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T he oak bark  beetle (Scolytus in tricatus, Scolytidae, C oleoptera) was studied  during the  
years 1997-2003 w ith respect to  th e  occurrence of microscopic fungi on th e  surface of its body. 
Sam ples were collected in eight localities in th e  Czech and Slovak Republics. T he investigation 
was focused on all different stages of th e  beetle’s life cycle: eggs, larvae, adu lts before emergence, 
ad u lts in generation and m atu ratio n  feeding (nearly 600 sam ples), and also on galleries (400 
sam ples). T he m ost frequent fungi associated w ith S. in tricatus  were yeasts, G eosm ithia  spp. 
and P en icillium  spp. O phiostom atoid  fungi were isolated, too. G reat a tten tio n  was paid to  the  
occurrence of G eosm ithia  spp., which were so far recorded rarely. T hey were frequently found 
in all stages of th e  life cycle of Scolytus in tr ica tus, except for m ales in m atu ra tio n  feeding. 
T he ecology of G eosm ithia  spp. in feedings of phloem  inhabiting  insects is discussed for their 
negative cellulase p roduction  and th e  ecology of associated insect species. Trees infested with 
Scolytus in tr ica tus  represent a  m ajo r and still little  explored niche of Geosm ithia  spp.

K e y  w o rd s : microfungi, Geosm ithia, Scolytidae, ophiostom atoid fungi, yeasts

K ubátová  A., K olařík  M., P ráš il K. a  N ovotný D. (2004): Kůrovci a  jejich chodbičky -  
dobře znám á nika m álo znám ých hub, p řík ladem  je  G eosm ithia. -  Czech M ycol. 56: 1-18

V letech 1997-2003 byl studován bělokaz dubový (Scolytus intricatus, Scolytidae, C oleoptera) 
s ohledem  n a  výskyt m ikroskopických hub na jeho povrchu. Vzorky byly odebírány na osmi 
lokalitách v České a  Slovenské republice. Byla zkoum ána všechna s tád ia  životního cyklu bělokaza: 
vajíčka, larvy, dospělci před vylétnutím , dospělci v generačním  a  dozrávacím  žíru (tém ěř 600 
vzorků) a  také chodbičky (400 vzorků). N ejčastěji byly ve spojení s bělokazem dubovým  zazna­
m enány kvasinky, druhy rodu G eosm ithia  a  P enicillium . Byly izolovány také ophiostom atáln í 
houby. Velká pozornost byla zam ěřena n a  výskyt hub rodu Geosm ithia, k teré  byly dosud u nás
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1 ve světě zaznam enávány dosti zřídka. T y to  houby byly ve všech stádiích životního cyklu bělokaza 
velmi časté, s výjim kou sam ečků v dozrávacím  žíru. Ekologie hub rodu  G eosm ithia  v požercích 
lýkožravého hm yzu je  d iskutována na  základě zjištěné negativní produkce celuláz a  ekologie jejich 
hm yzích přenašečů. Dřeviny napadené bělokazem dubovým  představují význam nou a  dosud m álo 
probádanou  niku hub rodu Geosm ithia.

I n t r o d u c t i o n

B ark beetles have been m onitored by forest pathologists and mycologists on 
the  whole world for several last decennia. Numerous papers dealing w ith fungi 
associated w ith bark beetles were published and still new ecological connections 
are found and even new species of fungi are described from this niche (e. g. Liou 
et al. 1999, Kirschner and Oberwinkler 2000, Kirschner et al. 2001).

Subcorticolous insects can be divided into three m ajor groups according to 
the ir feeding strategies (Berrym an 1989). (1) Saprophages feed on the bark 
of dead trees or tree parts. A lthough their diet may be supplem ented by m i­
croorganism s, s tric t associations w ith specific fungi are unlikely to  occur. This 
ecological group of insects is ra ther unknown because they  cause no economic 
damage. (2) M ycetophages (=  xylomycetophages) are known also as “am brosia 
beetles” . A large p a rt of this group belongs to  various Coleopteran families 
(Scolytidae, Platipodidae, Lymexilidae) and to  horntail wasps (Hym enoptera: 
Siricidae). Am brosia beetles feed m ostly on m utualistic am brosial fungi which 
are cultivated in galleries bored into the sapwood of dead trees or tim ber. (3) 
Phytophages (=  phloemophages) feed on living tissue of trees and are closely 
associated w ith fungi. This group comprises some Scolytids known as bark  beetles, 
some weevils (Coleoptera: Curculionoidea) and other insect groups (Coleoptera: 
Cerambycidae, Buprestidae). T heir reproduction and survival are apparen tly  not 
dependent on a specific fungal diet. However, m ost of them  have b o th  specific and 
coincidental connections with fungi, many of which belong to  the  ophiostom atoid 
fungi. These fungi are able to  increase the concentration of phloem  nutrients 
(Ayres et al. 2000), they degrade products of host defense chemicals (Beaver 
1989) or convert insect pheromones (Leufven 1991). Some of these fungi like 
Ceratocystis polonica (Siemaszko) C. M oreau (Christiansen and Solheim 1990) 
and Ophiostoma novo-ulmi Brasier (Brasier 1991) are dangerous pathogens. For 
th is reason, tree-killing bark beetles are the m ost intensively studied Scolytids. 
O ther fungi may be parasites of pathogenic invertebrates. For example, Esteya  
vermicola J. Y. Liou et al. is a microfungus associated w ith beetles th a t can 
parasitise nem atodes, transferred by the same beetles (Liou et al. 1999, K ubátová 
et al. 2000). Besides different kinds of parasites, many other microorganism s live 
in close association w ith beetles and their galleries: saprotrophs, endophytes, and
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■  other microfungi whose role is not yet known. Several phloemophagous bark beetles
I  are associated w ith only a small num ber of ophiostom atoid fungi and w ith very
I  few and ra th e r unspecific fungal species, among which the anarnorphic fungus
I  Geosmithia putterillii (Thom ) P it t  was found as a dom inant species (see Table
I  1; K irschner 1998, 2001; K ubátová et al. 1999; Kolařík 2002a, 2002b). On the
I  o ther hand, G. putterillii is regarded a rare taxon on other organic substrates.
I  Likewise, G. lavendula (R aper et Fennell) P i t t  was yet very rarely isolated from
■  various organic substrates. Recently, this ra ther little  known species was found to
B  be frequent am ong m ycobiota associated w ith fig bark beetle (Kolařík, unpubl.,
I  see Table 1).
I  T he genus Geosmithia  was erected by P itt  (1979) to  accom m odate some distinct
I  species of Pénicillium  and a t present the genus includes ten  species (P itt 1979;
I  P it t  and Hocking 1985; Yaguchi et al. 1993, 1994). R aper and Thom  (1949)
■  and Ram irez (1982) distinguished Pénicillium  putterillii Thom  and P. pallidum
H  G. Sm. as two different species, based on differences in arrangem ent of conidial
I  chains, which may occur in well-defined columns in P. putterillii or divergent,
■  becom ing tangled in age in P. pallidum. P it t  (1979) examined several new isolates
I  w ith  interm ediate features and placed P. pallidum  into synonymy of Geosmithia
I  putterillii. However this “G. putterillii group” has not yet been studied by
I  m olecular m ethods, which could elucidate the position of bo th  species. Recent
I  m olecular studies, based on rDNA sequence analyses, showed th a t Geosmithia
I  is a polyphyletic taxon  w ith affinities to  Hypocreales and Eurotiales (Iwamoto
I  et al. 2002, Ogawa et al. 1997, Ogawa and Sugiyama 2000, Peterson 2000). The
I  hypocrealean Geosmithia species, represented by G. putterillii and G. lavendula,
I  are closely related to  Acrem onium  alternatum  Link and to  cleisthothecial genera
I  like Emericellopsis, and form a separate clade in the  family Bionectriaceae
I  (Rossm an et al. 1999, Rossm an et al. 2001).
I  D uring our survey of microfungi associated w ith oak bark beetle (Scolytus
I  in trica tus) infesting oaks in the  Czech Republic and Slovakia, several groups of
I  fungi were found (K ubátová et al. 1999, K ubátová et al. 2002). Among them
I  great a tten tio n  was paid to  ophiostom atoid fungi (Prášil 2000). W ith in  o ther
I  fungi, Geosmithia  species were isolated in high frequencies. These results were
I  surprising, because records of this fungus in the Czech Republic were so far very
I  rare (Nováková and K ubátová 1995). Thus, the Geosmithia  species present an
I  exam ple of fungi living in well-known niche bu t whose ecology and occurrence of
I  which in the Czech Republic we do not know much of. The m ain aim  of th is article
I  is therefore to  apprise of these fungi and their niche in detail. We have presented
I  here d a ta  abou t the  occurrence of Geosmithia fungi on different stages of oak bark
I  beetle. In  addition, in order to  elucidate the role of Geosmithia, we detected the
I  capability  of selected strains to  utilise cellulose.
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T ab le  1. Insect species associated w ith G eosm ithia  spp. -  sum m ary of yet known da ta .

Insect species * Host tree Geographic origin/References

Cryphalus piceae Abies alba Germany (Kirschner 1998, 2001)

Ernoporus tiiiae Tilia cordata Czech Republic, Hungary (Kolařík, unpubl.)

Emoporicus fagi Fagus sylvatica Slovak Republic (Kolařík, unpubl.)

Hypoborus ficus Ficus carica Croatia, France (Kolařík, unpubl.)

Leperisinus fraxini Fraxinus excelsior Germany (Kirschner 1998, 2001), Czech and
Slovak Republics, Hungary, France (Kolařík, 
unpubl.)

Phloesinus thujae Chamaecyparis pisifera Czech Republic (Kolařík, unpubl.)

Phoracantha semipunctata -  South Africa (CBS 857.71)

Pityophthorus pityographus Piceaabies Germany (Kirschner 1998, 2001)

Flhaphitropis marchicus (Coleoptera: Malus domestica Czech Republic (Kolařík, unpubl.)
Anthribidae) associated with S. mali

Scolytus carpini Carpinus betulus Czech Republic, Hungary (Kolařík, unpubl.)

Scolytus intricatus“  Fagus sylvatica, Quercus Czech Republic (this study), Czech and Slovak
dalechampii, 0. petraea, Republics (Kolařík 2002a, Kolařík, unpubl.)
0. polycarpa, 0. robur

Scolytus mali Prunus domestica Hungary (Kolařík, unpubl.)

Scolytus multistriatus Ulmus carpinifolia Czech Republic (Kolařík, unpubl.)

Scolytus ratzeburgi Betula pendula Czech Republic (Kolařík 2002a)

Scolytus rugulosus Prunus domestica, P. spinosa, Czech and Slovak Republics (Kolařík 2002a),
Frangula alnus, Malus Hungary, France (Kolařík, unpubl.)
domestica

Scolytus scolytus Ulmus laevis Czech Republic (Kolařík 2002a)

Scolytus sp. Ulmus sp. Netherlands (CBS 248.32)

Scolytus sp. Persea gratissima Seychelles (IMI 051240b)

Scolytus sp. -  England (IMI 192499)

Taphrorychus bicolor Fagus sylvatica Germany (Kirschner 1998)

Xiphydria sp. (Hymenoptera: Castanea sativa Czech Republic (Kolařík 2002a, Kolařík, unpubl.)
Siricidae)

undetermined bark beetle Cunninghamia konishii Taiwan (Kirschner 2001)

* Coleoptera: Scolytidae, unless otherw ise noted
** Geosm ithia  spp. were also isolated from larvae of Agrilus spp. (C oleoptera: B uprestidae)

and  from ceram bycid larvae, found near oak bark beetle (S. in trica tus) feedings.

C z e c h  m y c o l . 5 0  ( 1 - 2 ) ,  2 0 0 4

4



T a b le  2. Details on localities and studied  m ateria l of Scolytus in tricatus  in the  Czech and Slovak 
Republics.

Locality, date of sampling Host free Stage of life cycle
(from the Czech Republic unless otherwise noted)

Central Bohemia, Křivoklát region, Kohoutov near Zbiroh, Ouercus petraea •  50 larvae after wintering (50 galleries)
49 ' 55' 25" N, 1346’14” E, (4 trees) •  20 adults before emergence
March 1997

Central Bohemia, Křivoklát region, Mlynářův luh near 0. petraea •  100 adults in generation feeding
Karlova Ves, (70 galleries)
49" 59’ 31” N, 13" 51' 06”  E, •  30 eggs
July 1997

Central Bohemia, Křivoklát region, Vlastec near Zbiroh, O. petraea •  100 larvae before wintering (100 galleries)
49” 55' 40”  N, 13" 48' 30" E,
October 1997

Central Bohemia, Libický luh near Velký Osek, O. polycarpa •  25 larvae after wintering (25 galleries)
50" 06’ 10" N, 15" 10’ 15” E, •  25 adults before emergence (25 galleries)
April 1998

Central Bohemia, Libický luh near Velký Osek, O. robur •  25 young larvae (25 galleries)
50' 06’ 10" N, 15' 10’ 15” E, •  25 dead females after oviposition
July 1998 (25 galleries)

Central Bohemia, Libický luh near Velký Osek, O. robur •  60 larvae before wintering (50 galleries)
50" 06' 10" N, 15" 10' 15” E,
October 1998

Central Bohemia, Libický luh near Velký Osek, O. robur •  30 males in maturation feeding
50" 06' 10" N, 15" 10' 15” E, (30 galleries)
June 1999

North Bohemia, Louny, near Břinkov, O. robur •  20 larvae before wintering
50" 16' 48”  N, 13" 47' 34” E,
November 2000

South Bohemia, Bohemian Forest, Vydra river region, O. robur •  20 larvae before wintering
near Horní Hrádky,
49" 04' 24” N, 13" 30' 30” E,
October 2001

Slovak Republic, Central Slovakia, Muránska planina Q. datechampii •  35 larvae after wintering
Plateau, Šiance hill near Muráň, •  17 adults before emergence
48" 46' 10" N, 20" 04' 30" E,
July 2002

North Bohemia, Louny, near Hřivice, Fagus sylvatica •  10 wintering larvae
50" 17’ 03”  N, 13" 44’ 00” E, » 7  wintering adults
January 2003
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M a t e r i a l s  a n d  M e t h o d s

L o c a l i t i e s  a n d  m a t e r i a l

The investigation was carried out during the years 1997-2003 in eight localities 
(deciduous forests w ith prevailing oaks) in the Czech and Slovak Republics 
(Table 2). The prim ary sources for the sam pling were short p arts  of branches 
(c. 10-40 cm long) of four oak species ( Quercus dalechampii, Q. robur, Q. petraea 
and Q. polycarpa) and beech (Fagus sylvatica) infested by oak bark beetle (Sco­
lytus intricatus, Scolytidae, Coleoptera) in different stages. A ltogether, branches 
from fourteen trees were sampled. The m ajority  of the branches or trees had 
recently died off. The study was focused on surface m ycobiota of all different stages 
of the life cycle of S. in trica tus: eggs, larvae before and after w intering, w intering 
adults or adults before emergence, and adults in generation and m atura tion  
feeding, dead females after oviposition and also on m ycobiota in galleries of larvae 
and adults.

S a m p l i n g  a n d  i s o l a t i o n

For sam pling of adults before emergence, p arts  of branches were m aintained in 
a laboratory  for several days in sterile ja rs  in order to  enable m atu ra tion  of the 
insects (moist cham bers). Males of S. intricatus in m atu ra tion  feeding were caught 
directly  in the localities, whereas larvae, adults and eggs were excised from under 
the  bark by sterile tweezers in the laboratory. A ltogether, nearly 600 samples 
(individuals) of different insect stages (30 eggs, 345 larvae and 224 adults) and 
400 samples of galleries (250 of larvae and 150 of adults) were processed. Each 
insect was individually washed in a tube w ith 5 ml of sterile water w ith Tween 
80 (0.02 %) using an ultrasonic cleaner (frequency 44 kHz). One ml of suspension 
and one insect body were separately inoculated on P etri dishes w ith 1.5 % m alt 
ex trac t agar w ith streptom ycin (0.1 g/1). M aterial from galleries was inoculated 
directly onto agar plates.

The P e tri dishes were incubated a t 25 °C in the dark. During 2-10 weeks, 
colonies were transferred onto several media: Czapek yeast ex trac t agar (CYA) or 
2 % m alt ex trac t agar (MEA) after P it t  (1979), and po tato-carro t agar (PCA ) after 
Fassatiova (1986). Selected Geosmithia strains (over 80 isolates) were lyophilised 
and are m aintained a t the  C ulture Collection of Fungi (C C F), D epartm ent of 
Botany, Faculty of Science, Charles University, Prague, Czech Republic. One 
stra in  was deposited a t the  Czech Collection of M icroorganisms (CCM ), Faculty 
of Science, M asaryk University, Brno, Czech Republic (CCM 8295).
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T e s t i n g  G e o s m i t h i a  s t r a i n s  fo r  c e l l u l a s e  p r o d u c t i o n

Testing of cellulolytic enzyme production was carried out not only w ith 
our isolates from Scolytus intricatus, bu t also w ith our isolates from various 
phloem  and sapwood inhabiting insects and other com parative strains from CABI 
Bioscience, UK and NRRL, USA. A ltogether, twenty-one Geosmithia isolates were 
tested: CC F 3333, CCF 3340, CCF 3341, CCF 3344, AK 105/97, AK 125/97, AK 
125/98, AK 192/98, MK 97, MK 110, MK 123, MK 124, MK 142, MK 334, MK 
353, MK 368, MK 382, and IM I 158645, IMI 191599, IM I 054224, NRRL 2024. 
A stra in  of Pleurotus ostreatus (Jacq.) P. Kumm. (CCBAS 477, from the  C ulture 
Collection of Basidiomycetes, Prague) and Trichoderma harzianum  Rifai (MK 
450) were used as cellulase producing standards. The abbreviation AK stands for 
strains of A. K ubátová, MK for strains of M. Kolařík.

Two m ethods were used to  detect cellulolytic enzymes (cellulase, endoglu- 
canase) (Pointing 1999). The enriched cellulosis basal medium  (CBM) consisted 
of: C4H 12N20 g  -  10 g, K H 2P O 4 -  2 g, MgSC>4 x 7H20  -  1 g, yeast ex trac t -  1 g, 
C aC l2 x 2H20  -  0.002 g, distilled w ater -1  litre. Inoculum  discs (5 mm diam .) were 
cu t from the actively growing edge of colonies grown on CBM supplem ented w ith 
2 % w /v  glucose. P roduction of cellulase was tested  by degradation of cellulose azure 
agar. T he CBM m edium  supplem ented w ith 2 % w /v  agar transferred in 10 ml glass 
cu lture  bo ttles was overlaid by 0.1 ml viscous CBM medium supplem ented w ith 
1 % w /v  cellulose azure (Sigma). The medium  was inoculated w ith discs of the 
te s t fungi and incubated. M igration of dye into the clear lower layers indicates the 
presence of cellulases (Pointing 1999). Endoglucanases were tested  by degradation 
of carboxym ethylcellulose (CM C) agar. The CBM m edium  was supplem ented w ith 
1 % w /v  low viscosity CMC, and 2 % w /v  agar was added. This m edium  dispensed 
into P etri dishes was inoculated w ith the test fungi and incubated a t room  tem per­
ature . A fter grow th for 14 and 21 days, the plates were flooded w ith 0.08 % aqueous 
Congo Red (J. R. Geygi S. A., Bále, Switzerland), and allowed to  sit for 10 m inutes. 
T he sta in  was washed from the agar surface w ith distilled w ater and P e tri dishes 
were flooded w ith 1M NaCl to  destain for 15 m inutes. The NaCl solution was then 
removed. CMC degradation around the colonies appears as an yellow-opaque area 
against a  red colour for un-degraded CMC (Pointing 1999).

R e s u l t s  a n d  D i s c u s s io n

General results

D uring th is study, several groups of fungi appeared to  be frequently associated 
w ith  Scolytus intricatus  and its galleries in branches of four species of oak and one 
species of beech in eight localities studied. The m ost frequent were yeasts, Geo-
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before before before before before after after eggs, young young

wintering, wintering, wintering, wintering, wintering, wintering, wintering, Mlynářův larvae, larvae,
Vlastec, Libický luh, Břinkov, H.Hrádky, Hřivice, Kohoutov, Libický luh, luh, šiance hill, Libický luh, 
X.1997 X.1998 XI.2000 X.2001 I.2003 111.1997 IV.1998 VII.1997 VII.2002 VII.1998

Stages and localities -----------------------------
a  eggs

□  larvae

□  larvae galleries

F ig . 1. O ccurrence of Geosm ithia  on eggs ond larvae of Scolytus in tricatus  and in larvae galleries 
in th e  studied  localities.

sm ithia  spp., and Penicillium  spp. Besides these micromycetes, ophiostom atoid 
fungi (mainly Ophiostoma piceae (Miinch) Syd. et P. Syd. s.l.) and other fungi 
were also isolated. For prelim inary results see K ubátová et al. (2002).

A comparison of the occurrence of Geosmithia  in individual collections is 
presented in Fig. 1 and 2.

I t is notew orthy th a t Geosmithia strains were isolated from Scolytus intricatus 
a t seven from eight study  sites, from all five tree species ( Quercus dalechampii, 
Q. petraea, Q. polycarpa, Q. robur, and Fagus sylvatica) and were present 
in alm ost all life cycle stages of Scolytus intricatus (larvae before and after 
w intering, adults before emergence, females in generation feeding, dead females 
after oviposition, eggs) and also in galleries. The exception was the locality in the  
Bohem ian Forest (near Horní H rádky) where Geosmithia strains were not isolated 
from larvae. However, Geosmithia was detected here directly in the  larval gallery 
(on the feeding) incubated in a moist chamber.
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adults before adults after young adults adults after males in females in dead females
wintering, wintering, before wintering, maturation generation after oviposition,

Hřivice, 1.2003 Kohoutov, emergence, Šiance hill, feeding, Libický feeding, Libický luh,
111.1997 Libický luh, VI.2002 luh,VI.1999 Mlynářův luh, VII.1998

IV. 1998 VII.1997
Stages and localities -------------------------------

□  adults

EJ adult galleries

F ig . 2 . O ccurrence of G eosm ithia  on adu lts of Scolytus in tricatus  and in their galleries in the  
stud ied  localities.

A nother interesting exception concerned males of S. intricatus in m atu ration  
feeding (Fig. 2). From these males and in their small boreholes, Geosmithia strains 
were not isolated. However, samples of this stage were collected only once, in the 
locality Libický lull, in June 1999. Therefore, this result cannot be generalised.

The frequency of Geosmithia in other stages of life cycle of Scolytus intricatus 
was in the range 18-89 % in all samples. On samples of larvae, adults and eggs 
Geosmithia  was recorded in the ranges 18-84 %, 36-78 %, and 89 %, respectively. 
Geosmithia  strains were also isolated from galleries, w ith frequencies in the  range 
24-93 %. In galleries of larvae and adults, Geosmithia was detected in 28-74 % 
and 24-93 % of samples, respectively. The highest frequency of occurrence (93 %) 
was recorded in galleries of adults (females) in generation feeding in the  locality 
M lynářův luh in Ju ly  1997 (Fig. 2).

T he abundance of Geosmithia depends obviously on many factors, prim arily on 
occurrence of bark beetles in each locality, on the sta te  of health  of the trees and
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on m oisture conditions in samples of tree branches. We did not record a connection 
of Geosmithia  strains to  any specific stage of the life cycle of Scolytus intricatus. 
Nevertheless, based on the results from all study sites we conclude th a t our 
Geosmithia strains are closely associated w ith oak bark  beetle Scolytus intricatus. 
I t  is apparent th a t the surface of the  insect body and galleries are probably one 
of their m ajor and still not explored niches. Besides association w ith bark beetles, 
no close affinity to  o ther niches has yet been reported  for this group of Geosmithia  
species in the  Czech Republic.

G eo sm ith ia  id en tifica tion

D uring this study  we isolated over 80 strains of Geosmithia. O ur Geosmithia 
isolates were w hitish to  light brown and had rough-walled penicillate conidiophores 
w ith cylindroidal phialides and predom inantly cylindrical conidia. Thus, under the 
stereom icroscope they can to  inexperienced mycologists resemble a w hitish Peni- 
cillium , w hite Paecilomyces, M ariannaea elegans (Corda) Samson, Doratomyces 
putredinis (Corda) F. J. M orton et G. Sm. or Clonostachys rosea (Link) Schroers et 
al. All these fungi occur on wood or bark, too. However, Paecilomyces differs from 
our Geosmithia  isolates in phialides w ith a d istinct long neck, M ariannaea elegans 
is distinguished by verticillate conidiophores (Domsch et al. 1980), Doratomyces 
putredinis has sm ooth conidiophores and annellophores (M orton and Sm ith 1963), 
and Clonostachys rosea forms two types of conidiophores. The shape of the conidia 
of the  cited fungi is also different. Interestingly, for all these fungi the name 
Penicillium  was used for a  certain  time. According to  P it t  (1979), Geosmithia  
differs from Penicillium  by its cylindrical conidia and rough-walled cylindroidal 
phialides. Following re-exam inations by P it t  and Hocking (1985) and by Stolk 
and Samson (1985) have shown th a t these criteria are not com plete and they 
allow a short bu t distinct neck on the phialides. O ur Geosmithia isolates clearly 
differ from Penicillium  in their cylindrical conidia and rough-walled cylindroidal 
phialides w ithout d istinct neck.

T he genus Geosmithia includes ten  species a t present: G. argillacea (Stolk et 
al.) P it t , G. cylindrospora (G. Sm.) P itt , G. eburnea Yaguchi et al. (teleom orph 
Talaromyces eburneus Yaguchi et al.), G. emersonii (Stolk) P itt  (teleom orph 
T. em ersonii Stolk), G. lavendula, G. malachitea Yaguchi et Udagawa (teleom orph 
Chromocleista malachitea Yaguchi et Udagawa), G. namyslouuskii (K. M. Zalessky) 
P itt , G. putterillii, G. swiftii P i t t  (teleom orph T. bacillisporus), and G. viridis P it t  
(P itt  1979; P it t  and Hocking 1985; Yaguchi et al. 1993, 1994). O ur strains lack 
green pigm ents in obverse (typical of G. eburnea, G. namyslowskii, and G. viridis) 
and reverse (typical of G. cylindrospora, G. malachitea and G. sw iftii), and also 
violet pigm ent (G. lavendula). O ur strains do not grow a t 3 7 °C (G. argillacea,
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G. eburnea, G. em ersonii and G. swiftii grow very well). Four species are 
associated w ith teleom orphs (see above). In our isolates the teleom orph was not 
observed. However, the range of morphological features of our isolates is too 
broad for the rem aining ten th  species, Geosmithia putterillii. Consequently, a more 
detailed taxonom ic study based also on molecular m ethods is needed.

M orphological exam ination of our strains led to  the distinction of four m ajor 
groups differing in colony colour (white, whitish, yellowish or buff), colony surface 
(velutinous, lanose or funiculose), length of conidiophores, shape and size of conidia 
and arrangem ent of conidial chains.

The first group (Figs. 3 and 4), represented by strains AK 47/98, AK 119/98, 
AK 120/98, AK 128/97, and AK 142/98, had w hitish colonies, a velutinous to  
som etim es crustose or slightly lanose surface, m onoverticillate to  quaterverticillate 
penicilli, and cylindrical conidia (3.8-5.0 x 2.0-2.5 ¡im).

The second group, represented by MK 142, was morphologically sim ilar to  the 
first group bu t sporulated in various shades of yellow. These two groups had an 
arrangem ent of conidial chains sim ilar to  the  ex-neotype stra in  of G. putterillii 
(NRRL 2024).

T he th ird  group, represented by the strains CCF 3340, CCF 3341, CCF 
3344, and CCF 3353, had light brown coloured colonies and cylindrical conidia 
(3.2-4.0 x 1.5-2.0 /im ). Its  either funiculose or velutinous colonies were closely 
related to  the ex-type stra in  of Penicillium  pallidum  (NRRL 2037). A lthough 
these two species ( Geosmithia putterillii and Penicillium  pallidum) are considered 
by P it t  (1979) conspecific, our prelim inary results revealed some differences.

The fourth group (Figs. 5 and 6 ), represented by the strains AK 105/97, 
AK 106/97, AK 207/98, AK 48/98 and MK 143, had white, lanose colonies, 
less branched conidiophores and elliptical to  broadly elliptical conidia (3.8-4.5 x 
x 2.5-3.0 /xm). This morphologically well-defined group did not fit to  any 
Geosmithia  species description in the recent literature  (P itt 1979; P it t  and Hocking 
1985; Yaguchi e t al. 1993, 1994) and should be described as a  new species.

M orphological species may contain cryptic species th a t are genetically isolated. 
Species delim itation of m itosporic fungi using only phenotypes is questionable, 
especially in sym patric living fungi like Geosmithia spp. To establish a  break 
of gene flow between sym patrically living cryptic species, the  using of molecular 
m arkers is necessary. Prelim inary results of nucleic acid variation w ithin isolates 
from Scolytus intricatus confirmed our previous morphologically defined grouping, 
supported  the  new com bination Geosmithia pallida (=  Penicillium  pallidum) 
(K olařík 2002b) and suggested also to  distinguish new species in the genus 
Geosmithia. I t is evident th a t Geosmithia fungi diversify in bark beetle feedings 
to  m any species and this environm ent represents the home niche of these fungi.
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Cellulose degradation

All tested  Geosmithia isolates were negative for cellulases and  endoglucanases. 
Reference stra ins of Pleurotus ostreatus and Trichoderma harzianum  were able to  
degrade bo th  cellulose substrates tested.

Solid m edia enzyme assays detecting enzyme synthesis were frequently used in 
ascomycetes (U ntereiner and Malloch 1999, A bdel-Raheem  and Shearer 2002). 
B oth  m ethods have their lim itations, as reviewed by Pointing (1999) and by 
Abdel-Raheem  and Shearer (2002). Some fungi m ight be unable to  degrade 
crystaline cellulose (cellulose azure) (Rohrm ann and M olitoris 1992, Green III 
and Highley 1997) or their enzyme production is affected by the  mycelial density 
(Pointing 1999). In spite of these lim itations, the  cellulose azure m ethod combined 
w ith the carboxymethylcellulose agar m ethod is highly recom m ended as the  most 
reliable qualitative assay for cellulolysis (Pointing 1999).

Ecology and occurrence

Generally, the Geosmithia  species have so far been encountered ra th e r rarely. 
In the  Czech and Slovak Republics, G. putterillii has to  da te  been recorded 
sporadically: from cereals, out-door air, dust in a flat, leather, and from soil 
(Nováková and K ubátová 1995, K ubátová et al. 1996). Srůtka (1996), who studied 
transm ission of fungal spores by Scolytus intricatus, did not record Geosmithia, but 
very frequently isolated Paecilomyces sp. A personal discussion w ith him  revealed, 
th a t his Paecilomyces strains could have belonged to  Geosmithia. K ubátová (2000) 
published records of Geosmithia  spp. from Quercus petraea and Q. pubescens but 
w ithout d a ta  on association w ith insects. Recently, Kolařík (2002a) sta rted  a study 
on ecology and taxonom y of Geosmithia  and isolated o ther Geosmithia strains from 
several bark beetles infesting different trees (Table 1).

T he occurrence of Geosmithia species in a subcorticolous niche was overlooked 
for a  long tim e. It was due to: 1) their confusion w ith morphologically related 
genera (Penicillium , Paecilomyces, etc.); 2) the  focusing on ophiostom atoid ra ther 
th an  on auxiliary fungi; 3) the focusing on coniferous bark beetles ra th e r th an  
on those infesting deciduous trees; 4) rare investigations of m ycobiota associated 
w ith bark beetles w ithout phytopathogenic im portance and associated only w ith 
unspecific and “u nattrac tive” weed species like Penicillium . For these reasons, the 
only complex d a ta  on Geosmithia d istribution  among subcorticolous insects are 
from C entral Europe and Taiwan (Kirschner 1998, 2001; K olařík 2002a).

K irschner (2001) m entioned Geosmithia putterillii in the  group of fungi repor­
ted  previously from soil and plant remains. G ryndler (1985) studied soil microfungi 
in Libický luh in the Polabí region (Czech Republic), in one of our localities.
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Fig. 3. Colonies on M EA afte r 14 days a t  25 °C, s tra in  AK 128/97.
Fig. 4. Conidiophores w ith conidia, s tra in  AK 142/98 (N om arski con trast). B a r = 10 |im.
Figs. 3 an d  4. G eosm ithia  sp. (group 1) Photo A. K ubátová
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Fig. 5. Colonies on MEA afte r 14 days a t  25 °C, s tra in  AK 48/98.
Fig. 6. Poorly branched  conidiophore and  single ph ialides w ith  conidia, s tra in  AK 48/98 (phase 
contrast). B ar = 10 |im. Photo  A. K ubátová
Figs. 5 an d  6. G eosm ithia  sp. (group 4)
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He did not isolate any stra in  of Geosmithia. During a study  of oak endophytes 
and m ycobiota of oak roots Novotný (2003) recorded Geosmithia  very rarely. We 
therefore suppose th a t soil is not the prim ary niche of Geosmithia putterillii.

The m ycobiota of Scolytus intricatus  could be regarded as unspecific, as is 
typical of o ther phloem  feeding bark beetles associated w ith Geosmithia (Kirschner 
2001). The same fungal com m unity was found in o ther bark beetles listed in the 
Table 1. An exception was the occurrence of Geosmithia  on elm beetle (Scolytus 
scolytus), which was associated w ith the entomophilous species Ophiostoma 
novo-ulmi and on a siricid wasp Xiphydria  sp., which is typically associated w ith 
a  m ycangial basidiom ycete fungus.

Geosmithia  was found in m ost stages of the life cycle of Scolytus intricatus 
under oak bark. For its d istribu tion  w ithin localities, the young males of S. intrica­
tus in m a tu ra tion  feeding could play a m ajor role. However, Geosmithia strains 
were not found in this stage of its life cycle. In  spite of this negative result, it is 
evident th a t  fungi from the G. putterillii complex are facultatively entomophilous, 
as records from the  whole world support it.

O ur prelim inary d a ta  from the m ost studied insect species (Scolytus intricatus 
and S. rugulosus), which were sampled in seven localities in the  Czech and 
Slovak Republics from various host trees, showed th a t each bark beetle species 
was characterised by a  Geosmithia w ith  its own RA PD  type specific p a tte rn  
(Kolařík, unpubl.). This means th a t they do not transm it a  random  spectrum  
of Geosmithia  fungi, which is suggested by the entom ophilous life style of these 
fungi (K olařík 2002a). Insect species associated w ith Geosmithia belong to  various 
insect groups bu t they are nearly uniform in their ecological dem ands. These 
insects feed on phloem  or inner bark of weakened or recently died deciduous trees. 
They do not transm it stric tly  entomochorous species of ophiostom atoid fungi and 
lack m ycetangia or prom inent exoskeleton convolutions. I t is possible th a t the 
ad ap ta tio n  to  insect dispersal has parallelled the increase of diaspoře production, 
hence enabling Geosmithia  to  spread by these insects.

In view of the  fact th a t these insect species form very long galleries, which 
indicates a  low nu trition  value of the phloem, Geosmithia is probably not able 
to  increase nitrogen and phosphorus contents as some ophiostom atoid fungi do 
(Ayres et al. 2000). D ata  about entom opathogenicity, conidia resistance against 
UV-light, diaspoře viability after passage through the digestive trac t, and ability 
to  degrade chemicals produced by the “tree im m unity system ” are not known. The 
profit of Geosmithia  fungi to  insects is not clear and may be only secondary as is 
the  occupation of the  niche, which can otherwise be seized by entom opathogenic 
fungi. Tests of the  ability to  degrade am orphous and crystalline cellulose show 
no production  of extracellular cellulases. The inability to  degrade cellulose limits 
these fungi to  living as prim ary colonisers in fresh phloem, which is rich in 
simple sugars. In o ther h ab ita ts  these fungi occur rarely, probably because of their
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disability to  com pete w ith other fungi. It is possible th a t Geosmithia benefits from 
tran sp o rta tio n  by bark beetles more th an  these insects.

M any questions about facultative entom ophilous Geosmithia  species are still 
open. One of the  m ost interesting one a t the  end: why do they occur rarely outside 
the subcorticolous niche, although they produce prodigious num bers of dry conidia? 
This and other questions rem ain unanswered and will be addressed in the future.
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