstrap analysis,
the branch and bound searches of PALIP (Swollowd, 1993) was
used with default settings. 1 hppogrophus wins ussil as theout-
grotp, As in the phylogenetic analysis previously applied 1o fps
spp. (Stauffer ot al., [997), DNA sequence divergence was cati-
mated by the gamma distance following the Tamura & Nei
(1993) madel (e = 0.5}, The phenogram was constructed using
the neighbour joining method (NI) (Suitou & Nei, 1987} and
MEGA {Kumar et al_, 1993),

FPlue-stain fungi from larch bark bectles in central Europe

The fungi associated with 7. cembrae were collected betwesn
1995 and 1998, a1 various localitics within the natural range of
. decidua in Austria. Adult Insects, infested larch logs andior
bark and wood samples contoining breeding gallerics of £ cem-
bregze wete collected ot the study sites Kindberg/Seyria in 1955,
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Tabrt 3. Polvmorphic nucleotide positions of the haplatypes
of the eight spined larch bark beethe fromn Turope and Asia.
Haplotypes | 111 and haplotypes IV=V differ in 20 more nucloe-
tide gites — toe lexl,

nucleotide position
4 60 199 22 233

Enrope

Haplotype 1 T A C C {
Heplotype 11 T G C C G
| Taplotype 11 A A C c C
Asla

Haplotype IV C G C C =
IHoplotype V L4 G T T T

GleinStyriz in 1997, Ehrwaid/I'yrol in 1997, HieshergTower
Austria in 1998, ond Seetaler Alpen/Siyria in 1998, Malt extract
ogar (MEA, 2 % malt, 1.6 % agar) supplemented with 100 mg/
streptomyein sulphate was uted for eullivating fungal isolates.
Occasionally, 100 my/d of the snlibiotic cycloheximide was
added to the medium because it is selective for Ophiostoma spp.
and their anmnorphs (Harringron, 1981). Isaladons were made
from mulure snd immature beetdes, larvas, pupae and [rom dis-
coloured wood. In addition, selations wen made from stained
bark and sapwond of larch logs, six weoks afier adult /. cembroe
had been inoculated into these Jogs, following a similar method
o that deseriber by Furniss et al. (1990) and Krokene & Sol-
heim (1996). In addition 1o isolatzs obtained from boetles or
infected tissue, |solales wers obtwined by transferring nscospores
and conidin from scxual (perithccia) and asexusl {conidivp-
hores) fungal structures accurring in the galleries of the insccts.
The Petri-dishes were incubated at room temperature and
expased to normal laboratory conditions, Pure cultures of fungi
were obtained by tunsferring myeclium, ascospores or conidial
masses, frm the primary isolates to fresh MEA. After the onset
af spamiation the fongl weree identified. Reference isolates of
the fungal species were deposited in the culture collections of
the [natitute of Forest Cnlomology. Forest Pathology and Forest
Protection, Universitit filr Bodenkultur, Vienna and of the For-
estry and Agriculiural Biotechoology Instilute (FABI), Univer-
sity of Pretoria.

RESULTS

The sequences oblained for the vight spined larch bark
beetles have been deposited in Genbank under the acces-
sion mumbers [CUB2588 (Luropcan haplotypes) and
ICUB2589 (Asian haplolypes). The polymorphic codon

j’:’ﬂt‘ r\ ;m-ﬁr

o
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->00027124202954 ECM 5. D4

sites of COI are shown in Table 3. From seven Furopean
populations, 48 individuals were analysed. Three haplo-
types that differed at a single nucleotide site were found.
The siles were transitions on the third codon site, which
did not alfect the amine acid (AA) sequence. The seven
individuals (rom three different Asian countries were ane
of two different haplotypes. These two haplotypes dif-
fered at three nucleotide sites, which were transitions on
the first codon position and nlso did not affect the AA
sequence. The Asian haplotype TV & V differed from the
European haplotype T & 111 at 20 nucleotide sites in addi-
tion fothe oncs shawn in Table 3, Twno thirds of the sub-
stitutional sites occurred at the third codon pusition, 29%
at the first codon position and one al the sceond codon
position, which caused an AA change.

The distribution and frequency of the five haplotypes in
Eurasia is shown in Fig. |, There is one haplotype in the
Swiss and the Austrinn populations, two in the
Hungarian, $lovenian, German and Danish populations,
and three in the Seottish population. Both continental
Agian populations are made up of haplogype IV and the
Japanese population, of haplotype V.

Analysis of the noncoding rcgion hetween COT and
tRNALw revenled a difference between the Asian and the
Furopean populations (Table ). The European larch bark
bectle papulations could be distinguished from the Asian
populations by u Tbp insertion/deletion. The two sequen-
ces aligned without mismatch,

The phylogenctic analysis of the sequence data revealed
that the three Huropean haplotypes and the two Asian
ones are monophyletic. They reside in two distinct clades
each with high bootstrap values (Fig. 2). Both, MP and
NJ using the gamma distanee of Tamura & Nei (1993)
model (o« = 0.5) gave the same resull. The sequence diver-
gence estimated by the gamma distance was between
4.33% (haplotype T1 and TV) and 5.28% (haplotype 111
and V). Within cuch of the clades, the sequence diver
gence was less than 1%.

Eight fungal taxa are associated with f. cembrae in cen-
tral Europe (Table 5). These include Ceratocysiinpsis
miinuta (Siemaszko) Upadhyay & Kendrick, an unidenti-
fied Ceratocystiopsis sp., Ceratocystis laricicnla Redfern
& Minmer, Ophiostoma bicoler Davidson & Wells, O
brunneo-ciliatum Muathiesen-Kiink, 0. piceae (Miinch)
H. & P. Sydow, an unidentified Ophiostoma sp. and an

- ﬂ‘_,..-

._ \W?J W%jvtf\
{‘\fﬁ'\rﬁ‘_‘wf“‘ H ‘\Iﬁ"f
China

7
———*qf“""‘j
. Yy i

= Atla

Fig. 1. Misiribation of the European haplotypes. Below the abhreviotions of the collection sites {scc Table 2), haplotypes are
given in Reman numbers (1, 1, 111). Number of individuals scquenced is given in parenthesis besides

1



17-08-04

21:33

Haptatype 1
F
I ﬂﬁh Haplatype 11
“H Yiapiatype 111

Aain_p0 1|'bﬂlmw|""

ML Haplotype v
1 hpagrapduy

Fig. 2. 'The neighbour-jomning (N1} tree using the gumma dis-
tance ol the Tumura and Mei (1993) model (i ¢ 0.5), The sister
taxin [, fvpographus, was usad 0% an oulgroup (Stauffer et al,
1997). The maximum parsimony topology s almost identicsl,
excepl that the haplotypes of each of the two main clades are not
resolved. The length of the horicontal branzhas ore propartional
tor the single hase changes and can be read us percentage differ-
ences wsing the scale bos, Bodlstrap pereentages are indicated
above the nodas for N1,

unidentified CGraphinm sp. Based on frequency of ocour-
rence, O, laricicela, 0. brunneo-cilimum and Graphium
sp. are dominant in Europe, whereas O, bicolor and
Ophiostoma sp. were only oceasionally isolated,

DISCUSSION

The litcrélure on the postglacial history of larch
(TTuntley & Birks, 1983) was used to interpret the distri-
bution of the Furopean haplotypes. This distribution does
not conform with the postglncial hisiory ol the host tree,
Pollen analyses indicate that L decidia was present in
Poland during the last interglecial periods [Huntley &
Birks, 1983}, Subsequently, there was a northward expan-
sion of this wee across Poland during the late pglacial
period. About 7000 years before present, larch was
restrieted to the Alps. The occurrence of two or three hap-
lotypes of the larch begtle in the northern countries of
Europe, where this insect was recently introduced by
man, is in contrast to the hypothesis that fewer haplotypes
are found in arcas ol recent introduction (Hewilt, 1996).
Only the lareh burk beetle haplotypes 1 and 11 were found
close to the glacial refugial arcas (Poland & south-west
Alps). The results of thig study indicate that the larch
beetle might have been introduced into Scotland and Den-
mark from eontinental Europe. However, haplotype 11 is
ouly recopded frum Scotund ard Denmark and is ahsent
from the natural range of I cembraz in continental
Furape. It is unlikely that this haplotype aross independ-
ently in Scotland und Denmark or that a mutation of one
nucleatide ogeurmed shortly after it introduction, It is
likely that haplotype [ alsa occurs in central Burape, but
was not detected due lo the small sample size. Conse-
guently, the origin of haplotype I requires further siady.
More individuals will have 1 be studied and more
molecular markers used if we are 10 have 4 beiter under-

TaeLk &, Non trunscribed region berween COT and t(RNA g,
of the mitochondrial penome of the European and the Asian
larch bark heetles ul the genus Jps.

centnaaayy Ranascel
ccataga---  =-=-agct

Eurupe
Asia
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stancling of the postglacial migration of the Furopean
larch burk heetles.

The Swiss population of £ cembrae, collected from
Picea  abies was described as L cembrae  var
engadinensis (Fuchs, 1913}, which was subscgucntly syn-
onymised with . cembrae (e.g. Plefler, 1995). This popu-
lation did not include any uniqus haplotypes and thus no
host race formation can be deduced from the present data,
I cembroe can breed in logs of P abies (Schimitschek,
1930: Postmer, 1974) and ecolonises Norway spruce al
higher altitudes in Austia (Kinsits, Schopl & lakatos,
unpubl. observations).

There are no differences in the DNA sequences of the
twa populations of I cembree from conlinental Asia col-
levied there from two difterent host tree species, These
populations differed from the Japanese population at three
nucleotide sttes (Table 3). The substitulion at nucleotide
site 60 suggests that the ancestral haplolype was either
haplotype 11 or haplotype TV, Tt is wnlikely that this sub-
stitution oceurred independently at the same site. Using
rates of molecular dwverpence compiled by Brower
(1994}, specifically the medion rate of 1.7 sequence
divergence per million years for the €O gene in insacts,

Tapc 5. Comparison of the fungal associales of the cight
spined larch bark hectles in Europe and Japan. Results frum
Japan ure those of Yamaoka et al. {199%).

MHue stain fungi associated
with larch bark beetles from

Europe Japan
Corarocystionsis sp. Opfafeasteammin learieiy
Graph!um sp.
Uphinstumea hicolor o
Europe & Japan
Cergtocysilapsis minida
Cerarncysiis laricicolu
Ophiosioma brunneo-ciliatum
Opshivintama 50,
Chpshiaxtome pieeag

we estimated 2.5MYA for this migration evenl. The
colunisation of lapan may have been by haplolype IV
sbout 0.2IMYA ago, This is supported by the finding that
the length of the noncoding region of the Furopean and
the Asiun individuals Is 18bp and 11bp, respectively, The
two sequences aligned withour mismateh, indicating tha!
there has oenly been one insenionfdelction cvent since
they diverged. Thia suggests that the Asian snd the Furo-
pean larch bark bectle populations have been scparated
for o long time, and that they now represent distinet gene
poals. A comparison of the seven species of the Euro-
pean fps, revesled species-specific variability in the
length of the non coding region (Stauffer, 1997V, Jps
mangfeldi has the longest inserhionfdeletion region con-
sisting of 57bp followed by Ips nypographus with 23bp
Ips amitimiz has the shortest region with 10bp. A similar
comparison of the European [py typographis and the
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Asian fps fypographus [ japomicus revealed no differ-
ences {Stuffer, uapubl. dula).

The assemblages of bluc-stain lungi sssociated with 7
eembrae support the INA sequence analysis that sug-
gests this specivs to consist in fact nf hwo species, one in
Europe and onc in Asia. The fung! isolated in this study
are similar 1o those previously recorded from Japanesc
beetles (Westhuizen et al., 1995; Yamaoka et al., 1998),
There are, however, differences between the fungal
gasembluges associated with the two beetle populations.
C. minuta, C. lavicicola, Q. hrunneo—cilictum, O. piceae
and presmably also Ophiostoma sp., a hitherto unde-
seribed species, that resembles Q. ewrgphivides (Wright
& Cain} Solheim, sre nssocioted with hoth Furapean and
Tapanese [ cembroe (Westhuizen et al,, 1995; Yamaoka
ot al., 1998). 0. bicolor was rarcly associated with Euro-
peun and never with Japancsc bestles. Likewise, Ceralo-
eystivpsiy sp. und the Graphien sp., two important ele-
ments of the mycobiota of /. cembroe in Enrope, are not
associoted with this insect in Japan (Yamaoka et al,
1998}, Ophinstoma laricis, described by Westhuizen et al.
(1995), was commonly associated with 1 cemdrae in
Japan (Yamacka ct al., 1998), but not in Europe.

C. lavicleole was present and is one of the maost
comman associates of [ cembrae, both in Europe and
Japan. This fupgus is the most virulent associate ol 1,
cembroe und causes lesions in the bark of £, kaempferi
(Yomooka et al, 1998) and L. decidng, (Redfem et al.,
1987). Tts associalion with I cembrae both in Furope and
Japan suggests that [ cembraz from Europe and Asin are
closely related and thul the association dates back to
hefore the divergence ol the inseets in the two areas.

Apant from C. polomica (associwted with 1 ppo-
graphis) and C. pyfipennis (sssocialed with Dendrac-
tons rufipernis), O daricicola 15 the only Cerarocystis
species that is consistently associated with bark beetles
(Harringlon & Wingficld, [998). This is unlike Ophios-
foma spp. that are common assaciutes of o wide range of
bark beetles (Mathiesen-KHilrik, 1953 Winglicld ot al.,
1983, Kirisits, 1996), Its high level ol virulence is note-
worthy and the fact that it is associated with /. cembrae in
Europe and Japan is unlikely to be co-incidental, This
fungus should be seen as an indication that J. cembrae in
Europe and Japan are sister species.

The muain aim of this study was 10 determine whether
the Luropeun and the Asian larch bark beetles had
diverged penctically and to evaluate the various names
that have been used fun £ cembrae. The divergenece in the
mitnchondrial COT gene indicate that the European and
the Asian larch bark heetles diverged during pleisiocene.
The Tbp inscriion/deletion in the non-coding region con-
firms that divergence oceurred long time ago and that the
twu clades do not share n common gene pool. This spe-
ciation is thought to be due to geographic isolalion rather
than to sympatic host adaptation as the sime haplolypes
are found on different host trees in Hurope and i Asia,
There are obvious differences in the compusition of the
blue-stain fungi associated with I cembrae in Europe and
Jupan. This also supports the view that the Jps cembrae
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complex is composed of two distinet taxn: [ combrae
infesting larch in Furope and 1. swbelongatus infesting
lareh in Asia. Hopefully this study will stimulate the
search for additicnal evidence for the separation. Tt is
unlikely that a study of populations from the intermediate
region (European part of Russia and western part of Sibe-
ria} would have resulted ina different conclusion s larch
colonised these areas recently (Semenkov ot al., 1999), Tt
Is likely thar the westem race of Larfe sibirica is infested
either with ke European or the Asian form.

This finding raises the question of quarantine. There is
suficient evidence to indicate that these heetles would be
@ threat to larch in arcas where they do nol oceur
naturally, The inroduction of . cembroe into Asia or 1
subelongatus into Europe as @ result of the international
trade in larch lumber could hawe serious consequences,
The damaging consequences of mtroducing insects of for-
cign origin have already been extensively reported (Elton,
1958; Metealf, 1995} The threat in this case is not anly
the beetle, but also its fungal associates. Several virulent
plant pathogens are assoviated with hark heetles (Wing-
field et al,, 1993}, For example, Ophiostoma wimi (Buis-
mann) Nannfeldt and Ophiosfoma novo-ulmi Wrasier are
the causal agents of two pandenrics of Dutch Elm Diseyse
in this century (Brasier, 1991), Besides the highly vira-
lewt Caratesystis laricienla, the other fungal associates of
the larch bark beetles are weakly virulenl-to larch, (Red-
fern et al, 1987 Yemaoka et al, 1998). However,
pathogen‘host tree internctions could be different in new
environmenis as the hosts cowld be more susceplible
{Brasicr, 2000). Therefore, we recommend that great care
should be taken to avoid the introduction of £ eembrae
and 1. subelongarus and their assoclated fungl into areas
outside their natural range.
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