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Tuber umbi/icatum, a new species from China, with a key to the 
spinose-reticulate spored Tuber species 

JuAN CHEN '·t, PE1-Gur Lru •· & YuN WANG1 

pgliu@mail.kib.tiC.crt 
I Ktmm ittg lttstitute of Bot a tty, Cilim!St! Academy of Science$ 

Kwtmir1g 65020,1, P R. China 

2 Graduate School ofCirinese Academy of Sciences 
Beijiug 100039, /~ R. CM, a 

J Institute of Applied Ecology. Clrinese Academy ofScieuces 
Slwnyang IIM/5, P. R. Cb irw 

Abstract- ·n,bc:r umbilicatw n. a truffle associa ted with Pi nus yunnanensis in 
southwestern China . is described and illustrated as a new species . It is charactcrir.cd 
by inconspicuous!)' papillate asco nulla with an umbilica te basal Cllvity and <' llipsoid 
ascospores orname nted with spi nes connected by low ridges to form an alveolate 
reticulum 6-8 meshes across the spore width. A kc)' to .seven 'J'I,ber species bearing 
spinose-reticulate spores is presented. 

Kcr words- Ji,buauM, tru fllc, spore ornamentation, hypogeous fungus 

Introduction 

Since Liu ( 1985) reported the genus 'fitber from Sha nxi provim:c, China, several 
additional papers on Chi nese truffles have been published. The export of Chi nese 
1itber spp. to Europe has stimulated further interest in members of this genus in China. 
Currcntl )•. up to 20 species, ind ud ing 10 new spcdes, have been reported in this cou ntry 
(Liu 1985. Tao & Li u 1989. Wa ng & Li 199 1, I-lu 1992, Wang ct a!. 1998. Zh uang 1998,Xu 
1999, Wang & l-Ie 2002, He ct al. 2004, Zhang ct al. 2005, Song ct al. 2005). During stud y 
of trnlfles assoc iated with Pitlll$ y umwnetL;;is, a dominant tree in sout hwestern China, 
we found a new truffle, characteri1..ed by inconspicuously papillate ascomata with an 
umbilicate basal cavity and ellipsoid , spinose- reticulate ascosporcs. To distinguish this 
new species from others wit h spinose- reticulate spores, a world-wide key to the seven 
"l ither spec ies with such spores is provided. 

Materia ls and Methods 

Mac.: roscopic d 1aractcrs arc described fru m fresh spc.:.-cimcn. Mic roscopic md huds of 
Yang & Zhang (2003) were followed. For scanning electron microscopy (SEM), spores 
we re scraped from the dried gleba onto doubled-sided tape, wh ich mounted di rectly 

'correspond ing autho r 



on an SEM stub, coated with go ld-pall adium, and c.xamincd and photographed with 
a JEUL JMS-5600LV SEtvl. Herbaria that provided specimens arc abbreviated and 
cited accord ing to I lolmgrcn et al. ( 1990), except II KAS (I Ierbarium of Cr yptogams. 
Kunming Institute of Botany, Chinese Academy of Sciences) and lFS (Herbarium of 
Institute of Applied Ecology, Ch inese Academy of Sciences). two not )'et li sted in the 
Index J-l~trhariorum. 

Taxonomy 

Tuber umbilicatum Juan Chen & P. G. Liu, sp. nov. Figs. 1-5 

ibWmtllll (J(/U'm .. l!tl,glubm vd :wbgfubmbtlSi umbilicalu. Pt.•ritlium bislm lum, 320-500 Jim 

crassum: stratum c.xterius pseudoparend1ymatiwm. strarwn imerittS l!yphi intertextis. 
Gld Ja S(l/ida, fh f[lltrOOhrtuu..-ola vel J:rh•enhrrmeola, ~11i.< albis. AK.i .tpt'l ri.< 1-4 (6). 
Ascospom<' t.ffipsoitlea<', ochmuat', 21 -•10 X N -32 I''"• spiuufis 3-5 !"" a/tis, utimlnto 

tdwolato < l wn a/tv comtc:xis onu1U1e. Hoiotypu.< /lie tlf!sigllalus: liKAS -1-1316. 

Etymology: Lat in, mnbilicollum, in reference 10 lhe umbilicate depression of the 
ascomata. 

Ascomata (fig. I) 1.2- 1.9 em broad, globose, with an umb il icate depression at the 
base, surface smooth o r with m inute papillae up to 50 11m high, pa le yellow, becoming 
)'el luw-brown nr hrow n when dried. l'cridium (Fig. 2) brit tle, peeling ensil y fm m the 
glcba, most) )' 320-500 )Jill thick. composed of two layers: outer layer 90-250 !Jill thick. 
pseudoparenchymatous, composed of subglobose to subangu lar, yellow-brown cells 
7· 16 x 5- 11 pm , the wa ll s 1-3 pm thick; inner layer 150-400 1•m thick, of intricately 
inlt:rwovcn, hyaline hyphae 2-5 J.l lll in diam, lhc walls thin lo somewhat Lhickcnc::d. 
Gleba purple-b rown or grey-brown with pink tint at maturity. marbled with numerous. 
narrow, branching, whi rc veins radiating from I he basa l cavity. 

Asci (fig. 3) 50-83 x 37-67J.~m excluding the stalk, globose to subglobosc, ellipsoid or 
irregular, sessile or somet imes with a short stal k, 1-4 (-6) spored. Ascospores (Fig. 4, 5) 
ellipsoid , yclluw-brown at maturity, the walls up tu 2 IJm thick, in 1-spurcd asci (28-) 
33-40 x 20-32 !J-lll exclud ing ornamentation. 2-spored asci (23-) 25-37 x 17-26 !J-Ill• 3-
sporcd asci (21 -) 23-33 (-36) x 17-23 fliT' , '!-spored asc; 21 -30 (-32) x 15-22 (-25) ~m . 

5-sporcd asci 21-26 x 14-20 JJm; Q = ( 1-) 1.2- 1.6 (- 1.8), Q = lA + 0. 13; ornamentation of 
spines 3-5 ( -6) J.llll tall connected by an alveolalc reticu lum < I IJI!t tall. the alveolae 3-6 
(~7) x 2.5~5 ..,_m, 6-8 across the spore width and (6·) 7- 10 along the spore length. 

Habitat: Hypogcous under Pinus y wmaflensis. 

SJJcd mcn cxamincd- <..:H INA: Yunnan l'ro"im:c, Chcngjiang county. T igu ViUagc. 
cJev. 1900-2000 m . 3 1 Oct. 2003. Juan Chen I tiS (H KAS 11316 holot)'J>e) . 

Discussion-·n1e surface of the ascomata of 1: umbilicatum is glabrous to subglabrous 
to the naked eye, but very fine papill ae can be seen with a stereomicroscope. These 
papillae give the perid ium a wavy outer edge under the compound microscope. The 
combination of umbilicate. nearly smooth uscomata and spinosc-rctic ulalc spores is 
distinctive. 

Speci~s of 'Jil ber ~an be <.J i ,• id~d on the basis of spore ornamentation into lhrcc groups: 
I) spiny {representative species: ·r: melmtosf'omm Vittad.}. 2) reticulate (represe ntative 
species: ·r borcllii Vittad.) and 3) sp inose- reticu late (represe ntative spec ies: 



Figs. 1-5 Ji,ber umbilicafwn (HKAS 44316, 1-lolutypc) 
I. Frc~h ascomata: 2. Vcrlia l section of the pcridium; 3. Asci; 

4. SEM of spore, showing the detail of o m amentation; S. Ascospores. 

·1: sphmretia 1lalllm Uecker & Burds. ). 't: umbilicatum helo ngs to I he T spittoretirulatum 
group. which includes T. tuiy mmertse B. Liu. ·r. pseudoexcuvatum Y. Wang ct al. and 
'1: lwidongense Y. Wang, known only irom China; T. lyonii Gutters ( - T texense llcimsch) 
and 1: spinoretiw latmn from North America; and T. rtUJ I11codenmmt E. Fisch . from 



Germany and Switzerland (J:ischer 1923, Heimsch 1958, Uecke r & Burdsall 1977, Lill 
1985, Wang ct a\. 1998, Wang & t-Ie 2002, Trappe el al. 1996). 'I hesc species can he 
difficult to distinguish because of thei r morphological simi larity. Accordi ngly, to clarify 
differe nces among these species we rc-cxamjncd the holotypes of T. lmirlongense (I I:$ 
89923) and ·r: lexeuse (OSC •1:!353), isotypc of '1: spi11oreliwlalm11 (OSC 38860), a 
neotype of ·r. taiyuatleme (HMAS 75888) and two specimens ofT. pseudoexcavatum 
(I IKAS 476 17, 413 13). Ascomata and SEM photomicrographs of spores arc illustrated 
in Fig.'>. 6-11. Although we did not ohrain specimens ot' T. malacodermlll'u, Fischer's 
( 1923) description as confirmed by study of the t)•pc collect ion by J. M. Tmppe (personal 
communication) showed it to have a pscudoparcnchymatous pcridium composed ot' 
cells inflated up to 20-70 pm broad. A ke}' to the spinose-reticulate species is presented 
he re, based (Jn these studies. 

Key to species witb spinose-ret iculate spores 

I. Pcridium with rou nded cells inflated to 20-iO J.lm . . T. malacorlermum 
I. Perid ium of interwoven hyphae or with rounded cells most! )'< 20 pm broad 

2. Ascomata wit h a basa l cavity . 
2. Ascomata wit hout a basal cavity 

3. Pcridium smooth or with inconspicuous papillae 10·50 11m high; spores ellipsoid, 
Q > 1.3 . T. utubUica tum 

3. Peridium with conspicuous warts 100- 150 f.llll high; spores mostl y broad ly ellipsoid, 
Q ~ 1.3. 4 

-1. Cavity conspicuuus; asci 1·8 spurcd, sessile . 
4. Cavity inconspicuous: asci 1-4 spored, stipit atc . 

. ·1: pseudocxcamtum 
T. spi11oreticula tum 

5. Ascomata smooth; ascosporcs broad ly ellipso id , Q < 1.3, mostly 1- 1.25. 
T. tniyum•e"se 

5. Asco mala with minute papillae ll l> to 55 !Jill h igh; ascospon:s el lipso id, Q > 1.3, 
mostly 1.3- 1.6. 6 

6. Spores with longer spines mostly > 3 IJffi long, reticulum complete and regular, meshes 
size bigger 4-8 x 4-6 IJm T. lluirlo11ger•sc 

6. Spores with shorter spine5 2-3 f.llll long. reticulum partial to complete, meshe5 size 
smallcr 3-6x 2-4 !Jill . T.lyouii( - T. texeme) 
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8/umenavia toribiota/paensis: a new species of Clathraceae 
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Abst ract- A new stink horn spccics, IJiumellavia tnribimafpaet~$i.< sp. nov. (Ciathraccm::) 
from Mexico, is described and illust rated. Bfmnennvia toribiotalpaen:sis d iffers from 
previously described species o f the genus by its larger receptacle and basidiosporcs , 
Jistribut ion or lhc glcba over the uppl'r ha ll o f the columns and presence ol no more 
than four columns. 

Ker words- Basidiomycota, phalloid , systematics, Talpa de Allende 

In t roductio n 

Du ring the course of studies nf the distribu tion and demography nf a recen tly discovered 
A cer sacclwmm subsp. skutchii (cloud forest sugar maple) population in JaJjsco, Mexico 
(Vargas- Rodriguez 2005), we collected fungal spec imens with novel fea tures. A survey 
of the literature revealed that the ~pecimcn~ arc an undescribed !'pedes of Hlumenavia 
(Ch~ tlmu:eue). 

'1 he genus Hlumenavia was established to accommodate H. rlwwde.'i Miill er (Miillcr 
1895). Currently. two species. n. r/11'/codes and n. angolensi5 (Wclw. & CulT.) Dring, arc 
included in the genus (Dring 1980). The genus is characterized primarily by the small 
number of columns that lnck transverse arms. In add it·ion, the columns arc free at the 
base.-: and united at the ir apices with gleb ifers consisting of membranes att ached by one 
side to each of the two inner angles of the column (Dring 1980. Sicnz 1980). 

'Lhc new 8lumenavit4 species occms in a pine-cloud forest LI-ansil ion considered 
a Tertiary refuge (Vargas-Rodriguez 2005). ·n,e subtropical montane cloud iorest is 
unique in howi ng bigh plant species richness otnd includes a m1mber of endangered and 
rel ict plants, comparab le only to certain Asian fmcsls (<imham 1999. Vargas-Rndrigucz 
2005). The forest contains temperate disjunct tree genera with East Asia and East North 
America, such as Acer, Magnolia, Carpitms, Corn us, Fraxi11us, Jug/am, Tilia. an d Oslrya 
(Graham 1999, Vt\zque1.-Garcia ct al. 2000). 'I his cxccpHonal community is proposed 
for protection as a biosphere reserve with 3.000 inhabitants supporting the movement 



(Vargas· Rodriguez 2005). The discover )' of the novel Blwn ettavia species increases our 
knowledge and relevance nf the bio la of th is un ique region. 

Materials and Methods 

We coll ected fru iting bodies al different stages of development in a pine·montane 
doud forest transition {1,800 m a.s.l.), ncar Talpa de Allende, Jalisco, Mexico, among 

fa llen leaves under the canop)' of adult Pirms spp. and Cur pin us carvlin ia nu trees. A 
second collect ion was made a year later in the same area and a third one in 2005. Pive 
fruit-ing bod ies were fixed in FAA solution (five parts 40% formaldehyde: five parts 

glacial a'etic add: 90 parts 95% clh )• l akuhul} ami seven were dried. t\ free hand cross 
sec tion was made to one egg. Spores were mounted on slides in !acto phenol and in 3% 
KOH and examined with a NIKON Microphot compound microscope using d ifferential 
inter fe rence cont rast and bright field opt'ica l system!'. Hand -cut sections of the columns 
were made from a sam ple that had been lixed in FAA fo r nine months. Sections were 
dehydrated with e thanol, cr itical point dried, mounted, and coated with gold:palladium 
60:~10 in an Edwards S-150 sputter coat cr. We used a Cambridge S-260 scanning electron 
mic roscopy (SEM) fur observat ion. 

Taxonomic Description 

Blumet~avia toribiolalpaensis Va rg::ts · Rodr igucz sp. nov. 

Ovr1'" Julvum, .~ uperjicif!!. interdrmt jindem aquami~ J ulvi.( augularilm.<, dipsoidale 2.2 
3.8 em lot~gum x 2.1 -3.9 em altum; (1(/1 /f/ f!Slle albae rlliromorplwe 1- 1. 5 em diametro. 
Recepttu:lllw n 1!.\·pamum 12.1- 15.3 em altrun, 3.8-5.6 em loug um, colon! vado rlb albulo 
ml tlilutmn bomi.Hu·. cylillllrule (or '-)'li1ulratum) a · 3 wl •I colwnnis robust is cunsttms; 
cnlmmris 0. 9- 1. I em dimnr:tm C.\' parte J:rac.ilfima, I. 9-2. 1 em ex parte latissima, ronjrm ctis 

$1/fJerlle, iuferue lib.:ris, cum suko ir• srtperfacie; semicin.:ulares seo.tioue, comtautes ex 9 
tubis w mJwsitis i11 3 or~lil1 ilms ub CCIIulli rlbu.,·iuli; Jnu~imi nmuli srmt 5 1ubufi circultm:$ 
secrione iu materia/ nova; medius ordo com rat ex 3/atioribus tttbis, polygona/ibus so:ctiom.-; 
atque e.\' singrtfari magna polygonali tuba comtnf orrlo extremru ab u mali abaxiafi. 
Colum11ae tela glebifera iucrassata i 11 facie iutema iujormaute cristam fKr auterior­

fu terales fmgulos columnae, glt:bifera incrassata murginibrts rwita. cristtl blebmn fenm tf!. 
Gld m cocrcilfl imm lacr:ratam xlchifcram cri.~tmn, sita in ~ttpcrinr parte c.olumnar'""• 
atro-bnnmesc.enri-olivacea, aroma simili piscibiJS mortuis d llfliiM'Osa. BtuitliosjKJrae 3.8-
tl.l .\· 1.7- 1. 91'"'· A~ucitll i brl.)idiua1rpi~ siti Swrubuei (Sf,IJihilir~itlfle t!l J.eifxlitltle) intru 

bmcJ,ia ct nw scae (Teplrritidae) inglebn mat11rorm n ba$idiocarporm n. 

Egg pale brown, outer surface sometimes cracking into anglliar brown scales, ellipsoidal , 
2.2-3.8 em wide, 2. 1-3.9 em high, gelati nous la)'Cr 5-7 mm thi,k, traverscd by peridial 
sullm!S co rresponding to each of the fo ur columns. immature glebalmass abo ut 4 mm 

d iameter among columns, glcbiiCrous ti ssue separated by a cav ity opened in one extreme 
and joined to the column o nl)' hy the opposire ext reme, medull ar zo ne rectangu lar-li ke 
in shape; attached wh ite rh izomorphs 1- 1.5 mm in diam eter. Expanded receptacle 12.1 · 
15.3 em high and 3.8-5.6 em wide, whitish to pale beige, cylind rical, with 3 to 4 robust 
colum ns; colu mns 0.9·1. 1 em diameter at the thinnest par t to 1.9-2.1 e m at the widest 
pa rt , un ited above, free below with a groO\'C in t h ~: oute-r surface, sc-m it.:i rcular in seclion . 
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Figure I- ll . Bl11meuavia roribiotaltmensis, JBUG 122a. I, Habitat photograph showing n.>ccplaclc 
and valva. 2, Rcccplftclc, voh'3 , 11nd rhizomorphs from specimen preserved in FAA. JBUG 456, 
3, Receptacle and voh•a. !BUG •122a. 1, S, 9, 10, Detai l of glcba , showing its distribution over the 
upper haJf of the receptacle. !BUG •156, 6 & I I, Vctail of glcba. YaJma L. Vargas- Rodriguez •155, 7 
& 8. Freehand cross section of an egg. !BUG 422a , 9, Detail of the volva from spccirncn preserved 
in FAA. 
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Figure 12-11. BfwmmavitJiuribiolliiJ.'tl~;msis, l.SUM .S22b. 12,1Jaskliosrorcs. 13, S<!cl ionsof thc urm 
showing number and arrangement of tubes and associ;ucd staphylin id beetle. 14, Inner (upper 
si<lc) and 0\Jic r (bottom ) arm surfaces. 



II 

comprised of 9 tubes arranged in three ranks from the abax ial groove; nearest ro the 
grouve arc iivc small tubes . ci rcular in sect ion in fresh mate rial; the midd le mnk consists 
of three wider tubes, polygonal in sec tion; and a single, large polygonal tube comprises 
the outermost rank !rom the aba.xial groove (Fig. 13). Columns with a thickened 
glchi fcrous tis..o;;uc on th e inner surface for ming a crest al nng the anterior-late ral angles 
of the column, glcbiferous tissue uni ted to the arms by the edges. crest bearing the 
glcba. Gleba restricted to the lace rate glcbi fcrous crest, situated on the upper half of 
the column!>, da rk olivc-hrownish, odor of dead fish, nauseous. Ra.sidiospores 3.8-4.2 x 

1.7- 1.9 !llll· cylindrical. hyaline in KOH. Beetles [Slaphilinidal.!' (Hg. 13), Lc.-: iodiJaeJ and 
flies (Tephrit idac) associated with basid iocarps. beetles located inside the arms reach 
the interio r th rough holes in basidiocarps, holes appea r in decaying basidiocarps; flies 
located in glcba of mature basidiocarps. 

Speci men cxamim.-d - HOLOTYI'E here dcs ignutcd. MEXIC O, IALISCO: Talpa 
de Allende munl<:irality, pi nc-doud forest (t\r.er- Podocaq~t,N\bie.t) transilion, "Ojo 
de Agua del Cuervo., (~Crow .spring" ) locality, west of Cumbre de l os Arrast rado.s 
(200 ll "N: 105°16" \\1), !SOU 111 a.s.l .• on Piuu~ spp. fallen trunk and debris. 10 Scp 

2002. )flfmli lw Varga$ Rntlrigw.:= 2'10, wit h Javier Curiel,}. Autonin Vd=qlfe=·Can::ia and 
Toribio Q11i11tl!ro Moro, dry .specimen (BPI); 10 Scp 2002, Yalma L \'argas-R.odrigtt~ 

2tJOa , with }twitr Curiel, ]. Amouio Vi'i=rJIIrtz-Garcia and Toribio Q11i11tero Moro, dry 

SJ' L'f.:imcn (lllUG) (Holmgren ct al. 1990). 

PARATYP E. here designated. MEXJCO, JALISCO: 'lillpa de Allende municipality, 
pi ne-ck)ud forc.s t (Acer·POlfotlupu.s -Abi~ ) transit ion, "Ojo de Agua del Cuen·o" ("Crow 
spring" ) loca.lity. wcs l of Cumbrc de Los Arrastmdos (20'>1 1"N: 105° 16"W). 1800 m 
a.s. l., o n fallen leavc.s o( Pitm.c spp. and Carpimt$ camliniana, 14 Scp 2003, Yalma 1 .. 
\fargaJ-ROtlrigue: •J22b, 423a, 423b, tJ2tlll and]. Amonio Vti:qurt:-Garda, FAA preserved 
!llalcrial (LSUM); 1•1 Sep 2003, Yulma L. Vmgta-Rutlri,pta<122a and). Aulvniu Vil::qua · 
Garcia, FA /\ prc~rvcd material (IBUC.); 13 Scp 2005, Yalma /_ Varga$ Rodrig111:: 454, 
•156, 462 and J. Anlnnin Vti zqlle=-Garda, d r)' speci men (JIHj G); 13 .Scp 2005, Yalma I .. 
Viu;gru -ROtlriglll!::' •l59, •163 and). Antonio Vti:'tJ II"z-Gardtl, dr)' specimen (LSUM). 

Etym ology- From the Lat in talpaer~sis, referring h.l the municipa lit)' where the fungu~ 
was coiJected and toribio, referring to Toribio Quintero Mora, a remarkable forest 
conscrv<l tionjst. He has promoted the protection of the Talpa de Allende forests by 
cu llccling 3.000 signatures from Talpa de Allende ha bitan ts a nd pclilion ing stale and 
federal Mexican autho rities for the creation of a new biosphere reserve in the area. 

Known distribution-jalisco: Only known from the type loca lity. The species is not 
common in tbc area; individuals arc patchy distributed along 100 m. The species was 
nut previously known by local peup\e. Only three uther spt.x:ies (Ciathrus crisJms, C. 
cmtcellatrts, and C. mber) of the Clathmct!ae family are known fo r the ja lisco state and 
these do not co-occur with 8/ummavill toribiotttlptteusis. ·tltis is the fi rst record of the 
genus fm western Mexico and I he second une fu r I he cmrnl ry. 

Habit and babitat-Occa.-.iunall y grcgariuus. A mung plant leaves and debris, u nder 

Pim1s spp .• Carpinus caroliuimw and Acer sacdwmm subsp. skutdrii canopy, in 
transitional pine forest to montane cloud forest. 
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Discussion 

8111menavin differs from similar stink horn genera in the glcbifcr form. Especially 
notable is the unique gleba borne on lateral llaps o ft issu ~:: lhtLI is lacking in Clatlrrus, 
Lt4lem ea. and Ligiella. 

The di fferences between B/umenavia toribiotalpaen.'is and the two p reviously 
descr ibed spec ies incl ude the distribu tion ,,fthc g.lcba and the si1.c nf thc rcccptadc and 
ba.sid iosporcs (Tablc l ). 1l1c glcba is d istributed along half tbc length of the column in D. 
toribiotalpaensis; in n. rlracod~s the glcba is present over the en lire length of the colum n 
and in B. angole~lsis rest ricted to the upper quarter or one thj rd of the receptacle. The 
recep tacle and basidiosporcs arc larger in B. toribiotalpaensis than in the other two 
species ('!able 1 ). 

Table L Differences among spec ies of Blwnenavia 

Dl11mcmavia rlwcodl!s Dlwnt'mwit~ wtgofellsis 
Dlllmeuavia 

lv ribiutultmeiiSis 

Expa•Kic<l .S.S· lJX.S<m IOx.Jcm ll. I · IS.JxJ.S·5.6<m 

rcccplac~ 

Receptacle Clttar o r.mgtt to )'d low Whitt~ Whitish tu pal\!bcigtt 

color 

St-clionsof Triangular and tta)X"Zoid.Lt: Subtriangubl' o r Semidr<ular: 9 tu~.s 

colu mns; 3hout lll !Uhe.~ quodr,lngular: 3bollt 6 

number of lUi>« 

tubes 

X umber uf 3·6 3-5 3~ 

colu mns 

Groove along Present Lacking l're.sent 

o utcr sidc ul 
column 

Ilasidiosporcs J·4XI ·I,5 J•m J.J.5x i.5 J•m Jli·4.Z x 1.7·1.9 Jim 

Gleba Entin: kngth o( thc column Uppttr quartt~roronc Uppt~rhal ( 

d istribut ion th irdof tho!: rueptacle 

l labita t and In ootTcc pl llnt:ltions in Hnhi tat not noted. Mrica: Pine-montane cloud 

d istribution cloud fores t in Mexico. Angol:l, Ti1fl zor. nia. South fo restt r.msition. 
~-texico: Vc r:a~ ruL; TI~ Afric:.. ; US: Tuas; Tiu~ M cJuto: J;;alis.:o. 
Caribbean: 'J'rinid:Jd; South Caribbean: Vuerto Rico; 
Amcric:.:Br:.zil. South AmcriC3: PA'llzil. 
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Mature specimens of B. toribiotalpaensi$ usua lly have four column s b lll one 
immature specimen has only three. 'I he white colum ns in fresh specimens separate H. 
torihiol14lpaensis from IJ. riUlcodes wilh unmgc-yctlow columns; B. 11ngolensis however. 
also has white colum ns. ·nle spongy texture of the colum ns of D. toribiotalpaensis 
distinguishes this species from the more rigid, less spongy texture of B. 'mgolensi$. 
Number, shape and arrangement of tu bes in tra nsverse sections of columns difrcr, being 
more numerous in B. tori1,iotalpacnsis than in 11. angnlcnsis, with a semicircula r shape, 
and arranged d iiTcrcntly fro m B. rlwcodes (Table 1). 

Hab itat and known geographical distribulion diffe r amo ng the three Blummavia 
species. Although both B. toribiotalpaensis and D. rhacotles arc know n from Mexico. 
B. rhacorles has been fou nd in coffee ple~ ntations established under tbe canopy of cloud 
forest trees at \300m a.s. l. in Tcoce\o, Verncmz. Mexico (J.Ope'i'. el a l. 19R\), wh ile ll 
toribivtalfJrumsis occurs at higher elevations ( 1800 m a.s.l.) in the Lmnsit iun of pi ne and 
cloud fo rest. In Mexico, B. rhacvdes is also known from Xa lapa. Vcracmz (Calonge el al. 
2004). Thi s is the fi rst reco rd of the ge nus fo r western Mexico and is the second for the 
count ry, which was previously found in eastern Mexico (Veracruz state). Ind ivi duals of 
Blumenavia species have low density in Mexico. Bf11mer~avia angolensis is known from 
Anguli!, Tanzan ia, South Afrka and Br.t'i'.il. although the hahilals were nul repo rted 
(Dring 1980) (Table I). 
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Abstract- '1 he tl i\w sil}' of Crepitlut 11s in the Eastern M~o.'tl itcr ranean region is poorly 
known. and data from Grct.'CC are scarce. ·nu .. present work aims at the record and study 
of the d iversity o f the genus in Greece and at the cont-ribution to the knoh•ledge of 
the d isl'ribution of the genus in EuroJ>e. Forty· four collections have been exa mined 
and ten taxa have been idl'ntificU. C:repitlullls tmlodlllumus, C. lumldfii, C lllteu/us, C. 
mltverruci.~Jmncs and C. applauatus var . . ~ub1:, fnhixer arc newly rccordc<l from Greece 
and most taxa arc recorded on new substrates for both Greece and Europe. Deta iled 
descriptions. ccologicaJ notc.s and taxonomical comments on all studied taxa arc 
given. 

Kc)' \vorJ s- lignkolous fungi. mycoJivcn;ity, biodiversity, taxononJY. Grepitfotaceae 

Introduction 

Crepidows is a dist inct and well·dcfined genus, and although mosr species remain 
nut )'ct completely docu mented and darified. scvcml monograph ic wnrks, as wel l as 
critical revisions and regional studies based mainly on morphological studies. provide 
comprehensive systematic treatment of many species (Singer 1947; Pil :it 1948; Hesler & 
Smit h 1965; Singer 1973; Watling & Gregory 1989; Nordstcin 1990; Stangl el a l. 199 1; 
Senn·lrlct 1995; Senn-Irlet & De Meijer 1998; Aime 2001; Krisai-Greilhuber ct al. 2002; 
Bandala & Montoya 2002a, 2002b, 20011). The systematic posit ion of Crepidolus was 
until very recent ly debatable, as it was placed either in fam ily Crepidotaceae (Moser 
1978; JGLkh 198 1; Singer 1986; Hawksworth cl al. 1995), Slroplwriaceue (KUh ner 1980) 
or CortimJriaceth~ (Das 1988; Kirk cl al. 200 1). Recent phylogenetic ana lyses (Ai mc 1999; 
Moncalvo et al. 2002; Aime et al. 2005) allow to redefine the Crepidotaceae within a 
broader ph ylogenetic framework nflhe agarics. and the ge nera Crcpidc, flts and Simocybe 
arc better supported in family Ct~pido tacetie s.s .• which represents a separate lineage of 
dark-spored euagarics. 

In the Med ite rranean region some srudies on Crepidotns exist, mainly concerni ng 
N. Africa (Malen~on & Bertault 1975). Spain (Ortega & Buendia 1989) and Italy 
(Lonati 2000). llowcvcr, the knowledge of the diversity oi Crepidotus in the Eastern 
Mediterranean region is poor, <"IS few papers have been publjshed and most of thc..-.e arc 
not easily accessible. ·1 he data fn.lm Grec.:ce arc sca rce. '10 dale, on ly seven taxa were 
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reco rded from Greece, usually withoLII dcscript·ions, and most col lected very few t imes 
(Diapoulis 1939; Mai re & Polit is 19'10; Avtzis & Diamandis 1988; Minter 19SR; I )iamandis 
& Pcrlcrou 1990; Pantidou 199 I; Diamandis 1992; Zcrvakis et al. 1998; Dimou ct al. 
2002a; Dimou ct al. 2002bi Konstantinidis :!002; Polcmis ct al. 2002). Few papers from 
neighboring countr ies have hcen recently puhlished, such as Crnat ia (Tk:iiCec & MeSiC 
2003) and Turkey (6ztlirk ct al. 2003; Erscl & Solak 2004; Sesli & Dcnchev 2005). Most 
of the above ment ioned papers arc floristic stud ies, Jacking deta iled descriptions or 
cxsiccata. 

·1 he aim oft he pre;;cnl stud )' is to pro\•idc a bt:ttcr understanding ufthc biodiversity of 
the genus in Greece, concerning its morphology (includ ing the range and importance of 
its variabi lity), ecology and chorology. Collections have been made from various regions 
of ccntml and southern continental Greece, main ly fro m coniiCrous and deciduous 
forests, as well as riparian and maquis vegetat ion. 

The following ten taxa arc identified and described in this work: C. applat~atus var. 
subglobigcr; C. autaclttlwnrL.;;, C. calalepis, C. ccsutii VH r . cesatii, C. epihry11s, C. lrmdellii, 
C. luteolus, C. mo/lis, G. subvermcisporus and C. vatiabilis. 

Materials and methods 

Microscopica l observations were made in bright field or phase contrast using a standard 
light tmnsmission microscope. Sections of d ried material were mounted in 3% KOH. 
with or without the addition of Phloxine. All measurements were made under IOOOx 
magnification. At least 20 spores and 10 basidia and cheilocystidia were me;~surcd 

per spec imen. The spores were measured from the surface of the pi lei or from a spore 
deposit (when available) . 'llte spore sizes are given in approximat ion to 0.5 IJ.Ill. with 
extreme values given in parentheses, followed by the lc ngtb·width rat:io of the spores 
(Q). Habitat references in the descriptions refer exclusively ro the collected materiul . 
Grt!ek lm:alilil .. .os are l ranscribt!d into latin according to ISO St13: 1997 (E). J\ulhuril it!s' 
abbreviations are in accordance to A uthors ojftmg(J l N(lmf!S by Kirk & Ansell ( 1992). We 
have adopted the infragcneric classilication proposed by Scnn· lrlet (1995). 

Material (rum other coll c~o.:tors ur researchers (published or unpublished), was 
examined when a\·ailable. Tbe specimens collected (rom the authors are deposited in 
the Mycological Herbarium of the University of Athens (ATHU-M). 

Taxonomic descriptions 

Crepidotu• (Fr.: Fr.) Siaude 1857 

Crepidotus subgenus Crepidotus 

Crcpidotus ca/olcpis (Fr.) P. Karst. Figs l a-b; 9b, d; ll g 
CtYpidot11s calolepis (Fr.) P. Karst. , Di dr. Kiinn. Fin l. Nat. Folk 32: 11•1 ( IM79): Crepidot/IS 

mollis war. al/ulepis (Fr.) Pil3t. Ann. Hist. - Xal. Mus. Natl Hu ng., n.s. 28:74 (19110); 
Cn:pidutus mulli$ ssp. wlui.:Jiis (Fr.) 1ordstcin. Synopsis Fungorum (Oslo) 2: 67 
(1 990). 

Pileus 10- 70 mm, sem icircu lar to flabell iform, convex to plano-convex, latera lly or 
alm ost laterally attached to the substrate, with incurved and later even margin, surface 
viscid·sticky to dry, dt:nsdy minutely tomcntosc·scaly with yellowish brown to brown 
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fib rillose scales on a di rty whitish, cream to ochrc·ycllowish background, consistency 
Iough. clastic. l.amcllac whit ish in young specimens, then spollcd brown ish and linally 
uniformly ochre-brown to cinnamon, moderately crowded. cmarginatd y adnate. 
margi n minutely fimbriate, remain ing whitish. Stipe absent or rudimcnlar)'· Spore print 
yell owish brown. 

Basidiosporcs 7.5- 11.0 x 5.5-7.0 ~m. Q = 1.21 -1.69, ellipsoid, amygdaliform in 
side \'icw, smooth, yell owish brown in KOH, th ick-walled, apex nbl'usc, dcprcs~d or 
occasiona lly mucronate; in some spores inner wall curving inwards at apex. resembling 
a callus or an indistinct ge rm pore when accompanied by a small apical depression (figs 
Ia, 9b). Basidia 25-32 x 7-9 ~1 , cylindrica l-davatc, 4-spored . Chcilocys tidia 25-65 x 
IJ.- 1'1 ~n. clavate, cylindrical, irregularly cylind rical, sumcwlmt fusifo rm to narrowly 
Jageniform, sometimes branched, apex obtuse, ofte n subcapitate (Fig. I b), frequently 
embedded in gelatinous material enti rely covering the lamellar edge. Pleurocystidia 
abse nt but pleu roC)'Stidioid -likc bodies present in some specimens, clavate, with a 
short , apical or rarely lateral. fi nger-like protuberance (Fig. l lg). Lamc11ar lram a 
oiten gelatinized. JliJeipciJis with an underlying layer of parallel hyphae, 3-5 ~tm wide, 
hyali ne, not enc rusted, and an upper layer of parn llel to somewhat ascend ing hyphae. 
1- 12 JJl11 wide, hyaline to pale oclmtceous. with cncntst-ing zebra-li ke pigment, am ongst 
which ascending scale-forming hyph ae, '-1- 15 JJm wide, brown to dark brown, thin- to 
somewhat thick-walled, short-celled. with strongly encrusting, zeb ra- like p igment (Fig. 
9d), in some spec imens with ma rked !)' la rge, plalc- li h encrustations. Pilea l lrama 
partly gel atinized, gelatinou s layer undedyi ng the pileipellis usually d istinc t. up to 200 
JJffi thick, but occasion ally thin, r udimentary, and hence diflicultly observed. Secretor y 
hyphae nccasionatly prese nt in pilei pcllis, pileal trama and lamellar trama, hyaline lo 
golden yellow in KOH. Clamp connections absen t in all t issues. 

Habitat: Solitary to grcguriuus on stand ing or fallen trunks and lmmches of con iferous 
or deciduous trees. 

Specimens examined - Mt. Tay~tos, Mcssinia, on wood of P/atmuiS orienta/is, 29 

:-.:ov. 1968. Pantidvu, A'J'HU M 1071 (as C. mol/i.~); MI. Kamlilio, Pagvnlas-ProkoJ'i, 
F.v...oia , fo rest of Pinus sp .. on fa llen hranchrs of 11imts .sp., 13 nee. 1986, Gonou, ATH U­
M 3761: Mt. TargNos, Mrssinia, forest of Pinus nigra & Abif!s cf!plwloJJica, on fallen 
branches, 17 No\', 1997, Gonou. AT HU- M 371:12: Mt. Aroania, Zarouchla, Achaia. fon.'.St 
of A. a:plmlmrica, on sturnp of 1\. ceplrnlnnica, 27 Nov. 1997, Delivorias, ATHU M 3970: 
MI. Parnitha, Aniki , forest of A. c.:plralmricn, on fa llen tmmchc.~ of A. ceplwlnnictl, 4 

Dec. 1997, Gonou. ATIIU- M 3783; Mt. Vardousia, Arto tina, Fokida , forest of P. nigm & 
Abies sp .. on lu lhm bru nche.s, 26 Sep. t999, Gonou. ATHU M SICfl: Mt. Parnonas, Agios 
Petros, 1\rkadia , forest of Castanea sativa & Quen:us sp., on fa llen branches, 21 Nov. 

1999, Gonou, ATI.I U- M S lOS; ri w r Agrafiot is, Epi niana, E\Tyta nia, riparian vegetation, 
on living trunk and branches of Pl. Qllellltlli~ IS Oct. 2000. Delivorias, ATHU- M 5122; 
Gardi.ki , Fthiotida, forcsl of ;\lm,sglutirro.l;(l, IS Oct. 2000. Dimou. 73 1: Ano Chor.r. 
1'afpaktia, Aitoloaka rnania, dead trunk of Pl. nricnrali . .;, 22 Nov. 200 1, Dimou, 988: Mt. 
T)'lltfristos, Agios Nikolaos, E\'rytania, forest of Pl. ori.:lltn/is, Q1 jercm sp. & C. satiw1, 
on trun k base of Pl. uri<mtuli~>, I:J No\'. 2003, Gonou, ATI·IU-M 510!:1: Actos. Messinia, 
on branches of Pl. nrict~tali.<, 6 Occ. 2003. Kap.sa naki . ATHU M 5111; Mt. Liakoum, 
Granitsa, E\Tytania, fo rest of Abif!s borisii-rf!gis, on fallen t\''igs of .4.. borisii· rf!gis, 27 Scp. 
200•1. Deli\'Orias, AT IIU- M 5161; Mt. Liakoura, l imcri, E\rrytania, forest of P. 11igrn, on 
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fa llen brJndu:s of P. uigm. 13 Oct 2<XH. Dcli\'Orias. ATI·ILI M 5171; Mt. Tymfr istos. 
Agios Nikolaos. Evrytania, mixed forest of 111. orienta/is, Quercus fmindto, C sativa 
and tl . borisii-~Ygis, on branches ofP/. orie1Jltrlis, 23 Oct. 2CMH. Gonou, ATI IW- M 5169; 
1'vll. Liakoura, Granit.sa, Evrrtania , fores t roar.l , 011 li\'iug branclu:s of Pl. uritmtulis, II 
Nov. 2004, Oclivorias. ATI·IU M 5175; Mt. l. iakoura, C.ranitsa, F.\'rytania. forest of/\. 
borisii-ugis and Pl. orienta/is, on fallen trunk of Pl. orienta/is, I I No\'. 2004 , Deli\'orias, 
ATII U- M 5178. 

l~emarks : C. cnlolepis is vcty closely rdated lo C. mollis and is considered by some 
authors as a variety or subspecies of the latter (P il:it 1948; Nordstcin 1990). Others 
(Singer \973; Watling & Gregory 1989; Senn- lrlet 1995, Bandala & Montoya 2004) 
\:o nsider the two ta.'(a dist inct at a speci fic level. !5oth species arc characterized by the 
presence of a gelatinous layer in the pilcal tra ma, considered to be more developed 
in C. Pllollis and less developed or absent in C. ca lolepis. This, however, has not been 
considered a reliable d istinguishing fea ture (Nordstcin 1990, Senn- lrlet 1995}. We have 
accepted the species-concept of C. calolepis as portrayed by Scnn-I rlet ( 1995). who has 
performed the most detailed work on the European species of the genus. According 
to this concept, C. ca lolepis is distinguished from C. mollis by the somewhat broader 
basidiospores and lhe presence of yell owish brown, fibrillose scales on the pileal surface 
formed by brownish hyphae with encrusting pigment. The pileal su rface of C. mollis 
is glabrous or wit h scattered innate fibr ils that may form indistinct pnle scales, but the 
hyphae of the pi lcipellis arc not pigmented and never heavily cm:rustcd. 

Our collections include specimens with strongly fi brillose-scaly pilei and specimens 
with almost or complctdy glabrous pilei, as well as many trans it ional forms. We 
c ross-examined the morphology of the pileal surface, the structu re of the pilcipcl lis 
and the spore dime nsions and concluded that two di stinct forms exist amongst our 
collections. The fi rst fo rm is charactcri7.cd by wh it ish pilei, glabrous throughout or 
wi th rew fl hrill ose scales at thecenrre, in wh ich the pileipel lis consists of hyaline to pale 
yellowish hyphae with minute encrustations and the spores arc consisten tl y narrower 
(only exceptionally exceed ing 6 !J-Ill in width and never more than 6.5 j.tm). The second 
form is characterized by yellowish to yellowish-brown, minutely to strongly librillosc­
scal )' pilei , often th roughout. in which the scale-funn ing hyphae of the pileipcll is arc 
consistently more or Jess strongly pigmented (yellowish brown to dark reddi sh brown 
in KOH) and in all cases heavily encrusted, and the spores arc broader (most exceeding 
6 1Jm and frc<jliCnt lr reaching 7 11m in width). We identified the for mer as C. ml)llis anti 
the !alter as C. w lolepis. 

The Mediterranean variety C. calolepis var. S•JiltH!IIIlosus (Cout.) Scnn- lrlet is not 
dear to us. It is reported by Scnn-lrlet ( 1995) to have slight!)' larger basidiospores than 
va r. calolepis (8.5- 12 x 6-7.5 ~Jill versus 7.5- 10 x 5-7 ~Jill) and broader scale-formi ng 
hyphae (up to 22 11m wick, instead of 14 j.tlll wide). The spore-size in our specimens 
holds an intermed iate posit ion beh,·een the two va rieties, as, in most collec tions. a 
signi ficant portion of the spores cxceecl 10 11111 in length. bu t we have not measured any 
spores larger than I I !J.ffi in length or 7 ]Jill in width. Also. we have not encountered 
any scale-forming hyphae broader than 15 ~1m . Although the spores in our specimens 
are slightly larger than thusc rcpnrkd by Scnn-Jrlet , th is has been reported by other 
authors as well (Bandala & Montoya 2004) and cannot be considered a sign ificant 
enough deviance to justify a distinction at: a variety level. We have therefore concluded 
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that all of our specimens must belong to a single taxo n, i.e. v01 r. ca/(1 /epis. Lonat i ( 1993) 
reports C. mol lis var. sqtummlosus Cmll. with a :·>po re size of 7- 10 x 5- 6 (- 6.5} ~m and 
scale-forming hyphae 3-8 ~oun wide. Judg ing on his description, Lonati's C. mo/Iis var. 
squam11losus must in fact be C calofepis var. calolepis. Malcnoron & Bcrtauh ( 1975) also 
report having fuund C. mollis var. sqwmm[0$1L~;, but they distingu ish it from C calalefJis 

on the grounds that the latlcr represents a smal l-si7..cd species with a non-gelatinized or 
litt le-gelatinized pilcipelli s, icatun.-s that arc not considered d iagnostic (Nordstci n 1990). 
The}' make no reference to the spore-size or the structure of the pilei pel! is. It is unclear 
to us whclher their C. mollis var. sqmmmlosus repr~.!senls C ca/ulepis var. mlolepis or var. 
sqrtamrllosus. 

An interesti ng deviant feah1re in our examined collections is that many basidiosporcs 
p resent a <.:urving oft he inner wall at the spore apex, with the outer wall cilhc:r remaini ng 
obtuse and thus givi ng the impress ion of a callus.Jikc formation, or ha,·ing a small 
depression, resembling an indistinct germ pore (Figs Ia, c; 9a-b). Th is was constantly 
ohl'Crved in all examined spedmens o f both C. molli~ and C. mlolcpis and shou ld 
be considered chamctcristic for the two species. Singer ( 1973) also reports simi lar 
characteristics. Senn. Jrlet (1995) refers that in SEM analyses, spores of C. calolepis and 
C. m ollis reveal a small apical depression, wh ich may he interpreted as an apicn l thinn ing 
of the wall, yet neither a trum:ale spore apex or an apical thi nn ing was visible under the 
light microscope. When describing in general the spores of the genus, Singer (1986) 
reports that the spores may occas ionally have an indisti nct ca llus or rarely an indistinct 
germ pore. 

In some specimens of C. w lolepis, as wdl as C. m o/lis, the lamellar trama and margin 
arc di stinctly gelatinous, the gelatinous materia l often CO\'ering the lamellar edge ent irely. 
'I he p resence of this materi al is possibly related to environment al humid ity. 

Differcnt iat icd plcurocystid ioid-like bodies were observed in the hymenium of some 
C. ca lolepis specimens, be ing more frequent ncar the margin. Singe r (1986) reports that 
q•stidiolcs may often be present on the sides of the lamellae in Crepidotus species and 
Hesler & Smith ( 1965) go as far as to acknowlcdgt: these demen ts as plcurocystid ia. Senn· 
lrlet (1995) obser\'ed sucb bod ies in C. cesatii and interpreted them as abnormali ties 
induced by drought and therciore o f no taxonomic significance. Apart from C. calolepis, 
we have al so encountered such bodies in specimens of C. subverrucisporus. It is doubtful 
that these clements arc of taxonomical significance in either case. as the ir presence is not 
constant and could not be correlated with any other deviant feature. 

C. calolcpis seems to be by far the most common represenrative of the genus in 
G reece, as we have colk.·ded it on several substrates from var ious locations. However, 
it was formerly recorded only by Maire & Politi s {1940) on a slum p of PiTws lralepeusis 
and dead rrunks of Plaumrl$ sp., collections dat·ing back to 1904 and 1906. On the 
other hand , the d ose!)' related C. mol/is is n;:conlcd a number of limes in the literature 
(Diapoulis 1939; Maire & Politis 1940; Pantidou 199 1; Zervakis et al. 1998; Dimou et 
al. 2002a). Vle exam ined a collection of Pantidou (ATHU-M 107 1), iden tified as C. 
mollis. It consists uf a single, wel l-preserved specimen. '!he pileus is covered almost 
throughout with minute fi brillose scales and the scale-forming hyphae are yellowish 
brown to brown with st rongly encrusting pigment. The spore dimensions fit accurately 
to our measurements o f other specimens of C. calolepis. \.Ve have therefo re concluded 
that this specimen formerly attributed to C. mol/is in fact belongs to C. calolepis as here 
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Fig. I. a- h. C. cafnlcpi.<: n. hasidiosporcs, h. chc ilocy.~ ti dia, c- d . C. mnlli.-.: c. ha$idiosporcs, d. 
cheilocyslidia . Scale bars = 10 •un . 

interpreted. We also exam ined three specimens collected by Dimou (pcrs. com.), two 
o f which he had identified as C. m ollis var. a dolepis (73 1, 98R, unpubl.), and nne as C. 

mollis var. mollis (961. unpubl.), and we concu r with his judgement. T)'Pical fo rms of 
C. molliJ and C. calolepis arc easily distinguished from one another in the field . but we 
have encountered many non-typica l specimen~ transitional in nppearance, that cou ld 
easily be misidenliftcd if not carefully examinc.::d under the microscope. ' lhc presence 
of fibrillose sca les on the pilcal surface can be variable in abundance, and specimens 
collected in wet weather often have apparently glabrous pile i, to the naked eye, as 
stressed by Bandula & Montoya (:200'1} . ll is our convict ion that C. ca/oh7'is may have 
occasionally been mistaken for C. m ollis in the past and is in fact much more common 
in Greece than the latter. Pihh (1948) states that C. m /o/epis is more common in d ry 
areas or drier inland cl imates. ·I his mny explnin the irequent occurrence of C. calnlcpis 
in Greece, a countr)' with a dricrdimatc in comparison to most European countries. 

Most authors (Malcn~on & Bertault 1975, Ortega & Buendia 1989, Wat \jng & 
Gregory 1989, No rdstein 1990, Sen_n. Jrlet 1995, Breitenb;lCh & Kriinzlin 2000, Krisni· 
Grc ilhubercl a l. 2002) report either or both C. mo/lis anti C. cal(}/~pis solely on wood of 
broad· leaved trees. Scarce repo rts exist from wood of coniferous trees (Maire & Politis 
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19•10, Bandala & Mo ntoya 2004). In Greece, C. calolepis has been reported on a sw mp of 
Pinus halepcnsis {Maire & Poli tis 19,10). now it is new\)' rt.x:<mled on branches of AIJie$ 
c:eplralorJica, Abies borisii-regis and Pim1s 11igra. Of the material collected in this work, 
seven collections of C. calolepis, as well as two collections of C. mollis, were fOund on 
wood of cuniferous trees (Abies and Pim1s) , which have not heen recorded assuhstralcs 
of either species in Europe. IL has also been recent ly collected on branches of Alnus 
gluti, osa (Dimou, pcrs. com.). Furthermore, eight collections of C. w lolepis were fou nd 
on wood of PIAtamL~ oricntalis, a host also not included in the suhstrale!ii of this species 
for Europe (Senn-lrld 1995). 

Crcp;dotus moiUs (Schaeff.: Fr.) Staude Figs le-d; 9a, c; lib, d, k 
C:tt!pitlotus mullis (&:haen·.: Fr.) Staude, &:hwiinune Miuddeutschl. 25:7 1 ( 1 ~57 ) 

I'ileus 10-50 mm. semicircular lo flabdliforrn, convex: lo plano-convex. lalcndly or 
almost laterally attached to the substrate. with incurvcd and later even margin, surface 
viscid-st icky to dry, wh ite to cream, glabrous to minutcl)' fibrillose, forming scattered, 
indistinct fibr illose scales, more evident in d ried sped mens, consistem.:y tough. clastic. 
LamdJac whit ish in young specimens, then spotted brownish and finally uni formly 
ochre-brown to cinnamon, moderately crowded, cmargin atcly ad nate, margin minutely 
fimbriate, remai ning whiti!'h. Stipe ahsent or rudimentary. 

Basidiosporcs 7.0- 10.0 x 5.0-6.0 (-6.5) ~. Q - 1.42-1.82, ellipso id, amygdaliform 
in side vie w, smooth, yell owish hrown in KO I-1, thick-walled, usually with one and less 
often two large oil drops as well as few small ones. apex often mucronate and thin-walled. 
in some spores inne r wall folding inwards resembling a callus or an ind istinct germ pore 
(Figs lc, 9a). Basidia 12-30 x 6-9 pm, cyli ndrica l-clavate, •1-spored. Cheilocystidia 
32- 35 x 6- 10 !J ill, irregularly cylindric .. d , lageni form to slightl y fu:Murm. apex obtu~. 

sometimes subcapitate, rarely branched or septate, frequently embedded in gelatinous 
mater ial entirely covering the lamellar edge (Fig. ld, li b) . Basidiolcs, basidia and 
cheilocystidia rarely with golden-yell ow, smooth conten t (Fig. I I d). Lamellar trama 
seldom gelatinized. Pilcipcllis with an unde rlying layer of parallel hyphae, 3 -5~-Jm wide, 
hyaline, not encrusted, and an upper layer of hyal ine Lo pale yellowish brphac, 4-12 
!Jffi wide, wit h granular or minutely encrusting pigment but never heavil)• cncnJstcd or 
strongly pigmented (Fig. 9c). J>ilca llrama partly gelatinized. gdalinous layer underlyi ng 
the pilcipd lis. usuallr wcll-dc,·clopcd. Secretory hyphae occasionally present in 
pileipdlis, pileal trama and lamellar trama (Fig. I l k) , scarce to abundant, hyali ne to 

gulden yellow in KOI-I . Clamp connections absent in all lissues. 

Habitat: Grcgariou!' on living or dead tnmks and branches of Abies borisii-regis and 
Plllttm us urier~talis. 

Specimens examined - Mt. Zygourolh·;u.lo. Pefkofyto. Karditsa. forest of Abiesborisii­
regi.~ o n a fallen trunk of "- hnri.<ii-rc;:i.t, 19 Scp. 1999, Oclivoria!i, ATHU - M 5 117: M1. 
Zygourolivado. Pefkofyto, Karditsa, forest of A borisii-ro:gis, on a fa llen trunk of ; \. 

bodsii-n:gJs, 17 NoY. 200 1. DelivOria$. ATI-IU- M 5123; Tatoi. Attiki. on fa Uen twigs of a 
deciduous tree, Dimo u, 961; Mt. TymCristos. Agios ~ikolaos, Evry tania, mixed fores t of 
Plnlmws orit!nlnlis, QtJercus fminelto, CnslmJt!fl snlivn and A borisii·rt!gis, on branches 
of P. orio:111nfis, 23 Oct. 20(H, Gonou, ATI IU- M 5170; MI. Liakoura, Granitsa. Evrytania, 
forest or A. borisii-regis ami H oriellllllis, on livi ng trunk and l>r.mchcs ol J~ orientt~lis, I I 
Kov. 200'1 . Dcli\'orias, ATI·IU- M Sin: MI. l.iakoura, Granitsa, Evrytania, fo rest of 1\ . 
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borisii regi$ and P. oriemali.c.. on dead br.mchcs of P. oriemalis. II Nov. 2001, Dcliw.>rias. 
A TT-l U- M 5 180. 

Remarks: The aforementioned collec ti ons arc those we have encountered to fit C. t~~ollis . 

For further note!' on C. mollis and comparison with C. calolcpi.~ !~iCC remarks under C. 
cufolepis. 

Secretory hyphae were observed in ahundnncc in the lamellar lrama nfbasidinca rps 
from collection AT H U-M 5123. However, in basidiocarps of ATH U-M 511 i, collected 
two years earlier fro m the same tru nk. these hyphae were scarce, and in specimen 96 1 
<:o llcctcd by Dimou, no secretory hyphae were found. ' I he presence of these hyphae is 
most li kely due to enviro nmenta l conditions or the s tage of maturity oft he basidiocarps, 
and is of little or no ta.xonomical merit. Similar secretory hyphae were also observed in 
some specimens o f C. calolefJis. 

C. mollis is newly recorded for Greece on Abies borisii-regis. Accord ing to the 
substrate's l.ist of the species in Europe (Scnn-l rlet 1995), there is onl)' one reference of 
the spt.:c it.-s from pft,lmlllS and none from ~.:onif~:rs. 

Crepidotus subgenus Dochmiopus (Pat.) Pilat, 1948 

Section DoclmrioJms 

Crepidotus appla11a tus var. subglobiger Singer Hgs 2a-d; IOh; II h-j 
Ct¥pidotustlpplwwtus ,~o~r. subglobiger Singer. ~O\'a Hcdwigia Ud h. H: 178 (1 973 ) 

Pileus 5- 30 mm. semicircular, flabc lliform to petaloid, convex to plano-convex, laterally 
attached to the substrate, margin incurvcd to even, hygrophanous, translucently striate 
at margin when wet, surface smn nth, !'nmewhat fell y at point of :lltachmenl , pure wh ite 
to pale cream. becoming yel lowish brown in dried spec imens. Lamellae wh it-ish in young 
specimens, then buff to snuff brown, moderately distant, ad nate to decurrent , margi n 
mi nutely f'imhrinte, remaining wh il"ish (observed under lens). St ipe rudimentary, with 
while tonu:ntum on the subsl ratc. 

llosidiosporcs (5.0-) 5.5-6.5 (-7.0) x (5 .0-) 5.5-6.0 (7.0) ftm, Q = 1.00-1.20, globose 
to subglobosc. yellowish brown in KOJ-1 . wit h pinkish content, Iindy vcrrucosc. with a 
pe risporc (f-igs 2a, !Oh). Basidia 18-26 x 6-8 ~.un. cylindrical-cla\·atc, 4-sporcd. wi lh 
basal damp, content wi th numerous small oil drops. Chcilocystid ia 45- 110 x 5-12 
11-m. varia ble, typkall y q·li ndrical to narrowly lagcni fo rm , mt hcr oflen subcapitate or 
curved at apex, some branched. some sept ale. in some cases with two septa on the same 
cystidium, hyaline, thin-walled but ralhcr often th ick-walled althc medial part, in some 
cysti din markedly so, up ro 3 pm th ick (Fig. 2b. d; I I h-j). Pleurocystid ia absent' hut 
ab undant plcurocystidio id -like bodies prcscnl, 14-22 x 5-6 fJ fll. irregu larl y cylind rical 
to clavate, often curved, twisted or constricted, frequently with an apical to lateral , 
finger-like protuberance (J:ig. 2c). Pilcipcllis a curis, h)•phae 4-8 pm wide, hya l.inc or 
with palt.: )'d lowish, diffuse lu sunH.:whal granular inl nu::ellular pigment, occasional 
hypha! ends exert ing as pilcocystid ia, 30-70 x 6-9 pm. narrowly lageniform, cylind rical 
to subcapitatc, hyaline. Secretory h)'phae presenl in pilcipell is, pi leal trama and lam ellar 
trama. Clam p connections presen t in a ll tissues. 

Habilat: Scattered on a rotten fallen trunk of Picea abies. 



f ig. 2. C. applauatus var. s11bglobiger: a. ba.sid iopores, b, d . cheilocystidia, c. pleurocy.stidoid 
bodies. Sca le bars - 10 .._m. 

Specimens examined - W. Rodopi Mt.s., Elatia, Dra ma, a lt . 1550 m. on a fa llentnmk 
or P1cea abies, 5 Oct. 2005, Gonou & Floudas, ATI IU- M 5332. 
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Remarks: C. appltmatus var. subg/obiger is d istinguished from the typical variety by the 
shape of the chcilocystidia which are longer, narrowly lagc ni fo rm to cylindrical instead 
of clavate to cap it ate. Fmthcrmore, var. applanatu.~ prefers hardwoods, whereas var. 
subglvbiger seems lu be reslrkh!d lu coni ft:rous wood. 

We have collected this ta.xon only once. from a Picea forest in Nort hern Greece. 
Microscopic examination revealed a few deviant fea tures, such as the presence of septa on 
many cystidia. and even. in many occasions, two septa nn the same cystidium. 'I hi s wa.~ 
not a constan t feature however. as showed by examination of di fferent lamellar margi ns 
from the same basidiocarp.ln one lamella the cheilocystidia were almost predominately 
septate, whereas in a nearhy lamella the septate cystidia were scarce to almost ahsenl. 
Also, many cystid ia with a markedly lhick. wallcd medial part were encounlcred, with 
lhe re maining cystidium being thin· lo slightly thick·wallcd. Finally, we observed many 
branched q•stid ia nt the apices, either forked or laterallr brnnched, in most cases with 



two, rare!)' th ree, branches. It was suprisingly diflicult to find basid ia, although most 
specimens were iull)' mature, with abundant basidiosporcs in all prcpamtions. We 
encountered instead many basidioles and pleurocystidioid bodies, these most probably 
being abnormallr developed basidia. All the above mentioned abnormalities, if they be 
such, m ight he induced hy cnvimn mcntal ctmditi nns. 

Hesler & SmHh ( 1965) described two varieties of C. upplauatus based on the 
morphology of t he chc iloqrstid ia: var. plrragmocystidiosu.s with septate cystidi a and var. 
diven;lts with hranched or knobbed cystidia. Thc!>e varieties arc considered conspecillc 
by Aime (2001 ) with C. tJpp!unatus s. joss. She concludes. after detailed examination. 
that cheilocystidia in this taxon arc. under the influence of environmental conditions. 
capable of secondary growth that can alt er their shape and size as well as the number of 
septa per cystidium. ·1 hi s. however. docs not seem to be the case in our specimens, as 
the septate and non·septate qrstid ia arc morphologically similar. We agree, nevertheless. 
with Aimc's ded uction that taxonomic del ineation in Crepidotus cannot be based on 
C)'Slidial morphology alone, <IS the li.nm of the cheilocystidia may vary great!)' wi thin a 

single taxon and, as observed in th is case. even within ind iv idual collections. 
C. applmwrus has been reported twice from Greece , from a fallen trunk of Abies 

borisii· regis (Diamandic: & Perlerou 1990) and from dead brnnches of Fagus (Diamandis 
1992). '1 be latter ..:olkclion is ac..:ompanicd b)' a description, but with no reference to the 
morphology ofthccheilocystidia. Judging by the habitat, the first collection might be var. 
subglobiger and the second var. appltmatllS but the authors make no such distinction. 

C. appltmatus var. subxlohixcr is newly recorded fo r Greece. 

Crepidotus cesatii var. cesatii (Rabcnh. ) Sacc. figs 3a- b; 9c 
C:n:Jiitlutu.( c:~tl!H (R<Ibcnh .) Sacc .. Mic.:hclia 1: 2 (1877): DofhmioJms SJIIuJ.erosporrt$ (Jl01t. ) 

Pat. , Hym~nomyc. Eur.: 113 (1887): Crepidnt11J.pl1aem~pnr,5- (Pat .) J.E. I.angc, Dansk 
Dot. Ark. 9 (6): 52 ( 1938): Crepitlotus cc>sntii va r. splwuospoms (Pat.) A. Ortega & 
Buendia . Int. J. Myc. Lich. 4 (1 - 2): 96 (1989) 

l' ilcu !i 3-2:! mm, circular to semicircular or rou mJcdly flabellifonn. rdrcly somev.·hat 
lobed, convex to plano·convex, central ly to eccentrically or almost laterally attached 
to the substrate, margin incurved, becoming even onl)' in fu lly mature specimens. 
surface <.l ry, fdty, pure white, remain ing so in d ried specimens {)f becoming pale cream. 
LameUac whiti sh in )'Oung specimens. oiten wit h a pinkish tint . later cream. pinkish 
buff to pale cinnamon, never sign ificantly darker, distant to subdistant, adnate, margin 
minutely limhriate. rema ining whitish. Stipe ahsent or rudimentaq•. 

Basidiosporcs (5.5-) 6.5-8.0 (-9.0) x 4.5-7.0 ~m . Q = ( 1.00-) 1.10- 1.33 (- 1.46). 
glohose, subglobose to broadly ell ipsoid , pale yell owish in KOH, finely echinulate (Fi~o:; 

3a. 9e). Basidia :!0-37 x 6-9 ~Jm.~..: y liml rica l ·davalc. ' l·sporcd. Chcilocyslidia 28- 80 x 
4- 11 !J.m, diverticulate, clavate, C)rlindrical, irregularly cyli nd rical, fusiform, lagenilorm, 
usually branched, frequently multiply so, apices obtuse, byali ne, thi n·walled (Fig. 3b). 
l' ilcipclli s a trichodt:rmium uf luuscly inte rwove n hyphae with t ransitiuns to a loose 
cutis. hyphae often coiled. 3-6 1-1m wide. hyaline, thin-walled. Clamp connections 
present in all ti ssues. 

Habi tat: Solitary or in small groups on dead or Uvi ng branches oi Platmws orimtali.s 
and. in one case, Pirms nigra. 



Fig. 3. C. ccsatii \'a r. cesatii: a. basidioporcs, b. chcilocystidia . Scale bars - 10 11m. 

Specimens examine d MI. 7.ygourolivado, t\ nthochori, Ka rdi tsa, r iparian vegetation , 
on a li\ing branch of Pfatmms oril!llltllis, 19 Se J>. 1999, Dclivo r ias, ATI IU- M 5116: Mt. 
Katachloro, Kcdros. Kard itsa , riparian \'Cgctation, o n bro nche:s o f Pl. uwmtulis, 13 Nov. 
1999, lfi?li\·orias, AT H U M 5 118; Mt. Tymfristos, Raches Tymfristo u, Evrytania , fores t 
of J>inus 11igm and Abies borisH-regis, on branches of P. 11igm, 25 Oct. 200~ . Deli\'orias, 
ATII U- M 5125; Mt. Tr mfr istos. Agios Nikolaos, Evrytania, forest of Pl. orienta/is, 
Quen:us .sp. & Cmtamm satiw1, on fallen twig$ and branches of Pl. urir:uwlis. 8 Nov. 
2003, Gonou, ATHU M 5109; Mt. t.iakoura, Gronitsa , F.vrrta nia. forc~il of A. horisii 
rt!gis a nd Pl. orientalis, o n dead twigs and branches of Pl. oriwtali:s, 27 Scp. 2004, 
Deli \'orias. ATII U- M 5 162; MI. Tymfristos. Agios 'ikolaos. Evrytani a. mixed forest of 
Pl. orienta/is , Qw:rcusfmim:tto, C • . (Q.tiva and A. borisii n-gis, o n brJnchesof Pl. orielltlliis, 
23 Oct. 200'1, Gonou, ATH U- M $173; Mt. Lia koura, Granilsa, E'•rytania , forest road , on 
li\"ing branches of Pl. orientaU:s, II Nov. 2004, Dclivorias, ATIIU- M 5 176; ML Lia ko ura , 
Granits.t, Evrytania , forest o l A. borisii· regis a mi IJ/. urieutfl lis, on c.lcad branches of Pl. 
oricntali.~, I I Nov. 2004. Dcli\"Orias. ATI-IU M 5179. 
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Remarks: The typ ical variety of C. cesalii is characterized by the d istant lamellae, the 
globose to subglobose. finely echinulate basicl i<lsporcs, lhc d ivcrlicu lalc chcilucystidia 
and the coiled hrphae o f the pileipdlis. The on ly other variety recognized by Senn­
lrlet (1 995), C. cesatii var. subsplw erosporus (J.E. Lange) Senn- lrlct, is reported to have 
hro<tdly ell ipso id basid iospores, mostly straight hyp h01e on I he pilcipcllis and to grow 
on branches of conife rous trees. Also, Watling & Grcgorr ( 1989). report thal the latter 
variety lacks the charac terist-ic pink tinge on the lamel lae and has a darker spore pri nt. 
alt hough Senn. frlel doe.'> not make such a reference. In all specimens examined in thi s 
work. at least a portion of tbc basidiospures wt.:re found to be bwaUiy ellipsoid. and. in 
some specimens, these spores predominate. llowcver. in all specimens the hyphae of the 
pilcipellis were clearly coi led and the only collection made from coniferous trees docs 
not seem to deviate mic:roscopic:a lly f rum lhe remai ning cnllcc:ti ons. As we have been 
unable to determine a correlation between the variation in shape of the basidiosporcs 
and either tbe structure of the pilcipc\Us, the colour of the lamellae or the habitat, we 
have co ncluded thai our findings consist of a single t:Lxon, C. cesatii var. cesatii, in which 
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the basid iosporcs may range from perfect ly globose to broadly ellipsoid in thei r extreme 
variatio n, with a Q ralio reaching up to 1.'16. 

C. cesatii var. cesatii is newly recorded for Greece on twigs and branches of Pitws 
ttigra and Pfntmtus orietrtalis, the latter seeming a rather common substrate fo r the 
species in Grct.><:c, in contr.tsl to the references fu r the di strib ution of the spc(.ics in 
Europe (Senn-lrlet 1995}. 

Crcpidotus variabilis (Pcrs.: Fr.) P. Kumm. Figs •la- b) lOg 
Crt:J,hfutw: vudt~bilis (Pers.: Fr. ) P. Kumm .. Fii hr. Pilzk. 74 ( 1871) 

Pileus 5- 15 mm, ci rcular to sem ic ircular o r roundcdly ll abell iform, often lobed , convex 
lo plano-convex, cent rally to ccccnlrica lly o r almost laterally attached to the substrate, 
with incurvcd and later even margin, surface dry, fehy to smooth, pure white to dirty 
while. remaining so in dried specimens. Lamellae whit ish in young specimens, often 
with a pale pinkish tint , later day buff and finally cinnamon brow n, modcratelycrowckd 
to crowded, emarginatcly adnate, margin minutely fi mbriate, remaining whitish. Stipe 
absent ur rudi mentary. 

Basidiosporcs {5.0-) 5.5-7.0 {-7.5) x (2.5-) 3.0-3.5 (~1.0) ~m. Q = 1.57-2. 17, 
short q lindric to clnngate, o blo ng, pale )'e ll nw ish in KOH, m inu te\)• hut di stinctl y 

pundatc-warty (Figs 4a. lOg). Basidia 20-25 x 5-7 ~m . cylindrical-davate, 4-sporcd. 
ChcilocysticJja 22-53 x 6-1 1 jllll , diverticulatc, clavate, cyl indrical. irregularly 
C)'lindrical. fusifo rm , mostly branched, often multiply branched, hyaline, thin -walled 
(F ig. 1b). PileipcUis a tridwdc rmium of loosd y inkrwove n hyphae, 2- 5 ~m wide, 
hyali ne, thin-walled. Clamp connections present in all tissues. 

Habitat: Solitary to gregar ious on branches of Quercusji·u imdto, Quercus coccifem and 
Cistus sp. 

Specimens examined - lake Plasti ra, Agios Athanasios, Karditsa , fo rest of Q11.:rc11s 
frame/to, on fa Uen branches of Q.jruim:Jto. I 'ov. 1998,l)elivorias, ATHU- M 5112; 
luke Pla.stira, Agios Athanasio.s, Karditsa, forest of Q. frainctto, o n fa llen branches of 
Q.fraim:tto, I 'ov. 1998, Dclivoria~. ATJ-IU- M Sll:l; lake Plastira, 1\giM 1\thnnasios, 
Kardilsa , forest of Q. jmi11d lo, on fa llen branches of Q. fraillelto, H! Scp. 1999, 

Oclh·orias. ATHU M 51 t-1, i.)omokos, l;thiotida, mac.juis vegetation, on branches of 
Quercll5-coccifera, 13 Nov. 1999, f)clivorias , J\THU M 5 115: Mt. Ymittos, Attik i, maqui5 
vegetation. on twigs of Cistr~s sp., 7 Dec. 2002 , Dimitriadis. ATII U-M •1648. 

Remarks: C. variabilis is characterized by the lobed pilcal margin (not always 
distinct, howe\·c r), the small -sized, cylindrical, punctate-warty basidiosporcs and the 
diverliculate cheilocystid ia. 'I he lohed pi leal margin may he a good di stinct-ive feature 
for macroscopical identification when dearly formed, but, as in all white species of 
Crepitlmus, careful microscopical examination is essentia l for identification. The 
characteristic small-sized, cylindrical basidiosporcs provide a rel iable distinguishing 
fcatur~ . <.:. varil4hilis var. lriclwcyst is Hesler & A. H. Sm. is reported to have larger 
basid iosporcs and longer, narrowly cylindrical to narrowly lagenilorm cheilocystidia 
(Scnn-lrlct 1995). 

C. vuriabilis seems to be common in Greece, as il is reported a number nf tim es in 
the literature (Maire & Politis J9~10. as Docl1miopus variabilis; Minter 1988; Avt·zis & 
Diamandis 1988; Konstantinid is 2002) and we have collected it a few times ourselves. 
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Fig. 4. C. 1•armhilis: a. basidiospor~.s. b. cheilocrslidia. Scale bars 10 !lm. 

It has also heen recent I)' col lected on branches o f Aln11s glutin osa ;md Quercus CtJccifera 
(Dimou pcrs. com.). It is newly recorded fo r Greece on branches of Quttrcus fraiudto, Q. 
cocc•f~ra and twigs of Cistus sp. , the last two being representative plants of the maquis 
vegetation. 

Section Crepidotellae Hesler & A. H. Sm., 1965 

Subsection Autoclrllwni Senn-Irlet, 1995 

Crepidotus autocllfi iOttltS J.E. Lange f igs 5a- b, 9(, li e, c 
Cn:pidntll.(tlfttocl•tllmms J.E. Lange, Oansk bot. Ark. 4 (6) : Sl ( 1938) 

Pileus 10- "10 mm, semicircu lar to flabclli fo rm, convex to plano-convex, laterally 
or almost lalcr.tlly allached to the substrate, wilh incurved, lalcr even to undulali ng 
margi n, surface dry, glabrous to minutely fib rillosc-tomcntosc, di rty whit ish. cream to 
yellowish buff. Lamellae whitish in young specimens, then spotted brownish and fina lly 
unifo rml y cinnamon brown to ful vu us, t: rowdcd, emarginately adnak, margin even. 
Stipe absent or rudimentary. Spore print yellowish brown to umber. 

Ba.sidiosporcs 7.0- 9.0 x 5.0- 6.0 pm, Q = 1.27- 1.64, ellipso id, am ygda lirorm o r 
lcmonirorm in side \•iew, wit h a more or less acute apex, smooth, thick-walled, 
occasionally wall thinning at acute apex, yellowish to yellowish brown in KOII , usually 
wit h a large oil drop (Figs 5a, 91). Basidia 25-30 x i - 9 •tm, cylind rical-clavate, with 
1 sterigmata. Chcilu9s lidia 17- 31 x 7- 13 ~m, cyl i nd ri~a~ clavate, some subcapilate, 
short lagcniform, not branched, rarely sep tate. thin to thick-walled (Figs Sb, li e). 
Basid iolcs and chei!OC)'st·idia somcl"i mcs with yd low-goldcn, smooth content (Fig. 
l ie) . l'i lcipcll i.s a cutis nr hya line hyphae. 3- 5 1-1m wide, some ascend ing. Pilcaltrama 
without gelatinous layer. Lamellar lra ma with few secretory hyphae, usually hyaline, 
seldom golden-yellow. Clamp connections present in all ti ssues. 

llabi tat: Gregarious or in small groups on ground. in forest of Quercus ji·aiuello or 
mixed Q. frni,ett o and Abies borisii-regis. 
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Fig. 5. C. mlioJ,t/w,u.<: a. b.asidiospo rcs, b. cheilcx:rstidia. Scale bars - 10 !Jill. 

Specimens examined l.akc Plmilira. Kryoncri. Ka rditMI, clca ring offo rcstofQ11crcu.( 
/ minetto, on ground, 14 Oct. 2000, Dclivorias , ATII U- M 5 12 1; lake Plastira , Kastania, 

Kardi tsa. mixed forest of Q. fruim:llu and Abies burisii· ntgis, o n ground. 7 Scp. 2002, 
Delivorias. ATH U M 5 121. 

Remarks: C. tm tvclt thunus is rather sim ilar-looking macroscopically to C. nwllis and 
has prac tically identical basidiosporcs. which nevertheless can be d ist inguished by thei r 
ac ute apex, without the characlcristic wall curving o r apical depress ion of C. mollis 
spores. IL is also easily identifiable by the terrestrial habi t, the lack ol a gelatinous layer in 
the pile01 l trama, the shape of the cheilocystidia and the presence of clamp-connections. 
Accordi ng to Scnn- lrlcl ( 1995) . il is the un ly terrestri al spc:.>e ics of Cr(pitlvlus in Europe. 

G. autochllw m1s is newly rc:.>eonled fro m <..ircecc and is repo rted for the first li me in 
Europe in fore sts of Quercus spp. 

Subsection Pfeurotc/fus (Fayod) Scnn-Irlct , 1995 

Crepidotus epibryus {fr.: h.) Qut!l. f igs 6a- b; IO i; II f 
Cn:pMotu.( epihrym (Fr.: Fr.) QuCI., MCrn. Soc. F.mul . Montheliard, sCr. 2, 5: 13R (1872); 
misdct.: Crepidotus perpusifl,,s (Lumn.: Fr.) Mai re, Fungi Catal. II: 102 ( 1937) 

!>ileus up to 10 mm, rounded flabc ll iform or campanulatc when you ng, circular with 
age. spread ing out on the substrate. becoming almost resupinate, wilh wh ile toment um 
around the margin where attached, sessile. surface tomentose. wh ite, even when dried . 
Lamellae rath er distant to moderately crowded, ad ncxcd, wh it ish to pale ochraccous 
in fresh spec imens, remaining so or darkening to fulvous in dried ones, margin 
concolorous, even to slightly uneven, often hrow ning at place.<:, e.<:pecially when dried . 
t=Jcsh very thin, wh ite. Stipe absent. 

Uasidiospores 6.0- 9.0 x 2.5- 3.0 ~m. cylindrical, somewhat fusoid lo narrowly 
amygdali fonn or pip-shaped, some slightly curved. smooth . hyaline or pale yellow in 
KO II. yel low in thecommonly formcd masses(oftwo, four ormore) ( l~igs6a, IOi). Dasidi a 
15-20 x 5-6 ~m. clavate, 4-spored, usually hyal ine ; some d isintegrating basid ioles and 
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basidia with gramt lar, golden brown content , larger in si7.c (F ig. I I f). Chcilocystidia 
up to 50 x 7 pm, cylindrica l to narrow ly lagc niform, flexuous, somet imes with strongl y 
curved or whirled apex, rarely bmnchcd, uftcn tl iflicult lo be ubscrwd (Fig. 6b). Parts 
of th e hymcnium covered with goldcn·brown granular material. Pilcipcllis a transition 
between a cutis of interwoven hyphae and a tTic hodcrm_ium of erect , straight, filiform, 
hyali ne hyphae. Clamp connections absent in allt·issucs. 

Habi tat: Solita ry on stalks and laminas of fallen leaves of Castfmea sa tiva. 

Specimens examined: M t. Tymfri.'ito.s, Agim; Nikolaos, F.vr)'f8 nia, mixed forest of 
Castanea wtivn, Abies borisii-rrgis, Qmm:m sp. and Coryf11s nvdmm, on fa llen leaves of 
C. sulivu, 11 Nuv. 1998, Gunuu, ATHU- M 5106. 

Remarks: Distinctive microscopica l cha racters of C. epibryu$ arc the size and shape 
of the basitliospur<.-'S as wdl as the narrowly lagen iform, rlcxuuus and/or curled at lhc 
apex. chcilocystidia. ·n1c chc ilocyslid ia were scarce and difficult to find. possibly because 
the lamellar edge had been injured. The golden·brown material covering parts of the 
hymeni um is probably the result o f the excretion of nccropigments from the concolorous 
disintegra ting basidia and basidiolcs and corresponds macroscopicaUy to the browning 
spots of lhe lamellae. Si milar pigmented and amorphous aggregat ions on the hymenium 
arc rcp011cd from species of Lyophyllum as well as pigmented basidia from species of 
!tJocybe, Cortiuariu$ and Pholiota (CICmenc,:on 1997). 

C. epibryus has been twice reported fro m Greece, on leaves of fagus sylvatica (as 
Crepitlotus perpusillus, Maire & Politis 1940) and on leaves of Quercus cerris (Polcm is ct 
al. 2002). Our collect-ion is I he fi rs! recording of C. epihryw; on leaves of Castanea sativa 
in Greece and one of the very few in Europe (Scnn- lrlcl 1995). 

Fig. 6. C. cpihry11.•: a. basidiosporcs, b. chcilocystidia. Sca le bars "" 10 •1m. 
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Subsection Fibulatin i Singer, 1947 

Crepidotus lundellii Pi l:\t Figs 7a- h; I Oa, d 
Crt!pidotll$ /rmclellii l%it, Fu ngi [xsiccari Sucdci fasc . \'·VI: 10 (1936) 

Pileus 3-20 mm, circular to semicircul ar or roundcd ly f1abclJj fo rm, convex to plano­
convex. eccentrically to al mm•l laterally atlachcd to the substrate. with incurvcd and 
later even margi n. surface dry. fdty, pure whi te to pale cream. LamcUac whit ish in young 
specimens, then clay buff and fina ll y cinnamon brown to fu lvous, mode rately crowded 
to crowded, cmargi nately ad nate. margin minutely fi mhri atc, remai ning whit·ish. Stipe 
abst:n l or rudimentary. 

Basidiosporcs 6.5- 8.5 ( - 9.0) x <1 .5- 5.5 (- 6.0) ftm, Q = 1!10- I. RO, in frnn tal view broadl y 
ovoid to ell ipso id. in s ide view ellipsoid to slightly amygdaliform, yellowish in KOH. 
wall slightly roughened, almost smooth , frequently seemingly smooth even under oil 
immersion hur never actually completely smooth (Figs 7a, lOa). Ba.'i idia 21- 30 x 6- 8 
!J.Ill . cylind rical-clavate, 1-spon:d. ChdlocysUdia 32- 56 x 7- 12 !J.ln . cia vale, cylind rical . 
fusiform, with an obtuse, sometimes subcapitate apex, rarely branched, hyali ne, thin­
walled (Figs 7b, JOd) . Pileipcms a trichodcrmlum ofl ooscly interwoven hyphae 3-5 ~tm 
wide, hyaline, thin-walled. Clamp connections presen t in all tissues. 

Habi tat: Grega rious on fa llen branches of l'latatll l$ oriettMfis. 

®0 
(JQ 
\:JO 

fig. 7. C.lwuldlii: a. basidiosporcs, b. chcilocystidia. Scale ba rs - tO Jlnl. 

Specimens examined - MI. Katachloro. Kcd ros, KardiLsa. riparian vegetation. on 
fa llen branc hes of PJatuml!i uriem/(1/is. 13 Nov. 1999. L)clivorias. ATHU- M 5 119; MI. 
'l)•mfristos, Agios Nikolfl o.~. F.vrytflnia , mixed forr~~ t of P. nrieutafis, Qw:rw.~ frailletln, 
Cnstau.:a Sill iva and Abi.ts borisii· rt"gis, on branches of P. orirmtt1lis, 23 Oct. 200.1, Gonou, 
ATHU- M 5 17 1. 

Remarks: C. bmdelliiis charncterized by lhe unique ornamentation oft he basidiospores, 
consisting of very low warts and ridges. ·n1e spores seem smooth in low magni fication 
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and the ornamentation is revealed onlr under oil immersion. The basidiosporcs arc 
ellipsoid to sligh tl)' amygdaliform and fain t )·cl luw ish in KOH. In the macmsc(Jpicall y 
similar C. subverrucispoms, the spore ornamentation is much more distinct. the spore 
colour is darke r and the chc ilocysl'idia arc more consistently na rrowly lagcniform 
{apically tapered) {Senn- lrlct 1995; Bandala e t a l. 1999). 

C. /undtdlii is newly recorded for Greece and is reported fo r the l:irst time on Platanus 
in Europe (Scnn-Jrlct 1995). It has also been recently collected on branches of A lttus 

glulillosa (Dimou pent com.). 

Crepidotus luteolus (Lambotte) Sacc. figs Sa-b; lOb, c 
Cn:pidotu.< lrllc:olu.< (Lambouc) Sacc .. Syll. r ung. (Abcll ini) 5: 888 (1887) 

I'ilcus 2-1 5 nun, st:ssilc. )'Oung ungu late, ~.:ampanulatc, later convex lo plano-convex. 
flabellifo rm . reniform or semicircu lar when seen irom above. laterally or dorsally 
attached, often spread out over the substrate, almost resupinate, margin even, straight , 
remaining so or becnming undale, lobate, white-yellowish to yellowish-cream whe n 
wet, straw to buff whe n dried, surface first tomentosc-birsutc with a smooth margin, 
later smooth throughout or hirsute onlr ncar the point of at tachment, usually with a r ich 
toment um nn the substrate. Lamellae adnexed to na rrow!)' ad nate, moderatel y crowded, 
whitish o r pale yellowish at first. later bu!T to bufllsh brown, fulvous when dried. margin 
whitish, fimbriate when young, concolorous and almost smooth when mature. Flesh 
white. Stipe absent o r ra rely observed in ver}r you ng fruit bodies. 

Basidiosporcs 8.0-9.5 (-10.5) x 11.5-5 .5 (-6.0) ~m , Q ,.. 1.55-2. 10, ell ipso id in frontal 
view, ellipsoid to usually nmygdaliform in side view, yellowish brown in KOH , minutely 
ro ughened (Figs Sa. JOb). Basidia 20-30 x 7-9 ~111 , clavate. usually strongly granu lar, 
4-sporcd. Cheilocrstidi a 45-60 x 5-8 ~m. cylindrical to na rrowly lage niform, strongly 
llexuous, often branched or rarely angular, hyaline, thin wa lled (F igs Sb, JOe). LamcUa r 
edge in some sections somewhat gelatinous, holding chci locyslidia r.tlher packed. 
J>ilcipellis either a cutis of in terwoven hyphae with transi tions to a trichodcrmi um 
bearing bundles of exerted hypha! ends, or a real trichodermium with erect hyphae, 
hyphaeslr..t.ight , flexuou s or wi nding, th in to slightly thick walled, hyaline or pale )'el l ow, 
some of the latt er slightly encrusted. Clamp connect ions present in a ll tissues. 

Hahi tat: Solit ary ur in small groups, rat her grega rinus, on fa llen twigs of fJialmul$ 

orierlfulis. 

Specimens examined - MI. Tymfrislos, Ag·ios Nikolaos. Evrytania, mixed deciduous 
fort$1 of Platmws oricntafis, Quercus sp. ami Castanea .<atiw1. on fallen twigs of P. 
nric:nlllli.~, 8 Nov. 2003, Gonou, ATIIU- M 5110. 

l~emarks: C. luteolus is charat:teri;r.ed macroscopicall y b)' the yellowing culo rs of the 
basidiocarps and microscopically by the faintly ornamented. amygda lifo rm. rd ativd)' 
long and narrow basidia spores as wdl as the polrmorphic,llcxuous, frequently branched 
cheilocystidia. Our specimens of C. ~ubvermcisporu$ exhibit the same rellowing colors 
when fresh and could be confused macroscopically with those of C. !utco/us. ·n1e two 
species can be distinguished microscopically by their basid iospores and che ilocystidi a. 
The basidiospores of C. $1tbverrudsporus difrer in being more ornamented and empsoid 
(broader) rather than amygdali fonn in side view. while lhc chc ilocysl idia arc less 
flexuous and branched. 
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Fig. 8. a-b. C. fult:Uiru: a. basid iospores. b. chcilocystidia ; c:-d. C. ~ubv.:rwcispunts: c. 

basid iospores, J. chcilocystidia. Scale bars = 10 ..- m. 

It is worth mentio ni ng that lxsidcs C. luteolus, spt..-cimcns of C. cesatii were coUcckd 
on the same day from the same locali ty, on nearby fallen twigs of Platanns orier~ta lis . 

Basid incarps of C luteolus exh ib ih:d a pale yellow culur un the p ileus in contrast tn the 
whitish color of C. cesatii. 

C. luteo/w; is newly recorded from Greece and is reported for the li rst time on 
IJ/(l(anus in Europe. It has also been reccn ll )' collected on Neriwn oleander (Dimou pers. 
com.) 

Crcpidotus s"bvcrrucisporus Pil:i. t Figs Se- d; I Oc. f; II a 
Cn!pidot11s s r~bYt:rrru;isporu .. ~ Pilat . Studia Botanica Cechoslavaca 10: IS I (1949) 

Pileus 3-10 mm, circular lo semicircular or roundcd ly (]abelli fo rm, convex to plano­
convex, eccentrically to almost laternll y atl <tched to the substrate, where usuall y with a 

whilish or yellowish Lomcnlum, margin incurvcd and lak r cvcn. suditcc d ry, felLy, while 
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or dirty whit ish to pnlc yellowish cream. LamciJac whitish in young specimens, later 
buff and fi nall y cinnamon brown to fu lvous, moderately crowded, cmarginatcly ad nate, 
margin minutely fimbria te, remaining whitish. Stipe absent. 

llasidiospo« s (7.0-) 7.5-10.0 (- 11.0) x (1.5- ) 5.0-6.0 (-7.0) ~m. Q - 1.15-1.78, ovoid 
to ellipsoid, slightly amygdnli form in side view, yellowish brown in KO J-1, minutely but 
distinctly rugulost:: {Figs 8c, !Oc). Basidia 20- 25 x 7-8 !Jill , cyl indrical-davalc, -1 -spurt:d. 
some 2-sporcd. Chcilocystidia 28-65 x 4-10 x 3-5 Jlm. cyl indrical, broadly lagcniform 
to narrowly, elongate lageni form, ofte n angular or sometimes branched towards the 
apex or apex subcapilate, sometimes septate at upper 1/3, h)•ali ne, thin -walled (Figs 
8d. JOf, II a). Plcurocystidia absent but seldom lagcni!Onn plcurocystid ioid bodies 
present. Basidiolcs and pleurocystidioid bodies sometimes with golden-yellow content. 
l'ilcipclli s a trichodermium wit h transit ions to a cutis. hyphae loosel)' interwoven, 3- 6 
JJlll wide:, hyaline, thin -walled. Clamp conncdions prc:scnl in all tissues. 

Habitat: Gregarious on fa llen branches of Platanus orien tal is. 

Specimens examined - Mt. Katachloro. Kcd ro5, Kardil.sa. riparian vegetat ion. on 
faU~n branches of Platan!IS orientali., 13 Nov. 1999, Deli\•orias, ATHU M 5120; MI. 
Tymfristos, .t\gios Nikolaos, Evrytania , mixed forest of P. orieutalis, Quercus frniuetto, 
Cmtaw:n sntiva a11d Abies borisii· rt!gis, on mossy branches of P. orienta/is, 23 Oct. 2004, 
Gunuu, ATH U- M 5172. 

Remarks: The fresh fruit bodies fr om both collections exh ibited a pale yellowish color 
in the pileus whkh was retained in the exsiccata. C. stlhverruci~J"mts is characterized by 
lht: minute!)' bu t distin<.:l ly rugu \usc.-:, sl ightl y amygdal ifonn, mod1.mlld y dark 'oluurcd 
basidiospores and the rather simple lnge niform cheilocyslidia. TI1e d 1eilocystidia 
are reported to be general\}' unbranched (Watling & Gregory 1989; Senn- Jrlet 1995; 

Breitenbach & Kriinzlin 2000). Type studies performed by Scnn-Irlct (1993) showed 
that thecheilocystidht in th<.! holntype (found on Robinia psemlaact•cia ) are often sep tate 
(;~\so obst:rwd by Bandala d al. 1999) and somdimt!S branched. 'I he same obsc.-:rvalion 
was made by Senn-Jrld (1995) on material collected from Italy, also on Robit~iu. We 
have encountered in our specimens both septate and branched at the tips cystidia. 

We have also occasionally observed plcurocystidioid-like bodies, some with a 
golden-yell ow content. but they are probably of no taxo nomic sign ificance. Bandaln el 
al. ( 1999) also rqJorl sterile basidiole-likc dements rand y pr~nl on the sidt:s of the 
lamellae and consider them probably to be abnormal bas idia or basid ioles. 

C. subverrucisporus is newly recorded from Greece and is reported tOr the first time 
on Platanus in Europe. 

Discussion 

With JCw exceptions. such as C:. calvlepis or C. cimwbari1ms, tht! species of CreJ! itlotr~s arc 
more or less macroscopically sim ilar, i.e. whit ish. small to medium sized basidiocarps. 
with whitish to pale brownish lamellae and wi thout a disrincti\'C smell or taste. lienee, 
careful microscopic examinatio n is absolutely csscntiill fo r determination at a species 
level. 'I he most import ant microscopic feilt urcs fro m a taxonomical standpoint are the 
morphology of basidiospo rcs, chcilocyslidia and, to a lesser dc:grcc, pilcipdlis, and the 
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presence or absence of clamp connections ( ordstcin 1990; Scnn· lrict 1995; Band ala & 
Montoya 2004). In few species other fea tures are also of taxonomical importance, :mch 
as the presence of a gelatinous layer in the pilcal trama in C. calolepis and C. mu/lis, the 
distant , pinkish lamellae in C. cesatii, or some stri king habitat preferences, such as the 
growth on stems, leaves or litter in C. epibryzts, or directly on soil in C. autocflth omts. ln 
general, however, habitat preferences arc nn ind ica tive and not a decisive taxonomk<li 
feature. C. calolcpi$ and C. nwlli!' are considered h)' most ;"~U t h ors to grow exclusively 
on deciduous trees, but we have collected both species on con ife rs in more than a few 
occasions. C. cesatii var. cesatii is considered to prefer deciduous trees whereas var. 
subsplwerosporus coni fe rous trees, but the decisive distinctive feature between the 
two varieties is the shape of the basidiosporcs and not the habitat. \-Ve have collected 
specimens of C. f:esa tii on hot h deciduous and con ili!rous trees, but without any not"ahle 
microscopic diffcnmccs bdwccn them. 

We noted nta.Jl)' deviant features in our spt.--cimens. such as a callus.Jikc structure 
at the apex of the basidiospores in C. calolepis and C. mollis, pleurocystidioid. l_ike 
bodies in C. calolepis, C. applanalltS var. subglobiger and C. subverrucispom .o;, septate 
chcilocystidia in C. mol/is, C. applmwrus va r. subglobiger. C. autochthorws and C. 
subvcrruc.ispom s, th ick·wallcd cheil ocystidia in C. applattatr1s var. subglt>biger, basidia, 
basid ioles and cheilocystidi a with pigmented content in C. mollis. C. «utod!lllonm and 
C. srtbvurru:isporus, amorphous material on the hymenium in C. epibryus, gelatinized 
lamellar tram a in C. C(l!olepis and C. mol/is, and secretory hyphae in manr species. The 
presence of the callus·like StTucturc in C. calolepis and C. mol/is, alt hough sporadic, 
is constan t and should he considered characteristic for the two species. Singer (1973) 
alsu mcn liuncd such ft:atures. All the other fea tures have an im:onslanl appcamncc and 
arc due most probably to environmental conditions or different stages of maturity, and 
therefore no ta.xonomic value can be attributed to them. 

The determination of the d iversity and dist ribution of Cri!pidotus species is no t an 
ensy task, as they usually form smaiJ . sizect has idiocarps that may he overlooked. Prior 
to th is work, 7 taxa uf Crepidot us were reported from c;reccc: C. flpplanatus (Diamandis 
& Pcrlcrou 1990; Diamandis 1992), C. cesalii (Mai re & Politis 1940, as Docluuiopus 
splwerosporus. Dimou ct al. 2002a. as Crepidotus $p/raerosporus), C. calolef' is (Maire & 
Politis 1940), C. cimlflbariwts (Dimou et al. 2002b), C epib,y us (Mai re & Polit is 19,10. 
as Crcpidolus pcrpusillus; Polemis et a\. 2002) , C. mol/is (Diapouli s 1939; Maire & Pol it is 
19,10; Pantidou 199 1; Zcrvaki s cl al. 1998; l)im ou ct al. 2002a) and C. variabi!is (Maire 
& Polit is 1940; Minter 1988; Avtzis & Oiamandis 1988; Oiamandis 1992; Konstantinidis 
2002). Most of these taxa were reported only once or '''' icc, with the exceptions of the 
seemingly common C. v,1riabilis and C. mollis. Concerning the latter, as stated in thi s 
work, it is possible that some collections att ributed to C. mol/is may in fac t represent 
cu llecliuns of C. cah1lepis. Some older collect ions (Diapuul is 1939; Mai re & Politis 19110) 
cannot be account~d for and probably have not survived to this day. We have examined 
collection ATIIU-M 1071 identified as C. molli$ (Pantidou 199 1) and have attributed it 
to C. cil lolepis, and have also cross-examined two specimens of C. calolepis and one o( C. 
mol/is, kind!)' provided to us by Dimou. We ~trc convinced that C. calolepis is much more 
common in c;rcccc than C. mollis. 
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Crepidotus spec ies never form the dominant clement in any European vegetation 
unit (Scn n ~ l r let 1995), nnd thisobvious.lyapp lic:;; fo r Greece as well . Most of the g<H hercd 

..:ollcclions consist of mlhc:r few individ uals. Few of the collcclcd species were found to 
grow g regario usly. i.e. C. ctllolepis, C. mollis, C. autochtlwnus and, to a lesser degree, C. 
futeolus. and C. subverrucisporu.~>. However, in some occasions we collected more than a 
few different species from the same location. Seven taxa: C. etllolepis., C. molli.~ C.ltmdellii, 
C. suhverrucis.pnms, C. ce.~atii va r. ccsal i i, C. lutcnlu$ and r.. epibryus, were collected 
from a small area on Ml. Tymfrislos (Agius Nikolaus), the fi rst live on the same day. In 
add ition, C. ca lolepis and C. cesatii were collected in two successive years fro m that a rea. 
Th ree o f the similar-looking white spec ies, C. cesatii, C. lwtdellii and C. subverrucispoms, 
were collected on the Silme day from the same location (Mt. Katach lo ro). In one case, 
basidiocarps of two species, C. ce.;;atii and C. calolepi~. were foun d o n nearby branches of 
the same Pltd uf/US orienlulis, a few meters apart fro m a second Platu11us coloni zed by C. 
moll is (M I. Liakoura). We have not. however, encountered more than one species on the 
same branch . Scnn-lrlet ( I 995) states that in no case had she encountered basidiocarps 
of more than o ne Crepidotus species on the same substrate. 

floristic stud ies in other count ries o f the Mediterranean region reve.-.1 a si milar 
diversity of Crepidotus species as in Greece. Senn- lrl et ( 1995) provides dat a for most 
countries surrou ndi ng the Med iterranean, such as Bulgaria, Jugoslavia. Turkey. It aly. 
France and Spain . A recent checklist of Crepidotus in Croatia includes eight species in 
total, all of which have also been fou nd in Greece (TkaiCec & MeSiC 2003). The same 

applies for the se\'en species of Crepidotus reported from Turkey (Sclsi & Dcnchev 
2005). The diversity ofCrepidMu:o: in Spain (Ortega & Buend ia 1989) is .-.lso simi lar to 
that u f Greece. Lu nati (200()) presented a paper concerning the dive rs ity u f Crepidolus. 
in the Mediterranean area. in which he reports sixteen species (twdvc, if synonrmy 
is co nsidered) collected from various provinces of Italy. Malen<;on & lkrtault (J9i5) 
report eight species from Morocco, Algeria and Tu nisia. 

In conclusion, the bio diversity ofCrepidotus in Greece includes, Ioda te, 12 taxa in total . 

A survey of all spt.'Cics recorded in Greece is give n in Table I, where bnth publ ished and 

unpublished data arc included. Five taxa arc newly recorded from Grct.'CC: C. applm wtus 
var. St1bglobiger. C. autochthonus, C. lundd/ii, C. luteolus and C. subverrucisporus. Other 
five l a.''\:a arc recorded on new substrates fo r Greece: C. calolepis on trunks and branches 
of Abies cepltnlotlica, A hies borisii-regis and Pimt.~ nigra, C. cesatii var. cesntii on tw igs and 
branches o f Platwws oricmtalis and Pinus niJ:ra, C. epibry ll$ on leaves of Castm'U!t4 sativa, 

and C. varitJbilis on l\v igs and branches of Cistus sp., Quercus Jminl!tto and Q. coccifem. 
Moreover. C. calolef'is an d C. mollis arc encountered for the fi rst time in Europe on 
conifers. C. calolepis, C. luudeltii, C. luteolus and C. subvermcisporus on Platat~ us, C. 
tmtoclttlwuus in Quercus forests and C. Wtriabilis on Cistus. 
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Table 1. A survey of Crcpitlotus species recorded from Greece. 
(') = first record of species and/or its suhstrntc fo r Greece, (•) = firs t record of substrate for Europe. 
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Fig. 9. a-b. 'lhick-waJh.'i.l basiJio~pvn .. 'oS with apica l wall curving and small tlcprc.ssion (arrows): 
c. pa le yellow hyphae of the pilcipcllis wit h gronular (g) or minutely cncmsting (c) pigment; d. 
yellow-brown hyphae of the pilcipcllis with st rong!)' encrusti ng zebra-like pigment (e): a, c. C. 
mo/li~ (ATH U-M 5123); b. d . C. culult:pis (Di nlOu 73 1). c- r. Hasidiospores: c. C. usuliivar. ~llii 

(ATH U- M 5109, 5125); f. C. mtloclttlwnus (ATHU M 5121). SGtleba rs = 10 JUU. 
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Fig. 10. a- 4.:. Basidiospores; d- r. Chcilocystidia: a. d. C. frmdc!llii (ATHU M 5119); b, c. C. luteolus 
(ATI-I U- M 5110); c, r. C. subvt~rnu:isponu: (ATHU- M 5 120). g- h. BasidiOS j)()fCS: g. C. vnriabi/i!; 
(ATII U- M 5112); h. C. npplanatus var. subglobiger (All iU- M 5332); i. C. epibryus (ATI IU- M 
5106). Scali:' bars .,.., 10 ~tm. 
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. a-c. scptac 
mol/is (ATIIU- M 5123); c. C. nrtloc-lltlwm•s (A'Il iU- M 5121). d . \ 'ellowing basidiole: C. mollis 
(Kfi-I U- M 5123). c. YeUowi ng. th ick-wallcd ~.:hci loc~tidia: C. twlochtlzuuus (ATH U- M 5121). f. 
Disintcgmting basidioJe ;.md basidium with yellow-brown, strongly gr.mular content: C. epibryus 
(AT HU- M 5 106). g. Pleurocystidioid body: C. cAiolepi$ (ATHU- M 5 lOS). h-j . Septal<'. branched 

a11d th ick·\\'alled cheilocystidia: C. applmml us var. subglobig~:r (ATII U- M 5332). k. Secretor}' 
h)'phae in the lamellar lrama: C. mol/is (A'J'H U- M 5123}. Scale bars - 10 ~un . 
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Abstract - Between March 2002 and 2003, the lichen llurJ of thl' 'JCrmossos Nationa l 

Park was studied for the first time. In all , 161 taxa (152 SJ>Ccics, 4 subspecies, 5 waric tic.~ ) 

were determined from I 11 4lichen samples, of which 86 \"ere new to Antalya Province 
and S were llCh' to Turkey. The complete checklist ca n be downloaded as PDF file from 
www.mycotaxon.com/rcsourccs/wcblists/html. 

Kc)' \\'Ords- lichens, GUIHik Mountai n, Ant aJyo~ 

Introduction 

The num ber of studies on the lichen !Jora of Turkey has increased sign.i flcantly ove r the 
last two dccad'-'S (e.g., Asian 2000, Brcuss & John 2001, c_: i<;ck & (i:~,demi r Ti.irk 1998. 

Giivcm;: ct al. 1996, O zdcmirTi.irk & Giincr 1998, Oztiirk & Giivcn'r 2003). Although 
the lichen flora of the Mediterranean phytogeographical region of Turkey has received 
more atten tion than the other regions of Turkey (John 1996, 2003; j ohn & Nim h: 1998; 
Nimis & John 1998; john et al . 2000), even this area needs additional research. To 
determine the lichen flora of the region . fl ori stic stud ies that foc us on small areas with 
high biod iversity arc needed. 

' lhroughout Lhc Mediterranean region of "l'urkc y, there arc ruins and cities from the 
ancient civilizat·io ns, but until now no lichen floristic or biodcteriorat ion study has been 
published fro m such places. Termessos(Giilliik Mountai n) National Park, located on the 
West side o f the 'l~UJrus Mo untains in Antalya province, southwestern Turke)'• is such a 
site. Jt is fa mous for its ancient city. Tcrmessos. which is situated on a natural platform 
at the top ofGi.illiik Mountain , which has been formed by chemical erosion and tectonic 
movement s. It include.., a canyu n wit h very sleep walls as high <L" 500·600 m. 

Material and Methods 

The research is based on 1114 lichen samples, which were collected from 51 localities 
(Table I) in Tc rmcssos National Park between March 2002 and September 2003. ln 
evcq• lucali Ly coo rdinates and allilude were measured by ( iPS (Garmin 12X) and all 
lichen samples were ta ken together with their substrat um. ·nle samples were brought the 
laboratory and ai r-dried under room cond it ions (25 ± 2 "C, lu-1 60±10). 
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For identifica t ion, macroscopic and microscopic characters were examined with 
stereo- and light microscopes and by refe rence In rc..x:cnt literature (e.g. Wirth 1995, 
Pun·is ct al. 1992. Clauzade & Roux 1985. Giordani et al. 2002, Jorgensen 1997, Zeybck 
ct al. 1993, Brcuss 1990. Moberg 19i7). Following ide nt ification, the lichens were 
deposited in Akdcni z Un iversit y Hcrharium ( AKD U). 

Results 

A PDI; fi le contain ing the list ofl ichcn species (induding l()ca lit y num hc rsand substrata) 
encountered in Tcrmessos National Park, table of local it ies. and map of the study area 
can be downloaded from http://www.m}·cotaxon.com/rcsourccs/ wcbl ists.html . The 
abbreviations of authors arc in accorda nce with Bn1 mmilt & Powell ( 1992). Lichen ta..xa 
new to Turkey are indkalcd by · , those new to Antalya province by #. 

Discussion 

·!his stud)' report s 161 taxa from ·1Crmcssos National Park, of which Collcm a 

conglomeratum, L ~crmit1 immdata, Leptogitml Jw fumceum, Peltig~m m outicoUt and 
Physconia sen•itii arc new to Turkey and 86 arc new to Antalya province. Altho ugh the 
lichen flora of the Mediterranean regio n of 1\1rkey is reasonably well studied , it is quite 
rema rkabl e to fi nd st ill so many new lichen records fo r the region as well as some new 

to the country. cmphasiz.ing that much more explordUvc d fort should be made on its 
lichen flora. 

In the study area, in add ition to common lichen species for the Mediterranean 
Region, such as Lecanom bolcmw and Diploscllfstes ocellatus, we determined .. manna" 
lichens, such as t\~picilia des1!rtortm1 and A. ll ispitla, which usua lly grow in st·cppcs. 

subocean ic spc..>Cies such as V eKeliu plumbea and Staum lemm a Pmphuhtrioides, and 
ocean ic species, such as Co/lema ji~rfuraceum and C. ttigrescens. Although the study 
area is rel atively small (ca. 6702 ha), the wide variation in it s topology. formed b)' h igh 
mountains, valleys and a deep canron, evidently provides habitats for a rich lichen 
biodiversity. 

Calcareous species arc dominant <.lue lu the widespread occurrence u f calcareous 
rocks throughout the study area, and because o f the freq uency of trees with acidic 
bark, such as Pim1s n igra and Querws coccifera, most of the epiphrtic species arc 
ac idoph)•tic. 

Of particul ar note are Authmcow rpo11 virescrms, Caloplaca adriatica, Nypoceuomyce 
fmtlmtcophila, Neocatapyrenium rhizinosum, Pertusaria l1ymmea, Placitlium pUosellmn, 
Solenopsora liparitw and St.1urolemma omplwlarioides, fo r which there arc o nly one or 
t'wo records from Turkey (P isut 1970; Breuss 1998; Ni mis & Joh n 1998; John ct a l. 2000; 
Joh n 1996, 2003; Breuss & John 200,1). 

On the rui ns ofthcam;icnt dt)' of '!Crmcssos. nol onl y spc<.: ics with a wide ecolugical 
amplitude. such as Aspic ilia calcarefl, Ca loplaca aurmt tia, Leetmora muralis. Lobotlwllia 
rarliosa, Placynthiwu nigrum and Xauthoria r!legam were fo und, b ut also spec ies mai nly 
fou nd in the Boreal -Mediterranean regi on and between the somh of Centra l Europe and 
the Med it erranetlll Kegiun such as Aspiciliafariuw:a, Ca/(}p /am t:h rysotleta, C. Xlmtlwlyta, 
Collemtt crisfatum , Viplvscl1istcs octdlatus, Lepmria rt ivttlis, Soletwpsom camlicuns and 
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Solenopsora liparina (Wirth 1995). Because the ancient cit-y was built from local stones, 
the species on the rtl inl' arc similar to the lichen fl ora found elsewhere in the stud y 

Figure 1: Map of ' l i: rm~.sso.s Natio nal Park 
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Abstract- Two new s pccies ,A111hracoidea setosne on Cm~x setoSfl and A x bwgensison 

Kobresia dullrid. arc described and compared with A mismulme and related species. 

Kc)' words- smut fungi , Ustilaginomycctcs, taxonomy 

A new species of 1\ntlrmcoidea on Carex setOSil (Subgcn. Carex, Sec. Frigidae) was 
discovered from our herbarium (HMAS 67908, 3•1929, 31930). ' I hese specimens 
we re wrongly identified by the author (Guo 19911} as A. misamlrae. 'lbe new species 
of A,lllracoidea is similar to A. misamlme and A sempervirentis V3. nky on host plants 
in the same secti on of Cara.'( in having ustilospnres of the same size. It d iffe rs mainl y 
from A. mismulme by ustilospo res with minute warts measuri ng 0. 125-0.3 !J.nl in 
d iam. , wh ile A misamlnu has ustilospores wit h larger wart s [{0.2-)0.4-0.8{- 1) !Jm in 
d inm. (Kukkoncn 1963: 83)1 . It dif!Crs main ly from A sempervirePJtis by ustilosporcs 
with regularly d ist ributed warts as seen by SEM (scanJting clcdron microscopy) , whi le 
A sempervirmtis has ustilospores with a "surface by SEM par tl y with sparse, O. J-0.2 
!-lffi high knobs, part ly with abundant' and dense, up to 0 .5 !J.ffi high, irregular, often 
conn uen t, rounded warts." (Voinky 1979: 226). ' I he new species is desc ribed as: 

Antll racoidea setosae L Guo, sp. nov. 

Sori in ovariis, subglobosi vi!! ovohld, 1.1-2 m m longi, 1- 1.8 mm fati, primum m~ml•mna 
cw~ra.sullfi, f ungrtU coop~rt i, d~wde r:'xpo.siti. MaM(I spomrum nigra, s.:miagglt~ tiualrt. 

u.(tilosporac a frontcglobosae. cllipsoideac, lev iter irregt~lar(.'S vel irn:gttlarc..(, 17.5 25( 2i ) 
,\' 12.5 -20 flttr , ab acie 10-15 !tm lafflc, jlavitlobrrmneac: vel atrobrrmm:ne; pnrictc 

atqualik r vd inaeqt~alitairrcrm$(110, 1-2.5(·3) ~t rrr ( rasso, trmrorr:'S iutt rni tl.:smrt, rr:'giOIIr:'S 
lucem rep.:rculierJtes desrml, superficrc minute t't clense verntct,lowsubSEM. 

Sori in m•arics, subgluhosc ur ovoid, 1.2- ~ mm lu ng and 1- 1.8 mm wide, at rirst 
covered by a grayish, funga l membrane, later becoming exposed. Spore mass black, 
sc m.i-agglutinatcd. Ustilosporcs in plane view globose, ell ipsoidal, sligh tly irregular or 
irregular, 17.5-25(-27) x 12.5-20 !J.lll, in side view 10- 15 !J.m wide, )'Cllowish-hrown or 
blackish-brown; wall evenly or uneven ly thickened, 1-2.5{-3) ~111 . no internal swel lings. 
no light re flect ive areas. surface minutely and densely vcrrucu!osc as seen by SEM. 

On Carex ~tom Boott (Cypemuar:' , Subgen. Car~x. Sect. Frigidar'), Gansu: Zhouqu, 
Shatanlinchang. alt. 3050 111, <\ IX 1992, L. Guo 1276. HMAS 67908 (holotypus hie 
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designa tus) : Sichuan: Emci Shan. l cidungpi ng. alt. 2500 m. 10 VII 1969, C. M. Wang. Y. 
X. Han & Q. M. Ma 31•1, HMAS 34930 (paratypus); Emei Shan, Ji ndi ngsi, all . 3150 m, 9 
Vlll%9, C. M. Wang, Y. X. l lan & Q. M. Ma 296, I IMAS3•1929(paratypus). 

EtymllltJgy: Refers to the host plant Carrx st'losa. 

A11tllraco idea m isamlrae was discovered in the I lc rbarium of the lnst·itute of Dot any. 
Chinese Academy of Sciences (PE) and collected by Prof. Kuan Kcchicn from Xinjiang 
Uygur Autonomous l~egion in 1957. It is described as: 

A,ttltracoidea misandrae Kukkunen, Ann. Bot. Soc. Zonl. -Bnl. fenn. ,Vanamu" 
34(3)o 82. 1963. l';gs. 3-1 

Snri in uvaric.••, dlipsnida l. 2.5-3.5 mm lnng and 1.5-2.5 mm wide, at tirst c.:ovcred hy a 
gray ish, fungal membrane. later becoming exposed. Spore mass black. semi-agglutinated. 
Ustilosporcs in plane view subglobose. el lipsoidal or ovoid, 17.5·25(-26) x 15-20(-22) 
J.lffi, in side view 10- l•I JJ.m wide, dark red dish· hrown; wal l even ly thickened, ca. I JJ.m , 
no internal swel lings. no Jjghl reflective an:as, su rface verrucose. 

On Ct1u.x st~nocar1m Turct.. ~x. V. Kn.-cz. (Cypemce:a~. Subgen. Cm-ex, &.'Ct. Prigitlue), 
Xinjiang: Nilka Xian. 60 Km N ofWulosit ai (in the Uorohoro Moulllains) 31 Vlli 19S7. 
K. C. Kua n 3991, HMAS 132710. 

Another new species of A,ltfm·1coidea on Kobresin (/utl!iei (Sec. Elyna) was discovered 
fro m our herbarium (I·! MAS 6i973) an d collected by Prof. Zhuang Jianyun in 1990. 
'( he spet:imen was wrongly identi fied by the au thor as A. filifoliac J.. Guo ( 1995· 1996) 
on the ~x:tio n Kobresia. The new species differs from A. filifoliae by minute warts on 
the surface of the ustilospore as seen b}' SEM and h ost plants in different sections of the 
ge nus Kobrc.~ ia, whil e A.filifi,liae has dense and minute warts between the larger warts 

on the surface of the ustilospores. Only A. tdymu (Syd.) Kukkonen ( 1963: 65) has bc..~n 

recorded previously on the section Elyua. The new species differs from A. elyuae by 
having warts on the surface of I he usl'ilospores, whi te the sur!i"tce of the ust ilospores of 

A. elyut~e is smooth . The new species is described as: 

Anthracoidea xizange11sis L. Guo. sp. nov. Figs. 5·6 

Sori iu ovariis, .:fltpsoidci vel ovoidei, J-2 mm lo11gi, 0.7-1 mm lati. primwn mcmbrmm 
cir~em ... %euti, fungali cooperti, tleiml.: expositi. Mm;,m sporuntrn nigra. scmiuggluthwitl. 
U.~tiiMp{)mc afrontegloboSt«:, dlip.coidcac w:l ovoidcm: 17 22.5.\: /.'i /8 jUtJ, ah acic 10 1.1 
~i.m /alae, atrobrwmeae; pnrietc neqt•aliter iucrnMato, 1.5·2 ~lm cmsso, tmnores iutani 
tlesuul, r.:gio11S lt1Um r.:pcrcllt i.:nles de!iiml, superfict~ miu111e el tlctt.SC l'ernu;ll loso sub 

SEM. 

Sori in ovaries, ellipsoida l or ovo id, 1-2 mm long and 0.7- 1 mm wide. at fi rst covered 
by a grayish, fungal membrane. later becoming exposed. Spore mass black. semi-

J:igs. 1-2. Ustilospores of Authracoidea serosae on Oirex u tosa as seen by lM (light microscopy) 
and Sl:M (I·! MAS 67908. holotypus). 

Figs. 3·4. Ustilosporcs of A11tlu'llcoitlen mismulrne 011 Can:x steuocnrpn as seen by I.M and SEM 
(1-IM AS 132710). 

Figs. S-6. Usti!OSJ)Orcs of Autlmtcoidca xi;:twgt!mis on Kobrt!sin tlu ll1iei as seen by I.M and SEM 
(HMAS 67'773, hulotypus). Ba~ - 10 !llll 
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agglutinated. Ustilosporcs in plane view globose, el lipsoidal, o r ovoid, 17-22.5 x 15- 18 
!Jm, in side view W- 15 11m wide, blackish-brown; wall e\•cnly thickened, 1.5-2 !Jm, no 
internal swellings. no light reflective areas, surface minutely and densely verruculose as 
seen bySEM. 

On Kobresi11 tlur/,iei C. B. Cla rke (Cypemcea.: , Sec1. Elyna) , Xiza ng: Dinggye, Yala Shan, 
al t. •1950 m, 15 VIII 1990, f. Y. Zhuang 29 19, I IMAS67~3 (holotypus hicdesignatus). 

Etymology: Refers to the loca lity Xi7.ang Autonomo us Ret;ion (Tibet). 

Since 2000 (G uo 2000). e ight new species and three new records oft he gcnusA ntlfracoid~tl 

have been recorded in Ch ina (Guo 2002, 2004, Guo & Wang 2005, Guo & Zhang 2001. 
Wang & Picpcnbring 2002, Zhang & Guo 2004), including A. setosae and A xizangmsis 
(in this paper) . 
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Abstract- A new species, Upiota cat~ttwriocysticliatn, is described and iUuslratcd. It is 
compared wit h similar sp!.'ciCs. 

Kcr words- .Agaricafes. taxonomy 

Introduction 

During our study of lcpiotaccous fungi, we came across an undescribed species of the 
genus l.cpiota (Pers.: Fr.) Gray. II is de$crihed and illustrated herein. In desc riptions 
of the basid iomata, color designat ions (e.g., I AI) arc from Korncrup & Wanschcr 
(1 98 1), and color nam es with first letters capitalized (e.g .. Pale Smoke Gray) arc from 
Ridgway ( 1912). In descriptions ofbasidiospo res, the notat-ion lu/m/pj shall mean tr 
basidiusporcs measured frurn m basidiumala uf p collect ions in Melzer's reagent. Q is 
used to mean quotient of length and width of a spore in side view; Q means ave rage Qof 
all basidiospores ± sample standard deviation. Herbarium code HK.I\S = Herbarium of 
C r)'p logams. Kunm ing ln !>!.it ulc nf Bnlany, C hinese Academy ofScienccg. 

Taxonomy 

Lepiota catenariocystidiata Han C. Wang & Zhu L. Yang. sp. nov. Figs. l-4 

Pileus 3-5 em latus., mitio subcampm111ltilttS. tlehule CO!IW.\' IU vel appltmatus, tilbitfus vel 
griseolu.<, sqrmmuli.< tomcutosis, grisds vel obscure! griseis. Lamdlae liberac, albidae vel 
crcmctw. Stipes. 4 6 x 0.3 0.6 em, S.llbcylindricus, a/hid II.\ ammllltll.~ sqtmmulis amfertis, 

' Corrc.~ponding llutlror 
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tomr!lllosis, griuis infra mwulmn. Am111l1u supuus, mcmrbranaCA:us. Basidiosporat' 
(7.Q) 7.5-Y.U (10.0) x (3.5) ··1.0-4.5 (5.0) I'"'• oblot~gar! vd slllxyfimlricar!, im:o/omt~. 

l1ynlinae, dextrinoideac. Basitlirl 20 30 x 7.5 10 Jim, st~bclavata, •/ sporigera, mro 2 
spori.gera. Pleuroqstitlia twlla. Cllc'ilocystidifl 10-20 x 8- I2Jtm, subglobo511, ovma wl 
brt!vidavatn, mlr!llarirr, inroforata. SoJIWmlllae pild o: ltypl1is subc.ylimlrids tamiualibus 
CQtnjHJSitm:. Fibulae pmes.:111~. 

llolotypc: CIJINA, Yunnan Prov., Mcngla County, Mcnglun, 2. XI. 19M9, Z.I.. Yang9 18 
(HKAS 22 115). 

Etr •nology: ~an1cJ bcc<J usc oft hc chciiO(:ystiJia oftcr1 in chai ns. 

/Jasidionlllfa (Fig. I) scatt ered. Pileu_.: 3-5 em in cliam, at fi rst suhcampa nulatc, the n 
convex lo applanate. with an obtuse umbo or non-umbonate; pileal surface dry. whitish 
lo grayish (IA I- IBI ; Pale Smoke Gray) bu t with pinkish tinge ( 11 A2-I IB2; Light 
Brow nish Drah) at center, densely covered wit h minute, dark gray ( II C I t li D! t 
I I El ; Dark Neutral Gray to Bladtish Slalc) tomenlose squamult:s over disc, with small . 
concentrically arranged, grey to dark grey squam ulcs towards the margin , margin 
often slight ly exceed ing lamellae. Lamellt~e free, whitish to cream-coloured, moderately 
crowded, in 2-3 m nks, up to 0.7 em broad, with wh ile to conc:o lorouserodcd edge. Stipe 
4-6 x 0.3-0.6 em, central. subC)'Iind rical. hollow. slightly enlarged ncar base, surface 
whitish , lower part covered with grey ( IIC 1 T II D I; Dark Neutral Gray to Hai r Brown) 
to mentose squamules often in belt s. thmulw~ superior, memhra nous, upper surface 
white and glabrous. lower surface covered with grey tomentose squamules. persistent or 
flJgacious. Context whitish , unchanging; odor ind isti nc t; taste slightly hol. 

Basicliospores (Fig. 2) [42/ 212] (7.0) 7.5 -9.0 (10.0) x (3.5) 4.0-4.5 (5.0) ~m [Q - ( 1.67) 
I . 75-2.25, Q ., 2.0 I ±O.ISj,oblong to subc)'lindrical, with a distinc t suprah ilar depression 
in side view. water-d rop-shaped in fro nt view, broader at apica l part, attenuat e towa rd!' 
the base. slightly thick-walled , colorless. hyaline, dextrinoid. redd ish in Congo Red, not 
metach romatic in Cresyl Blue. Bositli(l 20-30 x 7.5-10 ~m. subdavatc, hya line. th in­
wallcd,4-spored, rarely 2-spored. Pleurocystidia absent. Clwilocystidia (Fig. 3) abundant , 
10-20 x 8- 12 ~un. subglubusc, ovoi tlto short clavate. often in chains, colorless and hyaline. 
Sqmmwles (Fig. 4) on pileus a d isrupted trichodcrmium consisting of loose fascicles of 
long, more or less erecr, sulx:yli ndrical, terminal clement s (45-300 x 10- 17 ~tm) wi th 
taperi ng o r ro und apex and pale }'dlow-brown to dark yd luw-brown in tmcell ul ar 
pigments; with short clavate cdl s at the base of these long dements; the repent hyphae 
at" the base of erect clements sometimes with incrusting pigments. Squamules on surface 
of stipe similar to those on pileus. Clamp cotmeciitm$ abundant in basidio mata. 

llabi ta t: On well-rotten wood with soil in li mestone mo nsoon tOrcsts; fru iting in 
summer and auh tmn in southwc.., te rn Ch ina at 600- 700 m elcv. 

Known di stributi on: Known from tropical Yunnan only. 

Additional materi al examined : CHI~A. Yunman Pro\'., Mengla County, Menglu n 
~ature Reserve, 22. X. 1 9~. Zang I ISIS ( IIKAS 2U3SH). 

Notes: Lepiota catetmriocystidiaiiJ is well characterized by its whitish to grayish pileus 
with a pinkish center, gray to dark gray squamules on the pileus made up of a disru pted 
trichodermjum with longsubcylindrica l lerminnl element s nnd short clavate cells at the 
bas~;: of these long d~;:ments. water-d rop-shaped basidiospores in fro nt view, catenulate 
chcilocysti dia and the common presence of clamp connections in the basidiomata. 
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i=igs. l -4. 1.epiota catct~ariocystidiaJa (from hoknypc) 
1. Basidiomata. l. Basidiosporcs. 3. Chcilocystidia. 4. Squamulcs 011 pileus 

Due tn the trichndcnn ium l)•pe nf the S<tuamulcs on the pileus and the ublnng to 
subcylind rica l basid.iosporcs. L. CfJII!Tlclf'iocystidiata may belong to Lepiota sect. Ovispomtl 
{J. E. Lange) Kiihncr. Species with pilcal squamules made up oflong, erect elements and 
short , cl avate clemen ts in between were put in the suhsecl. Fcliuinac Bon with in sect. 

Ovispomc (Vdl inga 200 I). Uccausc L. caterwriocy:;/idiuta has short, clavate dements at 
the base of long, erect ones. it should be placed in the subsection. llowevcr, accord ing to 
recen t molecular phylogcnctk studies, the ITS chua set doc." not support sect. Ovisporne, 
and thus a rc·c valuation of this section is needed (Vellinga 2003). •the present species 
may be clustered within the Clade I of Lepiota s. I. (Vellinga 2003). 

Lepivta cu tenurio(.)l!itidiuta may he related lo L. Jelina (Pcrs.) I~ Karst.. L. psemlolilacea 
l luijsman and L. pseudohelveola Ki.ihner ex I lora. l lowever. the latter two species have 
different!)' coloured basid iomata, ellipsoid to oblong basidiosporcs in front view and 
rarely with a suprah ilar depression in side view, and difTe renlly shaped cheilucystidia 
(Klihncr 1936; J-luijsman 1911i ; 1-Iora 1960; Enderle & Kricglstcincr 1989; Bon 198 1. 
1996; Candusso & Lanz.onj 1990). According to Vcllinga (200 1), L. pseudolu:lveola 
should be rega rded as a synonym of 1.. pseudtllilacca. Le[Jiota Jelina differs from L 
catenariocystidialll in the colour of the basidiomata, the shape of the cheilocystidia and 
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basidiosporcs (KOhner 1936; Huijsman 1947; Hora 1960; Bon 198 1, 1996; Enderle & 
Kricglstcincr 1989; Candusso & l.anmni 1990; Vcllinga 200 1). 

The basidiosporcs of L. aJterwriocyst irliata arc very similar to those of L. plmubicolor 
(Bcrk. & Broome) Sacc., originally described from Sri Lanka. Howc\'er, the latlcr has 
blackish purple squamules on pileus with elongate clavate termi nal elements with an 
obtusely rounded apex and clavate-cylindrica l chci locystidia (Pegler 1972, 1986). 
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Abstract- ITS sequence anal)•sis and ascomatal tlcvclopmcnl of /'sc!tulogymuoasws 
rosc1ts str.tins isohucd from sclerotia o f Cordyceps siuemis collected from the T ibetan 
Plateau, China, arc reported in this paper. The ITS sequences of three strains from 
d ifferent locations \VCrc identical and were compared \\'ith sequences obtained from the 
BLAST scarcl1 in Gcnll>tnk. '!he strains di~v tay the !1an1c morphology as tile reference 
collection dcposite<l in K, ma tchi n~ the SJlCcics dc..~r i JH ion nf {! mseus. Ascomntal 
development of the P. roseus strai ns is descr ibed. Ascomata of P. roseus were fo und to 
comprise an aggregation of asci from severa l di ffe rent ascomatal initia ls cm·eloped by 
a loose, thick-walled h)'phal network. In the pa rsimony analys is, ITS seq uences of P. 
rose us and ot her Myxotridmcc:'lle grOuJX><I o utside the Onygmnles and clustered \\'i th 
those of d iscoid fungi. Members o f Myxotriclwuae \''ere considered closely related to 
ll iscomycc tcs, but gn:<1 tly d ivcrg<.>tl from ouygcualcan fungi. My.\·utriclwual! did not 
form 11 monophyletic group in the ITS tree. 
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Int roduction 

Pscw lo;:ymtwascus Raillu, a genus of Ascomycetes establi shed wil h two species 
in 1929, has been referred to either Gy muoascaceae Baran. (e.g. Kuehn 1958, Arx 
197 1, Alexopoulos & Mims 19i9, Orr 1979, Benny & Kimbrough 1980, Eri ksson & 
l-lawkswo rth 1986, 1993) or lo 0 11ygenaccac Bcrk. (A rx 1987). 1-l tJ wevc r. it wa:> placed 
by Currah ( 1985) in Myxotriclw u ae Locq. ex Currah. based on cel lulose degradation 
capacity, smooth ascosporcs and rhexolyticall }' dchisc ing conid ia. The latt er taxonomic 
treatment has been widely accepted (AiexopotJios ct al. 1996, Kirk et al. 2001). Species; 
of this genus ha\'C yellow or rose, globose to subglobosc, discrdc or conllucnl ascomata; 
ascomatal pcridium composed of a network o f slight ly thick~walled hyphae; appendages 
simple and not d isrinct; asc i globose to ell ipsoid, normally 8~ spored ; ascosporcs el lipsoid 
lo fusoid,smooth, hyaline, yellow, o mngc to p in k (Ccjp & M ilku 1966. Orr 1979, Curmh 
1985). 

In addition to the original two species of Pseurlogynmot~sws, I~ roseus and P vinttaus 
Kaillo, several more species have since been described , e .g. P amcasicus C:cjp & M il kn, 

· Aulhor for correspo ndence 
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I~ blwtrii Samson, I? a/pinus E. Mlill. & 1\ rx and P deudroidem l ocq.-Li n. However, 
Samson ( 1972) considered P. mseus and P. vhwccus identical and lcctulypificd the genus 
with P. rose us. Orr ( 1979) discussed the status of the genus and recognised two spec ies, P. 
virwc:eus and P. roseus, li sti ng P. bhatt ii as a synonym of P vinaceus. In hi s monographic 
stud)' nf Onygcuales, Currah {1985) treated bot h /~ vinaceus :md ~~ blwt!ii as syno nyms 
of P. ros.ws. Although Samson's ( 197::?:) choice of P. roseus as the type species has been 
followed by othcrs(Arx 1974, 198 1, 1987, Curra h 1985, Sigle r ctal. 2000), the genus was 
also ty pified by P. viuar.cus early (Kueh n \95R, Orr 1979). 

As more spcci ~;:s of Pseudogyumoascus were described. the range of morpholugical 
charactc rs became more dive rse. Por example, P. afpinus was described as havi ng 
navicu lar-fusoid ascospores, and ascomata with branched and recurved appendages 
(MUller & Arx 1982); P. dlmdroitlcus wilh ram ified asco matal appendages and striated 
ascosporcs (Locqui n-Linard 1982): and P. roseus var. omatus Udagawa & Uchiy. with 
ir regularly lobate-reticulate ascospores (Udagawa & Uchiyama 1999). Further, a weakly 
cellu lo lytic ~pecies havi ng fusnid ascospnn:s with tl longitudinal sigmoid crest was 
assigned lo the genus as Ps~urlogynmollSCII$ sp. (Lumley ct al. 2000). 

Anamorphs of P$e11dogymnoasn1s have been referred to Geomyces Traaen (Orr 1979, 
Currah 1985). Geomy<:es pmmomm WIT. v imW.'IIS (Oal Vesco) Oorschot is considered as 
the anamorph of P. roseus (Sigler & Carmichael 19i6. Oorschot 1980). 

Systematically, Myxotrichaceae was placed in the order Onygenale.s, along with 
Artluwlermataceae Locq. ex Cm ra h, Gymnoascaceae and Onygenaceae, by Cmrah 
( 1985). Species of t\-ly:wtricfi((Ce@ arc saprobic. cd lul nsc-dcgrad ing, and usua ll y 
inhabit fo rest soils and decay plant material. Members of Gymr~oascaceae do not 
exhib it strong substrate preferences, and arc ne ither keratinolyt ic nor cellulolyt ic. The 
1\t·tl! rodermataceae and the Ouygenaceae degrade keratin and usually inhabit soils 
enriched with keratin or dlmg. Currah (1994) further restricted the Otlygemlli!S to 
kcratinolytic genera and suggested that the Myxotriclwceae might represent a distinct 
evolutionary line from typical members of Onygmales and derive from the inope rcu latc 
discomyceles and that it merited a placement in its own order. "I he distant relationship 
between th e Myxotriclmceae and other members of Onygenale$ has been conii rmed by 
recent studies (Sugiya ma et al. 1999, Mori et al. 2000, Kirk et aL 200 I). 

Recently. molecu lar uppmuches have been int roduced t<l the systematic stud y of 
Myxol'riclwceaeand related fungi (Bowman &Taylor 1993. LcCicrcctal. 1994. Hambleton 
et al. 1998, Sugiyama et al. 1999, Sugiyama & Mikawa 200 1). Some molecular evidence 
ind icates that Myxoirichaccac are d istan tly rel ated to other members ol Q, ygcntJies 
(Sugiyama ct al. 1999. Mori et al. 2000). Sugiya ma ct al. ( 1999) examined the molecular 
systemtat ics oi onygenalean taxa (i ncluding P. roseus and members oi l\11muroasetsceae 
1\rx, Arthrodermolaceae, GymtrOtJ$COteae and Onygerraceae) based on ISS rON/\ 
sequences and suggested that the Myxotriclla ce,u: should be placed in an independent 
position among the llelotial~s and the Erysiplwles, on a different lineage from the 
keratin-degrad ing fungi. Based on sequences of ISS rDN/\ and partial sequences of 28S 
rDNA. Mori el al. (2000) demonstrated that the Myxotriclw<:eae was distant ly related 
to the other onyge naJean families. as a sister group to the Erysipllt.l les and that the 
Erysiplwles/Myxotrichaceae clade was also closely related to some discomycctous fungi, 
e.g. Nelntial~ and Thelcholaceae (Brumm.) Eckhlad. Pseudogymt~nascus has also hccn 
used as the outgroup in other molecular systematic studies, e.g. Hambleton et al. ( 1998) 
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and Sugiyama & Mikawa (200 I). The molecular research has prov ided more evidence to 
suppo rt the idea that the .MyxtJtriclwceae is no t closely related to o nyge nalean fu ngi. 

Ascomatal development of Pseudogynmoasws has been described in some 
taxonomic studies (Samson 1972, Locquin-Linard 1982, Mlillcr & Arx 1962, Tsuncda 
1982, ltu & Yuknyama 1987). Samson {1972) descrihed the ascomatal in it ials as 
borne on the vegetative hyphae, consist ing of coiled ascogonia and producing loose 
we fts of ascogcnous hyphae inside hypha! tulh, and ill ustrated the ascomatal initials 
and the ascus format io n. When describing the new species P. a/pinus, Mlillcr & tu x 
{1982) im.licalt!d that ascomatal in itials grew as aerial brdncht:S of vcgelalive hyphae. 
loosely interwoven and sympodially branched once or twice. Locquin-Li nard ( 1982) 
provided th ree drawings to describe the different stages of ascomata l devclolpment of 
I~ tlcndmideus. Tsunclla ( 1982) illustrated the development of ascomata in a scann ing 
electron microscopic study of P. rose us and Ito & Yokoyama( 1987) provided a photograph 
of the ascomatal initial but without description. The process of ascomatal development 
in Pseudogy,mwast:w• has not yel ht.-en dc:<OC ribed in detail. 

Pst:mlogym,Jouscus rost:t.l£ is a species of worldwide distribution frequently fou nd 
in soil, usuallr from alpine or forest areas (Christensen et al. 1962, Orr 1979, Ito & 
Yokoyama 1985, 19R7, Currah 1985, Yokoyama et a I. 1989, Udagawa & Uchiyama 1999) , 
and occasionally on (lung (Ellis & Ell is 1988). It has been also reported from tropical 
regions (Farrow 1954, Siddiqi 1964, as P. vinaceus). Pseudogynmoascus roseus was also 
reported to form mycorrhizal associations with Vacc iuium at~gll$ tifolium Aiton in the 
laboratory (Dalpe 1989), and typical cricoid mrcorrhiza with sal a! (Crmlllwria shallon 
Pursh) , and also to degrade cellulose and to use organic forms of nitrogen (Xiao & Berch 
1995). 

During fieldwork undertaken on the Tibetan Plateau fn r investigation of the Chinese 
Caterpillar Fungus (Cvnlycepssineusis, a well-known fungus used as a tonic in traditional 
Chinese medicine), some other fungi were also iso lated from sclerotia of the fungus. 
Among them, three strai ns displayed different cha racters from those of C. sineusis 
in cullur\:. Sequem:es of internal lranscribed spacers (ITS) in the nudear riboso mal 
DNA (nrDNA) were obtained for molecular systematic ana lysis and obscn ·ations on 
the cultures were made to elucidate the development of ascomata in these strains. The 
taxonomic pos ilion o f the st rai ns was determined as P. mseus based un both mokx:ular 
data and morphological observation. ll1e results arc reported here to provide fur ther 
in formation on the biologr of this fungus. 

Mater ials and Methods 

Fungal cultures 

Fungal cu llur~s ust:d in this stud)' were isolated from C. sinensis specimens, collected 
from Xiaojin County. Sichuan Province, and Yu long Snow Mountain , Yu nnan Pro,·incc 
of China, on the southeast of the Tibetan Plateau. So il and plant debris on the fresh 
specimens were remove(! and the surface uf the specimens was sterilised wi th 70% 
ethanol bdore isolation. ll1c exoskeleton of the host larva was peeled off by using a 
scalpel and small pieces of the inner tissue of sclerotium of C sinensis were transferred 
to fresh slopes of bran aga r-peptone medium (potato dex trose agar (PDJ\ ) supplemented 
with 5% wheal bran and 0.5% peptone). A few picccsof lhe exoskeleton were also used 
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as inocula for comparison. Pure cuhurcs were obtained by sub·culturing hypha! ti ps 
o f primary iso lates. Livi ng cu llurcs were maintainc<l at the Inst itute u i Microbiology. 
Chinese Academy of Sciences, and dried voucher spec imens arc deposited in I lAMS 
(Chinese Academy of Sciences, Beijing, China) and K (Royal Botanic Gardens, Kcw, 
UK). ' I he detail s u(st ra ins used in this study arc li sted in ' l'ahlc I. ' I he cult ures we re kept 
at'' °C fo r 3- 16 weeks for morphological obse rvation and molecular cx:pcrimcnls. 

DNA c..xtraction 

Samples of fTesh mycelitlm were obtained hy scrnping the Cllllllr e from the surface of the 
nutrient slopes after 6 weeks of incubation. DNA extraction was carried out following a 
modification of Yao et al. ( 1999). About 0. 1 g of fresh mycelium (including some agar) 
was ground into powder in liqu id nitrogen and transferred to a 1.5 ml rube. The lysis 
buffer of 600 Jtl2% CTA U was added, followed by incubation in a wakr bath al65 °C fo r 
I h or more. An equal volume of phenol/chloroform/ isoamylol (25:24: I) was added and 
mixed, then centri fuged at 13000 rpm fo r 10 min. The supernatant was tnnsferred to a 
f rcsh 1.5 ml tubc, fnlluwcd by ext raction ufthc ch l oroli:~rm/ i snamyl ol alcohol (2•1: I). A ftc r 
centrifugation, the supernatant was trans!Crred to a fresh lube and 250 Jtl isopropanol 
was added to precipitate the DNA at -20 .,C for ~1 h or overn ight. The precipit ate was 
cent rifuged at 13000 rpm fo r 10 min, then the liquid was d rai ned off and the tu he dried 
at room krnperalure for more than 2 h. TI1c DNA preparation was resuspended in 110 
fl l o f sterile dcionised water. The crude ext racts containing unquantifled DNA amou nts 
were used as templates for PCR amplification. Dilution of these ex trac ts 2-10 limes was 
somdimcs requ ired fur successful DNt\ amplilicalion. 

PCR amplification and sequencing 

The ent·irc ITS region of nrDNA, including ITS I, ITS2 and 5.SS gene, was ampl ified 
by polymerase ~.: h <tin rcacliun (PCR) util izing the ITSS/1 prim~rs (While el al. 1990). 
The amplification was JXrformed in 25 fll volumes of reaction mixtu re containing: 10 
mM Tri s/ I-ICI (pl-l 8.3), 2.5mM MgCL,. 0.2 mM of each of the four deoxyribonucleotide 
lriphm;phutcs, 0.'1 11M of each uf thd l\V() primers, 211 U ml 1 Taq polymerusc (Sino· 
American 13io technology Co. ), I fl l of DNA template (some of them were diluted from 
the crude DNA extracts). The PCR was performed with an in itial denaturation of 97 "C 
fo r 2.5 min and 35 cycles of97 °C for 30 sec, 50 OC fo r I mi n, 72 oC for 1.5 min and fi nal 
72 oc for 10 min. 

Products were purified using Watson's PCR Purification Kit (Watson Ltd). Sequencing 
was perfo rmed by the cyclic reaction termination method using lluorescentl y labelled 
didcuxyribonudcotidc triphosphatcs, accordi ng lu tbc manu fadurcr's protocols on the 
Geneamp PCR System 2400 or 9700 (Perkin- Eim~r). 'Ibe sequencing products were 
purified by ethanol precipitation according to the sequencing ki t protocol (ABI Prism• 
Bigl>yeTM Terminator Cycle Sequencing Keady React ion Kit , Original and Version 2.0. 
A131 ). Sequencing was performed on an A131 Prism• 3100 Genetic Analy-1.er (Applera 
Corporation) and data collected on a Dell computer with the DNA Sequencing Analrsis 
programme (A BI Prism•DNJ\ Sequencing Analysis Software1M, Version 3.7). Each 
fragment was sequenced in both d irections fo r confirmation and the two strands of 
sequences were assembled with Scqscape programme (AD! Prism• ScqScape SoftwarcTM, 
Version 1.1). 
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Tublc 1. Tes1 stmins o r Pseudogymnrwscus mseus and Corti)'Cl!ps .\'inensis used in this 
SlUdy. 

I .sol. Isolation Coil. 
Gcn Bank 

Fungus Location EIC\'. source dntc 
Voucher Ao.:css. 

cs l'Mtdogyr"' I;)<IJ(U.! 
Xi.lOjln Sc~n:>~ium 

H:O.tAS 
6-6 1 roJNJ N.ail lo 

County, J700m oi Cord) .... p, hm f, 
79HS 

AY60892J 
$1cfmMJ """ 

cs i'k'ltdcj:y ti!H''WCI/1 
Yulo11gSnow El«:l$1:clNono! " H:'-tAS 

20 
MOWli3I O. <06<1m C$b'~"$U.ho$t .\'b)•, ,.,,. AY60SI>2~ 

··~ 
2001 

YulongSoow " 
H:'-IAS 

cs Psmdcurllll.xJsau 
Moutlllin. <1 060m 

Sdl.'totlwn of C. 
,\'Ia;·. 

/9H& 
AY60&?l'Z 

22 
Yunnon 

oJ. ... ,u;,: 
1001 

K(M ) 

"'"" 
cs CM!yuJ>i->l>...,,. l$ 

YulongSnow " li :'-IAS 
18 {BeJk.)S:!cc. 

Mowualn. 4060m 
siuru.ii:s 

:.'lay, ,.,, AY60891S 
Yunmn 2001 

DNA sequence analysis and molecular identification of the strains 

ITS sequences ob tai ned from this st11 dy were compared with existing sequences in 
GcnBnn k by BLAST dat abase search (Altschul ct :tl. 1997). Addi tional ITS sequences 
fro m Myxolricl~t~ceae (.Myxolridwm llrcticum) and from families in the Onyg~nales 
(i ncluding Gymt~oasCfls Baran. of Gymnoaswcea~. Ajellomyc~ McDonough & A. L. 
l .ewi~ of Onygcnar.cac, A m aumasw $ J. SchrOI. o f Or1ygenar.eae and 1\ rtllrodcrma C:urr. 

of A rllu·otlermutaceue), two rc,;opn:scnlativcs of p)'l'enom yccle;:s. Neurvspm·a crc1ssu Shear 
& B. 0. Dodge and Erf$ iphe cichoracearum. and two species ofbasidiomycetes were also 
re trieved from GcnBank. O ncofthcC. sinensis strains among the isolates obtained from 
lhis stud)' was a lso ind udcd for I'I'S seljltcncc analysis. A lith e sequcm:cs from GcnBa nk 
arc li sted in Table 2. Sequences were init ially aligned with BioEdit 5.0.6 (I Tall 1999) 
and analysed in PAUP 4.0b 10 for Macintosh (Swofford 200 I). E.xtr a bases of the ITS 
fragment in ~vem l sequences from Genban k were edit ed. ' I he a lignment was further 
manually adjusted to reduce some obvious mismatch of sequences created by computer 
a lignm ent. 

A total of2 9 sequences was included in the analysis and a data matrix containing 761 

bOtsc pairs of nudcotidcs was eslablishc:d . A li:w dozen bases al both ends were excluded 
from the analysis owing to uncertainty in determi ning the sequence. I Ieuristic searches 
(Swofford & O lsen 1990, Maddison 1991 ), including T BR (tree biscction-recon nec tion) 
swappi ng for 1000 replicates of mndom taxon additi on using equal weights were used 
to explore the set ol possible trees from many starling point s. Te n trees were saved 
at each replicate. Nucleotide subst itutions were treated as unordered and alignment 
gaps as miss ing. Rclalive supports were assessed hy hoolstrnpping (Fclsenstein 1985) 
using equally weighted characters fo r 1000 replicates. The tree was roo led with the two 
basid iomycetes, Ag(1riws bisporus and Uslilago maydis. 
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Table 2. ITS sequences from GenDank used for sequence ana lysis. 

Fungus 

Agtlricu.~ hi5poru.c (J. F.. Lange) hnhach 

Ajdfomyccs ctlf•sultllrt.c (K\\·on-Chung) 
McGinnis & Katz 

Ammmxucus nmlntm (QuCI.) Ramn1e.loo 

Arll lr(){lerma per.<icolnr (Stockdale) 
Weitzma n et a!. 

JJisporell« citritm (Uatsch ) KQrf & S.E. 
Carp. 

Dernwa viburni J. W. Gro\'CS 

TaxQnornic position 

1\garicaccae; i\J:_aricales 

1\ rtl~rndcrmata;,c(IC; 

On».:em1/es 

Ht!lotittc.eac; Hdotiales 

Dermateaceae; Helotia les 

1-Ely:...t_md_"_··n_""_ d:...if.:...n_'m_n_"_' (_' '-''_;,_) n_,_'k_·'_' --I n/,ytismataet."l/1:; /l /,y tismatale...c 

Erysiplte cichumCt'Wllm DC. 

Gclatinipr~lvim:lfa astracicnla Hosnya & Y. 
Otani 

Grom~~ uspemfulus Sigler & I. W. 
CO:tru tich. 

Ceomya.s pmmorum (Li nk) Sigler & J. W. 
Carmich. 

Geomyce.s pam1orwn 

Gromyr:e.s pamrorum (Link) Sigler & ). \V. 
Carmich. var. pmmorum 

Gymuosrelfatospora j(1ponic.a Udat,rawa cl al. 

GymiiOOSCIIS pdalospoms (G. E Orr et al.) 
Arx 

Anamorph 

Anamorph 

Anamorph 

Anamorph 

Myxorridwcooe 

GymnoasC(I.ccae; Onyge11ales 

GymnOlUCIIS JIIIIICtfltll.c (B. G. Ou tta & G. GymlfO{UCaceae; Onygennles 
r-~R~.G~,h~o~sh~)~A~"~·-------------I· 

Myxotriclmm an:ticum Udagawa ct al. My:o:otriclwceae 

Nc.Yijnbraca malicorticis H. S. Jacks. Dcrmateaceac; Hdntialcs 

~N~~-,=-~-,-.,-,-=-P,-,.,-,..~51-,ro-, ~&~B.~O.---I 
Dodge 

Sordariacem:; Sordarialcs 

Pe=iCIIIa nallara ( Pcrs.) Seaver Dennatcaceac; Hdntia /e.c 

PS4!mlogyumooscus roseus Myxot riclwceae 

Accession I 

AF46.5404 

Af03S353 

AJ271 565 

AI0006 14 

AF335454 

AF11 11 63 

AF203469 

Af011 29!' 

U726 11 

AJ3903<)() 

Aj509S72 

AF013789 

AF307760 

AF062S IS 

AJ3 15829 

Aj315825 

AF062810 

AFI1 11 89 

AF3SS929 

AF14 11 99 

AF062819 

~~~T· •_•d_ozy~'-"T"~~''_''s~'-mTc.~,,~~~----ll·-'-~:...x_nt_n_a_m_u._c_· ________ +-'-~-·-"-'1--~ 
Sc/e,omitrula spiraeicola (Denn is) T. 

SGhumach. & 1-!olst-lcnscn 
1.81448 

Sdemtinia trifnlinrum Erikss. Sclemtiniar.cac; Hdntialr;s Z9'l676 

Ustilago nmydi.~ {DC.) Corda Ustilagimu:~at!; Ustilagim1les AF03~26 
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Morphological observation 

Th e cultivated strains were examined frequently over 12 weeks to observe the growth of 
the colony. \.Vhcn ascomala were visible, daily observation was carried out to d istinguish 
the diff~;: rt=nl stages of ascornalal devdupmcnl. For ast.:omatal initial stages.. minuk 
t11fts of hyphae were rcmowd and placed in a drop of water on a slide for microscopic 
observation. For later asco matal development stages, the ascomata were removed under 
lhe di ssecting m ic roscope and sccliu ncd by using a freezing microtome ur dissected on 
the slide to spread the asci and ascosporcs. Most preparations were mounted in water and 
observed immediately under the microscope. Some of the slides were stained with cotton 
blue in lactic acid to preserve the struch 1re for later observatio n and photographing. 

Results 
Molecular analysis 

"I he complete sequences o f the ITS regiun of t he strai ns CS20, CS22, CS6-61 and CSJS 
we re 52 1-543 bp long. The ITS sequences from C$20. C$22 and C$6-6 1 were identical 
and different from that of CS IS, wh ich was identified as C. sinmsis. The sequences have 
heen su bmitted to GenBa nk wit h acces..<:ion numbers from t\Y608922 to AY60R925. 

The sequences obtained from the BLAST search cou ld 1x divided into several groups 
based on the ta.:'tonomic position of the fungi. They were named Pesudogymnoascus and 
its related fungi, includ ing I~ rm:e11s, Geomyces, Gynmm.tellatospora Udagawa ct a l. and 
Cl1rysvsporittm Corda. "I he majority o f the sequences were of d iscomycclcs. indudi ng 
llelotiales and Rllytismatales, and of other ascomycetes. includ ing Dotflideales and 
Erysipha{e$. The sequences selected for analysis represented the major groups fo und in 
the BLAST search. Tn clarify the systematic relationsh ip of CS20, CS22 and CS6-t"i l 
with Or1ygenales species, sequences of Gymnoascus. lvtyxotridm m Kun ze, Amuuroascus, 
Artlrrollernw and Ajellomyces were included in the analysis. 

A total of6i5 hp of the ITS regi on!> wa!> used in the ana lyse>. Amo ng the nndeot"idcs, 
185 were constant. Of the remai ning variable bases, 329 were potentiaHy parsimony 
in fo rm ative. Te n most parsimonioustrecs werc obtained with this ali gnment. One of them 
is shown in Fig. I . The sequences formed four groups marked as pscudogymnoascean, 
discomycctuus, pyrcnornycclous and on)'gcnalcatl acc..:oHiing to the species within 
each group. Th e other nine trees d iffered from Fig. I in the posit ions of Af-081•131-
Pseullogynmoasms roseus and AF062818-Cynmosteffatospora japo uica within the 
pseudug)'mnoasccan group; the position o f AF203'l69- ElylrMlermtl defimnuns heing 
a sister group to both the pscudogymnoascean group and the major dade of the 
discomyce tous group in some other trees; and the positions of AF335454- Bisporella 
cilrirw and Ui26 11 - Gc!mi"ipulvit~ella ast raeicola (as 'a$tmoeca' in Genba nk) within the 

d.iscomycctous group. 
The pscudogrmnoasccan group comprised sequences of P. roseus, Geomyces and 

Gynmostellatospora and was supported by bootstrap analysis at 88% (Fig. 1). Th e 
sequence!' of CS20, CS22, CS6-6 1 and of AF062SI9, named J~ m~eus in ( ;en Bank , wen: 
identical. Af-08 14 3 1 -/~ roseus is an incomplete ITS sequence contai ning only IT$2 and 
part ia l 5.8$ gene, almost identica l to the same part of ITS sequences of AF0628 19-f! 
roseus, CS20, CS22 and CS6-61. Alt hough it was shown with no change rrnm others 
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of these sequences in Fig. I, it was somct·imcs placed as a sistc.r group to AF0628 19· 
I~ roseus, CS20, CS22 and CS6-6 1 in the other parsimo n)' trees. ' I he grouping of 
these sequences in a terminal dade received 92% bootstrap support. Sequences of 
AJ 5098i2 and AF0 15789, both named as Geomyas pmmorum in Gc nbank, grOllpcd 
together with 83% bootstrap support . 'fhe)' formed a d ade with the P. rosetts sequences 
having bootstrap support oi711o/o. The other two sequences of Geomyc.t!s. AF307760-G. 
pamwrum and AJ390390-G. asperulatus, arc almost identical w ith only two nucleotide 
suhst i111tio mo. The tw o seqll Cncc s clustered with A F06281 8-Gy mnostclJatospora j aprm ica 

having 69% support in Fig. I. bull he IaUer was grouped with thc.: /~ rvseus and Geumyct!.S 
pamtomm dade in some other trees. Several records of named Geomyces pmmomm in 
GenBank (accession nu m bers from AJ509866 to AJ509871) have similar sequences to 
AJ509872 and AF01 5789 and were represented by the IaUer lwu in this analysis. 

Thcdiscomycctousgroupmainl ycontaincd Ildotialesand Rlly tismatales. Myxotricllwlt 
arclicum (J\!Iyxotrichaceae) and Erysiphe ciclwmceamm (Erysiplrac~ae) were also included 
in thi s gro up. ' I he di scomycctous gro up was the sister group to the pseudogymnuascean 
group. but it was polyphyletic because Otl C of the d iscomycctcs. lj/ytrvd~t·nm d4omums. 
was placed as an immediate sister group to the pscudogymnoascean group (fig. I) . In 
fact, the pscudog}•mnoascean gro up is imbedded wit hin the discomycete ta xa. 

Neu ru~pora kt rdSfJ t:rm u (A F388929) and Curdyt:ep~ ~i,ensi~ (CS 18) were clustered 
toge ther to form the pyrcnomycetous gro up. which was supported by 100% in bootstrap 
analysis. The pyrc nomycelo us group is the sister group to the dade containing 
pseudogymnnascean and di scomycctous group s. 

f ive species from fou r families of o , yge,ales were duste!red together fo rming 
the onygenakan group. The support for this group was very st rong, reaching 95% in 
hoo t~trap anal)•sis although they demonstrat ed many vnriati ons in I'I'S sequences. 

Morphological descriptions 

Morphological characte rs of the strains. including colony, anamorph and tcleomorph, 
were o hserved and described from culture. ·m e developmental :;equence of a:;comata 
is described and illustr.ttcd in dt: tai l lo demonstrate tbe tOrrnatiu n of a massive ascoma. 

Culture: Isolates of CS20, CS22 and CS6-6 1on bran-agar medium formed whi te 
colonies with thick aerial mycelium covering the sclerotium tiSSllC. Colonks of the 
cultures were fl occulant with wooll y aerial hyphae, wh ite at li r~ t but later becoming 
pinkish brown to purple. with pigmentation varring in the same colony. Reverse of 
the colony was red-brown to purpli sh brown. Ascomata appear in 6-8 weeks. Mature 
asco mat a were pale yellowish- brown to pink h:h hrown and were eit her scattere<l upun 

the surface of the colony or aggregated into dense clusters. f inally the wooll y aerial 
hyphae disappea r and the colonies arc covered with clay-pin k, far inaceous granules. 

Microscopic observation: Vegctat·ive hyphae were hyaline. 1.0-2.5 Jl m di am. 
Ascomala were di scrdc ur confluen t. globose lo subglobosc. 52-320 !-J.m diam. , at first 
white, finally pale pink to pinkish brown under the dissecting microscope. lhc outer 
part of the asco ma fo rmed a de fined layer of hyphae, which was usually regarded as a 
perid ium. 'I he peridium was composed of pale yd low to }'dlow-brown. septate, th ick­
walled hyphae. 2.0-3.0 Jlm d iam., sometimes th ickening at the node reach ing 3.5 !A"' 
d iam. Thin-walled hyphae arising fro m the thick-waUed hyphae in the pcridium were 
regarded as appendages, which were simple and up to ~10 J.Lm long. Asci were hyaline. 
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l:ig. I . One of t he ten most parsunonious trees obtained from the ;,nalysisofnudootide ,seq\k"ncesof !TS regions 
(nrDKA). lhc upper and lower numbers on cach branch denote the number of ~timatcd substitutions ~d the 
pcr.:ent;,ge ofbooUtrap rrph.::atc.s 111.spectively. Only bootslrilp.s higher than 50% are shown, '!he length of the 
t~ is 1607 steps. with consistency index=O.SOSJ and retent ion inde:<=0510 1. Group l=pseudogymnoascean. 
l=d i~nmy.::~t ()u~ l=pyrt:nomy.::ctou ~ and -l =nn)·genale.an. 

subglohosc to oval, stalked, 8-sporcd, (6.0-) 7.0-9.0 ~m diam . Ascosporcs were hya line, 
ellipsoid to fusoid -ellipsoid ur fusnid, pale olivaceous to pink, smooth. )'cl lowish brown 
in mass. 3.5-5.5x t.8-3.0 IJ.Ill. 

Anamorph: Hyphae were hya line, smooth and thin-walled, 0.8-2.5 ).l.m wide. 
Con idiophore<> were hrali nc and dendroid, or sometimes absent Conid ia formed 
terminally or were intercalary. thi n-walled, smooth . 3.0-6.0x 2.0-3.5 ~m . ·n1c terminal 
conidi a had a truncate base (about 1.8 1-llll wide) and were cuneifo rm , ellipso id or 
ampull accous. The intercalary conidia were barrel-shaped. Numerous conidia so met imcs 



Fig.'! 2-'1. P!c!~llg}'ni/IQIJSCW..• r~~o~.•. Fig. 2. Anamorphic ltage. Terminal and intcrcabry conidia were bo!'Tle 
on dendroid conldlophore:s. Fig. 3. Ascoma initial. The ascom:. initial arok as :. short br.mch (arrow) from a 
\<tgctati\•c h)ph3. Fig. 4. Two p~ i l"$ of adjacent a.s.:oma initials. The right two initials cun<td towards coch other 
whibl th-= [~ ft two .:u rv~>d aw.ty to th-= opJX,~Si t~din:.: t ion . fig. 5. Ascom:a ini tial coil "I h.: otht"r p;i rl of th~: init ial 
is out offocu.s. Fig. 6. The same a.scomil initiill in Fig. 5 obsen'Cd ill a different focus. Hypha! bronchc.s emerge 
fro m the coil. Hg. 7. C'ose-up oft\.\.'0 ascoma mitiilb . "!he initials ha\-e complex coiling hyphae and branches. l;ig. 
8. Multiple ;ucom:t. initi:t.ls from one si te. lWo tight:a.scoma initi:al coils (u row heads) :and two initi:U branches 
(arrows) are '\isible. Hg. !II. \~unga.sci produced in groups. There is no asrospo~ delimitation at this st~tg..>. 

&ar- 10 [tm, except for Fig. 2, where &r-20 Jlffi. 
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Figs 10- 17. P:..:udOg)'MIIHla.~<.:u..~ rOk'U$. 1:1g. 10. Young asmsporcs fo rmed within as.::i. ,\scospore.~ (arrow) art; 
clearly visible at th i.s.sta~ and there is no envelopment o f the asci, "''hkh were produced from the »orne aKoma 
initial. Fig. I I. Groups of as<:i. The groups of :u.;i lack :1 defined CO\'t' IOpc scparaung them fro m the surrounding 
h)"Phu and may merge togt-tkcr to form an ascus aggrtg.ation. Asco.spores are vi.stble within asci. t:ig. 12. A small 
{l;nd immature globose :ucol'l'l.:l. There is o. rcle:~.sed :lS<:US to the upper right oft he 3SCOffi3. Hg. 13. PMt of a S«tion 
(If :an ascom:a. f/1.. large number of asci arecnwropped bt· a nel\•lo rk o f thick -walled hyphae (peridium). Fig. 14 . 
Close-up of l~•·iJium in a .section o f an ascoma. lhe ~ridium hrphae are thick-wa.ll~d with many l,..an ... ht<S. !:is. 
15. Di.ssc.:lton of an ascoma. The a.sct in th~ ~rna are relc!a5Cd at the upper right from the peridium, 1,•hich is at 
the low~r left. Fig. 16. Dissc.:: tion of an a.scoma. Asci a~ formed on .stalks (arrow). Fig. I i . Released a.sco.spore.s. 

&r=I0 11m in Fig.s 10 12:, 14 o..nd 17; Bar=lO)l m in Fig. 16o..nd B:tr="30 JIM in E g. 13. 
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aggregated together to form a subglobosc conglobatio n. If the strains were kept for long 
enough. asc..:o mala uf P. roscus appeared and the colunk.-.; became pinkish coloured in 
6-8 weeks. 

Development of ascomata: Ascomalal in itia ls arc scallcrcd among. and fo rmed from. 
\'Cgctat:ivc hyphac.J ni ria lly. ascomatal in it'ial branches. usually 2.5!J.m d iam. wide, arise 
from vcgct'ativc hyphae. i hc shor t branch with thicker cytoplasm t-han surroundi ng 
vegetative hyphae (Fig. 3) was the earliest stage of ascomalal inil ial obse rved. t\s 
ascomatal i1titials grew, they became curved. Adjacent ascomatal initia ls might 
sometimes grow toward each other or apart from each other (Fig. 4). i=igurc 4 shows 
two p~t i rs uf adjacent ini tials: the righ t two initials curved t(Jwards each other wh ile 
the left two curved away to th e opposite d irect ion. 1l1e conjunction of two in itia ls and 
d iffe rentiation of gametangia were not detected. Ascomatal in itials continued to grow 
and formed coils (Figs 5, 6). Figures 5 and 6 show an ascomara l inirial coil observed at 
d ifferent fucus~:s. Some th ick branch structure emerged from the coil. ·! he initials co iled 
further to form helical loops (figs S-8). Several initials arising nea rby were at the same 
or d ifferent developing stages (F igs 7, 8) . Figu re 8 shows hvo tigh tly coiled ascomata l 
in it ials (arrow heads) and twCl ascomata l in it ial branches (arrows) which arose from 
the same hypha. figures 5-8 also show ir regular branches stretched out from the coiled 
in itials. These branches can continue to grow and fo rm new coi ls, or interweave to fo rm 
an enveloping network in the later stages. 

As the ascomatal initial develops, asci arc produced. Asci arc globose and produced 
in g roups (F ig. 9). f\sd begin to enlarge and ascospo rcs are del imi tated and form inside 
the asci (figs 10. I 1). The asci aggregated to form large structures without any defi ned 
envelope separat ing them from the surrou nding hypha! components (Figs 10, 11 ). 
Figure I I de monstrates groups of asci can he produced close to each other, and asci from 
d ifferent initials can result in single ascus aggregations. As the munber of asci inc1-e-.tses, 
ascomata also increase in size and appear as dark spheres under the microscope owing to 
the th ickness preventing light transmission ( l' ig. 12) . The early ascomata appear as sma ll 
while poinl!i altac hed lo wh ile vcgclalivc h)'phac under tbc clisst:cling microscope. 

As ascus aggregation de\•elops and merges from d iffe rent ascomatal in itial s, a network 
of thick-walled hyphae also envelops the asci. 1l1e th ick-walled hyphae interweave to 
form a loose network, which is pale yellow to yellow in colour. Pigmentation of these 
hyphae increases as the ascomata enlarge. Even tually, a specified layer of the hypha! 
ndwork, i.e. the pcridium, is formed. Figures 13 ancll 1 aresectionsofascomata showing 
a large number of asci surrounded by the hypha! network (pcridium). The peridial 
network comprises thick-walled hyphae which arc richly branched and anastomosed 
(Figs 1•1. 15). Some thi n-walled, short bmnches from the hypha! network extend from 
the globose ascoma. Figure I 5 demonstrates that the pcrid ium is composed of loosely 
interwoven hyphae, wh ich forms a net enveloping the de nsely packed asci. The whole 
asc() ma appea red dark coloured under the transmission microscope, but as spheres with 
some shades of pink to pale purple under the dissecting mic roscope. 

Figure 16 shows the allachmcnt of asci tu hypha! stal ks squc..--c:~.cd out uf an ascoma 
wbich had a hypbal network (pcrid ium) enveloping the ascus aggregation. When the 
ascoma matures, a large number of ascospores arc rel eased from asci spread ing out of 
the ascoma and among the hrphal nehvork. The ascospores were fuso id to ellipsoid 
(F ig. 17) . 
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Discussion 

The sequence comparison revealed that the ITS sequences of C$20. CS22 and C$6-6 1 
were identical to AI'0628 19-Pse1Hlogynmou.'lcus mscus in GenUan k. '!he DNA $Cq ucncc 
analysis showed that these sequences and Af-08 143 1-P. roseus, the partial sequence of 
ITS region included in this study, fo rmed a un ique terminal group. lhc strains CS20, 
<:S22 and <:S6-6 1 shou ld he regarded as the same spedcs as AF06281 9-P. mscu$, which 
wassubmitt'cd by l-l amblcton d al. in 1998 from strain UAMI-!91 63. isolated from roots 
of A bii!S /asiocarpa (J look.) Nutt. in Albe rta, Canada. 

The morphological characters of C$20, C$22 and C$6-6 1 matched those desc ribed 
fo r P.. rose11s by Ccjp & Milko ( 1966), Orr (1979) and Currah (1985). A reference 
co llection of!~ roscus deposited at K (K(M) 116466: Pse/Ulogynuwa:-ws roseus, isolated 
from Eucalyptus, Australia, G. Johnson, 1975) was also examined fo r confi rmation 
and they showed the same morphological features. Based on the molecular and 
morphological data, C<;20, CS22 and CS6-6 1 were identified as P roscm . The st rains also 
exhibit an anamorphic stage witb dcndroid conidiophorcs, and cuneiform to elli psoid 
and terminal or intercalary conid ia. Compared with the morphological characters oi 
Geomyces pamtorum var. viuacew.> (Sigler & Carmichael 19i6, Oorschot 1980), the 
anamorphic stage of these stmins should be classi fied in the genus Gevmyce . .; and might 
be the same as G. pmwom m var. vinaceus. 

"I he.-: two G. ptmrwrwn st:qucncc.-:s (AF509872 and AF0 15789) ~.Jc.-:rno nsl ratcd only a 
few variations (rom that of P. rose us and fo rmed a d ade with P. rouus in the ITS analysis. 
This result suggested that the two strains of G.pmmom m were likely to be related to P. 
roseus. ' I he sequence variation between G. ptum ()rum and/~ mscw; was nearl)• the same 
as with in the G. pamw rtm r d ade. 

Four :>t:qucnc;c..-s of Geomyces, i.e. lhret: G. pmmorum and one G. aspemlutus, wen: 
separated into two clades. It is possible that more than one taxon has been i nvolv~d 

in the stra ins named as G. patm om m. 1 he sequence of AF307760-G. pamwrw11 var. 
pamwmm is closer to AJ390390-G. uspendalus than to the other two G. prmnorum 

isolates. G~omyr:t!s aspt!rulmus and G. JHl W IOtw u arc similar in morphology. Geomyc~ 
aspendat11S has hyaline, narrow. sometimes branching conidiophorcs 0. 5-1 .0 ~lm long, 
and yell ow, barrel-shaped (or cuneiform if terminal), long-chained arthromnidia whist 
G. pmmorum ditft! rs from G. asp~ndatus in forming conidia in shorter chains and in 
having alcurioconidia formed latera lly on the hypha. It is not easy to d istinguish the 
two taxa based on morphology. It appears that molecular systematic analysis b01scd 
on the DNA scqucm:c data may be a reliable method to avoid misiden tification. 
Gynmostellatospom japonica was clustered with two oi tbe four Geomyces sequences 
(AJ390390 and AF307760), and is possibly related to P. roseus and Geomyces species, 
but they may not he the same species judged from the set1ucnce va riations and fw m the 
parsimony analysis. Gymnostrdlatospom was published and placed in Myxotriclraceae 
by Udagawa ct al. (1 993), based on gross morphologica l characteristics. Species oi 
Gymnoslcllatospora possess yellowish or reddish brow n ascomata; hypha! network of 
perid ium; indistinct 'appcndag~s' ; H-!>-port:d, globose or ovoid, cvan~sccnl asci; and 
fu so id, hralinc to pale yellow ascosporcs (Udagawa ct al. 1993). These features are similar 
to th ose of P:;tm dogynmoascus. However, the pcridial hyphae of Gymnosrellntospora arc 
iocompositopcridium-type (see Currah 1985) at malurily and the ascospore wall has 
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narrow longimdinal crests and a convex sm facc, which is clea r\}' di ffe rent from that 
of IJ$emlngymnoa$Ct.t$. If the two genera nre more widely sampled fo r investi gatio n of 
mulccular sytcmatics, it may be possible to fin d rdalionships bel ween Lhcm. 

The systematic posit ion of the genera Gy mn0$1ellatMpora, Myxotridwm and 
Pseudugymt~oasm.~ wc rcdassi ficd in the :-a me fa mil)•, i\lly.ml.richaceac:. Memhl! rS11fthcse 
genera arc similar in morphology. having brown shaded ascomata; hyaline. globose or 
subglobose asci: and hyaline, cl l.ipsoid or fuso id ascosporcs. In the present ITS sequence 
analysis , Myx otridrum nrctimm was distantly related to P roseus and Gymnosrellatospora 

j(lponica. Myxotrichmu ar·-=ticwn was placed in the discomycctous group, and P. roseu$ 
and Gy mnMtel/atMpnra jtJpon ica formed a separate clade wit h the anamorphic Geomyce.~. 

Members of J\lly.wlridwcetu in this anaJ ysis were not in a monophylet ic group. as 
speculated by Currah ( 1994) based on ascospore morphology. They were separated 
and embedded among discomycete taxa. Based on ISS rONA anal)'sis, Sugiyama et al. 
( 1999) desc ribed two separate li neages within Myx(llridwceae, in which Myxotrichmu 
was separated from Pseudogymnoasw s. 1-lamhleton et al. ( 1998) al so reported I hat 
Myxvlricwnand Hyssoascus Arx dive rged signiiicanl ly from Gym,ostellalvsptm l jtlJmrlica 

and P. rose us in ITS sequence analysis. The result of the present study coincides with 
those reports by Sugiyama et al. (1999) and I lambleton et al. ( 1998). Although the close 
rclariom:hip between members of Myxvtrirlwceae and discomycctes bas been revea led 
in molec11lar studies, their ascomatal struct11re nnd morphology di(fer rema rkably. /\sci 
of discumy<:ctcs arc fonm:d frum a hymcnium within the apothcdum, but a hymcnium 
or apothecium are absent in P. roseus and other species of Myxvtrichuceae. 

Pseudogynmoascus was fo rmerly placed in Onygcnalc$ (e.g. Curra h 19S5, 19R8). 
·1 h~: nn)'gcna lt:an fungi produ(;t= evanescent <IS(; i in the mycel ium ur dcislothccial 
ascomata, and unicellular ascospores. To confirm their molecular relationship, several 
ITS sequences of On)'gcnalean fungi were included in this analysis. The sequences of 
onygcna lcan fu ngi great ly diverged from those of P. rouus, Geomyces pmmomm and 
other selected Myxotricllaccac. t>scrldogymPWQ$CU$ mseus and Myxotrichw11 arcticum are 
separated f rum the onygenalt:an group by the p)'rcnomycc::tuus group, and d osdy related 
to the discomycetes. lh! result s of the present study reveal that the onygenalean group 
is distantly related to the Myxotriclwceae in ITS sequence and shows the independent 
evolutionary line of l? ro.'>.ms and Myxotrid wm from other onygenalcan taxa as suggested 
by Currah ( 1994). Recent molecular systematic studies (Sugiya ma et al. 1999, Mori et al. 
2000) based on a di fferent region of rDNA also obtained the same results. 

The onygcnalean fungi were rather isolated from other ascomycetes tested . The 
discomycete and pyrenomycete species were more closely related to each other than to 
lhe onygenalcan fu ngi (Fig. I) . ~urlhcrmorc. many variation!' in ITS sequences were also 
observed among the onygenalean fungi . It' seems that· there is a complex relationsh ip in 
Onygenales and great divergence may exist within the order. 

Morphologically. Psewlogynmoascus is similar to members of Ouwerwles in 
many aspects. The ascomatal stuch1re and brow n colour of the reticulate hypha! 
network (pcrid ium) in Pseudogynmoasws is very close to that of Gym noascus. The 
characters of the pcri di um were vcr)' much emphasised in previous classifications and 
Pscud(lgynmoascm was considered to be rel<t ted 10 Gymtroasctt.~, which possesses ohl<lte 
ascosporcs wilh an acute rim. Psewiogynmot4sc:m differs from Gymnoascus only in the 
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abse nce of pcridi<ll appendages and ascospore morphology. Currah (1985) noted thai 
chilracters of asco~pore morphology, enzymatic capacities, and naiUre and 1 he occurre nce 
of anamorphs pruv idl! significant information fur classification. H;:tscd on ascospore 
morphology a nd cellulolytic capacities, Currah ( 1985) placed Psmdogynmoascus in 
Myxotriclwcet~e and Gymuoasw s in Gyumoascaceae, thus separat ing these two genera 
in different· fam mcs. Molecular invcsligations (Sugiyama ct al. 1999, Mori ct al. 2000, 
and thi s study) also com•icler that Psct1dogynuwa~ws is widely sepa rated from memhers 
of Ciymno(lscus and other onygcnalcan fungi. 

Different pc ri dial types evolved within the protohmicatc ascom)•cctcs in response 
to selective pressures affecti ng spore d isper~a l fro m enclosed area~ (Currah, 199jl ). ' I he 
loose hypha! network of the pcridium exposes thl': asci and ascosporcs. Along wi th 
the evanescent asci, thi s may contribute to the release and dispersal of ascospores and 
increase the chance of propagation. The similar peridium occurring in qui te different 
lineages of genem may be the result of convergent evolution. 

The close relationship of P. roseus with the discomycetcs has been suggested 
by molecular investigations (Sugiyama et al. 1999, Mori et al. 2000, and this stud)'). 
Pseudogymt~oasm.- rosen.' and other members of lYlyxotridracene share some characters 
in cummon: un icellular asco$pores; $Callered (without a hymcnium). thin -wall ed and 
evanescent asc i; cleistothccial ascomata; and ascomata l pcridium of a thin hypbal 
weft. Tbcsc characters arc very different from thosc of typical discomycctes. Mori et 
al. (2000) considered that the close relat ionship between Erysiplrales, Myxorricllt~ceae 
and some discomyceto\lS hmgi (main!)' 1-/elotiales and TIJelebolaceae) suggested a 
novel evolutionary pat hway fro m cleistothecial discomycctous fungi to f:rysiphalcs and 
My:wlricl1w.:eae. 'llu: presen t stud}' alsn rcn:alcd a d ose relationship between P. mseus. 
other members of Myxotricllaceae and discomyccte fungi. 

Pseudoj;!y»mtwscus tO$Cil.<i share$ a simi lar structure nf ascnma and peridium 
with members of Onyge,wl~s. The asco mata l structure and loose byp bal network of 
the pcridium found in P. r0$1?/lS and other species of Myxotriclwc~ae may have been 
reversed from the advanced apothecium to primitive ascoma in o~,yge,tale$, if the latter 
is considered to have d iverged earlier in the ascomycete.,.. This reversion may also have 
occurred more then once (at least in the psendogym noascean group and Myx()lrichwn 
arcticum (Fig. I) in the course of evolution. 

Ba~cd on t-he ohservnt·ion of ascomata l develop ment in this study, the format ion of 
ascoma in H roseus was initiated from short br.anchcs of vege tati ve hyphae. Currah ( 1985) 

generalised that the te rtile ascomata of Onyg~nales were initiated by the fo rmation of 
paired gametangia! hyphae. Ascomatal development in P. rose us may be similar to that 
in Ouyge~wles, but the microscopic observation made in this st11dy d id not detect the 
contact of two gam etangia and the migration of nuclei or cytoplasm. The structure of 
hyphae in the a.scomatal init ial co ils was complex and it pro"cd di flicult to distinguish 
thei r constituents under the light microscope. 

Severn! ascomatal initial s often appeared very close to each other from the same site 
in the colon)' of H mscu$. Asci fro m unc or sever.~ I initials might grow tngethcrwit hout a 
defined cnvd opc at carl)' sta~s. Many asc i grouped to form a large globose aggregation. 
A loose: weft of hyphae (perid ium) developed later. enveloping the aggregation. From 
the observation in Lhis study, a large ascoma should be regarded as the ascus aggregation 
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from several d ifferent ascomatal init ia ls because it occupied a large space covering the 
area where different in itials were formed. 'I he pcrid inm is onl )' a loose network of 
lhick-wallcc.l hyphae, and was termed a 'rcticulopcridium' by Curr.1h ( 1985). Like the 

ascoma, the pcridium may also come from several d ifferent ascomalal init-ia ls. Although 
initial stages of ascomatal dc\•clopmcnt and the structure of mature ascomata have 
been described (Ccjp & Milko 1966, Orr 1979, Currah 1985), detailed observation of 
ascomatal formation has not been reported elsewhere. It is revealed for the first time 
lhal lhc ascomala in Psemlv;:ynnwasn1s arc fo rmt:d by the aggregation of asci. 

The morphology of nscosporcs and of pc.ridial ap pcndagcs arc import ant t'axonomic 
charncters in recognising species of P.;;eudogymnoascus. ' I he ascospores are genera lly 
(;Onsidered smooth a nd the appendages not d istinct in Psemlo;:ymmwscus. Two species 
of Puudogymuoascu$ have rather different features fro m P. rose115: I~ derufroitlem has 
ramified appendages and striated ascosporcs with slight" thickening at the equator 
(Locquin·Linard 1982) and P alpitws has naviculn r. fuso id ~tscosporcs, and brnnchcd 
and recurved appendages (Miiller & Arx 1982) . Either the taxonomic position of these 
twu species is in need uf reconsideration ur the ge neric concept of Pst!udo;:ymmmscus 
must be re\•ised. The spec ies that Lumley et al. (2000) desc ribed as 'Pseudogynmo11scus 
sp.' also requires further investigation because the longitudinal sigmoid crest on the 
ascosporcs is not characteristic of Pseudogymnoascus. Molecular research may elucidate 
the relationships of these morphological I)' different' fungi. 

Pseudogyumoascus roseus is distributed worldwide and has often been isolated from 
alpine regions. It is interesting that the fungus was ;1lso isolated from sclerotia of C 
sineusis in this study. Because of its medicinal va lue, C. sitrcmis has heen the l'arget of 
eiTmts lu obtain purt: isulatcs for massive pruductiun in industri al fermentation. Various 
fungi. about 22 names in 13 diiTerent' genera. have bc.-cn related in the ljteraturc to the 
anamorph of C. $ineusis,citber fo r isolates from material of the fungus or forpoShllatcd asexual 
states {Jiang & Yao 2002). Although many of the isolates arc not' true C. sinensis, they may 
have si milar chemical properties and medicinal eftects, e.g. Paedlomyccs sinemi$ Q. T. 
Chen e t al. and 'lidypuclncliwn sim.mse C. Lan l.i {Gui & Chen 1983, Li 1988. Liu t:l al. 
1991 ), Some of those isolates ate even widely used in manutachue refening to the products 
of C sinensis {Jiang & Yao 2002, 2003). It may be ascribed to the interac tion of fungi 
or selective pressure in the same ecological environment that different flmgi produce 
similar medicinal properties. Probably the strains of P::eudogynmoascus roseus were 
present in the alpine soil of the Tibdan Plateau and contaminated the C1Jrdyceps iso lates. 
As another micro·organismliving in the same niche with C. sinensis. whether P roseus 

has similar chemical properties that can be used for medicinal purpose may deserve 
further investigation. Currah (1985) suggested that the pale rose rcticulopcridium and 
ascospores of P. msem prohabl}' indicated a reli ance on bnrrowing animals for d ispersal. 
'I he hnst nf C. sine11sis, the <.:aterpillar larvae of 1-lepialus arnwrictmw; Obert heir. living 
in the same microcosm may also be one of the animals helping the dispersal of P. roseus 
ascosporcs. 
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Abstract - The mycorrhizas of lmxybt! rrifuloides on Pi11us f1iuca and o f luocyhesplemle::IIS 
on Ostrytl ctlrpi11ifolia were characterized by morphologica l and molecular methods. 
Molocu lar idcnt'ification was pC'rformcd by compAring the rONA ITS sequences 
obtained from l11ocybc: fruiti ng bodies \\•ith those of the nl)'COrrhizas coUected from 
the same area. Mvrpholugic<al characterization was carriL>tl out by a simplili~.-d Agcrcr 
pr01ocol. 'Ill iS study prm•idcs sets of characters which can be used in further studies 
for the identification of these two lnoc.y~ species found contaminat ing "li•ber infected 
plants in experimenta l truffiCres. 

Kcr words- cctomycorrhizas, ribosoma l DNA .sequences, morphological dc$Cription, 
truOlc cult i\·ation 

Introduction 

Ec tomycorrh izasare dominant in forests of temperate and boreal regions of the Northern 
Hemisphere (Brundrett' eta \. 1996). 11 has been est imated that 6000 or more spec ies of 
fungi form cclomycurrh izal assodations with approx imate!}' 10% uf the Angiospe rms 
and many Gymnosperms (Trappe 1987). Thc ectomycorrhizalcommunities are dynamic 
and changes in their population structure occur depe nding on the age of the host plants, 
season and environmenta l facto rs (Mol ina et al. 1992, Deacon & Fleming 1992). In the 
past research into ectomycorrhizal fungal diversity were almost exclusively carried 
out by identifying and counting frui ting bodies that appeared abo\·e the ground or by 
inspecting the roots of trees and grouping their cc tomycorrhizas into morphotypes 
(Sdossc 200 I). While the first method is rdali\·dy quick and easy the number uf spt:t:it:S 
of cctomrcorrhizal fungi that fruit above the ground is generally considered to be a 
gross underest imate oft he number of cctomycorrh i7.al fungi present in an environment 
(Yamada & Katsuya 2001 , SelosSt: 2001) . For example, edomycorrhizal fungi such as 
Ct.mocc,ccmn gtopililum and many members of Ttltplwmceae, which arc some of the 
most common mrcorrhizas (Richard ct al. 2005, Horton & Bruns 200 1), do not prodllCC 
fru iting bodies or form cryptic fru it-ing structures. In cont·rasr, although morphotyping 
of ectomycorrhi?..as give a better picture offungal d iversity and subtle changes that can 
occur during competit ion in ectomycorrbizal communities, it is often impossible to 
rclarc the morphotypcs to a known f1mgal species (Horton & Bru ns 200 1 ). 
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The rcccnl application of molecular methods has revol ution ised our ability to identify 
cclomycorrh izal fungi. ., hey arc useful either fur the ce rti fication of plan ts that have been 
inoculated wi th commc:rciaHy valuable species such as Tuber and also allow us to carry 
out more ambitious stud ies on cctomycorrhizal community struct11rcs and compet it ion 
withi n them (Amicucci ct al. 2002, Dahlberg, 2001). A comparison uf ITS sequences 
obtained, ior example, from traditionally ident ified fru iting bod ies with those obtained 
from mycorrhizas can provide a means for idcnt if)'ing the fu ngi that form mycorrhizas 
(Hort on & Bruns 2001). However ITS sequences for many ccto mycorrhizal fungi have 

yet to be determined and so thei r identification remai ns impossible. 

The aim o ft be work prese nted here was to provide a set of molecu lar and morphological 
dmnu:Lcrs for the iden tification of ltwcybe m f uloitles and lnocybe spletulens by ITS 
seq uencing of the mycorrhizas and of their frui ting bodies and the morphological 
description of their mycorrhizas which were found as contaminants in cultivated 
lru fliercs . 

Materials and methods 

Sampling 

Th e fruiting bodies of the two Iuocybe species used in this stu dy were collected fro m 
two diftCren t experimenta l trufliCres ofF.milia Romagna, lt al)'. /. mfulnideswas found in 
October 2003 in a Ph1us pined - Tuber borcl1ii productive truffiCrc establ ished in 1990. 
The plantat ion is located in Marin a d i Ravenna on the Adriatic coast ( 49° 30' 24 .. N, I? 
60' 70" E) on littoral sandy soil (ZamboneUi et al., 2000) wh ile/. splendens was coll ected 
in Mard1 200'1 in a ·Ji,ber ueslivum truffiCn: established in 1997 with Gory/us avellmw, 
Ostrya carpitiifolia and Quercus pube:scens infec ted secdHngs in the park of S. Giulia. 
Pa lagano, Modena (44° 23' SO"N, J0° 39' '10"£, elevation 932 m) (Zambonclli ct al. 
2005). I. mfuloides was found ncar I~ fJit leli in the.,: borcl! ii trul r1Cre and I. SfJlemlens 

close to the trunks of the 0. Cllt j>iwJOiia seed lings in the T. aestivwu truffiCrc. Dried 
specimens of each spec ies were deposited in the herbarium of the "Centro eli Micologia" 
of Bologna (1. rufuloidcs n.l 994,1. spfe,dcus n. 5033). 

Root' samples were also collected from the truffiCres u nder fruiting bodies by re movi ng 
6 em diameter soil cores between 0-30 em. The soil cores were stored overnight in 
refrigerator al 5 "C and the roots then removed by carefull y washi ng over an 0.8 mm 
mesh sieve. 

Morphological characteri sa tion 

·1 he /. ruftlioide." and 1. splemletlS basidiomes were idcnlificd on the basis of their macro­
and microscopic morphological characters (l lc im 193 1; Kuyper 1986; Stangl 1989; 
Moser ct- al. 1994, 1996; Bon 1997; Franchi ct a!. 200 I). Th e m icroscopic features of the 
b~tsid i omes were examined in both fresh and dried materia l previous rehydrated in 10% 

KOH and stained with Co ngo red. 

Samples of mycorrhizas putativel y fnrmcd by lnocybe sp. were selected frum the rout 
samples of Pinus piuea and Ostrya c~~rpiuifolia on the basis of their morphological 
featu res fo llowing Agerer's descriptions of Inocybe mycorrhizas (Agcrcr 1987-2002). 
·1 he ir morphologica l iCatures were then described usi ng sets of characters suggested 
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by Agcrcr ( 1987-:!.002, 1991). The colour of tbc fresh mycorrhizas was recorded under 
a stercomicroscopc and compared with the Royal Botanic Garden colour idcntHication 
chart (RDG chart) ( 1969). Mycorrhizal tips were then fixed in foAA bleached by heating 
to 90 oc in 10% w/v KOI-1 and treated with a few drops of 1-1 ,0~ for 20-30 seconds in 
order In bett er examine the anal<lmy uf the mantle under the ~i~rosc()pc (Giumaro ct 
al :WOU). EctomycorrhizaJ tips were lixed in glutaraldchrcJc (25o/o). embedded in Tissue 
Tek OCT (Sakura, Zoctcrwoundc, Netherlands) compound and then cut with a rotary 
cryomicrotome (Tissue Tck® II , Miles, Elkha rt, IN, US t\) (8- 10 J.Lm thickness) . Serial 
sections were stained with collon blue. mounted in lact ic acid and obsern:d under a 
ECLIPSE T E 2000-E m;croscopc (N;kon. Tokyo. japan). 

Mean d imensions of fruil ing bod)' and myco rrhiza characters were delcnn incd using 
Axio Vision 2.05 software (Carl Zeiss Vision Gmbl I, I Iallbergmoos, Germany) from 
images captured with a DXM1 200F digital camera (Nikon, Tokyo, Japan) and standard 
deviations then calcul ated. 1-:..ch biomctrical character was the mean o f at least 50 
measurcnlents. 

Molecular characterisation 

Molecu lar identi fication of the mycorrhizas and fruiting bodies was performed using 
sequence chua of the IT S regio ns of the rihosnmal DNA. Tota l genom ic DNA was 
isolated by DNcasf" Plant Mini Kit (QIAG EN, Hildt=n, Gt=n nall)') according to the 
manufac turer's instmctions and then eluted in 50 J.ll of sterile water. Ten mycorrhizas 
of each morphotype were pooled and 100 !AS offn1iti ng body t issue were used. ITS- I, 
5.8S and ITS-2 regions were amplilled in a 50 )JI volume reaction contain ing 1- 10 ng 
of genomic DNA. using the primers pair ITS I and ITS4 (White et al. , 1990) in aT 
gradient 'Jbermal Cycler (B10METRA, GOttingen, Germany) according to Amicucci ct 
al. {1996). PCRs were perfnrme<lusing 1.5 unit s of TUrJDNA polymerase (Fcrmentas, 
Vilnius. Lit lmania). 

The ampl ified products were flrst pu riiled hy Ge ne Clean I I kit (RIO 10 I , Vista, CA, US1\) 
and then sequenced using both the primers mentioned above. Sequence reaction was 
performed using the AOI PRISM 3700 DNA Analrzer (Applied Biosyst<:m, foste r City. 
CA, US/\). The obtained ITSsequenccsoffruit-ingb odicsand myco rrhizaswerecomparc<l 
t=ach other and with lhosc on Lhc GcnBank ( hll p://www.ncbi.nlm . ni h.gov/BLA~T/) and 
UNITE (hllp:// unitc.zbi.ec/analysis.php3) dat abases using 13LASTN search (Altschu l et 
al., 1997). The ITS sequences of the fruiting bodies obtained in this study have been 
deposited in GcnBank with lhe following accession numbers:/. nifuloides (DQ067579) 
and /. splmde"s (DQ067560). 

D1orphological characterization 

lnocybc rufuloidcs Bon 

Results 

The I. rufuloide$ basidiomcs bad pi leus 15-35 mm broad, campanulate, conko-convex, 
then plano-convex, at maturity applanate, with or wit hout umbo, with margi n inllexcd 
when young, dark brown, or.mgc-brown, tomenlosc around disc, o utwards Ji brill use, 
with fi brils diverging and sometimes squamulosc-subsquarrosc. Lamellae were adncxcd 
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l:ig. I - Caulocys1idia (a), spores (b), chcilocyst:idia (c) and pleurocys1 idia (d) o f I. rrif11loida 

(Bars - 10 !Ull). 

to ad natc, l = 28-45, I = 1-3, moderately crowded, ven tricose, ll-8 mm broad, pa le 
grey ish buff, then brown, dark brow n, edge fimbriate, wh it ish. ' I he slipc was 25-50 x 
3-5 (6) mm, equal to clavate, subbul bous. brown to orange brown. extreme apex hairy­
pruinosc, ncar base whit ish, downwards longitudinally whitc-librillosc. The context was 
white in pileus. red-brown in stipc; smell and taste spermatic. 'I he spnrcs were (8) 10.5 :t 
lA ( 13) x (4.7) 5.9 :t 0.7(7) }Jill . Q- ( 1.5) 1.8 ::t: 0.2 (2. 1), smooth . ovoid to amygdaJjfonn , 
with subobtusc to ind ist inct ly conical apex (l~ig . I b). The basidia we re 28-38 x 9-1 2 j-tnt . 

2-4-sporcct. The hymeninl cystid ia we re 50-70 x 10-20 ~1m , q·lind rico-clavate, clavate, 

fu siform. lageniform. somt:limcs subcapilatc, wit h a thick w·.tll I .5-2.5 Jlln. slightly 
yellow wi th ammon iac (figs l e & l d). Cauloeyst:idi a were absent or present on ly at stipe 
apex (to 1/10111), similar to hymenial cystidia and mixed with caulopa raC}'stid ia (Fig. Ia) , 
dow nwards are present caulocystidioid hairs. 

I. rufuloides mycorrhizas were simple, ramified or with limited dich otomous branching 
involving a few lateral root tips, rarel y comllo id. 'I he unramif1ed ends were short , straight 
or slightly twisted, 594.4 j: 167.3 Jlm long and 419. 1 :t:: 79.0 Jlm in d iameter. The structure 
of the surface was woolly with whitish emanati ng hyphae. The mycorrhi zal tips were 
whil"e (RBG chart n. 7} or greyish-cream {RBG chart n. 1) and orange-cream (RBG chart 
n. 11) at the base. When viewed with a microscope the mantle was plectench)•matous 
and had th ree distinct layers. 'The outermost was composed of partial!)' bundled, loosely 
woven hyphae which were without a gelatinous matrix (Fig. 3a) whereas the midd le and 
inner layers were made of tightl y apprcsscd hyphae (Hg. 3b & 3c). 'I be mantle was 68.5 
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Fig. 2 • Caulocystidia (a), plcurOC}'Siidia (b) and spores (c) of I . $pt!mlf!tl$ (Ba rs 10 lun). 

± 13. 1 ).'01 thick and the llartig net was one. rarely two cells deep. 3.5 ± 1.1 j.J.m th ick 
and composed of a single hypha! row. ln cross sections the mant le was composed of 
loosely arranged ccl lstJ.7 :1:: 0.8 J.lffi x 2.6 ± 0.5 ~-""' i n the external layers and '1.•1 ± 0.9 J.lffi 
x 2.8 :1:: 0.5 !J.m cell s in the inner layer. The root cortkal cells were tangentiall y oval43.0 
:1:: 9. I !J.m x 19.6 ± 4.'1 !Affi- The root cortical cells with Har tig net were rad ially oval 33.0 
:t: i.4 j.J.ffi x 18.0 ± 4.1 !J.m. In longitud inal $CC I'ion the man tle wa." compm;cd o fln oscly 
arranged hypha! cdls 5.1 ± 1.2 f.lnl x 3.'1 ± 0.9 J.lm in the external layer and of 5.0 ± 1.2 
!lm x 3.0 ± 0.6 !J.m in the inner larcr. The shape of the roo t corti cal cells was oval 58.3 
± 15.7 ~tm (tangentially) x 24.7 ± 5.5 ~t m . The root cortical cells adjacent to the Hartig 
net wen: 38.9 ± 9.8 ~Ill (tangentiall y) x 19.7 :t 4.6 !J.Ifl. ' I he cmanaling h)•phac (2. 1 ± 0.4 
~..tm thick) possessed clamp connections wi th a d istinc t hole and had a characteristically 
constricted fusion point between the arched part of the damp and the parental hypha 
(Fig. 3d). Rhi:wmorphs and c.:ystidia were absenl. 

lnocybe splendens R. l lcim 

I. splerule11s basid iomcs had pileus 30-50 (70) mm broad , convex, soon plano-convex, 
finally applanate, wit h in flexed margin , larer straight , often wit h conspicuous but low 
hroad umbn, brownish-nchr..tceuus In dark brown, scriccnus-fib rillo!'<:. with fi bri ls nol or 
divergi ng, sometimes rad ially rimulose. Lamell ae were ad nate to almost free, l-45-65, 
1= 1-3, crowded, \'entricosc, 3-9 mm broad, whitish then greyish-yellow, finall y yellow­
brown, somet imes wit h nl ivacc.!nus tinge, c<lgc whiti sh, fimbr iate. ' I he stipe was 25-90 
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l:ig. 3 - Mantle of!. r11fuloid~s mycorrhizas (a external , b midd le, c internal layers) and of I. 
splt!mlcms mycorrhizas (f external, g intern al layers} under a light microscope. Clamp connections 
of/. ruj11loides (d) and of/. Sf1lcudeus (c) (Bars = 5 1un ). 

x 6~ 15 mm. sum climes equa l, but often marginatd y bulbous or subbull>ous. wh itish. 
finally ochraceous-ydlow to pale brownish. pruinosc aU over. The context was white in 
pileus, ochraccous-ycllow in stipc; smell subspcrmatic or as Anumita phalloides, taste 
nol cl;sl;ncl. ·1 he spores were (8) 10.7 • 1.5 ( 13) x (1.8) 5.9 • 0.9 (7) ~m . Q - 1.7 • 0.1 
(20). smooth, am}•gdaliform. with supt-ah ilar depress ion. with subconical apex (Fig. 2c) . 
Th e basid ia were 26- 110 x 8- 12 11m, 11-sporcd. The hymcnial cystid ia were (45) 50-80 x 
1'1-20 (27) pm, dnv~te, fusi form to utriform. sometimes suhlagen ifo rm. wit h a thick 
wall 1.5-3.0 J.ill1, colourless or slightly yellow with ammoniac. with crystalliJcrous at a.pcx 
(Fig. 2b); paracystidia pyriform, thin -walled, colourless. The caulocystidia were similar 
to hymcnial cystidia, descend ing almost to b~ sc of Stipe, mixed with cauloparacystidia 
th ro ughout (Fig. 2a). 

I. splendens mycorrhizas were simple or with monopodia! ramificatio n with tCw lateral 
root lips. ·I he unrami ficd ends were slr.1ighl or slightly twisted 965.2 ::t 353.:! mm long 
and 222.4 ::t 29.4 mm in diameter. The strucl11re of the surface was woolly with whitish 
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emana ting hyphae. The colour of tips was wh_itc (RHG chart n. 7) or grcyisb·crcam 
(R I~<i chart n. I) and orange-cream at the base (RB< i chart n . •l•l). Under a microscope 
the mantle was plcctcnchymatous.. with two distinct layers , formed of closely apprcsscd 
hyphae and without a gelatinous matrix (Fig. 3f & 3g). The thickness of the mantle was 
27.2: 5.3 !J.nl. ' I he Hartig net w:L" nne, rarel y IW() cells deep, 2.~ : 0.5 11-m thick, and 
one cell wide. In cross section the mantle was composed of apprcssed hypha! cells 4.2 
± 1.3 f,lm x 2.0 ± 0.6 !A nl in the external layer and oi 4.1 ± 1.31-lm x 2.0 ± 0.7 !Jnl in the 
inner layer. The root cortica l cells were approximately tangcnt·ially oval 3 1.7 :t 6. 1 J.lm x 
20.9 ± 5.0 ~--tm . '!he roo t cort ical cells adjact:nl to the Har tig nd were mdially oval 27.7 :t 
4.5 IJ.m x 14.0 :t 2. 7 ~J.m . In longi tudinal section the mantle was composed of appresscd 
hypha! cel ls Jl.4 :t 0.8 !Jm x 2.5 :t 0.6 !Jm in the external layer and 11.3 ± 1.0 IJ.m x 2.5 ± 
0.6 !Jffi in the inne r laye r. '] he shape o f Lhe rool co rlkal cells was ovoll -10.0 :t 7.5 ~m 
(tangent ialJy) x 19.9 ± 4.5 IJ.m. "The root cortical cel ls with llartig net were 37.9 :t 7.4 !J.m 
(tangentially) x 13.1 :t 3.5 ~-tm. The emanating hyphae (2.0 ::t 0.31J.m th ick) possessed 
damp cunncct innl:i wi th " :-;ma ll hnlc and with a cht~nlcter istica lly const ricted fu sion 
po int where the arched part o ft he damp met the parental hypha {Fig. 3e). Rh izomorphs 
and cyst-idia were lacking. 

Molecular charac:terisation 

The amplicons of I. rufuloirles and I. splomrle11s result ing from ITSI/lTS,I amplification 
showed length of 690 pb and 7 10 pb respectively. No differences were found between 
seque1lCes obtai ned from mycorrhizas and from the respective fruiti ng body of each 
lt~ocybe species. The sequences resulting from ectomycorrhizae and fruiting body of 
I. rufuloide.;: showed 93% level of simi lari ty (510/544 nt ) with a nearl y complete ITS1-
5.8S-ITS2 sequence of an uncultun.:J cctomycorrhiza of hwcybe {accession number 
A¥8255 14) described by Richard et al. {2005). Instead , the sequences resu lting from 
ectomycorrhi zac and fru iting bod}' of I. splemle11S showed 90% level of similarit y 
{580/610 nt ) wi th a nca rl ycomplck ITS I-5.8S-1TS2 scqucn~e nfan UIH.:ulLu red fungu~ 
from ectomycorrh izal root isolate (accession number AY702725) described by lzzo et 
al. (2005) . Lower similarities were obtained with the lnocybe sequences in the UNITE 
database. 

Discussion 

The molecular and morphological characterizat io n of I. ntju foides and 1. spfmrle11s 
mycorrh izas provide reliable instruments for the iden tilication of these two fungi that 
are potential contaminants in natural and cultivated l.ruflihes. 

Many speci~ of ectumycorrhit.al fungi are able to contam inate cu ltivated trulliCres 
such as less n luable Tuber species, c~TIOCOCC/1111 spp .. I-lymellogaster spp .• Tomeutdla 
spp. , Scleroderma spp., 1-Iebe/oma spp .• and several, as yet, unidentified iungi known 
on!)• as morphotypes (Don nini & Rencivenga 1995, De Miguel & Stlez 2005) . This 
replacement of inoculant fungi in lruffiCn.-s by more aggressive competing fungi is one 
of the most important problems d uring the cult ivation of trullles (Sounat 200 I). These 
cctomycor rhiza l species usually either have a broad range of adaptability to different 
ccoltlgical cond itions ur ccologkal requirements s imilar to cultivated lruffies (Dalbt:rg 
200 I, Giovannett i 1983). /. mf uloides is reported to grow in association with Pi1111s 
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maritima on sandy soil along the Mediterranean coasts while!. splenden$ is associated 
with broad· leaflrccs on calca reous sarH.I and day soils in Europe (Kuyper 19S6). 'these 
are the same habitats where T. borc:lrii and 7: 11est ivum grow respectively. lhc discovery 
of lnocybe spp. in cultivated truffiCrcs and natura l 'lither magnatum (Giovannetti 1983, 
Pirazzi 200 1), '1: aesl ivum (Chevalier & Frochot 1997) and T bordlii (Zamboncl li d al. 
2002) trufliCrcs. and their ecological requirements seems to confi rm that members oi 
this genus, might be important competitors. 

The morphological characterization of I. ruf ttloides and I. spkmlens myconhizas 
confirms that some characters such as the plcctcnchymatus mantle structure, the fo rm 
of the fusion point of clamp connect ions can be usefu l to disti nguish the mycorrh izas 
funned by the spt..'des belongi ng to the genus lnocybe (Agercr 1987·2002) . However, 
the only morphological characters don't allow identification at species level. Moreover. 
colour and form of the m}·corrhizas can vary with their age; the fo rm of the mant le cell s, 
which is a quite important taxo nomic d lUracler. can show some diiTerences depending 
on the fungal strain and the host plant (Giomaro et al. 2000. 2002; Sisti e t al. 2003). 

"I he early iden lilicalion uf the presence of cnnlaminanl fungi in cultivalt!d lru ffiCrcs 
offers growers the possibility to p romptly introduce cultivation procedures that favour 
the establishment and development ofTuberectomycorrh izas such as correct irrigation 
rates and mulch ing (Zambonelli et al. 2005). 

Molecular ana lyses have allowed us to unequivocally identify I. rufuloid~ts and I. splmde, s 
mycorrhi7..as hy compar ing their ITS sequences in the symbiotic and reproductive 
phases. ·n1e ITS sequence of I. rufu loides and /. splendens deposited in genbank wi ll be a 
usefu l tool for other researchers who need to confirm the morphological identification 
of th ese fungi b)' the comparison of their sequences and , fo r example, will perm it them 
to quant ify lhe exlenl of problems ' aused by lheS\!' fungi and devdop sp(,-cific slrdtegies 
for their control. 
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Ahst ract- R11.<$1</a mrtktcshwarim, a species closcl)' rclatcclto n. violcipe.<, is proposed 
here as new to science. Macro- and m icromorphologicaJ characters of this species arc 
described and illustrated ill detail. 

K<:)' words- rnacrofungi. Ru$Sufaceae. taxonomy. ph}'loge ny, India 

Introduction 

E.xtc nsive investigation on Himala)•an Rti$Sulaceae has hcen carried out hy the authors 
(Das & Sharma 2003. Das cl al. 2003, Das & Sharma 2004. Das et al. 200tl, Das & 
Sharma 2005. Das et al. 2005) for the last eigh t yea rs. During macrofungal survcrs of 
Kumaon and Garhwal 1-f imalaya, the aut hors came across a species of Russttln which 
after thorough macro- and microscopic studit:s followed b)' molecular analysis appeared 
to be an undescribed taxon and is proposed here as Russula muktes/,warica. 

Materials and Methods 

MacrO$COpic char;1cters were noted from fresh material. Microscopic characterization 
was done from dried material by mounting free hand basidiome sections in 5% KO J-1. 
Melzer's reagent, Congo red, Lac tophenol-colton blue and Carbo! Fuchsin. Colour 
terms fo ll ow Kelly & Judd {1955). Microscopic line d rawings were made wit h the aid 
o f a camera Iucida at origi nal magnifica tinn o f ISOOx fo r basid iuspnrcs, IOOOx for uthcr 
microstTuctures. Density of lamellae (L/cm) was measured at the margin of the pileus 
exclud ing lamcllulac. Spore print colour fo llows Romagncsi ( 1967). Basidiosporcs length 
exd1JdCS the length nf Mnamcntal inn. Basidium length excludes the length of ste rigmata. 
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Quotient (Q = L/W) was calculated cons idering the mean value of length and width of 
25 basid iosporc.."S. Herbarium names used fu ll ow Holmgren ct a!. ( 1990). Materials and 
methods for rDNA sequencing followed those of Mi ller & I Ienke! (2004). 

Description of the species 

Russula mukteslovarica K. Das, S.L. MiU., J.R. Sharma & R.P. Bhalt sp. nov. 
Figure I 

Etymology: r:rom Muktcshwar, referring to the type locali ty. 

Pileus 65- 130 mm (/iam., pftm OCOIJVI!.\'IIS. lr:vira tfepreSSrlS in (t: lll fO, purprmms ad 
viola<.eus. Lamello1e atltwlae, coujertae, lutl!lle. Stip.:s t/5-87 s J.l- 27 mm, cylimlricus, 

purpureus. Sporae in crunulo a/bile, 7.6 9.3 x 7.3 8.2 111n, subgloboSile vel globosae. 

amylnideac, vermcnsae et it~mmpfete retiwfllfae. f>leumc.ystidia 8{1- / 10 >.' 11 - 17 p rn, 

fusiformin. Cl~t!iloc:ystidin 70- 100 x ll - 16 ftm. Pil .. ;p.,.Jiis bislmln. 1}'pm: INDIA, 
Ullcmmdwl, Nuit~ilul, M11kleslnmr, Augu,,t2003, leg. K. Vus. KV2 120 (HOLOT YPUS. 
llSD; /SOTYPIIS, TIJR A) 

l'ilcus 65- 130 mm diam .. planoconvex, bcwming umbilicate with depressed <.:cnlcr at 
maturity; pilcipell is drr. viscid when moist . pruinose to subvelvety. dark purple. deep to 
veq• deep purple or deep to dark violet. light to brilliant or very green ish )'ellow at the 
center; margin slightl r decurvcd, alm<lsl plain at maluril)', irregular!)' lubcd, splilled, 
peeling up to 1/4111 of the radius. l.amdlac broadly ad nate to adnexed, close (ca 7-9 
per em), forked from the base, brittle, cream to pale yellow or light greenish yellow; 
lamcllulnc present; edges even. Stipe 45- 87 x 1•1- 27 mm, cylindric In subdavate, dr)', 
pruinose, light reddish purple at the top, graduallr with white areas downwards but 
always with a white rim between the junctu re of lamell ae and stipe, pale greenish rellow 
(lemon yellow) ar the ba~e. Context stuffed, cream, changing light brown with phenol. 
' Jl.tslc mild. Spore prinl while (Ia). 

Uasidiosporcs 7.6-9.3 x 7.3-8.2 p.m. subglobosc to globose (Q - 1-1.15, av. 1.05-1. 10); 
ornamentation amyloid, composed of w-arts (=0.75 ~m long) and ridges forming 
incomplete reticulu m. Uasidia 30-45 x 7-9 pm, subclava te lo chwate, 4-spored; 
sterigmata - 6.5-7 J.l.fll. Plcurocystidia 80- 11 0 x 11 - 17 jll1l . ab uJu.l anl , emergent up 
to 40 jlm. ve ntricose, subfusiform to fusi form. th ick wa lled, content dense: wall up to 
1.3 ~·m thick. Lamellae edge fe rtile, composed of basid ia and cystidia. Chcilocystidia 
70- 100 x 11- 16 )Jill , thick walled, same as plcu n)C)'Sl id i ;~. Suhhymcn ium layer na1-row, 
up to 12 Jim thick, cellular. Pilcipdlis two layered; upper layer composed of suberect to 
erect subulate, septate hyphae, 5- 11 tJm broad, pileocystidia absent; subpell is cellular. 

E'ology - Russula muktesltwarica grows in d ose association wi th species of Quercu.s, 
IHwdodem lroll and Myrica in moist deciduous to mixed subtropical to tcmperu te 
( I 800- 2200 m) fores ts. 

OTHER SPECIMENS EXAMINED: !NO It\ , UUaranchal: N AI:-< ITAL, Mukteshwar, August 
2003. leg. K. Da s. KIJ2 127: PmtORAGARII , Valia Dhu ra. Septcmber201.H. Icg. K. JJas & 

j.R. Sham1a. KD4082; p,..URI. 1agdev forest on path to Snake Temple. June 2003. leg. P. 
Sharma & S.L. Miller, PRJ IO: ibitl., June 2003, leg. S.L. Miller & P. Sharma, SLM 03-04, 
SLM 03-07: ibid., Khi rsu, june2003, lcg. S.L. Miller & P. Sharma, SLM 03-22. 
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d 

Pig. I. Russ,,/a m11kteslnmri('a (from holotype). a. Basidiomes. b. Basid iospores. c. PleurOC)'Stid ia. 

d. ChciiOl.-ystidia. c. Cross-sec tion o f pilci]JCJlis. Uars: a '"' 10 mm: b-e -= 10 ~un . 

Comments - Typically subulatc, up to 70 pm lo ng hyp ha! ends of pilcipcllis and absence 
of dcr malo"-l'stid ia undoubted ly place the taxon in the subgcnusAmueuu/a Sarnari. ' I his 
species resembles Russula amoenicolor Romagn. , R. 1•ioleipes Que! I. and R. amoena Qud. 
from Europe. However, all these three species have a different spore print colour which 
varies from lla- llc (Romagncsi 1996). or fro m lla- ll la (Sarnari 1998). Murcovcr, the 
red to purple colour of stipc base in R. amo~tnicolor. presence of distinctl y globose lower 
cell s of the pilcar hyphae in R viof~ ipes and the comparatively narrower plcurocystidia 
and reddish stipe base in R. mnmma fur ther separate these three species from R. 
muktcsf, wt~ricd. Mok""<.:ular an alysis gathered (rom rONA sequencing of the ITS gene 
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region (not shown) has 01lso confi rmed that the new species belongs to the subgenus 
Amm.'11 rdtl and is d ose!)' related lo R. vitJ!eipes. 
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Abstract - Rcexaminat·ion of OvuiMiuj,sis Jms...(iflome, the causa l agent of a !)OWdery 
mildew on Pa.<.$if/nra rubra, revealed that the fungus has di morph ic conidia and 
conidiophores formed from the external mycelium, a combination of fea tures typical 
o f St~ptopodhun. An emended descripl'ion of this species is J)rovidcd and the new 
combination StreJitopcxliwn pn.-sijlorae is proposed. 

Kcr h'Ords - £ry.>il'lm(~t~c; Phylluc:timetu: 

Introduction 

Ovulariopsis pnssiflomeSyd. (Erysiplwcene) was described on Pa!-sijlora rubm L. based on 
a specimen collected in Venezuela by Sydow ( 1930). It s published descript·ion suggested 
that it s maintenance in OvuiMiopsis Pal. & Har. under the present concept for the genera 
in the pJ,y/lactitJieae (Braun et al. 2002) might be inadequate. A re-examination of the 
type specimen was made, co n1i rming this suspicion. This paper report s the result s ol 
this new stud)' nfthc type ma terial and the numcndatural change that resulted frnm it. 

Material and Methods 

In order to elucidate whether the cnnidiophnres were produced from ex ternal ur 
intern01l mycelium, a critical feature for separating genera in the Pllyllacti,ieae. a whole 
leaf cleari ng and staining technique was used. Leaf pieces were immersed in solution of 
50 g chloral byd r<1te in 20 mL of distilled w<~ter and left in stoppered glass via ls at room 
lcmpcraturc. for 21 h. 'I he lcaf pic...-x:cs were then mounted on microscope slides in 85% 
lactic ac id with ani li ne blue I giL (Liberato ct a!. 2005). Only turgid and mature conidia 
(those unattached to conidiophores) were meo1sured . 

Results 

Dimorphic conidi n were found, fea ture that excludes the pos.<oibi lity of this fu ngus 
belonging to Ovulflrivpsis. 'lht: leaf dearing and staining technique enable(.) tht: 
visualization of superficial h)•phae en tering the lea\'es through stomata. an ind ication 
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that the fungu s has hcmicndophytic mycelium (pa rtly c.xtcrnal and part ly interna l). 
With a single exception (spLx:ics belo nging to C)•stothcca (Braun 11)87)), this feature 
is exclusive to the tribe Pllyllacti,ieae (Braun ct al 2002). '!"h is technique also enabled 
the visualizat ion of conidiophorcs arising from external mycel ium. This combination 
o f characters dearly indicates that the fungus belongs in the ge nus Stre{JlopmlitmJ R.Y. 
Zhcng & G.Q. Chen emend. (Liberato ct al. 2004). 

Taxonomic Description 

Streptopodium pas.siflorae (Srd.) Liberato & R. \'\1• Barreto comb. nov. (emended) 

Figs. l -8 
= Ovulariop.(isJm.<.~ijlaraeSyd . l\ n n . m)'col. 28(1 -2): 199. 1930. 

On livi ng leaves. Mycelium hypophyllous. Supcrfkial f1yplrae branched, septate, hya line, 
flexuous, •1- 6 ~m wide, ffi )'t:eli al appressoria indistinct. ConidiofJiw res produced from 
the external mycelium, cylindrical, hyaline, smooth, unbranched, septate, up to 264 x 
5·7 tJ.m, foot-cells mostly straight or somewhat slightly si nuous, very long, fo llowed 
by 1· 2 shorter cells. Conidia single, dimo rphic: primary conid ia lanceolate, apica lly 
pointed, 54-84 x 14-28 ~m , 1/w rat-i o 1.9-5. 1; St.~o ndary con idia cylind.rical to clavate 
with apically rou nded, basally subtruncate ends, 50-76 x 16-26 j.lm, 1/w ratio 1.9-4.8, 
ascpt<lte, hyaline, smooth. One germ tube per conid ium, np to 2 x the length of the 
\:onidium. with indistinct apprcsso ria. Primary t:o nid ium wit b germ tube at base 
or at apex, secondary con idium with germ tube arising from the conidial shoulder. 
Tcleo morph: not found. 

SPI~C. I MENS EXA MINF.O - VENF.7.UEI.t\ , l.o Victoria, Anlgua.on Pa.(.~iflora ruhra 1.. , 
3 1 Jan 1928, II. Sydow (IIOLOTYPE: BPI 4 14 143; ISOTYPE: K(m) 131785). 

Discussion 

There arc few reports of powdery mildew o n Passiflora. Oidium passiflome Polit is was 
dc..,.cribcd from Greece (Poli ti S- 1938) :md also repor ted in Germany {Br.um 1998) and 
AustraUa (Libe rato 2006). Anamorphic Lttvttillula ltmrica (LCv.) G. Arnaud was repo rted 
in Australi a (Liberato 2006). Amano ( 1986) listed Passiflora spp. as hosts of these three 
species in some coun tries, although this author did not provide the origina l references 
from such f(!Cords. ·1 ht: status of the two South African specimens, li sted as Ovuluriupsis 
passiflome (Doidge 1950), and o f Ovulcwiopsis sp. reported in Colombia (Tamayo & 
Pardo Cardona 2000) remain to be clari fied. Misplacement of members oiStreptopotliwu 
in OvultJriopsis appears ln have occurred with some frequency in the past. Fnr instance 
the powdery mildew of Tabebuia serratifo/ia (Vahl) G. Nicholson. originally identified 
by Fcrrci r.l {1989) as Ovuloriopsis sp. was recently recollected and described as the new 
specie.-- Streplopodium tabelmiae Li berato & R.W. Barreto (Lihcmto & Barreto, 2005) . 
This work represents part of an ongoing stud)' aimed at elucidating the status of some 
dubious Ovftlariopsis. 

Now, there are five species included in Streptopodium: S. bonaricnse (Spcg.) R.Y. 
Zhcng & G. Q. Chen (tdeum.: Plc!uc:luudu pulydwcta {Herk. & M.A Curtis) Kimbr. & 
Korf) (Zhcng & Chen 1978). S. caricae Liberato & R. W. Barreto (L iberato et al. 2004), 
S. tliospyri G.J.M. Gorter (Gorter 1988), S. possiflome and S. tnbebuioe (Liberato & 
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-Figs 1-8. Streptnpotlium pa!..(iflnrac (rrom isotypc) (bar "' 20 ~m). Fig$ 1-4 . Conidiophorcs. 
l~igs S-6. Pritn<lf}' conidia. fi g.s 7-8. St.>concla ry o:mid ia. 

Darrcto 2005). Moreover, three other spec ies of Pleochaera Sacc. & Spcg. emend. have 
unnamed anamorphs belonging in Streptopodium: P. indica N. Ahmad, A.K. Sarbhoy & 
Kamal (A hmad el' a\. 1995) , P. prosopidi.<: (Speg.) U. Brau n (Braun 19Ri) and P. sl1iraiaua 
(1-Ienn.) Kimbr. & Korf(Zhcng & Chen 1978. Gorter & Eickcr 1983). 
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Abstract- Taxono mic status of th ree Termitomyus species described from India, viz. 
T. fongirtulimtus, T. q11iloncnsis ami T. poonensis, is discussed in this paper based on 
cxa minnr ion of the type material . Tcrmitnmycc..~ lnnxiradir.atus is prm·cd 10 be a synonrm 
of 7: heimii, and 7: quilonensis and T. poom:mis are conspccific with T. L'llri1i::us. 

Kc)' words- TridJOlomatncen(., lermilc symbionts, nomenda hlrc, taxonomy 

Introduction 

Termitomyces R. Hcim is a palcot:ropic:al genus of agarics obl igalcl)' symbiotic: wi lh 
lcrmites belonging to the subfam ily Macrotermitinae {Jsoptera). The Termilomyces 
specie> are usually characterised by the termite associat-ion, pink ish spore print, 
promin~nt pcrforalorium on the;: pileus and the subterranean pscudurhiza cunn~:ctcd to 
t:he comb in the term ite nest'. Termitomyces has been proved to be a monophyle tic dade 
in Agaricnles based o n molecular phylogenet-ic analyses (Monca lvo et al. 2000, Aanen ct 
al. 2002. Kouland- l.cfcvrc cl a\. 2002, FnJslev ct a\. 2003). 

Termitomyces was established with ten species and six forms in 1942 (I lcim J942a). 
and more species and combinatio ns were subsequently proposed by Hcim ( 1942b, 
19•18, 1951. 1952, 1958) and h)' Oticnu (19611, 1968). '! he genus was monographed 
by Hcim ( 197i) with 28 taxa, includ ing 20 species and eight forms fro m Africa and 
Asia. In the fo llowing decades. m any new taxa were introduced, e.g. four from China 
(He 19R5, Zhang and Ruan 1986, Wei et a \. 2004), seven from India (Natarajan 1975, 
1977. 1979, Sathe & Danicl1980, S... the & Dcshpa.ndc 1980. Dhancholia d al. 1991). 
three from South Africa (Reid 1975, Van dcr West huizen & Eicker 1990). one from 
Zambia (Pegler & Picarcc, 1980) and another from Tanzania (Saari mii ki e t al. 1994), 
eight from Cameroun (Mosscbo cl al. 2002) and five from South America (Gl)me~t. 1995; 
this report requires confirmation because South America is beyond the d istribution 

· Author for corrc~pondence 



range of Macroterm itiuae). In total, 68 taxa have been published in Termitomyce$, wi th 
81 names including combinat ions and autonamcs. ·I he genus is curren tl y placed in 
Tridrolomatac.e<u~ R. I Jcim ex Pouzar (Ki rk eta\. 2001}. 

The eight new taxa, including seven spec ies and one form desc ribed from India 
are T fllhiti•Jlae.vis Dha nch. ct al., ·1: l1e.imii, 'f indicus Nataraj:m, T longirmlicaltts, 

T. '] ll ilon~mis, T. poommsis, T. mdicatus Natarajan and T. microcarpus f. santalensis R. 
I leim. Among these names, '!: nlbidofaevis was inva (jdly publ ished accord ing to Arl. 37.5 
of International Code of Botanica l omcncla ture (Greuter et al. 2000) and T. imliw$ 
was cons id~red to repn .. -scnl ·1: microwrpus f. stmtalensis (P~gkr & Vanhac.-ckc, 1991). 

Many species of Term itomyces reported in Indi a, e.g. T clypea/us R. I Jeim (Purkayastha 
1985), T. ettrh izus (.Purkayastha 1985), T. heimii (Natarajan 1979), T. microcarptts (Berk. 
& Broome) R. Heim (Natar..ajan 1983), 't: rmticatus (Natarajan 1977) ami '1: st ria/us 
(llcdj) R. I kim (Purkayastha 1985). arc also reported from China (Wei & Yao 2003). 

In an o ngoing project of 1hm itomyces species in Ch ina and worldwide, collec tions 
from India, i ndud i ngth~ l)•pe materi;ll on: longiradit:alu.s, '/: fJ il ilcmcnsi.~a nd 'l : pmmcn.s i.~. 

we re kindly made available for study by the curator of the Herbarium of Mycology 
and Plant Pathology Department, Agharkar Research Institu te, Pune, India (AMI I). 
Examination of those spedmens, compared wit h collections preserved in Mrcological 
Herbarium. Academia Sinica (HMAS), Herbarium of Cryptogams, Kunming Inst itute 
of Botany. Academia Sinica (1 IKAS) and I lcrbarium, Royal Botanic Gardens, Kew (K) . 
reveals that"'/: longiradicaius, T quilo11emis and J: poonemis arc later synonyms of other 
speck'S of '/hmitomyccs. ' I he n.-sul ts of this stud)' arc presented in this paper. 

Materials and Methods 

Dried specimens from the herbaria listed above were e:<amincd both macmsc<.lpicall y 
and mic roscopically. The dried spc.>cimcns were photographed and dimensions measured. 
Most of the type spe<:imcns have been damaged, especially that of 'f. longiraclicatus. 
The fo llowing descript ion is based on the examination of the hcrharium material. For 
microscopic studies, fre~- hand sections of llricd basidio mata, includ ing lamel lae.: and 
cut is. were prepared using a razor-blade and mounted in a 5% KOII solution. Size 
ranges of basidiospores, basidia , lamella hyphae and cutis were measured using an 
ocular microm~ter. Allcasl 30 basidiospnres and 20 basid ia v f ~ach malur~ spc.-cimc n 
we re measured except otherwise specified. The microscopic characters were drawn with 
the aid of a camera Iucida. 

Taxonomy 

Termitomyces lo, giradicatus Sathe & ). ·1: Daniel [as 'lougimdicara'J in MACS Monograph 
No. I. i\garicules (Mushrooms) of South West lntlia (Punc): 102 (1981) {as 1980]. 

Figs I &2 

Pileus 1.2-5.0 em d iam .• campanulnte or convex when young and then becoming plano­
convex with an umbonate perforatmium; surface pa le bmwn at th~ center, gre)•ish while 
elsewhere. Ltlmelifle cream. 3.0-4.0 mm broad, sinuale, crowded wi th lamdlu lae. Stipe 
2.0 em or longer, 0.5-0.8 em diam., central, cylindric; surface pale brown. Psemlorlliza 
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0.5-0. 7 ern <l iam., over 6.0 em long; surface pa le brow n; smoot b. Amwlus broad and 
th ick, greyish wh ite, do uhle· r ingcd. persistent on the uppe r part of the stipc; consisting 
of narrow, parallclly arranged hyphae of 2.0-5.0 ~m diam. Context fleshy. consisting 
of thin-walled. inflated hyphae, 3.0-20 ~m diam. Basirliospori!S 7.0-8.5 x 4.0- 6.0 ~m . 

ell ipsoid , inamylnid. Basidia 18.5- 2•1 x 8.5- 9.5 ~1m , tclra!--poric, clavate. !.am elia-edge 

heterogenous. Clfeilocystiditl 21 -56 x 10.5-27 11m, p)Tiform to in flated pyriform. 
hyaline. Pleurocystidia 28-67 x 14.5-28 1lm , numerous, thin-walled , pyriiorm, hyaline. 
Hy mcnoplwral tm ma regular, wit h pa ra lle l, th in -wa lled, hyal ine hyphae, 3.0-20 11m 
d iam. Sub!.ymeniul luy~r narrow. Pilcipd lis an t:picut is of md ially pard lei , rt:pent hyphae. 
up to 5.5 J.tm d iam. 

Spt!cimt!ll t!.mmi11t!d : In d ia: Kerala Stale, Peechi, solita ry, associated wit h tem 1ite IK'SI, 

~inc da te. ~inc collector. AM H 1522 (holotypc). 

' I he color u f p ileus, st ipc and pscudurhiza was obse rved fro m the d ried male ri al uf lhc 
holotype, but it was described in the protologue as 'white-cream with pa le grey tin t' fo r 
the pileus, 'white becoming creamish white' for the stipe and 'white' for the pseudorh iza, 
prcsumahly fro m the fresh ma terial. l)i( eus context and lamell ae in the holnl}'pe arc 
se riously damaged by insects. There were onlr a few lamellae, basidiospores, basidia 
and cystidia available fo r examination (f ig. 2), but the lamell ae and the range of the 
si?.c of microscopic characters were dcsc rihed according to the o riginal description. The 
tissue of stipe and pscudorhi za is also badly damaged in the holotypt: and the interior 
structure cannot be determined. 

Termilomyces Jo, gimdicalus was desc ribed as d ose to T. /Jeim ii but di fferent from the 
latter in having much longer radicatingstipe (25- 32 em when fresh. with pseudorhiza up 
to 29 em below the ground) and wel l-formed chl!ilocy.stidia (Sathe & Daniel 1981 ). f rom 
the original illustration and the present observat ion, the length of the stipe described fo r 
the hnlntype hy Sathe & Daniel ( 1981) mu~l include the pseudorhiza. However, the long 
stipc (5-9 em) and pscudorhiza (7-36 em). together with numerous chcilocystidia in 
the hymcnium, have been reported in 7: lreimii (Pegler & Vanhaeckc 19911). The length 
of the pseudorhi1.a is determined by the depth of the termite comh and rhe cyst idia 
may be absent or prc~nt in species of 'f itrmilumyces. 'I hcse arc, there fore, not constant 
ta.xonom ic characters. Specimens with long pscudorh iza and numerous chcilocystidia 
arc found in many other collccl"ions from Asia, e.g. 

Chin a: Yun nan , Jinghong, bought on the loca l ma rket, 3 Aug. 2003 . T. -Z. Wei & Q. -8 ., 
Wang, WOJ-6. IlMAS n 076; Mcngla, Mcnglun . bough t on the loca l market, 16 July 
1990. J. -G . Shuai I, HKAS 22668; the same local it )'. bought on the local marke t, 5 Aug. 
2003, M. Li & T. -7~ Wei, W03-8, HMi\ S77075. 1ndia: Andra P!"adcsh, Pr11k11S8 m District, 
Kansukur, on te rm ite hi lls , Nov. 1980, C. -P. Roo. K(M) 94757; Tam il l'11du, Madras, 

Chc pa uk. Madras Univcrsit-y Campus.Qn te rmite nest. S Nov. 1977 . K. Natarajan. K~ 129. 
K(M) 91755 (ho lotypc of 7: lwimii Natarajan). Malaysia: Sclangor. Scnlang. University 
Jlaton ian, S}'mhiosis wit h Odontote rme.o; sp .. 9 Ju l}' 1990, M. Va nhacckc T3, K( M) 1 652~. 

Pa kistan: Daska. on term ite ncsts,6 Aug. 1980, Ah mad 27757, K(M) 91753; Islam abad , 

on term ite nc~Ls , 6 Aug. 1977. Ahmad 27162. K(M ) 94&17. 

All thcsc<.:o llectiun!' ~hare the same charac ters nf 't: lwimii, as indicated b}' examination 
of the type of the species. The morphological charac ters described for 'I: longiradicnrus 

by Sathe & Daniel (1 98 1) and confi rmed h)' the present Sll ldy arc with in the range of 
vn r iat·ion of ·r heimii. 
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1ermitomyce$ heimii was originally described from Madras, Tamil Nadu, India 
(Natarajan 1979) and is widely repor ted fro m tmpical Southeast Asia (Natarajan & 
Ram an 1983, Purkayastha 1985, Pegler & Vanhaeckc 1994, Turnbull & Watling 1999) 
and southern China (Wei & Yao 2003). 11 is recognized by its large, smooth , wh ite (grey 
or brownish grey at the centre), subumbunalc pileus and persistent an nulus (Natarajan 
1979, Pegler & Va nhaecke 199•1). l11e large, wbite·c rcam (dark at the center) , umbonate 
pileus and the thick, pe rsistent , broad, double-ringed annulus (Sathe & Daniel 198 1, and 
thi s study) make T. hmgiradicatus identkn l with T. lu!im ii. Therefore, they arc cons.idcrcd 
conspt:cific here and ·1: lvuginulicalltS is a later srnonym of J: lu:imii Nalarajan in 
Mycolog;a n 853 (1979). 

Most collections of 7: lteimii examined here were co llected in Ju ly and August in 
China and Malaysia. while the collect ions from India, including the hololype, we re 
made in November. There is another record of 1: l1eimii from China. which was made 
in the late season of the yea r (Yunnan, Mcngla, Mcnglun, bought on the local market, 
12 Nov. 1989, '/,. -L. Yang 984. 1-IKAS 22 118), but with the stipeen larged at the pos ition 
of annu lus (Yang 1990). 111<: late season in China and the enlarged stipe make the 
collection very interesting fo r further study to compare with other material of the 
species from India and other cou ntries of Asia. 

1(muitomyces poonensis Sathe & S. D. Deshp. in MACS Monograph No. I. Agaricnl~s 

(Mushrooms) of South West India {Pun e): 36 (198 1) ]as 1980]. figs 3 & 4 

Pileus 6.0-7.8 em diam., plano-convex with a prominently rounded pcrforatorium, 
margi n incurved with radially-arranged flncgrey ~t riac and !>pOls; sm face dark brown at 
the centre, brown or orange brown elsewhere, smooth. Lamellli ~ free. up to 4.0 mm wide. 
Stipe over 9.5 em long. 0.4- 1.0 em diam., central , cylindric at upper part, thickening 
downward up to LS em diam. at ground level; surface grey, becoming orange brown 
downwards, smooth and glabrous. Psemlurhizfl over 3.5 em lung. tapering downward; 
surface black. Amwlus absent Context fleshy. of inflated, hyaline, thin-walled hyphae, 
3.0-25 pm diam. Basidiospores 7.0-9.0 x 4.0-6.0 ~tm, ellipsoid, subhya line and thin­
walled. Basidia 15.0- 20 x 7.0- 12.0 pm. l .tmwlla-edge heterogenous. Cheilm.:ysliclia2l - 511 

x 17.0-25 )llll .• obovoid to pyriiOrm. hralinc. thin-walled Plemoc..--ystidit~ 25-46 x 13.0-
28 ~m . pyriform, hyaline, thin-walled. 1-lymeuophoralt rmua regular, 40-60 ~tm wide, 
of hyaline, thin -wa ll ed hyphae, 2.5- 15.0 pm diam. Sublrymeniallaycr 10.0- 15.0 pm 
wide, of branched h)•phae, 2.0-5.0 pm cliam. Pileipdlis an epicu tis of dense. radially 
parellcl, repent hyphae, 2.0-5.5 pm diam. 

Spuim~n ~xaminrt!-lndia: Poona, in groups, Oil termite nests. sine date, sine collector, 
AM I-I <1479 {holotype). 

'I he color of basidiomata was observed fmm the herbarium specimen of the holotypc. 
whilst the color of the pileus was described as 'smoke gray when young. becoming 
platinum blonde with age: the stipe as 'white' and the pseudorhiza as 'black' in the 
protologuc, possihly based on fresh material. 

Sathe & Dcshpande ( 1981) proposed this new species on account of its 'perforalurium 
promine nt and darker than pileus, monomorphic cheilocrstid ia, conid ial clements 
on pileus: However. the glabrous, c.xannulate stipe and the black pscudorrhiza arc 
rcm iniscenl of ·1: eudrizus. Termilomyct!S t!W"hizus is a species with a wide dislribulion 
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Figs 1- 6. PhOIOSral>hs and li ne drawings of Tamitomyus spp. from India. l:igs 1- 2. Toirmitomyo.·f!s 

luugirtulicul r~s (AMH •1522. holotype). Fig. I. Habit. Fig. 2. A. Uasidiospores: B. Basid ia: 
C. Plcurocystidia; D. Chcilocyst idia. Pig-; 3 '1. TcrmitomyccJ pootk:nJis (AM H 4479, holotypc) . 
Fiy.,. 3. Hahit. Fig. 4. A. Basidiospore-~; R. Basidia: C. Plcurocystidia: D. Chci locystidia. 

Figs 5-6. Termitomyce$ quilommsis (AMI I 4546, ho lotypc). fi g. 5. llabit. Fig. 6. A. Basid iosporcs; 
B. U:tsidia; C. PlcuroC)'Stitlia: lJ. Chcilocystidia. 
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(Saccardo 1887, Pegler & Rayner 1969, Pegler 1977, Samaj pat i 198 1. Pegler & Picarcc 
1980. Picarce 1987, \'\'ei & Yao 2003), and its pi leus color and form are variable. ' I he 
color varies from grayish brown to dark brown and often darker in the center than 
clscwbcrc. The pcriOratorium is obtusely conica l to mucronate (Pegler & Vanhacckc 
199,1) and ofl cn pro minent (Singer 19,19, Purkayastha & Chandra 1975, Samajpali 198 \ , 
Pegler 1986). The chcilocystid ia are obovoid to pyriform (Pegle r 1977, 1986. Pegler 
& Vanhacckc I 994) or usua lly pyriform {Purkayaslha & Chandra 1975. Purka)'aslha 
1985). There have hccn qu ite a few !>ynonyms fo r this specie~ e.g. T carlilagineu5 (Rcrk.) 
R. 1-tcim (Pegler & Rayner 1969, Pegler 1977) ami Agaricus sparsibtjrbis llerk. & Broome 
(Pegler & Vanhacckc 1994). J'ermitomyces a/bicep$$. C. lie, based on some collections 
from Guizhou, Chinn, was also suspected to be a synonym of 7: eurll iws (Pegler & 
Vanhaede 199,1). ' I he monomorphic cheilocystidia (Sathe & Deshpande 1981) of 
J: poommsis might be due to limited material examined, as the cbe ilocystidia of ·t: albiceps 
we re also described as pyri form (He 1985). The 'transversely septate' chcilocystidia in 
the o rigi na l descriptio n of '1: pomu:n~is were nnt t'nund in the hnlut)•pe by the present 
authors. The conidial clements on pileus. ment ioned in the protologuc, arc poss ibly 
acc identally produced and have not been reported el sewhere for Tem ritomyces. Species 
of Tcrmitomyccs cnn produce sporodochin bearing conid iophores in I he fungus garden 
within tenni lc nest and the conidia produced by tht: ..:onidiogenous hyphae wert: often 
similar in size and form (Botha & Eickcr 199lb). The conidial d ements mentioned in 
the protologue ofT poonensis arc not a stable charac ter nnd hnve never been used l'o 
d istinguish species in the genus. Judged from the morphology ot' basidiomata observed 
from the holotype, J: poor~e,sis is here considered a synonym of 'f mrhizrlS (Berk.) 
R. Hcim in Arch. Mus. I·Ust. Nat. Paris, SCr. 6 , 18: 140 (1942) . 

'10 confi rm the ahove determinat ion, the following collect ions of 'J: e11rlrizlls were 
also examined for comparison. 

Indi a: Bishnupur, Shilloog. Mcghalaya. 3 July t9&1, R. ·~.Verma, M107, K(M) !14642. 
China: Yunnan. Mengla, Mcnglu n. Xishau ngbannu Tropical Botanical Garden, 8 Aug. 
2003, G. · R. Hu & T. · Z. Wei, W03·27, HMAS 88326; the sa me loca li ty and date, G. ·R. 
llu &T. ·Z. Wei, W03·2 l , IIMAS84723; the same locality, <I. Aug. 1988, Z. ·L Yang262, 
HKAS 2 1785: Yunnan , Simao. bought o n the lo~almarkct , 10 Aug. 2003, ·r ·Z. Wei & 
Q. · B. Wang, \·1/03·30, !·I MAS 85229; Sichuan, Chcngdu, houghton the local market , 
30 Aug. 2002 . B. Wang 200152, HMAS 84529. Malaysia: Sclangor, Scrdang, Ma lesf$Cn, 
Uni\•ersitat Pcrtanian , 7 July 1990, M. Vanhacckc, '1'9, K(M) t6525. Sri Lanka: Kand)' 

District, Perudcni ya Rotanic Ga rdl.!n , ult. I 600ft, 23 Oct. 1974,0. :"\. l)cglcr2062. K(M) 
9·1646. 

Termitomyccs quiloncnsis Sathe & }. T. Daniel (as 'qrjifonesis'} in MACS Monograph No. 1 

i\gnricab (Mush rooms) of Sout h West India (Punc}: 103 (198 1) (as 1980) . 
f.igs5&6 

Pileus 3.3-6.5 em diam, convex or up· lurncd. with an obtusely conical pcr(oratorium. 
slightly inflcxed at the margin; surface dark brown at the centre and becoming paler 
loward the margin.l.ame/lae t'ree, up to 3.0 mm widt:. Stipe 5.0 x 0.2- l.Ocm, cylind rical. 
enlarged at gro und level and forming a globose bulb up to 1.6 em d iam. below ground; 
surface dark brown lo almost black, smooth; sol id . Pse:udorrh izn over 3.0 em long, 
laperi ng abrupt!)' downward below 1 he bu lb, so lid; surface black./\ nnu/us absent . G.1nlexl 
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fleshy, of infla ted, hyaline, lhin -wall cd hyphae, 3.0-8.0 pm diam. 8a$ifliospores 8.0-9.0 
x •1.5- 5.5 IJm, el lipsoid , subhyalinc and thin -walled. Hasidia 17.5- 30 x 6.0- 8.5 ~Jm . 

subhyalinc. th in-walled, clavate, tclrasporic. Lamdla-edge heterogenous. Cl1eilocystidia 
25-41 x 12.0-27 ~tm , pyriform to inflated pyrifo rm , hyaline, thin-walled. Pleurocystidia 
28- 52 x lti.S- 28 ~t m, rare, hrnad ly clavate or p)• rif<lrm to innatcd p)•ri fo rm, hya line. 
Hyme11opl10ml 1-rama regular, 50-60 1-un wide, ofhyalinc, th in-walled hyphae, 2.5-15.0 lllll 
d iam. Subl1ymeninllayer 10.0-15.0 11m wide, of branched hyphae, 2.0-5.0 j-lffi diam. 
Pileipel/i$ an cpicut'is o f dcn$C, rad ially parclle l, repent' hyphae, 2.0- 5.5 pm diam. 

Spccimc11.~ cxamim .. vl: India: Kcraln State. Quilin. solito.ry. on termite nest, sine date, sine 
oollcctor. AMI I 45,16 (holot)'PC). 

The color of pileus, stipe and pscudorhiza in the above description was taken from 
the dried ma teria l of the holotypc. In the protologuc, the pileus was described as 'gray 
towards margin, brown ish gray towa rds cc n h::r~ the stipc as 'whi te' and the pscudnrh iz.a 
as 'brownish black' possibly from fresh material. 

According to Sathe & Dan iel ( 1981 ), T. q~t ilortemis differs from T. pooueusis in the 
absence of conid ia and in having bulbous base in the sli pc. However, the stipc h:Lo;e of 
T. pooumsis is also enlarged slight ly in the holotype as observed by the present authors. 
As conidia arc not a usefu l character to distinguish species in the genus (sec above in 
the remark for 'J: pooncnsis), absence of conidia cannot make T. qui/()nen~is a distinct 
spc~ics from ·r poommsis. Further, as discussed above, 'l f!rm itomyces pooncm;is is a 
synonym of J: eurlr izus. In fact. 1: tmrllizus is a species variable in morphology. but 
can be easily recognized by it s blac k-brown encrusted and cartilaginous pscudorhiza 
(Heim 19'12. Pegler 1977, 1986, Pegler & Vanhaecke 199'1) . 'I he stipe of '1: eurilizus 
oiten expands at the base bciorc atlcnuating into an elongate pseudorhiza (Pegler & 
lla)'ner 1969, Pegler 1977), often but not always with a bulbous base (Pegler 1986). 
'I he hrow ni :ooh gr.ty pileus and the hlack pseudorhi'l.a uf 'f lf l lilcmen~i$ dnsel y resemble 
T: etuhizus, and the microscopic characters arc all within the range of those of 
J: eurhixus. l bus, T •Juiloneusis is considered as another synonym of J: eurliizus. 

Discussion 

The above three spec ies of Termilomyces were proposed based on minor morphological 
characters, e.g. cystidia, conidial clements, and the lengt h or fo rm of stipe or pscudorh iza 
(Sathe & Dcshpandc 1981). Cystidia may be absent or present in "[f!mrilomyce.s species 
(Van Der V•lesthu izen & Eickcr 1990), and they could be iound as either monomorphic 
or polymorphic based on different materials examined (Pegler 1977. Pegler & Vanhaecke 
1994). Conid ia arc asexual spores pn>duccd in termite com bs or in cultures. 'I he size 
and form of conidia are similar in cultures, except for 7: microcarpus which lacks 
conidiophorcs and conidia (Borha & Eickcr 199 1a) and the presence of conidia on the 
pileus surface might be accidental (Rotha & Eicker 1991 a). 1\ s the form of hasidiomata 
in Termitomyces depends very much on the symbiosis, especially the identity and 
behaviour oi the host termites (Piear.:c 1987), the length of pseudorhiza can vary with 
the depth of the lcrmitar ia. The swollen st"ipc base is present in several species of the 
genus. such as 'J'. umkowumti (Cooke & Masscc) 0. A. Reid. ·t: bulborl•izu.s T. Z. Wei cl 

al. and T. sagirtiformis (Kak hbr. & Cooke) D. A. Reid. llowcvcr. the bulbous base is not 
stable in some species as di scussed above in •t: mrlliz us. 
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1\mong the eight new taxa of Termitomyces described from India, two arc well 
recognized, i.e. ·t: lwimii with a wide distribu li<m in Asia (Pegler & Vanhacckc 199•1. 
Wei & Yao 2003) and T. m icrocarpus f. santalensis in India (Pegler & Van hacckc 1994). 
However, in add ition toT itulicus ( = T. microcarpus f. santale11sis, sec Pegle r& Vanhacckc, 
19911), three more have been prnvcd to be synonyms of other species in the genus by the 
present study. i.e. T. lotrgimdicatus, T. (jllilorumsis and T. poommsis. For lhc remaining 
two, T albidolaevis and T. radicatus, they also need flmhcr examination. Termitomyces 
alhidolacvis was proposed hascd on si lvery white color of the pilcm:, considered 
dose:: to ·1: mummifurmis f. ulbus R. Heim but di fferen t in the absence of conical 
perforatorium and in havi ng larger basidiospores (i.S- 10.0 x 5.0-7.0 f..llll . Dhancholia 
et al., 199 1 ), although the pileus was contradictorily described as 'umbo nate' in the same 
publicaliun. In facl. 'J: albiclolacvis can be easily distinguished fro m 't: mammi}tm11is f. 
alb11s by the absence of the ann ulus and the size of basidiosporcs (6-8 x 3.5-4.5 1..1m 
in 't: m ammiformis f. a/bus, sec Pegler 1977) acco rding to the original description and 
ill m;t n•t ion. 'll:rmilnmyces albidolat..rvis is somewhat un ique for it s relat ivd)' large, white 
pileus ( 11 - 16 em), the whitish pseudorh iza and large basidiosporcs. T!!rmitomyc~ 

citrioplry llus R. lleim is the most close species to ·r albitlolaevis in terms o f the size oi 
pileus(9-10cm) and ofhasidiospores(9- 11 x 6.7-7.7 pm), but differs in the dark co lored 
(ochreous gr..1y) pileus, and much larger basidia (30-19 x 1::?.- 15 f..llll, compared wit h 
17.0- 27.5 x 5.0-i.S fJffi in '1: albidolaevi.~). although the surface color of pseudorh iza 
was never mentioned (Hcim 1942a, 1977). Re-examinati on o f the type materia l of 
'1: albidolacvis may confirm it s status. 'l l:rmilomyccs radicatus is di stinguished from 
other species with small basid iomata. such as ·r: m icrocarpus, T. medius R. lleim & 
Grasse and '[ tylerimms Otkno, b)' the dark colored spin ifo rm pcrforatorium, a short 
pscudorhiza and the ahsencc of plcurocyst id ia and cheilocysl"idia (Natarajan J9i7) . 
However. the pseudorhiza were found terminating at a sdcrotized disk and scattered 
hymcnial cyst idia were detected in some material of ·r ratlicatu$ fro m India and 
Paki stan (Pegler & Vanhaeckc 1991). Term itomyr.es radicatm was also considered by 
Pegler & Vanhacckc ( 1991) to rest:mblc ·1: clypeulus but much smaller and to c.l i!Tt:r from 
T. microc11rpus main ly in the prcS<!ncc of a short pscudorb iza. ·rhc differences among 
7: radicatus., T. medills and T. tylerimws arc also not veq• significant. 1'ermitomyces 

mclicafrtS was disti nguished fmm the other lwu by the pseudurhi za termilnat ing at a 
sclerotizcd disc (Pegler & Vanbaeckc 1994). but a d isc-like structure in the base oi the 
pscudorhiza was also observed in other species, such as T. retiwlntus Van dcr Wcsth. & 
Eicker (Van der Westhui1.en & P.ic ker 1990), alt hough the latter is much larger in size. 
Observat io n of such a structure depends much upo n the intactness of the collc..-ction. 
The termina l structure in the pseudorhiza of Termitomyces species may have been 
destroyed in most collectio ns because the pscudorhiza is connected with the nest of 
termite. Ddailcd study of Termitumyccs spec ies with small basid iomata is requi red lo 
reveal the relalionsh ips of lhosc species. A molecular systematic study of these species 
is undergoing in thi s laborator y. 
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Abstract Gyromitra has three species in Mexico: G. ambig11a, G. C$CIIIcnta and G. 
inj11 /a, of which G. ambigua is rccorded for the fi rst t ime. The three species arc widely 
distributed primarily in fores t of Abies and Pillfls·Qucrcfl.s and rarely in cloud forests. 
Some considcrJtions of the G. esculenltl w mp lc.'< otrc prcseutcd ami a kc)' to the 
rccogni7.ccl sp&::ics is provided. 

Kc)' \\'Ords taxonomy. species complex 

Introduction 

According to Kirk et a\. (2001), tbc genus Gy romitm fr. is composed of nearly fi fteen 
species. Usually. it has been considered to be close\}' related to three genera: Di::cirta (Fr.) 
Fr., Neugyromitm S. lmai and Psetulvrhizina Jact. 'I hcsc genera have a ~onunon cxcipular 
structure, four nuclei per spores and paraphyses that arc ver)' similar; differences in 
spore shape and ornamentation, ascoma shape and presence of a stipe arc considered 
quantitative (Harmaja 1969a, 1973). '1hc relationships among these and other genera 
arc not dear (llannaja 1969a). Gyromilm was placed fi rst in the family llelvcllaceae 
Dumorl. (Saccardo 1889; Seaver 1928; Railviir 1965; Dennis 1978, Korf 1972, Kimbrough 
et al., 1990, Kimbrough 199 1). However, O' Donnell cl ul. ( 199i) moved Gy mmilm to 
the family Discinaceac Benedix emend. N.S. Wcbe1~ Trappe & 0 ·Donnell. and they 
pointed out the necessity of doing phylogenetic stud ies within the genera of this family. 
includi ng Gy rom itra and argued, in agreement with J-larm aja ( 1969a), tha t Gyromitra 
and Discirw arc congeneric (Eckblad 1968; Abboll and Currah 1997). Informat ion on 
the position of the genus Neogyrom irra (J Jarmaja 1969a) is still wanti ng. Gyromirrct also 
needs a detailed survey to establish relationships among species. It may be composed of 
lwu (Harmaja, 1973) or more subg~ncra (Mcknight and Batra 197•1; 1\bbntt and Currnh 
1997). 

Gyromitm sensu Jato, that is including Disciua, comprises species wi th inamyloid 
asci. el liptical , smooth ascospores, apothecia that :ne sl'ipitat'e and bilobate or brain-li ke. 
as well as those species with subfusiform to fusiform ornamented ascospores, apotbecia 
that arc discoid, scssil or subscssil and medullary exdpulum of tcx:tura intrincata. This 
is the generic concept presented by 1-Iarmnja ( 1969a, l9i3) and Pfister (l980). ln Mexico 
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only the stipitatc, bilobate or brain-l ike species have been found to date. G. esculenta is 
\'ariable in spore form and I fnllow Harmaja 's ( 1969a) spore types in the discussion 
below to distinguish wi th in this complex. 

Gyron1itra was recorded in Mexico for the fi rst time by Herre ra and Guzman (196 1), 
based on G. infula (as .. 1-felvella iufula Fr."), growing in coni ferous fo rests in the State of 
Mexico and Federal District. There it has been known as an edible fungus, after being 
boiled and the water being discarded. Later G. esculenta was recorded from Nuevo 
l.c6n hy Castillo ct al. (19i9). A th ird species Gyromitrn mclaleuca (Rrcs.) Donadi ni 
(as Dist:itm melaleut=a Bres.) \VdS rl:!portcd from Jalisco Stale by Gu ... man-Dc'tvalos e;:l al. 
(200 1). 

Materia ls and m e thods 

Eighty li\'c speci mens from the folluwi ng herbaria were conside red in this study: 
ENCB. f-CF, f-CME, ri l.ll.IBUG, rrcv, K and XAL. Acronyms follow llo1mgrcn el al. 
(http://sciwcb.nybg.orglscicncc2/ih/sca rch ih.html) with the add it ion of ITCV (Instituto 
' ICcnulllgico de Ciudad Viduria) and PCF (Facul lad de Cicncias Forcstales. Uni,·crsidad 
AutOnoma de uevo Lc6n). Microscopic observations were made on sec tions mounted 
in 10% KOI-1, for measurements of hymenial clements, and Melzer reagent and cotton 
blue in lactophenol for observa tion of spore ornament al ion and apiculi. 

Results 

Gyrom ilra in Mexico comp rises three spec ies: G. m11hi~1W , G. esw!c, la and G. irifultl. G. 
ambigua has not previous!}' been repor ted in Mexico. The report of Gyromirra melt~leuca 
(as Discina melaleuca, GuzmUn-DUvalos et al., 200 1) is based on a misidentifica tion . 
Sh1d yof reference material ('ll~mayo 16-Gtmztilezs. n., from Nevado de Co li ma mOIInl ain , 

in Jal isco. JBUG). showed a superfic ial simjlarity to G. meluleuct4, i.e. apolht..:cium 
discoid , with margin unevenly revoluted, and a short , nut -brown stipe; and spores 20-
22 x 10- 12 pm, wi th short spines and paraph}•ses 5-S ~·m wide and clava te. Neverthel ess, 
when mounted in Mdt.cr reagen t a pusil i\'e reacliun of the asci is observed indicating 
it is a member of the family Peziz(tCeae. It is worth note that the record of G. meftlieuca 
from North Ame rica (Seave r 1928) is doubtful. Abbolt and Cu rrah ( 1997) suggest the 
co llection from the United Stales represents a diiTcrcn t spec ies since they consider 
G. melaleuw to be restricted to Europe from where it was described. 

Key to the recognized species of Gy romitra in Mexico 

Ia. Apothccium gyrose or brain-like or rard y bilobate_. thick, vinaceous brown. 
reddish or violaceous, spores elliptical to fusoid 18-25 (-27) x {8-) 10-12.5 IJm 

... . .... . ... ... .. .. ... .. _ ................. G. escu let1ta 

lb. Apot hccium saddle shape or rarely gyrose and narrow, brow n orange or redd ish-
brown. . . ...... _ ... 2 

2a. Spores elliptical. walls without thickened poles, 17.6-25 x 7.2-10 !J-Ill .. •• G. itlfula 

2b. Spores elliptical-fusoid, {23-) 25-33 x {8-) 10- 12 ~lm walls th ickened a t the poles 
forming apiculi up to 2.5 1J m th ick .... ... ... . ... ... . .... G. a mbigua 
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Gyromitra ambigua (P. Karst.) Jlarmaja. Karstcnia 9: 17. 1969. Fig. 1-2 
~ Hclvclla amhigua P. 1\:arsl.. Mcddclandcn afSocichls pro Fauna ct Flora Fcnnica 5: 53. 

1879. 

-=- Gyromitra it!]i1la \'ar. t~picufati.<pom Raitv., Eesti NSV Tcad u.ste Akadccmia Toimetised 
(Bioluogilinc St..-cria) 11 {3): 322. 1965 (fi de Abbolt ami Currah. 1997) 

The lobed or rarely brain- l.i kc. dark red-orange apothccia and fuSQid spores, (23-) 25-33 x 
{8-) IO-I21J.m, with th icker poles, as apiculi 2.5~Am high, arc the diagnostic featu res. The 
ascoma of this spedes is very similar to G. irifultl, although the shape nf some ma terial 
studied resembles G. escul.mta. We studied the holotypc material and found the spores to 
measure 30-33 x 10-12 flm . with apicul i of2!Jm. Notes with the type material desc ribed 
spores up to 40 ~1 m , but I have not seen spores longer than 33 11m . Mexican mareri rll has 
spores of (23-) 25-33 :< (S -)IO-I21J.m. with longer apiculi (up to 2.5 !Jill) than as noted 
in the type specimen. 'lbe species was described in detai l by Abbott and Currah ( 1997) 
and Harmaja (1969b) from the United States and Europe. 'Jbesc collections represent 
the lirst record nf (i. /jmbi&tm from Mexico. ' I his species grows in snil ur wond in AMes 
religiosa and Pinus lrartwegii forests, at alt itudes of around 2900 m. 

Studied material: MEXICO. Michoacan. Vi.lla Madero Municipality, Cerro Cruz Gorda, 
highway Pj ti'..cuaro-Tad mbaro, 23/X/ 1979, Stinclu!:: S (XAL). MORELOS. Lagunas de 
7.cmpoola, rood to Chalma, 121X/ 1965, Dia::y C.armono s.n., (X AI., F.I\CB). CANA DA. 
l, rincc Edward Is land, llcrb Ellis (FII ). FINLA:\"0 . Tammcla, 30/VII/ 1866, Karslen 3289 

{ho!Ot)1)C of H. i11fulrl var. simi/is, H). UNITELJ STATES. Michigan, / IX/ 1 979.lkurc/~/ec 

s.n.(HI) . 

Gyromitra esculeuta (Pers.: Fr.) Fr., Summa VcgelabiliumScand inavhh! 2:3116. 18tl9. 
f i g. 3-1 

• Hc:lvcl/a escu/enta Pers.:Fr .. Commcntarius SdwcfiCri iconcs pictas j). 61. 1800. 
= Gyromitra bubakii Vclcn., Ceskc houb)' p. 893. t922 (fide Abbot! and Cur ra h, 1997). 

The brain· Ukc apothccia with vinaccous brown, redd ish or violaceous tones arc typical 
of th is species. Thcre is a great deal of va riabil ity, as reported by Harmaja (1979a), in 
G. esculenla, including hymeni um fnld ing, apothecial margins. color of the hymcnium 
and stipe. llarmaja attributes this variation primarily to environmental factors and 
maturity of the material He considered there to be three spores types with in th is group: 
type I (G. esculetJla s. st r.), spores IS-23 (·25) x 10· 12.5 JJm. ell iptical to fusiform with 
apicu li up to 0.5 11m; type II (without any taxon assigned), spores 20-25 x 10· 125 !J.Ill. 
subfu siform, apiculi up to I Jlffi , and type Ill (G. .splemlifl(l and G. bubakii?) ,sporcs 22·30 
x 10- 12.5 ~un , ftJ si form , apiculi 0.6-1.2 ~1m. 

1 r~ga rd G. .:st:ulenta to b~ a spccil!s complex that ind utlcs G. bubacii, G. ttswlenla s. 
str., G.longipes l larmaja and G. splendida Raitv. All of these have,·e ry similar morphology 
and spore size. Rai tviir ( 19711) described G. splemlida with deep violaceous tones in the 
hymcniun and slipc, with a slipe Iunger than in G. escuhmla, and subfu sifurm spores 
23·28 x 11 .5·13.5 !Jnl· with a pcrisporium thickened up to 2 ~111. ·n1is aut hor pointed out 
that the long sti pe and not so broad cap were different than G. esculerlla, bu t in the field 
these species were ind istinguishah te. Harmaja (1979h) con10idered G. lorrgipes to d i(ICr 
from G. esculerthl s. str. , in its darker pileus and long stipe with violaceous tones and in 
its fu si form spores20·2Sx 9· 10 !Jm , with apicu li up to 2 ~m. l1u htincn and Ruotsalaincn 
(2004), studying specimens from Finland, suggested the conspccificity of G. splemlitla 
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Table I . Characters of lhe spec ies G esculent a complex 

Apothccium Spore shape Size (fll'l ) Apiculurn 

gyrose, ' 'inaccous 
hrown, reddish to 

18-23(-251 
G.c!'scfllenta(l) violaceous tones ellipsoid-

X 10- 12.5 
O.SJ.lm 

stipc more or Jess 
lonR' 

G.c....;cu/tmftl(ll) subfusiform 
20-25 o.s-t,.un 
X 10- 125 

G.c....:cultmftl(lll) 
22-30 

= G.spl.!rulida, fusiform 
X 10- 12.5 

0.5 - I.SJl lll 
G. h11hakit? 

lightly gyrose, dark 
20-25 

G.lont.if~CS culor with \'inll! t subfusiform 
x9- IO 

I-2JI Ill 
tones, long stipc 

gyrose, dark- hro,,•n 

G. spl.:ndida 
to almost black with 

suhfusiform 
23-28 

1·2 fJill 
vio lt!l tones. long X ll.S- 13.5 
St ipe 

''long' - 2/3 of the tot:tl length of the ascocarp 

an<l G. longipes. In fac t, regarding morphological characters and mcasurcmcnls of 
spores (l)•pc Ill or Harmaja). ( i. longipes and G. splem/itlu St:t:m lu bt: lht: same (se::e 'Jablt: 
I ). G. bubakii (Veknovsky, 1922) has smaller fruit bod ies. longer stipcs (2/3 of the total 
length) and bigger spores 30-34 ~than G. rtswlentn. The type oi G. bubakii was study 
by Moravec ( 1986), Abbott and Curmh ( 1997) and Huhtinen and Routsalainen (200'1). 
For the former G. bubtlkii is a variety of G. r:sculeuta, wh ile for Abbott and Currah it is 
conspecific with G. eswleuta, and 1-luhtinen and Routsalaincn considered it different 
from G. escu/e,Jta. Moravec (1986) showed a conti nu o u~ wall on the ~pore, hut not' in the 
apicu li. 'I he loss of apicu li is att ributed to preservat ion in fo rmaldehyde (H uhtincn ami 
Rouatsalainen 2004), but Kempton and Wells (1973) have suggested that spores of G. 
escnlenta four weeks old, lose thei r apiculi. Spores of G. esculent a seems to va ry widely 
in s ize. Most of the material st udied from Mexico has c llip lic:d tv subfusifurm spores 
18-20 x (8-) 10-12.5 J.llll . which correspond to type I. Nine of the studied specimens 
presented subfusoid spores o f20-25 (-27 ) x 10- 12.5 !!m with apiculi up to I jJID (type II) 
and nn ly nne speci men (M(!del /1 , X AI.) had vcq• large fu.s()id spnres, :27-33 x 11.8- 13.5 
!lm. wi th apiculi of more than 1 jJ.fll. Mexican material shows great var iability in asco ma 
shape , length and width of t he sl'ipe. but not in ascoma color. This variabil ity was similar 
to that found in the materials from Canada, England . Fin land and the United States. To 
umlcrsland lhis variab ility il will b~ nece::ssary lo study more malt:rial of G. escultmlu 
from the whole geograph ical range, pa rticularly in order to judge the importance of 
spore size in the taxo no my of the group. Regarding Mexican materials G. esculentn s. 
str. is considered to have the folltlwing characters: spo res o f 18-20 (-:27) x (8-) 10- 12.5 

!Jffi. folded brain-Like hrmenia that arc vi nacous brown, reddish or violaceous tones, 
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a stipc, dl ipt'ical spores, and apicul_i up to I pm. This measurement fall s in both spore 
type I and I I of Harmaja and coincides wilh the measurements cited b)' d ive rse auth nrs 
{Iloud ier 1905. Dennis 1978, Ke mpton and Wells 1973, De Ia To rre 1977, Weber 1988, 
Abbott and Currah 1997). Moravec ( 1986) fOund that the spores in G. ~culett ta have 
a wide contin uous range uf variation up In 29.5 11m. I have not seen Mexican material 
with spo res longer than 27 )illl. Among the stud ied specimens, one of the collec tions 
(Medel II, XAL) could represent another ta.xon, because oi the sub fusiform spores 27· 
33 x 11.8-13.5 ttm wit h ap icu li of 1- I.Sttm. 

At present then: is no consensus abou t G. escultmlu spore si;r.e. Moravec ( 1986) 
suggested that the o riginal desc ription of G. t!Scult!tlta by Pcrsoon was based on 
immat ure spec imens. 1-Iarmaja (1 979a) noted that the original concept of J-lelvella 

eswlentt4 needed darHication and he mentio ned several names that he thought we re 
syno nyms o( G. escufenta. Abbotb and Currah ( 1997) mentioned the type specimen is 
unknown, and so a nco type should be selected. Full descriptions o( G. esmleuta can be 
found in De I t~ "l"orre ( 1977), Abholl and C:u rrah ( 1997), Kem pton and Wells ( 19i3) and 
Weber ( 1988). ll1c species is lmmicolous and lignkolous. and grows in Abies rt!ligiosa, 
Piu us, Pimrs-Quercus and rarely in cloud forest at 2500-3600 m. 

Studied materi al: MEXICO. COAH UILA. Arteaga Mu nidpalitr. Las Carolinas, 27/ 
Vll/1 9a6, Gwdtt s.n. (ITCV ): Arteag'a Municipality. La Siberia. 19/X/200 1, Mt:tld s.n. 

(FCF). DURANGO. Highway Durango-Ma7.a!hi n. 28fV II11984. Garc.ia •13·1 (ITCV). 
F.STADO OF. Mf:.XICO. Los Sauco.~. dcvialion 10 Va lle de Hrovo, highway 'JOluca­

Tcmascaltcpcc, ISfVIII/ 19S2, Clmc611 3•15 (ENCO); Nat ional Park Lagu na~ de Zcmpoa la , 

highway tu Chalma. 1/V III/ 1982, ClmcOil 287 (ll~CB): Villa de AlleiJtle Municipality. 
San Cayetano N of Agua F~'>Condida. 5/ IX/ 1982, Gauztllc:: 42 (F.~CR) ; Wes t side Paso de 

Cortes, Popocatepetl Volca no, 26IIX/ 1986, Chac611 570 (ENCB); Escualango, East side 

of San Rafael Atlixco. 7/X/1983, Hermimlez 136 ( Et~CB). GUERRERO. Chilpanci ngo de 
los BrJvu Municipali ty. Cerro Palo 1-lm."Co. O miltelmi, 111181198•1, <.;utierre::.s.n .• (fCMli); 
Km 2.5 des\~arion to Puer to del Gallo, 2.7/VIII/198:;, Tapill s. n., (FCME). HIDALGO. 
:\ational Park E1 C hico Sierra de Pachuca, 3 1/ 10/ 1981, RmmJs s.n. (E CB); 1!1 Chico 
13/8/1965. Suitt$ s. n .. (ll.\'C B). MICJiOACr\l . Ziuapt-'cuaro Municipal ity dcs\•iation to 

F.r~ndirn, San Pedro Jacuaro, 1-/t.-rruittdc::y Villegas 924 (FCM f. ).TI.AXCA I.A. Na1ional 
Park La Malinchc. 15/I XJ I970, Roddg11e::-Ma rtiue:: 43 (ENCB). VERAC RUZ. Xico 
M1midpa lity. Los Gallas, East side Cofrc de Pero te, R;co 951 (XA L); Xico Municipa lity. 

near El Lhlnillo road Las Vigas-Tcmbladeras North side Cofrc de Perote, Ba11da/a 265•1 
(XA I.J; Calca hualco Municipality, nca rTlac01copa, road La Jicara Mede/89 1, 892, 893, 
89,1, 895 (X AL); Cofrede Perote resion , road Valle Alegre Park to Tcmbladerns. Ramirt!::­
Guii/Jn 222 (XAL): IV .Exposici6n de l·longos del INlR.EU. 3l/VIII /19l:!6. Mtttlel 11 
(XAL); Cofrc de J>crote region, Valle Alegre (>ark, 13/VIII /2003, Gu.:ml'lll355 15 (XA I.). 

Gyromitra infula (Schaeff. : Fr.) QuCI, E.nchi rid ion Fungorum 272, 1886. F ig. 5-6 
s 11.!/v.,.l/a i11jula Schad[: Fr., Fungorum qui in 1Ja,-aria ct Palatinatu nascuntur iconcs 

4:105. 177•1. 
= 1-lclvcllaf ricsialla Cooke. MycogTaph ia seu i conc,~ Fungorum 1: 195. 1878. 

The b il obate or saddle-shape. brown-orange apothecia and elliptic non-apiculate spores, 
17.6-25 x 7.2- 10 ~Lm, are characteristic of G. i11Jrrla . 'Ibi s species has the widest d istribution 
o f a lithe species reported in Mexico and is morphologica lly close 10 G. ambigua. Spore 
size and the lack of apiculi are d iagnostic features. O ur materi al has spo res u f 17.6-20 
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Figs. t -6. Figs. 1·2. Gyromitra ambigua. 1: ascoma; 2: spores (showing apkulu rn). Figs. 3-•1. G. 

e.q;ufcnw. 3: a!>Coma; •1: spores (wilh a short apiculum). Fi~~ - 5-6. G. i11jufa 5: a.<coma: 6: spores 

{-25) x 7.2- 10 pm. This is smaUer than reported in the neotype specimen of G. itif~tla 

(designated by Hannaja. 1969b) Uut is also the lcdotypc of H. f ricsitma at K. in which 
the spores reach a size of 20-25 x 8- 10 !Jill. according to my observat ions. Additional 
descriptions of t his species can be fou nd in Abbott and Currah ( 1997}, Kempto n and 
Well s ( 1973), De Ia Turre ( 1979) and Weber ( 1988). ' I he species grows on WtHid, humus 
or on burned so il, in forests of Abies reUgiosa, Pinus, and Pitws-Querc:rts and rard y in 
cloud forests, at 2700-3500 m. 

Studied material. MEXICO. COA HUILA. Arteaga Mun icipality, La Siber ia , 
15/8/ 1973, G 11=mtiu l/2•18, JJ25 J (Et~CB), 21/IX/l9&J, CJmc011 98 (E 'CD). 
DISTIUTO FEDERAl. El Ajusco. ncar Pko del Aguila, 2S/ IX1 1966, Fagooga 
15c ( F.KCR). DURANGO. Jluchlo Kucvo munipa li ty, F. l Mil Di~ .. Gan:ia 3470 

( ITCV). ESTADO DE MEXI CO. highway Toluca-'ICmascahepcc, deviation 
to Valle de Bravo, 23/X/ 1986, SMJiiiU11 5•10 (E~CB) ; Tcxcoco Market, 8/ 
IX/1973, VC/tisque: 832 (ENCB); El CapulJn, high\vay lo Sultcpec. Ne\~Jdo de 
Toluca , Nadona l Park, 25/911983, Co,=tila •158 (E...'JCB); Ncvado de Toluca, 
highwar to Sultcpec. 2/ IX/1983, Col0n358 (EN CD): Nevado de 'JOluca. cerro El 
Calvario. 2ti/IX11983, <.Q/611 378·A, 382 (ENCB); ViiJa ' icul~s Romero Ma rket. 
17/1011976, Baal s.11. (EKCB); Laguna de Ojotongo, highwa}' Zcmpoa la-



Chalma. 15/Vllll%3, Gu:mtl11 5086, (ENCB); Rfo Frio near Llanu Gnmtlc. 
highwa}' MCxico-Pucl:lla , 13/VII fl%8, Diaz 9, Guzman 1538 (ENCB); 'ICmoaya 
Mun ici)Jali ty, Las 1\avajas, Kong- Luz 5,1 (ENCB) GUA:\AjUATO. El Zamorano. 
near Tierra lllanca, 27/VIIII2000, l.cmdt:ros 7- JOlJ (XAL). MORELOS. Lagunas 
de 7.cmpoo la. Roclm 10 (ENCf3); Hui tzilac Munici)>ality. Lagu nas de Zcmpoo la 
~ationa l Park, 26/711982, Ag11ilar s. n. (PCME). GUERRERO. Chichihualco 
Munid )Jali ty. between Carrizal and Puerto del Gallo. 12f7/19:W. LIIJ,.'O s.11 .. 12/ 
VII/ 1980, ViUarlas 52 , 20f\'1111!983, Pere: Ramire: ·167, Herrera .0:. 11. (FCM E): 
Chilch ihualcn Municipali ty. hctwccn E1 Corriza l and i\IO}'llC. LtJ,I1,fl 18 (FCME), 
Chilpancingo de los Oravo Municipality, Palo llueeo, OmilteJmi, 1418/ 1984, 
Gutierrez $. 11. (FCME). MJCI-I OACAN. Ciudad Hidalgo Municipality. National 
Pa rk Cerro Garnica. 18/8/1983, Arrieta $.tl. (FCME). MORELOS. Cucrnavaca. 
region of the.> Lagunas of Zc mpoola, 19/ VIII / 1982, Mom 429, Clwc6t~ 3613 
{XAL) . NUEVO LEON. Zaragoza Municipality. La I!ncantada,Garcia UN, 8 195 
(ITCV); Za rat,>o:t.<J Municipality. E1 Viejo Hill. Gard a 2583 (ITCV ): OAXACA. 
Highway 'lin< tcpcc-Oaxaca, between La F~(pcranza and Oaxaca, ?.5/VII/1977, 
Pifi!::-Orth 695, (I!NCB) . PUEBLA. Chiau tzi ngo MunicipaJity, Sa n Juan Tetla, 
Canada Chamier. 27/1011982, Gauzi11 s.11. {E.N'CB); South of Hidalgo, Medel 
680 (XAL). VERACRUZ. Municipality de Xico, West side Cofre de Perote, Los 
Callos near El Rosa rio, Rico 93•1, 949, Mo11toya 240, &mdala 465, Nr~z-Morwo 

397, •Jii, Villarreal 1334, 2 19 1, 2618, 2580, 2562, 2618(XAL); Xico Municipality. 
£1 Rosario near EJ Rcvokadcro. Montoya 330-A. 381, 1Jmtdt1lu 357. •106.'16•1, 
V;l/a rrca1 631 11. 6•16,664,146.'i, 1546, 225 1 (X AT.), Calcnhua lco Municipa li l)' ncar 
Tlacoteopa, La Jicara road, 10/XJ 1998, J'vl~rle1890 (XAL). SWEDEN. Uppsala (ex 
Herb. Berkdey lectotype of H. friesiana . K). 
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Abstracl - '1\vo !ipcci~ of Lt!piofil arc dcscribcJ !rom material collcch:d in the ccntr.t l 
area of Veracruz Stale, viz. L. trichroma, a new S!)L'Cies propost.'ll here, and L. lwmisclcra, 
an unrer)orted species from Mexico. S<imples of bot h laxa were fo und in thedoud fo rest 
(mesophytic or subt ropica l forest) surrounding Xa lapa. Descriptions and d iscussions, 
including illustmtium ul macro- and miaoscupic morphology of both la."<a baJ.ed un the 
Mexican collections fire provided. Microscopical obscrvlllions afl cr Slud)•ing 1 hc. lcc1o1ypc 
of Agar;w$11.:m;sclerus from Cuba, as well as material of Up;ora subc;tropl1ylln (rom 
Japan are included. 

Introduction 

During recent fieldwork to monitor the macromycctcs in the central region oi Ve racruz 
state, several collections of two species of Lepiora, previously unrecorded in the region. 
were fuund. One uf these species, l .. lriclmmw, presents a combinat ion of macro· and 
micromorphological characters that places it in an undescribed taxon belonging to the 
group of spurrcd·sporcd spec ies d ose to L. hi chroma E. Horak, L. subcitropbylln l-longo. 
and L cilroplly lloidi!s Sathe & S. M. Kulk. The other species corresponds to 1.. /!i!misdera 
of which the present collcclions document the in formation of its morphological variation 
and distribution range. The two Lepiora species studied were found at Sanluario del 
Bosque de Nicbla (cf. Parque Ecol6gico Fco. J. Clavijcro in previous publications) 
and the native wuoded area of the Botan ical Garden Fram:isco Javil!r Clavije ro, 
bo th corresponding to a cloud forest (subtropical or mesophytic forest according lo 
Rzcdowsky 1978) prolcctcd by the Insl"i tuto de Ecologia (Xalapa), consisting of a mixed 
association dominu ted by Qrtc.'TW.'i spp., Ct4rpinus caroliniana Walter, Clethra me:dcana 
DC., Osrrya virgiuiana (M ill .) K. Koch and Liquichmrb£lr stymciflrw L. var. mcxicana 
Oerst'ed, which has been visited weekly th ro ughout the year since 2002. 

Materials and Methods 

Macroscopic descriptions are based on the study of fresh material. Alphanumeric en lor 
codes ind icated in the descript ions re fer to Kornerup and \•Vanscher ( 1967) and Munsell 
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( 1994) (bold codes) . Microscopic structures arc described from hand sections of revived 
tissues moun ted in 3% KOH and Congo Ked I% aqueous solutiun. Measurements 
and colors of the structures were observed in 3% KOI I. '!"he basid iospores were 
measured in side view, 30 spores randomly sdC<:tcd from hymcnophoral ti ssues were 
e\•aluated in a single element per cnlleclion. When estimat ing spore d imensions part 
of the recommendat ions by Heinemann and Rameloo {1985) were used. The tirsl range 
reported in the desc riptions desc ribes the variation within the collections and extreme 
va lues are indicated in bmckcts (highest value.~ of mean :2 SD in each sample). The 
means of spore length, wid th and tt uot icnl Q (ratio of basid iospore length/basidiospore 
width) we re calculated in each collection, then X corresponds to the range of means 
of length and width , and Q to the range of the mean values of Q of n collections. Line 
d mwings were made wit h the aid tl f a drawing tube. He rbarium acron)•ms arc acco rdi ng 
to l lolmgren et a!. ( 1990). 

Taxonomy 

Lepiota tricl1roma Mo ntoya & Banda Ia sp. nov. 
ll iGURES 1-3 

Pifrtu 8- 35 mm, t"OIIW.\"ffS v.:l phwo·couvexm, iuterdw" te1111i umbonatus, pallid,· 
Jlcwovinms, cm:wlc...;:a;:, ,s, stll!{lt! rubigin~tomtiCIIIatll$, subgh1b~tr vd mimtll! subNfll(mWIQ.~IIS 

(sub /;:1/t;:), squamufis ob.cwriorihu.s. l"mrcflac liberal!, c01iferta;: vel SttbdistaniC$, 
flavidae, saeflt! rufomacrtlatae, roem lesce11 S. Stipite 22- 70 x 1-tJ mm, cylindrir.m., pila> 
ronco/or, rnerul.:sccms 1!1 n ifomaculat••s,jibrillosu.c w l tlwmh: subsquamulosus. Stpummli.s 
ob$Cilrioribu.s, ad bmim intcrdum rhi:omorpllis rubcscens obserwllis. Corlitw Jibrillosa. 
mnx tle.ctiluta, illtt:ulumjibri/li.capud a/lm,lu.c :nnis in.ctructn, raris tld pileus ttwrgitl. Ct1m 

flavitlae, ((lerulesum, rufo mm·,./arae (stipite). Dasitliospomf! 6-8.5 (- 9) x 3- >1 (- >1.3) 

~un, elo11gutm:, Teves, cu!cmatue. Ptcurocystitlia lllllla. Clu:ilocystitlitl 13.5-30 x 6- 12 ~tm. 
davata, ventriccsa, vel utrifonne. Pifeipellis ex laypl1is cilimlraccis cutem forma ntihfl s. 
elementa terminalisclamta, dccrmJbt-ntes vel fl Sl"~·utlentibm, dispers1H, in SiJIIIlmul~ssnepe 

i11jlt1ta f'ilt!OCystidia simifis, 7-'10 x 8-25 JWI, nmwlu~ formantibus. Fibuflll' Jneunte~. 
MEXICO, Vemcruz. Xalt1Jm Co., km 2.5 viti Xt~lupli ·WIIt'Jiet:. ltiSt itutotl.: £cologitt. Srmt1mrio 
dd Rosqt1i: fie Nichla, 3 July 2M3, Bmulala 3776 (X 1\ I. 1-ln/ntypus). 

Etymology: Oecause of the )"cllow basid iomcs which slain reddish and blue. 

Pileus 8- 35 mm diam., convex to planc·convcx, sumctimes weakly umbo nate. 
occasionally depressed at center. at first fa intly to mentosc, becoming variably minutely 
squamulosc (under lens) especially in tbe center, smooth or slightly rugulosc, dry, pale 
yellow (::!:t\-1 , 111{5), 1emun· yd low ( 1-21\1 , 30A'l-5), or ~m lphur·ydlow (:!BS, 30A3·1) (5Y 
~/6·S), caerulesccnt (especia lly o n handli ng), with pale pinkish tinges. finally with red 
or orange·oxide scattered stai ns. squamulcs brownish on yellow ground , these in groups 
giving a dark (hrown) colorati on to the d isc center; margin stTaigh t, en tire or somewhat 
eroded in age, obscurdy striate, occasionally in parts beari ng minute, fi ne fibrillose veil 
remnant s. Lamellae close to subdistant. roundcd·frce or faintly ad natc, at times rather 
seceding, subvcntricose, 3-4 (-5) mm broad , yellow (2A2, 3A'I-.B7) to snlphur· )'CII ow 
(30A3-A'I), cacrnlc~cen t . rn:<JUcntl)' with rcd or orange· ox ide stains. fi nall y s ta ined dark 
brown, edge entire, somewhat pa ler than the sur iaces; )amdlulae up to ' I different length s. 
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Fig. I. Lepiutalrit:lmmm. Basid iomc.s (8mulalu 3776). Uar - 17 mm. 

Stipc 22-70 x 1- 4 mm, cyl.indr ic, stra ight, oft en sl ight ly curved downwa rds, yellow (2J\2-
21H. 3A4. •IB•I) , c:onco lorous with pi leus, often with a brightcrsu lphur-)'d low colo r ncar 
lamellae att achment. commonly stained blue (or when handling). whi lst other areas 
irregularly stained red or reddish-brown to orange-oxide. fi nal!)' becoming brownish 
or da rk brownish spott ed ; apex pru inose, tibrill ose to minute squamulose downwa rds 
(under lens), squamulcs scattered, da rker; partially iistulose, ti lled with whitish fibe rs; 
base concolorous, at limes stai ned orange-oxide, more or Jess strigose by the presence 
of white to pa le yellowish mycel ium, thi s often forms moderately coarse rhi zomorphs. 
Veil fibrillose, soon disappearing with age. occasionally as scant fibrils re main ing at 
annular zo ne or rarely at pileus margin. Context yellow. hygrophanous. cacrulcsccnt . 
stained reddish-brown or redd ish mainly in the inferior two thirds of stipe including the 
rhi1.omorphs. Odor to rotten potatoes or herbs. Ta ste mi ld . 

Basidiospores6- 8.5 (- 9) x 3- 1 (-'1.3) ~-tm ; X - 7.1 - 7.6 x 3.3-3.5!-'m, Q - 2.l - 2.2,d onga te. 
spurred on lateral view and with a dorsal depression . pale yellowish-green to hyaline. 
wall sligh tly thick, dc.xtrinoid . Basidia 15-25 x 5-6.5 ~m. clavate, hi - or tct:rasporic. 
thin walled. h)•ali ne. PleurocysHdia absent. Clleilocystidia 13.5- 30 x 6-12 ~m . clavate. 
broad ly clavate or more or less narrowly ulri fo rm. o ften somewhat ampull iform, hyaline. 
thin wa lled, numerous. Pileipellis a cuti s composed of in terwoven, crlindric hyphae 
4-7 f.lll1 broad, often ram ified. damped, at time.<; ending in a projected or perid inall y 
oriented clavi fo rm element, often the scales with mounds of compactly arranged clavate. 
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f ig. 2. l.~!pio t" lriclmmw. a: l>asidiosporcs: b: clements of the pileipellis and S(ales: c: scale 
clements (Banda/a 3776). Ba r a, c "" 10 j.tnl . b = 20 )lm. 
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fig. 3. Upiotalricllroma. Chcilocystidia (Bamhlhl3776). Bar - 10 f.IIU. 

broadly clavate or sphacropedunculale pilcocysl idia-li ke clemen ts, 7- 10 x 8- 25 ~m. '1-
7 v.rn diam. at base. some more or less disposed in chains of 2-3 subisodiamctric cells. 
all terminal dements with yellowish wall and with yellowish-brown contents, slightly 
thick wa lled (up to 0.5 ~m th ick), at times with incrustat ions. Context hyphae 11- 13 
f.llll diam., ydlowish to yellowish-brown, th in walled. d amped. Hy w euopl1oral trama 
subrcgular, hyphae 2.5- 18 J.lm d iam., cylindric to inflate, broad o r sausage shape. Stipe 
trmua wi th somewhat parallel hyphae 5-S f.lO\ diam., th in or somcwhnt th ick wa lled, 
yellowish in KO H. damped. Slipitipellis a cut is of hyphae '1- 8 J..llll diam., at times endi ng 
in a sphaeropedunc:ulatc element 19-40 x 8- 12 ~m or a subisod iametric ccU up to 30 
1-1m diam ., other h)'phac with short lateral outgrowth s, clamped. Clamp cotm ecNons 
prcscnl. A yellow sap is dissolved in KOH slides. 

Habilal. SoUtar )' to gr~garious. atlimc..-s ca~pitosc, in small troops. on soil or among faUcn 
leaves or grass, ncar Cmpitms caroliniana, at 1300 m. 

SPECIMENS EXAMINED - MI3XIC0. VERAC RUZ: Xalapa Co., km 2.5 old road Xalapa · 
Cootcpcc:, lnstituto Ue &ologia, Santuario Ud Bosque de Nicbla, 26. VI.2002, Ccro11a 
6R; 21. X.2002, &mdafa 37/4; 25.X.2002, Mo11toya 3958; 14.XI.2002, Corona 125; 

26.VI.2003, Corona 263, 2611; 3.VII .2003, Banda/a 3776 ( 1/ofotyp.:, XAL). lnstituto de 
Ecologia. Botanical Garden Francisco J. Cla\ijero. nati\'e h'OOded area , 4, VII .2002 Motiloya 

3837, 3838; 27 .lX.2002. Momoya 3922; 13.V JI.200S Banda/a 3981 (aU at XAL}. 
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Other material studied - l.cpiota$ttlxitmpflyllll. JAPAN. Oosni MIZU, Ibuki-sho, Shiga 
Pref., on .soil in Pimts= de11sijfom-Qru:rcus s.!rmta foresl, l.IX.l973, leg. Z. S11giynma 
(TMI 1<158) ; Kokogc. 'IOttori City, Tottori Pref., on soil in mixed Wood of Cumdlitl, 

Cimmmomum, Aplumantltt!, Phyflostachys, CIC., 12.Xl.J 971 . leg. E. Nagastuwl ('I'M/ 
18<17) . 

Remarks. Lepiow tricl!roma is read ily recognized by it s yellow, caerulcsccnt basidiomcs 
developing pale pinkish , red or orange-oxide stains, the spurred spores, broadly clavate 
o r vcnlricu~ du:ilucy~l idia and pilc ipd li s irrt:gularl)' covered with :-;ubisodiamelric or 
sphacropcdunculatc terminal elements forming t·hc scales of the pileus. The microscopic 
characteristics (pi lcipcl lis structure, basid iospores, che ilocystid ia) in combination 
with color variation uf lhe ha!'idiomes, laxn nnmic.:a ll y separ.1tc L lriclmmUJ fro m 

phenotypically similar taxa in Section Stenospome (J. Lange) Ki.ih ner (Bon 198 1; 
Candusso & Lanzon i 1990; Vdlinga & I luijser 1993). 

The blueing oft he basidiomcs is a charac teristic rarely found among the species of Lepiota 
with spurred spores (Akers cl al. 2000; Horak 1980). l.epic1ta .mbcitmpllylla described 
from Japan (Hongo 1956) and depicted in lmazcki and Hongo ( 1983) iconography. 
superficially recall s L. tricltrom a. The d istinct ive reddish colors of the basidiomes as 
observed in the Mexican taxo n, however were not dc$Cribed fo r I .. suiJcitropllylla 
(Hongo 1956; lmazcki and Hongo 1983) and there an: also taxonomically important 
morphomicroscopical differences. A rc·examination of two Japanese collections of this 
latter species (one of them, 'Ji\111 Jtl58, determined by Hongo), revealc<l a pilcipcll is of 
a trkhodennis kind, composed uf a disrupkd layer of elongated (na rrowly dav ifo rm. 
subcyl indr ic or narrowly lagcniiorm) terminal clements 35-1•15 (- 160) x 6- 14 (- 16) 
!Affi, sligh tly bigger basidiosporcs [7- 10 (-11) x 3-4 (-4.5) )Am, X = 8.7 x 3.3 ~lm , Q = 
2.67] and lamell ae edges lacking cheilucystidia (fig. '1) . Hongo ( 1956) repor ted, however. 
cheilocystidia crowded, clavate to subc yl indric or somewhat fuso id. 19-3 1 x 6- 14 !Aill 
and dcrmatocystidia cyl indric to clavate, 35-70 x 9.5- 16 )Ant. 

When desc ribing lhc Australian L. bichroma, Horak ( 1980) observed a resemblance 
between it and/ •. subcitnlpllyJJa. ' I he basidinmcs tJf 1.. bicltrom a, ascmpha.«izcd b)• Horak, 
are not caemlcscent , instead they are distjnguishablc by the deep lilac colors produced by 
minute squamu lcs or wart· like squamules of the pileus and st ipe. respectively, on a pale 
yell ow·o rangc backgrou nd , therefore differing macroscopicall y from the Japanese taxo n 
and the Mexican L tridrrama. Furthermore, microscopically L biduwna differs from L. 
tricf1rom(1 in its longer basidiosporcs (9- 12 x 3-4 )Am) and th e pileipcll is characteristics 
(a pal isade of clavate to subfusoid clements 30-80 x 5- 16 )Am, havi ng a pale brown 
encrusting and plasmatic pigme nt ) (Horak 1980). Another species dose lu L. tridtrumu 
is L. citroplly lloitles described from Ind ia (Sathe and Kulkarni 1980). Regrettably, it has 
not been possible to study the holotype housed at AM H. Based upon descriptive data 
provided h)' Sathe and Ku lkarn i (1980) 1.. cilrr•phylloitle.~ can be separated from the 
Mexican taxon by its apparently not caerulescen l basidiomes lacking redd ish tinges and 
the umbonate pileus with olivaceous brown scales, wh ite veil, crowded lamellae and 
qrli ndric 10 narrowly clavate cheilocyst id ia 21-27 x 6-i.5 !Am. 

·1 he moni toring developed in a square plot of 6-10 ml in the cloud fores t of Santuario 
de Nicbla showed that during 2002 to 2003 the basidiomcs of this taxon occurred in 6 
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Fig. 4. L~piota subcytrophylla. a-b: basidiospores; c-d: pileipellis elements {a, c TMI l 8tJ7; 
b, d: TMI /<158). Bar a-b -=- 10 1.un; c-d = 20 ,tm. 
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subsquarcs (each o f 1 m2), growing from solita ry to moderately gregarious. It presented a 
summer fruiting patte rn , at t imes reaching thc fal l. Although the m onitoring continued 
th roughout 2004-2005, it was recorded again until Septcmber2005, only in the Botan ical 
Garden area. 

Lepiota l1 emisclera (Bcrk. & M.A. Curtis) Sacc., Syll. Fung. 5: 66, I 887. 
= J\gnric11.t lu:mi$4lertJS Bcrk. & M.A. Curl is, Jour. Li nn . Soc. Bo1. 10: 283, 1868 

1:1GURES 5-8 

Pileu s 40-75 m m diam .. subglob ose to sub hemispheric when you ng. gradua lly convex, 
becoming plane-convex or plane, moderately umbonate, at times fina lly almost planc­
conca\'c, dry, !=io mcwhal' hygrophanous, Sllrface weakly wavy, wit h darker lines arr::tngcd 
in a striki ng reticulate pallcrn on all the surface, the paler ground areas yellow-brown 
to straw or wood yellow color ( IOYRS/6; 7/6). with the reticulum brownish. brownish­
orange or grayish-orange (5C5-6, 5B5); sm facc covered wirh abundant pyramidal to 
echinate, bh.tckish -hrown, <letersile scales. locate<l often inside lhe mesh and d istributed 
in a more or less concent ric pattern th roughout the pileus. with the pileus expansion 
thC)' arc more persistent towards the d isc cente r where the mesh is denser, then this 
area appea rs more unifnrm ly brnwn ish-ur.mge <lr at le<ISl darker; the darker li nes 
glabrous in appearance but unde r le ns fa intly m inutely tibr iiJ ose; margin at first more 
or less in flexed , becoming straight, often undu late (espec ially in very expanded pile i), 
nor striate, at times m inut ely appendicu late in part s hy veil remnants. lAmellae free. 
c rowded. initiall y arcuate in uncxpandcd pileus to sub ventricose, at timc.-s rather linear. 
m oderately narrow, 4- 5 mm broad, some fo rked. with lameUul ae of different size, wh itish 
or yellowish-white, edge concolorous, somewhat irregular. Stipe 45-80 x 7-12 mm, 
q rlinclric, at t imes slightly widened towards th e base. th is latter often subbu lbous, su rface 
faintly striate in the a rea below point of lamellae a ttachment, appresscd squamulose 
at half o r hvo thirds of its inJCrior length , gl;~bresce nt upwards, whiti sh or yellowish­
white, the area above and below the ri ng pinkish-brown to brownish -orange (5AB4); 
squamules brown ish (SABS); initially sol id, wilh age becom ing sluffed or ii stulose; 
base with white, somewhat coarse rhizom orphs. Veil pendant , superior, membranous. 
double, whitish , more or less cottony- arachno id below, persistent or partin lly persistent. 
Amwlus att ached or semi- lllO\'Cable, persistent. th ick. with coars~. Oatten~cl . brown or 
brown ish , c rema ll ation-like protuberances. Cou te-1.:1 whit ish , unchanging, with yellow­
brown stains at stipe base, hygroph anous,llcshy-fibrous. Odor fruity. Smell mi ld . 

Basidiospores 5- 8.5 x 2.5-3 Jlm; :X = 7. 1- 7.7 x 2.7-2.8Jlm; Q = 2.7- 2.8 (i n the lcclt~typc 
6- 8 (- 8.5) x (2- ) 2.5- 3 (- 3.5) Jlm, X ,..,. 7.3 x 2.8Jlm, Q - 2.7), cylind ric. somewhat 
basally truncate , with a iai nt suprah ilar depressio n , att enuated and slightl y curved 
towards the apex. hyaline to pale hyali_ne-grccnish in KOl-1, yellowish in mass, at times 
wit h dense and weak ly refr:.~e tivc con tents, smoo th, thin In slightly th ick wall ed (up to 
O.SJlm th ick) , dextrinoid or not dcxtrinoid. Basidia 13-16 x 5-6 ~-J.m , bi - or tctrasporic. 
clavate , thin walled , hyaline. P/eurocystidia absent. Cheilocystidia Jll - lJS x 9-26 1-J.m 
(2S-63 x 7- 17.5 Jlm in the lectotype), clavate In hroadl)' clavate nr hrnad ly utri form, at 
times pedicellate. ap ically rou nded and some appear ing capitate , other a t times nodul ose, 
occasionally mucron ate, projecting beyond the hymenial layer, hyali ne to yel lowish , 
frcquentl )' with dense, at times granulosc, rcll nwish-hrown conte nts (often appearing 
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f.ig. 5. &piola llemiKfl!m. Basidiomes and d ose up (below) of t he annullus (Brmrl11la 3626) . 

Oar - 20 nun. 

as a circular or irregular apically located vacuole) , with some lloating, refringent , 
crystal-Like dements, wall up to 1 !J.m thick, munerous. clamped; apex at times with 
mucilaginous rem nants as a hyaline incrustation. Pileipellis a loose trichodcrm <lf 
approx. •ISO IAITI thick, consisting of interwoven hyaline, hyphae 3-5 !J.ffi broad, th ick­
walled (0.3- 1 j..llll thick), yellow-brown to yellow-green. damped. at Limes there arc some 
intcrcalar rows of subisodiamctric. clavate or subcylindric d amped dements, wh ich 
arc similar to those forming the scales; pyramidal scales built of chains of vcrsiform 
elemeni J; (subis.od iametric, ventricOIOC, pyriform, subell ipsoid, mncronale ), 10- 63 x 
7- 13 !-lll'l, clampcd, thkk-wallcd (1 - 1.5 ~un), yellow or yellowish-brown, the wa ll dearly 
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Fig. 6. Ltpiota IJCmisclcra. a-b: basidiOSJKlrcs: c: clements of the scales on pileus: d: chcilcx:)'Stidia 
(a, c: Banda/a 3626; b. d: Bmulala 3769). Bar a-b, d = 10 fl lll , c = 25 ~lm. 
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appears more yel low than the contents or almost ycllowishMgrccn. Co, text hyphae 2-10 
!Jffi diam. , thin wa lle<.l; with abundant sphacr<K)'Ic-likc clemen ts towards the hymcnial 
region, these of 15-40 !llll diam. Ilywenopl,oral trama more or less regular. hyphae 2- 16 
!Jffi diam., with sphacrocytc-likc clements towards the connection with the context. Veil 
built hycyli ndric hyphae 1- l 2 Jlm tliam ., thin nr thick-walled {0.5- 1 f.Lm thick), more 
or less hyaline, with a slight green ish tint, similar to that oithc pilcipcll isclemcnts. Stipe 
context with yellowish. somewhat parallel hyphae 4- 16 !!ffi diam., th in or somewhat 
th ick-walled(< I IJ.m thick), clamped. Stipitipcllis a loosely arranged tissue, composed 
of hyphat: 3-'I IJ.m thick. scptak, curled, bmm::ht:d, damped. at limes ending in a more 
or less d a\'ate clement of 6-7 llJll diam. at apex. Clamp cotm ections present. 

Habitat. Gregarious, on soil, among leaf debris, at times among dead leaves and 
Sclaginclla , near Platanw:., al forest edge, al 1300 m. 

SPECIMENS EXAMINED - MEX ICO. VmtiiCI!Uz: Xalapa C'.o., km 2.5 old road Xalapa ­
Coatcpec, lnstil\ltO de Ecologia, Botanical Garden Francisco j. Clavijero, nat ive wooded area, 
3.VII. 2002, Mo11tuyll •1008, /Jmulultt 3626; 30.V I. 2003, Bmufttla 3768, 3769 (all at XAL). 

Other material studied - CUB1\ . On logs. Ju l)• 27 (yea r not mentioned), ]. Wri,~:lft 120 
(Lc_'Cioty~ of AgariCIIS ht"misduus, K) . 

Remarks. This Lepiota species macroscopically can be recognized by the entirely 
ret iculate aspect of the pileus surface bearing pyramidal dctersilc scales. the persistent 
thick, superior, cog-wheel-like annulus. pendant veil, and the appresscd squamulose 
infe rior half of the stipe surface. These characteristks in combination with the cylindric 
basidiospores and both swollen cheilocystidia and clements of pile ipellis, taxonomically 
distinguish L. l!emisclera. 

'I he di ;1gnnsis nf thi!O ta xo n is cumplcmcnted wit h the ahovt! macro- and microscopic 
data recorded on fresh collections gathered in Xalapa. as \,·ell as those observed afte r 
re-examination of the lectotype of ;\g(lricus (,emisclem s. Two specimens collected in 
Cuha by Ch. Wright (no'$ 57 and 120) were cited in the original descrip tion (Berkeley 
and Curtis 1868), one of them (110) ~lc..xted lakr by Pegler (1987) as the lectotype. 
The Mexican specimens are indistinguishable from specimen Wright 120, this latter 
however, presents somewhat collapsed lamellae edges making dilllcult the study of 
chcilocystidia. which more or less recover when mounted in KOH (d. ligs. 6-8). It is 
also remarkable that the dcxtrinoid reaction of bas idiospores is not always consistent 
in both the lectotype and Mexican samples. ln the brief original description, based 
on the data recorded in fresh collections b)' Ch. \¥righ t, Berkeley and Curtis (1868) 
described the annulus as " .. . amplo rd]cxo ... " and with rega rd to the pileus surface 
they recorded it as " ... sometimes pretti ly clouded ... ". The pileus of the lectotype. \.ike 
that of Mexican collections, is cert ai nly reticu late, the dry sample st ill exhi bits a faint , 
wide mesh produced by paler and darker a rea s (it also presents scattered. p)' ramidal 
to echi nate, detersi lc dark scales). The Stipe bears a wcii preserved th ick annulus (this 
holding a membranous-cottony almost pendant veil) which on it s outer side presents 
brown, c:oarse,Lecth ~ like protuberances. ll shou ld be pointed out that these twu st riking 
macroscopic features unique for L. lremisckra were not mentioned in subsequent cites 
after diagnosis of the species (Morgan 1906; Murri ll 19 11, 1914) including a more 
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Fig. 8. Upiot11 hcmiscln11. a: basidiosporcs; b: d1cilocyslidia; l.": clements ofl he scales on lhe 
pile us ( Wrigl1t 120). Ba r a-b = 10 ~1 m , c = 20 ~tm . 
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Figure 3. Strict consensus of 2864800 equally parsimonious trees based on ITS region sequence 
d ata from Metarf,i=iwn spp. Values above the branches ind icate bootstrap support; posterior 

probabilities resulting from the Bayesian anaJysis are shown below the branches. 
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this connection was based on stud ies of seconda ry (microcyclic) con id iogenesis by 
d ischarged pur l spores. ' I he data presented here show tha t ,\>1. laii cannot be maintained 
as an independent species and that the most reasonable treatment for this spec ies is as a 
facultat ive (heterotypic) synonym of M. a. anisoplitte: 

Metarllizitmt mli~opliae (Mctschn.) Sorokin var. fmisopliae, (Plant Parasites of Man and 
Anima ls ::.s Causes of Infectious Diseases] 2:267 (1883) (in Russian] 

Sy no ll)' lll : Metarlt i::.itlm taiiZ.Q. Lia ng & 1\ .Y. I .in, 1\c/a M)'COI. Sinica 10: 260 (1991). 

Because the present molecular and cul tural evide nce conf1rms unambiguous!)' that the 
td comorph of ,VIetarlrizium tali is Cordyc.eps taii, it must also now be recognized that the 
ldcom o rph of M. (misvpliae var. u,isopliae is C laii. 
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Vamsapriya indica gen. et sp. nov., 
a bambusicolous, synnematous fungus from India 
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Abstract Vmnsapriyn itulictl gen. ctsp.nov. is reported from decaying cuhns ofbamlxxl, 
Rambu.ca artmdinnaa (Cram inca.: or Pnar.t.Yll:), collected nt Ycllapur, Ulfanl Kannadn, 

Karnataka, Ind ia. The fungus is unique in produci ng catenate, phragmosporous conidia 
on synncmatous conid iophorcs wit h no n-<:icatr iz'"'"l, lllOllOlrel k: conkl iogcnuus ~;e ll s . 

The novel genus is described anJ illustratt.>d, and compared with 1\\'0 doscl}' resembli ng 
gt>ncra, Didymobotryum and Podosporium. 

Kcr v:ords- conid ial fungi, tropical hiod i\'Crsity. h)1)homp:::ctcs, taxonomy 

Introduction 

Fungi occurring on monocot plants arc fairl}•we\1 documented (Ju & Rogers 1994; l;rOhl icb 
& llydc 1999; llydc & Alias 2000: Yanna c t a!. 200 I). Among them, bambusicolous fungi 
have been wcll·stud ied (Petrini eta!. 1989; Eriksson & Yue 1990; Hydeel al. 2002a) with 
a special interest on the pathogens (Samajpati 1984; Johnson 1985; Deka el al. 1990) and 
saprobcs( Hydc d al. 200 I; Zhou & Hy<lc 2002; Hyde d al. 2002b). Pn.:scn tly, more than 
I 10 bambusicolous fungi bave been recorded (Shcnoyct al. 2005a). 

During the course of studies on fungal diversi ty of Western Ghat fores ts (e.g. Pratibha 
et al. 2005; Shcnoy et al. 2005b) , we came across a unique, dcmatiaceous, syn nematous 

hyphomycetous fungus on decaring culms o f bamboo, Hambusa anmdiuacea (Retz.) 
Willd. (Gramineae or Pcmr.eac:). On careful examination, we observed a combinat ion 

of morphological characters of the genera Diclymvbo trym11 Sacc;. and Puclospot·ium 
Scbwcin. Both Did)'mobouy um, lcctotypiJied by D. rigidum (Bcrk. & Broome) Sacc. and 
Podosporium lectotypified by P. rigidum Schwcin. are characterized by large synnemata 
with a stipe and apica l bead, branched conidiophorcs, monotrct ic conid iogcnous cells 
and aerogeno us conidia. However, the conidia of Difly mobotrywn are catenat e and 

l· scp lale whereas lhuse uf Podosporium arc solitar)' and ph ragmu~porous (lmis 1971). 

The unique combination o f catenate. phra.gmoporous conjdia in a single fungus. with 
the other features of both Didymobolryum and Podosporium warrants placement of the 
bambusicolous fungus in a new species and a new genus. Vamsapriya indica gen. ct sp. 
nov is described and illustrated in this paper. 
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Taxonomic Description 

Vamsapriya Gawas & Bhat a.n am. gen. nov. 

Adjuugos t'Otridialt:s, lryplwmy«les. Colonit1e ejfuSile, atro brwmene vel uigm. Mycelium 
st~bstmto immersum, ex llypllis sub/,yaliuis, septali$, mmosus, laevi1. Cot1itlwplwra 

macrrmemtdial, .~ynnemntica, tllrobr111mea, lac:via, $C:pttlla, ramosa, laxus apicem. 
Synnematica rmxtn, atro br1mt1erl . Cellulae ccuidiogemJe mOIIOi n!t ic.m:, """IJ'ja/J 
cimtdum, i11tc:gratae vel discretae, taminalae, davatae. Co11itlia sit·ca, mteuulata, 
ucrvgeuU$U, brmmefl, cylindriw, wrmiformata, rotumluttl uti lfuo exlremitM, 

plrmJ!_mo.<eptata, anxustus ad .'~!pta, acmpctalihu.<. 

Etymology: In &mskrit Vmn.ca bamboo; priytl loving. 

Conidial fungi. hyphomycct<:s. Co!oniescffusc, dark brown lo blad;.. Myc~lium immersed, 
composed of subhyal.i ne, septate, branched, smooth hyphae. Co, idiopflores distinct. 
macronematous, S)rnncmatous, dark brown, smooth. septate, branched, wider at the 
apex. Sytmemattl erect, dark brown, composed of compact parallel conidiophores, fertile 
in the upper hal f. Crmitliogcnou!' ceiL" munolrcl ic, nnn-dcatri:t..cd, integrated ordiscrelc, 
terminal. davotle. C<miditJ dry. catenate, aerogenous. brown. cylindrical, vermiform. 
pbragmoseplatc. constricted at the septa, developing in acropetal chains. 

Type species: V. indica. 

Vamsapriya i1Jdica Gawas & Bhat sp. no\', Fig. 1- 12 

At/ J uugu:. amitlillles, l•yplwmyct:les. Cvlut~itle effustle, ultubnm11eue wl uigm. Mplium 

substmto immersum, ex IIYI'his subiJyalinis, reptntis, tremes, /aevis, 2.5 3. 5 /WI latis. 
C,.n, idil)p/l(lra mar.mnemarica, sy11nematict2, atmhrmmcn, lacvin, .ceptata, 1reme5, 
fnxus, npiam, 3- <1.5 }lm fnta . Synuematica erl.'cta, rigidis, alro brum1ea, 700- 870 pm 

flmga, 80-90 11m ltu. utiJJC..t;Sum, 28-•12 Jim /tl.l. tui metlius, J 10- 150 ttm lt11. uti apicem 
Jcrti/i.{ nra. Cell1tlac COIIidingt:ltaC mmwtrcticnc, mmquam cicatriccm, integratac vel 
tUscrc/ae, terminafiar', clava /ac, levira curvatae ~xtrinsecus, 4- 12 x 2--'1. 5{1111. Co11idia 
~ia:tl, cldcmllu/11, llctugctlw.'u, brmmctl, fuc viu, .~impfidu, cylilulrim, vetmifunmllu, 
2- 12-seJIIUtu, 10-80 :o: •l-611m, tmgus/us m/.>;cpta, tu=rupetalibus; conitliu tcrmitm/i(l lcrcs 
atl apicem, /c.-viler tnmcata tui fte.~sum; amidia alia levit1:r lru11cata tul dun ex tremitas. 

Holntypc: On dead and decaying ba rnboo twigs, Ycllapu r, Uttam l\unnada, Ka rnataka, 
India, coli. Puja Gawas, 2719/2005, Herb. No. JMI 393674. 

fungu s hyphomycctc. Colm1ie.~ effu se, dark brown to black. Mycelium immersed , 
composed of !'ubhya li ne, septate, hranched, smoot-h hyphae, 2.5-3.5 pm wide. 
Conid iophorcs macronematous, synnematous , dark brown, smooth, septate, bmnched. 
wider at the apex, 3-4.5 J.lnl wide. Synnemala cree l, r igid, dark brown, composed of 
compact parallel conid iophorcs, 700-870 J-1111 long, up to 80-90 pm wide at the base, 
28-42 ~ml wide in the middle, up t-o 110-150 ~1m wide at the ap ical fe rtile region. 
Con idiogenous cells monotretic, non-cicatrized, in tegrated or discrete, termi nal, 
davah:, slightly cmvcd towards the cxter iur, '1 - 12 x 2- 11.5pm. Con idia dry. ~.:atcnate. 
aerogenous. brown, smooth . simple, cylin drical. vermi form, 2- 12-septate, constricted 
at the septa, 10-80 x if-6 J.!m . developing in acropetal chains; terminal conidi a rounded 
at the apex. slightly tru ncate at the base; other conid ia sligh tly tnmcate at both ends. 
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Fig. 1-11. Vmmapriy" imlim. I. Stereomicroscopic image of the synnemala (bar - U.S em). 
2. fe r lile api1.."al zone (bar - 200 ~un) , 3.'1 . Conidiog('nous cells shO\ving monotretK: conidiogenesis 

(bars ::: 10 !llll ), 5- 11. Morphologica l \'aria! ion in conidial si?.c and display of catenate nmurc of t he 
conidia (bars .... 10 'lm) 
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IO,.m 

Fig. 12. V,,ms.•pri)'fl imlk11 . S)'lliJCmata, oonidiogeno us cells and conidia 



!53 

Discussion 

Vamsnpriyn is morphologically similar to Didy mobotryum and Podosporiwn. All 
three gene ra have brow n to black rigid synncmala wit h compactl y arranged brown 
conid iophores. monotret ic. integrated . clavate to cylind rical conidiogcnous cells 
bearing dr)', ae rogenous, simple conid ia. Didymoboli)'WII differs from Podospor ium in 
having catena te. cl lipsuidal· cylindrical, l · scplatc conidia . Pmlosporium, in con trast, h:L~ 

solitarr, obdavate. multiseptale conidia (Ell is. 197 1 ). \lamsapriytl exhibits a combination 
of morphological characters of both these genera, bearing catenate, cylindrical to 
ve rmiform, rnultiscplat·c (phrngmosporom) con idi a. The catenate conidia do not 
support disposit ion of V(mlsapriya in Putluspurium and thei r phrdg.mosporous characlcr 
makes it difficul t to accommodate in Didy mobMryum. 
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Two new species of Hypogymnia (Lecanora/es, Ascomycota) 
with pruinose lobe tips from China· 
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1Sy:-tcmalic j'vlycf>lngy 1!-· l.ic/wnology l.aboratory 
Jnslitutc of Micrubio/ugy, A cudemia Siuiw 

Zllong-grum-cun, llei-yi- tiao# I3. IJeijing 100080, China 
1Grcul1lflle Sduw l of Chinese A cudemy uJSdertce.s, Beijing 100039, China 

Abstract- T\\'0 new species of lichens are described from China. viz. lfypogymnia 
ps~mlopr11inoStl (in Yunnan ) and H. Sllbfiwillact'tl (in Sichuan and Yunnan). 'I hey arc 

characte rized by means of morphology and scmndary chcmistr)·. t atin diagnoses, 
English descriptions, and habit us photographs are provided. 

Kcrwords- H. macmspom, 1-l. farinacca, li chen subslanccs 

Until recent ly, forty species of 1-Iy pogym nia (NyL) Nyl. have hccn reported from China 
(Wei 1991 ; C hen 1991; McCune 8: Obcnnaycr 100 1; MeCum~ & '1Chabancnko 2001 ; 
McCune e1 al. 2003). Dur ing our stud ies on the lichen flora of China. two new species 
of the genus were collected fr om Yu nnan and Sichuan Provinces, which arc desc ribed 
in this pape r. 'I he gross mnrphnlugy and anatOm)' were examined using the d is.<;e<; ting 
microscope (ZEJSS Stcmj SV I I) and compound mic roscope (0 1)TON [81). The lichen 
substances were detected by colour reage nts and thin·laycr chromatography (Culberson 
& Kristinsson 1970; Cu lhcrson 1972; While & Ja mes 19RS). 

1-lypogynmia pseudopruiuosa X.L. Wei 8: J.C. Wei, sp. nov. JJiatc 1: A·B 

Hypogym11im! mua-u.~pume $imilis, !>Cd :;{1ori~ mhwribus, lobi f'ruifu, ubduclis d atrunu,-inu 
de~t. 

T)'pc: C hinot . Yu nnan, DrtjCu ..:ou uly, alt. 41 00 Ill, on dc-.td br.tnchcs ofSabilw sp .. X. Y. 
Wang, X. Xiao & J. J. Su 7606,29 Augu5t 1981 (holotypc, I-l MAS-I.). 

Thallus foliose, tightly appresscd; with subdichotomously branched lobes of 1·2 mm 
wide and 5 mm long; upper surface da rk brownish· )'CII ow, partly hlack, with black 
margi n, rugose, glossy, lacking isid ia, sorcdia and lobules but wilh dense layer of J">fu ina 

limited to the lobe t ips; lower surface black, brown ncar the ap ices, rugose, glossy, and 
w ilh ro und pe rfo ration s at the lobe lips and on Lhc lower s urfa~o:e. 

• 'l"he project was suppor ted by the Nationa l Natu ml Science Foundation of China (304993110) 
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Upper cortex prosoplcclcnchymatous. pale yellow, 12·14.5 ~m thick; algal layer 
10- l-1.5 Jlm thick,consistingofgrcen ,suhsphcrical ccllsof7. 5- 9.5 ~-tm in diameter; hyphae 
in medulla colorless, about 2 j.tm in diameter; lower cortex prosoplcctcnchymalous, pale 
yellow, 10 ~lm thick. 

Apothccia rare, 1-3 mm in diameter, stipilatc; d isc yellow brown or red brown. gloSS)'• 
concave at fi rst and then sl ightly plane with ent ire and thin margin; cpithccium brown, 
7-9Jlm thick; hymenium colourle$s, 32-36 11m thick; asci clavate, R- 14 x 23.5-25 J.lm. 
S-spored; spores simple, colourless. ellipsoid to nearly spherical, 3.5-4 x 5.5-7 Jlm; 
paraph)•scs linear. septate , 2 !J.m wide, slightly swollen at the tips; hypothccium 
colourless, 27-36 ~Lm thick. Pyc nidia not seen. 

C lremislry. Cortex K· , c., P·; medulla K+ yellow, c., P+ orange yel low~ orange red; 
conta ining phy~oda l ic and physod ic acid~ . .-.nd a pale ~pot in Rrcla s..c; 6 (solvent system 
C). 

Comments: "Jbe new species resembles fl. macrospora {J.D. Zhao) ).C. Wei (Zhao 1964; 

Wei 199 1) at first sight, but differs by having a dense larer of pruina limited to the tips of 
the lobes and sm.-.ller ascospores, .-.nd by lacking atr.-. norin . 

Hypogyumia subfarinacea X. I... Wei & ].C. Wei, sp. nov. Plate I:<.>£ 

Nubitr1 t: rmr Nypugymnitrfu1"ilmCt:ll upluni!CUIIJ;IIIt:m;, SCI I 1Iiffe1/ lubis juui~ru~is t!l tlcitlum 
pii)'.'Qt/t~licum Wl lf illells. 

"l)')>e: China. Sichuan !l rovince, ;\"an ping County, Jiuzhai Cou, a h . 2151 rn, on trunk of 
'fsugr1 sp .• 10 June 1983, X. Y. Wang & X. Xiao 10582 (holotype. !-IMAS·L). 

Thallus lo liosc, loosc\y apprcsscd, with subdichotomously branched and scpantlcd lobes 
o f 2 mm w ide; upper surface gray, du ll , s lightly rugo!OC to smooth wi th som e pieces 

of upper cortex in the old lubes disintegrating. Jacking isidia and lobu les but bearing 
granular so redia coalescent in more or less sacciform structures, with thin layer ol pruina 

limited to the lobe lips; lower surlacc black, pale brown ncar the apices, wrinkled , glossy, 
with large, round perfo rations of 2 mm in d iameter. 

Upper cortex prosoplcctcnchymatous, pale yd low, 11.5 J.llll th ick; algal layer 20.5-22.5 
11111 thick. consisting of green and subsphcrical cells of 3·4 !J.m in d iameter; hyphae in 
medulla colorless, septate, 1·2 ~lm in diamete r; lower cortex prosoplcctenchymatous, 
pa le yd luw, 12· 1-1.5 !Jill thick. Aputhccia and pycnidia unknown. 

Clremistry. Cortex K- , C-, P· ; medulla K t yellow, c., P t orange yell ow ~ o range red , 
containing physoda lk, physodic, 3· h)•drox)·ph)'Sod ic (conphysodic}, protocet rar ic 
ac ids. and atrano rin. 

Other Materia l Examined: Oti na, Yunnan: Lijiang County. Mt. Yuk>ng shan, all. 
2900 m, on the bark ofQ11erC11$ sp .• 8 August 1981 , X. Y. Wang. X. Xiao & J, J, Su 1892 

(HMAS·L); a h. 3100 m, o n the ground, 8 August 1981, X. Y. Wang, X. Xiao & f. J. Su 
659 1 (I IMAS-L). 

Comments: The new species resembles H. fa rir~acea Zopf at the first sight , but differs 
by more separated lubes. presence of pruina limited to the lobe lips. and in containi ng 
pbysodalic acid. 
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Plate I. A. 1-lypogymnia psetulopmin(lsa, Wang ct al. 7606 (bolotypc in HMAS- L) . 
showi ng ge neral appearance;: of thall us. H. H. fJsewlopru inusa, Wang d a!. 7606. shuwi ng 
the pruina limited to the margin of lobes. C. Il.jariflacea , Wang eta!. 10582 (holotype 
in 1-!MAS-L), showing general appearance of thallus. D. H.farinaua, Wa ngcta l. 10582, 
showi ng the pruina limilcd to the margin of lubes. E. H. jfl r inacca. Wang cl al. 10582, 
showing the soredia o n the upper surface. 

A-C: Scale in mm; D-E: Scale bar = I mm. 
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Ahst ract - A l.ept~rapltimn sp. unknown in Japa n \\'9S isola led from Japnnc.~c red pine 

(Pimts densiflom) in this stud)~ Pairing of different strains of the fm1gus gave rise to 
mature pcri tlu::cia of an Oplliustomt~ sp. Char-.1cteristia.: vfthis tclcomorph \.,ere .similar to 
t hoscofOpltio.~toma pia:ap~rd11m, hut the fungus had larger nsco.~porcs. 'l11c anamorph 
state had 2 to 3 primary branches, and was similar to Leptogmpllimn mmmltun , L. 
ytlmum('rJSI:, L. pim-tltm~iflmtu: , and particular!)' to L. kurt"wmm. Compa risons of 
partia l actin . 13-tubulin , and rONA sequences data showed that the japanese fungus is 
L knrctmum. Jlai ring of strains from Japan with the ex-type cull urcof L korr!tmtmt ft9\'C 

rise to mature perithecia confirming this identification. The teleomorph of L. kor.:mwm 
is thus described here as Ophiustumn ko1'1:mmm. 

Kc)' words- biological species, phylogene tic species, oph iostomatoid fungi, blue-stain 
fungi. DNA sequences 

Introduction 

Species of LepluJ!raphium Lagerb. d Melin arc best rccogni:tcd as anamorphs of the 
ascomrcctc genus Oplliostomn Syd. ct P. Syd. They include economically important 
agent s of sap·sta in as well as tree pathogens (Gibbs 1993, Seifert 1993). Leptographium 
wirtgfieldii M. Morclct and 1 .. wa,generi (W. B. Kcndr.) M. J. Wingf. have rclativcl)' high 
levels of virulence, and the three varieties of the latter species arc well- recognized root 
pathogens in the western Un ited States (Cobb 1998, Solheim et al. 1993, Harrington 
1988). ' lhese and nthcr l .eptogmpllium spp., produce milnspnres in slimy masse." al l he 
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apices of erect conidiophorcs that arc specifically adapted to be carried by art hropods, 
part icul arl y bark beet les (( :oleoptcra. Scol)•l inac, Jacobs and Wingfield 200 1). 

A recent monograph on Leptographium included •16 species (Jacobs & Wingfield 
200 I). The majority of these species occur in Europe and North America and il is well­
recognized that this gruup nf fung i ha.s hccn p norly sampled in ot her part s oft he world . 
Th is is particularlr true for Asia where a large number oi bark beetles are known to 
infest native coni fers. Th is study represents part of an ongoing effor t to catalogue the 
f .eptograpllium spp. in 1\sia, and particu larly in japan . 

Rl.'!cenl isolations from pine bark bet:t lcs and bark becllt: -infcstcd Japanese red pine 
(Pi,ws demiflora Siebold et Zucc.) and other pine species have yielded a Leptographiwn 
spp. that has previously not been co llected in Japan. Th is fungus has 2<.\ primary 
bram:hes, relat ively puo rl )• developed rhizoids, and is morphologicall y similar to 1 .. 
trtmcatum (M. j. Wi ngf. et Marasas) M. J. Wingf. , L. y mmmre,Jse X. D. Zhou et a!., L. 
koremwm, and L pi,i-densiflorae Masuya ct M. }. Win gf. (Jacobs & Wi ngfield 200 I, 
Kim cl al. 2005. Masuya el al . 2000, Zhn u el a l. 2000, Jacoh!'cl al. 2005). Howeve r, unli ke 
the~ fungi. isolates of the Japanese Leptograpllium sp. often produce protopcrithcc ia 
in culture (Masuya ct al. 1998). Masura et a l.(l 998, 1999) have previously noted the 
fungus and reported it as an undescrihed Opl! iostonra sp. l11is f1 1ngus was iso lated from 
9 out of 13 invcstigalcJ bark beet le species and appears to be widd y d istributed in 
Japan (Masuya et al. 200 1). It was also found to be relatively virulent in inoculations on 
Japanese red pine where it produced longer lesions than various other blue-sta in fungi 
(MasU}'a ct al. 2003). 

The unknown Oplriostoma sp. with a Leptograpllium asexual state from japan is 
considered to be economically important fo r Japan thus an appropriate name for the 
fungus is req uired especially since it s teleomorph is recognized. ' I he aim of this study is 
lo establish it s ident il )'· 

Materials and methods 

Fungal isolates 
The fu ngal isolates used for morphological com parisons and mating experiments in 

thisstud r arc listed in Table I. Five strai ns of the Leptogmpllirmr sp. (MCC206, 2 14,2 17, 
31S<I, 365) were used in the DNA sequence ann lyses. Comparisons of sequence data also 
included sequence data of other Ophiostoma and Leptogmphium species obtained from 
Gcnbank (Table 2). 

Morphology 
A 5 mm-diam. plug o f each isolate used in the morphological comparisons was 

placed in Petri dishes contain ing 2% malt extract agar (M EA, 20 g Difco malt extract , 
IS g agar and IOOO m l. dist il led water) and incubated at 20C in dark. Afl e r nne mont h, 
two autoclaved pine twigs were placed on the surface of the medium to stimulate the 
development offruil'ingstructurcs. After an additional month of incubation, plates were 
inspected for th e presence of pcrilhecia. Where these structures were found, they were 
molmlcd on glass slides in I% lad o-fucsin fo r m icroscopic examinat ion. In add ition . 
pe rith(.'Cia were mounted after havi ng been bleached with Sodium hypochlorite ( 1% 
availab le chlorine) for detailed observati on of the cell arrangement of perithecial 



'l'ablc I. lsolalcs used fo r murpbological <.:omparisons omd mal ing experimcnls in lh is slud y. 

Species 
Jsola1c 

Other No. · Source Collecto r Origin 
No.· 

l~ptogrophium.sp. M<.;C206 DA0:-.1234395, JCM 11853, MAH;410963 'l'omio:u.s pmiptrda o n Pinu$ dt llsiflorn II.Ma.suya Jot pan 

MCC2 11 JCM II 857, ,\ i AFF<I I0%4 T. pimpuda on P. dmYjlnm H. Ma.suya Japan 

MCC2 13 )CM II S55, M.t\fF-1 10965 T. pimpttda on P. :lm5ijloru I I.Ma~up l•pan 

MCC2 1•1 DAOl\·!231396. JCM II SS•I, MAFF-1 10966 T. plmpcrrla on P. :lemijlora H. Ma.SU)';l Jap:ln 

MCC215 JCM 11 859. MAFF410967 T. pimpt!rrla on P. tiells.ij1nrll H. Ma.suya Japan 

MCC217 JCM I IS60, ~iAFF4 1096S 'J', pimptrda on P. d~miflom ti . Masuya Japan 

MCCJM JCM I1 85S, M.AFF410961 
l lylurgops ww·Miliali$ in P. parviflora 

H . Masuy.~. J:.p:ul 
\'ar.penwpllylla 

MCC365 JCM 11 856. MAFF410962 
H. i11tersritia./is m P.pan•ijlora 

H. Masuya Jap:ln 
\'Jr. pw tap/Jylla 

L.. lurtdbergii CBSJ~2.29 Ci\·IW2 17, PREM5051S P. sy:,~.slrls T. LagerOcrgfE. Mclin Sweden 

Ltnmcatum CMW2 1 I' REM4S896 Trunk o f P. mdiata M. J. Wingfil ed ~e~o·Zcaland 

CM\\'23 ATCC5S099 Root of P.umla M. f. Wingftled South Africa 

CM\\'30 PRF.M45699 Trunk of P. s.uobus M.J. Wingfil cd ~cwZC'.l.!:u1d 

L.kor.:anum KUC20i2 DA0!1.'123~393 P. rlerwjlom i n f~.st~d with ·r: piniperda f. -j. Kim & G. - II. Kim Kor"a 

KUC2102 DAOM231392 P. koraie~ls infested wi th T. pmiperda J. f. Kim & G. H. Kim Korea 

l~ pir1itiens.ijloroc MCC071 JC M I0479. M,\ Ff.IIOS61 . C MW5 157 P. dcm:ij/Ma infcsr.cd with T. pinipcrda H . Masuy:t Jap:ln 

MCC I94 JCMI D•ISO. ~i AFF410865 . C MW5 1.5S P. deruiflurr• infe.sr.ed with T. pinipeula H. Masuy:t J:.~pan 

I~ )'U /1/Illllt. ll$<! CM\\'5304 T. pinipt:rda on P. ymmane11si~ XD Zhou C hina 

• Cuhurt colltctlon soure-r: A'TCC, Anu:1b11 ~-poe Culrurt CoD«elon, US.A; C BS. thf. c ultu~ c-oi.!Ktlon ofCflttr.lalburtau •·oor Schlii'UlWklllrum , Utudtl, th t tw.h<'r!Mtds; CMW, ' ul turt coD«tlon oi 11"1e 
Tt..., P.~thoiO)W Co-opft'..th·e Pt~~~:~r.mun<', Foll:> li}':U i<J Al(ok..!tur.ol Biot..chnl.Zogy ln>lltute, Unh·cnll)' OfPod<IIY, Sou tlo Af1k:a; DAO:.OI, N<r.Uon<ol Si)'I:O • .U Ji.,.,l.\ol lum,Can;od:.;JCM,/ajXIII Collc-.:tion 
ofMicooorg~ ni•nu, RIKI:t' UioRc:KKu<'c \.cntco, J~p~n; KUC, I he Korc~ UniVIIt~ityCultun:o C"..oll.-<lion, l<m<'.u> Uni•~· ~11y, Kc~n:·.o; MAFF, Gt'l><"' k RC'XIutcd O:o~c1, C".ulture CoUc..-:lionof t'atio oullnttilulc 
of Agrobiclogic:al KcwuocC$,- J-r.tn; MCC. culturc coll<xtiOil ol'!hc.- $tflior ~uthor. ~ 
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Table 2. lsolalcs used for molecular comparison. 

GcnBa nk No. 
S~-cil'S l sol :.~ teNo.·• Origin 

JTS2 & LSU Aclin ll· tubulin 

Uptog1upl1ium sp. MCC206 Japan A1J.l22065'2 AB22206 1' 2 AU222063' ' 

MCCll 'l Japan AB222066'1 AB222062'1 AB222061' : 

MC\.217 fnpan 
:v1CC364 Japan 

MCC365 /UJ1.:1.11 

Lkorc:anum KCC2072 Korea AY707196 A'!.'707 174 A'!.'707 183 

l(t "CZIOZ Korea A\707197 AY707 175 AY707 1M 

L lund~rgu CUSJ52.29 Sweden AY707198 AY707 176 A\'707 185 

Lpimdensiflonle MCCO?i fa pan AY707199 AY707 186 

MCC I94. fa pan A'1707200 A\'707 187 

L.p)'rinum DLSS79 USA AYS44604 AYS44586 AY26318!' 

Ltadmmtis OtiS USA AYS<t•\607 AY5145S9 A\'263 19 1 

L tnau:mum CM\\12 1 :-Je\'.·Z~:lland DQ062056 DQ06 1990 

CM\\128 So11th Africa DQ062052 DQ061':m6 

CM\\130 ~(".'.·:t'..ealand OQ062054 DQ0619SS 
l... ll'ing/icldii Ct-.HVl095 Franct i\)707201 AY707177 AY707 190 

L yunllallensc CM\115304 Chin:~ A't707106 AY707 179 AY707 192 

Ophiosroma Q.'IW2 199 japan AYSS3389 
oenigmmkum 

CMW2310 Jap;ln t\YSS3390 
O.aur.::um ATCC\6936 Canod3 AYS44610 AY544592 AY263 187 

O.clav;~..,.um ATCCI SOS6 Canada ,\ \'54•1613 A\'54.•1595 AY263 19·1 

O. hwrtii Ut\ MH1997 C:lnoda AYSI\•1617 AY51<1599 AY3<19023 

O.larlc-ls CMW I980 fap3n AF313691 

O. pic~p.::nlum C274 USA A\707209 AY707 1S2 AY707195 

O. robus111m CM\1/668 USA AY54•1619 AY54<1601 AY263 185 

' ' C.:ulrtii'C> «<Il« ! ion Klurc~ ATOC. Amak~n 'I)Tc Culture <.:tlllc<llon, US.A: <:. C:ollr<l iM ol ·1: <:. l l.urington. low.r l'!.&IC! 
IJJih~Nrty: CBS. r~ culture colkcllonofC(nll'll.llbut(:lli voor Schlmmd(u\tul"- Urm:hr. r~ N<11\(r111lrds; C'-!W.c ul rurc 
coll«lion of tht Trtt P:nhology Co CJ'<nth'f Plogr:unnlt, Fcr~ r'j' :and r.g:r\{Ultur.al Blo(e<hnolosr lnsli!UlC, Unlwn lty 
of Prctorla. South MMca; DI.S, culuut roll«tlcn of D. L. Sill; ~UC, th( Korn Unlw!SIIy Cultlllt CoUe<tlcn, Ko~an 
Uuh-..•>~ty, K01~:.; MCC.culrur ~c<JII...::riQnQ{tlo~ 1\<'niu• :a~r l oor, UAMH. Uun·..., ,:it)' Qf All.....rr:. Mkn.Jl""ll'is Col/...:: riom :m.J 
lkrb~rium,lkvnni.1 n 0(1111nic Gorrdtn,l"'monroo. 

'' A«f100n num~rs of rhC!uqutn<a;obl:a!IIC!d In rh!sstud}; 

necks and outer layers of the perid ium. Morphologicall)' characteristic structures were 
measured and averages and ranges computed. Fifty measurements for each structure 
were made. 

Mallng e..xperiments 
lsolalcs of the unknown Leptographium sp. were paired in all possible combinations. 

In addition, four isolates originating from single ascosporcs derived from a single 
per it hccium from a cross between isolates MCC206 and MCC2 I tl , were paired with 
each other in all possible combinations. We use MCC206 and MCC2 1 tl as tester isolates 
and try to pair each one witb other spec ies listed in Table I. Negative control mating 
experiments also were done. 
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Plugs from 2-wk-old cultures on 2% ME/\ were excised with cork borer (Smm 
diam.) and placed o n 2% MEA. Plates were incubated at 15 oc in the dark fo r 2 weeks. 
Two autoclaved pine twigs or sapwood blocks were then placed on the aga r surface 
and the plates were incubated for an add itional 2 weeks. Donor cultures were flooded 
with 600ml sterile and deionized water and cnnidi:d suspensions were prepared. "fhis 
suspension was poured on the twigs in the each recipient cullure. Plates were then 
incubated at IS C and these were regularly inspected over a period of two months for 
the mature pcritheda. 

DNA sequence comparisons 
Cultures for DNA sequence comparisons were incubated on 2% MEA plates for 

four weeks. DNA was extracted m:ing the methods described by Kim et al. {2005). 
Oligonucleotide primers used for both amplilicat'ion and DNA sequencing oft he internal 
transcribed spacer (ITS) 2 and partial large subunit (LSU) regions of the ribosomal DNA 
operon, port ions of the actin and l~ ·tubulin genes were the same as those used by Kim et 
al. {2005). Mdhods for ampl ificatjon and sequencing of each gene or gene region were 
also as described by Kim eta!. (2005) . Both strands of fragments were sequenced and 
sequences have been deposited in GenBank (Table 2. Fig. I). 

Obtained sequences were analy1.cd together wi th previouslr published sequences to 
provide a suOkiently broad taxon sampling (Table. 2). Overall , the ITS2 and LSUrDNA­
D I sequence data set included 23 sequences including those derived in this study. The 
ac t·in and ~· tuhu l i n gene sequence data set was comprised of 16 and 22 sequences 
including those obtained in thi s stud)'. 

Sequences were aligned using Clustal X version 1.8 1 (Thompson el al. 1997). 
Alignmcnrs were manually adjusted using the program BioEdit version 5.0.9 (Hall 1999). 
"I he al igned data set wasanal)'zt:d using the progr.un PA UP'"'I.O bclaiO (Swuffurd 2002). 
A parsimony analysis was carried out using the heuri stic search with simple stepwise 
addition, MAXTREE option set to 1000, and trcc·biscction reconnection (TBR) option 
of the program. (;<tps were treo1tcd as missing data and all l:harac tcrs were equally 
we ighted. Bootstrap and jackkn ife values (each 1000 replicates) were also calculated. 

Results 

Morphology 
The unknown Lttptographiwu sp. from Japan was chantctcrized by having mainly 

two primary branches and conidia with tmncatcd bases. These characteristics arc 
common!)' found in various ~pecies of l.eptograpllium. In particular, L tnmcatum, L. 
pini· tl.tusiflume, L. korcmumt, and 11.1< L<plugmplritmt anamorpbs uf OpltiU$IOnta spp. 
including L. laricis Van der Wcsth. ct a!., L. mmigmaticwn K. Jacobs ct al. , L. lumtii 
M. J. Wingf. and L. piceaperdum K. Jacobs & M. J. Wingf. have similar characrers to 
those of the unknown l .eploXf<JfJil ium sp. from Japan. Huwcvcr, the sl ipc lt:ngths of the 
unknown Leptogmphium sp. were longer than those of L. piceaperdum. L. laricis and L. 
ae11igmatiC11nt . Hypha! charac teristics of the Japanese fungus were also differe nt from 
those uf l .. lllmlii, which arc l)'pically serpentine, but could not be distinguished from all 
other species considered in this stud)'. Primary branches of the Japanese Lrtplogr,tpilium 
sp. were smaller than those of L. tnmcatum. Conidia of the Leptographium sp. were the 



Tab le~- Teleomorphic characters of the l.eptograpll ium !'pccies and morphologically simi lar species. ~ 

Character Leptogmpl!iwu sp. 0. piceaperdw, • O. h1 rici/ 0. mmigmaticum' 0 ./wutii" 

Pcrithecial diam. 240- 310 (170- ) 199- 312 (- 370) 2 10 - 310 142- 25<1 280- 4<18 

Pcritlu.'Ciulneck length 520 1000 (280 ) 503 603( 850) •100 1320 11 5 310 140 720 

Pcrit hC<C.ial neck width at 
52-75 (30- ) 32- 60 50- 70 35- 100 110-70 

t h C bfiSC 

l'cri tlu.-ci <~ l ned: wil.ith 
25- 33 20- 30 20- 50 20- 45 21- ·12 

ncar the tip 

Ascospore shape 
l lat·shapcd to 

Hat ·shapl'<i oblong to ellipsoid 
!!at-shaped with 

Hat·Sh3p(.-d 
cucullatc elongated brims 

Ascospore si1..c 5.5- 10.5 X 4.5- 7.5 (J - ) •1- 5 X 2- 3 6- ll x 2- 4 •1- 5 X 1.8- 3.5 J - •1 X 1.5- 2 

Shape of pcrit hecial outer polygonal to elongate to cwa l 
wa ll composed cell irrcb'tl larly shapt.'<l 

Size of pcritllCcia l outer 
10 22x8 21 ca. 19.6 x 9.7 

wa ll composed cell 

• jacobs & Wingfield (2001}, ~ v~n do:r Wo:..sthu i1.o:n ~:tal. (1995), • Jaw bs et :1.1. {1998), • Robinwn-Jdf~y & Grin-=h~:nko (196-1 ) 



Table 1. Resuh of maling ~ltpe rimenl of the Leplographium sp. 

rcci icnt 

5 
., 

~ ~ 
c: 

~ ;:; ~ § "' 
i.i 

5 15 a B 5 ): (J 3 
d onor u u u u " u u :> " " SE u " " " " " >-: >-: Y. Y. "' " u " Y. Y. u 

Leptograplllum sp. MCC206 

MCC211 . NT NT KT 

MCC213 + .. NT NT ~T 

:\1.CC214 

MCC215 NT NT '' 
MCC217 NT NT KT 

MCCJ64 

MCC365 

KUC2102 NT ,. ~T KT NT NT NT ,. NT ~T " NT KT 

KUC:W72 NT ~T :-IT NT NT NT NT ~[" NT :-IT z..~r NT !\T 

I. (undhcrgu C P.S352.29 NT NT ~T 

l. tnmt:a/um CM\\!'21 NT NT ~T 

CM\\128 NT NT l\"T 

CMW30 NT NT KT 

L..pini·olmsiflotw: :0.1.CC071 NT NT ~T 

:\1.CC I94 NT NT !\T 

l. puma11Cn.4: C?-.HV5.3().4 NT ,.,. NT ~T NT NT NT NT NT NT '' NT l\"T 

no perithe.:i:t produced. 1: peritl'lcci:t ( n <50) produced, 1 1: perithcci:a (n >50) produced. >JT: no t tested. a; 
V' 
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same as those of/.,. koreanttm, which arc oblong to ovoid and rclati\•cly straight and rhus, 
d iiTcrcnllo those of o ther spt..--cics. 

The morphology of the tdcomorph stn1cturcs produced as a resu lt of the pai ring 
of \"arious st rains was similar to those of Ophiostoma pic'eaptmlwn (Rumbold) Arx, 0 . 
aenignwticmu K. Jacuhs ct al., and 0. lumfii (Roh.-JciTr.) de Hoog & It J. Schell. where 
ascospores were hat-shaped and pcrithecial necks had no ostiolar hyphae. Pcrithccia 
sizes and neck lengths overlapped between spec ies and could not be clearly separated. 
However, the ascosporcs of the unidentified Opl1ia$l0ma sp. were larger than those of 
thc other species with which it m ight be confust:d (I 'able 3). 

Mating experiments 
Two isolates (MCC206 and MCC21 '1) of the unidentified L.tptogmphium sp. from 

Japan produced protoperithecia in cu lture, but none of them produced matu re perithecia 
unless they were paired wit h other isolates. Pairing of isolates with themselves did not 
result in perithecia. The results of the pairing oi isolates in all possible combinations 
showed that some isolates were able to produce perithecia (Table ' I). J.n addition, an 
isolate of the Japanese l.eptographium sp. produced perithecia, when it was crossed with 
thl! ex- type strai n of L k(}rttanum (KU C2102), ami nut when it w·.ts pai red with other 
fungal species such as L.. tnmcatum and L. pirsi-dtmsiflome .. The result of crosses between 
single ascospore isolates sho\\'ed clearly that the maring behavior of th is fu ngus was 
hctcruthallk with two mating types. 

DNA sequence comparison s 
Phylogenetic analyses of sequences for the ITS2 and partial LSU oi rONA gene 

regions showed that isolates oi the unknown l.eptogmphium sp. from Japan is dearly 
disti nct from 0 . piceaperdum, 0 .. larici..~ 0.. mmigmaticum and L pini-dew:ijlorae hut 
that it reside: a monophyletic group with isulatcs of L. koremmm. L. lnmcufum, L .. 

y w mammse and other Ophiostoma spp. and Leptograplrium spp. (Fig. I a). '!"h is result was 
supported by strong bootstrap/Jackknife values (83178). From a tota l of 6 10 characters, 
572 charac ters were constan t, 13 varia hie characters were parsimony uninfnrmativc and 
25 were info rmat:i\'C. The heuri stic search gave ri se to 390 most parsimonious trees, of 
which one was chosen for presentation (Fig .. I a) .. The tree had a length of 44 steps with 
a ConsistcnC)' Index (CI) nf 0.909 1, a Homoplas)' Index (HI) of 0 .. 0909, and a Retention 
Index (RI) of0.9565. 

Phylogenetic ana lysis of lhe ~-tubuli n gene seque nces resu lted in the most 
pan•imonious tree shown in Fig .. 1h .. This anal ysis also showed that the unknown 
Leptugrupllium grouped with h igh boolst rJ.p/Jackkn ifc support (92/82) in the dade 
containing L. koreammr. and not with L. /fwtcalum, L. ywmmHmse, L. lwulbergii, 0. 
piceapenlum, and 0 .. aenigmatiwm . From a total of 360 characters, 235 characters 
were constant. 19 variable characters were parsimony-unin formative and 106 were 
informative. ·n1e heuristic search found Si most parsimonious trees of which one was 
chosen for presentation (Fig. I b) .. The tree had a length of 22 1, a Consistency Index (CI) 
ofO.R190, n Homoplasy Index (HI ) of0 .. 1R IO, and a Retenlion Index (RI) of 0 .. R987. 

llle phylogenetic a nalysis of tbc actin gene sequences showed that the unknown 
l.eptogmphium sp. from Japan resided in a monophyletic group wit h L.. koremmm 
(Fig. l c) with h igh boolstr:lp/Jackkn ife support (99/98). Lcplographium y tmttane, se 
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Fig. I. The moM 1mrsimo nious trees for each of the three nuclear ftCOC datascts and 1hc comhincd 
datasct.s: (a) rONA, (b) P-tubu lin , (c) actin , and (d) combined. '01c tree is unrootcd. Dootstrap and 

Jackknife vulucs > 50% ~\· i th 1000 rcpliattions are indicated at the left of tht: branches (bootslrJp 
value/jackk ni fe value). 
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appeared in a sister clade to L. kore?amml. From a total of 763 char<~ctcrs, 668 characters 
were constant, 5 1 variable characters were parsimuny·un informativc and '1'1 we re 
info rmative. The heuristic search gave ri se to two most parsimonious trees of which one 
(Fig. I c) is presented. The tree le ngth was 132 with a Consistcncr Index (CI) of0.8788, a 
Homoplasy Index ( H I) uf0.12 12, and a Relent in n Index (Rl) n f0.9 17 1. 

A combi ned sequence data set was also produced includ ing 14 sequences representing 
the JTS2 and LSUrDNA-D I domain, and parts of the acti n, and i}· hJbuli n genes. As was 
true for the analyses of the sequence data fnr the individual genes or gene regions, the 
phylogenclic analyses (Fig. !d) showc.::d that the unknown IA:ptvgruphium sp. from Japan 
resided in a monophyletic grou p with L. koreammJ , with a h igh bootstrap/Jackknife 
va lues ( 100/99). ln this tree (Pig. I d), L yumumense resided in a sister group to L 
koremmm. From a total of 1728 characters, 15 10 characters we re constant, 11 0 variable 
characters were parsimony-lminformative and 108 were informati\'e. The heuristic 
search found two most parsimonious trees of which one was chosen for presentation . 
'\ he tree lengt h was 305 wit h a Consistency Jnde::x (CI) <lf 0.8659, a Homoplusy Index 
(HI) of0. 1344, and a Rden tion Index {RI ) of0.90 14. 

Taxonomy 
Results of the DNA sequence and morphological comparisons show clearly that the 

Leptugrupl•ittm anamorph of unknown Ophiustumu species from Japan is conspccili c 
with L. koremwm. Furthermore. crosses between isolates of this fungus and those of 
L. koreanum have given rise to it s Ophiostoma tcleomorph. Tclcomorph characteristics 
are also d istinct from othe::r Opltioslomu spp. with J.cptogmpl!iwn anamo rphs. 'Jh us, 
on the basis of the mating beha\'ior, morphological charac terist ics and DNA sequence 
comparisons, we described the tclcomorph of L. koremrmu as follows: 

Ophiostoma korcammt Masuya. j .-J. Kim & M. j . Wingf. sp. nov. Figs. 2-7. 
1\namorph: LeJIIusmplmun lwn:wmm ).-).Kim & G.-1·1. Kim, Mycol. Res. 109(3}: I'· 275, 

2005. 

Pc!ritl!ecia bt1.~i 11igm, glubosa 1•d subglobosa, 2'10-310 I'm tlium, <.:ollum cylimlmclwm, 
Cllr"Vtlfltm vd rCCflltn, 560 /0()0 flm fongum, atf /uuim .12 75 wn fat 11m. atf llfJiCCm 
25 - 33 I'"' lntum, apiu obtusum vel tru11mtw n, hyphis ostioli 11011 pm.:ditum. Asd 

evtl11C$Ctmll. t\sr:ospomt: l1ylllinm:, fH<:j11llla.:, 1Hpt:CI11 flltemli cucuflltae, wlptxfu Jtontali 
tritmgulattll', vagina lryalina circrmrdantcJ, 5.5 10.5 x •1.5 7.5/tm. 

Ety mology: o~ri vt!d frumthl' name of auamorph. lA!pwgmJ'I!ium koreumun. 

J>c rithccia superficial or partly em bedded in the substral'um and medium. Basal 
part black, glubuse:: to subgl obosc, 2'1 0-310 (mean 290) ._.m diam. wilhuul hypha\ 
ornamen tation, ou ter la)'Cr o f the peridium com posed of thick-walled, more or Jess 
isodiametric, polygonal or irregularl y shaped cel ls, 10-22 x 8-2 1 {mean 18 x 12) ~m. 

Necks d ark brown to black, broad at the base, becoming cylindrical or sligh tly tapered 
at the lip. st:raght or curved, 560- 1000 (mean 680) ~m long. 52-75 (mean 68) ._.m 
wide at base, 25-33 (mean 30) ~m wide ncar the tip, composed of dark, thick-walled , 
squamous cells, 4- 10 x 2-•1 pm. te rmi nating in an obtuse to tru ncate apex. Osl"iolar 
hyphae absent . Asd cv·dncsccnt, clavate when young, subglobosc when mal m e, up lo 25 
x 20 ._.m. Ascospores, h)'alinc, one-cel led , hat-shaped orcucullate in side view, triangular 
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r: ig. 2- 7. Opl1io.domo. kommum. Fig. 2. Pcritheci um. fig. 3. Ascospore. Fig. 4. J\ :scospo res. fig. 
S. Outer layer of the v('rid ium composed of thick-walled, more or less isodiamctric, poln~ona l or 
ir regu larly shaped cells. Fig. 6. Tip of pcrithcciol neck. Fig. 7. Pcri thccial neck, composed of da rk, 
thick-walled , squamous cells. Bars: Fig. 2 • IOOpnt, f igs. 3- 5, 7 "" IOj.tm, Fig. 6 .. 5pm. 
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in fro nt view, 5.5-10.5 x 4.5-7.5 (mean 7.5 x 5.5) 11m, surrounded by a distinct hya line 
wall , sumcl imcs accumulating in a white mass at the lips of neck. 

Morphology of anamorph is as described for L. koreamtm {Kim ct al. 2005). 
Hosts: Phws densiflora, P. koraiensis Siebold & Zucc. and other Piwts spp. 
Isolated from f{) ll owing inseds: 'Jtmticus fJiniperdfl L. , 1-lybtrgop.o: interslilialis 

(Chapuis), HyldStes pamlleus Chapu is. Hylmtes plumbeus Blandford and other bark 
bcelle species. 

Known di:Hrihul"ion: Korea, Japan . 

Cut:fURES AND SPECIMENS J:XAMINim HOLOTYPE: DAOM234'1 1'1, dr ied 
culture derived from the pairing of the cultures KUC2 !02 (MAT- I) (DAOM23<1392} 

(KO REA. YEOJU: Sawmill. Central Forest Products Processing & Ma rketi ng Center, 
P. komiet1s.is Jog, 10 Aug 2000, ). ). Kim & G. H. Kim) and MCC206 (MA"f ·2) 

( r>AOM23439~. JCM 11&53, MA FF410963) ( )APA 1 . TRARAKI: Ts uk11hll , T.t1i11iperda 
aduh, 4 Apr 1995, 11 .• 1\.>la.mya) on P. Colllorta Doug!. sapwood block. PARAT YPES: 
f PH (-:- TFM) 7605, dried (;uh urc from pairing between isolates MCC.."206 (MA'I'·2) 

(DAOM234395. MAFFt1 10963) and MCC21tl (M1\T· I) (DA OM 234396. JCM I1 854. 
MAr:F4 10966) ( JAPAN. YAMANASI Il: Masuho, T. pi,ip.:rtla adult, 15 May 1996, II. 
Ma.wya) on P. tlc11$iflora twigs, FPI I (TFM) 7606, dried cultu re from pairing between 
isola tes MCC2 13 (MAT-2) (J CM J1 855. MA FF110965) (JAPAN. FU KUSHIMA: 

Amllsa kac, T. phlipcrda adu lt , 2<1 Jun 1996, H. Ma..~t~yn) and MCC2\4 {MAT- I) on P. 
dcnsiflora twigs, fP II (TfM) 76JJ7, dried culture from pairing between isolates MCC365 
(MA'I'· 2) (J CMII856, MAFF410962) (JAPA~- IWATE: Matsukavn, H. iolt:rslilitllis 
adult, I Jun 2000, H. MtL.mya) and MCC2 14 (MAT- I ) on P. tlell.~iflara twigs. Additional 
cultures examined. KOREA. YEOJU: Sawmill , Centnl r"Orest Products Processing & 
Marketing Center, P. koraicum log, I 0 Aug 2000. /. -}. Kim d· G.-I I. Kim (K UC 2072, MA 1'-
1. OAOM 234393, C M\V I4 199). Bongwha: Sawmill , National Fores try Cooperati ves 
Fcdcr.:n ion. P. densiflnra log, 9 Aug 2000, }. }. Kim 6 G. H. Kim (KUC 2078, MAT- I. 
CMW 14201. PREM 58261). JAPAN. IWAT E: lchinoscki, T. pinipmla adu lt. 19 fun 
1996, 1-1 •• Wruuytl (MCC211. MAT· I. JCM IIHS7, MAFF<1109M), HOKKAIDO: Yamabc, 
bark of P. sylverstris dead tree, 7 ;\ov 1996. H. Masuya (M CC215. MAT·2, ICM I1 859, 

MAFF4 10967), !BARAK!: Tsukuba , T. pinipNdn aduh , IS Ma)' 1995 , H. Mruuyn 
(MCC2 17, MAT- I, JCM I I~, MAFF4 10968). IWAT E: Mauukawa, II. inl~rstitinlis 

<~du ll. I )u n 2000. H. Mt4 SUJ'f' (MCC364. MAT- I, JCM 1185S. MAHI\ 10961). 

Discussion 

Results of !hi s study haw shown that the unidentified LefJlugmpllium sp. commo n ly 

isolated from pine bark beetles and bark beclle·infested Pinus spp. in Japan is 
m orpbologicaUy and pbylogeneticaJJy identical to L. lroremwm. Leptographium 
koremmm was origina ll y isola ted from Ko rea n (P. kMll iensis) and Japanese red ( P. 
densiflora) pine in Korea and was described as a new species by Ki m e t a!. (2005). Th is 
fungus was frequently isolated from T. piniperda and it appears to be an im portant 
causal agent of bl ue-sta in o f co nite r timber in Korea. 

In th is study, we have shown that L. korelmwu in Japan is able to form a teleomorpb 
whe n sexually compatible isolates arc crossed. We bavc tbus described tbc tdcom orpb 
of the fungus as 0. lroreanum. This fungus has been know n in Japan for more th an a 
di!Cad~ w he re is was report~d as an undescribed Ophiustomcl sp. by Masuya cl a! ( 1998, 
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1999), frcqucntl r assoc iated with the pine shoot beet le, J: piuiperda. The Japanese 
l.eptoxmphium strains could be also paired wi th the ex- type stmin of 1 .. korcmmm 
confirming that these two arc biological hctcrothall ic species. The distribution and 
ecology of L. kori:'amun and 0. koremrum thus appear to be similar in Korea and Japan. 

' I he tclcomurph uf 1 .. koremwm dcscrihcd in this s tudy is cha racterized by hat­
shaped ascospores and long necks without ostiolar hyphae. In this regard it is si milar to 
that of 0. J1iceaperdum sensu Jacobs ct a\. (2000) and related species. Ta.xonomic status 
of 0. piccapcrdum , however, remains qucstionahle. Morphological comparisons of the 
dricd type specimens led Jacobs cl al. (2000) to treat 0. euruphiuides (E. F. Wright & 
Cain) I I. Solheim and 0. pseruloeuropltioides (Oichow. & ]. Reid) Georg I Iausner eta!. 
as synonyms oi 0. piceaperdum. 1-Iowever, recent DNA based comparisons by 1-Iausncr 
el a l. (:2000) showed that 0. europilioidcs, 0. p:;eudocuroplrioitles and 0. piceapentum 
reside in differen t clades. This suggests that the species concept of 0. piceaperdw/1 
sensu Jacobs ct al (2000) deserves reconsideration. Indeed, Okhowccki & Reid ( 19i4) 
showed that the t eptographium anamnrph ofO. p!>eudrJCtlropltioides h<1s curved conidia , 
unlike 0. Jlic.:aperdum illustrated by jacobs eta!. (2000). Because the ex-type cultun:!S 
oi 0. pseudoemoplrioitl.:s and 0. piceaperdrmr arc no longer avail able, it is not possible 
to consider their morphologica l chamcteristics or to make DNI\ based phylogenetic 
co mp-..a risons."lhcse studies arc required but must a wail furt her ~uUcd iuns. 

Leptograplrium koreammr does not have curved conidia and ils LSU rONA 
sequences do not correspond wi th those of 0 . pseudoeurophioides {Genllank accession 
No. AF155678). ·1hesc species arc, therefure, dearly differenl. In addition. our DNA 
sequence comparisons have shown that 0. korl!anum is not related to well -defined 
culture of O. piceaperdrmr . We arc thus confident that the new species docs not represent 
0. piceaperdum. 

Ophiostoma a.migmatiw m was described by jacobs et al. {1 998) from Japan. l11is 
species had previously been treated as 0. e11mplr ioitles by Yamaoka ct al. ( 1997) but 
was differentiated from 0 . e11ropltioides based on the characteristic of elongated brims 
of lh~: ascuspurt'S (Jacobs ct al. 1998). Because 0. kurecmum dues nul have ascusporcs 
with elongated brims and because 0. atmigmaticrmr is homothaltic, as opposed to the 
heterothallic 0 . koreanum, these species can easily be distinguished from each other. In 
addi tion, they alsu di ller in their hosts and insect vectors. J)NA based comparisons in thi s 
study have also shown that 0. aenigmt~ticwu is more closely related to 0. piceaperdruu 
than to L koreammr. 

The heterothall ic mat ing behav ior appears to be relatively uncommon in Opltiostoma 
with Leptuxraphitmr anamorphs. Wh ile hcterothaUism has been noted for many 
ascomycete~ includin g those irom the genus Ophiostoma (Brasier 1993), 0. lumtii is 
the only Oplliostomtl with a Leptograpltium anamorph that has previously been shown 
to Jjspla)' this mating behaviour (Jacobs ct al. 1998). ·1 his is in con trast to species such 
as 0. piceaperdwll sensu Jacobs et al. (2000), 0. europhioides, and 0. aenigmat iwm that 
have been reported to be homothal lic. The fac t that 0. koremmm is hctcrothallic dearly 
distinguishes il from related Oplriostoma species with J.cpto;:mp!tium anamorphs. 

A relatively small number of Leptogmpllium spp. have known teleomorphs and the 
majority of these appear to have hat-shaped ascospores (Jacobs & Wingfield 2001). In 
some cases such as that of J.eptogmphitml wageneri var. ponderosae, perithccin thought 
to represent an Oplriostoma state have been fou nd in galleries of beetle vectors but these 
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have neve r been found in cul rurc. Th is makes it difficult to confirm the anamorph/ 
tclcomnrph connc..-cli on. It is not uncommon to discuvc r tclcomorph stales in fungi 
thought to ex ist only in the asexual fo rm (Kuhls ct a!. 1996, I lodge el al. I 996, Chavcrri 
ct al. 200 1). The d iscovery of the td comorph of L. koreamn11 arising from crosses 
between diiTcrc nt iso lates suggests that some other Leplogmphium species might also 
be hclerothallic and might have the ab ility to produce pcrithccia in crosses of sexually 
compatible isolates under suit able environmen tal conditions. 'Ib is is dearly an area of 
rc~arch worth pursuing. 
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Two parasitic fungi on a new host, Syringa (0/eaceae) 
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Abstract- Tittttlgonin ligll$trim1, the agent of Ligtt$1rum leaf-spot, and Cloeosporidit:lln 
lurgidrl, known as a parasite of Fmxiuus, are reported for the fi rs t ti me on Syringa spp. 
Both fu ugi wert! fount! in SwOOI!n , lhl! first in a l rl'C uursery in the south, and the second 
on plants cult ivated in Uppsa la. Brief dcscr ipt io•1S and illustration arc provided and the 
d istribut ion ofT. lig t~ st rina is rcviC\\'Cd. 

Kcr \\'Or<ls- anamorph, AscornycOI'a, Li thuania, taxonomy 

Introduction 

Several species of Syringa (l ilac) are cultivated in Sweden for ornamental purposes 
(Nit·zdius 1964). One parasit ic fu ngus fou nd on S. vulgaris l., presented for ident ification 
to the first author in 1985, and another one found on S. xchitretJSis Willd. in 2003· 2005 
by V.M. and O.C., were ident ified as parasites of Ligust rum and Fmxinus, respectively, all 
members of the Oleuceue. 'I hese fu ngi wcrc also isolalcd in culture. using the procc<lure 
described by Constantinescu ( 1988). lkcause these fungi have been described and 
ill ustrated in detail by previous authors, onl y short descriptions arc provided and few, 
signilicant details arc ill ust rated int his paper. 'I he nomendatureo i'colonycolour fo llows 
Kornerup & Wanschcr ( 1983). the abbreviation of herbaria those from Holmgren et al. 
( 1990) , and UPSC is the acronym of Uppsala University Culture Collection of Fungi. 

Thedgonia ligustrina (Boerema) B. Sutton (Figs 1 a & 2a) 

A leaf·spot di sease of Syriuga vulgaris cultivated in a tree nursery in southern Sweden 
was observed in 19R5. In late autumn the same year several leaves showing symptoms 
and the presence uf ;,t fungus were r~.-"Ceive c.l ior identification at UPSC. 

On the upper leaf surface the fungus produces small, 0.3· 1.5 mm round to irregular. 
silvery spots, surrounded by a narrow, redd ish brown margin. When the spots coalesce, 
larger portions oft he surrounding t issue bccumc bruwn, necrotic. On the corresponding 
lower surface, an ochreous tuft develops composed of conidiophorcs emerging from 
colourless stTomata and conidia. The conidiophorcs arc agglomerated in fasc icles, 
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colourless, 30-75 tJm long, 4-6 ~am wide, with 1-2 (-3) flat, not th ickened scars located 
at the lip or slight ly below. 'I he conidia arc co lourless, more or less C)'li nd rical. 35-75 :x 

4-6 !Jfll , 0-4 septate. 
Cultures inil iatcd from conidia: o n 2% malt-extract agar, the fungus grows very 

slowly, formi ng colonies of 3-•1 rnm d iam in 10 days at ca. 20°C; the cn lonics appea r 
umbonate, Brownish Orange to Light Brown (6CD 4-5), reverse Dark Brown (SF 4-5), 
margi n narrow. deep; exudate and di ffusible pigment absent·; the surface is velvety 
and composed of erec t hyphae Advanci ng hyphae arc colourless, straight ro slight ly 
curved. 3-3.5 1-1m diam, sc.::pt alc every 15-25 !Jill. spari ngly branchcd, bnmchcs at ca. 
50-700. usually a rising just below the septum of the subtcnd ing h)'pha; olde r hyphae 
)'Cllowish to brownish , 5-8 pm diam , constricted at septa, later becoming moni l_i fo rm lo 
ch lamydospo re-like am i the n up to I3JJ.m diam . 

Fig. 1. Fu ngi on Syringa; conidiogenous cells arxl conid ia of a - Tru:tlgonia ligu$trina (UPS F 
11 783,1) and b - GlotO$JK>ridiellalr1Ygida (UJlS F- 118065). Bar = 10 !l lll). 

SPEC.IMF.NS EXA MI NEO On $yYinga vulgari.<: SW P.OEN. Sk:\nc, VcbcrOd, 
BjOrkhaga tree nurser)' (SS"J8':\ 13"28'E). XL 1985, coJJ. L. ' ilsson, del. 0. 
Constant i1 lCSCU UPS F-1 1783•1; li , ·ing c u lture UPS(.' 1699 (now at CBS 113536); dr ied 

culturl! UPS F-1 1806•1. On Ligw;trum vu(gure: GERMAN Y. Harcrn , Ob~rbaycrn , BaJ 
Reichcnhall, 'Thu mscc'(47"43'N ll" ;o'F.), 13 Vlll19%, . Braun in Trichd , Microfu ngi 
exsiccati 3•18 UPS F-1 1959. KOREA. SuwOn, Guundong street, near the ent ra nce to 
~ LAST (37°15'N 127000'E). 25 X 2003. V. Mel'nik LJ:: 21•1697. LITI-IUAN I.A. A.lytus. 
Pun iB f"Orcs t (54°32' 24"04'E), 7 IX 2000. /\ . TrcigienC RILAS 27697;cn"ironsof Vilnius. 
JlaSilaitiai (5'1''-14'N 25"•12'£), IS VII 2002 , A. Treigiene 8 /Lt\S 27698. UOMAN IA. 
Ducure~ti , Mogo~aia Castle park (44°3 , ·~ 26°oo'I:.), 26 X 1968, 0. Constantinescu in 
Herb. M)'col. Romanicu m 2010 BUCM : UPS; li ving culture CBS 5'17.71. 



177 

Fig 2. a • Leaf spot of SyriiiJ!II vrliJ:tlris produced by 11rt'tiJ:Onia lij:r1$trina (UPS P- 11783•1). 
b - St romatic conidioma ofGI<XOSf>Oridiel/a t r~rgida on twigs ofSyrillga xcltinmsis ( UPS F-1 18065). 
c - Accrvula r conidioma of G/uwsJIUritli.dltl ribi~ on lca,•es of Ri~ mbmm (UPS F-12016•1). 

Bars = I ern in a , 75 1-1m in b . and 25 tJ m in c. 

OtscuSSION- The characters oft he fungus present on Syri,ga agree wdt with the dctaikd 
descr iptions and illustrations of T11edgonia lig ustritra from Ligustmm in Sullon ( 19i3), 
Yoshikawa & Yokoyama ( 1992). ami Bmun ( 1995). Our specimen was also compared 
with st:vcral hcl'barium spec imens. 

'flm lgonia ligustrina was recorded previously only on various species of Ligustrum, 
such as t.japmticwn Thunh .. L ohtusifnlium Siebold & Zucc .. lR ovalifolimn Has.c;k., and 
L. vulgare L. Syringa is thus a new host n:cord. Both Lixusfrum and Syriuga belong lo tlu: 
family 0 /eaceae. The presence ofT. liguslrina o n Syriuga, part-icularly in a tree nursery. 
seems to be the result of a 'host jump' in the sense of Parlcvlict ( 1979). 

With the rt:ccnl rc;.;o rds by StakvilcviC icnC (200•1) and Md 'n ik cl al. (2005), the 
distribution of 1: ligustrina includes Austria, Denmark , france, llolland. Germany. 
Japan , Lithuania, Korea, Roman ia, Sweden, United Kingdom and USA. 

All c mpls hy Yos h ikawa & Yukn)'aOHl (1992) In isn la tc t h is fu ngu s failed . 'lhedgtmia 
ligustrbw has been tested as a possible agen t of biological control of Ugu.stmm in La 
RCunion (htt'p:/h'""""-cahi·hioscience.orgll llmVactivitiesDcvclopinCountries. btm). 

Gloeosporidiel/a turgida (Berk. & Broome) B. Sutton (Figs 1 b & 2b) 

The fungus was found o n dry. dead, ca. 2-3 mm thick twigs of Syringa xchinensis. It 
appears as 0.2-0.5 mm pustules emerging th rough the bark. appearing ochre, late r 
becoming brownish. Each conidioma is seated on a basal stroma, ca. 200 !Jlll wide x 
ca. 150-200 ~m high; con idiophorcs arc colourless, simple or sparingly branched, 
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conidiogcnous cells arc 10-20 pm long, 3-4 pm broad; conidia arc colourless, curved, 
falcate to sickle-shaped, 22.-33 x '1-5 J.lm . na rrow ing to the rou n<lcd tip and the mo re or 
Jess tn mcatc base. 

Colonies initiated from conidia: on 2% mall-ex tract aga r slow growing, attaining 
a diam uf 5-7 mm in 10 days and 12- 13 mm after 25 days at ca. :!0°C, appearing flat, 
centrally umbonate, surface lanose, Brown.i sh O range (7C 3-4) to Reddish Grey. to 
Brownish Grey (SB, C 2); reve rse vivid Brownish Orange (6C 8; 7C 8), margin narrow, 
entire in young colonies but fimbriate in older nnc.o;, exudat e absent·, di!Tusihlc pigme nt 

Brownish Orange. Ad ,•ancing h)'phae colourless. wavr lo geniculate-like. ca. 2-3 fl lll 
diam, spar ingly and irregu larly branched at ca. 35-40° angle, septate every 18-22 jlm. 
older hyphae yellowish and slightly wider. Spherica l, 0.5- 1 mm diam sclcrotium-Ukc 
bodies, composed of inlcrwo\'Cn hyphae arc formed in fresh cu ll ures. 'J hcse may 
represent young stages of conidiomata but they did not develop further after 6 months. 
These sd crotial bod ies arc not formed in later subcultures. 

SPECIMENS EXAMINATED: On Syrh1ga xchinemis: SWED EN. Ul' l' lam.l, Uppsa la, 
Kii llparksgtuan 12 (59<'53'N 17°39'F.), 22 VI 2003, V. Mcl'nik I.E 2 14424; UP.~ F 

118065; dried cuhurc UPS f -118066; living culture CDS 116473; di tto, 15 IX 2001, 0. 
Constantinescu UPS l-"- I IH067; ditto, 15 VI 2005 UPS f -120165. O n fm.A·im•sexcelsiur: 
LITHUANIA, l.al.dijai Distr.,cnvirons ofGcrda~iai (53°57'N 23°51'E). 25 Vl l i995. A. 
Treigicne Bll_AS 2769•1; KM ain iai Distr., BerunkBkiai Fores t (55"13"N 24"08'E), 18 VI 

1999. A. TrcigicnC DILi\S 27695. d itto, Stcbuliai Forest (55°19'N 21006'E), 31 V 2000, A. 

TrcigicnC 8 /LAS 27696. 

Discussion - The char<1cters of the fungus on Syrir1ga agree wel l wit h the descript ion 
and illustr.1l ion of Glo.:ospuridid lll lurxido provided by Pi rm.)•nski & Mm·gan-j(lllCS 
(1 968) under Cryptosporiopsis turgida (Berk. & Broome) Piroz. & Morgan-Jones. 
Gloeosporidiella turgid a is a known parasite of Fraxiu us and was recorded fro m United 
Kingdom ( Pirm.ynski & Morgan-Jones 1968). 11 wa.salsn fo und in l.ithuania (A. "l'rc igicnC 
iu l ilt. ). TI1is fungus was indicated as the agent responsible for canker of ash in the USA 
(Adams 2001) but, according toM. Put nam (iu /itt.), a more thorough investigation 
reve<1lcd that the fungus involved w<1s Phlyctcnw vagahtmda Dcsm. (Ros..,.man et al. 
2002). SyringtJ is a new husl rt.x:ord tOr G. lurgida. As in the case of 'JIJetlgonia liguslritw, 
the new host belongs to the same fami ly. 

G/oeoworidie/Ja turgida is based on Cryptosporium t urgidmu Bcrk. & Broome. 
'I he placement in (;/oeosporiclie/Ja was accepted by Vcrkley (1 999) in his monograph 
of Peziwla. l lowcvcr, there arc important morphological discrepancies between C. 
scutellala (G.H. Otth) Pctr., the type species of Cryptosporiopsis and an amorph of 
fJeziw la ocellata (l'crs. : Fr.) !'cower (syn. Occllflria tlcellata (Vcrs. : Fr.) J. Schrti t. ), and 
G. ribis (L ib.) Pct r .• the type species of Gloi!osporidi~lla and anamorph of Dn:ptmopeziza 
rihis (Kieb.) I !Ohn. In the former the conidioma is stro matic whereas in the latter it is 
acervular, suhcuticu lar and lacks stroma (Figs 2b,c). Consequently, G. lurgida seems to 
be bellcr accommodated in CryplospurioJ)sis. but il should be noted lhal its lcleomorph 
is unknown. Other Cryptosporiopsis anam orphs arc associated with two ph}'logenetically 
distinct td comorph genera, Pa icula and Neofabraca p.p., and also closely related t·o 
Phlyctema (tcleomorph NeofiJbmea alba (E.J. Guthrie) Verkley), and Foveostro ma 
anamorphs oi Dermea (Abeln el al. 2000). 
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Abstract- 'lhc ITSI-S.8S- ITS2 rl>NA regions [rom Mltlmhizium guizhuut:ll.<tt, M. 
pingsllueose, M. ituli11i, anJ tOur other sWeturllizium i so l <~tcs \\'Crc ampli iil'f.l ami 
sequenced. Barcsian analyses showed I hill J"l. pinxslwemeshould be treated as .synon}'m 
of M. anisoplim! var. allisot,fitlc'; that M. gui::ltottt'IISi! shou ld be treated as a synonym 
of ,-\11. lllli$Uplim~ var. tmisopliw:; and that M. iwli11i is a later synouym of M. f /(llvviritle 
vur. pernplligi . . cvcral previously unidcntifk•d isolates, RCP.f-0898, ACCC30 130 and 
RCEf-1259, the taxonomic posit ions of which have bet>n unclear or suspicious, were 
identified as .M .• wisOf,liae \'a r. auisopliae, M. tmisopliae var. tmiwpliae and M. jltwoviride 
V'dr.J~emJ,higi, rcspcclivclr. 

Ker h'ords-cntomopathogcnic fungi. Cltlvicipitm;e•lt', synonymy 

Introduction 

Under natural conditions, ftmgi are frequent and often important natura l mortality 
fac tors in in5(.">Ct populations (Milner, 2000). Entomopalhogcnic fungi may exhibi t very 
narrow or very broad host ranges, depending on the species and isolate. Metarlritium 

a"isopliae var. anisoplitle (abbrev iation: M.a. a"i~opliae) has one of the broadest host 
ranges. having been found to natural\)' infect over 200 insect species (M ilner, 2000) . 
Because of the abse nce of detrimental environmental dfc..><:ts, lack of residues in meat or 
c rops. and case of mass production, some species of J\-letarhizium can be used for the 
cont rol of many insect pests as an environmentall y acceptable alternative In chemical 
insecticides. Some J\tletCJrhizium mrcoinsccl:icides arc now registered in Austral ia. 
Europe and the USA as well as be ing used in countries such as Brazil and China, and 
have played important roles in controlling agricultu ral and forest insect pests. 

• Author for ~orrcspondencc 
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·1\,•o Melorllizitm t spccjcs and two V<'r ictics were accepted by Tulloch ( 1976) in her 
important rev iew. Most recentl y, 3 species and •I varie ties have been accepted (Kombach 
ct al. 1986) based on morphological data. Molecular phylogenetic studies of large and 
small subunit rONA by Liu ct al. ( 1994) add ressed some Chinese Metarhizium st rains. 
Later, Drive r ct :d. (2000) proposed many new variet ies hascd nn their stud)• o f ITS 
sequences. In formation from add itio nal genetic loc i and additional isolates is needed to 
fully resolve Metarltizittm taxonomy. 

The Matus nf flve Mctarhiziwn species dcscrihcd from China has been unclear, 
largely because cullurcs wen:: d ifficuiL to obtain. ' t hese arc Melur!lizium cylimlro~porae 

Q.T. Chen & ILL. Guo. M. guizhouense. M. pi, gslwense. M. taii, and M. iadifli. Rece ntly 
Huang ct al. (20011) showed th at M. cylindrosporae is correct ly placed in Metarhizium, 
mlhcr than in Ntmw rca as p roposed by T:t.can et al. ( 1993), and that Nu t11 uraca viritlula 
Tzcan ct al. also belongs in Metarllizium. lluang et al. (2005) propoS<!d that M. taii 
should be considered a synonym of J\ll.a. a11isopliae and revealed that Corclyceps taii 
Z.Q. Liang & A.Y. l.iu is the tel eomorph uf 1'vl.a. a ni.~;opliac. ' I his study deal s with the 
taxonomy and ide nt ity of the remai ning three species based on ~x type cultures. The 
identi ty of several interesting Metarllizium isolates is also addressed. ITS sequences were 
used as molecular ma rkers to address these prob lems. 

Materia ls and Methods 

l~ungal isolates and culture- f our isolates of Metarll iziwn deposited at the lnst illltC 
of Soil and Fertilizer Sciences, Chinese Academy of Agricultu ral Science (ACCC) were 
prov ided b)' l.i Sigui,lhc others we re conserved in the Anhui Provincial KC)' l.aborah1ry 
for Microbial Pest Control, Anhui Agricultural Uni\'ersity (RCEf). Table I lists the 
hosts, ide ntifications, and collec ting locations of studied isolates. Those isolates that 
are included in th is study un ly by means of sequence dat;1 obtained from GenBank are 
shown in Figur<: I . 

•table I. Original idcntillcation, insect hosts, and geographic origins of six isolates of 
Mctarllizium spp. studied here. 

GcnUank Stra in O rigi nal 
l·lo !il Loctt io n 

Accession No. Identifi catio n 

DQI77•134 RCEFOll98 M. tmiropliat! Soil Anhui 

DQI77428 
ACCCJOIOS 

M. pin_t:.<lw.ense 
Alisso11otmnsp.l 

Gua np;dony. 
(ex type) Colcopt. 

DQI77430 
ACCC30115 

M.g!ti:lwwmsc: 
Hepialus sp. I 

G uizhou 
(ex type) lcpidopt. 

DQI77429 
ACCC30 124 

M.iadini 
Rl1yuc.llile..~ rorcamt$ I 

Guizhou 
(ex type) Colcopt. 

DQ1774n ACCC30 130 
M.j/uvuviritll.! 

Unce rta in Uncertain 
var.mitms 

DQI77•135 RCEF 1259 Mt:tmhi:iw" sp. Lam1 of Lepidoptera Anhui 
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For DNA ex traction, spores or mycelium were transferred to a Petri disb containi ng 
potato dex lruse agar medi u m overlaid with a d isk u f autodaved cellophane. ' I he Petri 
dish was sea led with Parafi lm, and placed in an incubator at 2s·c for abo ut I week. 
Mycelium was then scraped from the cellophane. then stored at· -20 ~C prior to DNA 
ex tract inn. 

DNA cx tradiun, amplifi~alio n a nd scqucndng-Tutal genom ic DNA was extractt:d 
from frozen mrcdjum by using a benzyl chlo ride method (Zhu ct al. 1994). DNA 
pellets were air-dried and resuspended in 200 !-tl sterilized T E buffer ( 10 m M Tris-1-ICI, 
I mM EDTA, pH 8.0). 'I he quanlit)' and quality of total genomic DNA was observed 
on a 0.8% TBE agarosc gd stained with cthidium bromide. DNA for sequencing was 
am plified enzymatically using the polymerase chai n reaction. The internal transc ribed 
spacer regions {ITS I and IT$2) of the rihosomal ONJ\ operon. including the S.SS gene, 
were amplified using primers ITStl and ITSS (White cl al. 1990). The PCR read io n was 
performed with 0.5 ~I oi the dissolved total DNA in a 50 ~ I reaction volume containi ng 
200 J.!M of each dNTP, 2 mM MgCl,, 0.1 mM of each primer, and 2 1m.it s Tnq DNA 
pul)'mcrasc wi th PCK buffer (Sango.n, China). ·I he PCR react ions were placed in a 
thermal cycler CfCchine. UK) under the fo llowing temperature-cycling parameters: Step 
I) 5 min at 9S~C; Step 2) 35 q •des of I min at 94AC, followed by I min at 54 ~ C. and 
I min at 7rC; Step 3) 10 min al 7rC. '!he resulting products were examined nn a 
1.2 % TBE agarosc gel stai ned with elhid ium bromide. PCR fragments were puri fied 
using the Wizardn1 PCR Preps DNA Purificat ion Srstem Kit (Promcga Co., france). 
PCR prodllCL's were sequenced using the ahove~ mentio ned primers nn an ABI 3700 

auto mated sequencer at Shanghai Gcnccorc lliotcdmologics Company. l'roducls were 
sequenced in both s· to 3' and 3' to 5' directions. 

Phylogenetic analyses-D NA sequences generated by us and down loaded from 
C.cnBank (see Table I in Huangeta l. 2005) were aligned usingCiustal X l.R I ('l"h ompson 
et al. 1997). and the al ignment was refined by eye. Beauveriu lmssifmu (Bal s. ~Cri v.) 

Yuill. . a related davicipitaceous anamorph, was used as the outgroup. Parsimony 
analysis performed in PAUP~ versio n b JO (Swofford 2002) using a heurist ic search, but 
it fa ilt:d to cumplclc usi ng available mt:m nry. apparently because nf a high number uf 
equally parsimonious trees arising from the sim ilar sequences among isolates of 1\ll. a. 

tmiscpliae. Bayesian analysis was carried out using MrBayes 3.0 b(l (Hudsenbeck 2000, 
Huelscnbeck e t a\. 200 I). We used a 6 parameter model to run four chai ns fo r 500.000 
generations, sampling cverr 100 generations. 1l1e first 500 trees were discarded (burn 
in), and the remaining trees were saved to a fi le. A 50% majority ru le consensus tree 
(F ig. I ) was th en calculat ed usi ng PJ\UP ... 

Results and Discussion 

Metnrlt izium pit~gsltaense and Metarltizium guizltortense-M. pingslwense is mai nly 
d istinguished from M. anisopline var. anisopliae in the color of the colony and in that 
the spore chains are form ed of individual spores connected eccen trically (Guo e t al. 

1986). Phylogenetic analysis reveals that the ~x type isolate of M. pingsllaenstt belongs 
to a dade that includes 17 isolates of M. a. anisopliae, includ ing the ex neotyt'e isolate 
Fl1029. M.pir~gsfwcnse d iffers from the ex rzeotypc iso l <~ te by tb ree base pa irs in the ITS 
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M.allum 

M.l.novozeatandJOJm I ~ 

~ 56 l 

AF 134150 

M.a.a.extype 

Afl35214 

AF136376 

M.plngshaense 

84 AF136928 

AF 137054 

AF136375 

ACCC30130 

AF 137055 !' 

80 99 r--
r--B- L_ 

AF135213 ~ 
AFI35215 ~-
AF137059 . 
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{l 
i 

AF135216 . 
AF I37056 

~ AF3'839S 

RCEF0898 

Af135211 

~ 99 

M.a.ma)us 

M.l4i 

~ 
M.g11tzhouense 

AF137058 

M.a.lcpkflotae 

M.a.acfldum 

___E!Q_ 

.~ 98 

M.l.pemphlgl 
ji: 

M.ladlnl 

RCEF12.59 ~ 
,.,-u.mlnus 5· 
M.I.~YOVII1Ge ~ 
C.bralebanldsolcles 

B.baSSIM8 

Figure I. Bayesian phylogeny of MelarM=iwn spp. based on the anal)'sis of ITS sequence data. 
Posterior probabi lities (>50%) are given as l)('rccntagcs above I he branches. (MJ = M. fla voviritle, 
and lhc six isolates in this study arc ind icated in bold face.} 

sequence. We therefore propose Lhal ,\II. fJin;:slwcnse shou ld be rega rded as a synon)'m 
of M.a. anisoplit~e. The conclusion is supported b)' the earlier conclusion of Liu cl a\. 
( 1994) based on identical partial sequences from small ( ISS) and large (28S) subunit 
rRNJ\s. Negligi ble diiTerences in serology among M. pitzg$llaense and severa l strains of 
M.11. anisupliae (Hu ct al. 1996) provide further support. TI1crc can be no question from 



185 

I he intcgralivc data here tha t M. piugshaense cann ot be ma intained as an indcpcndcnl 
species. ami iL should be treatc<l as a synonym <)f 1\-l. a. anisoJ1lif4C. 

The ex type isolate of i\tl. gu izlwueuse also fell in the dade including a ll isolates of ;\if. a. 
tmiscp!iaecxccpt isolate F1379 (Fig. 1). Compared with the ex 11eotype isolate FI 1029, M. 
guizlwut!nse d iiTcred in 6 base posi tions in the rrs regions. 'J'wo percent divergence in 
the ITS between M. guizlwuense and isolate 1'1 1029 faUs within the scope of variation 
among M.a. anisoplicu isolates (0-2.3%). Accord ing to Liu ct a l. ( 1986), conid ial lengt h 
in M. guizlwucnse measured 6.i-7.3 ~m , while Driverel al. (200 1) gave 5-8.0 11m a.-. the 
range for conid ial length in i'rJ.u. anisoplic~e. 

Liu et al. (2001) suggested that M. taii and M. guizhouense were the same fungus 
based on the ir morphology and type of este rase isoenzyme. The ITS seqllences of these 
twu species a re similar, di iTering in onl)' two posit ions. Both species allack the larvae 
of Lepidoptera. I luang et al (2005} have demonstrated that M. taii must be treated as a 
synonym of M.a. anisopliae based on its m orphology and ITS sequence. We also consider 
that lvlelarl!izium 8uizlumen.~ i!' a synonym uf M.a. anisopliae, b<1sed on mnrphnlogical 
characters. ITS sequence and the conspcc ificity of M. taii and lvl. gu izlwtumstt. 

Metarltizirtm anisopliae ( Meisch.) Sorok in var. anisopliae, !PlAnt Parasite.< or M;ln ancl 
Ani mals as Causes of lniL'Ctious 1Jiscascsl2: 267 (1883) lin Russian! . 

Srnon)'lll : Mctnrl1i=ium J1ilfJ:.duu:me Q.T. Chen & H.l.. C.uo, Acta Mycol. Sinica S: 179 
( 1986) fin Chinese). 

Srno n)'lll: Mdmhizium guizlwr,c:nse Q.T. Chen & H.L Guo, Acta Mycol. Sinica S: 181 
( 1986) [in Chinese]. 

SynOil)'lll : M t tarl•i=ium rnii Z.Q. liang & A.Y. Li u, Acta Mycol. Sinica 10: 260 ( 199 1) [in 
Chinese). 

Metarlt izium iadiui and idcn tificatjon of isola te RCE.F 1259- Accord ing to Guo 
( 199 1 ), i\11. iruli11i is di iTcrent iatcd by ils light green co lonies in cultun.\ its nvnid conidia 
with light plain base, (4- )5.7(-6)x ( 1 .8-)2.2(-2.4)~m, and itscolcopleran host. Rlty ncltile$ 
corea nus. Metarhizium flavoviride var. pemphigi (abbreviation: M.f. pemphigr) is similar. 
wi th ovoid to elongate co nid ia measuring 5Ax2A JJ.m . a light green con idial mass, and a 
root aph id hosl. In our anal)•sis (fig. I) the ex lype isolate of 1't'I. iwlir~ i, J\II.f pemplrigiand 
strai n RCEF 1259 grouped together in a strong!)' supported d ade. Am ong th em there arc 
8 nucleotide di fferences in the ITS regions. MetMhizium iatlini and M.f pempltigi were 
distingui shed by on ly small di !Tcrences in host and grow th mlc al low temperatu re (the 
former reaches 15 mm. and the lalter40 mm at 10·c after 3 weeks}. I lowcver, they share 
o ther characte ristics such as con idial shape and size, and color of colony. Also, these two 
species display similar sequences in the ITS regio n_ We co nclude that M. iadin i and M.f 
pemplrigi arc ~onspecific. 1l1e for mer name is legitjmate. but lhe lack of a Latin d iagnos is 
m akes it invalid ly p ublished (Art. 42). i\ ccordingly, the isolate ACCC30 124, originally 
identified as M. iadini, is properly identified as M.f. pemphigi. 

Strai n RCEF1259 was iso lated from an entomogcnous fungus specimen collected 
from Anhu i Provi nce in C hina. i\ synncmata formed on a Lepidoptera larva isS em long. 
and green at the apex. Conidial size and shape arc similar to those of M.f pemphigi. This 
isolate fi.mned a few ligh t green con id ia, and a Jl oc<:ular myceli um on PI) A after I 0 da)'S. 
13ccause synnemata arc unusual in Metarhizium, the isolate was included in this stud)' to 
assess its relationsh ips and identification. Compared to M.f pemplrigi, RCEF1 259 differs 
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in 4 posit ions in ITS region, and also shows 3 deletions. We conclude that it should be 
recognized a." M.f. penrph i;:i ba.<;cd on morphological and molecula r data. 

Before the current study. only two isolates of M.f pemphigi had been recorded. 
Similarities among these newly recorded isolates provide evide nce that it is reasonable 
fo r M.j: pemphigi lu be recognized <L" a d istinct var iet y. 'I he light green colur o f the 
conidial masses is apparently an important identifying morphological character for this 
va riety. 

Metarhizitmt.flnvoviride var. pemphigi Driver & Milne r, Mycol Res: lOti: 144 (2000). 
Srno nym: Ml!lwhiziurn imli11i 1-l .L. Guo. '!he Stud}' and Applicalion of Mt!Wrltizium: 27 

( 199 1) (in Chinese]. 

ldcnlifacation of isolates ACCC30130 and RCEF0898- Isolatc ACCC30130 was 
identi fied as M. flavoviride var. minus in a catalogue of Chinese agricultural isolates 
(Guo & ing, 199 1). According to l.iu ct al.'s 19911 stud}', M. piugsiUJen$e,J\CCC30130 

and NI. a. cmisoplille shared similar 185 and 28$ DNA sequences. However, the present 
study based on morphology and ITS sequences suggests that ACCC30 130 should be 
att r ibuted to M.a. at1isopliae. The strain differs from the M .a. anisopfiae e."( neotype 

isolatt: by onl y 3 posit ions in the ITS regions. 
The strain RCEF0898 differs by 6 nuclcotides from the ncotypc st ra in of i\-l. a. 

tmisoplia~ it fa lls into the same clade as most isolates of the latter (Fig. 1). The 
morphology of RCEF0898 is similar tu M.a. tm i:wpliae except that some large conidia 
measured up to 9x 3.5 IJ.I11 . Although M~tud1 izium tuii has been reported to produce 
some large conidia , it was synonymized with M. r1. atlisopliae in a recent study (Huang 
et nl. 2005). Th is small diffe rence in conidial length is. not considered ta xonomica lly 
sign ificant. Thcrd o rc, s tra in RCEF0898 is also iden t ified as M.a. mtisopli11e. 
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Abstro~ct - Eighll'f: IJ SJ'ccics of the genus HynwnodiUete founll in the HawaiianlslanJs 
arc dcscrihcd, ind udi,,ft new species H. flv:metn..(a, 1-1. )!_cu;culatll and H. fexcri. H. 
attenuata sensu G. Cunn., fou nd in ~ew Zealand, is d ifferent from H. attw11111a (l Cv. ) 

LCv.: it is described as a new species H. IIOtlwj;tgu:olt~. Main source of the origin of 
Hawaiio n Hymcnoclmete biota seems to be ,\ustralasio. 

Kc}' " 'Ords - Nc~\· Zealand . distrilmtion. spore variation 

Introduction 

In hi s monograph of llymeuodwete, Ilurt ( 1918) did not mention any collect ions 
from the Hawai ian Islands nor did Cunn.ingham (1957) in his paper on New Zealand 
and Australian 'Thelephoraceae" or Leger (1998) in his world monograph of the 
genus 1-ly merwclwete. Burt (1 923) in a paper un higher fungi o f the Hawaiian Islands 
men tioned th ree species: N. ftmuissima Berk. (a synon)'m of H. rheiwlor) was coll ected 
"'on decaying wood, F.L. Stevens, I J 8. 967", but the specimens were not found by us in 
BPI or NY; ll. cimw momea (Pers.) Dres. and /I. spreta Peck have been misident"iiled by 
Burt (see hclow under H. semi~t upposa and H. rnmentcl/()idea). Gilhertson & Adaskaveg 
( 1993) mcnlioned H. mmmula and H. wrruxatu collected by them in 1990. Gil bertson 
& Hernrncs ( 1997) described a new species. H. lunumldloidea from South Hilo Districl ; 
Gilbertson ct al. (2002) listed four species of 1 Jymenochaete (f l. anomaia, II. corrugata, 
II. m ougeotii and II. tomeutelloidea) collected in I Iawai'i, Kaua'i and Maui Islands in 
their check list of wood-rolling Basidiomycetes. Apparently no other dat a on Hawai ian 
1-lymc~wcilacfe have been published. 
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Materials and methods 

ln the Na t·ional Fungus Collections (BPI), there arc srccimcns of eight 1-lymenochaete 
spcci~. mainly previously un idc nli ficd. collected by C. I.. Shear and N.E. Skvcns from 
llawai' i. In the I Ic rbarium of the New York Botanical Garden (NY). one specimen oi 
H. attenuata colkctcd by f. Klicjunas was found. Collections by R.L.. Gi lbertson) also by 
J.E. Adaska\·cg and D.E. J-lcmmcs from 1990 lu 2002 contain 1 11 spt.>cimcns uf l·lymerw· 
cllllete reported in this paper. Collecti ons are deposited in ARJZ and their duplicates 
in TAA. For comparison, some specimens collected by S. l I. Wu in Taiwan and by the 
senior author in India (hot h in TAA) have also been exam ined. 

Authors of fungal names follow Kirk & Ansell (1 992). Herbarium acronyms arc 
after Holmgren. Holmgren & Barnell ( 1990). Names of (phyto)gcographica l regions are 
given according to the Plant Taxonomic Database Standard No.2. Ed ition 2 (Brum mitt , 
200 I). Colour ol the basidiomata of llyme,odwete species is \'c ry changeable du ring 
thei r development , and most descriptions puhlished until now arc sal'urated wi th 
different colour h:rrns. To simplify the descrip tions, colour names arc given as used in 
"A mycological colour chart" by Rainer (1970). In parentheses. the additional and more 
precise colour notations arc given according to Munsell, 1976 (M) and Korncrup & 
Wanscher. 1973 (K & W). In this genus.. it is d iJiicult tu study sport=s due tu their small 
measureme nts and Brownian mo\"emcnt when an ordinary microscope is used. That is 
why measurements and figures of spores were made with the aid of a Sony CCD Video 
Camera all ached to a Nikon l.ahophot 2 microscope and analy-t.ed by Global Lab Image 
(Data Translation Inc.) sotlware. All descriptions given bdow are based on Hawai ian 
specimens; when these differ significantly from the descriptions published fo r other 
regions, the dillerenccs are indicated. 

Results and discussion 

18 species of the genus Nynumodwete have been found in Hawaiian Islands. Only one 
of these (H. tommtelloid~il) was defin itcl}' known until th is study. The propagulcs of 
these fungi are small and easily transportahle by wi nds (hasidiospore length of most 
Hawaiian spcci~s is in the limits of 2.5- 8 ~mt). Ncvcrthdcss, the number of species is 
rat her low. for comparison. of the more than 120 species known, 32 have been found in 
New Zealand. The 1-Iawaiian Islands have an isolated position far from mainlands. Their 
age- about 0.5- 5 min )'Cars (Carsun & Clagm:, 1995) - is perhaps nathcr shurtlime 
for invasion of 1/ymenodwete species from Americas. Asia or Australasia. Only two 
or three species arc of pan tropical distribution (H. attenrmla, H. rmicolor and possibly 
also H. legeri). ' lhrce species arc comm(>n with South or Central America (1-1. berlemi, 
J-1. cervirw. J-1. mirwsculu). but these have al so bc.~n found in Australasia. Six Hawai ian 
species arc common with New Zealand (H. dissimilis, H. imrexa, J-1. semistupposa, H. 
separata, H. unim lor. H. vaginata). However, there are almost no dala on dislrihution of 
Nymeuoclwele species in Papuasia and Southwestern Pacific, i.e., in the rcsions between 
Australasia and l lawaiian Islands. One species (I I. muroirma) has been found in Eastern 
Asia (Japan, China) and Malcsia, and one (H. sepambilis) in Tropica l Africa. According 
tu the curren tl y known distribution, the main smm.:c:: uf the origin of Hawai ian 
llymenoclraete biota seems to be Australasia. 
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The in terval of time up to live million years was long enough to cause intensive 
speciation of plan ts and insects; about LJS% of mosses and •12% of angiosperms arc 
endemic (Eldredge & Evenhuis, 2003). Speciat ion is possibly more slow in fungi than in 
other groups of living beings. In Hawai'i, the percentage of endemic fungi (lichcnizcd 
species excluded) is about 13 (E.Idredgc & Evcnhuis. 2003). J\mong 1-ly m enoc/w ete, four 
species are endemic: H. flt!.xost!losa (a species possibly closely related to pant ropical 
II. att t:mmta and II. rlreicolor (Mont.) LCv.), II. ge~tiwlata (closely related to the New 
Zealand's H. stra;ura G. Cunn.) , H. subdi..-similis nd inl. (if dilfcrcnl from H. di.~sinrilis) 

and J-1. tomentelluitlea (d oscly rdalt:d to H. sepambilis). All lh~!sc endemic la;"a arc 
closely related to thei r siblings. 

O i the 18 species found, only one is common in lhe Hawaiian Islands (H. legeri), two 
occur occasiona lly (I I. attemwta and II. semistupposa), all other species are ver)' rare or 
fou nd only once. 

Taxonomy 

Key lo Hawaiian Hyrucmocltaclc species 
(Some other spec ies. c.;ommon in Tropical Asia and Australasia arc included) 

I. Basidiome pileatcoreffused-reflexcd . .... ... ... ... .......... .... ... ... ... . 2 

I. Basidio me effused (resu pinate) . . . . . . . . . . . . . . . . • . .. 6 

2. Setae 20-50 x 4-8 ~m .. . . 

2. Sd ac 15- 110x7- l5fJill . . 

. . 3 

. 5 

3. Cortex present; setae 30-50 x 5-8 ~1m ; pi leus flexible . . . . .. .. 4 

3. Cortex absent: setae 20-35 x 4-5 fllll ; pileus brittle .... H. ndustn (Uv.) li ar. & Pat. 
(Found in Japan . Ph ilippinl!S, Vietnam. Australasia) 

4. Numerous brown thick-,nllcd hyphid ia in hymenium. 2.5- 3.5 fllll in d iam ; 
basid iome up to 500 ~m thick but tomentum thin (up to !50 ~1m ) 

H. lutcobadia ( Fr.: Fr.) HOhn. & Lit sch. 
(Found in Ph ilippines, Viclnam, Auslra lasia ) 

1. '!hick-walled h)'ph idia abS\:nt; tomentum up to 1000 fllll th ick. lalcr disappearing 
and then pi leal sur face black ..................... . ..... H. ,.;UoSII ( L~\'. ) Bres. 

(J•anlropical. Figs. I, t; 2. 3) 

5. Part of the setae 1...-shaped , arisi ng from a short t-hin ~ta l hypha, 40- 70 x 7- 12 J-Im; 
spores ('1.8- )5- 5.8( - 6.2) x 3-3.5( - 3.7) fllll ... ...... ... ... . . .. 5. H. jlexosctosa 

5. All setae "'normal", 45-70(-80) x 7-12 ~1m, spores 3.5-5(-5.5) x 1.7-2.2 J-Im; hyphae 
oft he context above the hymeniu m dense!)' compacted in parallel I. H. attenuata 

6. Setae in apical part with small thorns or tee th (visible at high magnification) . . 7 

6. Setae without thorns ................................................ . ... 8 

7. Setae 30-45 x 5-7(-8) pm, wi th few (1 -3) low broad ly conical teeth or protuberances 

up to 0.5(- I) ,.m long. . . ... .... ... ... .... .. . D. H. scparabUis 

7. Setae (35- )'10-70 x 5-7 ._.m, with 5- 10 broad ly conical teeth 0.8- 1.5(-2) ~m long 
... .... .... .. ... .... .. ..... .. ... .... ... .... ... .. ... . 16. H. toruct~tclloidca 

8. Brown or brow nish hyphidia 2-4 ~m in diam with th ickened or thick walls present , 
but never monilioid . . . . .. .. 9 
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8. Hyphidia absen t, or mon_ilioid brown hyphid ia or subhymcn_ial hyphae present 12 

9. IJyphid ia simple, not dendroid or arbusculoid 10 
9. 1-lyph idia dcndruid ly branched. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. H. florid en 

10. Spores broad, (5.7-)6-7 x (1 .0-)4.3-5(-5.2) !Jm; basidiomata thick (up to 500-
1100 ' tm) . . .. ........... .. ..... . . ... . 3. H. ccrvitta 

10. Spores 1.8-3.2 ~m broad; basidiomata very thin o r up to 300 !Jffi thick . II 

I I. Spores C)•lind rical. 5.5- 7( -7.5) x 1.8- 2.5 !Jill; basidiomala 50- 100 ~un lhick . . 
. . 8. H . itmcxn 

I I. Spores el lipsoidal, 6.5-9.5 x 2.'1-3.2 11m; bas idiomata up to 300 fl lll th ick . . . . 
. . . . . . . . . . . . . . . . . . . 18. H. vagi,atn 

12. Manr h rphac o r hyp hidia monilioid. wit h thickenings o n walls; context sofl 
mcmhrn naceous, of loosely interwoven hyphae . 13 

12. Hyphae and hyphidia {when present) not monilioid; context absent or its hyphae 
densely packed . 14 

13. Setal hyphae present in context; spores 3.7-4.8 x 2.2-2.7 ~m .... . . 2. H. berteroi 

13. Setal hyphae abscnl; spores 3.2- 4.5 x I. 7- 2.2 ~Jill . 12. H. sew istupposn 

14. Setae large, (60-)75- 100(-120) x 10- 15 pm; spores 6-8 pm long 9. H. legeri 

14. Setae smal ler. 30-80 x 4-9 ~m; spores 3.5-6.5 ~m long . . . .. IS 

15. Numerous conglo merates of crysta ls 8-50 11m in diam presen t in the context (setal 
or hyphallaycr) 16 

15. Conglomerates of crystals absent, crystals in hymenium sometime:;; present . . 17 

16. Setae 40-60(-65) x 7- 10 ~Jill ; hyphal layc r 30-150 ~-tm th ick,indistinct ly different 
fro m the setal layer; spores 3.7-4.'1(-3.0) x 1.8-2.3 ~m . IS. H. subdissimilis 

16. Setae smaller, (30- )35-45{- 55) x 6-7(-8) j..tlll i h)•phal layer absent; spores ellipsoid, 
5-6.5 x 3-3.5 j..tnl . . ... 14. I-1. separatn 

17. Setae partly angled (ge nicu late) ncar the base. narrowly fusoid , (35-)110- 60 x •1- 7 
(-8) JJm; setal hyphae (embedded horizontal setae) present .... 7. H. geniculat t~ 

17. Setae never geniculate; seta l hyphae absent 18 

18. Setae partly bifurcate at base, with sligh t!}' curved tip. (30-)40-50(-60) x (5-)6-8 
(- 9) pm ; spores 4-6 x (2.5-)3-3.5 ~tm ; o n bamboo . II. H. muroinna 

18. Setae never wit h bifurcate base: spores 2.2-3.2 jJOl broad; on other subst rata . 19 

19. Setae !'lr.tigh l, {35- )•15- RO x 5- 9 JJ m; spures ell ipsoid, -1. 2- 5.4 x 2.5- 3.2 ~m 
. .... 1. H. dissimilis 

19. Serae smaller, st ra ight, sl igh tly curved or undulate, (30- )35- 60(-65) x 4-i pm; 
spores alm nsl subcyli ndrical . 20 

20. Spores -1.2-5.2 x 2.2-2.5 Jlnl i hymcnium ochraceo us or yellowish brown . 
10. H. wittuscrlla 

20. Spores 3.4--'1.8 x 2.2-2.8 ~m ; hymcnium umber with iulvous, Sienna or grayish 
tint . L i. H . rmicolor 
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Annotated list of species 

l. HYMENOCHAETE ATTENUATA (ltv.) LCv., Ann . Sci . ~at. Bot. III S: 152. 1846 not sensu 

G. Cunn .. 1957. Pig. I , 6; 2, 9 

Basic.liomala annual (?), pile ate or seemingly effuscd-rcllcxcd (then umbonate), d osd y 
or loosely agnate, soft. papcry-co riaccous and llcx_iblc when dry; pilei llabdli form to 
dimidiatc. 0.5-2 em long, 200-500 ~tm thick, usuallr imbricate or in rosettes, confluent 
(up to 5 em wide); pileal surface velul'inous or I'O menrose when you ng or ncar margin . 
then dense!)' conccnt rically sulcate and zonate, coarsely rad iatdy fibr illate (silky- fi brous). 
dull or shiny, Sienna to Umber or dark Cinnam on (M: 7.5 YR S/8-7, when old 5 YR4/6; 
K & W: 6 D 6-8, when old 6 E 6}; margin thin , lobate, sometimes pl icate, concolorous 
with the pi leal surface ur lighter ~:u lou rcd (when yuung); hymcnium srnout h. in very old 
specimens sometimes with low radial folds. not cracked. dark Sienna to light Umber or 
dark Cinnamon (M: 7.5 YR 6/8, when old 7.5 YR 5/6; K & W: 6 D 5- 6 or 5 C 5). 

·n1mentum present as a layer uf loose!)• intcrwo\•cn hyphae or as hypha! tufts, (50)-
100-450 ~m th ick; cor tex absent; hypha! layer composed of loosely almost radiatcly 
interwoven hyphae in upper part and an indistinc tly dclimircd layer 100- 150(-250) 
11m thick of hyphae more densely arranged in parallel above hymcniallnyer; seta l layer 
present in older spec imens when setae arc in two indistinct rows. 

llyphal system monomiric; hyphae with th ickened walls (in tomentum th ick-walled) , 
brownish, sparsd y branched , with septa, in hyphallaycr 2.5-3.5 ~1m , in tomentum 4-5 
Jllll in d iam; St.::tac sparsely situate<.! or locally numerous, narrowly conical or slightly 
fu soid, straight or some with curved tip. bluntly acute, (35-)110-70(-80) x 7-12(- 14) 

~· emerging 20- 45 )J.m above the hymenium, with a thin hypha! sheath , without in­
crustation ; bas idiolcs with thickened and brownish at ba.o:e rough (find)' encrusted) 
walls, I 8-25 x 3-4.5 ~Jill: basid ia 20-25 x 3.5-4 ~Jm, with 4 thin ster igmata; spores short 
cylindrical with one side slightly concave (suballantoid), 3.5-5(-5.5) x (1.5-) 1.6-2.2 

!•m. 

1·1.\WA I' r. J. Klicjun:~s l&l. dct. C. .A. F.scobur, Kahalu'u Forest Preserve, Kona (NY); RI.G 
17007, 18112 on MclmJitlem.< pnlymnrpba, M ile 18, Saddle Rd. KMJ.\ ' 1. IU.C 2.108 1. 
2 1082.2 1123 on Acacia kcxr, Nualolo Trail, KokeC State ()ark; RLG 20SS!:J. 2 1063, 21067, 
227•15A on IJua liyptus sp .. RLG 2273S, 22713 on Erw1lyptusglobulus, Maka ha RJ.: RLG 
211 82, on P.Qdimnguajava, Ohclo Rcrry Flat Trai l, KokcC State Pa rk. MOI.OK.\ ' 1. RJ.G 
19253 on Acacia m.:tmrsii sp., Kamakou Rd . 

Comments . This species belongs to the II. rlreicolor-group of sibling species; their differ­
ence is not a! war s clear, and most of the herbarium specimens including types of all 
species and their synonyms have very few or no spores. 

Brcsadola has S)'llonymi zcd H. tlll~mwla with H. rheicolor in one of h is later papers 
( 19 15: 301) but the two species arc conside red distinct by other authors. Accord ing to 
Leger ( 1998). who has stud ied the types of both species, the main difrerence is in size 
of setae and spores: '15- 75 x 6-9(- 11 ) !J.Ifl and 3.5- 1.5(- 5.5) x 1.5-2(-2.2) IJ.Ill in H. 
atterw ata, 60-105(-1 20) x (8-)9-12(- 13) 1-1m and 5-6 x 1.8-2.5 fllll in fl. rheicolor. 
Tomentum is well developed in H. (l(femwta, thin and formed of less difrcrcnti atcd 
hypha! tufts in H. rlteicoltJ r. \-Vc have studied !'pccimcns nf both species collec ted in 
Argentina, Brazi l, Ch ina (Yunnan), Do minica, Guatemala. Guyana. India, Mexico, 
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Fig. I. Spores: I - 1/y m.:noclmt'l<" vii/run, 2 - 11. batavi, 3 - II. Sl1ixlissimifis, 4 - II. s.:mist11pposa, 
5 - H. milmSl:ulu, 6 - 1-1. tdlt:tmtdu, 7 - H. lumcmlelluMeu, 8 - H. seJmmhilis. 9 - H. g.:nic:uhJIIt, 

10 H. dissimilis. 11 H. lignosa, 12 H. Jle.v:osetosa, 13 H. tlotllojagicola, 1·1 H. fegeri, 
IS - H. muroiww, 16 - H. a rvina 

Puerto Rico and Thailand. and found the vari abi lity of setal size to be much broader and 
sometimes overlapping in these species. Sporesi1.e is simi lar in the two species. We hnve 
st:cn un ly two sp~w-cimcns of "Lypical" H. rlteiculur with spurc:s bigger than in H. ultemmlu 
(sec table below). and this difference is statistically insignificant when compared wilh 
spores of H. attenuata. However, most specimens o fboth species in various herbaria arc 
sterile. and in the fertile specimens spores arc usuall y partly damaged. 
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Hg. 2. Setae: 1 - 1/ymrmocllnete tom&"lltdfoitlea, 2 - 11. Uf'<lmbifis, 3 - ll. villosn, '' - II. liguosa, 
5- H. muruiutm, () - H. ~ubcli~imilis, 7- H. fl~xu~/Q~t, 8 - H. g&"uiculul tt, 9 - H. tdll:mwltt, 

10 H. mitmscufa 
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fig. 3. Setae and hyphidia: 1 - l1Jm"'lloc1u•~te dissimilis. 2 - 11. imtt'xn (I• - hyphidia), 3 - 11. bert .. roi 
(11 - monilioi<.l hyphklia) , •1- H. JWriclea (d - dcndrv hyphkli:t). S - 1·/. scmislupposu (11 - mouilioid 

h)•phidia) 
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Fig. 4. Setae: I - llym~tmxlm<!tl!cuvilla, 2 - 1/. llotl,ofag;cola, 3 - ll.l<!ga1 

O ne of the additio nal characters of II. atteuuata is diffcrcn l"iation of a hypha! layer near 
the hymcninm. Hyphae of Ibis layer arc densely compacted in pa rallel, whereas in H. 
rlleiculor thcy arc interwoven. 

ll is poss ible to dist-inguish "typical" specimens of I I. attemtalll and I I. rheicolor. but 
there arc several "untypical" speci mens witb overlapping characters in herbaria, and the 
independence of these two species is doubtful. 

Mean spore size a nd mean Q value in !-lawai ia n specime ns o f H. attemwta (Qvalul' is the 
ratio of mean spore length to mea n St>are width): 

3.72 X 1.90 1.93 RI.C. 21082 
4.05 X 1.79 2.26 IU.G227•13 
4.09 X 1.95 2.10 RLC. 21067 
4.47 x2.0l 2.22 lUG 19253 
4A8x 1.88 2.38 RLG 17007 
4.69 X 1.93 2.43 RLG2 108 1 
4.96 X 1.90 2.6 1 RLG 18112 
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For comparison, the mean spore size and mean Q value in other speci mens studied: 

H. rlu:icolnr 11.27 x 1.94 2.20 Mex ico, BPI 278538 
H. attenuata •1.34 x 1.85 2.35 Chile, RPI 330072 
1-1. attemmta 4.34 x 1.86 2.35 Chile, RPI 33758 
H. attemwta 4.54 x l.OO 2.27 lndin , TAA 103213 
H. rlu~:icolor 4.75 x 2.09 2.27 Guyana, BPI lloyd 67:H 
H. rl11:i<olor 4.80x 1.93 2.49 Mexico, TN 18397 
11. '"rticolor 4.85 x 1.94 2.50 Mexico, XAL 1588 
11. rlteicolor 4.87 x 2.13 2.29 Mexico, TN 18369 
II. attrmualfl .OS X 2.0 1 2.5 1 '!11ai land , 0 l&J25 
H. rlll!icvlor 5.17 X 2.10 2.'16 Domi11ica, BPI 297738 
H. rlt~iculur 5.33 x 1.99 2.68 l'ucrto Rico, Ul'l 278515 

/-(. t;IUm uttta ~nsu G. Cunn. found in New /.ea lantl on dead twigs of NtJilwfagu.~ 
spp. is a different species characleri1.ed with setae (55- )65- 100 x (6-) 7- 11(- i'l ) j.tlll . 

broadly ellipsoid or subcylind ric spo res with one side flattened, (5.5-) 6.0-8.0(-8.5) x 
(3-)3.5-4.5(-5.0) j.tffi . Sparse dark brown thick-wa ited hyphidia 2.5-3 j.l.ffi in di am arc 
present in the hym€nium. 1h e New Zealand species wi ll be descr ibed <IS a new one (H. 
mJtlw.faJ.!icoUI) in the Appendix of thi s paper. Description of H. allc:rmal~ by Job ( 199 1: 
7- 8) combines lhe dala on H. atlemmta, H. allenuuta sensu G. Cunn. and a species 
collected in Switzerland and described by Job and Keller ( 1988). 

2. HYMENOCHAETE BERTEROI Pal., Bull. Soc. Mycol. France 10: 78. 1894. 

l)cs..:ripl ion: sec Parmasto. 2005. Figs. I, 2; J ,.3 
0',\II U, C.L S IIEAR 113 (BPI ll00)9)), on Acacia koa , Pupukea Forest Reserve, 31 jan 
(1928? 1. 

Comments. Closely related to H. semislupptJsa, whkh dirfers by absence uf setal hyphae 
and havi ng spores 3.2- 1.5 x 1.7-2.2 ~un. 

3· H YMENOCHAETE CERVINA Ilc rk. & M.A. Curtis, j. Linn. Soc. Bot. 10: 33<1 . 1863. 
Figs. 1. 16; 4, l 

Basid iomala perennial, effused , adnatc, woody ha rd, up to 500- 1100 pm thick, as 
rounded patches up lo 5 em or more in length. H}'lllCJtium even, umber (M: 5- 7.5 YR 
4/6 to 5/4; K & W; 7 E '1 - 7 F 5); marg;n abrupt. 

Cortex present but not easily distingui shable, usually obse rvable as a da rk line ncar 
the substrate; hypha! layer absen t; seta l layer very thick; dark line above the hymen.ium 
ahsent 

Hypha I S)'Slcm subdimi tic; (pscudo)skclctal h)•phac asce nd ing or vertically in lerwo· 
ven , densely aggl utinated. with thick walls. b rown, sparsely branched. 3-5 j.l.lll in d iam; 
ge nerati ve hyphae innumerous, th in-walled, branched , subhya linc, 3-5 Jlm in diam; 
setae numerous, narrowly conical or spine-like. al base arising from a dense node of 
thick-walled h)•phae, st:rnight , 70- 100(- 120) x 7.5- 12(- 14) 11m, emerging up to ,10 
Jllll above the hymenium, wilh a hyphal sheath which is fmcl y encrusted in uld setae; 
cystidia absent; hyphidia scaltcred, "-l'lindrical, with brown th ickened walls. in upper 
part sometimes slightly sinuous. 2.5-3.5 j.l.fll in diam: basidioles present, thin -walled; 
basidia clavate or slightly subutri fo rm, 20-25(-30) x 7-8.5t•m, wit h ~1 thin sterigma ta 
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about4 ~tm long; spores broad!)' ell ipsoid, with one side sLightly flallcncd, mostly with a 
large gullulc, (5.7- )6- 7 x ('\.0- )1 .3- 5(- 5.2) ~m . 

Causes a fi brous white rot of wood. 

KAUA' I. RLG 206<14 on Cryptomeri11 japo11ica, Lchua pu hi Trail. KokeC State Par.k. 

Comments. ·I his HawaHan specimen is typical for H. cervin11. Presence of crystall ine 
maltcr in the setal layer indicated for this species by Uger {1998: 86) is a \'ariable 
character in H. cervirra. Spores have rarclr been observed in specimens kept in world 
herbaria hut Lhc Hawaiian cnllccliun has nu rm:rous spores. ' I ln:ir mean size is 6.39 x •1.60 
!Jffi and the length/width quotient is 1.39 (average of 22 spon:s measured). II. cervi11a 
has been iound in Australasia (New Zealand), South America, Caribbean and North 
Am~dca. Data on occurrence in Eust Tropical Africa (Uganda) :m~ dnu btfu l. 

4 · HYMENOCHA£TE OISSIMILIS G. Cunn. , Trans. Roy. Soc. New Zeal. 85 ( I): 1•1. 1957. 

Figs. I, 10; 3, 1 

Basidiomata peren nial, effused, closely ad nate, hard when dry. up to 1500 ~m th ick: 
hymenium smooth or tubercu lous, deeply cracked, when you ng grayish Cinnamon (M: 
5.5 YK 5/6; K & W: 6 D •1), then dark Vi nacenus Buff(M : 7.5 YR 5.51-1; K & W: dark 61) 
3); margi n indistinct. then abrupt. 

Tomentum and cortex absent, hypha! layer thin and soon d isappearing; context com­
posed of thicken ing, ind ist inc tly !'tm tosc setal layer. 

Hypha! system mo nomitic; hyphae densely agglutinated wit h brown resi nous matter, 
2.5-4.5 .,.m in diam, brownish to brown, thick-walled, septate, branched; in context and 
hymcnium crystalline maller usually present; setae numerous, of variable size, (35- )45-
80 x 5- 9 !Jnl , projt..-cling to 50 11m above h)•meni um, subu latc, with a(;Ule lip. straight. 
usually with a thin hypha! sheath. without incrustation; cyst:idia and hrphid ia abse nt ; 
basidiolcs with thin walls ar base slightly thickened and yellowish, 18-25 x 3.5-4.5 .,.m; 
basid ia subutriform, (15- ) 18-22(-25) x 11-5 pm, wit h 11 sterigmat a about 4 ~1m long; 
spores ellipso id, with one side llallcned, 4.2-5.11 x 2.5-3.2 ~m. 

I-lAWA I' !. RLG 17624, In•tl on Acacm kuu, Kcanakolu Rd. 

( :ommcnls. ' I his species has been dcs<:ri bed from cw i'.calan<l and found later nnly in 
Reun ion. All three specimens colk>cted on l lawai' i differ from the previously published 
descriptions by lack of c rystalli ne masses in the setal layer. We do not consider this 
character to be a taxo nomicall}' important nne. 

H. dissimilis is externally very similar to H. tw icolor. Both may have very thick 
cracked basid iomata. The last named species differs in having smaller setae (30-)35-50 
x 5- 7 pm and spores 3.'1 -•1.8 x 2.2 - 2.8 ftm. 

Mean spore size and mean Q value of J-1. dissimi!is: 
•1.66 x 2.81 1.66 RLG 1762-1 
5.03 x 2.90 1.7-1 RLG 17741 

5· HYM.ENOCHAETE FLEXOSETOSA Parmasto, sp. nO\'a Figs. I, 12; 2, 7 

Hmilliumaltt tltlllllfl, piletlla, Jlttlxllifurmes. imFnicttll4, ml I an lungtt d •150 wn Crt4$.Qt. 
Tome/ltrtm et stratum l•yplwmm adsrmt, wrte.:o: et te,trt$ setamm de.mut. Sy$tema 
11ypJrnrum monomiticum; J,ypl1ae tJtnicis incms.l!.flris, rmnosae; serac su bulatac, 40-70 
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x 7 12 Jim. Sllbacrttm:, sine im:rustatiom:, ~ff~e tiOII Illdlae in pliftc ba.o:(l/c ex l1yplti.~ 

~toideis breves 20-40(- 60) x 3- 5 11111 ad.scetle11tit1; cystidia et ltypl1itfia tlestmt; lmsidioli 
tmticis incm s....<a tis basim tenuiter grmmlosis; basidia 20- 25 ,.. <1- S Juri; lxuidiospomc late 
dltpsuitleae, (•1.8- )S- 5.8(-6.2) x 3- 3.5(- 3.7) pm. A !-1. attenuata et H. rheicolorc llytl/m 
~toidds pmc.<cnti.( atquc spnris /mi.< dijjert. 

Holotypus: Hawai'i, on Psidium g11ajawl, ltL. Gilbertson 18932. Honokaia Boy Scout 
Camp (A 1H Z; isotypus: TAA). 

Etymology:jlcxuo$11S, flexuous; .<eta , seta. 

Basidiomata annual, pilcatc, soft, papcry-coriaccous and flex ible when dry~ pil ei fla­
bclliform, 0.3- 1 em lo ng, 200-150 f.Jffi thick, imbricate, sometimes seemingly crruscd­
reflcxcd hut then umbonate (aU ached in one point); pi leal surface vclutinous or lomen ­
tose. concent rically sulcate and zonate. coarsely radi ately fibrillate (sill...")'- librous), dull 
Fulvous Umber (M: 7.5 YR 4/6; K & W: 6 D 5); margin thin. lobate, concolorous with 
the pileal surface or lighter coloured; hymcnium smooth, not cracked. grayish Fulvous 
(Mo 7.5 YR 5/6; K & Wo 6 0 4 ). 

'!Omentum preSt! nt as lnosel)• interwnvcn hyp hae. 80- 200 fJffi thick; cnrtcx absent ; 
hypha! layer composed o f rad iately interwoven gencrali\'e hyphae and ICw short setal 
hyphae bending to setae; setal layer absent. 

Hypha! system monomitic; hyphae with thickened walls, brownish ( in tomentum 
thick-walled and brown). sparsely branched, with septa, in hypha! layer 2.5-3.5 pm, in 
to mentum 3.5- 5 pm in <lia m; setae innumerous nr numerous, suhulate, straight, blunt ly 
acute, ti.0-70 x 7- 12 fllll. emerging 10- 25 j.llll above the hymen ium, with a thin hypha! 
sheath. without incrustation; some setae are (.... shaped. orig inat ing in the context from 
a short setal hypha like horizontal part 20-40( -60) ~tm long and 3-5 pm in diam; this 
continues as a usual thick-walled generative hypha; basidiolcs wi th th ickened and 
brownh•h ha~c with rough (finely encru~tcd) wall~. 25-30 x 3.5-•1 fJm ; basidia 20- 25 
x 11- 5 jllll. with 1thin sterigmata; spores broad ly ellipso id. with one side Jlaltcnc<.l , 
(' I.S-)5-5.8(-6.2) x 3-3.5(-3.7) ~lli-

Causcs wh ite fibrous rot of wood. 

IIAWA J' I, Rl G 18932 on Ps:idimn guajava, l lonokaia 8 0)' Scout Ca mp. 

Comments. This new species is externally very similar to 1-1. attenuata and I-I. rheicolor 
which d iffer in spore form and wid lh (1.7- 2.3 jlm) and absence of seta l hypha-like hase 
uf L-shapcd sdac characte ri stic fu r 1-1. jlrt.Yosetosu. Mean size of spores of lhc l)•pc of 
1-l. flexosetos a is 5.40 x 3.2 1 pm; Q- 1.68. 

An almost identical specimen has been coll ected 18 Sep 1956 by$. Abmad from 
Pakistan on branches of Viburnum sp. and identified by him as I-I. rheicolor (LY 2284). 
It is steri le, wit-h no spores. 

6. HYMENOCHAETE FLORI DBA Bcrk. & Broomc, J.linn. Soc. , Bot. 1•1: 68. 1873. 

Fig. 3) 4 

Basidiomata effused, closely adnate, 100-200 j.lm thick (up to 500 fJ.ffi according to 
LCger. 1998: 140); hymenium smooth, usually not cracked, bright Sienna (or redd ish 
brown) (M: 5 YR 5-6/8; K & 'lA': 7 {C-D} 7; specimens described by Leger M: 5 YR 
tJ /3- '1); margin very narrow. 
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Tomentum and cortex absent; hypha! layer present, of densely interwoven hyphae. 
Hypha! system monomit ic; hyphae interwoven, disti nct, 2.5-•I.SI•m in eli am, hrown, 

with thick wall s, septate, branched; sclac numerous. (55- )60- 85(-100) x 6-9(-10) )..1111. 

broadly sulmlate, with bluntly acute tip, straigh t, usually with a thin hypha! sheath , 
some e ncrusted wilh granules, p rojecting to 40 )..lm above the hymcnium, at base usually 
surrounded with arbuscular hyphidia; cyst idia <~bsc nt ; hyph idia very numerous, with 
hrown thick.wa ll ed stem 3-4 pm in d iam, in suhhymenium and hymenium dendro id, 
repeated ly branchcJ, in scla l laycr very numerous head-li ke brown arbusculi 10- 25 )..1 111 

in d iam with very nume rous short side branches abo ut I IJ.fll in d iam; basidia not seen 
but according to LCger ( I99S: 140) IS x 4 ~1 ; sporescrlindrical oreiUpsoid , 6-7 x 2.5-2.8 

!Lm. 

HAWAJ ' I. RLG 19000: on MetrO$idcros polymorplu1, Thurston lavll Tube, Hawai"i 
Voka nocs ~at. ParJ:. (II VNP). 

Comments. "I his is the onl )' Hyme,wclwete spec ies with heavily branched dendro l1yphidia 
in I lawai'i. Somewhat similar is II. splwericola lloyd (II. cntefl ta (Pcrs.; fr.) Dank p.p.). 
a species widely distributed in East and South -East As ia and Australasia that has dcnd­
rohyphid ia wit h innu merous long (5-25 pm) branches never forming arbusculoid 
heads. N.jlt~ridca has J\sia Tropical-North -Cent ral Paci fic distrihution. 

7· HYMENO C UA ET E GEN ICULATA Pa rmasto, sp. nova F;gs. L, 9; 2, 8 

Basidiomnta pen!nnia, eJTusn, coriacea. 100- 250, tleinde atl 500 1un c:rassn. Hy mmiwtl 

la~v.: wl levikr c:ollic111osum, atro-ochrac:e flm, wtustus crevisum. Tomeutum d corl~\­

mlsw ll; .<tmtum l!yplmmm (.Ttlssum, ml stratum .<etarum imlistiuclmn lrtmsicll5, Jutrtc 
ha.(flleet•m .<eti.( mi.<CCc:denti.< atq1tc l1ypluu: set ales vel .<etae hyplmlc:s t~nmlrllli$ (U/ RO x6Jrm. 
SJ1$1emalryplrarum subdimitic:rmr; lryJ1IU/e twrh:is i11crassatis brrumei.<,leviter ramosne 11011 

rlcrrsiter intermixlue; setm: tmmcru~ue, tmgustejirsuicleue, <10- 70x 7- 12 Jim, Jmrtim breve 
$1ipitatac, afiac ba.o:im geniculate tucuatac, acutac, .<ine i1lCffHfntinnc; basidinli mm11:r~i, 
.< rrbhyt~li11i; luuidi11 t:yfindraa'() -davat i, 20-30 x •1- 5 trm; basidimJmrae lm:ve cylindmcr."'lc 
vd sulNI/ipsoideae, •1.5--Q .1: 2.3- 3(- 3.3) I""· Species simi/is II. stmtttm stmtis lryplmrum 
llyphis Jmmlteliter tlwsiter ccmt~-.:tis tltrJue spuris mimrtis 3.5-'1 x 2- 2.5/rm tliffcrl. 

1-iolo typus: Kaua'i, KokcC St. Park, on Mt:lrmitfc:rus pulym!)rJ,Im, S Jan 2000. R.L. 
Gi lbr.:r tSIJil 22797 (ARIZ; iSQtypus: ·I'J\A). 

Etymology:gct~icu/tllus. (.SI!I<Jt!) be nt like a bent km.-c. 

Basidiomata perennial, effused, adnate. when old detachable as small pieces, coriaceous. 
100-250, later up to 500 1-1m thick, as rounded patches, then confluent and up to 10 em 
long. H)'menium even or slight ly tnbcrculose, yellowish brown, bronze brown or dark 
ochracen us with an isabelline tint (M: 10 YR 5/8, 10 YR 5/6, when old umher - 7.5 YR 
1/11); K & W: 5 (D-E) 5, when old 6 F 6). laler with a few deep crevices; margin ind istinct 
and more ligh tly coloured, then abrupt. 

Tomentum and cortex absent; hyphallarer thick, in lower part wit h scattered setae 
(with gradualt ra .. nsition to the indistinct setalla)'cr), with a few horizontal setae or short 
setal h)'phae, in old speci mens more dense and may be ca lled setal larer. 

Hyphal system subdimilk; hyphae in the hypha! la)'Cr almost loosely interwoven, 
with thickened brownish walls (some hyphae th in .walled and subhyaline), sparsely 
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branched, with septa , 2.5-3.5{-4) ~tm in diam; setae numerous, narrowly fuso id, 
(35- )40- 60 x 4- 7(- 8) pm, partly wi th a slight lysinuon!' th ick-walled stipe, others angled 
(geniculate) ncar the base, with an aculc tip, naked or cove ret! with a thin hypha! sheath , 

project ing up to 20 ~m above the hymcnium. setae embedded ncar to the substr ate 
asccn<li ng and up lo 75 ~m long; setal hyphae (embedded horizontal setae) 40-80 11m 
long, 3.5-6 pm in diam; basid iolcs numerous, subhyalinc. 20-30 x 3.5-4.5 pm; basidia 
C}'li ndrica l-clavatc, 20- 30 x •1- 5 pm, with •I st"cr igmata 2.5-3.5 pm long; spores shon ­
crli ndrical or almost ellipsoid , some wit h om: side concave, 1.5- 6 x 2.3- 3( - 3.3) )lin . 

Causes librous white rot of woo d. 

I·IAWA I' I. RLG 20:17S, on Copro~ma montumt. Kipuka Puaulu, HVN P: RLG 17378, 
22365 on Sapi11d11s !llponaria , Kipuka Ki. HVNP. KAUA'J. RLG. 22797 (holotrpe), on 
Merm .. cideros pfflymorplw, l.chua Puhi Trnil, KokcC S1a1c Park. 

Comm ents. The species is possibly closely rel ated to the II. stratum G. Cunn., found 
twice in New Zealand on wood of Podocarpus species; H. strat um di ffe rs in having a 

hyphal larer composed of densely parall el hyphae and small spores 3.5-4 x 2-2.5 ~m. 

Mean spore size and mean Q value of II. gmiculata: 

-1 .98 X 2JH 1.77 RLG 22797 
S.JOx 2.75 
5.55 x2.SS 

1.9,; 
2.17 

RLG 17378 
RLG 22365 

8. HYMENOCHAETE INNEXA G. Cunn. , Trans. Roy. Soc. New Zeal. 85 (I): 47. 1957. 
l;ig. J ,2 

Basidiomata perennial, effused, closely adnate, hard when d ry, 50-100 11m th ick; 
hymcn ium smooth, not cr<tcked, light Umber (M: 5 YR 5/4; K & W: 6 0 11; New Zealand 
sped mens t.lcscribcd by I.Cgcr ( 1998: 165) as reddish brown, M: 5 YR tl/'1 ); marg in ve ry 
narrow. thin, arachnoid-fibrillose, Sien na (M: 7.5 YR 6/6). then indistinct. 

Tomentum, cortex and hypha! layer absen t. 
Hypha! srstem monomHic; hyphae interwoven , d istinct but partly agglutinated 

with brown resinous matter, 2-3 ~1m in di am, brownish, with th ickened walls, septate, 
branched; setae nu merous, 50- 85 x (7- )8- 13(- 1'1) ~un, broad!)• subulate, with bluntly 
ac ute tip. straight, usually with a thin hypha! sheath, some encrusted with granules, pro­
jecting to 40 ~m above the hymenium; cystid ia absent ; hyphidia with brown thickened 
wall s (but when new basid ia arc developing, then hyali ne or absent), some sl ightly 
sinuous, 2-3 ~tm in diam; basid ia st1butriform, with slightly thickened walls at base, 
15- 20 x 4-5 pm, wit h 4 thin st crigm <~la ; spores cylindrical, st raight or slightly curved, 
5.5-7(-7.5) X J.S-2.5 Jllll. 

Causes white pocket rot of wood. 

O'.UIU. RLG 18-1 II on Eucalyptus sp. , Manoa Falls Trail. 

Comments. There is on ly one other llymenoclwete species with non-monil ioid brown 
hyphidia in Hawai'i, H. cervi11a, bur it has broad ly ell ipsoid spores (5.7-)6-7 x (4.0-
)•1.3-5(-5.2) pm . H. itm •:m has been previously found in China, J <~ pa n , Ind ia, Austra lia 
and New Zealand; isutypes in !WI studied by 1· .. P. ' I he Haw·o1i ian speci men has only few 
spores; mean size of 11 spores measured is 6.67 x 2. 16 IJilli Q ,... 3.1 . 
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9· HYMENOCH AETE LEGER I Par masto, sp. nova Figs. I. 14; 1, J 

J\ I I. corrugata (Fr.: Fr.) Uv. !etis lo11gu robu.(tis (60- )75- J00(- 110) x 10- 15 J•m nJ1icis 
crystullis multis tectis. sporis grumlis cylimlrialcc:is vel wbullautuitkis 5.5-8. 2 x 2.2-3.2 
Jml 1/t."C tum ltyrnellin pni!Me _r:rist."' vel aiiJitln tlijfert. 

Holotypus: Hawaiian Islt111ds, Moloka' i Is., Kamakou Rd., on l~ucalyptrt.< sp .• 9 Jan 2000 
R.L. Gilhcrtson 23032 (A RI Z; isotype in TAA ). 

Etymology: Jca n·Ciaude I.Cgcr (2 Oct 1938 - 16 Ju ly 1999), distinguis hed French 
mycologist, author of a fu ndamenta l monograph of world Hy mt'tloclwete. 

Basidiomata annuaJ , effu sed, closely adnale, crustosc, woody hard , 100-500 IJnl thick 
(when old up to I mm and sometimes indistinctly stn1tificd), as rounded patches 0.5-2 
em long, then confluent and up tn IOcm long; hym c nium even nr somewh;ll tuhcrculose 
whe n o ld . later with some irregular deep fi ssures. pale Mouse G ray, Vinaceous Buff. pa le 
Vinacco us Buff or whitish (M: 5- 10 YR 7-8/2 to 8/ 1-3; K & W 5 B 2 or (5 - 6) (ll-C) 2). 
when old and sterile dark Pulvous ro Um hcr or Sepia (M: 5 YR 4-5/•1- 6; K & W 6 0 6); 
margi n dearly llcl imited , when yo ung narrowly w hite and f1mbriate, soon abr up t, usual­
ly with a narrow brown(ish ) str ip (M : 5-7.5 YR 4/6; K & W: 6 D 6-6 E 7). 

To mentum absent; cortex absent or present and then 10- 20 pm thick; hypha! layer 
30- 80 ..,. m thick. sometimes almost absent ; setal laye r thickeni ng; dark line above the 
hymcnium absent . 

Hypha! system subd imit-ic; hyphae in hypha! layer at fi rst not densely, then densely 
int erwoven; genera tive h}'phae with thin or sl ightly thickened wa lls, subhya line. sparsely 
branched and septate, 2.5-4 ..,.m in d iam ; skdcto ids sparsely branched. with thickened 
wall s, brownish, 2.5-4 ~m in diam; setae numerous o r crowded, hymenium composed 
of bas idioles, basid ia <t nd innumerous thin - or thick-walled hyphidi<t; setae bro<t dly 
(;Onical, at bas~ arising fro m a dense coralloid node of brown thick-wal!cd hyphae, 
straight. (60- )75- 100(-1 20) x 10-1 5 ~m . project-ing 30- 60 ~m above the hymeni um, 
covered with a hyph<t l shc<tth , acute or almost blunt tip usually covered with a conjc<tl 
conglomerate of crystals; h}'phid ia rare, cyl indrical , brownish. with thickened walls, 2- 3 
._..m in diam; bas idiolcs th in·wallcd; basid ia subut:riform, 20-25 x 4.5-6 ~m , with thin 
hyaline walls, with (2) 4 sterigmata 3-4 ~1m lo ng; spores cylind rical or sub allantoid, 6-8 
x 2.2-3.2 pm. 

Causes white pocket rot of wood. 

I·IAWAI' I, RLG 17184 on hardwood. RLG 17193 on Grevilleu ,tJbuslli, RLG 17194 on 
J>syclwtria fu~ waiicusi.~. RI.G 18651 on J>sitlhunguajava, Kalopo Stale Park; IH.G 17553 
on Ctmwrina sp., Rl.C: 17806, 17S58, 182.02 on Psidium _Ruajava, RI.C: 17859, 18242., 
22239 011 Eumlyptus sp., RLG 1892•1 on Toona cilitilli; I Jonokaia Boy Scout Camp; RLG 
20977 , 20989 on 'I0011a ciliaw, Stainback Highway; RLG 17216 on Mrmgifem i11dicn, 
Rainbow Fa lls; RJ.(; 1942.8 on Mangifcra indica, Kapoho Rd.; IU.G 20727 on Acacia koa, 
Kcanakolu Rd.; RLG 23308 on Coprosma monlana, Kipuka Puaulu, HV::\"P: RLG 16826 
on SaJnmlll~> supU/m riti, Kipuka l1uaulu, H VNP: RLG 22.250 on Sd1i11us lt:n:biulllifuliu, 
RLG 2225-1 on 0:rec:ropill obtu#folia, Manuk.a State Park. KAUA'I, RLG 21072 on Amcia 
kna, Makfl ha Rd.; IU.G 211 98on Metrn.~idern.~ pnlymnrplm, l.chua Puhi Trail, KokcC State 
J)ark; RLG 17945, 21260, 22726 on Pi11us f!tliottii, Makaha Rd.: RLG 206 17. 21055 on 
Sequoiti s.t:mf~r:rvireriS> KokcC State Park: RLG 21iJ'I'I o n Jiuadyplus sp .. Kukiolona Park. 
Kalaheo; RI..G 2 1 1 6..~: on Mctm.(i(/crm: polymnrplu1, Ohclo Berry f. lot Tra il. KokcC State 
Jlark; lUG 2 1226 on .4mdn ko(l, Makaha Rd.; RLC 22727 on hardwood, Ma kaha Rd.; 
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RLG 22787 on Ncstcgis Stmdwiet:usis. RLG 22803 on /t.•lctrosidcros polymorpiUI, Lehua 
Puhi Tra il, Kokce State Pdrk.; RLG 22845 on Amc.ia melmtmylotl, Ohelo Berry flat Trai l, 
KokcC State Park; RLG 21251 on Pi11us dUottii, Miloli'i Rd. MAUl. I.E. Ada.skavcg 1469 
on SjJilthodell c.ampwmlmtl, Mile 1, Iia na Highway; RLG 19172 on Psitlimn grmjtml, 
Ma lu hia Hoy Scout Camp: RI .C. 21475, on Pinus{Jimlster, Woihou Spring Trail , Oli nda: 
RLG 2 152'1 on i\leuriles moffttw ma, Makcmakeolc Trail, West Maui: IU.G 23 150, 
23 153 on Am11caria lll:tcropltylfa. Maluhia Boy Scout Camp. MOLOK,\ ' I.IUG 2 1•1<19 on 
Cmuarina sp .. Pala'au State Park; RLG 2 1337, 23032, 22965, 22978. 23041, 23018, 23053 
on EurAiyptu.c sp .. Knmakou Rd.; RI.G 19204 on hardh·oocl, Kamaknu Rd.; RI.C. 1 9~53 

on Acacia m<tamsii, Kamakou Rd.; RLG 23002 on .4.mumria IJ<!t<tro{'llylla, Kamakou Rd.; 
RLG 21111 on Pim1s pitmsll!f, Kamakou Rd.; RLG 22917 on C:tmmrina sp .. Kala upapa 
0\'Crlook. O'A II IJ, C.L Shea r. UP! 11006101 . on Hibiscus tiliaceus. Tantalus Rd.: lAm 
Hcmrncs 65 on Sy:ygimn cumini, Pali ; RLG 16931 on hardwood, Manoa Falls Trail ; 
RLG IHJJ I,on Sclwws tuebintl•ifolirJ, Pu'u Ohia Trail; Rl.G 18346: on Psitliumguajavtl, 
1\>lauu:~ CliHS Tr.Ji l. 

Found also in 1:-oD IA (Ta mil Nad u St .. Kalakad Sa nct uarr. 13 f-eb IY79 E. Parmasto. TAA 
103250). T AJ WA:O.: (Wu 880501126. TAA) and AzoJu!s (on Cryptomeria, B. Spooner, K). 

Comments. ·n te new species is well character ized by broad setae with a tip usually heavily 
covered wit h crystals, relatively big suba ll antoid spores and (when not \'ef)' old or dead) 
alahaster or marhle wh ite hymen ium. It seems. to he closely rel ated to the widespread 
(b ut nul reported in J-lawai' i) spccics N. c:<Jrrugatu that also has relatively big setae with 
nodose hyphal base and granulose t ip. but ha; a much darker pinkish gray hymenium. 
That species has setae 35-80( - 100) ••m lo ng, spores of similar form bu t sm<~llc r ( 4.5-6.5 
x 1.5- 2.3 ~m). Several species o f Hymenuclwete have wh itish g ray hymcnium covered 
with numerous crystals when basidiomat'a arc old, sterile o r half-dead. In I I. legeri, pa le 
colour of h)•mcnium caused by abundant crystals is a sign o f intensive growth and in 
many case<; ab"o of presence of ripe basidia and spores. 

In old specimens of H. legeri the hyphal laycr is almost ind istinguishable from the 
setal lare r, and cortex is hardly observable. In ste rile and no longer growing specimens 
the hymcnium turns brown and the characteristic pale (whitish) colour fades of[ 

H. legeri has Macaroncsia-Asia Trupicai- North-Ccntmll'acifJc d istribution. 

Mean spore size and mean Q value of H. fegeri: 

6.30 x. 2.71 2.32 RLG 183,16 
6.31 X 2.61 2.39 RLG 18331 
6.31 x. 2AS 2.5'1 RI.G 19172 
6.3<1 x. V I I 2.63 RLG 23032 
6.'18 X 2.56 2.53 RL\. 17194 
6.56 X 2.36 2.7R Rl.G 18924 
6.68 X 2.58 2.60 RLG 22978 
6.n x2.68 2.53 Azores (K) 
6.92 x2.57 2.69 RLG2 1175 
6.94 X 2.49 2.78 RLG 18924 
7.03 x2.M 2.67 BPI, Shear 11()()610 
7.05 x2.61 2.70 RLG 230<1M 
7.17 x2.63 2.73 RLG230<111 
7.18 X 2.57 2.79 RLG 22965 
7.18 X 2.63 2.73 RLG 21055 



205 

7.22x 2.63 2.75 RLG 229•17 
7.25 X 2.53 2.87 RLG2 14•19 
7.37 x2.6.~ 2.7 .; RI.G2 1044 
7.37 X 2.87 2.56 Ada$ka\·cg I •169 
7.9'}. X 2.67 2.97 RLG 17 184 

10. HYl\IENOCHAETE MINUSCULA G. Cunn., Tram. Rvy. Soc. New Zeal. 85 ( I): tiS. 

1957. Figs. 1,5; 2, fO 

Basidiomata perennial , effused, adnatc, woody hard. 150-450 ~m thick (50- I 50 1-1 m 
in specimens found in New Zea land, Africa and ;.\merica), when old with innumerous 
dC(.!p cracks. l-lymcnium smooth, da rk grayish Ochreous (M: 10 YR 5/6; K & W: 6 D 4); 
margi n abrupt. 

Cor! ex, tomentum and hyphal layer absen t; foe tal layer indistinctly stratose, wi th 
scallcn.:d crystals; dark lim: abon: the hymcnium absent 

llyphal system monomitic; hrphac distinct, densely interwoven, with thin or thick­
ened brownish walls, sparse!)' branched, septate, 2.5-4 ~tm in d iam; setae numerous, 
subulalc, acute, straight nr some slight !)' curved and undulate, 35- 60(- 65) x •1- 7 ~m . 

usually with a thin hypha! sheath, emerging up to 110 ~m above the hymenium: cystidia 
and hyphidia abse nt; basidiolcs 18-25 x 3-3.5 J-lffi , with thickened base wa iJ s encrusted 
with granules; basidia subu triform, 15-22 x 3.5-4 pm, with 4 thi n sterigmata; spores 
ellipsoid or shorl-cyUndrical. with one side flaltencd or sUghtly concave, 4.2-5.2 x 2.2-
2.5~m. 

Ca~tses a fi brous white rot of wood. 

1-iAWA t ' t. RI.G 17722: on Acacia koa. Kcanakotu Rd .. 

Comments. Ochraceous or yellowish brown colour characterizes th is species. It has 
been found :1lso in New Zea land, \•Vcstern ln<li;tn Ocean region of Africa, and in South 
America. i.e, has a Gondwana n distribution type. 

Mean spure size and mean Q value of 1-1. mitwscu/(l: 

4.67 x 2.37 t.9s RLG 1n22 

11. HYMENOCHAETE MUROIANA I. Hi no & Katum. in Hino, leones Fung. Bambus. 
Japan 237.196 1. r:igs. l , 15; 2,5 

Basidiomata annual, effused, adnate. when older det achable as small fragile pieces. 
co riaccous, hard when dry, 30-50(-100 ?) Jlffi thick, as rounded patches 2-5 em long, 
later sometimes confluen t and up to 15 em long. 1-lymcnium even, vinaceous buff, fawn 
or clark faw n. when old dark fawn or gmyish umber (M: 5 YK 5/11 or 6/ 1 - 7/"2, when old 
and sterile 5 YR 4.5/2: K & W: 7 C 2- D 3. when old 7 E 4-5); margin thin, ind istinct , 
then d isti nct!}' del imited, concolorous with the hymen ium. 

'JOmcnlum. cortex ami hypha! layer absent ; setal la)•cr very thin . 10- 20 Jlm lhid; 
dark line above the hymcnium absent. 

Hypha! system monomitk ; hyphae in setal layer densely interwoven , agglutinated, 
with th ickened or thick wa lls, hrownish, with rare septa and hranche.c;., (2- )2.5-4 ~tm 
in d iam; hypha! larcr composed of loosely interwoven, richly branched and septate 
brownish hyphae with th ickened or th ick walls, 2.5-4.5 ~m in diam; setae numerous; 
hymeninm composed of basidiolcs and basidia; cystidia and hyphidia absent; setae 
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narrowly (sometimes broadly) subulatc, usuall y pa rtly bifurca te at base, with slightly 
curved upper part and acute or almost blun t lip, (30- H0- 50(- 60) x (5- )6- 8(- 9) ~m . 

naked (without a hypha\ sheath) , projec ting up to 20{-30) pm above the hymenium; 
basidiolcs th in-walled; basidia subutriform, 15-20 x 4.5-6 fl lll, with thin hralinc walls, 
wit h -1 sterigmata 3- •1 ~1m long; spores hroadly ellipsoid, 11- 6 x (2.5 - )3- 3.5 pm. 

Causes fibrous white rot of wood. 

I-l AWA I'!. RLG 2 101 1,210 19, 21028 on Bumbu.m vulgMis, Waipio Ridge Trail: RLG 21013, 
21017 on Pl•yllostad1ys niKm. Waipio Ridgt.> Tr-Ji l. MAU l. C.L. Shear and :\".E. Stevens, 
BPI 1199597: West Mau i, Pogues Ditch, 2 Jan 1928, no o ther data (B PI 1100597). 

Comments. This species has been desc ribed from Japan, and found later only in Taiwan 
(NMNS, S.l-1. Wu 88050 1 -26, unpubli~hed data), Indo-China and Malesia (Parma~t o. 

2005). Most collections arc from dead (fallen) slcms of bamboo. 
In the original description of II. muroiana and its synonym II. iriomotemis I. ll ino 

& Kat um. (Hi no & Kat tlmoto. 1964) as ,,·ell as in the redesc ription of t he types by LCgcr 
( 1998: 199) , the spores arc described as (3- )3.5-'1( -•1.5) x: ( 1.8- )2- 2.6 j.lm and setae a.o; 
vcq ' numerous and smaller than in most of our specimens (LCger: (16-) 18-35 x (4.5-
)5-6( -6.5) j.lm). However, some old sterile specimens collected from Taiwan and 1-lawai'i 
(BPI 1100597) studied by us have densely crowded, short cnnkal sdac 30- 40 x 7- 12 
J.un ; setal variation seems to be related to the sta le of development of the basidiomata. 
The types of this species we re described by Leger ( 1998: 198, 200) as soot brown (bnm 
:;.uite, 7.5 YR 5/2); as in most species of Hy menoclwete, the colour depends on presence 
or absence of basidia and basidioles. In the Hawaijan colleclions, both sterile umbcr 
faw n and fer tile vinaceous buff specimens arc represented. 

One of the 1-lawaiian specimens (JU.G 210 11 ) differs from the others by thickness 
(up tu 250 Jim), dark brown colour (7.S YR 11/6). setae 35- 50(- 55) x 5- 7(- 8) J.!ffi , small 
spores 3-JJ x 1.9-2.5 j.lffi (mean size: 3.47 x 2.15 j.lfll. Q 1.62) and subst rate (Coprosma 
moutana of the family Rubiaceae). Accordi ng to the spore size, this collection is close 
to the Japanese and Sulawesi spec imens of H. mumitma. II may he possible that there is 
more tha n one species in this group. 

Mean spore si;r.e and mean Q va lue of 1-1. muroinna: 

5.36 X 3.50 1.54 RLG 21028 
5.70 X 3.65 1.39 RLG 21019 

12. HYMENOCHAETE SEMlSTUPPOSA Perch, Ann. RQy. DQI. Gard., Pcradcniya 9: 278. 

1925. Figs. I, 4; 3, 5 

Basidiomata annual (bu t somet·imes layered), effused, adnate but easil)' det achah le. 
so ft nu:mbrancous. 200- 500 !Jill thick; fi rst 3- JO nun in diam, wit h pcnnatd y fimbria te 
margin, then conOucnt. llymcnium even (under looking glass pubescent), in old 
specimens sometimes minutely cracked, sepia to dark brown (M: 2.5-5 YR 4/3, K & W: 
6 E 6); margi n when young pennate-fimbriate with librils 1- 2 mm long, not att ached to 
the substrate. margin and very young basidiomata sienna or fu lvous to sienna (M: 5 YR 
5-6/8; K & W: Cinnamon or Raw Sienna, 6 D (6-7) ). 

' l(lmentum ahscnt or presen t as ab hymenial hairs; cortex present, <10- 150 ' 'm thick; 
context composed of cinnamon or fulvous hypha! layer 100-200 J.llll and thin to thick 
setal laye r up to 200 j.lffi thick; dark line above the hymcnium abscnl. 
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Hypha! system monomitic; hyphae of the fibrillose margin parallel, with 
thickened walls. yel low, mrel y septate, some slightly flex uous; cortex composed of 
densely agglutinated parallel brown, th ick-walled hyphae 3.5-5 ~m in diam; hypha! 
layer composed of loosclr interwoven, rich!)• branched. septate brown hyphae with 
thickened or thick walls, 2.5- 11.5 ~min diam, man y hyphae sl ightl y mnnilioid and wit h 
punctually thickened walls; setal layer made of thickening hymcnium, between setae arc 
vertically situated, densely parallel, frequently septate, yellow or brownish, slightly monil­
ioicl hyphae; hymcnium composed ofscrac, numerous hyphidia nnd basid ioles, and few 
basidia;St:lae n umero us, conical,straighl, with acut l.'! lip, ( 10)15-70( - 80) x ( 6-) 7 -9.5( - 12) 
~m. mostly with a hypha! sheath, projecting up to 40 jJffi above the hymenium; 
hyph idi a, basid ioles and basidia similar ro each other, 18-25 pm long and 2.5-4 ~·m 

(basidia up to 6 IJm) in tl iam, wilh wa lls thickened and brownish at base , develop ing 
from hyphae with numerous septa: many byphidia mon.ilioid and/or with thickenings 
on walls; basidia cylindrical, with J) sterigmata 3-•1 ~1m long; spores ellipsoid or shor t 
C)' l in dr ic :~l, une side slightly concave or fhlltened, 3.2-•1.5 x 1.7-2.2 pm. 

I·IAWA IIMI Is. 192 1 F.l. Slcvcns 871. 878 (BPI 2m27, 2777 17, idc nlified as H. 
cimumromea). I·IAWAI' I. R.LG 18934 on EucRfyptlf$ sp., Honokaia Boy Seoul Camp: 
RLG 174•12 0 11 Metrruideros t101ymorplw, Thurston La\•a Tube, II VNP: RLG 1 697~. 

16983 on MetrosiderusfJOiymorplru, Mile 21. Saddle Rd.: 18085, 207•16, 20757,20763 on 
MelrMitlem.( pnfyrnnrplra, Mile IR, Saddle Rd.: RI.G 19047 011 Melmsidem.~tmlymnrplw, 
Manuka State Park. KAUA'I. RLG 20580 on i\ {"(lcitt melmroo:ylou, Ohelo Berr)' Flat Trai l, 
KokeCStatc Park: RLG 22828on hardwood , Lchua Pu hi Trail, KokcCStatc Park. O'A HU. 
C.L. Shear (BPI 1100598) on .~letrosideros polymorplw, Manoo Valley. 

Comments. Cunningbam ( 1957) and Job (1987) found that the basid iomata of thi s 
species may be layered. In scveralllawaiian specimens new basidiomata arc growing on 
old (dead?) ones, in the beginning as small isolated "islands': The "layers" (basewalls) of 
the basid iomata are not the result of uniform th ickening of old ones. 

II. semistupposa bas been fou nd in Southern Africa, East Tropical Africa (Kenya), 
Asia Tropica l ( India and Sri Lanka) and Australasia. Almost all known substrates belong 
to the trupical fami ly Myrtt~cem!. ' I hcse data suggest that this fungus belongs l u the 
Gondwanan hi storical type of distribution. 

Mean spore size and mean Q value of H. semistllpJwsa: 

3.56 x 1.83 1.95 RLG 16983 
357 X 1.31 
3.75x 1.93 
3.93 X 1.82 
4.13 X 1.93 

1.97 
1.91 
2. 17 
2. 14 

RLG 1893•1 
RLG 20580 
RLG 18085 
RLG 22828 

13. HY.MENOC HAETE SEPARABILIS j.C. LCgcr, Dull. Soc. Mycol. Frc~ncc97 ( I): 7. 19tH. 
Pigs. L, 8; 2, 2 

Basidiomata annual or pe ren nial, effused, ad nate but separable as pieces when dry, soft 
or coriaceous, when yotmg about 60 •tm th ick, then 200-400 pm, as rounded patches 
0.5-5 em in diam, lalcrconfl ucnt and up to 10 em long; hymcnium eve n, in older parts 
irregularly cracked: Light Umber (M: 5 YR 11.5-5/3-1; African specimens 10 YR 6/8, later 
7.5 YR 5/6; K & W: 7 £ 6); margin thin, slight ly fibri ll ose, then abr upt, dist inct, lighter 
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coloured than hymcniu m; context lighter coloured than hymc.n ium, dark Sienna (M: 5 
YR 517; K & W: 71>6). 

·!Omentum and cortex absent; hypha! layer present but weakly d ifferentiated from 
the th icken ing setal layer; dark line above the hymenium abscnl. 

Hypha! system monomit'ic ; hyphae brownish , with thickened walls, occasionally 
branching, septate, 2-4 pm in d iam, in hyp ha! layer loosely, later densely interwove n; 
setae numerous, snbulatc, subfusoid, with <tcUi e tip, 25- 45 x 5- 7( - 8) pm, st raight or 
some slightly curved, nut cncrush!d , usuall y wit h a th in hypha! sheat h, projecting up 
to 30 J.l lll <~hove the hymcnium, in upper quarter witb few ( 1-4, rarely up to 8) low 
broadly conical teeth or protube rances up to 0.5(- 1) J.lnl long; cystid ia and hyphidia 
absent; basidiolcs 12- 15 x 3-11 pm; basidia subutrifo rm, 15-35 x 4-5 pm, wa lls of basal 
part slight ly th ickened and encrusted with granu les (as are the basidioles, too), with •I 
thin sterigmata 3- tl tJ-nl long; spores broadly cll ipsoid, wi th one side slightly flath:ncd, 
2.7-3.5(-4 .0) x I.S-2.5 pm (in Afr ican specimens 2.8-4. 5 x 1.5-2.5 ~un) . 

Causes wh ite fibrous rot of wood. 

II AWA I' I. EL. Stevens sn (BPI 2786 t8) on frondosc wood, identified by Burt as /J. 
sprt:!a (St.~ Bu rt, 1923: 186): RLG 20978 on 'Ilx:ma ci/it~ta,S tainback Hwr. KAUA' I. RLG 
21190 on Metrosideros polymorplta, !.chua Puhi Trai l. KokcC St. Park. MowKA' I. RI.G 
23023 on Amumria ft~t.>ropl1yl/a, RLG 23026 on Cuprc"SSIIS macromrpa , Kamakou Rd . 

Comments. The very small protuberances (denticles) on upper part of setae arc 
vis ihlc only when great magnificat ion (x 1000 o r more) is used. The similar species 
H. tom~nt~lloidea has setae (35- )40- 70 x 5-10 Jllll with 5-1 0 broadly conical teeth 
0.8-1.5(-2) Jllll long and more elongated spores 3. 1-4.5 pm long. II. separabilis 
is a species of Tropical African-Northwestern Pacific distribution and possibly of 
Gondwanan origin. The specimens found in Africa (Cent ral African Republic, Gabon, 
Madagascar, Mauritius, RCun ion) arc all thin (about 60 pm), possibly young, and with 
bcllcr developed hyphal laye!r with luosd)' interwoven thin -walled hyphae (set= l.Cgc r, 
1998: 252-254). 

Mean spore s i7.e and mean Qvalue of H. !>.eparabilis.: 

2.99 X 2.23 1.34 RLG 2097~ 
3.1 7 x2 .N 1.1 1 RLG23026 

14. HYMENOCHAETE SEPARATA G. Cunn ., Tmns. Roy. Soc. NevJ Zeal. 85 ( 1): 50. t957. 

Basidiomata perennial, dfused, closely ad nate, very hard when d ry, as rounded patches 
0.5- 2 em long, later confluent , 200- 500, later up to 750 11m th ic k; hyme nium coarsely 
low-tu bcrculate or srnoulh, with some cre\' ict..-s. dark Hat.d Lu Fawn (M : 7.5 YR 51-1 o r 
alm ost 7.5 YR ,1/4; K & W: 7(-6) E, brown_ish terra cotta); marg in ab rupt. concolorous. 

Tomentum. cortex and h)'phal layer absent, setal layer somet imes indistinctly 
2- layercd. 

Hypha l system subdimit ic; skeleto ids ascendant , wit h th ickened brownish walls, 
2.5- 3.5 11 m diam .• densely agglutinated with brnwn resinuus mallcr; gencmlive hyphae 
few. subhyalinc, with septa, 3-4 Jllll di am; setal layer and hymenium with numerous 
conglomerates of crystals 8-30 tJm d iam; setae numerous, broadly subulatc, (30)35-
45(-55) x 6-7(-8) Jlffi, partly covered with a thi n hypha\ sheath , without incrustation or 



209 

wit h a few crystals; cystidia and hyphidia absent; basidiolcs numerous, brownish, 22-28 
' 'm long; spores (accord ing to Leger, 1998: 255) ell ipsoid, 5-6.5 x 3- 3.5 prn . 

HAWA 1'1. RLG 201189,233 11 on Co{Jrosma monta11a, RLG 23297 on I>i$OI!ia S<mdwicct•sis. 
Kipuka puaulu, HV::\P. 

Comments. All Hawaiian specimens are sterile; they may helong to one of the two 
Austr.tlasian spt::,it:s, 1-1. &Jn~mta or H. v~ llata. ' I he last namt:d specit:s has spores about 
4 x 2 jllll and setae (23-)25-45(-55) x (4.5-)5-7.5 jllll . but these arc all covered with 
crystals. Setae of II. separata are bigger, described as (37-)45-55(-57} x (5.5-) 6-S!Jm 
by Leger ( 1998: 235) . H. separata has been found previous!)' in New Zealand and in 
Reunion. 

15. HYMENOC HAETE SUBDISSIM ILIS ad iut. Figs. I, 3; 2, 6 

Basidiomata perennial, effused, closely adnatc, hard when dry, det achable as small 
pieces, 100- 400 1-1m th ick; hymcn ium tuhercul ate, rather densely deeply cracked, 
Grayish Sepia (M: 5 YR 5/2; K & W: 7 (D-E) 3-8 E 3). margin ab rupt(?). 

Tomentum and cortex absent, hyphallaye r 30-150 !Jfll th ick, pscudoparenchymato us. 
ind istinctly d ifferent from the setal layer; setal layer thickeni ng, not clearly stratosc. 

Hypha! system monomitic; hyphae very densely agglutinated wit h brown resinous 
matter, indistinct, 2-3.5 !Jm in diam, brown , thick-walled; cry!'tall inc matter present in 
cuntcxt ami hymcn ium, in context as cnnglomcratcs 15-50 !Jnl in d iam; Sc:Lac numer­
ous. broadly subulate, rJQ-60( -65) x 7-10 !Jill. projecting to 30 ~1 111 above the hymenium, 
with bluntly acute tip . straight, usually with a thin hyphal sheath, irregularly encrusted; 
cystidia and hyphid ia absent; basid io\cs present; basidia subu triform, 12- 16 x •1- 5.5 ~1m, 

wi th •I !'rerigmata 3-4 ~m lo ng; !'pores elongated-ellipsoid or shori"-C)'Ii ndrical. slightly 
curved or with one side flattened. 3.7- 4.'1(- 5) 1< 1.8- 2.5 j-lnl. 

Causes white fib ro us rot of wood. 

H,\WAI ' I. RLG 1902H on P~itlimn gtmjtwu, Manuka State Park. MAU l. RLG 16777 on 
Syzygi rm1 j mnbos, Mile 6, Ham1 Highwa )' (illcntilicd iu Gilbertson ct al., 2002: 227 as H. 
mrnmaffl Burl). 

Comments. 'I his pns~ ib l y new species is externall y very simi lar l o H. cfissimilis as descr­
ibed by LCgc r ( 1998: 126-1 27) but differs in having a tul>ercu lalc hymenium, an indis­
tinct hypha! layer, shorter setae and distinctly smaller spores. llowevcr, fl. dissimilis 

described by Job ( 1990: 19-20) bas setae similar to those in H. subtlissimilis (45-65 x 
6-Sp m). Another pos.<:ih ly closcly related species, H. tmicolor, differs in having a smooth 
(even) brown hyme nium, smaller none ncrusted setae (30- )35- 50 x 5- 7 j-lffi. basid ioles 
wilh thickened walls at the base. and broadcr spores 3.'1-1.8 x 2.2- 2.8 jlnl. 

Among specimens co llected in I Iawai' i, one (BPI 1103516. on Cyatlwdes sp .. Maun­
ahui, Moloka'i; Degener Otto 2823, 15 Apr 1928) is very similar to H. subdissimilis 
but has longer spores '1.2- 5.2 x 1.7-2A ~1m (mean size: •1.80 x 2.08 ~tm, Q = 2.31). Its 
hymeni um is Vinaccous Buff- Grayish Sepia (M: ::! .5 YR 5.5/'1). After more coll ect ions 
(including young and thin ones) arc found, possibly all three species (H. tlissimilis, tl. 
subdissimilis, and I I. wticolor) may be synonymous. and only one species with \'ar iablc 
spore size exists. 
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Mea n spore size and mean Q value of H. $Ubdi$simili.~ 

4.05 X 2.05 1.97 RI.G 19028 
4. 19 x 2.16 1.94 RLG 16m 

16. HYMENOCHAETE TOM.ENTELLOIDEA Gil b. & Hemmcs, Mycolaxo n62: •176. 1997. 

Figs. I , 7; 2, I 

Basidiomata annual, effused. adnalc, soft or coriaceous, when yo ung 60-70 .. m thick. 
then 200-450 .. m . as rounded patches 0.5-2 em in diam, later confJucn t and up to 10 
em long; hymcnium even, in older paris irregularly cracked; grarish dark Cinnamon or 
SiennaMUmber (M: 7.5 YR 5-6/8 or 6/6; K & W: 6 D (6- 7), 6 1~ 5 or6 D •I); margin thin, 
inddcrm inak , lightcr coluured than hymeniurn (sumctimes M: 7.5 YR 6/10) , slight ly 
fibrillose, then distinct and concolorous with the hymenium. 

'!Omentum absent. cortex sometimes present but then indistinct, 20-40 .. m thick; 
hypha! layer up to 300 ~m thick; setal laye r (when present) later thickening and up to 
100 pm thick; dark line above the hymcnium absent. 

Hypha! system monomitic; hyphae bmwn, wi th thickened or thick walls, uccasional­

ly branching mainly at less than r ight angles, septate, 2-3.5 fU ll in d iam, in hyphallayer 
loosely, then densely interwoven; setae numerous, subu late, with acute tip. (35-)40-70 
x 5-7 ~m. straigh t or some slightly curved, not encrusted, usually with a th in hypha! 
sheath, in upper th ird with few (5- 10) broad ly conical teeth 0.8-1 .5( - 2) ~tm long; project­
ing up to 20 !Jill above the hymenium; cystidi a and hyphidia absent; basidiolcs 15- 20 
x 3.5- 5 ~m; bas idia subutrifonn , 15-20 x (3.5-)4- 5 flm. with lower part slightly thick­
ened and encrusted with brown granules, with 4 th in sterigmata )-4 ~m long; spores 
ell ipsoid , with one side sl ightly flattened, 3. 1-4.5 x 1.8- 2.5 ~tm . 

CallSes white fi brous or pocket (?) rot of wood. 

H AWA I' t. Rl.C. 20807 (hnlntypc) nn Cihnrimn chami$.Sfli. Stainhack Highway; Rl.('; 
18075, 18 123 0 11 Mt:tro5irleros polymorJ,}m, Mile 18, Saddle Rd. KAUA' I. RLG 2 1106 0 11 

Acuciu kua , Nualolo Trail. KokcC State Park. MoLOKA' t. RLG 22952. on Cusuarinu sp .• 
Kalaupapa Overlook. 

Comme nts. 'I he innumerable small de nlidcs un upper par t ur setae arc dearl y visible 
only when great magnificat ion (x 1000 or more) is used. Differences between this species 
and the very similar 11. separabilis arc descr ibed in the ~ommcnts under that species. 
H. sept~rabili$ and H. tometttdloitlea arc possibly lwo closely related sibling species of 
Gond\\'a nan orig in , H. tomctttelloidea being endemic. 

Mean spore size and mean Q value of H. tomentelloitle11: 

~A0x2.14 1.59 RLG18123 
3.74 x 2.35 1.5& RL('; 2 1106 
'1.1 1 X 2.43 1.69 PJ.G 18075 
4.14 x2.01 2.06 RLG 22952 

17. JlYM F.NOC HAET E UN ICO LO R lkrk. & M.A. Curtis, J.I.inn.Soc., Bol. 10:335. 186&. 

Figs.1. II ; 2, 4 

Basidiomata perennial, efT used, ad nate, hard to wood}' when dry. when young 60- 120 

~m thick, when old up to 700 ~m or more. as rounded patches 0.5-2 em in diam, 
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later conllucnt and up to 5 or more em long; hymcn ium even, soon cracked, when old 
wit h deep cracks (fissme::;.), Fulvous Umher or Sienna- Umher (M: 5 YR •1.5/6 to 5/4; 
K & W: 6 E 6), when old light grayish Umber (M: 5-7.5 YR 6/1; K & W: 6 (E-D) 1); 
margin d istinctly delimited, lighter when young. soon abrupt and concolorous with the 
hymcnium. 

Tomentum and cor tex absent; hypha! layer 30-50 pm thick, with some included 
setae, hard ly distingu ishable from the set al layer (with some setae), later disappearing; 
setal laye r th icken ing. with indistinct layers; dark line above the hymcnium absen t. 

Hypha I S)'Sicm monomitic; hyphae brownish , with thicke ned walls, scarcely septate, 
2-J J.lffi in diam, in hypha! layer interwoven, in setal layer tightly agglutinated and 
encrusted with brown resinous matter; setae numerous, subulatc, some slight ly curved, 
wi th acute ri p, (30-)35-50 x 5-7 !lm, not encnJsted, usually with a thin hypha! sheat h, 
projecl ing up to 20 ~m above the hrmcnium; hymcn ium ..:omposcd of basidiolcs and 
basidia, no cystidia or hyph idia; basidiolcs almost cylindrica l, with basal part th ickened 
and encrusted with resinous matter (uneven), 15-25 x 3.5-51-'m ; basid ia subutriform. 
15-25 x 4-5 ~1m , wit h 4 thin sterigmata; spores ellipsoidal with one side tlat tened or 
almost short-cylindrica l, 3.4-4.R x 2.2-2.R 11m. 

Causes white lib rnus rot of wood. 

I·IAWAJ ' I. RlG 17718 on Acucitl kOil , Kca nakolu Rd KAuA'I. IUG 20601 on tkm:iu kUll, 

Kualolo Trail, KokeC Shlle Park; IU.G 21204 o n MyriCA fn.ya, Lehua Puhi Trail, KokeC 
State Park. 

Comments. Ident it y of the specimens studied by us is not certain . Types of both H. 
tmicolor and its synonym I/. liguosn. G. Cunn. are old thick specimens with only a few 
small spores, and most collections kept in herbaria under these names arc sterile. Spores 
of the Hawaiia n specimens arc smaller tha n those desc ribed b)' Ct1nningham (1957) , 
Reeves & Welden ( 1967),Jub ( 1990) and t.Cger (1998), who all ind icated the same(!) 
size, 4.5-5.5 x 3-3.5 1-'lll- Asian and African specimens stud ied by Parmaslo (2005) have 
spores 4.5-5.7 x 2.5-3.3 11111 -The species complex including II. tmicolor, II. dis.~imilis, II. 
miuuscula and II. subdissimilis is in need of fu rther study. 

Mean spore size and mean Q value of II. w ticolor: 

3.65 X 2.33 1.56 PJ..G 20601 
3.7Sx2.SI 1.50 RLG2 1204 
4.41 X 2.32 1.90 Rl.G 177 18 

18. HYMENOCHAET£ VAGINATA G. Cunn., Trans. Roy. Soc. ~cw Zeal. ~5 (1): 30. 1957. 

Basidiomata effused, adnate hut detachable as pieces, coriaceous, 120- 300 1-1m thick. 
as rounded patches 0.5- 1 em long. them conOucnt; hymenium smuoth (or tuben::ul ate). 
Umber (M: 7.5 YR 4/6); margin Ochraceous (M: 7.5 YR 7/6-7). 

Tomentu m th in; cortex , hypha! and setal layers present but not easily distinguishab le 
in young specimens; da rk Li ne above I he hrmenium absent. 

Hypha! system mo nnrn itic; hyphae densely or almnst lonsel)• in terwoven, with thick­
ened walls, brownish, sparely branched, septate, 3~ 1-'1'11 in diam; setae numerous. cuni­
cal-subfusiform, 90-1 30 x 10- 17(-20) 1-'111 • emergi ng up to 751-'m above the hymenium, 
with a hypha! sheath, not encrusted; hyphidia innumerous, brownish , with thickened 
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walls, 2-3 ~101 in diam, some slight !}' flex uous; basidia subcylindrica l, 18-25 x 4.5-5.5 
1-1m, wit h •I sterigmata; spores cylind rical, about 6.5- 9.5 x 2.1- 3.2 Jlnl . 

O '.u1u. C.L. Shear (UPI 11006 12} on Scm:volu sp .. Pupukc;~ P~umaJu Forest Reserve. 

15 Fch [192.~ ?]. - I:>OI)1'C !ituclicd: NJ1.W ZT.AI.ANO, J.M. Di ngley (K (M) 576<12) on 
Phyflodadr1Sillpi11us, Welli ngton , Whakapapa . MI. RuaJ>e.ku, 200ct 1949. 

Comments. Unt-il now the species was know n only fro m a single New Zealand collection; 
its variation is un known. 'I he Hawai ian cu llcdion is a small young specimen but with 
big setae and spores characteristic ior this species. and brownish hyphid ia. Accordi ng 
to Job ( 1991: 46) and Leger (1 998: 288), the basidiomata of this species may be up to 
800-1000 Jim thick with thicken ing stratose setal layer. I so type of th is species is almost 
sterile with only few, partly collapsed spores (6-)6.8-8 x 2.1-3.2 jJlll (mean of 12 spores: 
7.2tl x 2.79 j.tm; Q - 2.60). The llawai ian specimen has iew cyli ndrical curved spores 
7-9.5(- 10) x 2.5-2.9 pm; mean of 14 spores: 8.37 x 2.().!1 pm, Q = 3. 17. 

Appendix 

H YMENOCI-IA ETE NOT H OfAG ICOLA Parmasto, sp. nova. Fig. 1,13; 4,2 
- II. att~multfl sensu G. Cunn .. Trans. R. Soc. ~cw Zeal. ~5 {I): 33. 1957. 

A I I. aucnuala (Lh ) Uv. set is longis (55- )65- 100 x (6- )7- JJ(- 14) }ttn, sporis grmulis 
(5.5-)6.0-8.0(- 8.5):.: (3 -)3.5-•1. 5(-5.0) Jtm ltt!C 11011 pileis anguste n:fle.xis ut/ 3 mm longis 
diffcrt. 

Hololypus: N~;:w ZEAI.ANO. North C mtcrbury Distr .. ArthurS Pass. 2500 ft. on 
Nlltlmfagps.m/mrdri, Ja n 1956, J.M. Dinglcy(rDD 1 69~9) . 

Etymology: ltntlmfagicola, growing on Nmlmfugu.~ spp. 

Basidiomata dfuscd· reflcxed wi th narrow reflcxed part (pi leus) 1-3 mm bmad, ad nalc 
but removable in pieces, soft coriaccous, 200-350 •. un thick; pileal surface rad ially 
fibrillose or substrigosc, then aJmost glabrous, with one or two concentric zones, brown 
(M: 5 YR 5/'1- 6; K & W: 6 (D- E) 5, Sahara); hymenium smuuth but uneven, soun 
minutely rad ially or plumoscly cracked, Ful vous o r Sienna-Umber when young (M: 7.5 
YR 5/8 to 5 YR 5/6; K & W: 6 D 7 to 6 D (4-5), raw Sienna, Sunburn or Camel), then 
Um her (M' 5 YR 4/5- 6; K & W 6 E (4- 5), hrow n when old M' 5 YR 4/4 ); margi n 0.5- 1 
mm broad. th in, sometimes lorn. more Lighl l)' coloured (7.5 YR 7110; K & W: 5 ll 6, 
apricot yellow), soon concolorous with hymcnium. 

Tomentum present but in old specimens almost ind istinct; co rtex absent; context 
composed of hyphal layergraduall y transit ing to tomentum, and setal layer. 

Tomentum 50- 150 ~m thick, hyphae loosely arranged: hypha! system subdimil ic; 
setal hyphae absent; skcletoids 2-4 pm in diam, brownish, with thickened walls; 
gcnerJ ti vc hyphae yellowish. thin -wa lled, with rare septa; aggregates of crystals 
somet imc..>s present in hypha! layer; setae m1mcrous, (55-)65- 100 x (6-)7- 11 (- 1•1) j.llll. 

fusiform, with almost blunt or acute Lip, straight or in upper part slightly curved, naked. 
in old spec imens wit h hypha! sheaths, with out incrustation; hasidiolcs not numerous. 
similar to basid ia; basidia broadly davalc.:, 18-25 x 6.5-8 !lfll. with •I slt:rigmala; spores 
broadly ellipsoid. with one side Oattened, o r subcylindric. somet imes with a large 
gul tl lic, (5.5- )6.0 - 8.0(-8.3) x (3-)3.5-•1.5(- 5.0) ~1m ; in old specimens small crystals arc 
presen t in hymcnium. 



2l3 

Caltscs wh ite fibrous rot of wood. 

SJ•cci mcns sltldicd. Holotyr c {sec ahovc); COI)'J)CS: Nr.w 7.r.A t .ANO: T!lupo Distr., 

Kaimanawa Ranges, 2000 ft. on Notf,ojagll.< solnmlri var. clijJol'tioides. Dec 1946, G. I I. 
Cun ningham (POD 11959): Kai manawa Ranges. Upper Mohaka River. on N. memiesii. 
May 1953, j.M. Dingley(POD 12512):same locality, on N.fusca. May 195J,j.M. Dingley 
(POD 12593); Taupo Distr., Poronui, Upper HonlCStead, on N. mw=iesii, Jun 1953, J.M. 

Di ngler (POD 12596); BuUcr Distr .. lOtara Flats. Gland vi lle Forest. on N. ji,scu, Apr 
19SS. j.M. Dingley (1'00 16595); all spccimcnsdetcrminL>d b)' G. H. Cunningham as H. 
attcmwla (LCv.) l.Cv. 

Comments. ' lhis species was identified as H. altcmmta by Cunningham. ' I he true 
1 I. atteuuaw, which h as not been found in Australasia, differs by densely paralldly 
compacted hyphae above the hymenium, shorter setae {35-)45-70(-80) ~m long and 
small spores 3.5- 5(- 5.5) x ( 1.5- )1.7- 2.2 ~m. Description o f 1-1. flllemmliJ hy Jnb ( 1990: 
7-8) combines the data o n 1-1. td t~rmata, 1-1. att~mldta sensu G. Cunn. (- 1-1. 1/ot/wfagicola) 
and a species collec ted in Switzerland and described by Job & Keller ( I 988). 

Another species growing on Nolhofagm spp. and closely related to 1-/. riOihofagicola is 
1-1. australis Parmasto & Grcsl. which has been found in Southern South America whe re 
it is common in Tierra del r:ucgo. It di ffers in having a cortex and cyl indrical spores 7-9 
x 2.4-3.2!tm. The two sibli ng species possibly have common Gondwana origin. Both arc 
superficially very similur to 1-1. tabacina, which diiTers in presence of setal hyphae and 
smaller spores 4.2-6.8 x 1.3-2.2 ~m. 

Three of the specimens of H. notlwfagfco/a studied by me arc almost sterile, with a 
few damaged spores. the o ther three (i ncl udi ng the holotype) have limited numhers of 
spores. In only one specimen (POD 4959) was it possible to measure 25 spores. ·n1eir 
mean size is 7.23 x 4.28 jlffi; Q - 1.69. 
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A new predatory fungus from China 
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Abstract- DacryMliua illaqm:ara , a new predacious fungus capturing nematode by 
stalked adhcsi\'c knob in combination with non-constricting ring. is rcpo rlcd from 
Yunnan Province, China. 1l1e fungus is cha mctcrizcd by its simple, unbr.mchcd 
conidiophorcs singly bea ring elonga te fusiform conidia wit h 3-8 septa (usuallr S) on 
the tip. 

Kc)' h'Ords- orbi l iaccous fungi , nematode-trapping fungi 

While surveying predacious fungi in Yunnan Province, so il sa mples were coll cck c.l 

and spread on plates co ntaining 2% corn meal agar medium. Nematodes (Pmmgrcllw: 
retlivivus) were added in the plates as bait fo r predacious fungi. After 20 d fo r incubation 

at room te mperature (about 20-28"C), predacious fungi were isolated under a d issecting 

m icroscope and identified according to tbe taxonomic syste m of Scho ller et al. (1 999). 
A new ta.w n, namccl Vt~clylellina illtU/Il i!fliCI, is tlcsc ribetl here. 

Dactylellina illaqueata D. S. Yang & M. H. Mu sp. nuv. ( l:igu res 1- 15) 

-""lyuliwn JtjJusum, llypltis st.:rilil111s 11yalinis, S<ptmis, pi<'YWIUJtt f!/.8-2.5 11m crassis. 
Ctmil/ioplwri~ hytllin i.~, sqtatis, ttrectis, simplicis, plerumque 95-250 11m a/tis. fmsi 2.2-
2.6 Jtm cra.<si.(, apicc /.8 2. 1 Jtm cra._<.(is. Conidiis IJyalitl.(i, clon}!ato fusi)Ormilm.(, apicc 
mlwuiatis, basi lnmcalf!-S, 3-8 St!platis (plcm mq11e 5-septatis), 25.5-117.5 pm (saepe circ:a 
66.5 Jmt) longis, 5.5-15.2 I'"' (sat!p<' cin·a •1.8 11m) cmssi,c. Cblamytlosporis ;, ct~lturis 
vetustioriblls,globJtJis tul ellipsoid is. 

Etymology: '!he species epithet refers h.J the spec:ies capturing nematode~ by trapping 
devices. 

1-!oloi )' )IC: YMfi.O I816D. Simao, Yunnan. China. Oct 2005. [)(lngSheng Yang. 'The 
holotype and its li\•ing cultu re (YMF I.OI S•I6) \VCrc dcposiu:d in the. l.ahoratory for 
Conscn·at ion and Utili..-.a tio n of l.lio-rcsourccs, Yunnan, P. R. China. 

Mrcclium scanty, spreading, vegetative mycelium colorless, septate, mostly 1.8-2.5 
~tm wide. Conidior horcs (Figs 1-3) colorless. e.rect, unbranched, often 95-250 ~ tm 

high. 2.2-2.6 ~m wide al base, and g rJduaJ I}' tapering upward to a wid th of 1.8 -2.1 ~m 

· Authors DoJ18Shen Y3ng ilnd WeiM in Chen contributed equally to this w<lrk. 
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at tip, bearing a single conidium on the ti p, occasionally two conidia. Conidi a (Figs 
4· 12) colorle$S, elonb'<IIC fusiform, narrowly obtuse at the dista l end, t rnnc:lte at the 

base, the middle cell swelli ng obviously. 25.5- 117.5(66.5)x5.5- 15.2 (1 •1.1 ) !J ill . 3-S septa, 
mai nly 5 sept-a. The proportion of conidia with 3.4. 5, 6, 7 and 8 septa accounts fo r 9. 1%, 
15.2%, 63.6%, 6.1 %, 3.0% and 3.0%, respectively. When induced with nematodes, the 
fungus prodllccd non-constrict ing ring (Fig 13) and stalked adhesive knob (Fig 14) . 
Chlamydospores (Fig 15) spherical ro ellipsoidal , interca lary. 

Based o n ph)•logenet ic analysis oi ISs rDNA., a new ge nus concept was proposed fo r 
pn:datory anamorphic Urbiliaceae by Scholler el a!. ( 1999) in which the trapping device 
is the main morphological criterion for generic delim itation. In this taxonomic system. 
lhe genus Dactylel/ina M. Morclcl emend. M. Scholler et al. includes three species 
capturing nematode by stalked adhesive knob in combination wi th non-constTicting 
ri ng, n. laptospora (Drechsler) M. Morelet (Orechsler, 1937). D. ly$ipaga (Drechsler) 
M. Schullercl al. (D rech~ler, 1937) and/), ywmunt:nsi.s (K. Q. Zhangcl al. ) M. Schul k:r 
et a l. (Zhang ct al. 1996}. D. ilfaqu~tlta desc::ribed here is mainly characterized by its 
5-septate conidia si ngly bearing on the unbranched conid iophores and th is species 
resembles D. ywmar1emis and D. lysipaga in conidia l shape. However, D. y umumemis 
usuall y fOrms short den tid e.c; on tip of conid iophores and hears 2-5 conidia, and 
0 ./y!}ifmJ<cl produces the~.:unidia mai n!)' with 2-1 sep ta. In comparison with IJ.leplosporu. 
the conidia of D. illaqucalt~ usuall y have a wider midd le cell (average 14.1 ~m) than 
that of D. leptospom (4.0-5.8 ~m). In addition. conidia of D. leptospora have more septa 
(5-1 5) than those of D. illaqueata (3-8, mainly 5 septa). 
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Pigs l - IS. Dactylel/iua ilfaqucata. 1-3. Conidiophorcs and immature conidia.1. 1mmature conidia. 
5-12. Mature conidia. 13. Non-constricting rings. 14. Ad hesive knobs and non-constricting rings. 
IS. Chlamydospores. Bar= l~m. 
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New species of sterile crustose lichens from Australasia 
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Abstracl Hypocer1omycc isidiosa and L:tlfnrill lobata from AustrJlia, Lcprocaulo11 
m•strolasiwm from Aust ralia and Norfo l.k Island and J>.:rtlt51lrin cyntllil'.ola from 
Norfolk Island are described as new to science. The species arc distinguished by their 
charou.: tcristic chemistries and vegetative prop;.~gules. 

Key words hromatography. morp hology. taxonomy 

In troduction 

Sterile crustose lichens are, in general, very poorl)' known although Tonsberg {1992). 
made a very significant cont ribution lo the understanding of the Norwegian species. 
Li ke 'l(.msberg. I consider that the vegetati ve d i ~pcr~a l u n it ~ (soredia, isidia, lobules, 
phyllid ia and pseudopodetia) and the presence of diagnostic lichen substances to be 
important taxonomic characters. In this paper I describe four new species from Australi a 
and Norfo lk Island. 

Materia ls and Methods 

The morphology of the lichen specimens was examined using a Zeiss Stemi 2000C 
stereom icroscope. and a 7.ciss Axiolah compound microscope. Chemical const ituents 
were identified by thin la)'er chromatography (Eiix & l:.rnsl- Russcll 1993), high 
performance liquid chromatography (Eiix ct al. 2003) and comparison with authentic 
samples. 

Taxonomic Descrip t ions 

Hypoce11omyce isidiosa Elix, sp. nov. 

Simifi~ H}'poccno mycc friesii (Acll.) I~ }tunQ & U'utlll. Sclm~itl. &d ~terilis t:l supuficic: 
deu.<>e isidiatis diJJi!rt. 

El)'molog)': 'I he spL-ciJic epithet is llcrived from the deme isillia characteristic of this 
species. 

Tn)e: AUSTRt\ UA. Western Austra lia, Charles Gordner Flora Reserve, cent ra l track. 
20 km S\V ofTammin along old York Road, 3 1°47'24"5, I I7°28'07'"E, 305m, on dead , 

charred wood in Eucalyptus ,.,oodla11d '''it h Cmuarina and i\wcia in shallow gully, }. A. 
I!Jix 318,19. 22 Apr. 20CH; holo: PERTI·I, isu·CA::-.113. 
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KEY CHARACTERS - Thallus lignicolous, crustosc to subsquamulosc, scattered granules or 
squamulcs 0. 1- 1.2 mm wide, ad nate, separate, not proliferating, green-brown, margin 
somewhat crcnu late and +upturned, ~c1 uamuk$ soun developing de nse gran ular isidia 
which do minate the thallus, sorcdia absent. Granular isidla globose to subglobosc. 
0.03-0.05 mm high , with conspicuous!)' blackened apices, becoming coralloid and 
dense!}' crowded, iorming cerebri form, conglomerate dusters, 0.5-2.0 mm wide. 
Apothccia and p)'Cnidia not seen. Chcmislry- K-, C-, KC- , Pd-. UV t faint white; 
containing confricsiic acid (major) , fr icsiic acid (minor). 

Distribution - At present this species is only known from the type locality in Western 
Austra lia . 

Ecology - This species is lignkolous on dead, charred Eucalyptus logs. Common 
associated species include f'favoparmelia mtidota (Hook. f. & Taylor) Hale, Hertelidea 

pseudobotryosa R.C. Harris et al.. Hypocel/omyce rmstmlis Timdal, H. foveal a Timdal, 
H. ~calari.-; (Ach.) M. Choi sy, Prmclelifl ~uhalbiam~ (StirL) D.). (lallmv:~y & l~ l ix :mel 

'lhysanotllt:!Cium scutelhJtmll (Fr.) D.J. Galloway. 

COMMENTS - Hypoce~romyce isidiosa is a rare species characlcrized by I he dominant , 
hh1ck-tippcd granul:1 r, glnhnse to subglut-.nse isidia which coalesce to form ccrehriti)rm 
d usters largd)' obscuring the primaq • squamulcs and the presenct: of confriesi ic and 
fricsiic acids as Uchcn substances. Fricsiic and confricsi ic acids arc ve ry rare dcpsido­
depsones so fa r only known from the genus Hypocenomyce (Elix et al. 200ll; Timdal 
1984). Both Hypocenomyce frie$ii and H. cnmtlocensis (Leight. ex Nyl.) P. James & Gotth. 
Schneid. contain friesi ic ac id (m ajor) and confriesiic :1cid (minor or trace). 'I he new 
metabolik confreisiic acid shows an identical ultraviolel speclrum lo frcisiic add, but 
appears to be a higher homologue with sta ndard TLC Rr values: RF (A) 0.1 2; R1~ (B') 
0.23; RF (C) 0.16; standard I-I PLC IU=:!4.5 min. The present species is considered to 
belong to 1-lypocetromyce because of the tmique chemistry and substrare preference, 
both o f wh ich are typica l o f this genus. Although common at the type loc:ll ity, no fertile 
material oi N. i..;itlivsa was found. '! he squamuh.-s of H. isicliosa resemble those uf H. Jriesii 
but arc scaltered and separate rat her than being dense and contiguous to subimbricate. 
Furthermore, ! I. friesii differs chemically and lacks isidia. 

Leprarit~ lobata Elix & Kalh, sp. nov. 

Similisl.cpraria jt~c ki i Tlmsberg .~d tlwllo cra._(.~inrc: c:t lnbato difj~Tt. 

Etymolug)'.' 'I he specific epithet refers to the characteristic lobate margins of this 
species. 

T)1>C: AUSTRALIA. \'\'estern Austral ia, slopes of Ango..,.in Pea k, Porongurups Range. 
llorongurups National Park, 19 km ESE of M1. Barker, 3<1°<10'$, t I7°S i'E, 360m, on 
granile rocks in low sderophyll forest wit h heat h and nu merous granite o utcrops. ). A. 
t:lix 111327. H. 'J: J.ummcl, & H. Streimutm, l6Scpt . 1991; holo: PERT!-1. 

I<EY CHARACTERS-Thallus leprosc-sored iate, granulosc, whi tish grey to greenish or bluish 
grey, usuallr del imited, forming extensive, irregularly spreading patches to 10 em wide. 
or in small , irregularly roundish-colonies 0.5-1 em wide that en~ntuall)' coalesce; 
often with well -defined ma rginal lobes. 1-2 mm wide, ±raised at m;1rgi ns, covered 
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with granules, thick (up to 250 pm), medull a whi te, distinct; hyphae 1.6-3 ~un thick; 
so rcd ia far inosc. dispersed or forming n th ick, continuous layer, +rou nd ish, 20- 75 ~1m 
wide, commonly aggregated in ro undish dumps (consorcd ia) up to a 350 !Jill wide, 
usually with short projecting hyphae to 20( -100) ~1m long; photobionl chlorococcoid, 
with individual cells 7-12 fJ.ffi wide. HypothaUus not apparent. Chemistry - K+ 
yellow, C-, Pd 1 pale yellow; containing atranorin (m<~j o r) , zcori n (major or minor, 
VCT}' rarely absent), rangifo rm ic/jack inic acid (major) or rocccllic/angardian ic acid 
(major). ±norrangifonnic/nurjackinic acid (minor or trace). ±pallidic acid (minor). 
±conpallidic ac id (minor). ±3'-dcmelhylatranorin (trace), ±3.7-d i-0-mcthylstrepil in 
(trace), .!unknown dibenzofurans (minor), l.fragilin (trace), .!7-chlorocmodin (trace) . 
±u rsolic <Kid (minor) . 

Distribution - At present th is spec ies is known fro m Western Australia and the 
Australian Capital 'JCrritor y. 

Ecology -'I hi s spcr.:it."> is corliculuus on Lepto.wermum or musciculuus or tcrriculnus 
in sheltered rock ledges. Common associated species on terricolous substrata include 
various Cladonia and Xan thopormelia species, Buellia substellulans Zahlbr .• Lecanora 
farinacea FCc and Parmelia signifera Nyl.. and on co rticolous substrata, Candelnriella 
x antlw$iigmoide.s (Miill. /\ rg.) R. W. Roger~. Flavoparmcfia m tidota, 1-Iypogynmia 
mmulafl4 {Nyl. ) Kass .. Parmdia Jw.:wlolcrmirimu Gyd n., Purmclinu cmloleuw (Ta)•lor) 
Hale. Ptmnotrema reticulatum (Taylor) M. Choisy and Usnea inen11 is Motyka. 

COMMI:NTS - l.epmria lobata is a scattered species characterized by a rclal'ivcly thick, grey­
wh ite, lcprosc tha llus which typically becomes lobate at the margi ns and by the presence 
of atranorin. ± zeo rin and fatt y acids as the major lichen substa nces. Chemicall)' L lobata 
closely resembles L. jackii {'10 nsberg 1992} in containing atranorin and fatty acids (i.e . 
. iackinic/rangi formicacid , norjackinic/norrangiiormic acid and/or rocccllic, angard ianic 
and tncnshcrgia nic adds) but is distinguished b)' usuall y con taini ng high conccnlrati nnr­
uf zeo rin ( 1.. jackii rarely contains trace amounts of ~eo rin) . Morphnlogicall)' 1 .. lobatu 
differs from L. jackii in hav ing a much thicker and compact thallus. a medullary layer 
and distinct. lobate margins. Leprarin jackii is normally unstratified and lacks lobate 
margi ns. Lepraria borenfis Lolli . & Tonsbcrg is similar to L lobatt1 since it forms lobed, 
rosette- forming th ~1Ui with a more or less granular upper surface e~ nd contains atranorin , 
rangifurm ic add and +roccellic acid. However, 1.. boretllis never contains ~corin or 
pigments and the lobed margins arc obscu re. 

SPECIMENS EXAMINED - AUSTRA I.IA . Austm lian Ulpihl l Territory, S of Padd)'S River nc11r 
Murrays Corner, 35°2•t'S, l4a"5TE. 550 m , on bark of L.:ptosp.:rmum in thicket, J. A. Elix 
6-17, 13 Mar. 1975 (CAN U). WeStern Auslr-dlia. Gorge Rock. c. 21 km S~ofCorrigin . 

32"25'5, \l8°0(fE. 300 m, O\'er moss on sheltered granite ledge. K. & A Kalb35287, 18 
Aug. 199•1 (CA:\'B; herb. Ka lb) . 

Leprocaufo, australasicum Elix. sp. nov. 

Simi/is Leprocaulon microscopicum (Viii.) Gams ex V. Nawksw. sell superfice ciuerasceus 
el acidmn pmtocclraricum, acidmn 1m~ticJicum ct t~eillum .>;tl/tl::iuicwn contiuctltc 
dijfat. 

Ctymology:Thc specific cpith"t is d"rivcd fromrhc dist ribution ofthisspcci('s. 
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Type: NORFOLK ISLAND. :\'orfolk Island ~ational Park. West Palm Glen Tr01ck. 
29"01'06"5. 167°56'33"E., 1'10 m, on base of Cymlu!a in subtropica l forest, }. r\ . Elix 
29042, 16 June 1992; bolo: CANI3. 

I<EYCHARACTERS- Primary thallus cn1stosc, arachnoid·tomcntosc, lhin , persistent, whjtc 
to off-white or pale cream, irregularly thickening, ±glabrous, becoming vcrruculosc and 
somewhat lcprusc-gmnular. granules scallcrcd, pa le mange-brown, 20- '10 ~m wide. 
Secondary tl1allus of numerous. pale ycllow-umngc: lo orange-brown pscudopodct ia, 
pseudopodetia globose al first but then clongatc-cylindrica\, delicate. fragile. simple 
or coralloid-branchcd and entangled, erect or ±decumbent, 0. 1- 1.0 mm high, 0.1-0. 15 
mm th ick, bearing sma ll , lcprosc-a rachnoid granules, 20-70 pm wide, oft en wit h dense, 
projecting hyph;:1e up lo 20 pm long; photobiont chlorocnccoid, with individunl cell s 7-
10 ~m wide. Hypothallus not apparent. Apothcda and pycnidia unknown. Chemistry 
- K-r yellow becoming dark red. C-. Pd+ orange-red; containing prolocetJ·aric acid 
(major) , norst"ictk acid (minor) , salazinic acid (minor). atrano rin (minor). 

Distribution - Al present this species is known from three locali ties in subtro pical 
rainforest in Queensland, New South Wa les and Norfolk Island. 

Ecology - "I his species is cMi icolous on the base of Cyallrca or EuciJlyfJIJt$ or is 
lign icolous. Common assoc iated species include va rious Cludunitl species. Cryplulliecia 
bartlettii G. Thor, C. scripta G. lhor, Flavoparmelia euplecta (Stirt.) l-l alc. Leprariu 

atrotomentosa Orange & Wolsclcy. L. coriensis (Hue) Sipman, Parmotrema ri!t icufatwn , 

I~ tirtctorum (Nyl.) H<~IC, and Pseurlocypltellaria poculifera (Miill. Arg.) D. J. Galloway & 
P. James. 

COMMENTS - Leprocaulon australasicwn is a scattered species characterized by the 
conspicuous, pa le yellow-orange to orange-brown pscudopodetia and the presence 
of protocetmric, salazinic and norstictic acids as the major lichen suhstances. 
Morphologically L. 1w slm lusicum resembles L. micrvscupicum but the laller species 
differs in hav ing a blue-green to yellow-grey upper surface with while pscudopodct ia 
and in contai ning usnic acid , zeorin, .!atranorin, l.rangiformic acid (Lamb & Ward 
197ll). Furthermore, L. microscopiwm grows on thin soil in rock crevices, peaty soils 
and only very rarely on the bnse of aged trees mther than predominantly on corticolous 
ur lignicoluus substrata. 

SP£<L\\ENS EXM11NED - AUSTRALIA. Quecnslautl . Nuosa HcarJs, Nousa National Park. 
along the Noosa Hill Trilck, 26°Z3'S, 153°06'F .. 30m, on hasc of F.ucalyptlts in coastal 
ra in forest./. A Elix 10369, 31 Julv t982 (CAN13). New South Wales. Andersons llill 
Road. Conglomerate State Forest, 2.1 km ~W of Coifs Harbour, 30"04 '$, 153°05 '£, 2<10 m. 
on shaded rotting log in subtmpica l forest. H. Streimann605S•I, 19 April 1998 (CA 8). 
NO RfOLK ISLAND. Norfolk Island Nat ional Park, track be-tween Mt Pitt and Mt 
Bates, 2~00'50''$, 16'r56'05"E, 270m, on dead Cyathea in disturbed subtropical forest, 
). A. J::fix27367. IS June 1992 (13. CAN U. NY); Nor iOlk Island Nationa l Park, West l'a.ln1 
Glen Track, 29"01'06"S, 167"56'33"E, 140 m. on hasc of Cymliea in suht ropica l forest. 
). A. Eli.\· 290<12, 16Ju nc 1992 (CANI3); Pop Rock, nl.'a r Mount Pill Road, 29"0L '23"S. 
167"56' IO"E, on dead Cupri!Mm in disturlx..>d s ubt-ropica l forest, ). A. Elix 29293, 18 June 

1992 (CANB); Norfolk Island National Pa rk. Mount Pill Roatl. 2~0 J'S, 167°S6'E, 300 
m, on trcclct s tem in disturbed suhtropica l forest, H. Stn:immm3t/8l/3, 10 Dec. 1984 (Jl. 

CANB). 
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Pertusarill cyatllicolcl Elix, sp. nov. 

Similis Pertusarin erylhrella Mii/1. J\rg. st:d arthoti!Climun et rlmringiotwm contiucntc: 
differ!. 

Ety mnlng)': The .specific epithet de rives from Cyatlu:a ancl the Lat in cnla (dweller) in 
reference to the substrate of the holotypc. 

Type: NORFOLK ISLAND. :\orfolk Island :\ational Park. West Palm Glen Track, 
29"01'06"S, 167"56'33"E, 140 Ill , 011 base of Cyutlu!u in subt ropical forest, }. A Elix 
290•13, 16 June 1992; holo: CANU. 

KEY CHAMffiRS - Thallus crustose, off-white to pale greyish white, slightly cmckcd 
and arcolate, surface sl ightly wrinkled and dull, verruculose, soon developing soredia, 
lacking isidia. Soralia yel low to rc ll ow-orange, numerous, conspicuous, disc- like or 
sub-hemispherical. often constricted at the base, 0.5-2 mm diam., sorcdia fa rinosc. 
Apothecia and prcnidia unknown. Chemistry - stictic acid (major), conslictic acid 
(minor). arlhothdin (minor), thuringionc (minor) , 3-0-methylthiophanic acid (lmcc). 
pcristictic ac id (trace). substictic acid (trace). hypostictic ac id (t race) , novostict:ic acid 
(trace). 

Distribution - At prcs<:nt this species is only known from the type localit)' on Norfolk 
Island. 

Ecology - 'I his spt:cies is cort iculous on Cyallwa. Common associated species include 
various Cludunia species, Cryplulhttcia bartlettii. Fllwuparmelia euplecJa. Lepmria 

atrotomentosa, L. corieusis, Leprocaulon auMralasicum, Parmotrema reticulatmu, P. 
tinctomm and Pseutloc.yplle/laria poculifufl. 

COMMENTS - Pertusuria 'yatlri,u/~~ is a rare species char.tctcrizcd by Lhe conspicuous 
yellow to ydlow-orange soralia and the presence of arthothd in. thuringian<, stictic 
acid and constictic acid as the major lichen substances. Although no fe rtile specimens 
have been seen, th is species has typical pcrtusarioid chemistry comprising the stictic 
acid chemosyndrome and xanthon e~. Morphologica ll y P. cyathicnla closely re~emhles 
IJer/.usaria eryt!lrella but the latter specie; bas white soralia and contains lichexanthone 
and the norstictic acid chcmosy1Hirome (An:::hcr 1997). 
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Abstract- Four species of pyrcnomycctous fungi (fJccaism:lla mediterram:a, Oecai$11clla 
tm:M~scium , Ostreid111ion nova -car:snrir:m.t and Rosdli11ia tassimm ) growing on bark of 
Qucrc11,c spp were studied. 

Kcr"·ords-Pyrc:tmlal~. Ncomycota 

Introduction 

During the study of pyrenomycc tous fungi from the National Park ofCabalieros (Ciudad 
Real, Spain), the bark of Qr terrus spp. has been demonstrated as a very good substrate 
fi.) r the dt:vdupmcnl u f thi s kind o f fungus. 

Th is National Park is located in the centre of Spain and has one of the best' representations 
of Mediterranean llora on the Iberian Peninsula. Ilcrc, there arc forests of Quercus 
f aginea Lam., Q. ilex ssp. ballota (Dcsf.) Samp., Q. suber L. and Q. pyrenaica Willd., 
acco mpanied by Arbutus rmedo L., heaths and others shrubs. We have com pared this 
a rea with a holm oak wood situated in Rctiendas (G uadalaja ra, Spain ) and found that 
both places share some interesting species, which arc new reco rds for Spain or Europe. 

This paper deal s with four species )Decaisrrelln mediierranea, Dect~ is r~ella me.wiScium , 
Osln!iclmio11 uov~ -cut:Stlrien:>e and Rusel/i,itl ltlssimm) and prov id(..'S new data un their 
areas and habitats. 

Descriptio ns 

Decaisnella mediterranea Checa & M.N.Blanco. Myco taxon 9 1:353 (2005) 

SPECIMENS EXAMIN ED- SPAIN: Ciudad Real NATIONAl. PA RK Of CA8ANEROS: ' Er. 

<:A KAcor.', 30.\'.2003, bark ofQrwrw.<fa~,in4!a, leg. 1- Checu & M.N. Blanco, M-132203 

(TY PUS). 30.1V.2001 , AH 339()<1 (PA.RATVPUS). 'EL LABRADILI.O; 30.1V.2001 , bark of 
Querws ilex ss p. ballota, leg. ). Chcca & M.N. Blanco. t\11 3•1188, 3•1186. 

Comments- The genus Decaisnella Fab re was reinstated b)' Barr ( 1979) who re.;ognizcd 

Lwu series o f spt:cic:s un the basis of ascospore shape (Barr 1986). 
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D. meditermnea with fus ifo rm ascosporcs, (12) - 15-( 17} tra nsversal septa and 1· (2) 
longilunal septa, was described by us (Chcca & Blanco 2005). It was found nn Quercus 
fagit~etl in the National Park of Cabaflc ros. and now we add other collections fro m 
Querms ilex ssp. ballot a in the same area. 

Decaisuella m esascium (De Not.) M.l· .. Barr, N. 1\mer. Florti , Scr. 2, 13:80 ( 1990) 

1: 1GUR~ l , .r\- 8 

Ascomatu scatlcrcd or clusrcrcd, crumpcnt to supcrlidal, 0,5-1 mm diam., globose, 
papilla roUJH.k-:d. pcriphysak. 

Asc i clavate. with 8 biseriatc ascosporcs, 185-215 x 35·40 ~.un; pscudoparap hyscs 
t rabeculate, 2 jlffi d iam.; ascosporcsellipsoid, 53-60-(6'1) x 17-22 j.tffi, brown with pallid 
ends, ver ruculose, with 7- 15 t ransver~ septa and 2-3longitud inal septa. 

SPECIMENS EXAMINED- SPt\ IN: Ciudad Real NATIO:\'A I. PARK OFCA nA:\'EROs: 'AR ROm 

BRI':zoso: 21.XL2003, bark of Qu~rrusJagillt'fl , l eg. J.Checa & M.N. Blanco, A li 342124, 
3ti22S. ibid. bark of Qu~rcus pyrtmaica, t\//34235. 'ARROYO ME:>G(;~ooos: 30.I V.2001. 
bark ofQ11ercus )flgiuea, leg. J, Ch'-'Ca & M.N. Blanco. AH 3'1202. 'n CARAt::oL: 8.XI.03. 
bark of Quercus Jagillt'(l , leg. J. Chcca & M.N. Blanco, J\H 34223, 30.1 V.l00<1, J\H 34210, 
34226. 'n LABRADJLL.O', 30.1 ¥.2004, bark of Querc11s i/ex SS!). ballota, leg. ). Checa & 

M.N. Blanco, J\H 3'JJS7 

C:ommcnts- Rarr ( 1990) included n. mesa!'cium in the group havi ng ohlong or ellipsoid 
ascospores with rounded or obtuse ends. 

Allhough th is species has be<:n demonstrated to be ve ry common on bark of Quercus 
spp., this is the first record in Mediterranean area; it seems to be chiefl y Eu ropean as 
Barr ( 1990) sugg(.->Sicd. 

Ostrciclmion nova-cacsaricnsc (Ellis) M.E.Barr, Mycotaxon 3:8•1 ( 1975). 

PIGURE l , C-£ 

Aseomata scattered. superficial, boat-like, 0,8- 1,2 x 0.5-0,7 mm, wit h a longitudinal line 
of dehiscence. 

As(;i clavate, with 8 biseriate asco~pu res. 120- 130 x 30-35 ~m.; pscudoparaph yscs 
trabec ulate, in gel matrix; ascosporesdl ipsoid, 35-40 x 13-15 Jlm. someti mes constricted 
at the primary septum, 7-8-(1 3) t ransversal septa, Y- formed in the end cell s and 1-3 
longit-ud ina l septa , brown, smooth o r finely verruculose. 

SPECIMENS EXAMINED- SP,\I N: \. imlad Rca] NA'I' IOSA I. I>A N.K OI' (:A II A~IEN.Os:'AN. N.Ol'O 

DREzoso: 2J.XJ.2003, ba rk ofQw:rct;sfagi~tea, leg. J. Checa & M.N. Bla nco, AH 34136, 
3:1137. ' IlL CARACO L: 30.V.2003 , bark ofQw:rcusj(lgin.:a, leg. J. Chcca & M.N. [}Janco, 
J\H 32201, 32202. 8.XJ.2003. l ~:g. J. ChL'Ca & M.N. Blanco, AH 311238. 30.1 V.20011, AH 
34203, 342n5, 3•12<14, 3<'1248. 5-XI-2004 , i\H 3<1213. ' I.A(iiJN'A lUi 1 .0~ CUATRO MORROS: 

S.XI.200<1. ba rk ofQrterc:us faginea , leg. J. Checa & M.N. Blanco. AH J tJ2l2. 

Comments- The genus Ostr~iclmion Duby is character i1.ed by the conchate ascomata 
and mu riform ascospores. It was created for two spec ies, 0. europaewu Duby and 0. 
ameriramm• Duby, the fi rst one is a synonym of Hy5terium pulicore Pcrs. ~md th e second 
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I'IGUtt£ 1.· A. B V ealisnellu mesusc;,,n, (AH 3•1223). A.· pst!u<.luthccia. B.-Mature ascus,)urcs. C-E..­
Oslreidminll nm'Vl ·cae..(arit.'tl.q: (t\1-l 3•12 13 ). C.- hystcrot hccia. D.- 1\ scus. E.- Ascosporcs. 

Scale bars. A,C- = 0,5 nun. B, D, £ = 101.1111 . 
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considered to be the same as 0 . $(/$$t1Jm s (Schwcin.) M.E. Barr. /\t present it includes three 
species: 0. curtisii (Duby) M .F..I~arr, 0. twva-caesariense and 0. sassafras (Barr 1975. 
1990). These species have been treated in different genera of the I Iysteriaceae, but the 
morphology of ascomata and ascosporcs justifies their inclusion in the Mytiliuidiaaae. 

0 . trova-cllesariense was regarded as a synonym of 1-lysterogmpf,;,lm.f/exuos/lm (Schwcin.) 
Sacc. (Zogg 1962), however there arc somt: J iiTcrcnccs between th ~;: two g~;:ncra. 'I he 
conchatc ascocarps, proscnchymatous pcridium and trabec ulate pscudoparaphyscs 
characterize 0. nova-caesariense as a member of the Mytilitridiaceae. 

Barr (1 990) indicated the ba rk of l'inm rigida as the substrate for th is species, known 
only from type locality. We add some culled ions from Quercus Juginea that p rovide a 
wider habitat and distr ibution oi it. Probably, th e substrate is not too impor tant to this 
saprotrophic ftmgus (Barr, com. pcrs.) . 

Rose/l inia tassia r1a Ccs. & De Not. , Com m. Soc. crittog. /tal. 1(4): 227 ( 1863) 

FIGURE 2 

Stromata scattered or clustered in groups of two or three from a common base. 
superfic ial, black, 1- 1,5 mm d iam. , 2-2 ,5 mm lo ng, subglobosc. surface warty, with one 
papil lat e pcri lhccium , 800-900 pm dium; cctustro ma bl:11::k, cnlOslm ma wh ite. 

Asd C)'li ndric, 250-280 x 18-20 ~rn with 8 uniscrialc ascusporcs; paraphyses tJ -5 IJnl 

d iam.; as..:osporcs ell ipsoid to ovoid, 30-37-{49) x 12- 15 f!lll. dark brown , germ slit 
nearly spore length , straigh t, without appendages. 

Cultures: Monospor ic cultures were made in PDA, but they produced o nly sterile 
mycd ium not the anamorph stale. 

SPECIMENS EXAMINED- SPAIN: Cim.lad Real NATIOXA L I'A il t> Of CA.RA ~ £ROS : · ,\RROYO 

llllliZOso: 6.X I.20CM, burk of Q11cn:1•.~ ilcx s.~p. hallota, leg. J. Chccu & M. N. Bluncu, AH 
3tJ2 1 1. Guadalajara, R£TIEN"OAS: ~0.1.2003, bark of Quercus ilex ssp. Exzflota, leg. J. Chcca 
& M.N. Blanco. AH 35 129. 12.1 1.2003, AH 35 125,35 126.35127.35128. 

Comments- "!his sped cs C(l mmonly grows em Quercw; spp. , bul until now it was only 
known from Italy (Petrin i 1993). Th is author conside red R. tassimw to be related to 
unipcrilhcciatc Xylaria or Kretxschm aria species and excluded it irom Rose/liuia. 

The anamorph stale is not known and our cultures from ascosporcs in POA and MEA 
only produced sterile rnycd iu rn . 
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Ahstroct Distribution ond host species arc given for two species of Fome.~. one species 
of Fomild/a , fou r species of fYJmiloJ'Jis and fi ve species of CtmCHfama. A county 
d istribut io n map is provided for eight species. :\'urucro us new fu ngus-hos t plant 
associa tions arc repurtetl. Species checkl ist and figures c.1 n also be accessed at: 
ht tp://ww\oJ.cals.ncsu.edu/plantpath/pcople/ facu lty/gra nd lmycotaxon_,l.pdf. 

Kcr words fungus distribution, polnmrcs 

Introduction 

The importance of biodiversity and biogeography of fungi . especially in unique 
ecosystems and specific regions, was previously addressed by Grand & Vc rn.ia (2004ab, 
2005). Studies by jung ( 1987) , Vernia & (;rand (2000) and Gmnd & Vernia (2002, 
2003) reported on the occurrence of host plants of poroid wood decay fu ngi in North 
Carolina. The distribution and host plants in North Carolina of spec ies of Phelli,us and 
Sc!li-zopora (<:nand & Vernia 2004a) , Ceripodo, CeriJmriopsi.~ and PerctmiJmrilJ (Grand 
& Vernia 2004b) and Coltricill. Coltricitdhl and Jrw , otus (Grand & Vernia 2005) were 
previously add ressed. This report is the fourth in a continuing studr of poroid wood­
decay fungi in North Carolina and deals wit h species of Fomes, Fomitellfl, Fomitopsis 
and Gtmmlemw. 

Materia ls and methods 

Poroid wood-decay fungi were intcnsivclycollcctcd in North Carolina over the past eight 
)•ears (1997-200•1). Colledions, housed in the Mycological He rbarium , Department 
of Plant Pathology. North Carolina Stale University (NCSC), and records of the Plant 
Disease and Insec t Clink, Department of Plant Pat hology, NCSU, were util ized in the 
results. l're\'ious studies (Grand et aL 1975, Jung 19~7) that contained data on county 
distribut ions were uSc.!d in developing the distribut ion maps. Similarly. data from the 
BPI websi te (farr et al. n.d.) provided some county data. 

Collections were made of all species of Fomes, Fomitcl/a, Fomitopsis and Grmoderma 
spc~.:ics ununusual hosts, Specimens were placed in paper bags in the field with a sample 
of decayed wood with most collect ions and field notes fo r all collections. Specimens 
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were exa mined in the laboratory and identified us ing existing taxonomic trea tments 
(Gilbertson & Ryvardcn 11)86,jun g 1987, Overh olts 1953). 

Nomenclature and authorities arc from Gilbertson & Ryvardcn (I 986) and Index 
Fungorum (CABI Biosc icnccs ct al.) for the fungi and Kartcsz (19911) for the host plant 
species. 

·n,e majority of collection sites were in stale pa1·ks. gamdands and natu ral areas, 
Nantahala, Pisgah, Croatan and Uwharrie National Fo rests, the Blue Ridge Parkway and 
the Great Smoky Mountains Nationa l Park. A county d istribution map is provided fo r 
all specic.:s that were recorded in three or more counties (Figs. 1- 8). 

Results and discussion 

fomesfomentarius (L.: Fr.) J. Kickx f. (Fig. 2) was found on six host species in 12 western 
count ies. all in the Rlue Ridge Mountains of the Southern Appa lachian Mountain chain . 
Fomesfiw:iutus (Sw.: Fr.) Cooke (F ig. 1). a spec ies wi th a d istribu tion in the sout hern 
United States (Gilbertson & Ryvarden 1986) , was collected for the first time in North 
Caroli na, in th ree count ies in the Coast :'I I Pla.in and southern Piedmont regions. It :lppears 
that J·: fomertlm-ir~s readx.:s its southernm ost Jistribution in the southern nwunlains of 
North Carolina and Tennessee and that f. fascial us reaches its northernm ost d istribution 
in southern North Carolina. 

Fmnilopsis cajtmderi (IJ. Karst.) Kotl. & l'ouzar (fig. 3) wao; found in 15 counties in 
the Blue Ridge Mountains and Piedmont regions and was recorded on five host species. 
Fomitopsis ph1icofa (Sw. : Fr.) P. Karst. (Fig. 4) was found in eight count ies in the Blue 
Ridge Mount:"~ in region ofwcst·ern North Carol ina. 

Fomitella suphm (Sw. : Fr.) Murrill , Fomitupsis durescens (Overh. ex J. Lowe) Gil b. 
& Ryvarden and Fomitop$iS sprnguei (Bcrk. & M.A. Curtis) Gil b. & Rrva rden were not 
collecred frequent!)' enough to determine any distributional patterns. 

l:ive species uf Gcmmlemw were reco rdt:d in th is study. GmuJllerma upplwmlum 
(Pers.) Pat. (Pig. 5) was fo und in 19 counties on 22 host SJXcics. G. applmwtum is 
primari ly distributed in the Blue Ridge Mounta ins of western North Carolina but 
co llc~tions we re made in Lhe eastern Piedmo nt ami northern Coastal Plain regions as 
well Gt~uoderma tsugm: Murrill (Fig. 8). wh ich is pri marily found on "fsug11 Ctmade,Mis 
CarriCrc in North Carolina , was also JOund on Abies Jrnseri (Pursh) Poir. and Pinus 
ptmgc~ts Lamb. TJmga caro liuiana F.ngelm. is most likely :l host t'IS well . De:ld. needle l es.~ 

tree-s of T. w rolini1lrtll arc dillicuh to d ist ingui sh from T. Cll ndtltmsis. Garwderma lsugae 
is distributed in nine counties in the Blue Ridge Mountains in western North Carol ina 
with a single report from a disjunct popuh1tion ofT cmrmle, sis in the Piedmont. 

c;anmlernw lt~cidum (Curtis: Fr.) P. Karst. (seusu lulo) is rn orphnlugica ll y variable 
(Gilbertson & Ryvarden 1986) and considered by most ta.xonomists to be a species 
complex. Wi th the except ion of Gauoderma w rtisii (Bcrk.) Murrill, G. fucidllm was 
considered in the broad species concept in this stud y. G. lucidum (Fig. 7) is widely 
distributed in North Caroli na and was found in 29 cou nties on 29 host spec ies. The 
species concept of G. curtisii in this stl1dy was limited to those basidiocarps with a well­
developed ~tipc , eccentric pilcw:; and typically fo rming from underground mot~ ncar 
stumps. G. curlisii (Fig. 6) is widdy d istributed in North Carolina and was found in II 
count ies on 14 host species. 



Fig. 1. Distribution of f"'me$)Usciatus 
in North Carolina. 

Fig. 3. Dist·ribution of f"'mitof>sis rajmuleri 
in North Ca rolina. 

Fig. S. Oistribution of Gumxlerma t~pplunalum 
in North Caroli na. 

Fig. 7. Dist r ibution ofG. IudLimn 

in North Caroli na. 
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Fig. 2. Distribution of F.jOmelltflrill.< 

in North Carolina. 

Pig. -1 . Distribution of F. pinicolfl 

in North Carolina. 

Fig. 6. Distribu tion of G. currisii 
in Nor th Carolina. 

Fig. 8. Distr ibut ion of G. tsugae 

in Nor1 h Ca rolina. 



231 

Acknowledgements 

1l1e authors thank Drs. Richard Baird <1 nd Laura inc Hawkins fo r suggcslions and comn'K'nts tha t 
im proved the marluscript. Fi na1tcia l support for this proje<:t was prO\•ided , in part, by genero us 
gmnts from the High lam.ls Uiolugical Stonion (Highlands, NC). A spt-cialthanks to '!Om Howard 
and the staff of the Nor1h Carol ina Stme Parks system for J>C rmi~ion to collec t in the !'arks and 

natural areas of North Carolina. Richard Giles provided additional collec tions. Michael J. Munste r 
assisted in the preparatio n of the manuscript 

literature cited 
Farr OF, Rossman AY, JlaJm ME, McCnl)' EB. (n.d .) Funr,al Da tabases, Sys ll.'!rmuic Bmany & 

Mycology Laboratory, ARS, USDA [hltp:l/nt .ars-gr in.gov/fungalda tabascs/ (accessed on 04 
Octolx!r 2003)) 

CAUl Dioscicnces, Ccntraalburcau voor Schimmclcu lturcs, Landcarc Research (custodia ns). (n.d.) 

Index Funt,oorum [hllp://www.indcxfungoruru.o rg(accesscd on 17 January 2006)]. 

Gilbertson RL, Ryvardcn L. 1986. North America n Polyporc.s. Vol. I. i\bortiporus - Umllneria. 
Fungiflora, Oslo. Pp. I 133. 

Grand LF. Menge JA, Uond IJ. 1975. Partial checklist of fungi from High lands, ~ort h Carolina and 
vic inity. J. Elisha MitchcU Sci. Soc. 91:221 229. 

Gro~nd LF. Vernia CS. 2002. New tax<~. and hosts of poroiU WOO(l·d(.-cay lungi in ~orth Carolina. 
Caswnca67:193 200. 

Gr .. ntl LF. Vernia CS. 2003. ~otc\\"Orth)' CoUcctions. North Ca rolina. C:ryptopoms volvai11S (Peck) 

Shear. Castanea 6..~:8.~-89. 

Grand LF. Vernia CS. 20<Ha. Biogoogra]>hyand hostsofporoid wood dCOI)' fu ngi in North Carolina: 
species o f Phc'llinus and Scllizopom. Mrcotaxon 89:181- 184. 

Grnnd I.F. Vcmia CS. 2()().1b. UiogeogrJ phya nd lms tsofporoid wooddeCU)' fungi in North Carolina: 
species ofUripo,;a, Cc'riporiopsJs and Pc'mr11iporia. Mycotaxon 90:307- 310. 

Cr.md I.F. Vcmi a CS. 2005. 1liogeography ancl hosts of poroid wood decay fungi in North Ca rolina: 
species of Coftricia, Coltricidla and /uouol tr$. M}'Cotaxon 91:35- 38. 

Jung l-IS. !9.'l7. Wo()(l· mll inft 1\pltyllnJ'Imrafe.(o f thc sou them 1\ppalachian srrucc· fir fore.~ t. Uihl . 
Mycol. 119: 1- 260. 

Karl'esz JT. 1994. A synonymized checklist of the vascular florc1 of the United States, Ca nada , and 
Greenland. Second Edition. Volume !- C hecklist. Timber Press. Portland , Oregon. 622 pp. 

0 \·erhohs LO. 1953. The Polyporm:C"ne of the linited States, Alaska and Canada. University of 
Michiga n Press. An n Arbor. •166 pp. 

Vernia CS, Grand LE 2000. Polypores of a North Caroli na Piedmont fo rest. Mycotaxon 

7'1' 153- 159. 



MY 
Volume 9tl, pp. 235- 2tJO October- December 2005 

Two new species of Ramaria from southwestern China 

PING Z H A NG 

zJumgpingOOOO@ 16.3. trel 
College of Lijtt Scimce, IItman Normal Un iversity 
C/mngslw '110081, 1-Iuumt Provina, P. R Cllina 

Z u u-LJANG YANG 

frmgi@maiLkib.ac. w 
Ktmmhtg luslillde of Rotauy, Chinese Academy of Science..~ 

Kunming 6502M. Yim natt Pnwinctt, P.R. Glrina 

zwge@ntail.kib.ac.w 
Ktmming Institute of Botany, Chi11ese A cademy ofScieuas 

Krmming 65020-1, Ytmnatr Province, P. R. Clrhw 

Abstract- Two new species of the gcnus l~wnuria coUectcd from southwestern Chi na are 
dcscrilx.'<l and illustrated. They arc Ramaria lttleoaerllgilfea and Rmnaria pallidoli/aci/la. 
The former belongs losubgcnus Ed1inoramaria while the lat lcr tosuhgcnus l_.ncticofnm. 
Discussions on these two species and their affin ities arc furn ished. The holotypes arc 
llcpw; itt.'(l in the Crn)tog.tmic Herbarium of Kumuing Institute of Botany. the Chinese 
Acai.ICm)' of Sciences (HKA.S). 

Key words clavarioid fungi, taxonomy 

Introduction 

Southweste rn China, including Yunnan, Sichuan, Tibet and Guizhou, is rich in ta.xa of 
Ramnria Fr. ex Rn nord . Several new spc<:ics have hccn discovered and reported from 
lhis area previous!)' (Pdcrsen 1987a; Pdcrsen & Zang 1986, 1989, 1990). While studyi ng 
the Ramaria samples collected from the region. the authors have recently found two 
additional new species. 'Ibcy arc reported herein . 

Microscopic examinations were made with bright· field and phase contrast" opti cs. 
Mcasurcmcr\tsof spores were made in 5% KO J-1 solution. 'The abbreviation [ulmlp] simi \ 
mean 11 basidiosporcs measured from m basidiocarps oi p collections. Dimensions ior 
basidiosporcs arc given with notation of the form (fl)b-r(d). The rnngc b-e. contains 
a minimum of 90% of the measured values. Extreme values, i.e. , c' or tl, arc gi\'cn in 
parentheses. Q is used to mean 'length/width ratio' ol a basid iospore in side view; Q 
means average Q of all basidiosporcs ± sample standard deviation. For demonstration 
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of spore orn.-.mcnlation, anj(jnc bh1c (colton blue) st<~i ning was used following the 
me thod described bv Kotlaba & Pouzar (196-1) . <:olorcodcs of the form .. J IB " arc frum 
Kornerup & Wanschcr (1981); Color names with first letter capitali zed (e.g., Cream 
Color) arc from Ridgway ( 19 12). 

Taxonomy 

1. Ram aria luteoaerugit1ea P. Zhang & Zhu L. Yang, sp. nov. Pigs. 1-1 

&1Sitlioma m mmwrr, tuf 7 x 5 o rr, obovatwn at! obcc:micum;stipit~ tuf 3 x 3 em, cra$$0, 

s.i11gulari, ulbo, inttmlum uemgin~tll t, cum mmulis ubortivis, wme albt1, mm· 
gdatinnsa; ramL( cms.(is, lutds; apidbu.( m::.uti.( tuf di~itati.(, aerugineis.; btz5idiis 55 70 x 
7- 9 wrr, davatis, 4- sporigeris; sjKJris (9.5- ) 10.5- 12.5 (- 13.0) x (<1.5- ) 5.0- 6.0 (- 6.5) 
/1"'· ellip.soitlei$ ~td dougato ·htcrymiformibu~ • . cubt-cllinatis. Fibulae pm.:.4:111.:s. 

Ilolot ype: Zhu L. Yang 431 4 (IIKAS •15693), 7. VIII. 2004, Changdu , Tibet , China. 

Etymology: Referr ing to the colors of the yellow branches and more or le.ss green 
apices. 

Basidioma (Fig. I) up to 7 em high , up to 5 em broad, repeated ly branched , usually 
ohova tc to ohconic in otll line. Stipe up to 3 x 3 em, !' ingle or fa lsely fascicula te, smooth 
upward, tapering graduallr downward into a tangle of wh ite mrcclia and slender 
rhizomorphs involvi ng significant amounts of substrata, white (IAI ), unchanging on 
drying, st<lining locally to intense verdigris (25C4-6, Montp cll icr Green, l ight Porcelain 
Gn:enJ when fresh. rema ining so aflcr d ryi ng. with a few aborliw stumps high on stipe; 
flesh white, solid, not gelatinous or slippery. d ried flesh firm but easily penetrated. Major 
branches 4 6, stout , more or less teretc, asce nding, white below, upward concolorous 
wi th upper branches. Hmnclu:s •1- 5 ranks, ascending, po lydmtomous, longitudinally 
rugose; internodes d iminishing gmdually upward. buff-yel low (3t\ 2-6, Straw Yellow. 
Warm Buff I bclow, gradually concolorous with apices; ax.i ls more or less rounded. Apia.s 
I 2 mm long. acu te to ilnger-li ke, dull hh1e-green {2904-7, Dark Oull Yellow-G reen) . 
1i1Sif!. 1md odor, and macrucllcmlicul reuctio, s not recorded. 

Stipe trtmwll•yplwe2- 8 ~m wide, hya line, thin -wal led (wall up toO.SJ.im thick), pandlcl, 
damped; ampulliform damps occasional; gloeoplerous hyphae not observed. Tnmwl 
l•yplwe of upper brmtclres 2- 15 (Jill wide, hyaline, thin-walled, loosely parallel, damped; 
ampulliform damps occasional, up to \0 pm hroad, thin -walled. Hyphae of hasal m<ll 
1.5- 3.0 ~Ill J iam, th in-walled, clampc<l; slellalc crystalline material (f'ig. 1) oiten 
found between hyphae. Subhymenium rudimentary, hypha!. llymenium thickening. 
Basidia (F ig. 2) 55 70 ( 80) x 7 9 pm, clavate, clamped; content s homogeneous when 
)'uung, becoming muh igu llulale when mature, hrali nc or slightly yd lowish. slightly 
cranophilous, 4-spored; sterigmata 4- 6 !Jill long. 

llusiclios{mres (Fig. 3) 1•1012/1) (9.5- ) 10.5- 12.5 (- 13.0) x (•1.5- ) 5.0- 6.0 (- 6.5) ~m IQ 
- ( 1.90- ) 2.00- 2.36 (- 2.40), Q - 2.19 ± 0.14), elongate pip-shaped, with apex mostly 
rounded, somet imes somewhat attenuate, with a disti nct suprah il ar depression, yellow­
ocher under hright field; wall slightly thi ckened (up to 0.5 ~ 1m thick), modcrnl'ely 
cranophilous; apic ulus not conspicuous, eccent ric; ornamcnt' • .lt ion o f numero us, 
scattered, strongly cyanophil ius warts or obtuse spines up to I Jllll long. 
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Figs. 1- 1: Rtmmrill lu teoat.•rugim.'fl (HKAS 45693, holo type). 

I. Ba.sidioma; 2. hymcnium; 3. Bflsidiosporc.s; <1. CI")'SiaJ from basa l mat . 

Habitat: Grcgariou:o; o n humus undc •· Picea. 

Known di stribution: Only known from the type locality. 

Notes: namaria luteoaem ginea is characterized by its stod:y fru itbodies naturally 
sta in ing blue-green both on stipcs and apices in the llcld even without bruising, midd le 
size spores (i.e., larger than those of R. ubieliuu (Pcrs.: Fr.) Qud., but smaller than those 
of R. gnmdis (Peck) Corner), and subspinous spore ornamentation. ll is a member oi 
Ramari11 subgenus Echi11oramaria Corner (Corner I 950; Petersen 1981 ). 

Rtmwria luteotleru~iww is similar to K ecllinovinms Corner et al., R. gltmcoarrmw tica 
R.J-1. Petersen and R. oclllucldom Furrer-Ziogas & Schild. However, R. echinovinm.s, 
described from the Ind ian Himalayas, has orange rd low apices and was co llected under 
Q11ercm. Ramariaglaucoamm atica,originall y described from the Rockies, United States, 
can be separated from R. luteoaerugb~eta on its dull ocher apices and smaller spores 
(Petersen 1981). Ramaria ocllroc!Jfora, from the Alps in Switzerland, is d istingu ished 
from R. !~tteoaeruginea by its greenish yellow apices and smaller spores (Petersen 198 1; 
Schild 197 1). 

These four SJXcies appear to be wry closely related in havi ng stocky fru itbod ies. 
vircsccnt color reactions and spinous or warty spores, and tend ing to occur in h igh 
t:lcvation areas. 

Singh ( 1977) reported a taxon from India. which is quite similar toR. lureo,urugi, l!tJ. 
Branch t:ips o f the specimens were noted as green. He identified the specimens as R. 
ochrocltlom. The identilication was dubious, because R. ()Cilrocillom stained green onl y 
at the base, rather then on tips. 
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2. Ram aria pallidolilacina I~ Zhang & Z. W. Ge. sp. nov. figs. 5-7 

Dmitlioma mmosum, ml 13 x l(J em, ohowrtum ml subgloboswn; MtjJit~ ad 3 x 2 on. 

altemwlo, siu.guiMi, ulbo (1(/ crc:meo. CM/11! ullxl, nuu-gdutitwsu; rumis pullitle lilaciuis, 
.~ fJhru.~:ulmis. vd ntguln5is, apicihus.'l:opifnrmihu$ vel im:vi -di,;:itati.~, wm mmulisamcolnri.~; 

lmsitliis60- 85 x 9- ll !m', clava/is, 4-sporigeris; sporis (10.0- ) 10.5- 13.0 (- llJ.O) x (~1.5-) 
5.0- 6. 0 (- 7.0) 1•m, dlipsoideis, irregulmiter wnucu/():)is. Pibulae tlbSt:ll lt:$. 

llololyJ)C: Z. W. Gc 332 {I IKA S 46 112), II. VIII. 2004 , Lciwuqi. Tibet. China. 

Etymology: Referring to the colo r of th e branches. 

Basirlionra (Fig. 5) up to 13 em high, up to 10 em broad, repeatedly branched, usually 
obo\'alc lo subcircula r in profi le. Slipc up to 3 x 2 ern, s i ngl~ . tapering grddually 
downwa rd, tomcn tose at base. smooth upward, without abort i\•e branches, white Lo 
cream [ IA I, 2A2j, not changing color on bruising; flesh wh it e, solid, not gelatinous or 
slippe r)'· i\llajo r bnmduts 11 - 6. stout, up to I <.:m thkk, asc.:ending, cunculomus Lo bmn<.:hes 
above. Onmclres 4- 5 ran ks, ascend ing. more or less rugulose, polychotomous, pallid Lil ac 
[ 15A2-3; Light Vinaccous-Gray, Pale Light Vinaccous-PurpleJ , slowly becom ing purple­
gray (14/\2; Vinaceous-Gray] with spore deposit ; internodes dimi nishing gradually 
upwards; axil s more or less rounded. Apict!S obtuse. rather crowded, 0.5- 1 mm long. 
molar-li ke whe n young, broom-form or short-digitate by maturity, concolorous wi th 
the branches. 1'twe aud odor, and macrochemical reactious not recorded. 

Trama/ liyplwe of stipe 3- 15 ~tm wide, hyaline. thin-walled, clampless, interwoven; 
ampulliform septa 11nd gloeoplcrous hyph11e not observed. Ji"fm ffll lryplwe of upper 
bnmdws 3- 10 JJm wide, h)'alinc. th in-walled , loosely parallel, clampless; glncoplcrous 
hyphae not observed. Subhymeuium rudimentary. hyphal. /Jym e11ium unthickening. 
Basidia {l:ig. 6) 60- 85 x 9- 11 ~tm , clavate, dampless, cyanophi lous, ~1 -spo red; sterigmata 
6- 8 pm long. 

8a5idiospom (Fig. 7) [60/2/2[ (10.0 ) 10.5 13.0 ( 1'1.0) x (4.5 ) 5.0 6.0 ( 7.0) Jtln [Q 
= (1.62- ) 1.85- 2.'10 (- 2.60), Q = 2.1•1 + 0.20], ellipso id. more ur less tlallened adax ially, 
roughened in profile; wall up to 0.5 [Jill thick. cyanophilous; bilar appendix prominent; 
ornamentation of prominent, discrete, low warts and short ridges randomly placed. 

Habi tat: Solitary on soil in J>icc!a forest. 

Kn own di slribulion: Only known from southwestern China. 

AJdil ioualmalcrial examim.o.J: CH I~A. 'l.ibct. Jiangda Couut )'. ncar ·10 ngpu village. alt. 
3300m, 2.- VI ll -2()()il, Z. W. Cc 260 (HKAS •160<10). 

Notes: Ramtjria pallit/(1 /ilacitw is chardclerized by its pallid lil ac branches and apices. 
rdativd y small. whi te, tapering sti pc. clamplcss basidia and coarsely ornamented spores. 
It belongs to Rtmwria subgenus Lat?t ico/orfl Marr & D. E. Stuntz (Marr & Stuntz 1973; 
Petersen 1987a, 1987b; Petersen & Zang 1989, 1990). 

A group of taxa within Rumaria subgenus Lut!l icolora with lilac. violet or pu rple 
coloration has been described previously {Petersen 1987b). Several species included in 
this group such as R. asiatica (IU-1. Petersen & M. Zang) R.H. Petersen, R. cedretormn 
(Maire) Ma len~on, R fermicu (P. Karst. ) Rieken, R. l1 inmla~usis R.H. l'ctcrscn, K 
pmpuri!sima R.I I. Petersen & Scates, It versatilis Que!., can be easily separated fro m R. 
f'tlll idolilflchm by producing damped basidia. Although It pallida (Schacff.) Rieken(= 



l~igs. 5-7: Rmuoril'lfut flitloliladn,, (I IKAS 46 112, holotypc) . 

5. Basidioma: 6. hymcnium; 7. B;~ sid i o.sporcs. 
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R. ma ir~i Donk) is a clamplcss species with purplish fru itbodics, it s purple t ints exhib it 
only at the apices. f urt hermore, its stipc is more conspicuous than R pallidolilacina 
(J>cl'crscn 1974). Rnmaria spinulosa (Pen;.: Fr.) QuCI., reported fro m Europe and North 
America, with purple tinged fru it body and damplcss basidia. is also similar to R. 
pallidolilacina. But the former differs from the latter by its unique cinnamon tan stipe 
surface and pale beige stipc flesh (Petersen 1985; Schild J 990) . Ramaria sr1bspi,ulosa 
(Coker) Corner has smaller ~po res. and a tinge of lave nder appearing onl y un the upper 
part of fruit body when young (Coker 1923; Corner 1950; Petersen 198ib). Ramaria 
Jwnosiavelftm ea Marr & D. E. Sl110tz, originally described from North America, with 
\'inlet colur componen t and clamplcss hasidia, is <iistinguishcd from R. pallidolilacina 
by its darker ( 15-1803) branches with grayish orange (583) apices and less ornamented 
sporcs(Marr &Stuntz 1973). 
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Abstract Neohercroccras jfagt..-oferii, a rJre codomy~.:ctc with appendage-bearing 
conidia, is reported and illustrated from Turkey on Tili11 ruhra suhsp. cmu:a.<::icu.. II is a 
second loca lity of this fungus. 

Kcr worc:ls- t~ namorphic fungi , morphology 

Introduction 

Fungi of Turkey have not been extensi\'el)' investigated. Most studies research 
macromycctcs. generally agaricoid fungi. Reports on micrOm)'cctcs, including 
anamorphic fungi , were made by Bremer et al. (19•17, 1952) and Petrak (1953). Data 
concern ing lhc anamorph ic fungi were first publishec.l as information un d iscas~s of 
plants (Karel 1958) or ti.1ngal diversity investigatio ns (GObdcz 1967). Anamorphic li.1ngi 
of Turkey have been stud ied extensively, however, during the last ten years (Allan & 
Tamer 1996, Hliscyinov & Sch;uk \999, Br.IUn cl al. 2000, HGscyinuv 2000. Hliscyin & 
Sd 'fuk 2001. Hi:•scyinov ct al. 2002. HOscyin ct a!. 2003. Sdftuk ct al. 2003. Md'nik cl al. 
2004, K1rbag 2004) . 

Material and Methods 

The plant material for th is pape r was gathered from the forest of Rize province (Eastern 
Black Sea Region) in }til)' 1998. 

'I he host plant was ide nt ified accord ing to Da\•is (1967). Spt:cintens of tbe fu ngus 
we re taken to the laboratory and microscopically examined under a Nikon compound 
microscope. Sect ions were hand cu t using a razor blade. The fungus was iden tified 
foll owi ng Nag Kaj (1993). '!he specimen was deposited at (iAi'.J. 

Results 

In this stud)', we clearly demonstrated that the fungus is a species of Neol•eteroceras, viz. 
N. flngcolct ii. The description and illustrati on below is based on the Turkish material. 
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Neol1 eteroceras Jlageoletii Nag Raj. Coclomp::ctous anamo rphs with appendage-bearing 
(;Onillia. p. S39, 1993. 

Conidiomata stromatic, subepidermal, innate-erumpcnt, broad conical in sectional 
view, 220-500 ~un in d iam in {be base, uni- or bilocular, dark brown (Fig. I A) . 
Co nic.l iophorcs cylindrical, simple, sparse!)• ~cpl a tc at the base, colourless. Paraphyses 
unbranched, fi liform. septate, colourless. 50-65 x 2.5-3 fllll. Conidia oblong to fusifo rm 
or stcnoclavatc. bearing appendages, 7- septate, faintly constr icted at the septa, 45-58 x 
7.5- 10 J-Im including the ap ical and basa l appendages; basal cell nbconic with a l runcnlc 
base. colourless. cellular appendage, 5-10 Jllll long; median cells dirty- brown to amber­
brown 35- 40 (-45) ~m long, wa ll thick, smooth or slightly vcrrucu losc; ap ical cdl conic, 
colourless, dmwn out at the apex into an unbranched, attenuated, tubu lar appendage, 
10- 20 ~m long; 1- 2 sometimes 3 lalcnal appendages arising from the second, th ird and 
sixth median cells from the top. cell ular. unbranched, colourless. sinuatc.. 7.5-22.5 x 
2.5-3 ftm (Fig. I B). 

Spec:imen examfned- TU RKF.Y, Rizc Prov., Ardeshcn district, ncar the Nursery of 

General Forest Manager. on dead branches ofTili11 rubm DC. subsp. cmtcasicn (Rupr.) V. 
Engler { 'li/iaua~) .11"2 l ' I ,I "N , 41''13'50" E.670 m. 30·VIl· l998. Co. HUSEY IN E {E H 
128 1) atxl SF.I.CUK F (FS0206). 

Discussion 

'I he morphological characters nf Neohetcrocems Jlaxeolelii of Turkish sample show 
some di st inctions fro m the original collection. According to Nag Raj (1993) the fu ngus 
has conidia 48-60 x 7-1 1 Jlffi, basa l cell ular appendage 3-8 Jlffi long, apical ceLl ular 
appendage 14- 22 1J m long and conid ia with 2- 3 latera l appendages, 12- 30 x 2- 3Jim. 
The fungus is terrestrial saprotroph. wh ich requires a high level humidity and inhabits 
the bark of dead branches 0.5· I em dia m. 

Saccardo (19 15) li rst described th is fungus on Tilia europaea from France, as 
1-/eterucerw;.f/ugtwletii. How~\·cr, t b~ monulypic genus Heterocervs Sacc. is an illegililllOtle 
later homonym, and consequently the spec ies name is invalid. When Nag Raj (J993) 
re-examined the holotypc, he publ ished Neol1etemceras as a nom. nov. for the genus 
and N. JUrgL•oletii as a nom. nov. fo r the species. Until now there has been no additional 
info rmation about this fungus. We thin k that our repor t from Turkey is the second 

regist ration of this fungus in the wo rld. 
The teleomorph of this species is unknown. 
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B 

Fig. I. Ncolwteroceras jklgCtJictii: A. -verti cal section of a conid ioma . & ale bar=SO ~m; It-natural 

conidia. Sca lcba r- 15 ~m. 
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Abstract-Uwia cMamidosporijorma11s found associa t~d wi th the weed Eupl10rbw 
lw111wphyllt~ (wild poinsett ia) was collected in Urazil and is newly described and 
illuslraled. lt di ffers from the ot her species in the genus hy having longer ascosporcsl hat 
arc surrounded by a mucilagino us sheath and asci th at have a di ffere nt shape (obo\'oid 

to obp)Tiform). It produces abundant chlamydospores when grown in liq uid media. hs 
pathogenicity lo wild poinsettia was demonstra lell. 

Kc}' \\'Ords-Pieo~poraft1tll!, Euplwrbiat~l41!, Ascomyroh4 

Introduction 

During isolations of fungal pathogens of weeds occurring in Brnzil, cultures of a fungus 
showi ng typkal features of members of Lewia (Simmons 1986a) wen: obtained from 
leaf spots o n wild poinsettia (Euphorbia fl eterophyllil L). Altemaria·likc con idia were 
also produced. Members of A ftemaria arc known to be anamorphs of Lewia, helpi ng 
to confirm that the fungus new!)' collected belonged to J.ewia. '!his paper describes the 
td eomorph ic stage of th is fungus. 

Although there arc 50 known spec ies of Altenwria, accordi ng to Kirk ct al. (200 1). 
only 5 spec ies of l.i!wia have been described. Nevertheless, the tota l number or species 
present! )' included in this genus is 7 namely: L. interceplu, L. itlfectoriu, L. plwtistica, L. 
avenicola, L. ethudia, L. sauropi, L. scroplr tt fariae (Simmons 1986a,b; Zhang & David. 
1996; Simmons 2002; Kwasna & Kosiak 2003). Barreto & Evans ( 1998) provided a 
complete li st of t he fungal p<~thogens known in associatio n with wild poinl'Cllia bu t the 
list docs not include anr species of Lewia or Pleospora (the genera from which Lewia 
was segregated). There arc also no recent reports of species in these gcncrn associated 
wi th thi s host. A compari snn nf the fungus tm wild poi nsettia with the oLher species in 
the genus Jed to the conclusion that th is represents a new species, which is desc ribed 
below. 

Material and Methods 

Cultures we re obtained on VBA medium (vegetable broth -agar), a ge neral-purpose 
medium (Pe reira ct al. 2003). Scmi·permancnt sl ides were prepared and mounted 
in lac tophcnol. Observations, measurements and photographs were made using an 
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Olympus BX 50 light microscope, fi tted with a ca mera. Dry cuhurcs of the fungus were 
prepared by foll owing the mdhudolugy described by Rossman & Simmons ( 1999) 
and representative specimens of the fungus were deposited in the herbarium at the 
Univcrsidadc Federal ck Vi~osa (1-lcrbarium VIC) . 

When grown in a liquid medium Je nk ins-Prior (t:a rgucs cl at . 200 1) under agitation 
at ISO rpm wit h a temperature of25 ± 2 °C, the fungus formed abundant ch lamydospores 
sta rting after 3 days of cultivation. 

Confirmation of the pathogenicity of the isolate was made by uli lizi ng a 
d tlamydo.sporc suspension. produced as described abovc, as inoculum. Inocu lation of 
E. heteroplly//a plants was performed as follows: the concentration of t he suspension was 
adjusted to I x 101 chlamydospores/ml wit h the help of a hemocyt-ometer. Tests plams 
were brush· inoc ulated with the sm>pension on both sides uf all leavesufthe plants. After 
the inoculation, the plants were maintained in a dew chamber at 25 oc for ~I S hours and 
later transferred to a greenhouse where they we re observed daily for the appearance of 
symptoms. Plant s brushed with steri le wat~::r served as controls. 'I he experiment was 
acco mplished with three replicates. each replicate consisting of a pot containing a 20-
day old plant. 

Taxonomic Description 

Lewia chlamidosporiformans 13.S. Vieira & R. W. Barreto. sp. nov. fiGS 1·3 

Ah Lev.•ia pho1is1ica Simmons; /11 VBA asc.omma 145 -190.\· 115- I60fml, a..;;ci oJxwoidci vel 
obpiriformci, 80-120 ::t" 37-'MJml, nsrost-.ora~ 25-37 x 10- 12, cum llmica m11cmn invofutal!, 
tlijfen::u.~ .. 

Etymology: reference to the abundant forrnation of ch..lamydospores in liquid culture. 

llolo t yJ~C: on Euphorbia lu:t.:rophylla , Brazil , Minas Gerais, Vic;osa, January 2005, B.S. 
Vieira (V IC·28732 ). 

Colonies on VBA (amended with 20 glucose gil .) 50 mm diam. after7 days at 25°Cu nder 
a 12 hours photoperiod, cottony. gre)'• with some whitish areas. dark green reve rse, wit h 
diurnal zonation with asco mata formation and sporulation. Ascomata pscudothccial, 
globose, dark brown, often immersed in the culture medium, 145- 190 x 115-160 ~~m . 

Asci obuvoid to nbp)•riform, lhin·wallcd , bit unicatc, 80· 120 x 37-'H j.lnl , 8 spored. 
Ascospores inord inate fusifo rm. often rounded at the apex and subacute at the base, 
usually constricted at the subapical transversa l septum, 25-37 x 10·12 ~tm , subhyaJjne to 
vcr}' light hrown, smoot h, mature ascosporcs usually with 2 to 5 transverse septa and I 
or 2 long itudinal sep ta , su rrounded by a d ist inct mucilaginous sheath. Cll lamydospores 
formed abunda nt ly in liquid culture media, in hyphae, intercalary, mostly in chains , J. 
celled, subspherical, subcyl.indrical or irregular, 7 • 17 ~tm diam, thick wa lled, smooth, 
subhyaline to very light brown. Anammph: a typical Altenwriu. 

Comments - Ascomata of L. dlftlmidosporiformarts were produced ;,1 vitro, in 
synthetic media, namely: Kondryaticv medium and Goral medi um (Fargucs et al. 
200 1), submerged in those med ia, either singly or clustered. 1 .. cl!lamidosporifimllat~s 
resembles L. twenicvh1 in this respect as described by Kwasna & Kusiak 2003 forascomala 
produced on SNA slants. L. sallropi is also known to produce ascomata in cul ture (Zhang 
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Fiss. 1-3. Lewiu cillumidu~porifumuw~. l:ig. I. Ascus with asc:OSJ)orcs. Hg. 2. Mature ascOSJX>fCS 
(note the muci laginous shea th surrounding the ascospores). Fig.3. Chain or chlamyd uspurcs with 
some undergoing germinat ion. Bars = 24 ~Ull (Fig. 1);32 )1111 (Fig. 2); 3 1!-llll (Fig. 3) 

& David. 1996). The other Lt:wia usually produce ascomata only on tissues of infected 
plants (Whitehead & Dickson 1952; Simmons 1986a,b). Sporadically, the formation 
of tclcomorphs in vitro was observed by Bilgrami (1974) in L. infectorin (Pieo$pora 
iufecloriu) ancl Simmons ( 1986b) in L. plwtistica. Although Aflt:1"1JUria species and their 
tdcomorpbs may produce d umps of thick walled cells. they do not usually produce 
typical chlamydosporcs such as those of L. chlamirlosporiformans (Ellis 19i I; Ellis 19i6). 
L (IWmicoltJ is known to produce chlamydosporesa rranged in cha ins or dusters on PDA 
and SNA (Kwasna & Kosiak 2003). L. chlamidosfwriforrwms resembles L. ethzedia and L 
scropl~ttlarine in ascomatal size ( 150-200 !J.m), but d iffers irom the other species in th is 
respect (Kwasna & Kosiak '2003). The sole species of t ewia known to allack a member of 
the EufJIIOrbiaceae (namdy Sa uropus arulrogyrms Mcrr.) is L . . wuropi. This species differs 
from L chlmnidosponformfms in the followin g features: asci in L sauropi have a diffe rent 
shape (obovo id, pyriform or cll.ipsoida l) , asci arc wider (47-57 ~tm) and no ment ion of 
chlamydospore formation was made in the original descript ion (Zhang & DaviJ, 1996). 



Th ree features arc particularly useful for separating L. chlamiflosporiformmts from all 
othe r species in thi s genus, being unique f<) r the new species: the ascus shape which 
is obovoidal to obpyriform (subcyli nd rical to subelli psoida l in all other species); the 
length oithc ascospores is la rger than described fo r other known species (25 -37 ~·m tOr 
L chlamidosporiformmL<: as compared to the the ma xi mum length known fur this genus 
until now L. samopi - with a length o f 29.5-35 )lnl); the presence oi a mucilaginous 
sheath surround ing the ascosporcs (unknown ior other members of Lewia). 

Inoculatio n of 1 .. clllamidospc>rifornrans cau~d severe yel lowing of leaves foll owed by 
a general necrosis and defoli ation that fi nally led to plant death after 5 days of inoculation. 
Some diseased lea\·cs were main tained in a dew chamber under a temperature of 25 <>C 
fo r 24 hours and after th is period abundant fo rmation of conidia was observed. 
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Abstract \<\'c!dtldlomyce.~ turcicus is tlcscribcd as lll"W f ron1 thc thallus of a1 1 Ullidcnti licd 
y,rcy placodioid Acarospo ra in Turkey ; it d iftCrs from ot he r species of the genus in the 

asci being 2·spored when mature. 

Kcr h'ords- Ascomrcctcs, ccpha\othccoid cxc iplc, Hch"nicolous fungi, Dammpiac~at' 

Introduction 

'I he genus Wcddellmnyce.o; comprises II species occurring un saxicolous lichens. 'I he 
species have been treated by Calatayud & Navarro-RosinCs ( 1998) and Navarro-RosinCs 
& Roux (1995). The pcrithccial wall in this genus is composed of ccphalothccoid plates, 
but J\ lstrup & 1-lawk..c;worth ( 1990) also included one species without such plates. l\ 

recen t collection from Turkey differs signiiicantly from previously described taxa, and is 
described here as a new species. 

Methods 

Sec tions were prepared by hand, and examined in Congo Red (I% solu tion in water, 
mixed I: I wit h 10% KOH ). I (J.ugol's Iodine: I 0.5 g. Kl 1.3 g. water 100 ml), and Brilli ant 
Crcsyl Blue in water. The pigment of the asco mata l wall was investigated following the 
methods of Meyer & Printzen (2000). 

The species 

Weddel/or,yccs lurcicus 1-lnlici & Orange sp. nov. Figs. 1- 2 

Frmxus lidrcnicola. J\scomata xloho5il, 390 •19tl Jrm diam., nigra. E.-.:dpullnn supcrum 
t~\' segm.:nris ceplralorfuxoidcis constmc.rum. I-/arnallrc:rium ex lryJ,flis rnmosis, 

mrti$IOmoS~mtibu$ .:1 septal IS compo$1lum. Asct maiiJri 2 -spori. Ascospome bnmm:ae, 3 -

septalllC, 50 61( 69) x (16.5 ) 18.5 21.5( 22)11711, verruCIIIosae. 
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Typus: 1\~rkcy, Kayscri , Aladaglar Milli Parki. !-Iacer Ormanlari, 37°17'N, 35° !8'E, ah. 
1648 m. on tha ll us of AcArospom sp. on ex posed limestone rocks, 20 November 2004, 
M.G. IIa lici 0.'20 18 (:\"MW C.2005.0 13. 1- holotypus). 

l.khcnicoluus, on dead and decolou rizcd areas of the hust lhall us. Ascomata pc rithcdoid, 
immersed in host thallus. crumpent. the apex visible through an irregularly shaped split 
in the host cor tex, later the upper half of the pcrilhccium exposed by the break up of the 
dead host tissue; ascomata globose, 390-490 J.Lm diam., black, mall, slightly roughened, 
wit hout setae, apex opening by a minute irregularly shaped depression , often with a 
few irregular radiating cracks. Exciple in surface view of po lygonal ccphalothccoid 
plates 30- JOS x 30- 50 Jllll , comprising dark-pigmcntc: <.l areas separated by pale areas. 
plates becoming indistinct in the lower part of exciple; in vertical section exdple 
24-40 f.l lll wide at sides and base, 40-60 JJm thick ncar apex; cells slightly tangentially 
compressed, mostly 5.5-1 6.5 x 4- 15 ~1m, the walls 1-2.5 ~1m th ick, outermost layers 
n r cells dark-p igme nted excep t :11 the junc tions nf the plates, pig me nt within cell wa ll, 
une ven!)' distributed in inner ccJJ s of the pigmented layer. obscuring cel l outli nes in 
outer cel ls; p igment dark (slightl y redd ish) brown in water, K + dark greyish brown. HCI 
+ reddish brown; after t reatment with N, the colour in K is similar to the colom in water 
(Atra-brown). Subhrmenium c. 20 ••m thick. 1-famathccium of rich ly branched and 
an:1stnmusing interascu l fi lament s 2-3.5 ~1m wide, wi th freq uen t septa. Asci ql ind ric;ll, 
110- 160 x 23- 27 f.1Jil , ini tial! )' up to 8-spored, but 2-sporcd at matu rity, wall grad ually 
th ickened towards apex. I -, ocular chamber present. Ascospores (2-)3-septatc. 50-
55.6-61(-69) x (16.5-) 18.5- 19.9-21.5(-22) ~m, length/breadth rat io (2.3-)2.6-2.8-
3.0(-3.2) In= 33 j; brown, terminal cell s concolorous or very slightly paler than central 
cells; surface verrucu lose. peri spore n o~ detected in mature spores, torus inconspicuous 
at all stages; wall o f semi-mature to mature spores I + dilute blue (par tly masked by 
brown pigment). 

Discussio n 

The species of Weddellomyces arc d isti ngu ished main ly by features of the ascosporcs, 
includ ing size, shape, septal inn , and surface ornamental inn; and h)' the ide ntity nf the 
host. Weddellomyct!s turciws d iffers fro m aU other members of the genus in the asci 2-
sporcd at maturity, although the asci initiallr have 6-7 ascospores visible, and it is likely 
that 8 arc prese nt. It is also the first spec ies in the ge nus to be reco rded from Acarospom. 
It is known only fro m the type collection. \V. turcicu$ is likely to be pathogenic, as it 
occurs on two small, bleached areas of host thallus, hut fur ther collections are neces.sary 

to con fi rm th js. 'I he curre ntly un ident ified host has a grey, placodioid thallus which is 
K T yeUow, C -. 
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Fig. I - \'\'edtlelfomyces 111rd cus (Holotypc). line drawings. <1. section of part of upper exciple, 
showing parts of four cerha lothccoid plates. b. ascospores (outlines). c. ascospore. showi ng surface 
o rnament Bar "' 50 tnn. 
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Fig. 2 - W~ltkllomyces turdcm (l-lo iOI)'Pe). Asci in water: thret' immaiUre and one (far right ) 
mature. Bar - 50 .. m. 



MY 
Volume 9tl, pp. 253- 263 October- December 2005 

Cordyceps spegazzinii sp. nov., a new species of the 
C. militaris group 

M 6 NI CA $ . TORRES\ }AMES E WHI TE, }R. 1 8: JOSEPH F. BISCHOFF: 

jwltitf!@aesop.rutger.~.edtt 
1 Department (If Plant Riolngy (Jnd Patlwlogy, Rutgers Um"versity 

New !Jnmswit:k, N~:w }~::rsey 08901 

JNnt imwl Cen ter for Biotechnology Information, National Institutes of 1-leallh 
Hetlu!sdtl, Marylmul 20894 

Abstract- The proposed new species, O.mlycep:. SJ'cgtl:t::.mii sp nov., was collected on 
Barro Colorddo Island, Panama. h is characterized by si n1plc strunmta with cylindrical to 
clavate heads, pcrit hccia superficial to par1ially immersed, ascMporc<> not fragment ing 
into part-spores and a £vlacl10vnea sp. anamorphic state. We compared C spega::iuii 
to similar species in the C rnilitMis group. We dc tcnnincd that C. spegt•z:riuii bclongs 
tu the C. militari.~ group, based o n examination or murphological rcatu rcs and culturu l 
charactcr islics, con1bined wilh phylogenel ic a nal)'S(>S us i11g LSU rD:\'A sequ('llCCS. 

Kc)' wor<ls- Ciavir.ipitafe.c, laxonomy 

Introduction 

Members of the family Clavicipitflct:tlt! (Hypocrt:!ales) display a wide range oflife strategies 
ranging from insect endoparasitcs to pathogens of grasses and endophytcs (Spatafora ct 

at 1993). The cntomogeneous fungal genus Cortlyceps (Fr.) includes app roximatdr 450 
descr ibed species (Sung 2004, Stensrud c1 aL 2005} th a t arc known to be endoparasitcs of 
severa l orders of arthropods and parasit ic on hart's tnaf!les (Elllpfwmyccsspp.) (Kobayasi 
1982. Mains 1957) while other species live on the scleroti a of plant pathogenjc Clavict!ps 
species. In addition, a tCw species arc known to utilize seeds of bighcr plants (fukatsu 
& Nikoh 2003). 

The genus Cordyceps has also rece ived sign ilicanl attent ion due to the importance 
of some species in the product ion of bioactive compounds. The species C. :;incusis 
(Berk.) Sacc. and C. sobalifera (Hill) lkrk. & Broome have lx-en used in traditional 
Chinese medicine (Liu el al. 2002) and C. kyusyuensis Kawam. has n .. 'Cent ly received 
attention due to production of bioaclive compounds with anti -tumor activity (Sun et 
al. 2003). Other species, like C. brongniarlii Sbimazu and C. bassimm Z.Z. Li et al. have 
been connected wit h their anamorphic stages, Reauveria lmmgniartii (Sacc.) Petch and 
Hem1veria bassifmll (Bals.-Criv.) Vuil l., rcspt.'Cti vcly, both with poten tia l fnr biocontrol nf 
insec ts (Shimazu et al . 1988, Li ct al. 200 1, Rehncrct al. 2005). 
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There ha\"C been several attempts to better characteri ze the genus (Koh<~yasi 1982). 
Four !'uhgcnera h;we been proposed based on morphologica l characters: snhgencra 
Oplliucunlyceps. Euconlycttps, Neucurdyceps (Kobayasi 1982) and JJoL,corclyceps 
(Erikkson 1986}. However, identifica ti on and classification o f Cordyceps species based 
exclusively on morphological and cultural data is a difficu lt task due to the large number 
of species that compose the genus. possible synonymies, presence of severa l anamorphs 
and in:~bi li ty to locate type specimens (Sung 2004, Sung & Spatafora 200tl, Stensrud cl 

al. 2005) . Increasingly. phylogcnelk studie;:s haw employed SCtjUCncc data to sbcd light 
on the phylogenetic relat ionships and species del imitation in the genus Cordyceps (S ung 
et" a!. 200 1: Nikoh & Fukatsu 2000, Sung ct al. 2004, Stensrud et al. 2005) . Sung et al. 
(2001) cmplorcd nuclear rDN1\ sequences (SSU and lSU) in the revision of Verticilliwn 

sect Proslrata. The)' determ ined that Cordycc{'~ was not monophyletic and recognized 
twu distinct clades, C. mi!iturisscnsu strictu and C. opllioglomJides dade. Stensrud cL al. 
(2005) using ITS rONA sequences of72 d av icipitalean taxa also found Cordyceps to not 
be monophyletic and recognized four separate Cordyceps cvolutionarr lineages. 

In 2003 a specimen nf C:onlyc.:{J.'i was cullcctcd Ill\ Barro Cuh1radn Island, Panama. 
Morphological examination and phylogenetic placement of our material revealed that 
its fea tures arc not consistent with previous!)' described Corclyceps species, and a new 
species is proposed. 

Materials and Methods 

l:icld co ll ection: J. E Bischoff and J.F. White in August 2003 made the collection 
un Barro Colorado Island, Panama. "I he material was assucialed with insecl cggs on 
partiaUy rolled leaves of an unknown dicotyledonous tree. ·n1e eggs were identified as 
belonging to Order Diptera br Karl Kjcr(Department ofEcolog)' and Evolution, Rutgers 
Uni\"ersity) . The materi al was brought to the field station and isolated on Porato Dextrose 
Agar ( J>DA; Difco, Inc.) with an t·ihiotics (gentamici n 40 mg/1., streptomyci n ~10 mgll.; 
pt: nicillin 20 mg/1.). Stromata wcrc kept in 90% alcuhul. Spccimcns of Lhc co llcctiuns 
were submitted to the Rutgers University Pla nt Pathology Herbarium (RUTPP). 

Morplto logical observations: Microscopic examinations o i anamorphic charac ters 
we re made irom cultures maintained on PDA. and potato carrot ·agar (PCA), at room 
temperature (23. C) fo r 10 days. Slide preparations were mounted in lactic acid-cotton 
blue or water. Twenty measurements were made for each morphologica l fea tu re. 

"1{1 obse rve the structure of perithecia, specimens were fi xed in 95% ethanol, 
dehydrated in 100% ethanol and infiltrated with LR White• ac r)•lic embedding medium 
for 24 hours. Specimens ,,·ere oriented in capsules containi ng embedding medium and 
cured in an oven (60"C) for 2:~1 hours. Sections approximatdr 1 iJlll thick were made 
using glass knives and stai ned in aniline blue (0. 1% aqueous) followed by toluidine blue 
(0. 1% aqueous}. Photographs were made using a Nikon Coni pix d igital camera. 

Cul lur.d studies: Growth was measured on several media: PDA, PCA. mall-extract aga r 
(MEA), Czapek cellulose agar (CCA) and corn meal dextrose peptone (CMOP). All 
media were inoculated using 7mm plugs cut from margins of colon ies growing on PDA 
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plates. Plates were maintained at 23°C in da rk and measured after 5 days. Representative 
cu iiUres were sent to the ATCC in Manassas, Virginia (MYA-368•1) and USDA-ARS 
Cullcdion of Entompalhogcnic Fungal Cultures (ARSEF) (ARSEF 7850). 

Scqucm:c data : DNA extraction was ..:arricd on from fresh pcrithccia tahn in the field 
and from fresh mycelium growing on PDA media ove rlaid with cdlulosc acetate sheets. 
Genomic DNA was extracted usi ng the DNcasf Planl Mini Kit (Qiagcn}. Internal 
t ranscribed spacer (ITS) regions l and 2, S.Ss, and the 5' end of tbc large subunit 
I.SU rD NA were amplifi ed from 4 111. of genomic DN1\ using primers ITSS and ITS•I 

{SuUi\·an d a\. 2000) in a 50 ~L rcac liu n . PCR reactio ns. scqut:ncing reactions lu amplify 
the ITS and LSU regions, and reaction analyses were pe1fonncd as described by Sull ivan 
et al. (2000). The rONA LSU and ITSI-5.8s-ITS2 regions were subm itted to GcnBank 
(accession number DQ 196435). 

Phylogenetic analysis: Sequenchcr (Genecodcs, Ann Arbor, MJ) was used to anal yze. 
ed il and construct consensus sequence from seq 11 ence pro ducts. Forty LSU SCCJUCnces to 

represent CimlycefJS spedc:s ami others reprc:scntativc:s or Clavicipilaceae we re sclcck cl. 
GenBank accession numbers are listed in Table I. Members of t he family 1-lypocnmceae 
we re used as out group taxa based on the work of Spatafora et al. ( 1993) and Ni koh et al. 
(2000). Sequences \\'ere allgned by hand using the secondary structure of Sacc/l(lromyce_( 
cerel•isiae (U53879} from the comparative RNA Web site (CRW) database (Cannone 
et al 2002). ·I he matrix was an notollc:d as described by Kjc: r (1995). Sc:quencc:s wc: rc 
analyzed using the program PAUP v4 .0 (Swofford 2002) by maximum likelihood and 
Bayesian analysis. ModdTest v.3.06 (Posada & Cranda ll 1998) was used to selec t the 
best fitting model of sequence evolution determjned by Akaike information criterion 
(Akaike 19711). The model selected was GTR wit h p roportion of invariahle sites (I) 
and gamma distribu tion (G). ·lhc pammelcrs include ba-"e frequendes A=0.280•\, 
C- 0.2<1'13 . G- 0.373, T- 0.1680; ralc matrix I A-CJ-0.4817,jA-G [~ I.4368, [A-T[- 1.02 1, 
[C-G]- 1.0609, IC-T[-7.1863; IG-T]- 1; 1- 0.6 130 and G- 0.5932 and this model was 
incorporated into PAUPv.4.0. The most likely tree (-In 3703.84•17) is shown in Fig. 11. 
Bayesian infe rence was used to esti mate hranch support (posterior probahi lily) under 
likelihood using Mr Ba)'C.>S 3.0 (Huel scnbeck 2000) (fig. II). Bayesian analysis was 
run three times with four m cmc (Markov Chain Monte Carlo) chains for 1.000,000 
ge nerations, sampling every 100 generations. The 30,000 t rees resulting from the three 
runs were pooled and 28,500 were imported into PAUP to constmct a major ity rule 
consensus tree after discardi ng the t~ sympt ot ic trees (burn in). 

five complete ITS sequences were selected based on being included in C. militaris 
clade or morphological sim ilarit ies. GcnDank accession numbers arc listed in Table 
I. Scqllencc..<> were aligned using ClustaiX Clhompson et al. 199i) and their similarity 
comp-.t rcd (Table 2). 
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Table l . Taxa used in LSU and ITS analyses 

Taxa LSU ITS 

Alkinsvm:llr~ l1ypuxy!ulf U57U87 

&lamia l11:tmingsiana U57678 

Bnlansia stmngr~ltms U57679 

Reau\·eria bmngniartii AB0273S I 

ClnvicepsfusijOrmis U l7•102 

ClrwicttJIS Jn~puli U•I7M26 

Claviups purpurea US7085 

Cordyups capitata U57086 

C.nrdyceps cardinali.< 1 AY 184965 

O;rdyaps cardilfalis 2 AY \81961 

Umlyccps gmmii AF339522 i\)536552 

Cordyceps ineh'Ot! IISis AD027368 

Cordyc.-ps japonicil A£027367 

C.nrdyccps kan=a.<lriatln AB02737 1 

Cordyaps kyusyrtensis AY465959 AY78 166 1 

Umlycepsmililllris AIJ027379 i\)786573 

Wrclyc.c:p~ upllioglu.'iSOide$ U•\7827 

Cordyc.eps prolifrc.a AB027370 

C.nrdyup.< pm innsa AB044635 

C.ordyceps pseudomilitaris AF327376 A)786589 

O.ml)'Q!ps mmowpulvinata All027372 

Qmlyceps :•it~t:n~is All067737 

Corrlyceps .(pega::ziuii DQ \96135 DQ \96435 

C.nrdyt:efl.< .utme....<iUs AF373285 

C.nrdyceps takaomnntmm AB044637 AB014637 

CordyQ:ps lllbt:rculau' AI'32738<1 

D11ssidh1 tub.:rijimnis U57U83 

EpicMot amarilhws US7680 

Epidrlot IYJ'Iritr fl U 17396 

Hypocr.:a l11 t.:a AB027384 

Hypocnw scltwd11ilzii U•l7833 

Hypumyo:s Mmeniucus AI' I6U293 

llypcmyo:s ortl10spoms AF I60241 

Ltcanicillium lecanii I U 17•11•1 

l,ernnici/Jirrmlcr.anii2 U 17•121 

Nwtyplwtlium a.u:noplliulum AI' I602'1 1 

Patcilurnyc.:e.~fi~ rir rusriS UQ067297 

Pa.:cilomyc.:es t.:mti['<S AD027380 

Tolypodatlirmr cylim/r0$pcrrmr AF2•1530 1 

Tolypnc/mliurn injllltum AB I0338 1 
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Taxonomic Description 

Cordyceps spegazzinii M.S. 'IOrrt:s, j.E White & J.F. Bischoff :op. nov. 
fiGURES 1-1,5- 10 

Stromata .solitaria, .simplicia in ovis insectomm (Diptem), 7-9 mm alt ru. Stipes temtis, 
glabrv. Zon<!. fi!r tilis termimdi.~. cylimlriua wf dtwultt (Jx2-3 mm). l'e:rit lu~dt~ tlgrc:galtl, 

faxe immcr.<a, 400 460 x 200 260 W" nvMa vel oJxlnvma. A.<ci cyfindmcci, 200 250 ,\' 2.5 
3 t tm, l•yalilli. A K.osporae ltyalinie,frliformeJ, jlt>.A·uowe, multi$epffl tae, 100-250 x 0.5-1 
}tnt, ;,, u.<.ci:. mumJIIWn i11divitltwle:::. i 11 Jmrl~ :.aeclt:nles. Stu/us utumwrphictl:. in cuftura 
PI)A, c~feriter cresft: t l..~ mycdiu wtriu gvssypino.llyjll1is wgelativis rrmwsis, k pUltis, a/his, 
1-2 wn Inti.\ r.:va50 cremea C.dlufae cnnillingenac ttumaplrialidicac, f1yalitu~t:, fevt:S, 7- 15 

/1"'• ad s.:ptum 1-2. Conidia l1yal;na, Mrtptala, It: via, dl;psoidea, •1·5 ."1: 2 Jllll, catc'/111 /ata 
Elymulugy: ll1ii- .>pc-cit:.:. is tlc4mal c4jit:r tit< myt·olugist uml 1wtumlist Cm lus L ~jl<gcl..-zini. 

Hulutype: l3arro Colorado Island (l3CI), Panama: insect eggs (Diptera} on leaves 
or unknown i.licotyk·donuus plant: August 2003; J.F. Bisc.:hofr & J. E White; Rutgers 
Mycologkal Herbarium (Rl.iTP il) . 

Stromata solitary. simple, associated to dipteran eggs, measuring 7-9 mm from base to 
t-ip, consisting of white, slender smooth stipe and yellowish, cylindrical to clavate head 
{measuring I x 3-'1 mm) (Fig I and 5). l'crilh!!eia crowded, 100-160 x 200-2,10 j.trn. 
ovate to obclavatc, superficial to part iall)' immersed. with perithecial necks protrud ing; 
asci 200-250 x 2.5-3 ~1m (Pig. 6 and 7) , cylindrical with a refractive ap ical cap (Fig. 3), 
containing S ascospon:s. Ascospures fi lifo rm. running in parallel. hyaline, irregularly 
multi septatc. 100-250 x 0.5-1 ~m not fragmenting into partspores. 

Colonies on PDA fas t growing {20 mm in 5 dars at 25 ' C; 1'1 mm in MEA, 15 mm in 
PCA. 18 mm in CMDP and 13 mm CCA), smooth surface, white, cottony, dense, with 
ab undant !ipnrulatinn; reverse cream lo yellowish and smnoth . /~vladwvaeo Bnrisov & 
Tarasov (13orisov &Tarasov 1999) anamorphic state developing in culture (fig. 4 , 8- 10). 
Conidiogcnous cel ls tlask shaped (ph ialidc), 7· 15 ~ long, swollen althc base, base 
3 11m wide, and graduall y narmwed l<l a d istinct neck (Fig. •1). Phialidcs bn rnc singl)', 
grouped in pairs or in loose dusters (Fig. 8). Conidia hyaline. un.icellular, smooth, oval 
to fusoid shaped, 4-5 x 2 !Jnl, forming short drr chains with zipper- like morphology due 
to altern:lting oblique orientation of successive conid ia when formed (Pig. '' and 8). 

Discussion 

The featur<:S of C. spttgazzhlii do not match an}' previously desc ribed species of 
Cordyceps. Cortlyceps spegnz.ziuii is comparable to C. lakaomoutmw Ya kush. & Kumaz, 
C. menl()rtlbilis (Ces.) Sacc., C. pseudom ilitaris H}•wei-Jones & Sivich a_i and C. cardi11alis 
G.H. Sung & Spatafora, all morphologicaly similar and closely related species in the 
Cordyceps s.s d ade (Sung & Spatafora 2004). 

Nevertheless, C. spegazzittii is easily separated br morphological and microscopic 
characteristics from C. takaonumlana and C m emorabilis, species that arccharactcri7.ed 
by capitate stromata and superficial perithccia while C. spegazzinii is non-capitate with a 
much less distinct fertile bead. Further, the species C. takaomoutmw, and C. memombilis 
arc parasites of Coleoptera while C. spegazzirti was found associated to Diptera eggs. 
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Figs. 1· •1. Morphological feat ures of C. 5]'egt1Z::i11ii and its Evlachuvaea sp. anamorph. I. St roma 
(bar= lmm). 2. Armngcrnem ofperithecia in the stroma (bar= I601.un). 3. Tip of ascus showing 
the cap (bar= 3pm). 4. Typica l phia lides a11d conidia of the anamorph fro m cultu re on JlDA (bar= 
31J.Ill). 

Cordyceps pseudomilitaris shares many morphological features with C. spegazziuii 
such as small stromata, superficial to partially immersed perithecia, smoot h tl li fo rm 
ascosporcs that do not break into parlsporcs. Although J-l ywcHones (1991) slated in 
h is descr iption that there exists a wide variation in size and shape in the specimens 
collected, C. p$e/l(lomilitari$ presents slightly longer and wider asci and elongated 
ell ipso id lu clongatc:d ovoid pcrithccia while G. spexazzi1tii is characterized by ovate 
to obdavate perithecia and sl ightly shorter and thinner asci. Also C. pseudomifitaris 
was associated with a Hirsute//a-likc anamorph (1-lywci-Joncs 1994), and kptidop tcran 
hnsl. Cordyceps amliualis d iiTen: from C. spegllzzinii in that the fertilcare:1 ofl he former 
is reddish orange lo reddish, cylind rica l, elliptical to fu siform and those of the latter 
are yellowish cylindrical to clavate. Conidial state of C. ct~rdiualis and C. spegazzi,lii 
are closely simila r. The anamorph of C. cardiualis is charnclerizcd h}' phialidcs with 
swollen basal portions and producing conidia in partially imbricate chains and it 
was best described as being Clottostacllys-likc or Mariamwea- li kc (Sung & Spatafora 
20011). Cordyceps spegt~zzinii anamorph present llask shaped phialidc, with conidia 
forming short d r)' chains with zipper-like murpholug)'· Hum beret al. (2002) proposed 
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Fig. 5- 10. <.Amlyc~ps spegm:::inii. 5. Stroma (bar - lmm). 6. Cross sc~.: l ion of stroma with pcrit hcda. 
(bar = ISO •1m). 7. Detail of pcrithccium (bar = 70f-1m). 8. Phia l ide.~ (lxl r = ISpm). 9. Conidia (bar 
- 5 !Jm). 10. Seven-day-old colony on PDA. 
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Tolypoclculium cylindrosporum 
Corclyceps subsessilis 
Tolypoc/adium i1l}7atum 

Cordyccp ,,· ophiog/o.\·,,·oides 

I outgroup 

Fig I I. The most likely tree based on rDNA LSU sequence data analysis using GTR1·I+G model of 
evolution. 'I he nun llx1ni on the l>randu:s indiOJ. tc posterior probabili tieS 
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that morphologica l characteristics nnd cntomopathogcnic habit of Evlaclwvaea could 
suggest a telcomorph connect io n with Crmlyceps species and certainly th is is the case for 
C. spegazziuii. Cordyceps cardirmls anamorph belongs to Ev/acllovaea genus (R. I lumber. 
personal communication). 

Host range of Cordyceps species rna)' be oflow signilicancc as a phylogenetic character 
(Stc nsrud cl al. 2005). Sever.~.\ Curtlyc~tps spccics havt: been previously reported on hoslo; 
from Order Diptem, including C. dipterigtma Bcrk. & Broome. C. sakis/Jiml!usis Kobayasi 
& Sh imizu, C. discoideocnpitata Kobayas i & Shimizu, C. biceplwla Bcrk., C. iriomotetm a 
Kobayasi & Shimizu and C. nt~vcJguineensis Kobayasi & Shimizu. However. none uf thcsc 
species arc grouped in subSt."'Ction Pst!udoinullersue(Kobayasi 1982) where C. spt!gc~zziuii 
would be placed based on its stromatic fea tures. 

Alt hough the interrelationship of groups changed to .some extent our ana lyses 
recognized the same general clades reported by Sung ct al . 200 I and Sung & Spatafora 
2004 (Fig. II ). The Cordyceps s.s. clade (99% posterior probabilities) was identical to that 
observed by Sung & Spatafora (2004) and Stensrud ct al. (2005) except for the add ition 
of C. spegazzir~ii. Within this clade, C. spcgnzz.it~ii grouped closely {99% posterior 
probabilities) with C. tflkaomontmi/J and its anamorph Paecilomyces tet~uifJes (Peck) 
Samson {Luangsa.ard ct al. 2005) and it is closely related to C. kyu$yuensis Kawam. and 
C. militaris (L.) Fr. Cordyceps spcgazziniiwascompared to C. kym.yuetJsis and C militari$. 
Morphologicallr. C. $pexazzir1ii is distinguished from C. kyusyuemis in having ovate lo 
obclavate superfic ial pcrithecia, and Diptera host while the late r present ovoid immersed 
pcrithcda, VerticiJJium-like anamorph ic state (Sung, persona l communication) and 
leptidopteran bust. Cordyceps mililaris diffe rs form C. spegt4ZZiuii in Lh<tl the ascosporcs 
of the former disarticulate and those of the latter do not disarticulate. Add itionally, C. 
militaris is charactc.ri:-.cd by a Lecmricil/iwu W Gams & Zarc anamorph and brightly 
colored stromata . 

In our analysis of ITS SCtlucnces similari ties {Table 2), C. lllkaomoutmw was 93.2% and 
C. gwmii was only 78.3% similar to C. spegazzim"i. 

·!able 2. Similarity matrix derived frum the sequence data of the ITS I region in six 
Cordyceps spc..x:ies. 

Taxa ( I) (2) (3) (•I) (5) (6) 

(I) C. spegnzziniii 

(2) C. tt~kaomontmu~ 93.2 

(3)C milit.arit> 92.8 99.6 

(1) C. kyusyuer~$iS 92.7 99.1 99.7 

(5) C. pseudomilittJ ri$ 90.2 9•1 911.2 93.5 

(6)C.gunuii 78.3 85 86.5 82.6 87.2 



262 

Acknowledgements 

1l1is reSl'a rch was supported in part b)' Pulbright Com ission· Bu nge & Bo m (Argentina, Gram 
15 1203<1 ) to 1\oi.S.T. We arc gra teful to Drs. Z.Q. Lianga11d R.A. I lumber for review ve rsio ns o f the 

n l;must:rip l. We woultl like lO acknowk·dgc Dr. R.A. Humber !Or bringing the descriptio n o f the 

genus Eviadwvaca to o ur anent ion. 

literature cited 

Akaike H. 197<1 . A new look at the statistica l model identifi cat ion. lEE£ Transact ions on Automatic 
Control1 9:7 16-723. 

Borisov BA, Tarasov KL 1999. Notes on biodhwsit)' of causal agents of invertebrate mycoses in 
Adjaria (southwestern Georgia). I. Evlachovm:tt ki11triscllica gcn et sp. nov. (l lyphomycctes) 
from Kintrishi reservation. Mi kol. Fitopatol. 33:218-256. 

Canno ne JJ. Subramanian S, Schnare M.J"J, Colle t JR. D'Souza LM . Du Y. Feng B. LinN, Madabusi 

LY, Muller KM, Pamlc N, Shang Z, Yu N , Gu tcll RR. 2002. llu· COlllJ>arat i\'C RNA Web (CRW) 

site: an o nline database of comparati vc sequcnce and struc tu re info rmatio n fo r ribosoma l. 

intron , and o ther RNAs. BMC Bio info rmatics 3:2. 
Er iksson OE. 1986. ~otcs on ascomyccte systt> ma tics. S}•stt> m a Ascomycetum S: ll :l-174. 

Huclscn bcck JP. 2000. MrBayes: Bayesian inference o f ph)•logcnr nistributcd h)' the au tho r. 

Depar tme nt o f Biology, Un ivcrsit )' of Rochester. 

Hu mber RA, MR Tanz.in i, Alves SB. 2002. Evlad10v11en: First reports of an u n usual a nd litt le known 

e ntomo pathogcn ic fungal gen us from the new world. 35th Annual Meeting of the Society fo r 

lnvcrtcbrdtc Patho logy. Fos do Iguassu, Brdzil. 

H)"\ICI-Jo nes NL 1 9~M . Umlyc.:J's kluwy11ic:t~ is and C. pscwlumtltums. two new pathogcns o f 
lcpido ptemular vac frum 'lhai laiKI. Mycological Rcscard •98:939-9,12. 

Kjer KM. 1995. Use of rRNA seco ndar )' structure in phylogenetic studies to idcnti f}' ho mo logous 

positions: an example o f alignment and d ata presen tatio n fro m the frogs. Molecu lar 

Phylogcnctics a nd E\'o lution 4:3 14- 330. 

Kobayasi Y. 19R2. Kc)'S to th e taxa of t he genera Cordyccp.( and Tormbiclla. Trans. Mycol. Soc. 

Japan 23:329-36tl. 

l.i 7.. l.i C, 1-fua ng n, Fan M. 200 l.l)isco\'Cry and d c nlClnstrat ion o f th e tclcomorph of &(U.Yt:ria 
bassimw (Dais.) Vuill. , an impo r tant e111omo geneo us fungus. Ch int>se Science Bulle tin 
46:751-753. 

Liu Z. Liang Z. Liu A. Yao Y, l lydc K, Yu Z. 2002. Molecu lar evidence for lelcomorph-anamo rph 

~o:o nlli."C tions in Cortlyceps based on ITS-5.8S rDNA Sl'<JUCnc:cs. My~o:o l ogi1.<1 l Research 

106:1100- 1108. 

Luangsa-ard JJ, Hywcl-Joncs Nl, Manuc:h L, Sa mson R. 2005. On the rcl ;~t i onships of Pa~cilomyces 
sect. harioidca speck s. Mycologica l Research 109:581 -589. 

Mains F. B. 1957. SJ>eCies o f Cordycep5 Jlarasitic u n Elaplwrnyces. l~ ulle tin of the Torrey Bota n ica l 
C luh 84:243-25 1. 

Kikoh N, Fukatsu T. 2000. lntc rki ngdom host jumping unde rgrou nd: phylogenetic analysis 

of entomo parasit ic fung i o f the genus Cordyceps. Mo lccula r Biology and [ \·olutio n 

1 7 ( <1 )o629·63~. 

f. ukatsu T, :\'iko h N. 2003. lmerkingdom host sh ift in thc Cordyc.eJ's fun gi. ln: Cla\·icipitalean fu ng i: 

evolutio nary biology. chcmistq•, biocontrol and cultural impacts. Marcell-Dekker. New York. 

Pp. 3 11·327. 

Posada J), CrdiXIa ll KA. 1998. Model test: testing the moJel o f D1 A substitution. Bio in lo rmatics 

14o817 818. 



263 

Reimer SA, Buckley E. 2005. A Beauveria phylogeny inferred from nuclear ITS and EFI-o. 
sequences: evidence for crypt ic diversi fi cation and links to Cordyaps tclcomorphs. Mrcologia 
97o84-98. 

Shi mazu M, Mitsu hashi W, Hashimoto H. 1988. Cortlyt:t!J1S brongniartii sp. nov. the tclcomorph of 
&auwria bmngmartii. Transactions of the M)'cological Society of Japan 29:323-330 

Spatafora JW, Blackwell M. 1993. Molecular systematics of uni tunkatc perithccial ascomrcctes: 
The ClrwicipitfJf~- l fypocrenl~ connection. M)·cologia 85:9 12-922. 

Stcnsmd 0 , li}'"'cii-Jones N, Schumacher T. 2005. Towa rd s a phylogenetic classification of 
Curclyceps. Mycologiat l K~scan.:h 100:1 1·56. 

Sulliva n RF, BiUs GF, I lywei-Joncs N, Whi te Jf Jr. 2000. l lyper.1ermiw n a new cla\'icipitalean genus 
lor some tropical cpil>ionts or dicotyledonous plants. Mycologia 92:908·918. 

Sun Y. Ling L. Zhang J, Chen II , Zang C. 2003. Nucleoside from CortlyuJ>S kymlme,,sis and 
the distribution of two active components in its difiE! rent pa rts. Acta Pharmaceutica Si nica 
38(9)o690·69•1. 

Sung GI-l , Spatafora JW, Zare R, Hodge KT, Cams W. 200 1. A rc\•ision of ' 'erticillium section 
Prost rata. II. Phylogcnetic analyscsof SSU and LSU nudt>ar rONA SNJut> nCt>S from anamorphs 
and tdcomorphsofthe Cla\ricipitaccac. No\'a l ledwigia 72:3 11 -328. 

Su ng GH . Spatafora J\V. 2004. Cordyups amlinfllis sp. nov., a nt>w species of Cordyceps with a east 
Asian-eastern North American distribution. M)'Cologia 96: 658·666. 

Sung j. 200'1. Ccrrlyap.( diversity and its prcsen·at ion in Korea. Supplement to Mycologia 
55(•1)o l -3. 

Swot10rd DL. 2002. PAUP' . Phylogenetic analysis Using Pa rsimonr('a nd Other Methods), Version 
1. Sinaucr As~ocialots. SunJ crland, Massacl!usctts. 

111oml'son JD. Gibson Tl. Plewniak F. Jeaumougin F. Hi&s:ins DG. 1997. 11u~ ClustaJX wi ndo\"S 
interface: flcxiblcstratcgies!Qr multiple alignment aided byqua lityunalysis tools. Nucleic Acids 
Rc.s 25:4876·•1882. 



MY 
Voltmte 9'1, pp. 265- 292 

A phylogeny of Ramariopsis and allied taxa 

R ICARD O GARciA-SANDOVA L 

JOAQU i N C JFUF.NT F.S 

ga rcia_s@cit.m cias. utmm.mx 
/lerbario FCME, UNA i\11, Apdo. Post. 70-181 

M.l!xico OJ-:, 01510, Mi:'Cicu 

EI'RA iN DE LUNA 

/nstituto de Ecologia A . C., Apdo. Post. 63 
Xalnpa Vemcruz, 9/000, i\!Mxiw 

ARTURO E sTRADA- ToRRES 

CJCJJ, u , iversidad AutOnoma de Tlaxcald , Apdo. Post. 183 
Tla.wafa. 90000, Mixico 

MARGAR I'fl\ Vt U .EC.AS 

1-lerbariu 1-'CME. UNAJ\11. Aptlo. Post. 70-181 
M.Jxico DE, 01510, MJxico 

Ahstract - 11tc ph)•logc.nc tic relat ionships of Rmnarinpsisa nd related hlxa were: studied 
through a clad istic analysis Q( 3() morphological, cyt ological, and biochemical charac ters 
among 23 species in six gcncr.c~. "J\,·o of these genera were d irectly stud ictl as groups 
of in terest. three as external taxonomic outgroups, and one as operative outgroup. 
Reprcscnull i\'CS of Uamndopsis sensu Corner fom ted a mo nophyletic group, .supported 
by the cyanophi lous nature o f their basidiosporc.s aod de rivat ion o f their o rnament ation 
from the tuniat. ' l h~ new combi nation, CluvuliiiVJISis rmtillunmr, is proposed. 

Kc)· wo n.Js- Ciuwlritlcem:. Hontobasidiomycctcs. spo re ultras tru~ t urc , outgroup 
sampling, tuxnnomy 

Introduction 

Ramariopsis was described as a subgenus of Clavaria by Donk ( 1933), who selected 
Clavaria kunzci Fr. ns the type species; the name refers to its macromorphologkal 
similarit y to th..: genus J{,mwria (Uunk 1951). 'the ta."<a originall)' included lhc type 
species, Clava ria augulispom Pat. & Gaill ard, Clava ria puld rella Boud .• Clavaria pyxidata 
Pc.rs. and C. .wbtilis Pen•. 
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Corner (1 950) elevated the taxon to genus level and included several fibulatc species 
wit h branched, whit ish bas id iomcs. monomilic hypha! systems. and ech inulate spores. 
lie retained Cla varia kunzei [- Ram nriopsis kw,u i (fr.) Corner) as the type species. 
removing three species- C. angulispora, C. pyxidata and C. subtilis- and adding eight 
more fo r a tut al uf tc n species in the genus. Petersen {19M ) :tdded two mnrcspccies aflc r 
examining the type specimens of various spec ies of the genus Clavulinopsis. 

Petersen ( J966) emended the original del imitation of the genus, to include taxa with 
smooth spores and hystcrochroic basid iomcs. Petersen considered the size of the 
basidia, the thickness uf the spore wa ll , the composition of the ornamentation- when 
present-and the pattern of coloration of the basidiomes as the relevant charac ters 
for ci rcumscribing the genus. He proposed dividing Ramariopsis into two subgenera: 
l.acvispora, typified by Ramariopsi.~ m it1utula (Bourdot & Galzin) R.l-1. Petersen, t'or 
spedcs with smooth-spores, and RumurioJJsis. consisting of species with echinulate 
spores. 

Corner ( 1970) maintained the original circumsc ri ption of the genus, recognizing that' it 
might be an art ificial group, closely related to Scylinapogon and Clavulinopsis. Corner 
argued that his ci rcumscription conformed to a homogeneous group that was of more 
utility for fieldwork. 

Petersen ( 1978a) proposed a new del imitation fo r the genera Ram ariopsis, Clavulinopsis, 
and Clavaria based on the size of the hila r appendix, the type of pigments prC$Cnt in the 
basid iome and the number of nuclei remaining in the basidi um after the formation of 
spores. l ie transferred species with globose spores and a conspicuous hilar appendix 
fro m Clavulir~opsi$ to Rmnari(lp$i$, and species with elongate spores and a small hilar 
appendix from Clavulinopsis to a new subgenus: Cluvari11 subg. CJ,~vulinopsis. He also 
proposed designati ng CliiVM ia com iw lata Scbacff. !- Ramariopsis com iculilta (Schaeff.) 
R.l-1. Petersen I as the type species of Ramariopsis. 

Ba~d on Pctc~n'$ arguments, Ram ariapsis should include hysterochroic species 
with bran~hed or simples basidiomes, with whit ish or bright ~oloration , globose or 
subglobosc and smooth or ornamented spores, and a conspicuous hilar append ix (sec 
Fig. 1). Petersen argued that th is circumscript ion permit s a continuum among related 
species, from smooth-spored ::.-pedes with a large basidiomc, to species with a small 
basidiome and echinulate spores. 

There are only a few additional contributions to this polemic. Jiilich (1985) transferred 
aU species of Rrmw riopsi$ to Clavulir10psis based on nomenclatura l arguments, but 
thi s in terpretat ion apparently has no t been full owed by the majorit y of taxonomisls 
(l lawksworth et al. 1995, Kirk ct al. 200 I). Pegler & Young ( 1985). in an electron 
microscopy (EM) study of severa l species of n amariopsis, Clavulinopsis, and 
Scytinopogcm, desc ri bed three ull r.tslructural patterns of spore urnamentat iun that 
corresponded with the three genera mentioned before. ·n,cy also observed that several 
apparently smooth-spored species, such as Ram ariopsis californictr R. I L Petersen . 
ac tually possessed ornamentation. The observed ornamentation was very small and 
covered by a thin myxosporium, such that the spores appc-.1 r smooth under a light 
mic roscope even at magni ilcations above IOOOx. Pegler & Young (1 985) recognized 
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Figure 1. Four species representative of the va riation obscr\'ed in Rtlmt• riuJ1.• is and Cltw•• linupsis. 
a) Clavuli11opsis coruiwlata, b) Ramariops.is pulchella, c) Ramnriopsi$ ktm:d ami d) Clav1tli11opsis 
jflsijonnis.. Photos a: J. Cifuentes, b: A. Estrada-Torres, c: J. Cifuentes, d: J. Cifuentes. 

the delimitation proposed by Corner (1950) lOr RnmarioJ1Sis, but not the rclalionship 
between this ge nus and Scytiuopogou. 

The genus Ramariopsis has been included in the Clavariaceae in the m:1jority of the 
lrcalmcnls o f this famil)' (l)nnk 19M. Corner 1970, JOiich 1981. Hawksworth ct al. 
1995), with the exception of Petersen ( 1978a, 1988a) and Kirk et al. {2001), who placed 
namariopsis in Gomphaceae. 

A ph)'logcnctic study of Comphaceae (Villegas ct al J 999), however, indicates that 
RtmwriiJfJsis-al least sensu Corner-should not be considered part uf lhal family. 
Pine et al. ( 1999), o n the other hand. stud ied the clavarioid and canthardloid 
Homobasidiomycctes, and found lhat Clmmfinopsis fusiformis (Sowcrby) Corner 
[:: Ramariopsis Jusiformis (Sowerb)•) R. H. Petersen] nested within the euagaric 
clade, fo rming a monophyletic group with Clava,·iu acuta Sowerby. indicating that 
Ramariopsis subgenus Laevispora is related to C/a varia, or at least to representatives 
of Cla w1ria subgenus Hfl locoryne. Additiona lly results of Larsson et al. (200tl ) indicate 
close relat ionships among Cluvulirwpsis llelvultl (Pcrs.) Cornc.:r, Ch~variu arx illucea 
Pcrs. - Cicwaria subgenus llolocoryue-and C/avt1ria jim10sa Pcrs.- subgenus Clavaria-
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on a monophylet ic grotlp nested in the cuagaric d ade. Th is rcst1 lts point s to a close 
relat ionsh ip between Chmdinopsis and at least some par t of Claw4ria. 

There arc currently only a few works, that have atlcmptcd to study the phylogeny of 
davarioid and gomphoid macrornycctcs in general ( l'ine et al. 1999. Villegas el al. 1999. 
Humpert ct al. 200 I). and there is no consensus about the phylogenetic relationships of 
these taxa. 

G iven that there is no consensus delimitation for R(mwriopsis , the number of species in 
this genus depends on the source consulted (i.e. Jlilich 198 1, 1985; llawksworth ct a!. 
1995; Kirk ct al. 200 I ).1bis number va ries from 24 to 45 species, wit h a di stribution that 
slrdcht!s from sub-Arctic regions to the forests of Nc.::w Zt:aland (Cornt:r 1950, I967a. 
1970; Thin 196 1; PctcrSc!n 1968. 1969. 197 1a. 1978b. 1979. 1988a, 1989; Pihit 197 1; 
GOmez 1972; Garda-Sa ndova l et a!. 2002). 

The principal objective of the present wo rk is to suggest a more robust delimitation 
of Ram nriopsis, based o n a ph)'logenctic analysis of the avail able information and new 
morphologica l characters deri ved fmm direct nb!'ervat ion of herbari um specimen!'. 
The use of morphological characters presents some advantages (see Jenner 20011, Wiens 
2004. for an cxt'<!nsivc up-to-date review) and for th is part icular case, these include the 
possibil ity of a wide sampling of species hccause of the availabil ity o f herbarium material 
and the opportunity to directly test tht: hypothesis of homology for diverse chamclers 
considered ta:'(onomica\ly releva nt . 

Materials and Methods 

Selectiou of outgroup$ ami taxo,lomicsmnplhlg. The selection of out groups was critical ior 
the p resent study !'incc a reference phylngcnct·ic framework is lacking and an inadequate 
or insufficien t selection of extc.::rnal groups could rc.::sull in tin: arti licial inlerp rt:lation 
of monophyly of the group of interest (Nixon & Carpenter 1993, llopple & Vilgalrs 
1999). Selecti on was based on th ree criteria: a) a phylogeneti c survey of the family 
Cft,variaceae sensu Jato (result s not shown). b) previous phylogenies of the davarioid 
llomobasid iomycctes, and c) previous classification proposals tbat include the genus 
Uam ariopsis in some specific fa mil)'. 

' I he phylogenet-ic !>llrver was cond11Cted ba~d on d i ver~ delimitarion!> of t he famil y 
Clawrriaaa~ (Donk 19()-!1. Comer 1970, ]l'!l ich 1981. Hawksworth et al. 1995). All of 
the ge nera included in these proposals were considered. and representatives of the 
observed var i(l tion ,,·ere selected fo r study. J\ matrix of 26 l(lXa (llld 30 morphologic(l l 
char-Jctcrs was constructed. and a n initial sd c.::c tion of taxonomic outgroups and an 
operative out group was performed based on the strict consensus of the trees obtained 
from the analysis. The selection of outgroups, especially the operative outgroup. was 
based pa rt iall y o n the phylogenetic an al yses by Hibbett ct al. ( 1997), Pine ct al. (1999). 
llumpcrt et al. (200 I) and Di ndcr & I Iibbe ll (2002) . Dascd on Petersen's ( 1978a. 1988a) 
proposa ls o f the phylogenetic affinities o f Uam nriopsis, one additional rcprcsc ntati\'e of 
Gomplrus was selec ted to complete the taxonomic outgroups. Sampling of the ingro np 
was based on Petersen's ( 1978a) proposed delimitation of RamariofJs is. which includes 
the species cons ide red by Corner ( 1950). Taxa representative of the observed variation . 
and with ava ilable herbariu m specimens, were chosen for analysis. 
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For a few confusing species lClavaria $tllcata (Ovcrccm) R.H. Petersen, Clavaria 
vermicularis Sw., Clavaria ammma Zoll. & Moritl.i and Clavaria aurtmliocimmbarina 
Scbwein.J , assignment of specific epi thets and the concepts used to delimit species 
followed Petersen (1967, 19i6, 1979, 1980a, 1988a) . 

J\tJa/y:;is of characters tmd elaboration of the data matrix. Morphological observa tions 
wcrc analyzed and inlcrprt:led in the framework of cladistic ontology (Hennig 1966. 
farris 1983, de Pinna 199 1. De Luna & Mishler 1996). The selection and analysis of 
characters were based on the variation observed amo ng sampled species, without 
excluding a priori any sources of infurmatiun (Puc & Wiens 2000). Hypotheses of 
homolog}' were elaborated based on the homology criteria proposed by de Pi1ma 
( 199 1), employing similarity, conjunc tion, independence, variability, and heritability as 
aux iliary criteria (Patterson 1988, Ricppel 1988, Brower & Schawaroch 1996. Hawkins 
cl a!. 1997, Ricppd & Kearney 2002). 

Codification of characters followed the criteria proposed by de Pinna {1991) and 
later addi rions (Hawkins ct al . 1997, Hawkins 2000, Kluge 2003, Grant & Kluge 2004). 
Chamctcrs were nul orde red nor pulari:t.cd a prinri lu avoid bias in the explnralinn nftrce 
space (I lauser & Presch 199 1). Similarly, no weighting scheme was applied a priori to 
avoid ad hoc hypothc~s that would constrain the results (Farris 1983). Character states 
were anal y)l;ed by direct!)' observ ing herbarium specimens from distinct collections (see 
Table I); these data were complemented by previous descriptions (Coker 1923; Singer 
19,15. 1986; Corner 1950, 1957, 1966, 1967a, b, 1970; Thin 1961; Petersen 1964, 1965, 
19M, 1%7a, 1968, 1969, 1971a, h, 197Rh, c,d, 1979, 1980b, 1984, 1985, 1988a, b, 1989; 
Petersen & Olcxia 1967. 1969; Batai lc 1969; Fiasson ct al. 1970: Schild 1971; Klihncr 
1977: I h1bbard & Petersen 1979; Claus 1983: Pegler & Young 1985; Gill & Stcglich 1987: 
Hansen & Knudsen 1997; Garcia-Sandoval ct al. 2002; Gill 2003; Bcrtagnolli & Novello 
200•1). A matrix of 36 chamders (see Appendices I and 2) was constructed, lhal included 
obS<::rvations of macro- and micro-morphology, macro- and micro-chemical reactions. 
and biochemical, cytological, and uhrastructural characters. lnformation fo r the 
hnmclltlg)' hypothesis ~arne prim;trily from di rect nhse rva tiun nfhcrh:tr ittm specimens 
and only in JCw cases were based on previously reported data (sec Appendices) . 

Tree sea relies, robustness, a ftd topology test. A series of heuristic searches were performed 
with 1,000 replicates in PAUP~ •l.Ob 10 (Swofford 2002), using TBR, random addit ion, 
and MAXTIH~E set Ln auto-increase. A branch and bound search was performed using 
as an upper limit the observed tree length from the heuristic searches. and characters 
were optimized with tbc ACCTRAN option. 

Interpretat-ion of the change of character stales along phylogenies was made in 
WinCiada (Nixon 2002). using one of lhc most parsimonious trees encountered in U1c 

branch and bound search. 
Bremer's support (Bremer 1994) was calculated to evaluate the robustness of the 

ubscrvcd clades. ·1 he ana lysis was conducted usi ng AutoDccay '1.0 (Erikssun 1999) wi th 
100 heuristic replicates per search, using random add ition, MAXTREE set to auto­
increase, the ACCTRAN option fo r optimization, and equally we ighted characters. 
Bootstrap va lues (Felscnslein 1985) we re also calculated using 10,000 replicates 
sampling all characters. with 10 heuristic searches for each bootstrap replicate, TBR 
branch rearrangement, and MAXTltEE se t to 100 trees. 
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Table l. List of specimens examined. 

Species 

Clavaritl am0<1111 

Clavaria aur'f'mtiocimwlx~rimt 

Clavaria gibbsi11e Ramsb. 

Cltwarias11lmt1t 

Clavaria vcrmiwlaris 

Clavaria =()lliii,Rt:ri Lev. 

Clavmiadelplms pi.<tillaris 
(L) l>onk 

Clavulinopsis romiculata 
(Schaeff.)Corner 

Clavtllinnp.cisfu.<ifnrmi.f 

Cliwulinopsishclvulu 

Clavuliuopsis lao::t icofor (tkrk. & 
MA Curtis) R.~l . Petersen 

Gompl111s davallt.< (Pers.) Gray 

C.nmpltll.s flocrom.< 
(S::hwein .) Singu 

I.Actariu.~ ituligo (Schwdn.) Fr. 

RamMiupsis culifomiett 

Rimwriup~ ts etu(etl (Pers.) Comer 

Rtmwriupsis ktmui 

Ramariopsis puldtclla 
(lloud.) Corner 

Ramliriopsis te11uiramosa Corner 

Scytiuopogon dcalbatus 
(Berk.) Corner 

Scytiuopogo11 ec1tim>Spom s 
(Berk. & Broomt) Corn ~Jr 

Scytiuopogon robu.<tus 
(Rid::) Cornn 

Scyti11opogo11 pallesum 
(Bres.) Singer 

TO 
TO 

TO 

TO 

TO 

TO 

TO 

IG 

IG 

Specimens 

C.&nwrCI.AVARIA~4 (F.): Doni: 13690 (I.) 

Cifut-l11K 2001 9·1 ( FCME};Cor~r RSSB 8J76{L):Comt'l 
Jw.\B- 63i8A (l);C«ner ICTA~ ISO I IE) 

Cormr>l'l l (l):Comn 2-l 165(L):Comtr Si"S"r 2•1165(E) 

HongofOS IL);Couwr s.n. (E};COI"nNI616 (E) 

Brlt. Mycol Sew;. I 2099 (l); l<i:otbb:a ~.n. (l}, Comt"r NG 192 (Et. 
Corcwr RSS 1439 (f) 

Conwrs.n. (E);Com<"!" s.n. (E) 

Pirp<'nbmft;: & P"iq>t-nbroc-11: 876 (1.); ~LI~• G~Mct"nu< 1 .. 5&0 
{l.); Vilkgu I I +I (I'CMI(); I .Dpc~: 182 (I~CII); Ar.md..l -lltcccd-l 
•I (FCME);Comer& Thind2061E) 

Gw.m.in U-482 (XAL): Cooke & Coob 456-H (XAL); Cool.> 
& C.(IOI:cl91115(XAI.); l longt~ i&-1 (I.); VUirg.to 1Ji l(FC:\1 r.}; 
ViU~-u lJOS (fCMI,): l ine-db 37 1 (XAl}; l ltrNca Sl l (X AI..); 
&Ill Win $. 11 (XAL); (juz~n & \'CITIUTII ~3S (£1'/CS): VeJlii UOI 
13-281 (ENCB); Vllkg:u !<U.S {FCME) 

JG Bu6730 (L); M.w G«$1n"Mllll 13387 (LI 

IG Comer-!Sl (L): Donie 138?6 (L): \rll~ 1803 (fCME): 
Hernindez 183 (!BUG); Al t:amlmno 623 ITLX-1\t): 'vltkg~ 1450 
(FOIE~ 

00 Ptt~ •~n J797(TE!'<~1;A tb$-;l.tonl~"n (fCME) 

TO Cifu.-nt~ I l l ( FC ~"IE); MQic ll<). f.Wul<"~ •118 (FCME); va~~ 

\ J09(1'C ~II!): F~~rdo s.n (I'CMI..). 

TO ;\kndoa9~0Cl- 1 98)(FC!>I I:) 

JG l't1ctStn3006CmNN); I'ttenm260109(TI:.NN) 

JG LoeT\\lO:cr s.n.ILt. l:ll inl:& Xtuh16:%-t (L): d e \'riC$S.n.(L) 

JG tiu S!OS (L); Cor~r ltSNIJ-8291; l'ctemn J909 CCENN): 
Gw.m.in U 399(fu"CB}. Pt tttun'-n. (TE:.'"N}, VWcs~ 180-1 
(FC !> IE); Nrn- R:vnU...l280(fCME); Rodrigu;:~ ~ ~~ (ENCB); 
Gw." Li" ·Plv.alu.: 2.8-&S(IBUGi Guwtin 12666 (Er.:CB): 
(iut.min 6969 (BNC:II); \',llentutiA 1197 (I~CII>; (:ot rotr NG-
237(E>;CorntT /'I:G-2~ IE); Ruiz& Hmera Jol')f ( ;1-"I E.X U) 

IG Conwr ~G·~ l 7(E}; Aituuir.U IO L48 (TLX.\ l);Ah:amiuno 1!:>7 
rn .. xM) 

IG Donl: 1\ .Jl l (L): M~G...utt'r:lrlus9S76 1L}.GH5Ink l~(Lh 
Conwr ~G-124 (E) 

TO Corn<"r , .n. f[J 

TO CorncriSI71E) 

TO Cifut-nlc-s 6i6 (FCME); Cihttrlln 200-1~26 (FC!>-1 E) 

TO ;1.1.trtlnN C """ (fu'\CB) 

HlftW.r i:.: E • JWr.al SOO.uk G:ard111 1, &liulJW I!i•· S.:«Lto>d, Uuil ~d Mct!Joloru: ENCB • Ucu""' t>.':nkuod o.k Clomd:u B~k:a~. 
bl.11ituto l'olilknko ~.wiot~tl. Mb:"o: FC ML • Facu.lrad dt CiencW,l!NAM. Mb:lco; I !JUG • huliruto dc UOiink-.., Uniwt'1lld.ld 
de Gilll<bbpra. ;1.1&-koo: L • N:lllonlllllcrbo.num :"'l.'dcdo.nd.. L('idcn Unlw nlcy Bn~nch. :O:I.'dobncls: ME.XU•irullllll<tc!e Blolog~ 
UNAM. Mhlco; TEl\~ ~ Unlvt"lty of Tt- nna~. KnoX\·iU.-. EllA: 11-XM ~ Ctnu o lit lnVfllllgJCL6n en Cltntlas BioiOgkas. 
Unl .... nk\:;ad Aut61101ua d<-il:u,af:a. Ml'lloo; XAL • ht>t1tuto d..· EcdOjti;a, A. C . X2.li!p;l, !-·1 .!-;d~« J(j • ii!M•Out> (a iV"Ollf' olb ttfl~); 

TO • Tuouomka.l ourgcoul': 00 • Opt'r.r.t i-~ <JUIIOUj.o. 
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These parameters were selected to allow for a la rge number of bootstrap replicates 
and a reasonably accurate search procedure fo r each rcplkatc (as opposed to the "fast 
boo tstrap,. option) , thus avoiding the underestimation of dade support (Ddlry & 
O lmstead 2000; Mo rt ct al. 2000) . 

' ICmplctun's lopnlngy test ('!Cmpletnn 1983) was used to eva luate d iJTcrcnccs between 
the observed phylogenetic h)'pothesis and that of Petersen ( 1978a), employing a two· 
tailed Wilcoxon's signed ran k test following '!Cmpleton ( 1983). To conduct the test, a 
branch and hou nd search was performed constraining monophyly of t he rep resentatives 
of Rumuriopsis Sl.'!nsu Petersen. To sdl.'!cl a subgroup of ~qua lly parsimonious trees for 
topology testi ng, a second branch and bound search was conducted using ACCT RAN 
to optim ize characters and successive weighting (Farris 1969) fo llowing Carpenter 
( 1988, 199'1), using the Rl to calculate rewcight ing. Each of the most parsimonious trees 
thus encountered was compared with each of the most parsimonious trees from the 
branch and bound search with successive weights (sec above) using the Templeton test 
implemented in PAUI'"bi O (Swofford 2002) , and the results were cnmp<~ red to tab les or 
critical \'<\lues ofT for the Wilcoxon test. 

Dive rse methods exist to evaluate the stab ility oi a phylogeny with respect to the 
inclusion/excl usion of taxa (sec G rant & Kluge 2003 fo r an ex tensive review) . The 

present study assessed the impact or taxonomic outgroups sam pHng with a selecti ve: 
inclusion/exclusion of those taxa , followed with branch and bound searches of aU oi th e 
combinations of taxonomic outgroups: Clavaria, Clava riadelpiHIS, Gompiltt$, LaclnrittS, 
and ScyJinopoxm1 . 

Results 

Twenty- three species were chosen for analysis based on the criteria employed ior 
outgroll p selection, taxonomic sampli ng, and character ana lysis (Table I). The branch 
an J bou nd sea rch rcsuHcd in 12 lrecs of 80 steps in length (CI - 0.'1875, Rl - 0.7 153, 
RC - 0.3487). Tbe strict consensus of these (see Fig. 2) shows Ramariopsis sensu Corner 
( 1950, 1970) as a monophyletic group. 

This group forms a monophyletic dade with the representatives of Scyt;,wpogotJ. 
Bootsrrap analysis ind icated a genera lly low level or suppor t across the observed 
clades (sec Fig. 2); on ly the d aclc.s contain ing representatives of Ramarit~psis Corner, 
and Scytitwpogott showed bootstrap support above 50%. Interestingly, there was no 
significant support for the clade that includes most of the representatives of Clava ria 
sensu Petersen. Bremer support was also relatively low fo r most of the clades, and the 

highest val ues corresponded to the d ade uf St.ylitwpogon. 

During the constrained analysis conducted for topolog)' tcsts, IS(IOequally parsimon ious 
trees of lengt h SS (( :1 = 0.'1535, Kl = 0.6781 , RC = 0.3075) were found, five steps longe r 
than those in the unconstrai ned search. 

·1 he applicat ion uf successive wcighli ng.s a ll owed selection of a subset of 8 most 

parsimonious trees from those fou nd in the origin al branch and bound search. 
Application of the topology test, howeve r, d id not indicate significant differences 
between th e hypotheses. Comparison of a ll topologies resulted in no .signifkanl va lues 
of N ~ 16· 1'1. T ~ 53-39.5. P ~ 0.15'15-0.'1220. 
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Gomphus cfavatus 
Gomphus floccosus 

Lactarius indigo 
Clavarla zolllngcrl 

Clavaria gibbsiae 
Clavullnopsls cornlculata 

Ctavarfadclphus p /s tlllarls 
Clavulinopsls fusfformls 

Clavulfnopsls loetlcolor 
C/avulinopsis he/vola 

Clavaria amoena 

Cfavaria vermicufaris 
Clavarla sulcata 

Scytinopogon robustus 
Scytinopogon dealbatus 
Scytlnopogon palfcsccns 
Scytinopogon echinosporus 

Ramarlopsls pulchelfa 
Ramariopsis crocea 

-'""--Ramariopsis californica 
Ramariopsis kunzei 
Ramariopsis tenuiramosa 

Fisurc 2. Strict consensus of the 12 t rccsuf80stcp~ {CI - 0.'1875, Rl - 0.7 153, RC - 0.3,187) IUuntl 
during the branch and bound search. NumOcrs below branches indicate Bremer support indices, 
and numbers abon~ branches indicate bootstrap supJ>orl values. 

' l hecomhi nati unsnfselectivc ind usinn/exclusinn tested (nnt shown) did not mndif)' the 
monoph)·ly of Ramariopsis sensu Corner, but decreased the resolution of the topology. 

Discussion 

The phylogenetic analyses performed support the monophyly of of Rm11ariopsis scns~ 1 

Corner ( 1950), though with modemh! bootstrap suppo rt (56%). Ba.,.ed t~ n these resulls, 
Ram ariopsis is limi ted to species with branched basidiomes. echinulate spores. and 
cyanophilous spore ornamentation derived from the tunica (Pegler & Young 1985). 

The ultrastructura l composition of the ornamentation is a synapomorphy fo r the 
group (sec Fig. 3), bu t a la rge part of the dadogmm was optimized as ambiguous for 
this character because of the lack of information for several spt.x:ies -e.g. information 
for any of the species of Scytirtopogo" included is not available. Although Corner did 
not include Ram ariopsis w lifomica in his most recent treatment of the genus (Corner 
1970). this spec ies exhibits all of the d istinctive cha rdd ers of the genus and the present 
results support its inclusion in this taxon. On the other hand. Petersen ( 1978a) included 
CIIHm linopsis ltelvola in Ramariopsis I= Rtmwriopsis llclwla (Pers.) R.l-1. Petersen] , 
although thi s spt.>cies has simple basidiomc:s and spores with thick tuberculous 
ornamentation. Pegler & You ng ( 1985) established that this ornamentation is formed 
from growth of the corium, whereas ornamentat-i on in Ramariopsis is formed via growth 
ur the tunica. 'I he resul ts of the presen t stud)' support the segregation of C ltelvtJit, fro m 
Ramariopsis. 
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The represen tatives of Scytitropogon form a wcll ·supportcd group (8 1% bootstrap 
support), consistent wit h the o riginal delimitation <)fSi nge r(19'15) based un the presence 
of branched, thelephoroid basid iomes and verrucose spore ornamentation. In our 
results, Ramariop.~i.~ sensu Corner forms a monophyletic group with the representatives 
u f Scytitwpogou. 'lhcse ta xa all have cyanophilous spores with ornamentati on partia lly 
derived from the tunka, though in Scylinopogou the ornamentation also seems to be 
composed of a thick core of corium (Pegler & Young 1985). It is worth mentioning 
that most of the species of Scytine~pagou included in the present analysis have not been 
studied uhrastruclurally-such data exist for only a single species of the genus, whose:: 
ta.xonomie status is in doubt. 

The observed relationship between namnriopsis and Scyti11opogon was first suggested by 
Corner( 1970), hut thi s link should only be considered tentative as the taxonomic sam piing 
of this analysis was designed to n:solvc a robust del imitat ion of the genus Rtunariupsis. 
and not to idcntiiy its sister taxon. f-urthermore, the clade Ramariopsis+Scy tinopogou 
docs not show bootst rap support. Thus, without a broader taxonomic sampling designed 
tu estahlish the:: aflinitics nf Uunwrivpsis with other taxa. it is preferable to cun~ider these 
results as preliminary. 

One of the principal conSc:qucnces of this study is that Ramariopsi$ sensu Petersen is a 
paraph)•leticgroup -i .e. a grade- because it was defined by simplesiomorphic characters. 
Petersen (1978a) used diverse sources of information fo r his ddimitat ion, including 
the absence of carotenoid pigments. Pigment composition has been a frequently-used 
auxi liary character in fungal systematics (Arpin & J=iasson 197l, Tyler 197 1, Gill & 
Slcglich 1987, Frisvad et al. 1998. Gill 2003), bul recent studies indicate lhat phylogenetic 
patte rns inferred in the J-lomobasid iomrcetcs based on this type of character arc often 
incongruent with the results obtained using other sources of information (H ibbett & 
Thorn 200 1, Pine et al. 1999). 

Nonetheless. the presence nf certain types of pigments can be a very useful auxi liary 
characte r in studies ai med at generic delimitation (e.g. f.cibclman et al. 1997. Weinstein 
et al. 2002), and the taxonomic relevance of this type of characters should not be 
completely discarded, hut perhaps restricted to usc at lower taxonomic levels. In the 
case of Ramariopsis, the delimitation proposed by Petersen ( 1978a) was based on the 
absence of carotenoid compounds, without speci fy the nature of the pigments present 
and without an explicit reference to a concrete character; the inferred pattern thus 
cannot be diredl)' wn.!inncd or refuted. In the present sludy this character was code<.! 
as the presence or absence of carotenoid pigments-character II. (Sec Appendices for 
character argumentation.) 

This character does not show evidence of homoplasy in the present study based on 
its observed distribution (CI - 1.0), although op timization of the char..tctcr is not 
defi nitive due to the absence of information in several of the considered species (sec 
Pig. 4). Addit ionally, the di stribution of carotcnoids in the present study supports the 
relatiomhip among CliiYaria uumntiociunabarina, C. amocna and C. sulmta. and is 
congmcnt with a monoph}'lctic group that includes representat-ives of Clnvaria (see Fig. 
2) . This latter group is consistent wilh Petersen's ( 1978a, 1988a) delimitat ion oi Clava ria . 
It is worth mentioning that the aforementioned results regarding Clavarifl should be 
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Mainly from 
the corium 

Character 34. 

Mainly from 
the tunica 

Ultrastructure of spore ornamentation 

Character 29. 
Four remanent nudei 

Clavate Cylindrical 

Character 25. Basidial shape 

Rad1a1 Flatened 
pattern pattern 

Ch~uacter 7. Branching pattern 

Figu re 3. One of the most parsimonious trees encountered during the branch and bou nd sea rch, 
showing the character states that can be unambiguously opti mized. Kumbcrs above dots indica te 
the character and numbers below tlots the character stone. AponlOrph ic states arc shown in blac:k 
dots and homoplas tic states in wh ite dots. Sclocted charae1cr tr.msformat ions arc illustra ted close 
to the branch were change occur (sec appendix I for character argum entation). 

considered as preliminary due to the lack of bootstrap support and the taxonomic 
s:1mpling oi the present study. 

Another relevan t charncler used by Petersen ( 197Ra) was the presence of spores wit h 
a conspicuous hila r appendix. Severa l species of Clavulinopsis subgenus Comicularia 
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was transferred by Petersen to Ramariop$i$ based-in addition to the other mentioned 
chantclcr- on the presence of a conspkuous hi lar appendix. In this study, thi s 
character was included (character 31) and their optimizat-ion is depicted in figure 4 
(sec also Appendices for character argumentation). The present rcsuhs show it as a 
si mplesinmurphy. 

Fa rris ( 199 1) provided an explicit c rih:rion to l't!Cognize paraphylcl ic groups by traci ng 
the status of the characlcr used to define it ; in the case of Rm11ariopsis prom ine nt hilar 
appendix and abse nce of carotenoid pigments were used by Petersen in order to define 
the genus, both chanlclers are plesiomnrphk and shared - simplesiomorphic:- (see 
Fig. 4). In the stric t sense. the present results show Ramariopsis sensu Pclcrscn as a 
paraph)•lctic group. 

Pe tersen (1978a) a lso employed the presence of chiastic basidia with a post-meiotic 
m itot ic di vision a.nd four nuclei remaini ng in the basidia after spore fo rm atio n as a 
C)•tologica l pattern that supported the delimitation or Ramariopsis. Recent phylogenetic 
studies (H ibbett ct al. 1997, Pinect al. 1999) confirm the utility of cytological characters 
in the delimitation of taxonomic groups among the clavarioid and cantharcllo id 
Hom obasidiomyce les, but while the slictic pattern appears phylogeneticall }' in formative, 
the chiastic condition, which is widely dist ributed among the Ilom obasidiomycctcs, 
docs not seem to fo llow a clear phylogenetic pallern (H ibbett & Thorn 200 I). As wi th 
the presence of carotenoid pigments. lht: utility of the chiastic condition in our analyst:s 
is noted, though more studies arc necessary. 

The paltcrn of four rem ai ning nuclei reported for Ramariopsis croce11 (Penancie r 196 1) 
resul ts from a post-meiotic m itotic division . Post-meiotic mjtotic divisions result ing in 
four nuclei remaining in bas idia fo llowing spore fo rmat ion arc reported for a diversit y 
of o ther ta.xa (Pen ancicr 1961. Duncan & Galbraith 1972, Restivo & Petersen 1976, 
Kiihner 19i7, Mueller & Ammirati 1993). Both the meiotic pattern (chiasric/sric tic) and 
the number nf remaining nuclei (see Appendices for d isc ussion an d codifiCat ion) we re 
included as chamcters in the present stu dy. 

AU of the species in our st11dy for wh ich data we re available present a chi astic pattern , so 
it was not info rm ative for addressing our quest ions. Very possihl}' this character could 
have rel evance at other hie rarchical levels when studying the taxonomic atli ni ties of the 
genus Ramariopsis. 

The numbe r oircmaining nucle i (ch aracter 29 CI - 1.0) did not present a homoplasious 
distribution, though , similar to the situati on for carotenoid pigment s, optimization 
o f this charo.~cter should he considered preliminary since data were not available for 
a ll species cons idered, and this lack oi information resu lts in a severely ambiguous 
opt im izati on (results no shown). 

Our finding o f a monophyletic grm1p that includes representatives of Clavulh10psi5 and 
rep resentatives of Clcwuria is congruent with the results of Pint: cl al. ( 1999) . However. 
relationships among Clavariadelplws pistillaris. Clavaria rolliugeri and C. gibbsiae arc 
not consistent with previous classifications (sec Fig. 2), and Clnvari(l(/elplws is found in 
a posit ion incongruent with previous studies (Hibbett cl al. 1997, Pine eta I. 1999). 
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= ~~~~~~~ 
Ch•r~ln iL C•I'Ok'ooo'clpiJ;"""L< 

Figurc4. Optimization o ft\\'0 characters used by Petersen ( 1978a) to define Rmnariopsis, onto one 
of the most parsimonious trees. a) OJ>Iimii'.a tion of character 31 showing prominent hilar appendix 
as a simplesiomorph)': b) optimii'..a tion ofchumctcr II showing the absence of i.."arotenoid pigmerus 
as a symplcsiomorph}'· 

' I he pnsilion of ClavMiarlelphus pistillaris could be an arti(a,t, due ln Lhl! fac t that 

the present sampling of taxonomic out groups included di stant ly related groups -e.g. 
Gompln1s in the clade Gomphoidc·Phalloidc sensu Hibbett & '!born (2001) . 

To explore thi s possib ilil)'• a branch and hound search was performed excludi ng 
Cldwlriadelpllu ... , and t hr.: rn on<Jphylctic group nf J<amuriopsis!"t!nsu Co rner+Scy tirWfJOg()TI 
obtained in the main analysis was recovered (results not shown). 

It has not been possible to dearly elucidate the phylogenetic affi nity of Clavaria 
zollingeri. This taxon was included in the analysis of davarioid and cantharelloid 
Homobasid iomycclcs by Pine ct al. { 1999), but lhdr results were inconclusive and this 
species was located oulside oi any recognized clade in the strict consensus analysis of 
combined genes. In spite of thi s, indicated that the current delimitation of Clava ria 
(Corner 1970) - simple or branched ba.sidiomes, mnnnmitic h)•phal:! in the conti:!Xl , 
damp con1lCdions absc1lt in the context. and present or absent oi damp connections 
at the base of the basidia- was not a monophyletic group. The results of our study arc 
congruent with tho~e oiPi ne eta \. ( 1999). 

Clavaria gibbsiac in the present results is located nex t to C. zcJtlinxeri, out of any large 
clade -e.g. Clt1 vuria sensu Petersen or Ramariopsis sensu Corner. This species is 
traditionally included in Clavaria subgenus Holorory ne (Corner 1970, Petersen 1988a). 
\ Ve could expect a relationship between Clttvtllitmpsi::- and representatives of C/avaria 
based on previous results (P ine ct al. 1999. Larsson et al. 2004), but these studies also 
indicate that Clavaria is not a monoph)' lctic group (Pine et al. 1999). Our results are 
congrucnl with t hese previous studies and show a cor(' group th at includes part of 
Cluvur iil and a ll the: indudt:<l rt:prcst:ntativt:s of Cluvllfirwpsis. 'I hcsc: results should bt: 
considered as preliminary due to the lack of bootstrap support fo r th is group and the 
taxonomic sampling of the present study. 
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One important result fro m the present study is the proposal oi nomenclatural changes in 
Rfmmriof>sis. t\ l thc present lime, phylogen ies seem to he divorced from dassifical inns 
since few phylogenetic hypotheses are used as the fOundation for newer classifications. 
This may resul t in the undesirable situation in which robust phylogenetic papers have 
lit tle impact on the tlaily practice o f taxonomists (for a broader d iscussio n on this issue 
see Wheeler 2004, Franz 2005). Phylogcnclicisls arc frequently reluctant to introduce 
changes in the classification due to the nature of the phylogenetic research-e.g. 
occasiona lly the relat ive posit ion of a cl ade un dergoes mod ifications wit h the add ilion 
of m:w data. In thl.'! present case, we dt:cidt:d to make ta:'l.onum ical decisions based on our 
phylogenetic results by introducing changes only when we fd t confide nt to do it. 

Our results arc robust enough to restrict Ramariopsis lo species with ornamented 
spore!'- which show the charac teristic ultrastructu ral pa11ern. The only p rohlem nrises 
when we try to identif)' the spcd cs th al meet th ose rct~uircmcnls since in some species 
spore ornamentation is difficult to sec. There are cases in which some la.xa or iginally 
dc.. .. cribcd wit h smooth spores arc demons trated to have ornamented spores-one 
t:Xamplc uf th is is Urmwriopsis culifomica IU ·I. Petersen (Pegler & Juung 1985). Fur 
this reason , and u ntil we have more information-e.g. SEM and T EM studies of 
the spores-we avoid proposing new combinations for species with smooth spores 
origi na ll )' described in J<mnariopsis (sec Appendix 3). We o nly recommend the use of 
combinations previously proposed, that a re congruent with our results (see Appendix 
3). The onl)l exception is R.am ariopsis a11tilfarum (Pat.) R.I 1. Pe tersen. Th is taxon was 
originall )' clescrihcd as Cla varia f usiformis. vnr. antillanm r Pat. ; suhsequent ly, Petersen 
( 1988a) pro posed to raise it to spcd es rank based on the differences in the on togenetic 
patte rns of the basid iomes between yet the species and the variety. We concur with 
Petersen's proposal, yet we cons ider that the correct placement for this species is in 
Cltlvulinopsis based em the presence o f simple d ub basid iomcs and globosc, smoolh 
spores. Our current knowledge of th is species leads us to propose the combination 

ClavulinojJsi.s antillarum (Pat. ) Ga rcia-Sandoval & Cifuentes, co m h. nov. 

Basionym : Clavt~linopsi.< f usiformis var. a11tillarum Pal .. in Ouss. Enum. Mcthodiquc 
dc.s champigno ns recueilles a Ia Guadeloupe a Ia Ma rt iniq ue (Lons-lc-Saunicr): 14 
( 1903). 

We have included a checklist of available species names fo r Ram nriopsis and their 
co rrect cnmhinatiu ns accordi ng to the pn.-se nl results (see appendix 3). '!he list is 
d ivided in three parts: a) species confi dently placed in Rlm wriopsis sensu stricto; b) ta.xa 
once incl uded in Rm11 ariopsis that do not belong lo Ramariop$iS according to our resul ts 
and avail ahlc info rm ation; ancl c) species originall y d e$cr ihcd in Ram ariopsis that ncccl 
further examination before a nt:w combi nation be proposed. We thin k that th is chcck)j st 
provides pract ical appl ications. avoid ing the proposal of u nj ustiilablc new combinations 
that may result in u nstable nomenclatural changes. 

·r\ vo comhinations are excluded fro m lhe list: 
a) Rum uriupsis bizzvuriana (Sacc.) Sch ild. (- Clavaria bizzuz~ria rm Sacc.). C. 

bizzozeriana was recogn ized as a taxonomic synonym of Ramariopsis pt~ lcltelltl by 
Corner ( 1950); later 1hc combina1·ion Ramoriopsi$ bizzozeriamt was inco rrec tly prc rerrccl 
I)VCr Ranwriop.~ is fmlclu:llu by Sch ild ( 1972). 'I h is lust combinal ion should not be used 
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because C. biw 1zeriana is cm rcnt ly considered a taxonomic synonym of R. pulcltella 
( fur det ails sec Curncr 1950. Petersen 1978b). 

b) Rmnariopsis lentofmgilis (- Clt1 varia lentofmgilis Atk.). Corner (1 950 p. 640) 
considered Clavaria lentofragilis Atk. a taxonomic synonym of Ramariopsis kunzei , 
a lthough he kept dnubts. In h is <lcscripl ion of Rtm wriopsis ltmtofmgilis ( propera 
(Bourdot) R. H. Petersen, Petersen (1969 p. 550) used the combination Ram ariopsis 
fe,tofragilis without making any reference to the authori ty of the combination. ln a 
subsequent article Petersen ( 197Ra p.669) ack nowledged Corner as the author of the 
combination. However, Ranmriopsis leutofrugilis w·.ts not ~onsidcrcd by Cornt:r ( 1950. 
1970). who only rc!Crrcd to the species as a ta.xonomk synonym of R. ktmzei. Whethe r C. 
let~tofragili.~ is a synonym o f R. ktmu i or not is a mat ter that needs furthe r investigation . 
For that reason we pretCr to cxdude that possible combinat ion from lhe c.:hcckl ist. 

In conclusion , the present stud y ind icates that the delimitati on of Ramariopsis proposed 
by Corner ( 1950, 19i0) is robust, given currently available data. Although the topological 
compa risons did not find sign ificant di fferences between this hypothesis and that 
proposed by Petersen (19i8a), o ur analysis inclkatcs that RamariiJpsis sensu Corne r 
rep rese nts a more parsimonious hypothesis (five steps shorter) , in accord ance wi th 
ultrastr uc tura l data on spore ornamentation and patterns of cyanophilous reaction in 
the spores. Add itionall y. the test uf sensitivity of the taxonom ic sampling indicated that 
the results obtai ned we re not an artifact of taxo n selectio n and arc stable across various 
rcsamplings of the data. Relationships among taxa outside of the d ade JVmwriopsis 
se nsu Corner should be taken as te nt ative, given that the sampli ng of the present stud y 
was designed for other objectives. Recently Denl inger & McLaugh lin (2005) addressed 
the relationships of Clnvnriaceae and Pterulaceae; in their sampling they included 
rep rcscntat ivcs of Rnnw riopsis sensu Pete rsen and Cf,waria scnsll Petersen. The ir results 
ag ree with our study and show RtmwrioJisis se nsu Pete rsen as a paraphylelic group while 
a lso showing support fo r a clade congruent with Claw,ria subgenus Clavulit~ops is. In 
our results, we a lso fi nd a clade congruent with the mentioned su bgenus of ChiVaria, 
but with nun-boo tstrap suppo rt. Future studies addrc:s.,.ing Ch~wtri,,ceae quest io n arc 
needed, but cu rrent fi ndings (e.g. Dent"inger & McLaugh lin 2005) provide important 
insights about thi s questions. 
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Appendix 1. Characters and character states. 

Morphological characters of the basidiomc 
1.· Simpl< davllte bmidiom~. This type ofbasidiornc corresponds to what Petersen ( J988a) defi ned 
as clavarioid - holobasidiomrcctcs. in simple erect columns- excluding the branched fo m1S \vhich 
show a distinct o ntogenetic pattern as described by Cor ner ( 1950). This incl udes intcrgradations 
From simple clavate forms to those with some amount of apical branching (biful'(atcd towards the 
apex). Withi n th is general pattern arc severa l ontogenetic variants (Corner 1950. CICmcn~on ct al. 
2004) that could be phylogcncticall)• informatiw, but to date there arc too few data to recognize 
discrete patterns: in the pr~cnt stuJ y only the gcncml pattern was com>iticrcd. States: 0: present , 
!: absent. 

2.- Proj11sely bmnclwf lmsMiomes. This character corresponds to what Petersen (19M&) described 
as d avarioid (sec character I) , but is confined to the branched forms, si11cc this corresponds to an 
ontogenetic pa ttern distinct from the simple forms (Corner 1950). A basidiomc was considered 
profusely bram;hcd when it cxhibih.'<.l three or more le\•cls ofbran, hi ng Wil li ng from the rnitklle or 
below l11c mKidlc uf the basidiomc. States: 0: present, 1: absent. 

3.· &sidiomt! pileate-stipitat.:. Corner (1966) defi nes the pileus as an apical expansion de\"eloped 
from a diageotropic growth that gcncrarcs fan or umbrella sha1>ed forms. This differs from the 
cantharcUoids in the configu ration of the hymenophore and the absence of a thickened hymenium. 
In the present stud)• any basidiome exhibiting a pileus sensu Corner ( 1966) and a stipe sensu 
Ki rk ct al. (200 1) was considered as pilcate-stipitate, indCJ>endent of the conformat ion of the 
hrmcnophorc. Statc.s: 0: present. 1: ab-sent. 

<1 .- f -orm of tl1e llym;mopllore. For the present study the hymcnophorc was defined following 
CICmenr;on ct aJ . (21.101) as the portion of the context that supports the hymcnium - the layer of 
basidia, basidiospores, and stcriJe d en1ents- in contrast to the proposal of Ki rk et al. (200 1), who 
considered the hymcnophore the structure which supports spores -e.s. a basidion1e. In the present 
StUll)' the hymenophorc was considered to exhibit varia tion in fo rm inJcpemlent of that of th ~: 

basitliornc, anJ as such is an inJepcmlent chardcler (Mickcvich 1982, Mickcvid1 anJ Lirnpscomb 
1991, Limpscomb 1992. Mabee 1993, O'KeeiC & Wagot!r 2001) against Clemcn<;un ct al. (2()(}1) 
Sl'C charJcter thrl't fur example a smooth hymenophore can be pre~n t in a simple, clavate, or 
cnrticioid ba.~idiome. 'rhe rccogni;r.cd .states cnrrc.~pond in the case of gills to the description of 
Si n~r (1986), for a hymcnophore in fold~ to Corner (1966) in cantharclloid fungi. for a smooth 
hpncnophorc to CICmcn(on ct al. (2004 ), and for A wrinkled hymenophorc to the description 
of some species of ClavariadeiJ)hus by Corner ( 1950) though with a lesser grade of orga nization. 
Statcs O: gills, 1: folds, 2: wrinkJcs, 3: smooth. 

5.· Lo11gitudi11afly sulct~te in simple dtwate lm$idiomcs. '01js character corresponds to the J cscriptiun 
by Petersen (1 988a) and represents those basidiomcs that exhibit a furrow or longitudinal fold 
along the fe rti le part of the busidiome; it dirfers from a wrinkled hymcnophore in that the furrow 
or fold is singular. States: 0: present , 1: absent. 

6. · D~vdopme11t of tl~e COli/ext at the l~vd of llle l1ym~nium. 'I his chara, tcr corrc.spunds to the 
presence or absence of t he condit ion described as llstu lar or hoiiO\\' by Ki rk ct al. (200 I), but con lined 
to the context at the level of lhe hymc niu m. The portion or the context below Lhc hymcnophore 
and subhymcnium 'an exhibit distinct grades of development wi th two clearly recogni1.able S tal e.~: 

when it is well dc\'elopcd, the bo.sid iomc exhibits a solid aspect in transverse section, but when 
poor!)' developed the hasidiome ar,pcars hollow or fi stulatc in tra nsverse scet ion . .Stat e.~ 0: fis tulatc, 
!:solid. 

7. - Pallr!t"ll of lmmchins. Proluscly brdnchcJ basidiomcs exhibi t diiiCrcnt patterns of br.mchi ng 
Jcrivcd from diUCrcn.:~.--s in ontogenet ic dcvc:lopment (Corner 1950). 'the nomenclature untl 
patterns J escribcd by Corner (1950) were foUowed for the present study. Only h\'O shlles were 
observed among the incl uded species in the prc.seru ana lysis. States 0: radial, 1: flancncd. 
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8.- Mycelial cords. Aggregates of linear h)'Phae growing away from the basid iomc and visible to the 
naked eye \\We considered mrcclial cords. CICmcn<;on ct al. (lOIH ) and Bocldy{l999) disti ngu ished 
between mrccliaJ cords and rhizomorphs based on the level of o rgan ization and the type of growth 
oft he struc.: turc.l ttlhe present shtt1y no distinctive api<.:al growth was idcntifu.>d, anc.J the obscrvt.>tl 
.struclllrc.s \\'Crc thus only cha ructcrizcd a~ rnycclial cords in the general sense of \.airnC}' ct al. 
( 1991). States: 0: present , 1: absent. 

9.- _lyJycdium at tile lmse of I he stipe. Basidioml.'s growing from a patch or pillov.• of mycelium 
were con.sidcrt-'<1 as exhibiting my~.:Cli a at the base of the stipc. 'lllc mycelial growth was ahvays 
conspicuous and found abO\"C the substrate; this mycelium covers the base of the sti pe and ex hibits 
different types of generative hyphae. Petersen (1 9~a) described subiculate as a patch of mycelia 
in the :;ubstrate from where the ba:;illiomc grows, but C!Cmenlioll ct al. (2()()11 ) re:;trictcll the term 
subicula i'C to the thick layer of mycelia from which th e corticioid hasidiomcs develop. We treat the 
character as equi\·alent to what Petersen (1988a) denominates subiculatc, but since C!Cmcn\<)n 
et al. (2lXM) employed the term in a difti!rent manner, the descriptor .s ubiculatc is not used in the 
pn.>scnt study. States: 0: present, I : abst:nt. 

10.· Re!at: lion of ltymeuirmt to iro11 Slllls.. The re<tction to iron sahs is a widely used character in 
the systematics of davarioid fungi (Corner 1950; Donk 1%<1; Petersen 1978a, 19a3a ). The reagent 
contains ferric chloride in a 10% aqueous SQ]ut ion (Petersen 198&), and i ~ applied directly to the 
hpn eniu m. A positive reaction is rccoy.nizcd by a color change to ol ive-green or grar-grecn. This 
reaction is considered indicati\'c of t he presence of the compou nd pistillarioe (Steglich ct al. 198.-1). 
A pu!>i ti vc r~.tc tion to this reagent can exhibit utlua color chauge:; llue lu the presence of Ji:;tinct 
compounds (Gill & Steglich 1987, Singer 1986) . In the present study only positive reactions that 
engendered oJive-grcen or gray-grl'Cn color changes '"ere considered. Observations were made in 
dryed exemplars. In our cxpericn.;:e .species with positi,·e reaction in fresh material aiSQ react when 
J ry. St<Jtcs 0: IKI!>itivc, I: n~g<~tive. 

II. - Ct1rotenoid 11igments in tl1e bnsidiome. Along with seS<:Juiterpinoids, carotenoids arc the on!)' 
pigments present in the macromycctc.s derived from the mevalonate pathway (G ill & Stcglich 1987. 
Gi ll 2003). 'J his char<J ~.: ter was codt.-tl as a nomina l \'ariable -sensu Hawkins (2000) - bas~d on the 
aviahlc information for the species considered si nce other types of cod i n~ would requ ire additional 
data about the specific metabolic path\\·ays generating the compound (e.g. B<trkman 200 1). States 
0: present, 1: absent. 

Micromorphological characters distincl from the h}•menium and the spores 

12.- Lacticiferaus IJyplwlf. 'I his structure corrcsponU s to \\'hat Singer ( 1986) Jc.s4.: ril>cd ali lacticiferuus 
in the .strict sense - hyphae that produce latex. TllC.o;c hyphae ,;an exhibit nuclei and septa and thus 
correspond to a specia lized type of hcteroplcra sensu CICmen.;on et al. (2004). States 0: present. I: 
absent. 

13.- luflatcd ltyplme. JnOated hyphae arc those generative h)•phac that exhi bit increased growth 
behind the point of latera l gro\\•th, widen ing and elongating significantly (Corner 1950, Kirk et al. 
2001 ). '!hey arc recogni7.ablc by havi ng a considerabi)' greater diameter than the rest of the hyphae, 
and h)' havi ng constrictions in the 1.onc oft he septa: they may or may not ha\'C d ump connections. 
Corner ( 1950) distin~u ished two t)1)CS of rnonornit ic context's that present inOatcd hyphae hase<l 
on the 1)1\!SCnce ofsccondarr septa and clamps. In the present study th is classification was not used, 
:;incc it n1ixcs two imlcpcmlcntly varying characters. State:;: 0: present. 1: ab:;cnt. 

14.- Cry.ctal.t irt tire l•yplmc ojtl1e basn.l rnyc .. :lia. The hyphae of the lll)'Celia at the hase of t he stipe 
sometimes present amorphous crystals, similar to those reported in the context of t he base of the 
Sti pe for #.amtlriuJ'.<i$ J.m ldu:lltl (Petersen 1988a) -S-20~m. hral inc or yellowish, and do not dissolve 
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in S% KOH. Tile crystals arc found covering the exterior sur f;.~ cc of t he hyphae and arc not easily 
removed. Stottc.s: 0: present , 1: absent . 

15. - Degr~e of thickening in tlu: hyplull wall. Thickening of the h)'l>hal wall Wil.S considered only 
in the generative hyphae. The presence of generatin• hyphae wit h thickened ' ' 'ails has been a 
relevant S)'Sicmat ic character in several genera (Corner 1966. Pegler 1996). In the present stud)' 
three qualitative dcgn..'CS of thickeni ng were rccognizl-d due to the dintcuhy in making precisl' 
q uantitative measurements. States: 0: none, I: sa~ rcc , 2.: conspicuous. 

16. - Simple j ilmlae. Si mple fi bu lae damp connections, clamp cells arc frequently observed in 
Basidiomycetes. CICmen~on ct al. (2004) recognized three types of simple fibulae, of which two were 
obsen •ed in the present study: closed and ring or medallion fibulae. Doth types were considered 
equivalent ~ i n<:c there were insuflicicnt c.Jcments to dctenni nc discrete stales, due the conti nuous 
variarion ohscrve<l. Sratcs: 0: prc,~cnt , 1: ahsent . 

17. - Geniculate fibulac. Geniculate fi bulae are those that exh ibi t a marked bend at the point of 
inflection, giving the appea rance of a bent knee. 'll1e bend part'ially deforms the profile of the 
fi bu lae. aUowi og them to be easiJy diOCrentiatcd from simple fibullle. These structures correspond 
to those dcscrilx."ll in various sp.:d cs of Cl1wulinvpsis by Vc tcrscn (1 968 ). Gcn iculiltc fibu lae an: 
not homologous to simple fihul ae since hoth struct ures arc found simultaneously in the same 
basidiomc and arc thus independent characters accord ing to the conjunction test (Patterson 1988, 
Ricppcl 1 9~. De Luna & Mishler 1996, Rieppcl & Kearney 2002. Grant & Kluge 200tl ). States: 0: 

prc:.cnt. I: absent. 

18. - 1-1 c.umta:tiuns. 'l lu.-se connections a~ stru<:turcs formcJ by the u••ion of two parallcl h)•pltae 
th rough n third, trans\'crse, hypha. They ca n he considered fu nctional homologous -biolo~ica lly 

homologous fo llowing Roth ( 1988)- to fi bulae, bu t arc not phylogcnetically homologous sensu de 
Pi nna ( 1991 ),since they arc both present simultancouslr with distim:t types of fibulae. 'I hey should 
thus be consitlered independent characters following the conjunction test (Patterson 1988, Rieppcl 
1988, De Luna & Mishlt>r 1996, Rieppel & Kearne)' 2002, Gra1ll & Kluge 2004). States: 0: present . 
!: absent. 

19.· r\mpulliform fibulae. Th is type of fibula is <:haracterized b)' the presence of a marked widening. 
giving the appearance of an in nated fibu la si milar to the inflated h}'phae. '!his corresponds to the 
description by J>eterscn ( 1988a) as a dwractcristic of Ramaria ~ubg. Lellloramaria Curncr. 1l1is 
type offihuln i-'i not phy lo~cne ti call)' homologous to th e other type,~; of fi hulae de.liCribcd ,~; i nce it can 
be found present simultaneously with those other structu res and should therefore be considered 
as an independent charJcter by the conjun<: tiun test (Jlattcrson 1988. Ricppd 1988, De Luna & 
Mishler 1996, Rieppel & Kcurney2002, Grant & Kluge 2004 ). Stutes: 0: present, I: absent. 

Hymen_ial characters 

20.· S11bl.ymmi"m dearly tlijfert!nliated. The subhymenium was considered to be the layer of 
generative hn>bae growing below the hymcnium (Ki rk et;~l. 200 1) and from which the ll)'mcnium 
forms (Petersen !988u). Scvcml disti nct anatomica l patterns of the subhymcnium ha\'e been 
described (Citl nM> .:)\'On ct al. 200<1), and in the case of 1hc clavarioid fungi, lletcrsen ( 1988a) 
considered three types. '!"he \"ariation obsen •ed in the present study; did not permit differentiation 
ul distinct t yp!.!~ of subhymenium: only the CQnspicuous presence or absence ol a subhymenium 
was considered. State,-;: 0: present . 1: absent . 

21. - Tl1ickening of tile l1ymenium. C<lmer ( 1950) desa ihed the thickening uf the hymcniu m as 
a !'lll llern result ing from the sympodial growth of the hyphae of the suhhymcnium, ge nerating 
successi\"C superi mposed layers of hymcnium, collapsing the preceding basidia. No additional 
patterns of variation uf this type have been dcscribL'tl to date. and in tlw prcs~n t study no further 
\"ariotion was observed. States: 0: present, I: absent. 
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22.· Cystidia of tile l1ymc11ium. Cystidia arc Sterile hypha! apices. generaUy with a dist inctive form 
and found in vc~riable locations in the b3sidiome (Ki rk ct a l. 2001, CICmcn(on ct al 200'1) . 'fhc 
for m and anatomic disposition of the cystidia haYC been u.sed as taxonomic characte rs, but only the 
cy:aiJia in the hymcn iu nt were C011sidcm:d fur tl1c prese nt stwJy, as no otherC)'StiJ ia were obSl'rvt.>tl 
in the species studied. States: 0: J' rc.sc nt, 1: ahscnt. 

23.- Fibufate basidia. Clamp connections on basid ia arc restricted to the base of the basidia. 'The 
presence on the basid ia is indCJlCndcnt oft he presence of fihulac in !he re.~ t of the hyphae of !he 
basidiomc. As such, it \'las considered as an independent character. In the case ofCiavaria subgenus 
Hol<u:crytre the basidia exh ibit a ril>ula dcscri lx-'(1 as bruadl)' fn .oc (Corner 19SO) o r l>ifun.:a tcd 
(Petersen 1988a). States: 0: present, 1: absent. 

21.· Basidin witll n:frirtg.:m comcms. This charac ter refers to basi<.lia wi th an oily, yellowish. 
appcn nmcc of its content, which is homogeneous nnd refringent in 10% KO H. II cor responds 

partiall)' to what Peterse n {1988a) described as gloeoplero tic, excluding the foa my appear.1nce. 
Si mila r!)'· it corrcsronds part ially to what CICmem;on ct al. (2001) J c.s<:ribcd as oil-produci ng -
resinous content and to what Si nger (1986) describes us o il-producing sensu Faroid , but wi tho ut 
1he positive sulfova inillin react ion. States: 0: present, 1: absent 

25.- S/wpe (If tlte ha.cidia. The variation ohscrvcd du ri ng I he present study rcrmittcd rc.:ognilion 

o f two forms or genera l profil es of basidia: cylindrical and clavate. These terms correspond to the 
dcfi11it ions of Kirk ct a l. (2001). Statc.s 0: c.lavatc. 1: cyli ndrical. 

26.- Dt~se of c/.wtlle bmidifl. Clavate basidia exhibit \'ariation in the size o f the base. Va riation of 
the s i :~..c was coded as an indcpcnJcnt character bcc.:uuse it refers to a propcrty or featurl.' of an 
anato mica l regio n pa rt icular 10 dawuc basidia and is no r homolo~tous wit h tcrc lc h11sidia (de rin na 

1991, De luna & Mishle r 1996. Ricppcl & Kearney 2002 , Grant & Kluge 2004). Add itionally, this 
cod ing rcllects the variation observed as it descr ibes properties wi th independent variat ion. 'I he 

si:te of the basidia exhibi ts \'a riation logically indcpe ndc iH of the form and thus can be codl!d as 
an independent character (Ha\.,kins et al. 1997, l-la\vkins 2000, O'Keefe & Wagner 2001 , Rieppel & 
Kearney 2002) . States 0: shor t, 1: long. 

27.- Cwicr~lme iJtuidia. These basid ia exhibit a poi nt of inflec tion in the middle part, and thus a 

ma rked bend giving the appeara nce of a fl exed knee. ' I his bend conspicuously deforms the profile 

o f the bas idia al lowing them to be dcarly di fiCrcntiatl"ll. This pattern corresponds to tha t descri tx"'<l 
in Vilrious spec i e.~ of Cfavr~finnp$is hy Pe ter,~en ( 196R). Geniculate basid ia do not consti tute a 

pauern or form homologous in t he phylogenetic sense (de Pinna, 199 1), since both structures are 

simu ltaneously present in the same basitl iomc and thus ~.:omtitutc iuJcpcndent chara~.: tcrs l>y thl' 
conjunc tion test (Patte rson 1988, Rieppcl1 9S..~. De tuna & Mishler 1996, Ricppcl & Kearney 2002 , 

G rant & Kluge 2004 ). States: 0: present 1: ab.sen l. 

28.- Oricntarinn of the acltrnmatic spindle. Juel ( 1898) describe<! two hasic patterns of orientation 

o f the meiolic spindle of basidia during meiosis: chiastic - trans\'ersal to t he principal axis and 
s ituatcJ in the apex- anc.l s tictic - paraUcl to the principal axis and ~ ituated in the middle. ljoidi n 
( 1958) n.-cognizcd un intcrmL'tliutc pa ttern thut he cull ed hcmichiust ic; Don k (1964) Iuter qualified 
this as a homologous \'<t riant of the chiastk fom1. In the present study only the chiastic and stictic 

patterns were considered , gi,·en that those a rc the onlr patterns reported for the spe\:iCS studied. 
Stah:s: 0: chiastic. 1: stk tk. 

29.- Fo111 tl!:mtlitting rtuch~i. After meiosis a third nuclear division sometimes occurs, pnxlucing a 

tota l of eight nuclei. In some spL>eics four of these nuclei disintegrate and arc te rmed rl'mui ni ng 
nuclei (Penancicr 1% 1). This pattern has been reported for se,•cral of the species considered in the 
present stud)•and corresponds to that described as post-me iotic pattern "'A" b)' D uncan & Galbraith 

(1972) anti to that described by KU hner ( 1977). '!he data a\~.t i lablc for t he spL"t." ics c:onsidcrctl in 
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the present Shlf..l)1 only allowL'<I recognition of the presence of a third division exhibi ting put tern 
•w•- and the absence of this division (only fo ur nuclei form); this characttr \\•as thus coded as a 
nomina l \'ariably (llawk.ins 2000). States: 0: present , 1: absent . 

Cbaraclcrs of Lhc bas ic.J iosporcs 

30. - Spor~ form. 'I he \'aria tion obscrvcrJ durin~ the present stuJy allowetl the recognition ol t hrc~t 

SJ)Orc forms: glohor.c, suhglobosc, and clongntc. SHll C.< were assiJtncd qua\iuuivcl)', excluding the 
deformations produced by o rnamentation when present, and correspond to the fo rms described 
by Kirk ct al. (2001), except for the fusiform and ellipsoid forms, which arc considered as elongated 
spores. States: 0: subglobosc, 1: globose. 2: elongJh!. 

31. · Size of th;: MIM ll/1/H:mlix. 'l hc hi lar appendix -a lso c.""a lk.'tl the apiculc. s lcrigmal appendix 
o r apophysi<; (Kirk ct al. 200 1, CICmell{on ct al. 200.1) is the small conical or pnpillo·shapcd 
projection, which is the point of connection be"\·een the spo re and the sterigma. Th is s t.ruchm~ 

is im·ok ed in the active liberation of the spores (C!C menljon et al. 2tMH) . Based on the observed 
variation in the species studied. two q uali tative states were recognized to describe the size of the 
appendix. Slates: 0: promi nent , 1: inconspicuous. 

32.- 111ic.knc.<snft1w~pnre. wall. 'OICSJlCCics c()nsidcrcd in the present studyd() rlnt ~hibit significonrly 
thickened spore walls. but some species show a slight thickening. Bast>d o n the obsen ·ed va riation 
two qua litati\·e states were recognized. States: 0: slightly thickened. 1: thin. 

33.- Smooth spores. Spore o rnamentation has been a rele\·ant taxonomic character for Ramariopsis 
(Corner 1950), l>ut :SC\'eral stud ies ha\'c shown that ornamentation can l>c llerin:d from d iiiCrent 
layers of t he spo re wnll. Trem inr,t he presence of ornamentat ion as homo logous in different taxa 
could thus fail the test of similari ty (Rieppcl 1988, N('lson 1994, Rieppcl & Kearny 2002 ). The 
presence o f sn1ooth spores - spores without mOOificat ions or deformations in the wall - was 
observed in prcpa r-Jt ions mounted in 5% 1\0 1·1 using a brigh t fi eld light microscope at IOOOx 
mar.nifica tion. States: 0: present, 1: absent. 

3tl .· Ultra..ctmctureof ..cporeomamentation. The spore wa ll has bt!en characterized in di llt!rcnt s tudies 
using d iffere nt sources of informat ion - light and electron microscopy- that generated d iRi:-rent 
terms to deno minate the observed ult ras tructu ra l patterns (Cii:men~on ct al. 200•1). It is known 
that sccn1i ngly simi lar lOrn IS can exhibit dillCrent ultrastructural patterns (C lCmcn~on ct al. . 2{)()11). 
nnd as such regarding these fo rms as homologous sensu de Pinnn ( 1991) woukl he incorrect hy 

the test of similarity (Riewel & Kearney 2002, Grant & Kluge 2004). Based on this knm,•ledge, the 
ultrastruct ure of the ornamentation \vas coded instead by the morphological patterns obser\'ed. In 
the present st udy the numcndatu re of Pegler & Yo ung ( 1985) was used, which also curre..~pond<; to 
the descript ions of HawJ.:s\,'Orth et al. (1 995). States: 0: tunica, 1: corium. 

35.- Cymrnpllilrm.< r.:ar.limr nf tire spnre.<. for the presen t st ud y a cyrmoph ilous reaction was 
considered pos itive when the wall oft he spore stains wit h cotto n blue, following the nomcndah1re 
pro posed l>y Ko tlal>a & Pouzar (in Donk 196<1) . During the present st udy the reagent \\--as prepared 
d isso l\' ing 1.6 g of cotton blue in 10 ml of lactic acid. After add ing th e reagent , the preparat ion was 
heated until boiling and lh~n left to cool for 10 minutes before observations were made. States: 0: 
posit i\·e. 1: negati\·e. 

36.· Pottem of cyanopltylly in the spores. The posit ive reaction to conon blue (cranophylly) 
exhibits two patterns of coloring: ho mogeneous o r more intense in the ornamentation. States: 0: 
homogeneous coloring. 1: ornarnentatiun more C)'anuphilous. 
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Appendix 3. Checklist of species names. 

Part L. Species of Ramariopsis sensu stricto 

Rmnnrinpsi.c tuterella (G.F. Alk) Corner 
• Clava ria m ta..-1/a G. F. Atk. 

RrmmriU/'~is tJvt:/lmu:tl lU·I. Petersen 
Rmnariopsis flVellaueaim-er.'ill R.H. Petersen 
Rmnariopsis bijOrmis (G. F. Atk.) R.H. PCicrscn 

• Clavarin biformis G.E Atk. 
Rmnariopsis cufij'Omim R.H.I'ctcr:;cn 
Rflmarinp:;i.c cimulln(lmcn R.H . Petersen 
Ramariopsis c:immmomipes R.H. Petersen 
Rmnariul'~is citri11u ~hild 

Ramariopsis c/avuligera (R. 1-!eim) Corner 
11 Ciavaria davulij;cm It 1-!cim 

Rat~UiriOf'sis costmic.:ll$iS L.D. GOmez 
Rmn~~riol'~·is crocefJ (Pcrs. ) Corner 

= Clavt~ria crocea Pen;. 
Ramariopsis wrta ( f-r.) Corner 

• Chwruitl curlll Fr. 
ll.mnuriol'sisflm•~:sctms R.l-1 . Petersen 
Rmnark'f' sis IJihcmica Q)rncr 
Ramariopsis ku11::ei (Fr.) Corner 

• Clcwmiu kuu::ei Fr. 
Ramariopsi!> ltmgipc.• R.H. J>eterscn 
Ramariopsis novaltiiJernica Corner 
RamariOf'$iS fmlcltefltt (Doud.) Comer 

= Cltwarir' pulclle/lt~ HouU. 
Ramarinpsis ramarioides R.H. Petersen 
Ramariopsis rufip.:s (G.F. Atk.) R.H . Petersen 

• <..:hwm il4 rufifn: .. ~ G.F. Atk. 
Rmnariopsi.<. subarctica Pilat 
Rmnarioflsis tcuuicula (Bourdot & Galzin) R.H. Peter.c;cn 

• Clnvarir1 teawwla Bourdot & Galzin 
Rmnuriopsis lcnuimmosu Corn'!r 
Ramariopsis tortuo.(a IU·I. ]>etersen 
Ramariopsis vestitipes (Peck) Corner 

• Chwlll'ia \•estitip.:s Peck 

Part 2. Species sometimes placed in Rnmnriopsis that belong in other genera 

Cia varia L. 
Clavaria as~ruloSfJOm G.P. Atk. 

!!I Ramnriof'Sis aspem lospom (G. F. Atk.) Corner 

Clavuliuopsis Ovcrecm 
CIMuli11opsis tmtHiarmn (Pat.) Garcia·Sandoval & Cifuentes, comb. no\·. 

• Clawuiafusiformis var. amilturum Pat. 
• RanwriofJsis tmt illarum (Pat.) R.H. Petersen 

Clavt11iuopsis r.om iculfllll (SchaciT.) Corner 
• Chwt~ria comu::ulata SchaciT. 



• Ramariop$iS ccm iculata (Scad!".) R.l-1. Petersen 
Clavulinopsis depokc:usis. (Q ,·ercern) CQrner 

• Clava ria depokmsis Qyerccm 

111 Ramariul'sis tkpokeusis {Ovcrwu1) R.l-1. l'ctcrsen 
Oavulinop.~is didmtoma (Godcy} Corner 
1!!1. Clavaria did10toma Godey 
• Rmnadopsis did1otoma (Godcy) R.ll. Petersen 

Cl1Wt41inopsis f usiformis (Sowerb)•) Corner 
= Clnvm ia j usiformi.c Sowcrby 

!I Ramariopsis Jusiformis (Sowerby) R.ll. Petersen 

Clfwulinupsis lu!IYOlil (Pcrs.) Corner 
• Clnvt~ria lte/~'Q/a Pers. 
• Rmn~~riot,sis l~td~·ola (Pcrs.) R.H. Pl'lc rsen 

Chwuliuopsis Jwlmskiodii (Oudern.) Comer 
• Cltwarit1 lwlmskiutlii Oudcm. 
= Ramariapsi.c lmltmkiodii (Oudcm.) R.H . Petersen 

Clavt41iuopsis laetiroJor(Dc rk. & M.A. Curtis) R. ll . Petersen 
• Chwtltitl lm:ticolor Bcrk. & M.A. Curtis 
il RamariOfJSis lacriccfor (Bcrk. & M.A. Curtis) R.H. Petersen 

Clavlllinop#s lureo-och racea (Cavara) Corner 
• Clava ria lutro-ocllraUtl Cavara 
• Rmm1riopsis lutro-oclm:cea (<.:avam) IU·I. PctcrSt.:n 

Clavulinopsi.( luh.VIICI ICrrima (Overcem) Corner 
• Clav11ria futcotcnerrimtl 0\'erccm 
• RcmmriuiJ~is lut.:olem:nimu (Ovcrecm ) R.l-l . Petersen 

Clavulinopsis mimdula (Dourdot & Galzin) Corner 
= Claw:ria minutula llourdot & Ga lzi n 
• Ramariopsis minutula (Bourdot & Galzin) R.II . Peler$en 

Cltwulinupsis subtilis (PI!rs.) Conwr 
a Clavaria subtili.~ Pers. 
= RamariofJsis subti/;s (Pers.) R. l-1 . Petersen 

Clavulinopsis umbrim:lla (Sacc.) Corner 
• Cltwt:ria mnbrindla Sac;c. 
• Rarnari()f1Si.c f~tnhrindla (Sacc. ) R.I-L Petersen 

Rmuaria l' r. 
Ramarilllnrillwmmti (l~rk . ) R.l-1. Petersen 

• Clnvmia fo rillwmmts Derk. 
• Ramt1rio1'sis luritlumums (Bcrk.) Corner 

ScytitJopogotJ Singer 
Sc:ytinopogo11 dcnllxltus (Bcrk.) Corner 

• Clavaria deafbata Berk. 
• Ramariop~is ,/ealbata (!Jerk.) R.l l . Petersen 
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Part 3. Spcc.ics in itiall r described in Ramariopsis that requ ire further examination 

Ramarinp.~isaxxlutinata R.H. Petersen 
Ramariopsis afutacl!a R.ll. Petersen 
RmtUlfiCJ/'Sis mmmrio-oliv,lCI!U IU ·I. Petersen 
Ramariopsis bicofor R.l-l . Petersen 
RamariOfJSis crt:>mic.olor JU-l. Pelersen 
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Rmnariopsis junquiffea R.H. Petersen 
Rmnariopsis lignico/11 R.H. Petersen 
RamariofJsis ovispom R.l l. PctCI'$Cn 
R.mntlriU/JSis pse:rulosubt11is R.t-1. l'Clcrscn 
Ramariopsis simple.\· R. H. Petersen 
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Abstract - A key to thcgcr •u:sSclllcd/ospora. (O rdcrG/omem/es, l'h)•luur Glomeromycota ) 
is compiled hasecl o n the pmtoloy,uc~ of ~rccics dc.~rip t iom and information on type 
cultures oflNVAM website. 

Kc)' \\'o rds - arbuscular •• •yc.:or rhi7..a l fungi, G/omemles. identifica tion, sporc \Vall 

Introduction 

The genus Sc.utellospom was sepa rated from the genus Gigaspora by Wal ker & Sanders 
( I 986) based on di iTercnccs in germination characlcrislics, subcellular structure within 
spores, and morpholog)' o fextrarad ical auxil iary cell s. Weight was assigned most heavily 
to germination properties, with germ tubes fo rmed from the inner warty surface of the 
spore wal l in Gigaspam and from a novel germination shield fu rmed un flex ible layers 
independent of the spore wall in Scuullospora. Etymology of Scutr:llospora affirms these 
criteria, as Lhc name derives from swtellum, or small shield. The germination shield 
differentiates on 11 hi-layered 1\exihle germinal wa ll unique to glomeromycotan fu ngi. 
When nwn; than unt.: of thcst.: germ ina l w;.~ lls arc prt.:scnt, the germination shield forms 
always on the innermost one. Cellular organization of spores consists of spore wall and 
one to th ree of these flexib le germinal wall s in Swtellospora while only the spore wall 
in GiJ!USJlOrtl spec ies. Vegetative crite ria for genus-level Sc!paral ion reside in auxiliary 
cells, which have a knobby surface in Scutellospora and dist inctly echinulate surlilce in 
Gigaspora. 

In their classificat ion of arbuscnlar mycorrh i1.a l fungi (1\.M F), Morl'on & Renny 
( 1990) placed Gig11.sponJ and Swtdlospora wilhin Lbe fami l)' Gigt~sporaceae, suborder 
Gi'g<~spori'ne(le and order Gfomerales. Members of Gi'gaspomceae were grouped by 
dense\)' staining arbuscules, knobby co iled hrphae, unique soil -borne am:ili arr cells 
and formalion of spores on unique,;: sporogenous cells. Gigasporuceae currently is 
grouped in the order Diwmi.sporales (SchuGier eta \. 200 I) which consisls of an eclectic 
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mix of fami lies wit h no discerni ble morphologica l evolutionary pattern as classified. 
·1 hcrcfore. at the order level, the morph ological evolut ion con flicts with the ISS rKNA 
gene sequence phylogeny. Patterns and processes in spore ontogenesis (foranke & 
Morton , 199'1; Morto n, 1995) provided useful insights into tbc origi ns and bolmdarics 
uf spore subcel lular charal:tcrs for I he fam ily Giga~pomcetw. 'I hcsc works prnv idcd the 
foundatio n for reinterpretations and resolut ion of spccics-levd characters. Slli rmcr & 
Morton ( I 999) subsequent ly described a new species. Scutellospom rubra, based on 
spore on togenetic data. 

Spc;,.x:ies of Scutel/o$pOra arc geographical ly widespread wi th a pandemic dist ribution. 
Species of thi s genus have been reported from North America (Koske. 1987) South 
America (Siqucira et al1989; Slli rmer & BeUci 1994; Yano~Mclo et al. 2003; Silva et al. 
2005), Europe (Biaszkowski 19S9), Africa (Bact al. 1996) . Asia (Saito & Varga 1991) 
and Australia (Koskc 1975). Although they are commonly associated with hosts in 
sand dunes, (Koske & Walker 1985, 1986; Koske & Gemma 1996; l31 aszkowski 199 1). 
the)' also arc found in other natu ral ecosystems such as West Java tropical rai n fo rests 
(Kntm ad ibrata d al. 2000). Ve nezuela sderophyllous shrublands (Herrera-Peraza cl 

al. 200 1). USA tall grassland (IIetrick & l31oom 1983) and Germany alp ine ecosystem 
(Blaschke 199 1 ), Brazil savanna-l ike "cerrado" (Walker& Diederichs 1989) and "caatinga" 
vegd<~t io n (Souza d al. 2003) as well a." in b ra~>. ili a n degraded areas (Yano-Mclu d al. 
2003; Sil v·a d al . 2005). Nevertheless. species of Swlcllospom have also been registered 
from d iverse agroccosystems (l-letrick & Bloom , 1983; Miller et al., 1985; Siquei ra et al.. 

1989; ''" et al .. 1993). 

Earl y keys for identilication of arbuscular mycorrhizal fu ngi were <lcvdopcd b)' t-Jall & 
Fish (1 979) and Trappe (1 982). Koske & Walker ( 1985) provided a key for a subset oi 
Swt!!lloFpora species with ornam ented spore wa lls. With a substantial increase in the 
num ber nf new species described and the robust nH> rpholugica l del ineation am(lngsl 
species. we deemed it an app ropriate lime to erect a more comprehensive dichotomous 
key to Scu tellospora. 

Material and Methods 

Morphological characters of Scutcllospora were obtai ned from species protologues 
and from descrip tions of refe rence isolates in the International Cultu re Collection of 
Arhuscular Mycorrhizal Fungi (JNVAM. \ Vest Virginia University, WV) wchpagcs 
(hllp://invam.caf.wvu.edu/specieslD.hlm) . No rncndalurc in species descriptions 
was revised and standard ized according to that proposed by Morton et al. (1995). 
Of 32 described Scutello5pora. species, 25 were incorporated in the key. The seven 
unincorporated spccit'S were S. (llbomsea, S. gilnwrei, S. m inula, S. 11i~: ra, S. reticula! a, 
S. savmmicola and S. tricalypta. all of which were described before any standardized 
terminology for spore structures was developed (Walker 1983). For the 25 species 
considered in the key, cha r.1c ters nf 1'1 species were obtained frnm I NV AM weh pages 
and I I from published species descriptions. Wherever possible. color designations (e.g .• 
0/20/40/0) were based on the CMYK model (Cyan, Magenta, Yellow and 131ack) used 
as the hasis for the I NV AM color chart {htl p://invam.caf.wvu.cdu/otherinfo/art idcs/ 
-.:olorchart. hlm). Spel ling of names follows a .-commendations of Walker & Trappe 
{ 1993). 
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Results 

DI CHOTOMOUS KEY TO SOME SCUTELC.OSPORA SPECIES 

Ia. Spores with one gcrmi naJ wall ....... ... ..... .. .... .. .... , .. .. 2 

lb. Spores with more than one germinal waiL ..... 8 

2a. (Ia) Surface of spore wa ll smooth ............. . . . .. . . ... . .. ... .. .. . . . ...... 3 

2b. Surface of spore wall ornamented .... .... ... .... ... ... .... . ..... .. .... .. .. 4 

Ja. (2a) Spores pale (0/0/5/0} to slightly d arker cream (0/0/40/0) in color, with mean 
diameter of ISO ~tm (range 120-2•10 pm) , second layer (L2) of the spore wall 4.5-6 
~1m lh ick (mea n = 5. 1 ~tm ) ......... . ...... . .... .. ...... . .... .... S.fu lgida 

3b. Spores chestnut {0/110/ 100/0) in color, with mean d iameter of 300 !J.m. second la)'CT 

(L2) of spore wall 10-25 ~.uu thick . . . . . . . . . . . . . . . . . . . . . .. S. cnstanea 

4a. (2b) Spore wall ornamented with warts . . .. ... .... 5 

4b. Spo re wall ornamented with blunt tapering projections 1-3 ~mt wide and 2 j.lffi high . 
Ll of the spore wall swelling in acid ic mountants and turning dark red -brown in 
Melzer's reagen t . ...... .. ..... . .... ... ..... .. ... ... .... .. ..... . . S. bioruata 

5a. (4a) Color of mature spore ranging from pale-straw (0/10/10/0) to orange-brown 
(0/60/ 100/0) nr pale h) d ark copper (0/60/ 100/0 to 20/ R0/60/0) . . .. .. .. 6 

5b. Color of mature spore darker than above. ranging from r~:d-brown (20/80/ 100/ 10) 
to dark red -brown (40/80/80/0) ..... .. ..... . ..... .. ..... . ........... .. .. 7 

6a. (Sa) Spores pale to dark copper to darker cream color (20/60/70/ 10). 240-360 j.llll in 
diameter (mean = 3 13 j.tm) with surface covered by rounded warts 0.3 j.lm wide 
and 0.2·0.5 pm high . ... ... .... .. ..... .. . S. pcrsica 

tih. Spore!> pale $1-mw to omngc brown, 220-360 •'m in diameter (mean = 30R pm), with 
su rface ccwercd with tightly packed warts< I J.llll apart , 0.5-1.0 p.rn wide and 0.5-
1.2 J.llll high . . . . . . . . . . . . . . ... ..... .. ... .... ... ...... . S. ''errucosa 

7a. (Sb) Spore size of260-480 j.l.Ul (mean :":' 362 j.tlll). spore surface covered wit h flattened 
warts with angular margins (2- 12 j.lffi wide and 1-3 j.lffi high) ...... S. coralloidea 

7b. Spore size of 380-520 •'m (mean = 473 j.t m) , spore surface ornamented with rounded 
warts {1 1-26 t.tm wide and 3-7 pm high) . . . .. S. grcgarin 

Sa. (I b) Spores with two germinal walls .. ... ..... .. , 

Rh. Spores with three germina l walls . ..... . ........•. 

.. .. ..... .. .... .. .. 9 

. . . .. 24 

9a. (Ra) Surface of spore wall smooth ...... . .. ... . .... . .. ... . , , .. .• • . .• • , . 

9h. Surface u f spurc wall urnamc nlcd ....................... . 

lOa. (9a) Spores pale lo dark orange-brown (0/601100/0) tu n:d-bn)wn (20/S0/1 00/0) 

10 

18 

... .... .. ... .... .. ........... .. ..... .. ... ..... .. ..... ... .. ... .. .. !! 

lOb. Spores lighter in color than above, color ranging from white/hyaline or pale yellow 
(5/0/20/0) 10 yellow (0/0/100/0) .... ... .... ... ... ... .... .. ..... .. .... .. .. 12 
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II a. (lOa) Spore size of 140-220 1•01 (mean = ISO pm). Second layer (L2) of the spore 
wall 3.5- 12 ~· m thick staining dark red black (20/R0/70110) in Melzer'~ reagenl. 
Second htycr o f ge rminal wall 2 is 0.6- 1 A 11111 thick stahling pale pinkish purple 

(0/20/20/0) to darker pinkish purple (20/40/20/0) in Melzer's reagent" .. S. rubra 

li b. Spore s;zc of (200- ) 240 (-360) x ( ISO-) 230 (- 290) ~m (mean " 235 ~m). Second 
layer (L2) of the spore wall 0.8 -2.2 11m not reacting in Mcb·.cr's rc<~gcnt. Second 
layer of germinal wa l1 2 is 3 - •I up to 25 ~tm th ick, with amnrphnuschamcteristics., 
staining reddish purplc (20/H()/ :!0/0) in Md zcr's reagent ......... S. lwwlliiensis 

12a. ( lOb) Spore wall not rcacling in Melzer's reagent ................. . . ...... 13 

12b. Spore wall reacting in Melzer's reagent .. ..... .. .... ... . ... . ......... .. .. .. 15 

13a. ( 12a) Spores pale yellow with a greenish tint (510/20/0). Spore size rdnging from 
120·240 )Jffi. Second layer (L2) of spore wall finely laminated, ranging from 1.8~ 
1.2 !lm thick. Germinal wall2 reacting in Melze r's reagent. . .. ..... . ..... .. .. 14 

13b. Spores pale yellow (5/0120/0) to yellow (0/0/10010) without a greenish tint. Spore 
size mnging from 320·440 x 320 ~•1 70 ~1m. Second layer (1.2) of spore wt~ ll coarsely 
laminakd. rdnging from 6 ~ 16 !Jill thick. G~nn i nal wall2 nul rt:ading in MdZt:r's 
reagent .. S. aurigtoba 

11a. ( 13a) Spores with germ inal wall I consisting of one hyaline layer 0.6-1.0 )Jm thick, 
stain ing light pink (0/20/20/0) in MdzerS reagent and often adherent to spore 
wall . Second laye r (L2) of germinal wall 2 staining red· purple (20/80/20/0) to dark 
red-purple (40/80{60/0) . ...... . .... ... ..... .. .... .. ..... . . S. dipurpurcsccns 

14b. Spores wi th germinal wa ll I consisting uftwo hya li ne adherent layers that together 
arc 0.9-2.0 )Jill thick. Second layer (12) of germinal wall 2 staining red- purple 
(20/80/20/0) to da rk red-purple (40/80/fiJ/0) ... . ... S. calospom 

I Sa. ( 12b) Spore color hyaHne/wh;tc to pale p;nk (0/J0/20/0) to deep p;nk (0/40/20/0) 
... ... ... ... .... .. ..... . .... ... .... ... ... ... .... .. ..... .. .... .. .. 16 

ISh. Spore color aprico t yellow rmd yellow brown (015/40/0) to orange brown 
(0/60/100/0). . .. ... ... ... .... ... ... . l i 

16a. (!Sa) Spore colo r pale pink (0130/20/0) to deep pink (0/•10/2010), turning hyal ine 
when the pink color fades. Spore wall color turns yell owish with a greenish lint 
(010/801). Second laye r of ge rminal wall 2 turns pale pink (0120/20/0) to light 
purple {20/40/20/0) in Melzer's reagent. ....................... . S. wcresubiae 

16b. Spore color hya(jne/whj re. Spore walk firsl layer (Ll ), hya line, 1.8-5.0 pm thick and 
second layer (1..2) 3.0-S.R 11m !hick. Spore wall turn~ dark red -purple (40/80/40/0) 
to reddi sh~ black (60/80/50/1 0) in Melzer's reagent. Second layer (L2) of germinal 
wall2 with characteristics "amorphous" staining red purple (20/80/2010) to dark 
red purple ( 10/80/60/0) in Melze r's reagent . . . S. pellu cida 

17a. (ISh) Spore color apricot yellow to yellow brown (015/40/0). Spore wall tu rning 
garnet red in Melzer's reagent. Second layer (L2) of germinal wa ll 2 with 
characteristics "amorphoui>" ~taining red purple (20/R0/20/0} in Melzer's reagent 

................ . .......... S. arnle,Jiaca 
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17b. Spore color p<~ lc ycl low·brown {0/ 10/20/0 to 0/ 10/60/0) to orange brown 
(0/60/ 100/0). Spore wa ll turning da rk red-hrown in Melzer's reagent. Second layer 
(L2) of germinal wall 2 wit h chanac:lcristics "amorphous• staining dark reddish 
purple (•10/80/40/0) in Melzer's reagent.. .......... .... ... . ...... S. aretJicola 

18a. (9b) Spore color pale orange brown (0/00/80/0) and dark orange brown 
(0/60/100/10) to red brown ('10/80/ 100/0) ................................ 19 

ISh. Spore color lighter than above, ranging from hyaline/white, pale cream (OJ 10/40/0) 
to metallic gold (0/20/100/0) .. ?:0 

19a. (I Sa) Sporc~mrfacc ornamen ted with short ro unded warts 1.0-2.5 pm high. Second 
layer (1.2) o f spnrc wall 5-9 1-1111 Lh il.:k (mean - 7.4 j!lll), staini ng dark red brown 
(20/80/70/ 10) in Melzer's reagent. ............................ S. lteterogm"a 

19b. Spore surface with two types of ornamentation; crowded small conical warts.. 0.5-
1 11m wide and 0.5- 1.5 jlffi high and hyaline, blunt , bacilliform large projections 
1. 5-3 ttm wide and 2-10 pm high. Second layer (L2) of spore wa ll 3-8 ~tm thick. 
Rt:aclion of spore wall to Melzer's reagent unknown . . .... S. dipapillosa 

20a. ( ISh) Spore wall reacting u n Mclz.t:r's rcagent turn ing dark rcd-purplt: ('10/80/10/0) 
Lo redd;sh-black (60/80/50/10) ........................................ . 2 1 

20b. Not as above .. .. . ... 22 

2 la. (20a) Spore size of 220-380 jlnl (mean - 300 jllll). Spore wall ornamented wi th 
papilla rarely > I jlm high and 1- 1.5 11m wide. Second layer (L2) ol germinal wall 
2 with characteristics of "amorphous" and sta ins red purple (20/80/20/0) to dark 
red purple (40/80/60/0) in Melzer's reagenr . . .... S. ccrradct~s is 

2 1h. Spore size of 160-270 jllll (mean = 2'10 t-tm ). Spmc wall ornamented with knobs 
3.5 6.5jl.m high and 7- 10.5 .,._m wide. Second layer (L2) of germinal wall 2 with 
characteristics ol"amorphous" and stains dark red purple (40/80/60/0) in Melzer's 
reagent . . ... . . . ...... . ..... . ..... . ... .. ..... . . . ...... . ........ S. 11 odosa 

22a. (20b) Ornamentation of the spore wa ll 2-4 ~1m high ... ... . .. . 23 

22b. Ornamentation of t he spore wa ll 3-6 pm heigh and J.fi- 10 ~1m wide consisting of 
dome-like sub-polygonal papillae. Spore wa ll nut swelling in acidic muuntants. L2 
of the germinal wall 2 turning red purple (20/80/20/0) in Melzer's reagent 

........................................................ S. crenulata 

23a. (22a) Spore ornamented with columnar protuberances 2-4 ~un long. Second layer 
(L2) of germinal wall 2 stai ning purple (40/60/20/0) in Melzer's reagent . . ... . S. 
projccturnta 

2:lb. Spore ornamen ted with dense blunt spines 2-•1 ~m long. Second layer (1.2) of 
germinal wall :! staining red purple (20/80/20/0) in Melzer's reagent. . 
S. spit~osissima 

21a. (Sb) Spores hyaline/whi te to yellow brown (0/5/40/0) in older spores, 3~10-640 jllll 

in diameter (mean - 495 ~m), with dark yellow-brown germination shield highly 
contrasting with spore color. Spore wall not reacting in Melzer's reagent. Second 
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layer (L2) of germinal wall 3 staining red purple (20/80/20/0) to dark red· purple 
(40/80/60/0) i n Melzer's reagent ... . . . . ...... . ... .. ... . ...... S. scutata 

2-tb. Spores red-brown (20/80/60/0) lo dark red-brown (20/80/100/ 10). subglobosc 
Lo oblong. 160-320 !Jill diameter (mean - :?:40 !Jill). Spore wall not reacting in 
Melzer's reagent. Second laycr(L2) of germinal wa\13 stainjng pinkish (0/40/20/0) 
to pinkish purple (0/60/30/10). . .. . S. ery thropn 

Discussion 

"I his paper pro\' ides lhc lirsl dicho to mous key of Sculdlosporu since Koskc & Walker's 
key of approximately two decades ago for species with roughened (ornamented) spore 
wall s. The iirst characte r in the key is number of germinal wa lls present in the spore, 
which can be readil y detected by both beginning and experienced researchers once they 
recognize the fundamental hi- layered organization of each wal l. From there, propert ies 
of spore wall layers (color, presence and type o f ornamentation , etc.) discriminate 
amongst species (Morton et al. 1995). 

Spore wall slrudurt: was rt:-inlerpreted from published species descriptions of some 
species according to developme ntal patterns (Morton et al. 1995). For example, Koske 
& Walker ( 1985) desc ribed S. coralf.t., idea, S. gregoria, S. verm cosa and S. persica as 
possessing a hyal ine, mem branous wall . Developmental patterns indicate this structure 
represents one germinal wall composed by two layers (Morton 1995). Based on thi s type 
of comparison, S. llawaiiensis, S. aurigloba, S. weresubiae, S. dipapillosa. S. "odosa, S. 
projectumta, S. spinosi.<;.cima, S. nrrmico!t1 and S. crenultlla were considered to have t-wo 
germinal walls. 10 support this in terpretation, Melzer's reaction of germinal walls was 
also considered. Scutel/o$pora species with o nl y one germinal wall shows no reaction in 
Melzer's (Morton, 1995) while those with two or three germinal walls ha\'e the second 
layer of the innermost wall turn ing light to dark purple in Mdz.cr's reagent. For instance, 
protologues of S. arenicola and S. crew,/ata arc not straightforward about the number 
of germinal walls, however, both beco me red purple in Melzer's reagent; we therefore 
interpreted these spccie;:s as havi ng two germinal walls. Est<~blishmenl of these organisms 
in singlc-spedes culture will hdp to darify this interpretation. 

The presence of one, two or three germinal walls defines groups of species within 
Sculellospora. Withi n each group, new subgroupings emerge when considering 
charactcristi c.<o of spore wall and germinal wall . ' I herc fore, wit hin Swlellnspora spe;:cics 
with one germinal wall, two subgroups arc IOrmcd relative to ornamentation of spore 
wall . One gro up is formed b)' S. Julgida and S. castanea, both of wh ich have smooth 
spore wall s, whereas another gmup is formed by S. biomala, S. fJer:;ica, S. w:rrUW$ll, S. 
comlloid~a and S. grttg1uia wh ich produce a spore wall ornamented with blunt tapering 
projectio n and warts. We are not suggesting that they represent new taxa (e.g .. subgenus), 
but I hi s grouping is very useful during species idenl"iflcntion. 

Within Scu/e/lospom species with two germinal walls, subgmupings based un !>pore 
color and o rnamentation also emerge. lhercfo rc. there arc spec ies producing smooth 
spore walls with dark spore color (e.g., S. m bra and S. lwwaiicmsis) and those with 
pa le spore co lor (e.g., S. aurigloba, S. dipurpure.~t:eus, S. calospora, S. weresubiae, S. 
pellucida , S. Mtmmiacu and S. aren icula). The th in! subgroup includes spc.:cies produci ng 
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ornamented spores (S. lleterogmua, S. flipap iiiMn, S. cerrademis, S. notlos.a, S. cret~ulata, 

S. projectumta and S. spi 11osis.~ima). '!he third la rge group within the genus includes 
species differentiating three germinal walls likeS. sc.utat(l and S. erythropa, which can 
be readily separated from each other based on spore color and size (hyaline/white larger 
spores in the former and rcd- hruwn smaller !--pores in the latter). 

Differences among some spccics nuw described in the genus Scutdluspum can be small 
so that species boundaries are not dear. For example, the mai n difference between S. 
dipurpurescens and S. calospora is the presence of one or two layers in the fi rst germinal 
wall , respectively. Spore size, color and Melzer's react inn of germ inal wall 2 arc identical 
between these two species. On the same token, d ifferences between S. lwt~rogama and 
S. tlipapi/Josa reside mostly o n the very small type o f ornamentation occurring on the 
latter, a characteristic already noticed hy Ko!'kc & Walker (1985). Some spores of S. 
dipapillosa arc ident ical to S. lwterogama, while others that show the variation desc ribed 
by Koske & Walker (1985) arc present in paras it ized spores- so the d iffe rence may 
be an artifact of parasitism rather than a heritable di frcrcncc (J.B. Morton, personal 
communicalion) . Sculellospom pellucitlu and S. urm eniuca arc aJ so very similar and may 
represent the same spec ies; both bave the same ra nge of spore size and Melzer's reaction 
of spore wall and germinal wall 2 arc identical. Spore color can be used with caution to 
separate both species, as S. urm eniaca produce~ sport$ apricot yellow and yellow b rown 
while S. pellucida arc hyal ine. However, spores from the latter can l>c pale yellow brown 
when older or extracted from roots in pot cu ltt1 rcs or from the iicld, the condition where 
spores from the fo rmer were described (J.B. Morton , personal com munication) . 

We proposed th is dichotomo us key lo help Ol)'Corrhiw logists lo ident ify Scu tcllvspura 
species during field su rveys or fo r establishing isolates in single-species cultures. We 
arc awa re that interpretat ion of spo re wall st-n1chtre for some species might not be 
adequate, espec iall y those not established in mnnospecific culture. 'I ht=rcfnrc, wt= suggest 
that for further species description, spore wall characteristics should be desc ribed 
using nomenclature based on spore developme ntal model as proposed by Morton c t 
al. ( 1995). 
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Ahstract - Hyposylon specimens collected from d ifferent forest areas in 'I1u1i land 
were im•cstigahxl and identified lo species using bolh morphological and molecu lar 
charadcrislics. Fifteen species, including three new SjJecies. H. ktwclumapi~.:kii. 

H . . ~ublenomumdii, and H . . (ttranan:ei, were recorded. 'll1c phylogenet ic tree of the 
Hy po.J.ylon examined was conslr\1Cted using the neighbour-joini ng met hod based on 
the inte rnal transcribed spacer (I TS) regions including 5.8S riboSQmal D:"A sequences. 
The molecular rc.sults revealed dear se par.Hion among Hypmylon srx-d cs including 
closely related species or o n data based only on tclcomorphic DNA. Th ree taxo in 
llypruyloll sect. Amllllata- 1 I. 11 it~ns, l l.fmrpun!onitem. and I/. bowivar. microspora­
were gro uped together. but the fou rth species, H. cf. m"L iwri, was separated. '!he 
phylogenetic tree docs not support the monophyletk group of sect. Ammlata in th is 
swdy. In <t<ldit ion, these mo lecular data could be used to confi rm the recognition of 
new species based on morpho logical featu res and they arc \'aluable for the creation of 
the Hypuxylu11 L>NA ~'-lucncc database. 

Kcr wo rd s- XyiMim:em:, AmwluhyfXJ.lylun, taxo J10my 

Introduction 

1-fypoxylon BulL is n large complex genus oft he fa mily Xylariaceae which is a well known 
fam ily of Lhc Ascumycola (Whalle y 1996, Rogers 2000). ' I hey arc d istributed worldwide. 

being especially common in subtropical and tTopical regions. ll1eir habitat is on wood. 
Most H.ypoxylon species arc saprotrophs im·olvcd in the decay of wood or occasionally 
being weak parasites in stressed hMl lrees(W halleyl996, Edwards el al. 2003). MureO\•er 
an increasing number o f J-lypoxylon species bdng reported as cndophytcs in a wide 
range of li vi ng plants (Rodrigues & Petrin i 1997; Rogers 2000; Edwards et al. 2003). 
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Trad it ionally, Hypoxylon has been characterized by morphological characteristics 
based on stromat al structure, pigmenlatinn, shape and features <)f the ascospore (Mil ler 
1961; Martin 1968; Ju & Rogers 1996). Thus, the delimitation of the genus llypoxylon 
has been the subject of several rearrangements since the monograph of Miller (Miller 
19t1 1). Mil ler's monograph divided the genus into four sec t inns, J·lypoxylfm, Ammlata, 

AJ1phuwta and Papillata strongly relyi ng on stromatal form. texture, colour. and ostiolc 
form (Miller 196 1). Consequently, this monograph failed to recognize the relationships 
among species anct groups of species. The section 1\pplarmta sensu Miller has since 
been n:dislributcd bctwt:en Cmuillea l' r. and Biscogniau .. -ci(' Kunt1x (L~ss0c, Rogers & 
Whalley 1989; Whalley. Lressoc & Kilc 1990; Ju et al. 1998) whereas members of the 
sect ion J>apillata subsect ion Primocinerea (Miller 1961) have been all ocated to a range 
of genera including Nemar1ia Gra)' emend. l'ouzar (Pouzar 1985). Rosellinia De Not. 
(Petri ni 1992). Kretzscl, 11aria Pr. (Van dcr Gucht 1994), Kretzsclrmariella ViCgas (Ju 
& Rogers 1991), Entoleuca Syd. (Rogers & fu 1996), and Euepixylou Fliisling ( L~ssec 

& Spooner 1991). Recent ly, Hypoxylmr was rcvi:-cd by Ju & Rogers ( 1996) using four 
major criteria to define the genus: Nodu/isporium-like anamorphs. stromata unipartite. 
never erect , with a so lid and homogenous basal tissue below the perithec iallayer. They 
divided 1-lyp(lxykm into sec tions 1-lyprwyl(ln and 1\ mm/ala separating them on the basis 
of prc:sc ncc or absence of a layer of carbonaceous st romatal tissue enclosing pcrithecia. 
Add itional major characters used to separate the two sec tions included the perispore, 
which if dehiscent , exhibits a visible thickened area posil'ioncd about one-third of the 
length of the a..."<:ospore and on the same side of the germination slit in members of the 
Annulata. and the presence or absence of an annular disc surrounding the ostiolum. Ju 
& Rogers ( 1996) accepted at least 130 spec ies and varieties and have since recognized a 
further 16 species nn d one va riety (Ju l{ogers & Hsieh 2001). When revising the genus Ju 
& Rogers (1996) were able to utilize data absent from the monograph of Miller (1961). 
such as ascospore ornamentation using scanning electron microscop)', form of the 
apical apparatus of the ascus, germination slit morphology. and the colour of stromatal 
pigments c.xlmcled wi lh 10% potassium hydroxidl! (KOH) solution. However, in spill! 
of their revision ident ification of certain llypoxylou species re mains problematic wi th 
insufficient d iscriminatory morphologica l in fo rmation to dearly delimit certain taxa 
and for the conlidcnl ident ificalion of individual species. ' I his has proved to be most 
pronounced wbcn considering t ropical taxa of the Amwlata especially 1-lypoxylon nihms 
(Ccs.) Y.-M. Ju & J.D. Rogers, H. moriforme Hcnn., H. bowd Spcg. var. microspom J.H. 
Miller and H. purpureonitens Y.-M. Ju & J.D. Rogers where. between them, there is 
considerable variation and overlap in their morphologica l features. 

Molecular studies based on DNA sequences are recognized as more rel iable methods 
to revea l generic relationships, and can be used to evaluate the relationships of fungi 
at any taxonomic rank (Bruns ct al. 1991). Fungal ribosomal DNA (rONA) genes arc 
freque nt!)' used because these genes contai n highly conserved and variable regions, and 
the)• arc found in multiple copies per genome (Gardcs& Bruns 1993). 1n the rONA genes, 
the r<.-gitlns of the internal transcribed spacers (ri 'S) I and 2 including 5.8S ribosomal 
DNA gene have been extensively stud ied to differentiate taxonomic entities at the species 
level in several fungal genera , such as Fusarium Link (O'Donnell 1992), Penicillium 
Link (Skouhoe et al. 1999), Xylaria Hill ex Schmnk (l.ec et al. 2000) , and Nypmylon 
(Sanchez-Ballesteros ct al. 2000, Mazzaglia et al. 200 1). Sequence data of rONA prov ides 
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a powerful tool for evaluating phylogenetic rclal'ionship among different taxa especially 
at higher taxonomic levels. Moreover DNA sequence <lata from ITS 1 ~ 5.8S~ ITS2 region 
has been used to develop specific oligonucleotide primers of pathogenic flmgi such as 
Penicillium nwm~ffei Scgr., Capp. & Sur. (LoBugl io & Taylor 1995). 

In th is stud)• we clL><:Icd to investigate the genet ic var iat ion within 1-lypmylun 
species in order to obtain correlations between their morphological and molecular 
characterist ics using DNA sequences of the ITS1~5.8S- ITS2 region. It is our belief that 
the application of these data in conjunct ion wi th morphological features will provide o 
bclle;: r definition of species ddimitalion of J-lypoxylon. Since our study was completed 
l lsich ct al. (2005) have published on molecular phylogeny of llypoxylon and closely 
rehued genera based on fi-t ubuli n and a-actin gene sequences. They proposed a new 
genus Amwf,JhyfJCixylon Y.-M. Ju , J.D. Rogers & H.-M. Hsieh to ac.:c.:omm udate taxa 
originally assigned to I lypoxylon sect. i\mmlata (Ju & Rogers 1996). 

Materia ls and Methods 

Fungal materials 

Eighl)•-ni ne collections of l·ly poxy lml specimens were collected from differen t forest 
areas in 1l1ailand. They were classified and identified to spccicslcvcl using morphological 
characters (Ju & Rogers 1996; Ju Rogers & l lsich 2004) , and cuhurcs we re obtai ned 
whenever possible fo ll owing ascospore discharge. germinat ion and colony developme nt . 
"I he stromatal pigments of Hypoxylvn were extracted by using 10% potassium hydroxide 
(KOI I) solution, ld t fo r one mi nute. and observed the colour compared to the colour 
chart of Rayner (l9i0) . Nine Hypoxy lon isolates were addi ti onally obta ined from the 
Royal Forest Departmen t (" lhailand). Two species (as teleomorphs) of H. nitc:m: and H. 
bovei va r. microspora were provided b)' Dr. Yu-Ming ju (National Uni\·crsity of Taiwan. 
Taiwan) . Details of the representative cu ltu res of the Hypoxylon species investigated 
toget her with the two " l ~1i wunese t:ollectinns are listed in Table I. All isolates were 
routinel y grown on potato dext rose agar at 25°C, and maintained in 15% glycerol at 
-20°C. 

DNA e.x tracLi on, ITS I-5.8S-ITS2 region amplificat ion and DNA sequencing 

Genomic DNA was extracted from cultur.d mycelia and from ::. tromatal herbarium 
materials by using t·hc me thod of Lee & Taylor (1 990) with some modifications. 
The interna l transcribed spacer ( ITS) regions I and 2 ind udi ng 5.8S ribosomal 
nucleotide sequence were amplified by polyrnemse chain reaction (PCK) with the 
funga l specific pri mers IT$4 (5' -TCCTCCGCfTCTTGATAGC-3') and JT$5 (5'­
GGAAGTAAAAGTCGTAACAAGG-3') (White cl al. 1990). "lbc I'Cl\ reaction was 
carried out in 50~~ m i xtur~ con tain ing 10 ng of DNA, 200 1-1 M nf each dNTP (dATP. 
dGTP. dCTP. and dTTP) , 2.5 1-1M of each primer, 2 mM of MgCI2, and I unit of 'Ii1q 
Polymerase (S igma, U.S. A). The PCR cycle of ITS amplificati on consisted of I cycle of 
95°C fo r 5 min; 35 cycles of 95°C for 30 !>CC, 53°C for 30 sec, 72°C for I mi n; and t-he 
linal ..:yde ufi2"C for 10 min. PCR reactions were carried out in an automated thermal 
crdc r (Oio Rad . U.S.A). 

Amplification products were purified through column s using the Q IA qu ick PCR 
Purification kit (Qiagen, U.S.A) ami sequenced using the 11(:1{ primers as sequencing 
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primers with the Big Dye DNA Sequencing kit (A,ff licd Biosystcms, U.S.A). All 
react ions were then run on a Perki n Elmer AI~ I PRISM · 37i DNA Sequencer (Applied 
Biosystems. U.S.A). 

Pllylogenet ic analysis 

All ONi\ sequences of rONA were determined and tri mmed to remove all ISS and 
28S sequences according to sequence boundaries de li ned b)' S;inc.:he?.-Ball l."!'sterns C!t 

al. {2000). DNA sequences of ITS regions were analyzed and aligned manually using 
Clusta\W (Thompson ct al. 1994) and Biocdit program version •1.7.1 created by Tom 
Hall (Department of Microbiology, North Carol ina State University, Raleigh, U.S.A) . 
Genetic distrmces fo r the neighbour-joining and conditional clusteri ng, Kimurn 2 
parameter distanc.:es ( Kimura 1980), were computed wi th the Dnadist module of the 
PHYL IJ> software package (Fd senstein 1995). Selec ted n·s sequences of related species 
in the GcnDank database (http;//www.ncbi.nlm.nih.org) were included fo r comparison 
with sequene~ obtained in the current study. Strengths of inte rnal branches of resulting 
t·rees were st<ltistic:l ll y tc.qed by the bootstrnp anai}'Sis of 1000 replications. 

Results 

Fungal collection and identification 

Eighty nine Hypoxyloncollcct ionswcreclassified and identified as belonging to 15 species 
including 3 unique new species, on the basis of their morphologicnl characteristics 
(Table 1). Details of the new species arc given below under taxonomic descriptions. 
·n1c collect ions exhibited high variat ion in thei r morphological characteristics, e.g. 
stromatal surface colour, ascospore size and shape, and germination slit morphology. 
The morphological characteristics of representatives of each species recognized arc 
presented in Table 2. 

Taxonomic Descriptions 

Morphological f~:alu rcs ufthc 'lhai cullcd iuns idenli fied as H. tmtlwcltrotml, H. bovei var. 
microspora. II. fendleri. I /. lraematostroma, I I. leuonmmdii (except for two collec tions 
on bamboo), II. mont iculosum, ll. u itens, II. purpureot~iteus, ll. stygiw n, II. atrorosew n 
and H. rubigi11o:;um were all in VCf )' dose agreement with the descrip tions fo r those 
species (J u & Rogers 1996) or with the characters of voucher specimens provided by 
Dr. Yu-Ming Ju. l;uur collccl iuns init ia lly considered being d ose lu H. urcheri grouped 
together in d ade Ill but were separated from the other annulate species suggesting that 
the)' represent the same taxon. The presence of a white fringe surroundi ng thei r ost:iolcs 
and other minor deviations from typical H. ilrclleri suggest that they all represent a new 
taxon. 'lh rec cull cclions fro m Ratchaburi Province a rc described as H. kmrclumapi$ekii 

named lu honour lbe Royal Golden Jubilee:: Ph.D. Program, which provides the fi nandal 
support fo r this study. Two collections similar lo H. ltmom wndii but growing on 
bamboo arc described as a new species named I I. sublenonmmdii. Another new species. 
H. suraunrui, is named following the location of specimen collections at Suranarcc 
Uni\·ersity of Technology, Thailand. 
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Hypoxylot1 kanclranapisekii Suwannasai . Rodlong. Thienhi run & 'Whalley. sp. nov. 
f!GUR£S l A-f 

Stmmata glmn.-:rata vel pulvinara, (L'l -2mm dinm. X 0./ -0.2rmn cra.'l' a; lrmmli.~ 

p~ritln!ciormn inconspicms wl conspicuis, ~-\·feme obscure r·11bro-brwmea vd umbrinis i ll 
KOit cliswlutis; l'critlutc:itlglubosu 0.1 0.2 mm dium. Ostiolcl plmm wl pMum t:lc:vuta. Asci 
IO.i 120 llln fongitudinc Iota x 3.8 .i jWI craS,((l, parribus !iporifCris 7.S 85 wnlon_Ritmline 
stipitibus 12.5-35 jwr fo11gitmfi11c tmmtlo apiC(Ili in liquou iotlato Md::ui cytmcsccllft:, 

tlis:uidcu, 1.25 W" tlflu _,. 2.5 p.m lulu. A~cthpurtlr: brmlllt:tH:, unic.dlulart!.(, dlip~uitlem: 
cum apicibus angustatis, 10 1 1.5( 12.5) x (l )3.5 5 Jtm, rima germinativa recta tonga 
pra.-:ditflc; pcri.cporirtm in KOH itulelriSU/1$, /eve; epi.cporir,m /eve. 

KEY CHARACTERS: Stromata glomerate to pulvinate. restricted and usually containing less 
than 20 pc.rithccia, pcrithccia occasionally almost free, 0.5-2 mm x 0.1-0.2 mm thick, 
with perithecial mounds inconspicuous to 1/3 exposed, surface dull reddish brown with 
KOI-I !!:<tradable pigments brown vinaceous (81). or umber (9}; pcri thccia spheri~.:al 
0.1-0.2 mm diam.; osliolcs slightly highc.=r or the same as the stromatal surface; asd 105-
120 ~m total length x 3.8-5 ~m broad, the spore bearing parts 75-85 ~--tmlong with stipcs 
12.5-35 ~-tm ; ascosporcs brown, unkellu lar, equ ilateral. with narrowly rounded ends, 
10-11.5(-12.5) x ( 1-)3.5-5 J.Lm , with straight 2/J length germ-slit; pcrisporc indchiscent 
in 10% KO I-I , smooth, cpisporc smooth; wlonics on PDA covering 9-cm Petri dish in 
two weeks at room temperature, 23-28"C. at first cream then buff, velvet)• to felly, with 
concentric zones where aerial hypha) tufts develop; anamorph not formed. 

SPECIMENS EXAMINED; TllAIL:\ NO, Ratchaburi Province, the Royal Forest 
Department. on bamboo. 28 August 2003, Suwannasai. N. (Holotypc SUT069); SUT066; 
SUHI68. 

Comments ; I lypoxylon kauclumapisekii is dose to I f. parksimwm Y.-M. Ju & J.D. Rogers 
(Ju & Rogers 1996) except that the stromatal form of H. krmdwmtpisekii is normally 
glomerate and contains less than 20 pcrithccia whereas J-1. parksiarmm is pulvinate to 
clfuscd-pulvinatc wit h inconspicuous to conspicuous pcrithecial mounds. ' I he colour of 
granules, which beneath surface and between perithecia, of H. kandrrmapisekii is dull 
reddish brown but it is blackish in I J. pnrksiammr. lbe pcrithccia of I f . kmrclumapiukii 
arc spherical with 0.1-0.2 mm in diameter, whereas 1-1. parksimwm pcrithccia arc 
sphcricol to tubular and larger size, 0.3-0.6 mm in diameter x 0.4-0.8 mm high. Asci 
of 1-1. parksimmm arc longe r, H 7- 17'1 11m total length x 6.5-7.5 11m broad, than J-1. 
ktmclumtlpisekii, which arc described above. Ascosporcs of H. ktmdfllnttpisekii arc 
slightly smaller than II. parksirmum ( 11- 14.5 x (4.5-) 5-6~Jm). I lost of thi s new species 
is known ani)' from bamboo clump while the substrate of H. parksirmum is on corticated 
wood of Hibiscus. 

Hypoxylot1 sublenormandU Suwannasai. Rod tong, Thicnhirun & Whalley, sp. nov. 

A l lypoxylo lr!IIOrtllcllldii dilfert ill as,:osporis 8.9· 11. 3 x 3A·•I.7 ~WI et ill rima germi11ntiva 
1ttcltt luiiJ;l' Jnu.:clitue. 

KEY CHARACTERS; Stromata glomerate to effused-pulvi nate. often appearing almost 
roscll inioid but joined by thin stromal tissue, conspicuous pcrithccial mounds, surface 
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reddish brown, reddish brown granu les immcdiiltcly benea th surface and between 
pcrit hccia, with KOH-cx tractable pigments brown vinaccous (84), or umber (9); 
pcrilhcda spherical, 0.:!-0.'1 nun d iam., osliolcs slightl y higher than Lhc stromatal 
surface; asci 95- 11 0 ~m tolallcngth x 3.8-5 ~m broad, the spore bearing parts 65-75 
!Jm long with stipcs 30-42.5 !Jffi ; ascospores brown. unicellular, cll ipsoid- incquilatcral, 
with narrowly rounded ends, 8.9-11.3 x 3.4·4.7 pm. with stra ight germ slit spore-lengt h; 
pcrisporc dehiscent in 10% KO H, wit h inconspicuouscoil-likcorna rnentarion;cpisporc 
smooth; t.:olonics on I'Dt\ covering 9-cm l'cl ri dish in two weeks at room lcmpcmlurc, 
25°C, at fi rst cream-coloured white then brown, fclty. azo nate, with diffuse margins; 
anamorph not iormed. 

SPECIMENS EXAMINED: THr\II.ANO, Kanchanaburi Province, Chung Kho Neab 
Forest, on ba mboo, 14 Decembe r 2003, Suwa nnasai, N. (Holotype SUT282); Trad 
Province, Ta Gum Fo rest, o n bamboo, 19 Scptcmbcr2003, Phosri, C. SUT250. 

Comments: Hypoxy lott sublenormmulii is dose to 1-1. lenormtmdii (Ju & Rogers 1996) but 
the stromatal suriace of this new taxon is st rongly reddish brown whi le H. Jenonmmtlii is 
grayish sep ia ( 1011), fuscous ( 103), or hrown vinaceous (84). J\ sci of H. lenormamlii are 
longer, 123- 170 fJill luta l lenglh x 6-9 !Jill broad, than/-/. subletwrnwrulii. which arc 95-
110 !Jill total length x 3.8-5 fJ ffi broad. The germination slit form of 11. suble1Jormmuiii 

is straight spore-length whereas in 11. lenomw ndii it is sl ightly sigmoid spore- length. 
Ascosporcs of 1-1. lenormandii arc s\jghtl }' larger, 9.5- 15 ( - 16) x "1-6.5 (-7) !Jill, than 
those of H. ~ublimnrmmulii. Th is new taxon is known only from bamhoo clumps. Ju 
& Rogers (1996) discussed the occurrence uf 1-/. lcmurm mulii n n both mmwcot and 
d icol substrates suggesting that this wide host range and the broad ra nge of ascospore 
size ind icate that the ta.xon might be subdivided into subta.xa. I lypoxy lon summJreei 

would therefore be one of these and according to )u (pcrs. comm.) it might in the future 
prove to be conspcci llc with 1-1. disjw u:twn Rcbm. collected originally on bamhoo in 
Philippines. 

Hypoxylotl suranareei Suwannasai, Rodtong, Th icnhinm & Whalley. sp. no\'. 
FIGURES 21H I 

Stmmata lu:mi.<J1IIaerial vd ejjiun·fm/viuata, tumuli.< fk!t illl!!d{)rutn r.tmspicuis, exter11C 
farugiu~n; sub superfici~ d i11t~r pait/,~da grmmlis mmmliacis comperw, gmuuli$ 
lHITIIIIIitKis vd itt KOH dissulutis; PeriiiU!citl slubosu 0.2-0.4 mm tlictm. Ostiuftt plall tl vel 

ltmiJilica ta. /\ sci 90 120 Ji m lonKitudim: tota x 3.8 5ttm cra$..<:a, partihu.~ 5-pori)Cris iO 85 
um, lougitudittt! stipitilm J 30-50 1''"- lougitl/(liue amwlo apia 1li inliquore i()(/tllo Mef::cri 
cytmescenl~, tlis,:oicleo. li saJJ{JOrae brwmeolm: vel brwm~ne, w m:d lulares, elliJ1.Soicleo­

ine?qttifatemk'S cum apicibus angustatis, (10) 12.5 J.I x 5 6. 3Jttn, rimagerminatim recta 
fouga praetlitae; pcri.<pnrium in KOf-1 delti.<ccn<; cpisprium lcvt•. 

KEY CHARACfERS: Stromata hemispherica l to effused-pulvi nate. often appearing almost 
rosd linioid but' joined by th in stromal ti ssue, conspicuous perithecial mounds, surface 
ful vous (43), or rust (39). o range granules immediately beneath surface and bel:\vecn 
pcritht..'"f..i a, with KO I-I -cxtradablc pigments ura.nge (7) ur s<.:arlel (5 ); pcrilht..-..:ia 
obovoid, 0.2-0.'1 mm diam; ostiolcs same or lower than the stromatal surface, wi th 
wh ite substance; asci 90- 120 llm total length x 3.8-5 llm broad, the spore bearing parts 
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70-85 ~·m long with stipcs 30-50 ~am; ascosporcs brown to dark brown, un icel lular, 
cllipsoid-incquiiMcra l, with n::~ rrowly rounded ends, (10-) 12.5-14 x 5-6.3 pm, wi th 
straight germ slil sporc-lcnglh; pc risporc dchisccnl in 10% KOH, with inconspicuous 
co il-like ornamentation; cpispore smooth; colonies on PDA covering 9-cm Pet ri dish in 
two weeks at room temperature, 25°C, at first cream-coloured whjtc then pale grayish. 
alternate rings. velvety, with d iffuse margins; anamorph not fo rmed. 

SPECIMENS EXAMINED: Tl-11\li .ANO, Na khon Ra tchasimR l)rO\~ncc, Suranarcc 
University of Tcchoolog)', on Whit·e Popinac (L tll(fl<'flll l.tu(octplm/(ltlt Wit) , 17 
~ovcmbcr 2003, Suwannasai, N. (Holotypc SUT/82) SUTl83, SUTIM. 

Comments: Hypoxylnnsuranareeii !' closc to H. atJomalum J.D. Rogcrs ctnl. (Ju ct al. 2005) 
but tht:i r KO H-cx tractablc pigment s arc diiTcrc nt. 1-lypoxylcm surcmurt!id has umngc (7) 
or scarlet (5) pigments but in H. uuomcJium they arc lutcous ( 12). The colour oi granules 
beneath the surface and between the perithecia in II. surmwr~ei is orange but in II. 
tm omaltun the co lour is reddish brown. Asci of H auom alttm arc considerably longer 
and hroadc r, 140-160 pm total length x 10- 11.5 pm hroad, whereas in H. $tmmareeithey 
arc 90-120 )Jrll Lu tallcngth x 3.8-S )Jill hruad. Nutabl)•, thc pcrispurc urnarnc nlaliun uf 
H. surmmNt!i is inconspicuously coil-like whereas H. mwnwlum is smooth. 

DNA amplification and sequence analysis 

Approximately 600 to 900 base pair (bp) of the amplified ITS J-5.8S-ITS2 fragments 
we re achieved. Details of IT S sequences of each isolate arc reported in Table 3. The 
greatest' vari <~t ion in length <1 nd sequence was ohservcd in the ITS I region which ranged 
f rum I 56 hp ( N. Jcmllcri SUT280) to 506 bp (N. atroroseum SUT009). ' I he JTS2 region 
ranged from 160 bp (H. lt!mlormmulii) to 169 bp (H. purpurem1itens). The length of 
5.8S region was constant at 155 bp in all llypoxy lon isolates and highly conserved. The 
extremely long lTSJ sequences (477 and 506 bp) were fou nd in both isolates of II. 
stygimu (S liT058 and SUT243) and in H. atroroseum (SUT009 and SUTOIO), and thi s 
is in agreement with previous findings for H. st)'Xium (AJ390,109) and H. atraroscum 
(A]390397) respectively (Si nchcz-Ballesteros et al. 2000). 1-lypoxylcm stygium and H. 
atroroseum appeared to be closely related as shown by their 93% identity. The ITS I-
5.8S-ITS2 sequence alignment of both species revealed the insertion and/or delet ion 
sequences of 28 bp (5' ATCTGCf CCAATAAAATTCCTTCAATAT 3') with in ITS! 
region. This sequence fragment might be useful fo r the designer of a probes or markers 
for species specific detection. 

Ph)'logenetic relationships 

Ph)•lngenctic rel ati onships among HypcJxyhm Spt.'Cimcns arc presented from the 
neighbour-joining analysis oft he aligned ITS 1·5.l:!S-ITS2 sequences except for sequences 
oi II. stygiwn (SUTOSS and SUT 243) and li. atroroseum (SUT009 and SUTO IO) 

because their extremely long ITS I sequences could not be unambiguously aligned 
correct ly. Support for speci fic hranches of the trees wns asscs!'Cd by the percentage 
of the ne ighbour-joining t rees of 1000 bnntstrapped data sets form ing the bmnch. In 
Fig. 3, the tree assigned the taxa to three main clades. Clade I consisted of two species, 
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Fig. I 1-/ypoxylon kallclumapis~:kii SVT069: a and b, stromatuJ form on lximboo (bomo=l nun and 
0.2 mm respectively); c, aSCO$)lOres (har= 10 pm); d . ll))ical apparatus wit h d iscoid form (a rrow) 

(bar- ! •un): e. straight 2/3 length of germ slit (arrow) (bar- lj.llll); f, SEM micrograph o f ascospore 
{bar- ! Jlnl). 1-lypoxy/u, cf. mdltni {SUTIOS); g. stromata with wh ite fr inge surrou nding ostiolar 

disks (bar= 0.2 nun); h. 3S£:0S)XJrcs wit h thickening of pcrisporcs (arrow) (har::::2 Jlrn): and I, SI~M 

micrognt))h of ascosporcs (bar= I •1m). 
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Fig. 2 HyjXJ.\)'Iut• .sublcmurmwulii SUT250: a, stromatal form on bamboo (bar- 0.2 mm): b. 
ascosporcs (bar=5 lllll); c. ascosporc.s wit h pcrisporcs dchiscing in 10% KOH (arrow) (bar=1~Jm): 

d, SEM micrograph of ascospor<'S (bar= I pm). H. Stl't'tmnrcci SUT I82: c, slromatal form (bar=0.2 
nun): f. ascospores (ba r-'1 !Jm); g. ascOSJ>Ores wit h pcrispores dchiscing in 10% KOII (arrow) 
(bar-S 1-1111): i! lld h, SEM miuogru ph of as..:osporcs (ba r- I 1-1-111). 



Table I. Hypoxylcm spcci~;:s investigated in the present study. 

Ko Species 

HypOXJ•Intl antlu~1roum (SU"IJ...JJ) 

H. tm!/wduoum (SU1'240) 

H.cf.tm:l1eri(SLITIOJ) 

H. cf. t1rd1ui (SUT!OS) 

ll . .:f.t~ n:heri (Sl'2333) 

H. c(lm~lleri (ST2527) 

II. alror~um (SUT009) 

H. alrortmum (S\JTO IO) 

II. bovd var. mkt~pow rr~ iwJn} 

10 N. bovel v:u-. mkrtnpora (ST2·106) 

11 II. bov.:i var. mi(t'ospor" (ST2575) 

12 H . .fondkri (Sl.iT061) 

13 H. fom/kri (SUTI59) 

14 H . .fondlcri (Sl.iTI62) 

15 ll. fondkri (Strl'l65) 

16 H. ftndkri (StiT280) 

17 H.lwemafQ>trcmru (SUTl6:1) 

18 H.lwcmatostmnw (SlJI"2<)2) 

19 N. JwemafQSI ,Qnru (SUT'293) 

20 H. k.:mdumapi5Ckii (SOTI.I66) 

21 H. kan.:Jwnapi!kkii(Sl.iT068) 

22 H. kat!dumapi5Ckii (SO"niMl) 

23 H. lenvrmtmdii (SUT016) 

24 II. l t normmul ii (SUT\ 80) 

25 H. lcnormandli (ST232•l) 

26 II. montkulowm(Slff'tU2) 

Notll': SlTfSu r.m.nee - tJnh~r,~lTyofT«<'molosr. 

Host 

Angiosperm wood 

Angiospe:rm wood 

Angiosperm .,..-ood 

Angiospe:rm wood 

Angiosperm .,..-ood 

Angiospt'ml wood 

Angiosperm .,..-ood 

Angiosperm .,..-ood 

No de tail 

Angiosperm wood 

Angiosperm wood 

Angiosperm wood 

Angiosp e:rm wood 

Angiosperm wood 

Angiosperm wood 

•\ ngiospcrm wood 

Augio5pe:nn wood 

Angiosperm wood 

Angiosp e:nn wood 

Bamboo d ump 

Bvnboo clump 

Bamboo dump 

Angiosp~rm wood 

Angiosperm .,..-ood 

Angiosperm .,..-ood 

An~iosperm .,..'Ood 

Location/Source 

SliT's Herharium (spedmen collected from Trad Province, 'rhailand) 

SliT~ He: rbarium (spt:.:i me:u colle:;.:t~:d from T1~d Prulo'ince, Til:l iland) 

SliT's Herharium (spedmen collected from Songkhla Pm\'ina>, 'l'hluland) 

SliT's lle:rbarium (spedme:n collected from Songkhla Pro\'inu:, Thailand) 

Rorall:orest OtJ"' r1mtnt'5 l lerbarium (Jhailand) 

Roral Fo rest Ik~rtment's H~rb:l.rium (1haihand) 

SUT's lle.rbarium {sptcimen .:ollected from Nakhon Ratch.asima Ptl:)\i nce, 'lhailand) 

SUTs Herbarium (specimen coUected from Kakhon R;~.tch3si~m Pr'O\ince, Th:~ibnd) 

Yu-Ming ju's llerb;u-ium (Taiwan) 

Roy::tl Forest Department's Herb,. rium (Thailand) 

RO)':I. I f o rest Departn~nt'5 I !erN.rium ( lhJ ib.nd) 

SliT's Uerb:trium (specimen collected from Ratchaburi Pro\•incc, Thailand) 

SlJri; lle:rbariwn (spccinlt:n colle:.:tcd from \':asothon Pro\l inctc. 'lha..il:and) 

SliTS Herbarium (sped men collc.:tcd from Yasothon Pro\•incc, Thailand) 

Strf's llerbariwn (sped men collected from \'asothon Pro\l ince, l ha.iland) 

SliT's Herbarium (sped men collected from Kanchano.buri Pro,i n.c:t, lhailand) 

SUT'$ He: rbarium (spccinlt:n collected from \'a50thon Pnw inct>, l11ail:anJ) 

S1J n Hcrt>arium (~cimen collected from Ko.nchano.buri Pr'O\i n.::e, Thailand) 

SUT '~ He: rbariwn (sJ~cirne:n col le:ct~:d from Kam;:h:anaburi Pro,ina:,1ba.iland) 

SliT:\ llerbanum (specimen collected from Ratdmburi Pro,i nce, Thailand) 

SUT's Herbarium (speci men collected from Ratchaburi Province, Thailand) 

SlTT'!i Herbarium (specimen .:olleaed from Ratdmburi Prolo'i nce, Thai la nd) 

Sl.TI"s He.rbarium (specimen colle:.:led from Burirum PruvinCt', Thailand) 

SlJI"s llerbarium (sp<cimen colledt>d frotn N;~khon Ratchasima Pro,i ne~e , 'Ihailand) 

R0)'3J Fo rest Depanmcnt's Hemrium (lluiland) 

SLTI' 's llerbarium (sptcimen collected frotn Ratch;~buri Province. 'lhailand) 



Tabft:: I condudt::d 

i\o Sped es 

,., H. munlkulusum (SUTOSO) 

23 II. numtkufosum (SV'Ti i6) 

"' H. 11ilem(T..1i\o.'un) 

~' H.nittm(ST2313) 

" H. niten$(Sf2473) 

" H. purpurconitt•ns (SUT004) 

" H. purpureonitcns (SUT 167) 

" fl. purpure{)nitcns (SUT262) 

" IJ./Iilf/IUIC!OIIi/.:ns ($1'2•1•18) 

36 H.IIUipureonit.:ns (ST2485) 

37 II. rubigimJSum (SU'I' l..&S) 

38 II. rul1igi11osum (SUTIS7) 

39 H. $IJ'8ium (SUTOSS) 

H.$lJ'8ium(S1JT243) 

., H. sublcnormandli (Strr2.50) 

" H. sublcnormand/1 (Sl.IT2S2) 

-13 H. surmrarcei(S\;TIS2) 

.. H.suranareei (SltTISJ) 

Not~ SUTSur:tn:u~ "' Uni\'t'rsltyofT«hD0108)~ 

HoM 

Angiosp~rm wood 

Angiosperm .,..'Ood 

No detail 

Anginsperm wood 

Angiosperm wood 

Angiosperm \•'OOd 

Angiosperm .,..'Ood 

Angiosperm wood 

Angiosp~rm wuod 

Angiosperm 1\'00d 

Angiosperm .,..'Ood 

Angiosperm .,..'Ood 

Angiosperm .,..'Ood 

Angiosperm wond 

&mboo dump 

Bamboo clump 

Whit.: Popina<: (Uu~"a<:IIU 

l.:u~YX~plralad<!Wit .) 

Whitt: Popina<: (Leucu.mu 
l.:u ~'OL"<!plralade Wit .) 

Lowlion/Source 

Sl.JT') H~rb:arium (SfH:dr~n colkct~d [rom !\akhuu Ra.~hasim:a Pro•·ina:, 1 haib nd) 

Slll''s llerbarium (spe.:imen collected from Songkhla Province, 'lba.tland) 

Yu-Ming /U'j Herbarium (Tarwan) 

Royal Fore.~ Dtp;ortmcnl'$ Ht:rbarium (Thailu nd) 

Ro)'a l Fore.st Depo.rtmc.nt'.s Herbarium (Thaila nd) 

Sl! I"s llcrbarium (specimen collcaed from i\akhon Ratd r.asima Pro•incc, Thailmd) 

SliT's Herbarium (specimen colleacd from \'asothon Pnwince, 'Iluiland) 

Sl.JT's tlerbl.rium (specimen coUected from Thld Province, 'Ihailand) 

Ru)':d Fo~ D~partn~nl'$ H~rb.l.rium ('n1ail:and) 

Ror.~ol Forest D<: jXlrtmcnt's H.:rbarium (1hail:and) 

Slll"s llerbarium {spccink'n collected from 'l'rad Province, 'lluiland) 

Slfl".s llerbarium {specimen collected from Trad l'rcwince, 'l l»iland) 

Sl!f's Herbarium (specimen collected from Ratchaburi Provinct',lhailand) 

sLTn tlerbarium (specimen collected from Trnd r rcwince, 'fhailand) 

Sl.JT 's lfc.rt-:~rium (specimen colle;;te:d from Trod Province, 'fhail:~nd) 

SliT's llcrb:uium (speci men collected from K:mch3naburi Pro\incc, Th3.ila.nd) 

Sl.JT's Herbarium (specimen collected from 1\':~khon Ra.tch:lsima Pro •inct , 1h:~ il:~nd) 

Sllf's Hc.rbarium (specimen colleaed from Kakhon R:~t.;h:lsima Pro•inct, Thailand) 

;;; 



Tilblc 2. Morphological characteristics of the Hypuxylur1 species invc;"sligated. 

Stro matal 
KOII· 

Specie:; surface 
extrac table 

Ostiolar disc Ascospore Germ Slit Peri spore J\. namorph 
pigme nt 

colo r 
colo r 

Hypoxy/o,J s«L J\mmlatu 

H. d nrdtcri lk rk. Blackish 1-l:a:zel 'Ihmrnlum- Ell ipsoid-inequilateral. Stra~gh t Smooth Nodulisporiun1-like 
bTO\Vn\\'l th typc.O. I.Q.2 \\'ith narrowly rounded full length 
white fringe mm diaml!ler entb.S.S-10(-t l.S)x 

3.83 Jim 

H. tllror0$Ciim J.D. Rogers Vinac.eous Gkenbh Tru/IC:.dum- Ellipsoid-equilater.al,with Str.ught Smooth "'vdulisporiun1-liko: 
gmy ollvaccous typc,O. I.Q.2 narrowly rounded ends, full length 

mmdiamtt~r 6.3-S.S x 25-3.S tun 

H. bovei var. mh;rospora Black Greenish Buwi-typc, Ellipsoid-inequilakral, Straight Smooth Nodulisporium-likt-

).l i. Millcr oJi\'li.CCOUS 0.3-0.7mm with narrowlr rounded full length 
diameter ends, 7.5-10 x 3.8-S 11m 

H. nitens (Ces.) Y. M. Ju & Bbd Grceni~h 8111·..-i- t y,~ Ell ipsoid-inequ ilateral, Str.&ight Smwth l"o.'IXIu lisporium-like 

j.D. Rogen olmu:cous 0.3 OA mm with narrowly rounded full length 
diameter ends, 7.5-lOx 3.8-S ttm 

H. pr~rJmreouiletu Y. t.-1. Blackish Vinace-ous lJOI-·ei-typc, E.ll.ipsoid-incquibtcroa.l. Stta~gh t Smooth Nodulisporium-like 

Ju & J.D. Rogers v.ith reddish purpk 0.3 OA mm with narrowly rounded full length 
brov.·ntone, diamettr ends, 7.5-10 x 3.8-s ,,m 
some .shiny 
black 

I I. stygium (U,·.) Saa:. Bla.::kish Grecni ~h Tru~rcw /um- Ellipsoid-equilateral. '~i th Stnughr Smooth l'uirollic-1/a -like 
with reddish o JiW.Cl'O US t)'pe,O. I-0.2 narro\,•ly rounded ends, full length 
brown tone mm dinmetcr 3.8-b.3 x 25-3.3 Jim 



1Qb/e 2, colltimted 

Stromatal 
KOII · 

Species surface 
extractable 

Ostiolar disc Ascospore Gemt Siit Pcrispo rc t\ narno rph 
pigme01 

color 
color 

l lypoxylo11 sect. Ilypo:><ylon 
H. tmllux:hrmmt Berk. & Chestnut OJivaceous Lov.~r than Ellipsoid-inl'quilateral, Stra~ght ~hiscent, with Nod••li$pOr"ium-like 

Broom e o r brown thestrom:uaJ with mtrrowly rounded full length inconspicuous 
vinaceous s urf:u;e ends,IO.S- 1 3(-I ~ ) x ..-.otl-like 

<1 -6 11m ornanwntalion 

H. ji: lldlt:ri Bcrk. ex C.ooke Brown Onmgc Lower than Ellip.wid-incquilatern, Slighlly Dehi$o:ent, wit h NCNluli~porium- likc 
vinaceous thc5trnmatal with narrowly rounded sigmoid inconspicuous 
or dad: swfa~ cnds,S.S- 11.5( -12.5) x full lcn~th coil-like 
brick J.S.S )lffi o rno.mc ntation 

H. lmemntostmma .\i cmt. Orange or Or.mg< Lowcr th:m El.lip.soid incquilo.tcral, Slighlly Oehi$o:cnt , Pcriconiclkl likc 
the stromatal with narrowly rounded sigmoid smooth 
sur(o.ce end$, 13 17.9x6.3 fu ll length 

8.6 t•m 

ll.ktmclwmtJ1ikkii Dull brown .slightly higher Ell lp.soid-equibter.\1, Stratght lnckhi~nt , Unknown 

.sp.nov. reddish vinaceous , iJr the.s:une:u with narrowly rounded Cull l~n ~; th ~ffi(lO ih 

brown umber the .stromatal ends, 10- 11.5(- 12.5)x 
s urface (1 - )J. S -S~m 

H. lenunnumlii lk.rk. & Gr.1yi$h ""' Slightlr Elii]»>id-inequilateral Slightly Deh iKent,wit h Nocl .. li$porium·like 
.\i.A. Curtis ~pia higher than to cquibtcrol.with sigmoid inconspicuous 

the stromatal narro\"IY rounded ends, fuU lengtl\ COil-like-
surf:~;ce 10 12.sx:;.s s ,am orn:unentation 



Tabfe 2, co11dmfed 

Stromatal 
KOH-

ex tractable 
Species surface 

pigment 
Ostiolar disc Ascospore Germ Slit Peri spore Anamorph 

color 
colo.-

l lypoxylo11 sect. llypo.-:ylo11 
H. montiwlos11m Mom. Ru)l, C(J ]ur!~or Hi~h~r t h:m Ell ip:;oid - in'"-quii Jio:r;~l, Sli~htly Dehisu:nt, Uuknown 

brown purple the s tromatal with narrowly rounded sigmoid wi th smooth to 
vinaceous surfuct'and ends, (6.3-)7.5-S.8 full length inconspicuous 
then minutely ( 11.3):<3.85Jtm coil like. 
blackish )XIptl late ornamentation 
wh<n 
mature 

H. m higimmmt (PU:t..) Fr. Brown Rust Lower than Ellipsoid inequibteral. Str.tight Oehis«nt, Nodulisporium like 
vin:aceous lhc .(fn'Jmatal with narmwly roundM fn ll kngth wi th smnnth tn 

surfac-: end$. (7.3-)S.8-10:< in.:unspkuvus 
3.S-5 ttm coil-like 

omamentation 

II. sub/;mormandii sp. nov. Reddish Brown Slightly Ellips<"lid-incquilaterol Str.:tight Dchis.=cnt, with Unknown 
bnnvn vin:aceous o r higher than to equilater.l.], wi th full length in,onspkuous 

umber the stromatal narrowly rounded ends, coil like. 
surfuct' 9 -12xl.S.·S Jtm omamentation 

H. ~1mmurui sp. no\'. Fuh·ousor Orange o r Same or EllipsoK\-I nequilatcral $\raight Dehis.:-ent, with Unknown 

""' Kadel lowcr th:m with narrowly rounded full length inconspicuous 
the.stromahd ~cU, (I0-)12.3- 14x ooil-likt. 
surfac-:,w ith 5-6.31'-m ornamcntali l.m 
white substance 
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H. montiwlom m (SUTO•I2, SUTOSO, and SUT 11 6) and H. $11ranareei (S UT I82 and 
SUTI S3). Two rcprcscntath•cs of 1-1. mcmUculosum isolal<.>s, SUTO•I2 and SUT080, we re 
without appare nt KO II -cxtrac table pigments as detailed by Ju & Rogers ( 1996) whereas 
1-1. montimlosum SUTI 16 had a purple coloured extract. This docs however agree with Ill 
& Rogers ( 1996) who stated that " it is nutcwurthy that the pu rpl ish stromatal pigments 
dark Uvid to dark vinaccous of H. montie~Jlosum and H. submmtt iculosum arc easily 
detected in the young, rusty brown stromata but arc hardly so in the mature, blacke ned 
stromal'n': The sequence alignment indicated 99% similarity nnd it is concluded that 
lht:)' represent the samt: taxon regardless of t:Xlractablc pigment in KO I-I . H. :mmncm:ei 
(SUT 182 and SUTI 83) isolates we re separated from l l. mmJtiwlosum with high 
boo tstrap support , wh ich con fi rmed this new taxon. 

Clade II cont ained three Ammlata species, H. rJitem: (Ta iwan, ST 21175 and ST23 13). 
H. bovei var. microspom (Ta iwan. ST2,106 and ST2579), and H. Jm rpureouiletts 
(SUT004, SUT 167, SlTf262, 51'2448, and $1'21185). Additional!}' six species consisti ng 
of H. lenormamlii (SUT0 t 6, Slfrt80, and ST232~J ) , H. $ublenormrmdii (SUT250 and 
SUT282), N. hacuwtostnmw (SUTI M, SUT292, and SUT293), H. 11ntlwdmmm 
(SUT233 and SUT240). II. km1clumapiukii (SUT066, SUT068, and SUT069). and //. 
rubigiuosum (SlTl'215 and SUT221), \\'ere also grouped together. TI1e three Ammlata 
species arc complex species and are very similar in morphological characteristics. ' I he 
two isolates of H. ttitms from ·n1ailand exh ibited a 95% similarity to H. nite"s from 
Taiwan but they we re closely linked, and they arc therefore considered to be the same. 
Hy poxyUm purpureonitens showed 2S% divergence to H. nitens. This is in agreement 
with Ju and Rogers ( 1996) who reported that 1-/. Jmrlmrcorlilens is very close to H. 
nitms in it s lclcomorphic morphology except KOII ·extractab lc pigments. llypoxylon 
pmpureouitcms is purple or livid whereas H. r~ itens is greenish olivuceous in 10% KO H. 

' lhree iso lates o f H. bwrmawlii (S I'232•1, SUTO I6, and SUT ISO) d ose!}' matched 
the description by fu & Rogers ( 1996) and all col lections grew on d icoty ledonous wood 
from d iffe rent forest areas as detailed in Table I. They were clea rly separated from 1-1. 
_.:ublenornumdii (SUT250 ;md SUT282), with hot h cnlkx:tinns nccu rri ng un hambnn, 
with hjgh bootstrap support (Fig. 3). They also d iffered in morphological charac ters 
such as spore size (9- 12 x 3.8-5 ~m), a more redd ish brown stromatal sur face color. 
and a straight germ slit and o n the busis of t his and the sequence data a new species is 
propvsed. ' l lm~e isolates o f 1-1. lraenmtustmma (Slfl"1 61. SUT292. and SUT293) could 
a lso be separated from the other taxa in the same d ade because of their dist inctive 
tclcomorpbic characteristics having red or orange red stromata l granules. HypoxylmJ 

tmllwclmmm (S UT233 and SUT2•10) , 1-1. kanchauapi.~ekii (S UT066. SUT068, and 
SUT069). and fl. rubigiuo.mm (SUT 215 and SUT22 1) we re separated from each other 
with high bootstrap support. Although H . tmtl roclu"Oum was conside red to be a synonym 
o f H. rubiginm:um hy Miller {1961), thcr <i iffcr in KO H-extractahle pigment color. ' I his 
phylogenet ic tree also con firmed the separate identity of a further new species.. H. 
krmclumapisekii, whjch was separated from other spc:cics examined. 

Clade III consisted of three species, H. fettdlu i ( t\1 390400), /-1. d. fe tJd leri (SUT06 1, 
SUTI 59, SUT 162, SUT1 65. and SUT280) and H. cf. arclwri (SUT I03. SUTI OS, ST2333, 
and ST2527). In itially. five H. cf. femlleri (SUT06 1. SUT I59, SUT I62, SUTI65. and 
SUT280) collections had been ident:if1ed as II. fmd/eri since their morphological 
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Table 3. Sizes ofiTSI and ITS2 regions and 5.8S ribosomal nucleotide sequences. 

ITS\ s.ss ITS2 T01o.\ GenBank 
No. Spedes Aca.s.,ion 

(bp) (bp) (b p) (bp) numbt'r 
l'lypoxylon antluxl!roum (~0 1233) '"' ISS 162 .., QD20 i ll5 

I I. untJrochroum (SUT2•10) ISO ISS 162 497 QD201126 

H. d.lArclu:rl (SUTI03) 209 15S 161 525 QD20112 1 

H. cf. urdu.•ri(SUTIOS) 209 15S 161 525 QD201122 

H. cf. arclr.:ri (ST2333) 209 155 161 525 QDZ0 \ 123 

H. cf. urdreri (ST2527) "" 155 160 539 QD20112<1 

H. atrnrmeum (SlJT009) 506 155 164 82- DQ223733 

H. alroroseum (SUTO IO) 506 m "'' 825 DQ2237311 

I I . b01'ii var. mitrM.pOr.l (T.tiw;m) 226 ISS 167 548 QD20 1127 

10 H. b01•ei\'.U. microspor.1 (ST2<t06) 225 15S 167 "' Q020l ll8 

II I I. bovti var. mkrolpO M (SI'2579) 226 ISS 167 548 QU201129 

12 H.je11dferi(SllT06 l ) ISO 155 16S 500 QD20Jl30 

13 ll. j~:mflcri(Slfi'IS9) ISJ m 161 502 QD20i n2 

14 H.fcndlcri(S\Jf\62) 183 ISS 165 503 DQ 223735 

15 l l.fmdlcri(SUTI65) 182 ISS 163 500 DQ223736 

16 H. jctfdlcri (Sifr2.~) 156 ISS 163 .,, DQ223737 

17 H. Jzn.:nrnloslruffi<I (Sll"T l64) 176 155 161 "92 DQ22373S 

18 H. lz1Ur!z<'lM51roma (SLJTI92} 176 15S 161 .., DQ223739 

19 H. JzaattU IOSi roma (SliT293) 176 15S 161 ~92 DQ223710 

20 N. kwzdz,mapi$f}(ii (SIITOb6) 2('8 ISS 162 526 DQ223741 

21 fl. kmzcham1pisekii (StJT06S) 209 15S 162 S26 DQ223712 

ll I I. kmr.::ham1pis.:kii (SlH069) 209 !55 162 526 DQ223743 

" fl. lcm>rmandii (SVTO I6) ISS 15S 160 503 DQ223711 

24 I I. knormumfil (SUTII:IO) I&! m 160 503 DQ223745 

25 H. lcnormundii (Sl'232<1) ISS 15S 160 503 DQ223746 

26 H. mtml iculosum (SUT0/1 2:) 171 !55 16S 49 1 DQ223747 

27 H. nront icu/Mum (SUTOSO) 171 ISS 16S 49 1 DQ22374S 

28 H. munfil:ulcr.;um (SUTI\ 6) 171 !55 16S 491 DQ223749 

29 H.11ii<!11!((Taiwan) ISS ISS 166 479 DQ2237SO 

30 lJ. nii~IIS (Sf2J JJ) ISS 15S 166 •179 DQ22375 1 

31 H. nilt115 (ST2473) ISM ISS IM .,. DQ2237S2 

32 H. purpur.tonifens (SVT001) 2:!5 15S 169 5<9 DQ223753 

33 II. purpur~onilt!IIS (SUT167) 225 !55 169 549 DQ223754 

34 H. purpureonirens (SUT262) 225 155 169 549 DQ223755 

35 I I. purpureonilem (SI'2448) 225 !55 169 549 DQ223756 

36 H. purpureonilcns (STNSS) 225 15S 169 549 DQ223757 

37 I I. rctbigim1Sum {SU'l'215) 178 155 164 497 DQ22375S 

38 H. rul!iginosu.m (SUT221) 178 15S 164 497 DQ2237S9 

39 II. Slygium (SUTOSS) o~n ISS 164 796 DQ223760 

40 H. S~ygium (SUTH3) m IS!' 164 796 DQ223761 

" H. subl.:nonwmtlii (SUT250) 198 !55 161 51 4 DQ223762 

42 H. $/.lbl.:nonnandU (Siffi82) '"" 15S 5 14 DQ223763 

" H.suramm:ei (SliT!Sl) 199 15S 162 516 DQ223761 

" H • . surmlal\'.::i (St.ri' ISJ) 199 15S 162 Sib DQ223765 



,---------- Dhttypedlsfcwmis 

.-----"'----i~ : : ::~:;:~::~: :~;:~ 
H. monticulosum (SUT11&1 

'------=--t :: :~:~::! ::~;::~: 

H. bovol var. mlcrospon {T3Iw3n) 

.--------""'----l H. bovel var. mlcrospotil (ST2406) 

H. bovel v11r. microspor• (ST23 t l ) 

H. purpureonitens (SUT26Z) 

H. purpureonitens (SUTCIO" ) 

H. purpureonitfms (STUS.SJ 

H. purpurfionitens ($Tl4«J 

H. purpuroonltons (SUTI61) 

H. IMormlmdi/(SUTOtG) 

H. tenom umd/1 (SUTtiO) 

H. lenormandil (ST2U4J 

L----"''--l : : :~:::=:~:::::::: 
H. h~~ematostroma (SUT2t2) 

'----""---t H. hHmatostToma (SUTil4) 

H. haom310Slr0ffl3 (SUT293) 

H. Dnthochroum (SUT%33) 

H. anthochroum (SUT240) 

H. kanchanoplsekll (SUT061) 

H. kanchanapise/1:11 (SUT069) 

H. ksnchanaplsek/1 (SUTOUJ 

H. rvblglnosum (SUT215) 

H. rubig lnosum (SUT221) 

H. fendlerl (AJ WOIIOO) 

H. d. fenc».ti (SUTUO) 

H. cf. fendlorl (SUT0611 
H. ef. fendlerl (SUTIGS) 

H. cf. fendlttrf(SUTI&l) 

H. cf. archcrf(SUTIOS) 
'---"'--I H. cf. 411rcherl (SUTI03) 

H.cf.archerl t5Tll331 
H. cf. llrcherl (STlS27) 

0.1 
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Ill 

Fig. 3 Phylogenetic tree cons1ruction based on TTS I-5.8S-ITS2 sequences of 1-Iypo.\ylo11 species . 
llranch lengths are scaled in lernlS of ('xpccled num()('rs of nucleot ide substilution per si lc. 
~umbers on branches arc boolstrap \'alucs from lOOO replications. 

characteristics matched //. fendleri (Ju and Rogers 1996). I Iowcver, Ju and Rogers ( I 996) 
pointed ou t that H. Jemili!ri and H. retpela Van dcr Gucht & Van dcr Vckcn arc very 
similar stating '''I hcse two fungi diller mainly in thc conspi<:uowmcss oft heir pcrisporc 
ornamentation': 'lbe ornamentat ion in H. retpt!la is described as very conspicuously 
co il-like. Howcv.:r all the Thai collec tions had similar coiling which was not noticeably 
consp icuous. Thus the descripti on for Hfettdleri (Ju & Rogers 1996) is the nearest match. 
The phylogenetic result showed that all the Thai isolates (SUT06 1, SUT I59. SUT I62. 
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SUT1 65, and SUT280) grouped together and wcrc placed as a sister branch of H. Jemlleri 
(AJ390400) based on the Gen Ban k darilbilse sequence with high bootstrap support ' I he 

percentage similarity of H.Jcndl.:ri (AJ390tl.OO) to SUT06 1. SUT 159, SUTI 62, SUT165. 
and SUT280 isolates was 85%, 85%. 85%, 85%. and 80% respectivel y. "They arc therefore 
quite differen t and as a result the Thai collec tions were recorded as H. c f.jendleri. This 
might be the result of a wide range of H. Jendleri descriptions (morphological) or genetic 
variation with in this taxon found in Thai land. More coll ection:;. of specimens arou nd 
the world arc requ ired for a better undcrs lamli ng of species tlclimilal ion ami genetic 
va riatio n wit hin this taxon. 

f our isolates o f I/. cf. arcl!eri were grouped toge ther. All of them h ad a small ostiolar 
disc arou nd 0. 1-0.2 mm i_n diameter, and belonged to the section l\um1lara. They 

appeared as a para phylet ic group with other isolates of t he section 1\mmlaia also placed 
in Clade I I. lls morphological fea tures were similar tu those of H. arclteri Bcrk. and 
H. midtcliammt Ccs. & De Nol. Ascospore dimensions, st ro matal fo rm. and coloration 
are indicative of fl. arclteri, but the distinctive white fringe surround ing the ostioles is 
reminiscent of 1-1. m idreliammr. However, J-1. cf. archeri examined , in the c urrent stud)'. 
g rouped in Clade Ill and were thus separated from the other species of the 1\mwlata, 
which grouped in Clade II. Un fu rtun atcl y, nu voucher material ,..,..~s avai lable for DNA 
extraction or for morphological comparison, and no sequences were available in 
GenDank. 

Key to ta.'<a of section Hypoxylon in this study 

Ia. Ascosporcs wit h perisporc not debisccnt in 10% KOH ..... H. kmrclumnpisckii 

I h. A~ospores with perispore dehi~cnr in 10% KOH ... ..... . ........... .. ... 2 

2a. ( Jb) Stromatal sm facc wi thout vinaceous shades . 

2b. Stromatal surface wilh vina,cuus shades . 

3a. (2a) J\$COSpures less than 12 J-1111 \ong 

3b. Ascospores g re ater than 12 !Jill long 

.3 

. .... .. 6 

.. .. .1 

... ... ... .. 5 

4a. (3a) Stromatal glomerate to effused-pulvinate, roscllinioid; grayish sepia ( 106), or 
brown vinaceous (84 ), wi th KOI 1-cxtractable pigments sienna (8), c innamon (62). 
fu lvous ( 43); ascospo res brown to d ark brown , unicellular, ellipsoid-incquilatcral, 

wit h slighlly sigmoid germ sli t spore-length, 10- 12.5 x 3.8-5 fl m . 

. . . . . . . . . . . . . . . . . . . . . . . . . H. letrormmrdii 

tJb. St romatal glomerate to effused-pulvinate, ro sellinioid; reddish brown, with KOJ-1 -
cxtractable pigments brown vinaceous (84). or umber (9); ascospore brown to 
dark brown, unicellu lar, ellipsoid-inequ ilateral , wit b straight germ slit spore­

length, 9-12 x 3.8-5 pm . H. sub/ct1ormmrdii 

5a. (3b) Stromatal hemispherical to ctrused-pulvinatc, pla ne or with inconspicuous 
lo conspicuous perilhccia.l mounds; surface orange (7), or rust (39); or.mge 
red granules immediately beneath surface and between pcrithecia. with KO J-1-
extractable pigments orange (7) or scan.~t (5) ; ascospores brown to dark brown, 
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unicellu lar, cllipsoid-i ncquil atcral, with sl ightly sigmoid germ slit spore- lengt h, 
13- 17.9 x 6.3-S.6Jim; perisporc dehi!'<:enr in 10% KO H, ~mooth ... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H. lu1ctualoslronu1 

5b. Stro matal hemispherical to effused-pulvi nate. with conspicuous perithecial 
mounds; surface fulvous (43), or rust (39): rust granules immediately beneath 
surface and between perithccia, with KO H-extrac tablc pigments orange (7) or 
scaret (5 ); ascospores brown to da rk brown, un icellular, ell ipsoid-inequi latcml , 
with straight germ slit spore-length, (10-) 12.5- 14 x 5-6.3 Jl lll ; pcrispurc dchisccnt 
in 10% KOI-1. inconspicuous coil -like ornamentation .. ... .... .. H. surmwreei 

6a. (2b) KOH-cxtractable pigments olivaccous (48). or gray oli vaceous (107), or 
green ish ol ivaccous (90) .................................. I-I. at~ tl10cl1roum 

6b. KOH-extractablc pigments other than green ish or olivaceous, or without apparent 
pigment s. .. . .7 

7a. (6b) KOH-cxtractablc pigments purplish or without apparent pigment's . 
.. .... H. monticulosmu 

7b. KUH-cxtractablc pigments orange (7). or rust (39) . . .. . .s 

Sa. (7b) KO H-cxtra.ctablc pigments orange (7); ascosporcs brown to dark brown. 
unicell ular. cllipsoid-i nequil atcral. with sl ightly sigmoid gt:rm slit spore- length. 
8.5- 11.5 ( - 12.5) x 3.8-5 .-m . . . . . .. H. fet~dleri 

Sb. KOI-I-extractable pigments rust (39); ascospores brown to dark brown, unicellular, 
cllipsoid· inequ ilatera l, with straight germ sl it spore-lengt h, (7.5-) S.S-10 x 3.S-5 

.. . H . rubiginosum 

Key to ta."X"a of section Amwlata in this study 

Ia. Ostiolar d isc not exceeding than 0.3 mm diameter ....... .. . ..• . . .. ... .... .. 2 

I b. Ostiolar d isc exceed ing than 0.3 mm diameter ................. .1 

2a. (I a) KOJ !-extractable pigments bazcl (88) or honey (6-!1) •......•. H. cf. ard1eri 

2b. KOH-extractable pigments olivaceous (48) or greenish olivaceous (90) ... .. ... 3 

3a. (2h) Stromata blacki sh; conidiogenous structure Periconiella-like . 
. H. stygimu 

3b. Stromata rose-coloured with black ish; cunidiogenuus structure Nmlulispwium-
like . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H. alrorosewu 

4a. ( I b) Ostiolar d isc variable. 0.3-0.7 mm: ascospores 7.5- 10 x 3.5-5 Jlnl . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-I. boi'Ci var. tuicrospora 

•lb. Ostiolar d isc 0.2-0.5 mm; mature stromata shiny black .. ..5 

Sa. (4b) KOH-cxtractablc pigments greeni sh olivaceous (90) ; ascospores i .S-10 x 3.8-
Spm. H. r~itens 

5b. KOH-extractable pigments vinaceuus purple (101); ascospore:; 7.5- 10 x 3.8-5 ~1m 
. ... ... ... ......... H. purpurcot~itc11s 
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Conclusions 

Fifteen l-lypoxylon species identified from eighty nine collections (rom Thailand were 
rcctJTdl!d including tlm.-e new species, J-1. kcmdumapis;:kii, H sublenornumdii, and J-1. 
suranareei. The ph}'logcnctic relat-ionships between morphological and molecular data 
of the Hypoxylon species we re acbicvcd following sequence analysis of ITS l ·5.8S· ITS2 
rDNA regions. ' lhesc molecular rcstdls showccl clear sepa ration withi n the 1-lypo.\.ylan 
species stud ied and could be used to confi rm the new spc.>cics. In add ition. mok-cular 
data could be used to resolve taxonomic problems based solely on morphology and has 
the potentia l to recognize the del imilntion of other species in fu ture stud)'· With in t-he 
genus molecular dat a is va luable for resolving species complexes and for Lhe recognition 
oi relationships between species. The ITS sequences obtained in the current study do not 
support a clea r sepa ration of members of Hypoxy lm1 and section Ammlata and this is in 
agreement with the fi ndings of SUnc.:hez.-Ba\le$leros cl al. (2000). However, Hsieh el a\. 
(2005) provided strong evidence for their separation based o n d ifferent DNA sequences 
wbich is therefore in contrast with o ur fi ndings and those ofS:i.nchcz-Ballcstcros ct al. 
(2000) 
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Abstract Tricholoma etJIICSt re is considert-d to be the corn.><: I name for the species oflcn 
known as 'f.jltwovirem. The history oft he conservation oft he gcnl'ric name TricJ,oJoma 
a•KI il.s typt>, T. flavovirl!us, is revie\\·ccl and prC$ented here. The author citation ofT. 

jlavo1•ir.:ns is al:;o dis,ussL-d and th~ upcoming corrcdion in the IC UN is addrc.s5cd. 

Kcr words- nome ndature, S)'llOn ym. Tnclwlumllltlcew:: 

The type of Triclwloma (Fr.) Staude, ttom. cons., is 'J: Jlavovireus (for the author citation 
u f th is name, sec the discussion below), as reported in successive cditiuns of th e 
International Code of Botanical Nomenclature (ICBN; sec Voss e t al. 1983: Grcuter et 
a!. 1988, 1994, 2000). However, much confusion has surrounded the correct name of 
the specie..~ to which thi s na me has been applied because .,: Clf ll l!strea nd ·1: jlawwinms are 

almost universally regarded as synonyms. Some researchers consider T. I!IJrlt:!:Sfre as the 
preferred name wi th 'f.jlavovireus its synonym (e.g. Bon 1987, Tkall:ec & MeSiC 2002, 
Massart 2003, Horak 2005), hut many others still accept T Jlavovinms as the correct 
name and reduce'/: t!IJW!sfre to synon}'Jn y (e.g. Moser 1983, Singa 1986. Phillips 1988, 
llansen & Knudsen 1992, Jordan 1995, Bruns et a!. 1998, Noordeloos & Ch ristensen 
1999). 

In their survey of Triclwloma species reported from China, !)eng ct al. (200'1) noted 
that both "f. equestre (e.g. Tai 1979, Tseng 1996. CAS 1996) and 'f.jla vovire11s (e.g. Yi ng 
& Zang 1 99~1 , Mao 2000, Wen e t a). 200 I, Wang et a!. 2004) were cited in the Chinese 
liternture, with the latter used more frequent!)'• especia l!}' in recent yea rs. 

A second, moreglobal. IHeraturc search was conducted to determine the correct name 
for thi s species. Agm·icrts eqrtestris (e 1: equestre) and A jlavovire11s (!!!"/: jlavoYire11s) were 
consistently treated <IS S)'nonyms by Fries (Fries 1821, 1828, 187•1). The two names were 
a lso considered synonymous both by many of Fries' contemporaries (sec Saccardo 1911 ) 
and more recen t agaricologists (e.g. Singer 1962, 1975, 1986; Bon 1976, 1984; I Jansen & 
Km1dscn 1992, Noorddoos & Ch ristensen 1999, Horak 2005) . 

• Aul hor ror corresJ>andence 
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t\ltbough A eque$tt is was first treated as a synonym of 1\. Jlavoviretls by Fries (I 82 1 ), 
it was restored as an accepted name and the latter reduced to a synonym (Fries IR2S, and 
1832 in the index to Systemu Myculvgicum). Accord ing to lhc ICBN (Arl. 15, including 
Note I, in Greuter ct a!. 2000). both A. equestris and A.f/,wovinms were sanctioned by 
Fries ( 182 I. 1828), but A. eqr~estris, as the earl ier name, has priority over A. Jlavoviretls. 
This conclusion is also indicated in Ex. •I of Art. 15, ICBN, although the date ofPcrsoon's 
name is incorrect (see helow). Therefore, if the two are regarded as synonymous, it is 
dear that 'J: equestre is the correct name fu r the species and 'J: jlmvvirens is a later 
syno nym. The au thor citation and references of these two names are listed below: 

Tricholoma equestre (L.: Fr.) P. Kumm., Flihr. Pilzk.: 130. 187 1. 

•Agrmal.'lerpt~lris L.. Sp. pl. Ed. I, 1173. 1753. : 1-r. , Elen. rung-. 1:6. 1 ~2~. 

- Agnricm f lavovirt:"tlS Pers. in lloffmann . Abbild. Schw3mme 3: t. 2•1. 1793.: f r., SysL 

mycol. 1:11. 1821. 
• "fric:ltolomn flnvovimts (Pcrs. : Fr.) S. Lundell in Lundell & Nannreld t, Fung. Exs. 

Sw..'t: .. Fasc. 23-2,1: no. 1102. 19,12. 

Of the several proposals considered by the IAPT Special Committee for Fungi (Rogers 
1953a), conservation oi the generic name Triclwloma (Fr.) P. Kumm. 1871 against 
Tricholoma Bent h. 1846 (the name of a plant genus in the Scroplrulariacet~e) was finally 
approved (Rogers !953b) and formally included in the li sl of conserved generic names 
in the 1956 1CBN (l .anjuuw ct al. 1956) as: 

'Triclloloma (Fries) Kum mer. Fiih r. Pi lzk. 25. 187 1. 
T.: t\J:_rlricu.~Jinvtlvircnt 1\. , & S. ex Fr. Syst. Mycol. 1: 4 1, 182 1 (cf. t\ . eq•,e.<t ri.~ Fr. F.lench. 

Fu ng. 1:6. 1828).' 

Oonk ( 1962, 1 96~) subsequently determined that the author who llrst validly published 
the conserved Tricfroloma was not Kummer, but Staude. Therefo re. tbe authorship fo r the 
generic name in the 1972 ICBN (Sta fleu et al. 1972) was changed from '(Fries) Kummer, 
Hihr. Pilzk. 25. 129. 187 l ' lo '(E. M. Fries) Staude, l'ilzc Mit t.-Dcutschl. xviii, 25. 1857: 
The type of tbe conserved generic name Triclwloma. namely 'Agaricus jlavovirens A. 
& S. ex Fr., Syst. Mycol. 1: 41. 182 1 (d A. ecJII~Stris h. Elcnch. Fung. 1: 6. 1828): was 
alsu included in the proposal fu r t:onscrvalinn (Rogers 1953b) and accepted as thus 
in the 1956 ed ition of ICBN. Later edit ions of the ICBN, howeve r. repl aced the type 
synonymy-the part in brackets: '(cf. A. cqucstri s Fr. Elcnch. Fung. 1: 6. 1828)'-with 
'lA. eque.~tri5 Fries]: 

In the l983 1C BN (Voss cl al. 1983). Lhe l)•pe was li sted as ''l:jlilvovirens (Albertin i 
et Schwcinitz: E. M. Fries) Lundell (Agariws flu vovirem Albertini ct Schwein itz: E. M. 
Fries) : and in the most recent edition (G rcu ter ct al. 2000) as 'Agaricusflavovireus Alb. 
& Schwcin. : Fr. (T. j lavovirens (Alb. & Schwci n. : Fr.) S. Lundd I sic!)). 'The synoll)'m 
'A. eque:lris' no longer appeared in the list of conserved names. Singer, who cited T. 
etJilestre as the l)•pe o f Triclwloma (Singer 1962, 1975). did list 'J:jlavovirens as type in 
accordance with the 1983 ICBN in the 11 ~' edition oi Agariw les in Modern Taxonomy 
(Singer 1986). It is note\\·orthy that llon , who fi rst cited T. Jlavovirens with T. eq11estre as 
its synon)'nl (Bon 1984), later reversed himsel f, citing T Jlavovirens as syno nymous to 
1: cque.~:;tre (Bon 1987). 
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t\ltbough T jltJvoviren$ has been designated as the type of Trifholoma in the ICBN 

list o f conserved generic names, it is necessary to important to note th at T equeslre is 

lhe corred name for the species to wh ich the name T Jluvuvinms applies. In facl, it is 
not uncommo n that the generic or speci fi c name th at indicates the type of the name of a 
fam ily o r genus is not the correct name for thar genus or species. For example, the type 

of the f<1mily n ame Caryopllyllaceae Juss. is Cmyophyllm Mill. I 75(1 (non Caryopllyllus 
L 1753), hut the accepted name for th e ge nus to which Ca ryophylbu; M ill. <lppl ies is 

Di1mlhus L. 1753 (Ex. t1 of A rl. 18.3, ICBN). 

Fu rther. the autho rshi p oi A. flavovinms. :J\. . & S. ex: Fr.: was listed in the conservation 

of Triclrolomn in the 1956 ICBN (Lanjouw et a!. 1956) . The authorsh ip later changed to 
'A lb. & Schwein .: Fr.' (GreLller et al. 1994, 2000), although 'Pe.rs. (180 1)' has been cited 

in t\rt. 15, Ex. (I since 1994 (G retHer er al. 1994, 2000). However, in Fri es (IS2 1: 'II) , A 

jlavovirens was re ferred tu 'A bb. d. Sclrw. - Pers. Syn. p. 319.' ·1 he abbreviation AIJb. d. 
Sclnv. stands for Abbild u"g'm der Schwiimme. now abbreviated as Abbild. Sd1wiimme 
(Stafleu & Cowan 1979: 239), in which A. flavovirens was fi rst published by Persoon (in 

Hoffmann 1793). It is u nclear w hy this was mistake n as 'Alb. & Schw.' at least since Rogers 
( 1953h), but !he e rror lll ll)' have arisen because the 1wowereverywel l known <lll thors who 

induded <1 descript ion of A.jlt4vt.JVireus in their majur lll)'Colugkal publiu diun (Albertini & 
Schwcinit-.t 1805: 167). Although 'P.m. Sy11. p. 319! (Persoon 180 1) was also rnentiont!d 

by fries ( 182 1). Persoon ( 180 1: 3 19) explicit ly me ntioned the earlier publication of the 

taxon b)' Persoon (in Hoffm ann 1793). 
Accordi ngly. the author citarion for A. j l11vovirem in bo th Ex. 4 of Art . 15 and the list 

o f conserv(.'<.l nam(."S of the ICBN should be corrected to ' l'ers. ( 1793)' in future ed itions. ·1 he 

authors have b~"'!n in fo rmed that the authorship of the species nam e indicating the type of 
Triclwloma will be corrected in the upcom ing ICBN (McNeill ct al 2006 in prt!p .• Demoulin 

pcrs. comm. 2006) to: 1: Jlavovinms (Pers. : Fr.) S. Lundell (Agnricus jlavovinms Pers. : 

Fr.). 
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Abstract- /\ spocics of l.i:Ctmidllimn was isolated from the white pi ne wee\~ I Pi.<.m(Jes 
strobi o n Vancouver Island , Brit ish Col umbia, Canada. Isolates were collected from 
adult weevil cadawrs. 'I he fungus shares some morphologi<:al traits with L. utlc::m wlmll 

ohhough it d iftCrs in having a slower growth rate, larger conidial heads holding up to 
50 conid ia, a longer average phialidc lcrwh IHKI variahlc conidi Al size and shape. An 
analysis of the mitochondrial 0 A and the ~-tubul i n gene .showed the fungus to be 
Jistincl from other Lecw.idllium spL-.dcs. 'l h(! new species. Leetmicillium Jlissvtlis.. is 
described ond il lu.ca ratcd . 

Kcr h'ords- cntonmpm hogcn, Hyphomrcctc. Piw~. Curcul ionidac. biologica l control. 
Verticilli,an sccl'io n Pm.(trata 

Introduction 

Numerous entomopathogcn ic llyphomycetes have been isolated and described from 
va rious insect hosts worldwide (Butt et al. 200 I). Entomogenous Hyphomycetes in the 
gc ncrn CcphaiMporiwn Corda and Vcrticillitm l Nee$ were original\}' cla$.c;ifled by i$olares 
that formed either single conid iophorcs or vert icillate conid iophorcs. respectively (Petch 
1925, 193 1, 1932, 1939; Balazy 1973), and both autho rs had differe ntiated mult iple taxa 
within the two genera based on morphological detail$. ln 1971 , Cams erected the new 
section Pr()stmta of the ge nus Vertici fliwn and consolidated a range of Ceplwlvspm·ium 
isolates that varied great!}' in conidia l sh ape and size under one name; Vert icilliwulectmii 
(Zimm.) ViCgas. In 200 I, Zan: & Gams revisited Verlicillium sect. Prostratn and, by 
using microscopic and mulecular methods, they subsequent!}' placed fifteen species into 
a new genus. Lecmtic illium W. Gams & Zare. Their thorough work has resolved many of 
the difl1cultics of a broad arra}r of var iab le iso lates of this genus of cntomogcnous and 
fungicolous anamorphs of the ClavicipiUlceae. 

In 2003 li,·e adult white pine weevils (Pissode$ strobi Peck) were collected from 
Va ncouver Island, British Columbia (BC) and while in rea ring cages, dead weevils were 
not·ed and assayed fo r the presence ofcnto mopathogcnic fungi. The collected fungi were 
idcnlilicd as Lectmicillium muscarium (!'etch) Zare & W. Gams, with the exception of 
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three isolates. Microscopic examination and PCR· n..FLP analysis determined that the 
three unidentified isolates did not lit the descriptions given for known J.ewnicillium 
species. 

In this paper we report on a new species of Lecanicillium that was isolated from 
cadavers of I~ ~lrolJ i. "!his fungus is represented hy three collect ions. Both the 
morphological descriptions, restriction fragment length polymorphisms (RFLP) oi 
mitochondrial DNA and the fl- t11bulin gene, as well as sequencing of the ~-tubulin 
gene indicate they arc sufficiently distinctive t'o warrant a description as a new species 
of the:: genus Lectmicillium. 

Materials and Methods 

Isolate collection: 
I.ive weevils we re collected from the arbo retum at the Pacific Forestry Centre (N48° 
28' W 124° 24 ') on Vancouver Island , BC. Weevils were reared on branches of Sitka 
spruce Picea sitcltensis (Oong.) Carric!re, in cages in a shade· house at the Pacific f orestry 
Centre. Cadavers were co llected , incubated on moistened filt er paper in a scaled Petri 
plate, anc.l observed dai ly fo r th~: de velopment of nty..::d ium. Single spore isolates of 
Leamicil/ium were produced by suspending a drop of sterile water from the end of a 
hypodermic needle, and upon touching a phial idc the hydrophilic conidia migrated into 
the drnplct. ' I he droplet was spread over the surface of a l.ccaniciflitmt· sclcctivc medium 
(LSM) (Kope ct- al. 2006). Colonies from single germinated con.idia were subculhned 
onto Sabouraud dextrose agar (SDA) , grown fo r 14 days. and then stored at soc until 
needed. 

MicroM:opy: 
The identification of Leamcillium isolates from colony morpbolog)' was assessed on 
potato·dextrosc agar (PDA, Oxoid) afte r 10 days incubation at 20°C in darkness (Zare 
and Gams 200 1). Conidiophore hranching and conidial arrangement wa:. observed in 
open PDA Petri plates under a compound microscope at 50x magnification. PbiaJjdc 
length and conid ial shape and size were observed in water mounts on glass slides under 
a compound microscope at •IOO· IOOOx magnification. Fifty conidia from four water 
mounts (200 conidia in total) for each of the three isolates were meas ured to delenninc 
conidial size. Photo-micrographs were taken with phase contnst optics. Colony growth 
of the three Lecnnicillium isolates was measured on PDA after 10 days incubation at 
2•1°C in darkness. 

DNA cxtradion: 
Mycelium for DNA extrac tion was harvested fro m potato·dcxtrose broth by filtration 
and then ireczc·dried. The material was ground to a powder in liquid nitrogen, and the 
DNA was pur ified from 20·30 mg of the powdered mycelium using Qiagen DNeasy 
Plant Min i Kit following the supplied protocol. MtDNA was extracted from 2.0 grams 
of powdered mycelium using Epiccntre's MaslcrPureTM Yeast DNA Pmilication Kit , 
followi ng I he supplied protocol to extract total DNA, followed hy CsCI/ EtBr de nsit y 
gradient equil ibrium centrifugation (0.1:1 g ml·1 CsCI and 0.4mg m\·1 EtBr) in a 
Beckman Vti65 rotor at 250,000g ior 16 hrs. The band was removed and extracted 3 
times wit h isopropanol and dialyzed against lJL of TE (10mM Tris, lmM EDTA, pH 
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8.0) twice for 4 hrs. The resulting DNA was separated into mtDNA and genomic DNA 
by CsCI/bisbcmdmidc dcnsil)' gradien t cent rifugation ( 1.0 g ml 1 CsCI and 0.1 mg 
mJ·1 bisbenz.imide) in a Deckman Vti65 rotor at 250,000g fo r 16 hrs. The mtDNA was 
removed and extracted 3 times with isopropanol and dialyzed against 4L of TE ( IOmM 
'l'ris, I mM E.D'l 'A, PH 8.0) with 3 changes nvcr 16 hrs. 

l'CH and RLFI': 
PCR ampl ifications and Rf LP analyses were carried out as described by Zare and Gams 
(2001), however, since we had difticulty discern ing band patterns using total genomic 
DNA. we separated the mtD NA from the chromosomal DNA. ' I he RFLP or the ITS 
region and the 3' partial P-tubulin gene were amplified using the primer sets, ITS-4/ 
ITS-5 (White ct al. 1990) and Dtla/Btlb (G lass and Donaldson 1995), rcspcctivclr 

l'hylogcnctic analysis and sequence alignment: 
PCR products of the ITS region and the 5' partial ~-tubu li n gene were sequenced 
after purification. To obtain additiona l ~-lubulin SC<JUCnce information. the 5' part·ial 
13- tub ulin gene was ampjjfied an<l sequencc<l using the primers Bt2E/ Btl 2 as desc ribed 
by Ki m et al. (2003). Sequencing was performed on an ADI 3700 au tomated sequencer 
(Perkin- Elmer, Foster City. CA) at the DN1\ S)'nthesisand scq11Cncing faci li l"y, Macrogcn 
(Seoul , Korea) . A phylogenetic Lrce or the ITS region was huih us.ing seque nces or othe r 
taxa obtained from NCDI. The ITS sequences oi 16 taxa were aligned using ClustaiX 
(Thompson ct al. 1997) and manually adj usted in the PI-IYDIT program version 3.2 
(l!ttp:/lplaza.smwc.kr/- jclum/ pllyditl). A phylogcnctk ITee of related ness between the 
new species and related species was constructed by a neighbor-joining (NJ) method 
(Saitou and Nei 1987). The d istances in the ITS regio n were determined by Kimura's 
two-parameter model. Branch stabil ity was assessed by 1000 bootstrap replications 
implemented wit h PAUP"tJ.ObiO (Swofford 2001) . 

Results 

Microscopy: 
On cadavers of adult n strobi, mycelium can appear as soon as 4 days after infection and 
it is Ji rst seen along the length oft he probnsc is, around lhc C)'es, at the joins between the 
thorax, abdomen and head, and at the intcrscgmcntcd membranes of the legs (f igure 
1 ). The fi rst visible mycel ium is white, long and silky, which over time, forms into 
fi lamentous m)'Ccl ium ultimatel y enveloping the who le cadaver. Shiny globular d roplcLo; 
at the tips of phialides are visible to the unaided ere. 

Lecmticilliwu pissodis can be distinguished from other described species in this 
genus by a numher of morphologica l characters (Tahle 1 ). On agar, colony growth is 
rad ial, sJjghtl)' raised. bri ght white in colour with a cream to pa le yellow reverse and 
no pigment diffusion into the agar. Prostrate hyphae with phialides are visible at the 
leading edge of rhe colony, with ph ial ide numbers increasing towards the center of the 
colony. Phialidcs arc mostlr single with some in a vert icillate arrangement nf 2-3 at 
intercalar)' nodes or at h)'phal ends. Conidial heads at the tip of phia lidcs are distinctly 
\'isible (Figure 2). When conidial heads arc di sturbed, conidia arc dispersed (Hgure 
3) re le:L">ing up to and sometimes more tha n 50 cunidia. ' I he hydmph il ic conid ia are 
quickly spread via water. Conid ia are hyali ne, single celled, and V".uiable in size, •1-9.2 x 
1.6-2.'1 }1m . and shape, cylindrical to ovoid or oval (fiGU RE 4) . 
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'lADLE t. Morphological characteristics of some entomogcnous Leetmicillimll species~ 

Sptci t.!i 
Phiolidcs Cnnidial h~ad:t Conidial sb.c 

Cnnid ia l sha~ 
hun) bun) 

L.arancarum 211-30 'UHUJ slight!)' pointed :U nne 
(Petch)Zare & W. Gam~ o r bulh o: nds, s lr.Ught or 

0.7-1.5 1.2-1.5 cuo·ed 

L.altenuatum 9 13.5 I 4 conidia -1 .5 6.3 cylindrica.l , attenuale 
Z4re&W. Gorns . in dry clusters b:~sc uniform shnpc 

1-2 1.5-2.0 occ.uiona!Jy2-cdl~ 

L.k-1.:unii(Zimm.) 11-20(30) globvk he.1d~ 2.5-3.5(-4 .2) shurt-d lipsoidal, unifurm 
Z3rc&\\'. G:ams . . sh:lpe 

1.3 1.8 1.0 1.5 

L. Umg i$pOrum 20 40 globo5e he:tds 5.0 10.5 "Uipsoid:Li to oblong O\-:a.l 

(Pctch)Zare & W. Gams X 

1.2-2.7 1.5-2.5 

r_ mu<c.:J r ium ( 15-)10-35 globose head' (l-)2:.5-5.5(-6) d lip.snidal nr 
subcylindrical, irreg1llar 

1-1.7 L0-1.5( - I.S) shape 

L. t1odu/O$Uill 10-20 globose heads 2.5-4.5 0 \ '::t.l 

(Pc tch)Z:u e & W. G:am~ . 
1.5 1.2 1.5 

J_ pi!O$ndi!sp. nov. ( 16-) 18- glnbo~clmpl~u 4.0-'!}.l cylinclncal to nvoid to 
28(-38)x with up tu 50 X u\·.U, ,'\! ryv;ui:~bh.:shape 

1· 2 conidia, or more 1.6-2.4 

' Char:a.cteristics for all species, e~pt L. pissUtlis,taken from Zare and Gams (2001) 

Taxonomic Description 

Leca11icillium pissodis Kopc & I. Leal, sp. nov. FIGURES 1-4 

Coloumt: altae, tllhtut, n-v.:rsu cn:mro ,,t:f brrum~nmtt:, ml 6-7 mm cliam. ptkl 10 tlies 

in agnm PDJ\ dicta. Pf1ia/idc.< t: l!Yf>lli.< pro.•tratu.< nriwulm:, .<ingulllt: vd .1 vc.orticilfatt~t:, 

gradalim in apia:m aug11stntm:, l6-(l8 - 28)- 38J1m x l - 2wn. Conidia in cnJ1itulis gfobosis 
ro fUlt:(t:/ll in, ovoidt:a vel cylimfraua, •1- 9.21"'' .\' / .6- 2AI•m, maguitud iue 1!1 Jo,·ma 

iuaeq11tlfia. Crystaffa octaedricn copiosa. 

Sp.xit:s ,.._,- p;~~les :;. t,·ubi rul Piceu ~ itcl.emis ;, Briti:ill C:ufumbiu Cmwclc1 

ftymology: the specific epithet refers to the genus of the i11Sect host. 

Colony growth at 2•1°C nn putatn-dext rusc agar (Oxuid, I'DA) reaches 6- 7mm in 
diameter after 10 days. Colony white. ra ised. abundant aerial mycelium, reverse cream 
to pale yellow. Phial ides on prostrate hyphae, most as single. some double at right angles 
and in !'Ome instances a verticill ate arrangement of up to 3 phialides per node or at 
the terminal end of hyphae, measuring 1 6-( J8-28)-38~tm x 1 -2~111 and tapered over 
their length. Conidia, up to and more than SO formed in globose droph:ts at the tip 
of phialidcs, hya line, single-celled, cylindrical to oval, to cylindrical with an attenuate 
end. very variable in size and l'hape, -1 - 9.2 x 1.6-2li~Jm. ' leleumurph unknown. Crystals 
present in agar medium. octahedral. Growth temperature optimum 20-25°C, with some 
growth occurring al 5°C and no growth at 30°C. 
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Figures 1·•1. Lecanicilfium pi$$odis. I. Infected adult of P. strobi. 2. Prostrate hyphae. phialidc.s wit h 
f{lobose droplet .~ holdi ng conidia. 3. Dispersed d roplets. 4. Varied shapes and sizes of conidia. 

Scale: I = Smm; 2 = SO )Im;3 = 20 pm:4 = IOpm. 

St ra ins examined: 
Dt\VFP 29230, ex Pissmle; strobi adul l. Canada, 2003. H.H.Kope; DAVH' 2923 1, ex 
Pissodts strobi aduh, Canada, 2003, H.H.Kopc; DAVFP 29232. ex Pissodes stmbi aduh. 
Canada, 2003, I 1.1 I.Kope, ex-type. 

llolotypc' 
DAVFP 29232, isolated from the cadaver of an adu lt P. strobi in BC, Canada, deposited 
in the Forest Pathology Herbar ium, Paciric Fo restry Centre, Victoria. BC. Canada. A 
living ex· type culture CBS 11823 1 (OAVFP 29232) is deposited in the Centraalbureau 
voor Schimmekullmes, Utrecht, The Netherlands. This isolate is also preserved at the 
Fungal Culture Collection of Plnnt Pests & Diseases Research Instit ute (Ministry of 
Agriculture), "IChran. lran, under IRAN 915 C. 
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PCR and RFLP: 
RfLP patterns of the ITS region, f~-tubulin and mitochond ri al DNA we re compared to 
other J.eumicillium spc:..-cics. Nn d iiTc rem:cs in the ITS- RFI.P pattern were seen bctwt--en 
the three L pissoclis isolates and other Leca1Jicillium species. However, dear d ifferences 
in the IULP patterns ofb oth the ~-tubulin gene and mitochondrial DNA ind icated that 
1 .. pissodis was distinct fro m other l.ecanicillium species (Table 2). ·n,e j{- ln bulin gene 
RFLl'-l'CR patterns shown in "IUble 2 for 1.. aftemwlum (CBS 170.76) am] the three 
isolates of L. pissodis were based on ~-l\J bulin sequencing analysis. 

Phylogene tic an alysis a nd sequence alignme nt: 

The alignment" of ITS sequences contai ning the ITS-1-5.8S-ITS region of 12 ITS 
set1 ucnccs o f other l_.ectmicillirall species placed the th ree isolaks of /,. fJh;:<Otli$ in a 
branch with l .. attemwtum (figure 5). which has a high bootstrap \'alue in the NJ tree. 
and the BLAST search gave 100% identity. Accession numbers for the ITS region of L. 
pissoclis 17, 18 and 19 arc DQ36•1668, DQ36'1669, and DQ36•1670, rcspcct ivclr-

NJ Tree 

-O.O().SsubSUIUtiOfii!Si l~ 

Figu re 5. Neighbour joining tree fo r l.ccarricillium ITS sequences rooted with Paecilomyc:es 
j imlowroserts showi ng the relationshi p between L. a /lt•tmatwn and L. pissodis, and the position of 
this clade (shaded area) among other Leamici/l;rtm species. Numbers on the branches are l>oot.s trap 
values fo r major groupi ngs in consensus trees. 



Table 2. RFLP-PCR pattcms of some t..'lxa of Lecanicillium species* 

Taxa and B.El l's o[ ITS ~gi2:11 HEl.t::s. o[ Ill s:: O::i!i!bulin C!:ll~ 

accession code Hae lll flin/1 Msp l 11./ul Cfol Hae lll Ninf ! 

L .tltlt'III/(1/JIII/ 300, 160.90,70 300, 140. 100. 90 290. 140, 110. 60 444. 87 267. 194,70 353. 178 360, ISO 

(CBS 170.76) 

1 .. ,mtsrarium• .100, lW. 90, 70 300, 140. 100. 90 290. 140, 11 0.60 450.90 280. 200 360, 1!\0 540 

(lMl 068689) 

1 .. fough.ywrum• 300, 160. 90, 70 300. 140. 100. 90 290. 140. 11 0.60 450.90 280. 200 400, 140 540 

(IM1021167) 

L.pissodis 17 1300. 160.90.70 300. 1•10. 100.90 290. 140. IIO.W 1 444.87 267. 19;1. 70 353. 178 ~ 

(DA VFl' 292.10) 

L.pissodis IS I 300. 160. 90,70 300. 140. 100.90 290. 140. Ito. GO I 444.87 267 . 19.:1 . 70 353. 178 225. 181. 119.6 

(DA VFl' 2923 1) 

L. pirsodis 19 I 300. 160.90. 70 300. 140. 100.90 290. 140. 110. 60 I 444. 87 267. 194. 70 353. 178 

(OA VFP 29232) 

"111e .Jl:lded :11ea re~nts the RA..P· PCR fJapnetTIS !~ L.JiinodU in the 11-tubu\\n gcJM: and mit.xhomt:ri31 D:-11\ 
RFlJ> p;oUen~taleu fJom:biel!uJG:uiD(2CO I ) 

RFLP.s of 

--ll.ll..Q&\ 

Hac Ill 

6.2. 5. 4.4 , 3 

6.5. 4.4, 3 

6.R. 4, 3.6. 3.5. 3, 2.6 

.5..;!.2, 3 .. ~._ 2,8 . 2.~ 

'" C> 

" 
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Sequence alignment of the 3' end of the fi-tubulin genes of L. fll fen11nfum (CBS 
170 .7()) and 1 .. pissodi:: using primer.; Bt l a/Bt I b shows o n ly a few seque nce d ifferences 

(F igure 6A). 'J hcsc sct.jucnccs were <lcpositc<.l a t EM UL as OQ36rJ 67 1 for L. altemmlum 
(CBS 170.76) and DQ364672. DQ364673 and DQ364674 fo r L. pissoJis 17. IS. and 19. 
respectively. However, sequence aHgnmen t of the 5' end of the fl - tubuljn gene wi th 
primers Bt2E/Bt 12 indicated major diffe rences of the cxon and intron regions between 
these two species(F igurc t;B). The accession numbers for this pa rt oft he j{- tubulin gene 
o f L tlllemwlum (CBS 170 .76) is D Q 36-1675, and for L. pi~mlis isolalcs 17, 18, and 19 

are OQ 36r1676, O Q 36<1677, an d O Q 3611678, respec tively. 

A :.222233 
8 0 1 58 0 4 
1 1 6 2 8 9 2 

.t. . attcm:atu::~ ThAt: 'I' t: T 
r • . p issod i s - n G G G T' C l' C 
L .plssodj s - 18 G G G 1' C T C 
L .p!ssodis - 19 G G G !' c J' c 

L. llttenu.-tum 
L .pissodjs - 11 
L .pls:;odis - 18 
/.. . p j .'fsadis -1 '} 

0 0 

T GTAGCTTTTTAAGGCCCTACCCTGTACG:AAATTAGATAGTGG:TTCTGAGTATG 
GTGGTTTeCGACATTC~CTCCGAGACAAca.ATTGGTGGATAGCGGTCCTG:AC 

GTGGTT'l'CCGACATTCGACTCCGAGACAAGAA.TTGGTGGATAGCGGTCCTGAC 
GTGGTTTCCGACATTCGACTCCGAGACAAGAA.TTGGTGGATAGCGGTCCTGAC 

:11:111111111222 2 
00ll3.'1i455'189001 7 
:BOfil409G7854568 7 

L. 3(t.etlu.num TTT'l'GATAG-------- CGCCTT1':.'AGGATG':':' GTTTGTTTTACGCACAAACAG 
L .p!ssodis - 11 TGTGCTTTTCTCGATAG ':',\T':'CCCCTCCGG!>CC GTTTGTTCTACCCGCGCAACG 
/, ,pissodi s -18 TGTGCTTTTCTCGATAG "'AT':'CCCC1'CCGGA.CC GTTTGTTCTACCCGCGCAACG 
I • . p.l.'f.sorli ~ -19 TGTGCTTTTCTCGA.TAG ':'AT':'CCCCTC:::GGACC GTTTGTTCTACCCGCGCU.CG 

l. . llttcr:uarum CGCGCCTGTCGCGTCGCTAGCAATGTGGTGGATATTAACCATAATTCTCGTACAG 
l • . p:sso rll s -l 'J CGTTGCTAGGCTTCGCTGTGGG'l'ACTGACCGCGA.TTTTGCTCTAG--- -------
L . pi~sOdl s • 1 8 CGTTGCTA.GGCTTCGCTGTGGG'l'ACTGACCGCGATTTTGCTCTAG- ---------
L . pj ssodl s - 19 CGTTGCTAGGCTTCGCTGTGGGTACTGACCGCGATTTTGCTCTAG----------

33333 3H 44 4 4 44 44 !.:55555555555 5666666666667777 
168899012.,55577 90112 33567889 90111) 15 677890022 
83 >17065i 3703916813'18'17 5172 6:49256816587:280 6 

J, • • .rtenuarmr TA1 AA r1'GCAA'r1'ACCCAM;1'1'CCC rTCAGCC.\'l'iH.:CCGA'l'CA'i' 
l, . pissodls - 17 CTCGTCCl'AGTCCGATTTGGCCC'l'TACCTATTGCC'l'T':'CGC':'GG 
L. pi:.sorll:. - 18 CTCGTCCl'AGTCCGTTTGGCCCTJ'ACCGTATTGCCJ'TTCGC':'GG 
L .p!s:;od ja - 19 Cl'CCTCCl'ACTCCCTTTCCCCCTT•\CCCTh TTCCCl'T':'CCC':'CG 

Figure 6. L>istribution of P- tubulin sequence tlifiCrences bcl\\'t.>cn L tl/ femmlrtm anr..l l... pi5SQ{/is. 

A. 3' end of ~-tubulin g:ene amplified b)' primers Btl a and Bt2a. R . .S' end of ~· t ubu l in ~ne 

amplified by primers BT2E and BTI2. The posil ion of lhe polymorph ism silcs in the aligned 
seq uence matrices is written vertically above colu mns. Dokl· typcd characters indicate the introns. 
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Discussion 

Le((micil/ium pissodis is characteristic of the genus l.e((micillium wit h phial ides borne 

on prostrate hrphae either si ngly or as mult iples arranged in vert-icillate whorl s at nodes, 
in pai rs, or singly. 'l h e;: conidia formed in globose droplets at the end of phia lidc:s arc: 
si ngle-celled and va ry in shape from cylindrical to ovoid or oval. 

Morphologically L pissodis is d istinct, but closest to L attem~alum. It di ffers from 
L. allemmtum havi ng a slower growth rate, longer ph ialides, a greater variabil ity in 
conidia l size and the production of droplets at the end of phia lides containing up to 50 
conidia. 1.. pissodis d iffers fro m / .. leamU having a slower growth rate, longer phialides. 
fewer p hialides per whorl, and larger conidia. ll also diffe rs from L. muscariuw and L. 
longisporum by size and conidial shape. respectively and having a slower growth rate 
than both species. 

Lecanicillirm r pissodis d iffers in it s RFLP band ing patterns fo r both mitochond rial 
DNA ;md the fl -tu bul in gene when cum pa red with nther dcscrihcd l.eamiciflium species. 

' I he isolates of L. Jl i$s<Uiis had ITS St:qucnccs ident ical to that or L Mlcnuatum. 'lhc ITS 
regio n ge nerall}' exhibit s a high degree of variation between species. and it appears more 
h ighly conserved with in species. Alt hough, this r ibosomal region can be very useful fo r 
determi ning rclatiomhips bcl'ween fu ngal genera and species (Brunset al. 1992}, it might 
nut allow for the di!Tcrcntiat inn u f closel y rchttcd taxa ( Hcrmnsa et al. 2000, Harrington 

cl a!. 2000, Jacobs et a! . 2001}. To address this. Ki m cl al. (200'1} have sug.gt.'Stcd that 
scquctlCCS for the P-tubulin gene would be more useful. Th e sequence differences 
within the P-tubuli n gene reported here separated L. pissodis from L. attem w tw 11 . This 
resul t, coupled with the d isti nct morphological characteristics. prO\dde strong support 
fo r describing L pi.<:.Sodis as a new species. 

·1 he genus Lttctmiciltium contains entomogcnous fungi wit h a cosmopolitan 

d istribut ion occurring on a wide range of insect hosts. L. muscurium has bt.'<!n 
previously co llec ted in British Columbia, Canada (CBS 1 J3450 and 118576) and Kopc 
ct' al (2000) demonstrated, after fulfilling Koch's posh tlatcs. that L. mmcarium is an 
entomopathogen of P. strobi. The newly descrihed isolate of'- pissodis. currently foun d 
o nly in British Colum bia, is a lso pathogenic lo I~ $lrobi (H. Kupc u npubl ished, fu lftlling 
Koch's postulates). ·n tc occurrence and efficacr or Lecat~icillium in the natural habit·at 

of P. strobi wo uld have an effect on weevil populatio ns, making this entomopathogenic 
fungus a component to be considered in control strategies developed fo r P. strobi. 
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Abstract- Cvllricia tsugicolu au(l Fumitipvrit4 /om:yae (Basid iom ycota, 
Hymcmx:Jwetaceac) arc described us new rrorn Fujian Prnvim:c, eastern China. 
Coltricia Ut~gicola is characterized by small, st iJ>itAtc and pendent basidiocarps. large 
and irregular pores and oblong ellipsoid basidiospores; its host tree is Tsuga ciJillen .. (i~. 

J.'umilifJOritl furreyrte h:ts perennial, n:supinah.' Wsidiocarps. small b;isidiospor«!S, no 
hymcnia l setae, and grow.~ on Tnrr.:yngramlk 

Kc)' words JXllyporc, wotxJ-rotting fungi, taxomuny 

Introduction 

During the study of poro id Apf1y llophomles from \..Vuyi Mts. in eastern China, some 
novel wood-inhabit ing fungi were found. Two such specimens were collec ted on Tsuga 

chinensi:•: fungi wit h small, s lipilatc and pen(hml hoL"iditK:Oirps, a monnmitic hypha[ 

structure without damp connections, and oblong-ellipsoid, yellowish, smooth, and 
thick-wall ed basidiospores. These feah1res tit well with Coltricia Gray, but with none 
of the existing taxa or the genus. Another specimen was collected on living Torreya 
gramlis, a S)'ntnosperm tree cmlcmic to eastern China. '!his co llection is a resupinate 
basidiocarp, a species wit b dimitic hypha! structure and simple septate generative hyphae. 
It s basidiosporcs arc subglobosc, hyaline, thick-walled , dcxtrinoid and cyanophilous. 
"t hese characters ind icate Fomifiporia Murri ll (the PlteJJin us robusfus complex), bu t 
no suitable species name is available for il. I Jere we describe these species as new in 
Coltricia and Fomitiporin. 
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Materials and methods 

The studied specimens arc deposited at· the Herbarium of the Institute of Applied 
Eculogy, Chine~ AcaJem)' of Sciences ( IF!'). Mic roscupic featu res, meas uremen ts and 
drawings were made from slide preparatio ns stained with Colton nluc and Melzer's 
reagent. The microscopic proc<..·durc fell ows Dai (1999). Spores were measured from 
sections cut frum the tubes. KOH = 5% putassium hydmxidc, CB = Colton Blue. CB+ 
.,... ~.:yanophilous, CB- - acyanophilous. IKl- .,... both inamyloid and indextrinoid. ln 
presenti ng the variation in the size of the spores. 5% of measurements we re excluded 
fro m each end of the range, and are given in parent heses. In the text the following 
abbrcvialions arc used: L - mean spo re length (arilhmdic mean uf all spores), \V - mean 
spore width (arithmetic mean of all spores), Q - variation in the L/ W ratios between the 
specimens stud ied (quotient of the mean spore length and the mean spore width of each 
specimen) , n = number uf $pores m~;:asured fro m given number of speci mens. 

Descriptions 

Coltricia tsugicola Y.C. Oni & R.K. Cui, sp. nov. Fig. I 

\.nrpoplwrum ammum, .(tit'itatum. FacicstH>mrmn aumtum vel brwmcum; pori mtundi 
wl siuuolati, l - 2 pc·r mm. Sysltmut llyplwrmn mouomilictml, llyJ>Iwt! genemroriae 
septtll~, efibufn/(le, hyplmecontexti •1- JOitrtl iu tliwu. Spoml!.auuae, oblougo·elfipsoitlc:ac: 
vd dlipsoitlet~c:, cmssitunia41t~e, IKJ , CB(+). 8.5 l J.9x 5.6 6.9 ,/m. 

l)'J'c:. - China. Fujian Prov .. Wuyishan County. Wuyishan Nature Reserve, alt. 1700 Ill , 
on rotten wood of1Suga chinemi.~. 21.X. 2005 Dai 7303 (ho lotypc in IFP, isotypc in H). 

Etymology. 'fst•gicolu (Lat.): living on Tsuga . 

Frrtitbod)( - Basid iocarps annual, cent rail}' stipitate and pendent, soli tar}' or gregar ious, 
so ft co rky and without odour u r taste when fresh, cunsistencr su ft co rky tu fragile and 
light in weight when d ry. Pilei more or less ci rcular or infundibuliform when fresh. 
becoming shmnken and irregular upon drying. up to I em in diam. , 5 mm thick at 
cent re. Pilea l ~urface rellowish to deep redd ish brown when fre~h. hecoming ci nnamon 
or yellowish brown to rust brown upon drring. a l(.lll atc, vdutinatc or smooth ; margin 
thi n, obtuse, curvi ng down when dry. Pore surface yellowish when fresh, becoming 
yellowish brown to rust brown upon drying; pores angulnr or sometimes sinuous to 
irregular. 1- 2 per mm; dissepimcn ts thin , en tire. Context ci nnamon to rust brown, 
coriaceous, up to 1 mm thick. Tubes yellowish brown, slightly paler than context, soft 
co rky to slightly brittle when dry, up to 3 mm long. Stipe dark )'dlowish brown, co rky, 
vcl uti natc, np In 5 mm long, I mm in <li am. 

Hypha/ slruct.ure. - Hypha! system monomitic; all septa without damp connect ions; 
tissue da rkening but o therwise unchanged in KOI-I . 

Cortli!xt. - Contextual hyphae pale yel lowish to golden brown, th in- to fairlr thick­
walled with a wide lumen. occasionally branched, with frequen t simple septa, fairly 
straight. loosely inter woven. IKI-. CB-, 4- 10 !Jill in diam.; hyphae in the st ipe golden 
yellowish to golden brownish, fa irly thick-walled with a wide lumen, occasionally 
branched, wi th frequent simple ~pia, more or less straight , loosely in terwoven, I KI-, 
CB-, 5-9 !Jill in d iam. 
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Fig. I. Microscopic structu re.~ of\.nlt ridn t5ugirola (drawn from the holotyl>e IFP Dai 7303) . 
a: 8asidiospores. - b: Basidia and basidioles. - c: llyphae from tube trama. - d: l l)•phac from 
context. - e: Hyphae from Stipe. 

"li1bes.- Trama l hyphae hyaline to pale yellowish or golden brownish, thin- to sl ighlly 
thick-wall ed with a d istinct lumen, frequently branched and simple septate, loosely 
interwoven, IKJ-, CB- or very weakly CB t, 4-8 ~1111 in diam. Basidia broad ly clavate, 
wit h four sterigmata and a ~imple septum al the ba!'<!, 1•1.6- 23.8 x 5- 8.'1 !Jm; basidio lcs 
in shape similar to basidia. but smaller. 

Spures. - Basid iosporcs ellipsoid or more often oblong-ellipsoid, )'cllowish. thick­
walled. smooth , IK1-, CD- or weakly Cll+ when juvenile, (8.2-)8.5-1 1.9( -13.2) x (5.2-
)5.6-6.9( -7) ~m, L = 9.62 pm, W = 6.3 1 ~m, Q = 1.5 1-1 .5<1 (11=60/2). 
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Additio11al S(X'cimen (paratype) c.\·amim:d. China, Fujian PrO\'., Wuyishan County. 
Wuyishan Na ture Reser \'C, a lt . 1700 Ill , on base of living Tsuga cltinl!nsis. 2 1.X.2005 Dtli 

7336. 

R.mwrks. - 'n1c species is characterized by small, stipit atc and pendant basidiocarps. 
large and irregular pores, and oblong·cllipsoid basidiosporcs. Coltricia tsrtgicola was 
found in a T.mga dz itJemi$ forest in the Wuyi!'han Nature Reserve. Forests nfTsuga arc 
restricted to all itudes from I 100 to 1800 mdcrs. dose;: to the limbt=rlinc wh ich is at 
ca. 1900 m. Cl imat ically the conife rous forests between the~ limits vary from warm 
temperate to almost borea l. 

Coltrida fociwla ( Bcrk. & M. t\ . Curlis) Murrill resembles C. lsuxiw lu by havi ng 
oblong-ell ipsoid and pale yel lowish basid iospores. {7.5-)8-9.5{-10) x (3.8-)~1-4.8(-5) 

~m, L = 8.55 ~tm , W = 4.34 ~m. Q = 1.97. However it has larger basidiocarps, lobed or 
incised at margin, lacerute to dentate dissepimen ts. and its spures are narrower than in 
C. tsugicola. In addition. Cdtricia fvcico la grows on the grou nd, and it is evidently not a 
wood-rotting lungus (Ryvardcn and Gilbertson 1993). 

Coltricin dupClrlii (Pat.) Ryva rden ha!' laterall y stipitate ba.<:>idiocarps and ellipsoid 
basid iuspores. and it may be related lu C. lsugicolu. Its growth habit is nul pendent . 
and lruitbodies arc larger. 2.5 em in diam. and I em thick; besides. it s basid iospores arc 
ell ipsoid, rusty brown, 8-10 x 6-7 ftm . It occurs on deciduous trees in tropica l French 
tluyana and l ko~;oj J {Ryvardcn 200'1). 

Dasidiospores of the new spec ies are similar to those oi Coltricia montagrtei (fr.) 
Murrill which, however, has large r basidiocarps (up to 12 em in d iam. and 1-2 em th ick). 
pnruid to concentricall y lamella te hymenophurc, and sl ight ly clcx trinnid basidinspnrcs 
(Nllflez and Ryvarden :!000, Ryvarden and Gilbertson 1993). 

The minute, stipitate and pendant basidiocarps make Coltricia tsugicola confusi ng!)! 
5>i milar to Cn/triciella dcper1dcns (Rcrk. & M .A. Curti5>) Mmrill, hut ~pore~ ol C. 
tleperulens arc fi ndy verrucose. and it occurs in the trupic;s (G ilbertson and Ryvardcn 
1986. Ryvardcn and Johansen 1980). 

Fomitiporia torreyae Y.C. Oai & B.K. Cui, sp. nov. Fig.2 

C'.arpoplwrum pcreiiiiC, rc.<:t•pitlnlllm, cmzti!A·twn atmumhri1111m vel hrmme.tml. Facie..t 
pororum mvide 11mbrim1 vel umbri11fl; pori rottmdi vd sim10/nti, 4-6 per m m. Systemn 
l•yplmrum tlimiticwn, l•yplun: gcm:mturim: lepltlfue, cjibullllm:. Spome l·ubglvbustre vd 

globo.~e. Cm$_ci/lltlicatae, dextrinoidae, CB+. 5 5.9 x •lA 5.3Jim. 

Type. - China. l·ujian Prov .. Wuyjshan County. Wuyishan Nature Rcst>rvc, ~ l t . 800 m, 
on living Tll?Te)'V' xmndi.~. 21.X.2005 Dai 7320 (holotype: in IFP, ismype: in H ). 

1:-":lymolnJ:Y. Torreyae (l.al.): referring to the host tree genus. 

Fmitbod)~ - Rasid iocarp!' perenn io l, resupinate, in::;eparahle, woody hard when fresh. 
without odour or taste, cunsislcnC)' woody hard and light in weight when d ry. up to 
20 em or more in longest dimension, 10 em wide, ca. 8 mm thick at cent re; margi n 
more or less reced ing, up to 2 mm wide, pale brown. Pore sm facc greyish brown when 
fresh. becom ing pale brown to rust brow n upon dryi ng, shining. slight ly cracked wilh 
age; pores circ ular to sinuous at oblique surface, 4-6 per mm; disscpiments thin , entire. 
Subiculum um ber brown, woody hard , \'cry thin, up to 0.5 mrn thick. Tubes yellowish 
brown I n rust brown, hard corky, up to 7 mm long, d istinct ly stratiried. 



345 

Hypha/ structure.- Hypha! system dimitic; all septa wit·holltclamp connections; skclct:ll 
hyphae IKJ- , CH- ; tiss.ne darken ing hut otherwise unchanged in KOH. 

Subiwlum. -Tissue domi nated by skeldal hyphae; generative hyphae hyali ne to pale 
yellowish, thin- to fdi rly thic;:k-walled, occasionally branched and frequently simple 
septate, 2-3.2 ._.m in diam.; skeleta l hyphae golden brown to rust brown, thick-walled 
with a narrow to wide lumen, unbranched , interwove n, more or less agglutinated, 2.3-
4.5 ftm in d iam. 

Tubes. - Tramnl hyphae dominated by skeleta l hyphae; generati ve hyphae hya line, th in­

to ~ight ly th ick-walled, o~.:<.·as i onall y branched ami frcquen ll)' simple septate, 1.8- 3 
p.m in diam.; skdctal hyphae golden brow1l to rust brown, th ick-wall~d wit b a narrow 
to w id~ lumen, unbranched, interwoven, slightly aggluti nated, 2-4.2 !Jill in diam. 
Subhrmcnium indistinct. l-lymcnial setae absent. setae extremely rare in subiculum, 
suhulate to ve nt ricose, dark brown, thick-wa ll ed, 10- 16 x 6- 7 pm; cystid ioles frequent , 
subulatc, sharp-pointed or obtuse at apex, hyaline , thin-walled, 11- 19.7 x 2.8- 1 }!Ill; 

basid ia barrel-shaped to subglobose. with four sterigmata and a simple septum at th e 
base, 8-13 x 6.8-9 1-1m; basidioles in shape sim il ar to basidia, but slight!)' smaller; big 
rhomboid crystals abu ndant in hymcnia and trama. 

Spore.'. - Basidiosporcs subglobosc to globose, hyaline, thick-walled, smooth, 
dexlrinoid in Melzer 's reagent, strongly CBt, ('1.5- )5- 5.9( - 6) x (4 - )4.4- 5.3(- 5.9) pm. 
1. = 5.'16 1Jm. W = •1.90 }!Ill, Q = \. II (11=6011). 

Renwrk.o;. - ·1 he perennial growth habil, resupi nate basidiocarp. lack of setae, presence 
of subul at"c cystidiolcs. small basidiospores. and growth on Torr~ya gmmlis characterize 
this species. We could not fi nd hymenial setae in the tn)e, and only a tCw se tae were 
found in the subiculum and subbymcn ium. Even there they arc extremely rare: 4 
setae were ohscrved from 5 microscope preparations. Fomitiporia torrcyae is the th ird 
resup inate species in the genus in China, the other two being 1:. punctala (P. Karst.) 
Murrill and F. bmmmmsis Y.C. Dai (Dai 1999. Dai eta[. 200 I). 

four spec ies in Fomitiporia-E a~tltiopictl Decock et al. • .E mediterrauea M. Fisch .• 
.E p11m:tato and F. tabaquilio (Urcelay el al.) Decock & Roblcdo-have resupinate 
basidiocarps, and lack hymenia l setae (Dccock et aL 2005) . These species have distinctly 
larger basidinsporcs than 1-: torreym!, the length being more than 6!Jm. 

FomilifJOt ill tenuis Decock eta\. was recently described from Africa (Dccock ~~ t~l. 

2005). Its basid iospores arc very simiJar to those of Fomitiporia torreyae. I lowever, the 
former has a thinner fruitbody (up to 2 mm thick), smaller pores (10-1 1 per mm) , and 
hymcnia l setae. 

Pomillfwria hamwem;i.~is found in China too but iri s d istinguished from F. torreyae by 
smaller pores (S - 10 per mm) all<labundant hymenia l setae. Furthermore, F. barmaensi.s 
is a subtropical species, growing on angiosperm trees (Dai et al. 200 I). 

Besides the above-mentioned La.xa, the remaining species of Fomitiporia , E souorae 
(Gilb.) Y.C. Dai, E pseudoptmclata (A. David ct al.) Hasson, F. sublaevigata (Cleland 
& Rodway) Y.C. Dai, have principally resupinate fruit bodies, hut all have hymen ial 
setae and grow on angiosperm lrc.."CS. l:omitiporia sonorae has resupinate to reflcxcd 
basid iocarps, and it s setae arc long (35-55 x 5-8 !JI1l, Gilbertson 1979, Valenzuela & 
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f- ig. 2. Microscopic stn~ctu rcs of Fomitiporia torrqfl~ (d rawn from the holotypc lf-P Dai 7320). 
- a; Uasidi05porcs. - b: Cystidiolcs. - c: Basidia and basidioles. - d: Rhomboid crystals. - c: 
Hyphae from tube trarna. f: Hyphae from subiculum. 

Chac6n-jimCnez 1991). Fomitiporia psemloptmctata and F. .wblaevigata have bigger 
spores (6.5-7.5 x 5.5-7 ~m in F. pseutlopunctala, 6.5-7 x 5-6 11m in E sublaevigata, 
Dt.."Cock ct al. 2005) . 
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Abstr<tct- Three new entomogenous fu ngi oft he ge nus Hir.slltdla, H. :lumgjiajiensis, H. 
lmnanensis and II. crin iffl, collected from \Vuyishan (Wu}i Mountains) and Zhangjiajie 
Natur(! Rt!Ser vL>s, an!' d(!scr itx.>d and illustrated. Some problems of t he idcntiJic.!lion of 

these Fungi arc hricfl y discussed. 

I<C)' Won.ls hyphom)'Cete. taxonomy, morphology 

Introduction 

1-lirsute//a Pat. is one of the most abundant and important cntomogcnous fungi. In 1990, 
we rev iewed the developmenl , taxo nomic characteristks of1he genus. anrl proposed a 
key to 62 taxa. A few do ubtful spec ies were discussed briefly (Liang 1990a. b). Seifert & 
Boulay (2004) suggested that Ilirsutel/a consists of 65 species. From our study, we refer 
90 species ~~round the world ro the genus of Hirsutella. 

·I he genus Nirsulelfu plays an important role in the natural control of pest insects 
(Evans 1 97~1 . 1982). II. giganlea Pctch can infect many larvae and pupae of Lepidoptera 
in the Kuankuoshui Preserve in Guizhou, China (Liang 199 1a). Besides this fungus, H. 
rlwssiliensis Minter& R L.. Bmdy, di sco\'cred in thccarty 1980's, has a stronger lcth ifernus 
effect on many plant parasi tic nematodes.. such as Dilyhmdws rlipsuci, Meloidogyne 
incognita, tlphelendroides Jragariae and Cricouemel/,l xenopfax (Jaffee ct al. 1982; Cayrol 
& Frankowski 1986; Cnyro l ct nl. 1986) . 

lL is known that man)' species in the genus Hirsulella arc anamorphs of Corrlyceps Fr. 
fo rcxample. an anamorph oft he famous Chinese traditional medicine C. siuemis (Berk.) 
Sacc. is H. sineusis (Liu ct al., 1989). Some valuable bioaclive compounds have been 
recen lly discovered from members of Nirsulclla. A prulcin toxic to insects. hi rsute!! in 

'CorrCSJ>Onding author: Zongqi Liang 
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1\ {HI A), has been purified from the funga l mite pat hogen. H. tlwmpsonii F. E. Fisher 
(M azct & Ver, 1995). l-Il A is considered to be one of many ribonuclease inact iva tor 
proteins (RIPs) (Maim ala ct al. 2002). Vongva nich cl al.(2002) found hirsutdlide A from 
a new species of Hirsutella, an interesting antimycobactcrial cydohcxadcpsipcptidc. The 
syn thesis nfit s key precursor ha.-. been studied (Xu cl al. 2005). 

From 1989 to 200 I , Chinese mycologists reported seven new species of Hirsutella 
(Table I). The present paper describes three additiona l new species of I lir.wtellfl and 
thei r taxo nomic position within the gcnu!t 

Table l. Previously reported species of Hirsutelln in China 

Fungnl N 1lnlC 

ll.lei:houei/Si$I I.M. Fang & S.M. Tan 

H. clumghei.clw rumsis Z.Q. Lia ng 

H. pofymlluta Z.Q. I.iang 

11. ymwmlt'llsis Z.Q. Liang & A.Y. liu 

N. ymwtm<mSil var. l<mui~ymlenudu Z.Q. Liang & A.Y. Liu 

H. sim:mis X.).l.iu Cl al. 

H. lo11giS5;,"" C.R. Li e1 a\. 

11. lmallgslume,,sis C.R. Li ct a\. 

Materials and Methods 

References 

Fang & Tan 1992 

Liang 199 lb 

l.iang 1991h 

Liu et al., 1993 

Liang et a l .. 1997 

Liu ct al.. 1989 

Li et al .. 1999 

Li et al .. 2005 

AU collected specimens we re routinely ovcn·dricd at 40C to prevent growth oi 
contaminant fungi. For examination by light microscopy, slide preparations were made 
o f a snippet uf outer la)•er tissue fro m the delaminated synnemata by mounting in 
lactophenol and co tton blue. 

Description o f new species 

Hirsutel/a zltangjiajiensis Z.Q. Liang & A. Y. Liu sp. nov. figs. 1- 1, 4 

Strom.ltibus sofitariis wl bi11ariis. cylimlra.:-eis, simplicibus, 100 X 2 mm. Stipitt' t'f ct~pitulo 
brrmt1eo vel oclt raceo. Pltitllith-s e uswsporis exorl!lllib11s, subultl/iaegraci/es. 30-52 x 2-•1.5 
JWI. vel IXl.~i injlnta dlipwida, ·1.5 x S[lln. Conidia laiiCt:olata nr lcvitc:r curvata, :1.5 7.5 
(· 10) x 1.5-2.5Jtm, mucigeri, lemo11ijormes, 10 x '' /1111. Holotypu.~· GZDXIFR98-7l3 l. 

Stroma single or 2. cyl indrical, 100 x 2 mm, not ramified, leathery. Stipe and fe rtile 
part brown to snuff-colored. Conidiogcnous structure deriving fro m the microcycle 
conidialion of ascospor~s from Cunlyceps zlumxjiujieusis. Phialidcs sl~ndcr awl-shapt=d. 
30·52 x 2-ll.5 ~m or inflated ellipsoidal at basal portion, ll.5 x J ~m . Conidia lanccolate 
or the shape of an orange segment , 4.5-7.5(10) x 1.5-2.5 ~1m , embedded in a mucous 
sheath, limoniform, 10 x '1 J.lm. 

Specime n s tudied: GZDXI FR98-7 13 1 was collec1cd from Zha ngjiajic 'aturc Reserve, 
Huna n Province by LIAKG Zongqi . J.I U AiyinJtCI al. in Vll 1998. 
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Fig. I Srnncmata and conidiogcnous structures of three species of 1/irsutdl,l. 1-1.4 : Conidiogcnous 
s t ructu rcs<~nds)' lll~mata of H. zlumsjiajie11Si$. 1·2. 5: Conidiogcnous structures and S)' tmcmat a of 
H. criuM. 1-3, 6: Conid ingcnnus structures and synncmata of H. lumauctuis 

Bars! , 2 = IOprn, Bar3 =5pm 

Habitat: Pupa of Lepidoptera. 
'ICicomo rph: Gmiyceps zlwnxjit4jie, sis Z.Q. Liang & A.Y. Li u (Lia ng ct al. 2002). 
Distribution-Zhans.iiajic Nature Reserve: llunan Province, China. 

1-lirsutella l•wzaneusis Z.Q. Liang sp. nov. Figs. 1-3, 6 

SymzemufrJ .:raltJ, filifunn~, simplices, 5-55 mm lu11gr1, lmm c:m.).m, f/e.dlcs wllignare, 
uigm brwmcnc. Pltialides 7.5 9 x 4.5 51""· c ha.(i iuj latc cylindrica vel pyrifnrmihu.( iu 
cilium 0.5-0.8 ,urn c:rassJtrtt fmgustalal!, prolijicis. Co11idia cllipsoidt.•a vellevilacurvaltl, 6 
x J.5-2 jtm, nwcigeti, dlipsoitf.:ts, 6 x •I.Sttm. l !olotypus: GZDXJFR98-7132 

Synnl!mata fil iform, l!l'(..'Ct. unbranched. 5-55 mmlo ng. lmm wide. fle x: ibk: to ligneo us. 
dark brown, arising from between head and thorax parts of host insect. Ph ialides solitary 
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or crowded alongsynncmata , most ly with cyl_indrica\ or pyriform inflated basal portion , 
7.5-9 x •1.5-5 ~m and with unc nr 2 slender, th in necks, 7.5- 11 x 0.5-0.8 !Jm. Conidia 
long elli psoidal to the shape of an orange segment, G x 1.5-2 .. m; embedded in a mucous 
sheath, elli psoidal, 6 x 4.5 ~lm . Tdcomorph not observed. 

Specimen s rudied: GZDXI FR98-7132. was collecwd from Zhangjiajie Nature Reserve, 
flu na n Province by LIA:\"G Zongqi. LI U Aiyinget al in Vll 1998. 

Habitat: A larva of Lep idoptera. 
Distribution: Zhangjiajic Natmc Reserve-Hunan Province , Ch ina . 

1-lirsute//a crinita Z.Q. Liang sp. nov. l~ igs. 1-2,5 

Sy11n~mata uecta, jiliformes vd cyfituldca, simplices, 170 mm louga, l -1.5 mm cms.m, 
flexiles wlligmmt!, nigro-bmmzeac, caespitosa. P/Jialitle.~ '1.5-6{-10) x 3.5-.J.Sijm. e basi 
ilfjlawglolmn vd cylimlricnl ;, co!fum 0.3 o.s,lm c ra_<;,.(l/ ltl llllJ:II.(fll tnc, f1rolijid.(. C.i'midia 
ram, rhwat11 tmgmta, 6-9 x J - I .SJmz, exm11rn. Holotypr~s.· GWXI FR98-523 l . 

Synnemata slender cylindrical or fi lifo rm . unbranched , flexible to ligneous, dark brown, 
cacspitosc, arising from the head and thorax parts o f host insect, \"ef)' long (up to 170 
mm), slight ly !'Wollen in the basal region, I.0- 1.5mm wide, in middle pari to upside, 
0.5- l.O mm wide. PhiaHdcs somewhat scattered, fOrming a loose hymenium, arising 
as lateral cells from the outer hyphae of the synnemata, hemispheric to globose or 
cylindrical, inflated at hasal portion. •1.5-6(-10) x 3.5-•1.5 ~m , abrupt ly narrowing into a 
short thin neck, 1.5-1 ~1 longand 0.3-0.5 ~rn wide, always proli!Crating 2-•1, sometimes 
form ing inflated, steri le cylindrica l hyphae, 15 x 4.5-5 ~m. Conidia in(requcnt , narrowly 
an isomerous obdavate, 6-9 x 1- 1.5 ~1m , absence of distinct mucus layer. Tcleo morp h not 
observed. 

Sp~dmcn studied: GZDXIFR9S-5231 was wUcct~:d from Wuyisha n, Hujianl'rovim:c br 
LI1\ NG 7.ongqi , I .IV Ai)'inge:t al. in V 1998. 

Habitat: A larva oi Lepidoptera. 80- 100 x 50-80 mm. 
Distribution: Wu)'ishan, r uj ian Province, China. 

Discussion 

Evans & Samson (1 982a,b, 1984) reported several species with phialides of lwo types 
(Table 2): A-phialidcs, which arc lateral and compacted in a layer below the head, 
and B-phia lides, which are terminal, cumpacl, and awl-shaped. 'I he new species. 
I I. zlumgjirljiensis, fo rms both A- and B-phialidcs during tbe ascosporic microcydc 
conidiation (fig. 1-1 ) and produces B-phialides that arc solitary and compac ted. Species 
in the genus 1-/irsutellll that have awl -shaped phial ides more than •10 pm long incl ude 
H. aphidis, H. stilbdlifor,is var. stilbellijOrmis, H. stilbdliform is va r. dolidwderi. H. 
sporodoc!tialis , II. darwinii, II. guignardii , II. sinensis, and II. zhtmgjiajieusis. Among 
them, species that have hoth A- and R-phialide!' and some phia l ides greate r than <I0~1m 
long arc H. sporotlochill lis. H. stilbelliformis var. stilbdliform is, H. slilbelliformis var. 
dolichoderi and II. zl~angjiajiens is (Table 2). Possession of rough-walled hrphae and 
echinate phia lidcs separates the three former species from H. zhtmgjiajiePI$iS. 

In the genus HirsuteU11 , some species that have prolife rating phial ides arc H. bessi.-')'i. 
II. guymw, II. versicola, I/. verticil/ioides, and I/. y wuum eusis var. tenuisymtemala . All 



353 

'H1blc 2. A comparison oflhrcc new Hirsute/1,1 wilh related species 

Phialidcs 

Species Length Conidi a (f.lm) Refere nce 
Shape in ~m 1)1" 

(max. 

l l.o:~pltillis 
AI" I >10 

Cymbiform Petch 19-1.2 
l'et.:h 9x 1.5-2.5 

fl. bcsscyl Awl or >40 Ellipsoid or Min te r & Brady 
F.E.Fisher cylindriCJ.l limonifonn 1980 

•1.1 ·8.3 le 2.5 5.8 

•H. crinit<.l Base inflated: > 10 Nll. rrowlrclavll.tC, This work 
subglobo-'C 6·9X 1· ].5 

II. darwmii t\1 .... ] >40 Fusiform Evans & S3mson 
H.C. E\·ans & Samson 4.5· 115X l.5·2 191:J2a 

II. guign<IPtlii (Mah~u) AI"] >40 El lipsoid or fus.form Samson " a!. 
Samson etaJ. 7-13le4·6 1984 

II. guytm~ Uaseinflated: >40 Ellipsoid or an .\iin te r & Urady 
Minh:r & B.L. BraJr cylind ric IJI'"",mgcSt!gmcnl 1980 

S-12x3-7 

' IJ. i111111W~II$1$ 8-a.se inflated: >10 Ellipsoid or an 'JhiSI•'OI"k 
c ylindnc to orange segment 

pyri fo rm 6X 1.5-l 

fl.ntlnr:~ tcnsis &sc inllo.tcd: >10 Globose Chen ct Ill. 2000 
S.Y. Chcn ct ;~.l subglobosc 4 6 (in lcngth) 

f l. n«Wi rix P.ucinflattd: >5 A& ovo.d o r dlipM>id Min ttr e t a l. t~J 

Mintcr ct al. .subglohosc >10 • 3-4x2.5-3 
& ::M ] Globose. 3.5 

fl. sinensis Awl >40 Reniform o r Liu ct o.l.. 1989 
Liu et;~.l. , ellipsoid 

5.'1. ]"1 )(3.25. '1 

J-l.spotYHiocl!iufis 6ase inflated : >SO A<o f usifo rm Evans & $!Jmson 
H.C. Evans & Samson flask -sh:.pcd • I0-27x3.3-4 19S4 

or awl 

l i.Siilbcllifotmis Uaseinflated: >10 A& Clavatti-9x1.5-25 £\"J II$ & S3.!1lSOil, 

l l.C. Evans & Samson ell ipsoid >100 • 0 \-o id S-12 x4-S 19S2b 
ochinate& 

awl 

II. stilbdlifol"mis "''· Ua.seinflated: >40 A& Cylindncal to<WOid Evans & Sa11lSO!l, 

flobcluxl.·ri ellipsoid >100 • 6.5 -9.5)(3.5-4.5 1982b 
I I.C. Evans&Sa.nson ochinate& 

awl 

11, l"t.Ni'"o/a U.ueinflated: >40 Fusiform Min ter & 1.\rady 
!'etch ellipsoid 4-7xl 1.,., 

H. l'erticil/ioides Base inflated: >40 Ellipsoid or an ).>l in ter & Brady 
Charles cylindric:t.l or.~ngcscgmt'lll 1980 

6-8)(3 ·5 

II. yunnrmensis Uaseinllated: >10 Cylindrzcal o r l !angetal.,l997 
/enwi$f tltlenmlll dlipwidor o bdav-.. ll~ 

Z.Q. li :L11g & t\. Y. Liu sub globose •1.5·7.2 x i .S· I.S 

' IJ.: Iz atfgjiaji;msi:5 t\wl >40 A& l ancoolateor an ' I hiS WOrk 
& hue • tlrangesegmt.nt, 

mfl:atcd: •I.S-IOx 1.5-Z.S 
e:ll[pjt~id 
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of these species arc similar to the new species H. llwtatlemis in fusiform, ellipsoidal and 
ora nge conidia. H. lumnncu .. .: i:: can be disti nguished from the above. mentioned species 
by phialidcs less than 10~mlcnglh and smaller cuni<.H a. around 6 X 1.5-2 f.Ull. 

Minter et al. ( 1983) described a new species, H. r~ecatri:c, that also has phialidcs 
wit h a subglobosc or globose swollen base portion. Possession of ovate or ellipsoidal 
separates th is fungus from H. crinitn , which has narrowly clavate conidia (Table 2) . The 
new species H. crinitn is also closely related to H. m i mtf!i:Ott.m:: is and H. y unuanc11$i$ 

var. lermisy 11nem uta with similar phialick s t:onlai n ing a subglobosc basal porlion. 
Globose conidia typically found in H. mirmesolt!mis dist inguish it from H. crinita. H. 
y wmanensis var. tewtisy,memata has fusiform or ellipsoidal conidia and can produce 
yellow cacspitosc S)'nncmata. 
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Abstract- Four Pat>dlomyct'.s isolates were isolated from soils and inSt'cts infected in 
Yunnan Province, China. Amongst them, GZDX- I:FR-A 10. 1 has been distinguished as 
a new species br its unique morphological characlcrs including a light yellow ..:olony 
on Cr.apck, small subglobosc o r globose con idia and long and thin phialidic necks as 
well as a phylogenetic analysis based o n the nucleotide seq uences of the ITS region. 
Meamvhilc the other three isolates GZDX- IFR-A35. 1. GZDX-I fR-•166.6 and GZDX­
IFR-168.2 were iden ti fied asP. Ufacimts, P. tcn11ipe$ and P. cateniamwlattts. 

Kc)' Words- taxonomy, 1110rphologr. lungi, rU~A :.:cqucm:c 

Introduction 

China is rich in fungal species in Paecilomyus. Recently we have found several new 
species in Paecilomyce$ (Han et al. 2005a, b, Liang et al. 2005). In 2004, while ca rryi ng 
uul a project of the National Natuml Science l'uundalion of China (NSFC) to investigate 
the Paecilomyces species in Kunming. Nujiang. Lancangjiang Xishuangba1U1a 
(Tropical rai n forest) , Tengchong (Geothermal National Geopark) and Lijiang areas 
in Yunnan provi nce, we collec ted many f'aecilomyc;:s samples from the soil s and 
infected insects. Amongst them, quite a few species in Paecilomyce.~ known in China, 
induding /~ catcniamwlotus, P. lcnuipe..o;, P. farim,:;us, P. ca lcnio/Jlitpms (Liang 198 1) and 
I~ amuen~ros~us (Liu & Liang 2003) wen: collected and isolated again. Moreover, a few 
Pa~cilomyc~ members with mesophilic and thermotolerant nature from soils have also 
been obtained (Liang et al. 2005). 
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Table I DN1\ sequences used in the phylogenetic stud ies from Gcnbank 

Name GenHank No. Name Gen8ank 1'\o. 

P.!ln/Oc!IJCI'O$eU$ AY624 108 P. mjl11tus A00999·13 

P.n.~rneus AY621170 P.jm~mcus AY621 186 

P.mteniannu/ntw; AY624l72 P../il,l.:mu_~ AYb24 1&~ 

P. .ureniubli,Jm'~ AY624 173 P. nwrtsuundU AY624 193 

P.cirmWe AB085SS7 P.nipl1e1ode$ AY621 192 

I~ mlroptunrum AYb241 77 P.~t1irillatu~ AYt'.24 194 

P.JurinQSUS AY624\ Sl P.sin.:nru A)243i71 

P.fumosOriJstus AY6211 S2 P.tenuipes ,\Y•\91997 

P.glumt:trsu AY6Z4185 l'.ltmfllii AY247'156 

P.gumtii AY489650 P. viridis AY6l4 197 

The genus Paccilomyce.~ Bainicr shares many identkal or similar morphological 
characters with its related genera induding Acrcnwnium l.ink. Gulmmarulia Sa rnsu n 
& W. Gams; Penicillium Link. J\llarimmaea G. Arnaud, Septoji•sidi11 m W. Gams and 
Verticillium Nees. It is d illicuh to distinguish them using only morphological characters, 
part icul arly species intermediate between Penicillimu and Pai!cilomyre.~. Recently 
moleCllla r biological techniques, including phylogenetic rONA sequence ana lyses, have 
become efficient ways tn iden tify the intermed iate and doubt fu l species. In thi s paper. 
we used both morphology and phylogenetic analysis of rONA sequences to identify 
a few Paecilomyces species isolated from soil samples and infected insects of Yunnan 
Provi nce. The resuhs showed that strain GZDX-IFR-AlO. I is a new species named here 
as P. parvosporus. The strain GZDX-IFR-t\35.1 was identified as P. liladtms. While the 
stra ins GZOX-IFR-'160.6 and GZOX-IFR- '16R.IO were identified as P. terw ipc.<: and P. 
catenimmulatu$ resp<..--ctivd y. 

Materia ls and Methods 

Tested slrai ns 
Four tested strai ns. GZDX-JFR-A 10. I. GZDX-IFR-t\35. I , GZDX- IFR-466. I and GZDX­
I FR-~1 68.10 we re used in th is paper. 

Collection and s train iso lation 
GZDX-JFR-AlO. I and GZDX-JFR-A35.1 were isolated fro m soil samples of Dali C it)'. 
Yunnan Province. Two gmms of soil were added to a flask containing 20m I sterilized 
water and glass beads. TI1e soil suspension was shaken lOr about 10 min and then d iluted 
to concentrations of w·~- 1 0" 1 • I ml of soil suspension (IO"' ) was mixed with Martin's 
medium in a sterilized 9cm diam eter Petri dish and incubated at 25C fo r 5 days. 
Colonies with Paecilomyces conidiogenous structures were tra nsplanted to Marti n's slant 
for puri lication. GZOX-IH{-1166. 1 and GZDX-IFR-168.10 were isolated from iniected 
insect·s from Xi shan Park, Yunnan Province. A small amount of spore powder fro m 
insect surface was transplanted to Ma11in's medium by sterili zed inoculation need le, 
and then incubated at about 25C for 3-3 days. The isolates we re purified when their 
conidiogenous structures became the same as those on insects. 
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Fif;. I Conid iogcnous structures of Paccilomyccs parvospoms. Bar = 10 !J ill . 

Strai n identificat-i on 

' I he $I ra ins under !l.t Ud)' were lransplanlecl nn Czapck agar, potato dextrose agar (PDA). 
and Sabouraud agar accord ing to Brown and Smith (1957) and Samson (1971). Aflcr 
inc ubation at 25°C for 7 days, the strains were identified based on colony features. 
conidiogcnous struc tu re and biological property. Type strains of GZDX· If- R·A 10. 1 and 
its holotypes GZDX·A 10. 1, the dried plate culltt rcs on Czapck agar, were deposited in 
the lnst ilu te o f Fungus Resnurccs, Gu izhou Un iversit y, Gu i1.ho u province, China. 

Reagent 

Tatj Cltt)' lllc and dNTP were bought from Shanghai Sangon, Agarosc Gel DNA 
Purificat ion kit vcr 2.0 fro m TAKA RA Company® 

DNA cxtral.": ti on 
The four strains from Yunnan Provi nce used for tbe molecula r identi fica tion were 
incubated on Czapek aga r and potato dextrose agar. Subsequentl y, the fresh sporulal'i ng 
cultures were used fur DNA cx tmclinn acwrd ing In Tiganu~M ila n i ct al. ( 1995), and 
then DNA were kept at ~20"C. 

I'CR amplificaUon anJ t.lctcrmination of ITS rUN A seq ucm:cs 
Pol)'lllera~ cha in reaction (PCR) amplification was perfo rmed a~.":cord ing to the 
manufac turer's inst ructions, 50~L reaction system: lOx reaction buffer 5 ~· dNTP l!!L. 



360 

primer JTS4 l pL, ITS5 l pL, Pfu buffer 0.5 ~1 1 , 2pL of templa te DN1\ and ddH,O 39.5 
1•L. 'I he amplificatio n program: a f1r::- t step o f 94<>C for 5 min; then 35 cycles c~nsistcd 
of 91"C for 10 s. 19°C for 10 s. and 72"C for 1 min; and a fma l sh!p uf 72"C fur 10 
min. To ampU fy l'fS 1·5.8S- ITS2 rONA. the following primers were used: ITSll (5'­
TCCTCCGCTTAI. I"G t\TATGC· 3' ) and ITSS (S'·GGTGAGAG ATT TCTGTGC ·3'). 
PCR products \\'Crc purif:icd using Agarosc Gel DNA Purification kit vcr 2.0 according 
to its proccch1re (T,\KARA Company), and p11rificd DNA samples were sent to Beijing 
Sunbiotcch Co. Ltd. fo r sequencing. ' I he rONA sequences of ITSI-5.8s- ITS2 regions 
of the four st rai ns from Yu nnan Province were submitted to GcnBank (DQ 187951-
DQ 18795,1). 

Sequence alignment and phylogenetic anal)·sis 
Sequences were aligned by Clustal X, and adjusted to maximize homology. Then the 
phylogenetic tree was constructed using Neighbour-Join ing (NJ) and Maximum 
Par!'i rnun)' (MI') melhods in PAUl' ' I.Ob iO. Confidence val ues rur individual brdnchcs 
were determined by bootstrap analysis ( 1000 replications). 

Results 

Taxonomy 

Paecilomyces parvosporus Y.E Ha n & Z.Q. Liang sp. nov. Fig. I 

Coloniae in agaro C=apekii ad 20 mm diam, 14 tliebus 25°C. primiftts albae, tum 
1etet4S, olivaceus i11 mm:go; reversio citritme. llyf11wo: ltyali11a, levia, 0.6-3.6 11111 cms.<tt. 
Co11itlioplwm mmuSlt, I 1.2-38. /l•m cmssa,pltiafitlibus 2 vel 5 termimttis.IJIIitditfes 11.8-9.6 
X 1.2- l .Btun, c luui injlata, cylindrical vel davalti in cnlltun lencrum: Conidill continua, 

ltynlina, levitt, .cftbg fobttlosa, vel gfobuloSII, 1.2-2A ft m. Cltlamydospora dlipsoidett, -1.0-
10. 1 x 2.7-6.7 Jtm. 

Typus: GZDX-IFR-t\ 10. J et cultam GZDX t\ to. I, isolatm .: so/1, Dali city, pro,,iw:ia 
rrmmm, China, VI, 200•1, }~ /~ Han & Z.Q. Litlll!:- Jn Gudwu Univ, COIISO:rvtlfllr. 

Colony on Czapek agar. attaini ng a di ameter of20mm within 14 days at ::!5°C, floccose, 
at lirst white, then ligh t yellow, green in margin , appearing evident radial furrow, 
rou nd; reverse yel low. Vegetative hyphae hyali ne, smooth-walled, septate, 0.6-3.6 j.tlll 

in diameter. Conidiophores hyal ine, smooth -walled, sepmtc, branched, about 11 .2-38. 1 
p.m. bearing whorls contain ing 2-5 phial ides. Phialidc~ •1.8-9.6 x 1.2- 1.8 J-i m, cun si~ti ng 

of a cyli ndrical or claval basal port ion, tapering into a distinct neck. Conidia in dry 
divergent chains. one-celled, smooth, subglobosc to globose, 1.2-2.4 11m in diameter; 
Chlamydospo res ellipsoidal, 4.0- 10.1 x 2.7-6.7 ~tm . 

Material examincd-GZDX- IFR-A 10. 1 was isolated by Y.F. I-I an & Z.Q. Liang 
from vegetable soils collected in Dali, Yunnan Province. China, Ju ne, 2004. 

Distribu tion- Yunnan Pruvin~.:e. China. 

DNA sequencing 

'10 anai)'ZC the ITS rONA scqucJKe of the tested strains and Paedlumyces sp~x:i<.-s fro m 
NCB! (Table 1), PAUP was applied to construct the phylogenetic t:ree by the methods oi 
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Fig.2 Phylogenetic tn..""e based on aligned inlernaJ transcribed spacer sequences (ITSI·S.8S-ITS2 
rD~A) of selected Paecilomyces species. showing the sister group relationsh ip beJW(.'C il a !Cw 
specie.( And the ncw .~pccics. (CI = 0.7184, HI = 0.27 16, It! = 0.7577, RC = 05520) 
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NJ and Ml1• The rcsuhs from NJ and M P methods arc almost identica l, so only the tree 
const ructed by MP was shown in the p<~per . ' I he phylogenetic tree inferred from the 
ITS sequence data (Fig.2) shows tha t the- two strains GZDX- II;R-166.6 and GZDX-IFR-

468.10 are cl ustered well wit h P. tetmipes A¥•191997 and P. wtrmiamuddtus A¥624172 
from NCBI in two subcladcs (88% and 99% bootstrap supports). respectively. GZDX­
IFR- i\35. 1 stTain is very similar toP lilacinus in the morphologica l characters, its ITS 
sequence is dust creel verr well with I~ liftJcimt$ ,\Y62•1lfl8 in the same subclade ( 100% 
boo tstrap support) , so GZDX-IFR- A35.1 strai n is idcnlificd as P. lillldnus. 'I he slntin 
GZDX-IFR-A IO.l forms a separate branch close to P. sbtensis Aj243771. P. w1riot ii 

A¥247956 and P. inflattts Afi099943 is th erefore identified as a new species. 

Discussion 

In the genus Paecilomyces, ha.c;ed o n the morphological charac ters., the accepted 
species with cyli ndrkal phialides base and glnbc,sc conidia are as follows: P. cm·ncus. 

P. Tllllf'IJtUmdi, P. stipitatus and P. v inaceus. "l11c conidia of P. a~rmws arc echinate. The 
colony of P. marqmmdii is red , but the colony of the new species is yellow to gree n. 
The phial ides of n stipitat11s have septate and thin long sta lks, and it s colony is wh ite. 
P. v irtaceus is cha racterized by irs vinaceous colony reverse. The new species can be 
d istinguished from the ahnvc- mcnlioncd species by it s greenish cnlony, much smalle r 
conid ia and it s very th in. long ph ialide necks. 

The phylogenetic tree showed that the newly named P. parvospoms (GZDX- II~R­

A JO. I) , P. inflatlls, P. variotii, and P. sinensis we re grouped in the same subclade. But I~ 
;,tj/(1/11$ has monophia lidcs and fu siform conidia (Samson 1974). I~ $ineusis can prodllCC 
obvious. s.y nnemata on the med ia nnd its. conidia are fu s.iform to el li psoida l, 4.5-7.5 x 
1.2-3.8 •. un (Q.T. Chen 1984). The 3.2-5 x 2-4 fJI1l conid ia and fuh•o us colon)' of P. vm·iotii 
(Brown & Smith 1957. Samson 1974) d istinguish it from the new species. 

In addition. P. pan,osporus was highly homologous wit h Peuicillimu daleae when 
blaslcd in NCB! Gcnbank. According to Raper & Thom ( 19,19}, Penicillium daleae is 
ma in!)• cha racre ri1.ccl by coa rs.el )' rm1ghencd co nidia that are ell ipsoidn l l'o snbglobos.e, 

3.0-3.5 x 2.5-3.0 fJ/11 . U JmrvHsporus, however, has smooth conidi a th;tl a rc globlosc lo 
subglobose. 1.2-2A ~m. It can therefore be obviously d istinguished fro m Penicillium 
daleae. 
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Ahstrac t -~cwlycollec tcd spccimcnsofOtit/ca from Xinjiang, China were ClWmincd. 
Five taxa of the genus arc ident ified. Among them, Otid~ta cmssa is described as a new 
species and 0. uJwtia~ var. lm.!vt.:!jlum is treated a new variety. 

Kc)' words- taxonomy. new taxa 

In troduction 

Species of the genus Otidea (Pcrs.) Bonord. is widely djstributed in north temperate 
areas. They arc characterized by apothccia of medium to large size, mostly terrestr ial, 
car-shaped, split down to base or discoid, with some shade of whitish, yel low, brown or 
ochre; asci npcrculatc, nnt blued h)' iod ine; ascnspores el liptical to elliptical -fusiform, 
biguttulate: paraphyses slender, strongly curved at apex, capitate or with notches at 
apical port ion. According to the CA BI database,2 7 1 published species names are listed 
under Otidea and apparently 17 of them should be excluded from the genus. But many 
of the rest arc either synonyms o r doubtful members of the genus. About 15 species 
arc cnmmonly ac\:ep tcd in the wnrld (Ki rk ct a l. 2001). Kcgional stud ies have been 
(;an·icd out in China, India, japan, Lithuania, United Ki ngdom, the Nord ic countries, 
North America. etc. (Kanouse 19119, NanntCid t 1966, Otani 1969, Th ind &: Waraitch 
197ll, 1-larmaja 1976, Dennis 1978, Breitenbach & Krii.nzlin 1984, Cao et al. 1990, Korf 
& Zhuang 1991, Dissing 2000, Kutorga 2000). Species d iversity of the genus in each 
regio n seems not very high. In China, fifteen taxa of Otidcn were previously reported 
by Cao d al. ( 1990) from Gansu, J-k ilongj iang, Ji lin, Shaanx i. Shanxi, Sichuan. Yun nan. 
Xinjiang, and Xi1.ang. Otidt:tl il fl d,lCetJ var. tJ lutuceu (:!collections! and 0. propiuquuttl 
(P. Karst.) I larmaja fa single collection! in Picea forests were the only records known 
fro m Xinjiang, an area in the northwcstoccttpyi ng more than 1/i oft he China mainland 
territory. In our recent field trip ~o Xinjiang, 20 speci mens of the genus were coll ected 
from Bu rq in, Jimsar, and Yiuing. Five taxa arc recognized anw ng them. Otitl!!ulep11rimt 
is lhe most common. Otidea crass(t is described 3S a new species 3/ld Otidea orwtictt var. 
brevispom is proposed as a new variety. 

Supporl'cd by the National Nat ural Science I:Oundation of China (nos. 30230020, 30499340). 
Jhtt p:f/www. indcxfungorum.orgfNames/Na mcs.asp 
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Taxonomy 

Otidea alutacea {Pcrs.) Masscc, Bril ish Fungus Flora 4: 4•16, 1895. 

Spccimcn.scxarni ncd:CHI NA. Xinjiany,, Urmuqi,on 1hcgmund . 12 Vl l l 1985, 1 ~ Fan 10, 

II MAS88262: Xinjiang, Du rqin , l lemuxiang, all. 1100 m , 5 Vlll 2003, on I he ground , W. 
Y. Zhuang & Y. Nang •17 19. 4i22. •16~5. HMAS 83559, S3560. 83562; ibhl., 6 VIII 2003. 

\m lhcground , W. Y. Zhuang& Y. Nnng 47•1<1 . 4739. 1-IMAS 83561.83563. 

Notes: The fungu s is characterized by the lruncatc to cupulatc apothccia with one side 
split lo the base and up to 5-7.5 em wide; hymenium surface beige. light cinnamon, 
dnnamon brown lu brown when fresh : rcceptadc surface usuall y lightcr lhan hymcnium 
surface. beige. light cinnamon brown. brownish yellow to brown; ascosporcs el lipsoid 
with blunt ends. 13.5-1 5.8 x 6-8.5~m: paraphysis ap ices curved to hooked. The live 
known collections were all found in Burqin in northeastern Xinj iang. It was reported 
previously (rom Heilongj iang, Jilin , Xi nj ia ng (Urmuqi) , Sha_nxi, and Xizang of the 
count ry (C~o eta\. 1990). 

Otidea cochlcata (I..) Fuckcl, Jahrb. Nassauischcn Vcrcins Naturk. 23-24: 329, I S70. 

Specimens examined: CHINA. Xinjiang. Ji msar. ul1. 1700 rn , I VI II 2003. on dufl' under 
Picea sp .. W. Y. Zhuang & Y. Nong 4622, •1645. •165 1, HMA 835M, 83575, 83576. 

Notes: This species is characterized by the medium-sized, cupul ate to tnmcate apot llt!cia 
with light brown, brown to dark brown hr menium surface and light brown , yellowish 
brown to brown receptacle smfacc when fresh; hymcnium 240- 270 ~Lm th ick. asci 
12.5- l Sf.lm wide; and el lipsoid to bmad-ellipsoid ascospores 15-18 x 8.6- 11 .71-J.m. 'I he 

d ub-shaped cel ls of the outer excipulum arise from sma ll angular cdls which arise by a 
gradual transition from the textura intricata o f the medu llary exeipulum. 

Otidea cocllleata was. firs t reported from Mil in. Xizang in southwestern Ch ina based 
on one coll ection (Cao ct a l. 1990). Otidea umbrirm ( Pers.) Brcs. is a later synonym 

acco rding to the CA DI database. 

As noted b)' Breitenbach & Kr.inzl in ( 198'1), Otidea cocllletlfa is simi lar to 0. alulucea in 
apothccial shape and is distingui shed from the latter in somewhat smaller and darker 
fruitbodies, as well as the larger ascosporcs. 

0. cochleata might also be confused with 0. propinquaM (P. Karst. ) Harmaja occurring 

in a similar n iche. The latter possesses larger ascospores usuall y over 18 ~min length 
(Velenovsky- 1934, Kanouse 19,19. llarmaja 1976). 'The si ngle specimen from Xinjiang 

previously recorded as 0. propinquattl (Cao et al. 1990) has not been located. Another 
collection identified at the same t:imc as 0. propinqm1lll from Shan.xi turns out to be 
0. wcllleata. 

Otidea crassa WY. Zhuang, .sp. nov. 

Ab Otidcn leporina ~urpcrficic J,y,m:uii flavo brrmuci$ w:l hrwmds, .turpcrficic rcccpttlCilli 
dilfllt' jlavo·brmmt"is, ascis 178- 192 x 9.5-/2.5 1tnl, ascosporis late elfipsoideus, brevibru, 
10.5-12.5 x 7A-91lm rlifJerl. 

Etymology: The specific epithet refers to the broad!}' elli psoid ascospores produced b}' 
the fungus. 



367 

Apothccia ca r-shaped, short-stipitatc, 1.2-2 em wide and up to ca 3 em high, hymcn_ium 
surface yell owish brown to brown when fresh and light brown to warm brow n when d r)'. 

rcccp ladc surface pa ler than hyrncn ium when fn .. -sh. pale yellowish brown to pale brown 
when fresh and becoming o range-brown to warm brown when dry. stipc base whilish; 
ectal cxcipulum of tcxtura angulari s, 110-90 J!m th_ick, cells more or less isod iamctric, 
8-30 11m diam.; medullary cxcipulum of tcxh1ra intric:lta, 240-330 ~un thick, hyphae 
hya line, 3- 12.5 f.lm wide; su bhymcnium 30-50 1-1m thick; hr menium 165-2 15 !J.m 
thick; asci 8-sporcd. subcyliru.lrical, J- in Melzer's reagent. ca 178-1 92 x 9.5-1 2.5 !!Ill 
wide; ascosporcs broadly ellipsoid with rounded or blunt ends, bigut t"u late, smooth , 
uniseriate, 10.5-1 2.5 x 7.4- 9 J.lm; paraphrses filiform and curved at apex , 2- 2.5 J.lfll 
wide at apex and ca 1. 5-2 ~lm below. 

Holotype: CH I:\"A. Xinjiang. Jim.sar, a h. 1700 m, I VIII 2003, on mossy rollen wood, w: 
\'. Zhuang & Y. Nong <l<Yt7, I !MAS 8357 1. Paratype: CJ I INA. Xinjiang, Jimsar. alt. 1700 

m, I Vlll 2003,onmossy rotten wood , W. Y. Zhuang& Y. Nong <163 1. J-I MAS83S70. 

Notes: The new species i ~ similar In Otidca leporirta (Ka nouse 1949) except fo r the 
thi nner 11ank, )'ellowish hmw n hymcnium surface, and broad\)' ellipso id ascuspnres. 
When the two collecti ons of 0. cmssa were compared with eight of 0. leporina from 
Xinjiang, distinctions have been fou nd in spo re size and shape [ 10.5- 12.5 x 7A- 91J.m vs. 

11.5-1 3.5 x 6.'1-8 J.lffi in the Chinese collections I, width of medullary excipular hyphae 
(3- 12.5 tJ.m vs. 2.5-5 j.lm wide}, size of ecta l excipu lar cell s (8-30 tJ.m in diameter vs. 
6- 15 J.llll wide) , and its occurrence on rnllen wund instead of soil and duff. 

In add it ion to the morphologica l characterist-ics, our 28S nrDNA partial sequence dat a 
(unpubl ished) support also it s ~eparation from 0. leporina nnct show close relillionship 
Lo Oticlca e<mtlwrclla ( 1--'r.) QuCI., a species with bright yellow pigment in fruilb udics and 

composed of on ly one kind of tissue in exc ipulum, viz. outer layer of te.dura prisma tica 

changing gradually to inner layer oi text um intr"icatrl, which was treated in a separate 
ge nus as Flavoscyplw Cfmthrmdhr (for.) I Iarmaja (I Iarmaja 197-1). 

The apothecial shape and spore size of the new species arc a lso simjlar to those of 
0. Jelirw (Pers.) Dres. but the fru itbodies arc smaller (I .2- 2 em wide and up to ca 3 em 
h igh vs. 2- 3 em wide and 3- 4.5 em high) , apothccial color is yellowish brown to brown 
when fresh instead o f Light grayish yel low to Light flesh colored, ascosporcs arc widcr, 
shorter (10.5-12.5 x 7.'1-9 J.lm vs. 11-1 3 x 6- 8tJ.m accordi ng to Saccardn 19 13)1 and 
broadly elli psoid with blunt ends instead of ellipsoid with slightly pointed ends (Boud ier 
1905- 1910). 

Otidea leporina (Batsch) Fucke\, Jalub. Nassauischen Vereins Naturk. 23- 24: 329, 

1870 var. leporina 

Specimens examined: CHI NA. Xinjiang, Jimc;ar, alL t700 m, I VIII 2003, on the gmund, 
\ V. Y. Zhuang & Y. N'ong 4632,4633, 4634, '1657, 4635, 4636, 4637, HMAS8356S, 83566, 
83567. :::13568. 83577. 83578, 83579. 

Notes: The species seems very common in Xi njiang, as well as in other areas of China, 
such as Heilongji ang, Hunan, Jilin . Shanxi, Sichuan , Xizang, and Yun na n as reported 
by Cao et a l. ( 1990) and Zan g (1996). It is characte rized by the enr-shaped apothecia 
2- 1 em wide, wilh hymcnium surface cinnamon , cinnamon l>rown, warm brown, 
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brown to grayish brown when fresh an d receptacle surface concolorous, dark brown 
or grnyish yel low; ectal excipu lum of tcxtura angu lar is, cel ls 6- 15 J.tm wide, ontermosl 
-.:ells somclimcs short dub-shaped; mcdullaf)' cxdpulum of lcxlum inl ricata , hyphae 
stable in width. ca 2.5- 5 !lnt wide; hymenium 165- 178 11m th ick; asci 8- 10 !J.fll wide; 
and ascosporcs ell ipsoid , I 1.5-1 3.5 x 6.4-8 j.lm; paraphyses curved, 1. 5-2.5(-3) !-lnl 
wide at ap ical portion. 

HM/\S 83569 {Xinjiang. Yining, Guozigou. al t. 1800 m, I I VIII 2003. W. Y. Zhuang. 
Y. Nong & S. Y. Guo 4845) has smaller, car-shaped, brown to grayish brown fruilbodics 
up to 1.5 x 0.8 em; clongatc-cllipso id, longer ascospo rcs 12.5-16 x 6-8 ~am; and 
paraphyses stra ight , bent or curved at apex and 2.5-3.2 !Jm al' the widcsl', and is here 
te ntat ivel y treated as Olitlea cC. leporirw. 

Kanouse (1 9ll9) accepted Saccardo's (1 889) separat ion of Otirlea leporinn va r. mhtor 

(Rehm) Sacc. from the original va riety. The C hinese collecti ons appear to have identical 
morphology l u 0. leJmr iuu var. lefmrinfl. 

Otidea onotica var. brevi:;pora W. Y. Zhuan g, var. nov. 

Ab Otidca onotica var. ouotictl asc.osporis brevibus, dlit'soideu$ vel fmc ellips.oidcus, 
8 .. ';- /0.5(- / 1) X 5.2-l pm tlilfcrl. 

F.tymoiOI,')': The specific epit het refers to the short ascOSJ>Ores produced by the fungus in 
comparison wilh thoSt' in Otidea Ollotica \'ar. 0110/im. 

Apothecia spoon- to ear-shaped, short-stipitate, 1- 5 em wide and 2.5- 8 em high , 
hymen ium surface yellow to dull yellow when fresh , receptacle surface yellow or paler 
than hymenium when fresh, st ipe base whitish; ectal cxcipulum of tcxtura angulari s, 
50-80 11m thick. cell s 13-20 x 5- 12 IJ.m and 9-26 f.10l in diameter if isodiamcrric, with 
the ou ter most cell s somewhat d ub-shaped; medullary excipulurn uf textura intricata. 
100- 660 f-1111 th ick, hyphae hyaline, 2- S f.1111 wide; subhymeni um ll0- 50(- 70) j..llll th ick; 
hymcnium 140-1 80 IJ.ffi thick; asci 8-spored, subcylind rical , 1- in Melzer's reagent . 
(7-)8-9.5(- 10.5) ~lm wide; ascosporcs ellipsoid to broadly ellipsoid with rounded or 
blunt cncl!O., biguttu lnte, smooth , un iscriatc, 8.5- 10.5(- 11) x 5.2-7 fJ. m; paraphyses 
li lifurm and curved at apex, 2- 2.8 IJ.m wide at apex and ca 1.5 IJ.ffi below. 

Holutypc: CHI NA. Yunnan. Haos han, aiL 1900 1n, 21 Vll 2003, Z. L. Yang 3851, HKAS 
,13003, isotypc !·I MAS R35SJ. J}annrrcs: CH INA. Hcilonfdio ng, Yichun, 6 IX 19~9, on 
the grou nd under mLxed woods, J. Z. Cao 821 , HMAS 83572; Xinjiang, VIII 1994, on 
duO', J. Y. Wang 132, I-l MAS 69951 (fi led as Otitfl!d ~·cmtlumdfr,): Xi njiang, Jimsar, all. 
1700 m, I Vlll 2003,on I he ground .\",~ Y. ?.huang & Y. Nong4655, I-I MAS83573; ibitl., 
2VJ IJ 2003, on cone ofPia•fl sp .. \'\1. Y. Zh uang & Y. Nong4670, HMAS83574. 

Notes: The fungus is charac teri zed by its ear·shaped. yellow apothecia and shorter 
ascosporcs 8.5-1 0.5(-11 ) x 5.2-7 f.11n than those of Otidea OtJotica var. onotica 
[( 10-) 12- 13 x 3-ti (Dennis 1978), 12-14 x 6-7(-8) IJ.m (Kanouse 1949) ). O ur 28S 
rONA partial sequence data (unpublished) al so :-uppnrl its separatio n from 0. onolica 

var. or10tic'' · 
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Figs. 1·6. Otidca spp. 1· 3. Otille11 cm.<r.Su (HMAS 8357 1): I. Longi tudina l Sl.'(; tion of upothcd um. 
2. F.xcipular structure. 3. Port ion of hymcnium shm.,ing asci and ascosporcs. '1 ·6. 0 1idea m totica 
var. brrvispom (Il MAS 8355 1): 4. Excipu lar structure. 5, 6. Portio n ofhymcniu m showing asci and 
3S(;OSpores. 
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General 

~1yceJium Running: How Mushrooms can help Save the World. By Paul 
Sta me ts. 2005. 1Cn Speed Press, Box 7 123. Ucrkcley, CA 911707, USA.I'p. x + 339, figs 
360. ISBN I 58008 579 2. Price' US S 35. 

This book by Paul Stamcts, an entrepreneur and fe llow fungus chauvi ni st. is not 
a systematic text , but is mentioned here as it is something that helps promote the 
importance of mycology in ecological processes and human sett ings. He d raws 
parallel s of mycel i<tl networks with the internet, anct stresses the potential of fungi 
in m yc:ufiltrat iun , mycufurcslry. mycorcmcdiation , and as mycopcsliddcs. All U1is 
is written with a racy style and wcll· illustrated by co lour photographs and draw ings. 
The next two thirds o f the book is devoted to the cultivation of mushrooms, and their 
nurrit ional and med ici n~tl properties· · including mnny references to origi n~tl sources. In 
summary, a g reat hook tn direct someone to who is unsure why on earth anyone should 
lah an inte rest in mush rooms. A limited cdiliun uf200 individuall y numbered, signed, 

boxed and hard bound versions is al so available at US S 195. 

Biodiversity of Fungi: Their Role in Human Life. Edi ted by Sunil K. Deshmukh 
& Mah endra K. Rai. 2005. Science Puhlishers, En field, P. 0. Box 699, NH 03781\, 
USA. l'p. 16 1. ISBN I 57808 368 0. Price'£ 18.'10. 

Th is volume comprises a hotchpotch of 18 chapters. some of which do emphasise 
biodiversity. others do concern their impact on the human environment, and some 
manage both at the same time. I low some chapters. e.g. 'Fungal protoplast technology'. 
fall under the umbrella ti tle is not immediately obvious. The book is certainly a 'curate's 
egg~ good in parlS. Eli ;-;abcth Arnold:-. 'Dive rsity and ecology nf fungal enduphytes in 
tropical fo rests' W<l!i a highl ight 

'Books for consitlcrJtion for coverage in this colum n should be mailed to the Book Review Editor 
(addrcs..( abO\'c) in the fi rst instance. Fax ( t34 ) 91 857 3&10; e-m ai l: myconova@tcrrn.C..(. 
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Gundc-Cimarmuns et al. 'Halotolcrant and ha lophilic fungi', Dcshmukh & Kushwaha 
' Keratinophilic fu ngi on hirds and thcir ahil ity to decompose kerat in: Wa s:o;cr & Didukh's 
'Mushroo m polysaccharides in human hcallh care', and Maldonadcs & Ibarra's 'Organic 
dyes from fu ngi and lichens' truly embraced the diversity theme. There arc also useful 
chapters on the potential of ligninolytic basid iomycetes to ckgradc organopol lutants, 
and on metal biorcmcdiation (but why the !alter needed th ree chapters I do not know). 

There seems ro he an increas ing numhcr of books that lump a set of loosely related 
chapters together umlcr a catchall t illc. with the assumption that this prov ides a va luable 
contribution to the literature. Sadly. more often than not it does not work. Multi-author 
books need to provide more than the sum oflhe individual paris. This book is reasonably 
priced, bm I will not be recommendi ng it for purchase by the l.ibrary. 

I.Y NN6 BO OOY 

Cardif!SciJOol of Life Sciences, Main Building, 
Park Place, CardiffCFJO 3TL, UK 

Fungi in Forest Ecosystems: Systematics, Diversity, and Ecology. Edited 
by Cathy L. Cripps. 2004. 'lht: New York Botanical Gardt:n Press, 200u. Strcd ami 
KazimirotTBouleva rd, Bronx, New York, NY 10458-5 126, USA (e-mail: nybgprcss@nybg. 
org) . Pp. xvi t 363. (Memoirs of the New York Botanical Carden Vol. 89.( ISBN 0 89327 
'159 3. Prke: US S 68. 

'I his volume has b.!cn prepared as a tribu te to Orson K. Mi ller Jr, 75 years young in 
2005. Following a detailed, wcll- illustraled2

, and at limes somewhat light-hearted li fe 
history. there arc lists of theses prepared under his d irection, new scientific names he 
has introduced, and a bibliography o i h is publications. The original papers contributed 
mai nly hy close friends and colleague:- are placed in three grm1 ps.: Systematic.,., Diversity, 
and Ecology. 'I hose on systematics indudt: ones on 1\mtmita subgcn. Lepidel/a, 
Crepidotus, £,tolvma, and Mycrma, between them with descriptions of 17 new species, 
mostly macromycetcs. The d iversity chapters cover diffe rent groups of fungi in areas 
from Papua New Gui nea, through the European alps and Israel, to Oregon and the 
southern Appa l ~ch ia ns . The cont ributions in the ecology group ma inl )• concern 
cclomycorrhizas or wnod-det:ay fungi. '!here arc some fascinating items amongst the 
papers, from the relation of Plre/lirws pir1i lu rcd-cockaded woodpecker cav it y trees 
to macrol ichen d istribution patterns in the Montana and Yellowstone and Glacier 
National Parks, and an intriguing wi nter-fru it ing hclotialean anamorph (Cadophora 
flibcma sp. nov.) . This is a wo rk that all mycological libraries wit h a macromycetc focus 
should endeavour to acquire, not least for ils compilations of information on Orson's 
outstand ing contri bu tions. 

Fungi: Experimental Methods in Biology. By Ramesh Mahc~hwar i . 23 June 
2005. CRC Press, Tarlor & Francis C roup, 6000 Broken Sound Parkway NW, Suite 300, 
Boca Raton, Fl. 33•187-27•12, USA. 1-'p. xii + 2•10. (Mycolog)' Series Vol. 2'1 .] ISBN I 
57~144 468 9. Price: US S 149.95.£85. 

21 especially liked the photograph of Orson at the microscope under the caption "Girl Scout 
Leader': 
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While the subtit le might lead to the expectation that this was a hands·on book on 
methodologies, it i ~actu a llya text hook that aro!>C from the leaching of graduate students 
in biodu:mislry in Bangalore. "I hose students would have clea rly becn espec iaUy favoured 
lo have had such an exposure to mycology. but sadly much St.--ems to be ta ilored to such 
students' perce ived needs rather than provid ing a balanced introduct ion to the subject. 
The book is divided into s ix parts and an appendix . These address: ·n1e un ique features 
of fungi (2 chapters). Integra tion of fu ngi wit h other organisms (2), Model fungi in 
research (!J), Gene manipu lation in fungi (1), Adaptat ions (3), and Populations (2 ). ll 
would not be pertinent to consider these sections in depth in Mycotaxon, but I have to 
say that I was frankly aghast at the appendix on Nam ing, defin ing and broadly classifyi ng 
fungi. Most of t he appendix consists of crude iUtlst rati ons evide.nt ly scanned from poor 
qu al ity Xerox copies of earlier works, incorrect ly uses ~ubph}•lu m terminatio ns (i.e. ·­
mycolina) fo r the rna in groups labelled as at the nmk nf phylum (names in wh id1 have 
the termination '-mycota ). Then, to compound matters, the au thor recognizes 'phylum 
Deuteromycotiua (Fuugi AuamorpfliCJ)! Just how out of touch can an author be with 
curre nt thinking? The 200 1 ed it ion of i\iuswort/1 d.~ Bisby's Dictio11ary of tile Fuugi is 
cited at the end of the appendix, but dear!}' has nol been Ia ken note of. 

Further. in the main bud)' oflhc work , tu find no dctailcd conside ration of mok>Cula r 
phylogenetic approaches is almost unbelievable for a work with a 2005 date - there 
is only one tree from a paper of the author"s from 2002 on Indian Neurospora strains 
accompanied by a mere 15 lines of discussion. Even with al l the exciting current 
experimental work. mycorrhizas get a mere seven pages, and tOC part on interactions 
with other organi sms does nut have anyth ing un insect- fu ngus relatio nsh ips or medical 
aspects. There is even no treatment of endophytic fungi which I would have expected 
biochemistry students to '"vant. In addition, there are numerous mistakes and out of date 
information in other sections, and I fail to sec why the same photographs have been 
included twice in some cases, once in black and wh ile and once in colour (e.g. Fig. 3.5, 
al$0 not named in t'hc legend, but prohably Calnpl11ca tlwllh1Co/a growing on VcrrucMia 
rmmra). 

This is a stai n in an otherwise really splendid series, and neither the text nor the figure 
quality can ha\'C been critically reviewed prior to publication. Th is is sad as the series 
would have benefited from counting a rou nded text amongst its volumes, especiall y as 
there i~ $I ill a shortage of authoritative inlToduction~ to the suhjcct. Fort1matcly, the 
price of the book shm1 ld prevent must studt: nls' having access tn a cop}'· 

Revue du Cerde de Mycologie de BrlLxeUes. NumCro I. Scptcmher 2001. Cerdc 
de Mycologic de 13ruxclles, c/o Yolande Mertens, Tom berg 11 6 bte 12. B-1200 Bruxelles, 
Belgium. Pp. 52. ISSN not indicated .. Annua l membersh ip: 12.50 €. 

"I his new journal is mentioned here as it is full of systematic papers,. rather than just 
excursion reports and nutesnn interesting linds. And it dea ls nn just with macrnmycetes. 
The fi rst number has five original papers which concern, Amanita vittadi11ii, Caloscyphn 
j11lgtms, Podospom couictt, Puccinia albescttns, and Sarcoscyplw jwmw. ·nu: second, issued 
in 2002, incl udes systematic contribuUons on Ascobolus desluplus, Curdyceps (w it h a 
key to 14 species and d istr ibution maps), Disdnella lividopmpurea, Gymuosportmgiwn 
sabinae, and a key to long-stal ked lnocybe species based on spore characte rs. Where 
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there arc field meet ing reports, these include notes on the fcaturcsofin tcrcsting species. 
Colour photographs illust rate most articles. ' I he journal is ed ited to a high professional 
standard, should be in all major mycolugica l li brarics, and merits coverage in abstracts 
databases. 

Encyclopedia of Fungi of Britain and Europe. By Michael Jordan. 2004. 
Re visccl cdn. Frances Lincoln , •I Toriano /we m1 e. Londo n NWS 2R7.., UK. Pp. 384, 
numerous col. photographs. ISBN 0 7 112 2378 5 (hardback) ,O 711 2 2379 3 (paperback). 
Price: £ 27.50 (hardback),(. 15 (paperback). 

When this work first appeared in 1995 it was warmly welcomed by the amateur 
mycological community because of it s cxcdlcnt colour photographs and concise 
dc..~r iptions. As in all identification gu ides cover ing a wide ra nge or fungi, there were 
invariably some errors in the applied names, and this led lo some most unfor tunate 
and disproport ionate published criticisms and d issociatio ns (e.g. Emmett 1996; I Icnrici 
1996). It is always hard for someone without the resources of a major institution behind 
them to produce such a major work., and such texts have to be seen in that context. For 
this revised ed ition, the author has endeavoured to address. the crit"icisms and updated 
abou t 60 photogr'.1phs and replaced or relocated some eigh t that were wmngly named. 

The fungi are arranged by major group. and while .. Aphylloplw ralel' and 
"Gastero mycetes .. appear as categories fo r practical reasons. I was very pleased to see 
these names in inverted commas and the correct disposition of genera provided (e.g. 
Lycoperdon in Agflricnles ). 

Wh ile the focus of the book is the photographs and descriptions, there arc also 
hdpful introducto ry chapters with notes on nomendalurc, collecting. photogr.tphy, 
chem ical tests and conservation , as well as a colour chart and glossary. 'lberc is also a 
key and bibliography, although the latter sadly has not been updated and oo post- 1993 
works inch1ded: further, Ainsworth d- BisbyS Dictionary of the Fungi is given as " 1986", 
ignoring the 1995 and 2001 editions. 

Interestingly fur a book aimed at amalt:ur mycologists and mycophagisls. English 
common names arc gencraU}' o mitted. as "ior the vast bulk of fu ngi the Lati n name is 
the only acceptable oprion"- I concur. 

With so many fine photographs and at such a reasona ble price in paperback, this 
revised ed iti on will do much to promote serious mycological studies amongst the 
amalc:ur community. those who arc the key to lhc much deepe r understand ing of 
macromycetc d istribution and ecology that is so bad ly needed. 

This is a fine achievement on which the author and publisher arc to be congratulated, 
and those that might wish to pinprick from adva ntageous standpo ints need to stand 
back and sec the wmk in C<ln text. I did not wnsider it appropr iate so to do, and look 
forward lo a succession uffu ture edit ions. 

Emmeu , E. E. (1996) A disclaimer. Myc.ologist 10: 95. 

llenrici, A. (1996) The Encrdopedia of fungi. Mycologist 10: 1M3. 
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Die Pilztlora des Ulmer Raumes. By Manfred Enderle. 2004. Manfred Enderl e. 
Am Wasser 22, D-893110 Lciphcim-Ricdhcim , Germany (e- mail: manfrcd.cndcr. Pp. 
52 1, illustrated. ISBN 3 882911 336 X. I' rice: 21.50 €. 

' I his beautifu ll y presented and personal w()rk aims l<l ducumcnl the mngc of fungi so 
far found in the Ulm area of Uadcu-Wi.irttcmbcrg in Bavaria, German)'· After a short 
but clear and wdl-iUustralcd introduction to what fungi arc and characters used in 
macromycctc idcntilication, a detailed history of fungu s exploration in the area follows. 
The fi rst records go back to 1728, but the account goes through to document the acl'ivitics 
of lhe local mycological society, the Arbcitsgcmcinschafl Mykologic Ulm (AJ\11U) 
founded in 1976, incl ud ing data in publications and the pcrsona l.ities involved. ' I here 
are also lists of locali ties with MTB grid square references. and sections on geology, soils. 

climate, and vegetation types- the latte r with li sts of species frequent in o r characteristic 
of them wit hin . 

' lhccnrcuf thcbunk is the species li sts, which ctwcr slime mo ulds, and strami n ipi lnus 

fungi as wdl as asco- and basidiomycetes. Sadl y, a category fu11}! i imperfecl i is reta ined . 

which for some inexplicable reason includes zygomycetcs. and licben-fonning fungi 
arc not CO\'e red at all. The total number of species treated is given as 268 1 species. 
plus 72 that arc unclear or partly described taxa. Most h ave been collected over the 
las t 40 years, and detailed informalinn is prov i<led (lfl lnca litics, hosts, and for rare r 

species specifi ..:: colk-ctions with date. colkctor. place whe re vo uclu:r material is hdd. 
or literature reference. Author c itations arc provided, but unfortunately do not follow 

those recommended by and us.c.:d in the Index fwzgorum database - and there arc 
inconsistencies in how the same author is abbreviated. 

Fine col om p hotographs and line drawings arc scancred throughout the body of the 
text. and in some cases full morphological and microscopical descriptions arc provided. 

cspcciallr fo r species that e ither arc in the Red List or described from the region. Critical 
collecting over an extended period bas led to the discovery of a considerable numlxr of 
novel ta.xa in the area, and a li st of the •'13 new scientific namc.'S introduced by the author 
over the yea rs is provided (pp. 64-65) . Further, several new taxa arc introd11ced in the 
bnok: lwn new species nf Coprinus s. laL, a new variety uf 1-febelonrtl vaccit~ irtm , and a 
ne w combinatio n for a fo rm of Trid10loma vtJcciwmr. 

There arc t\"10 separate sc..x:lions of colour plates with integral desc riptions at the end 
of the systematic treat ment: o ne for the 50 most ed ible species with the outside margins 
of the pages with a green strip, and one fo r harmful ones wilh a red strip. The reference 
list and full index is preceded by a most delight ful 20-pages (lf hal f-tone photographs of 
mycologists on exc ursions and in nH:cling rooms or labordtories. Not all are dated, but 
those that a rc cover the period 1980-2003 and include many we ll-known mycologists. 
several of whom arc now dead . Add itional snippets arc ten rules fo r co llectors. frequently 
consllltcd works, and a glossary. 

' I he ack nowledgements list is extremely extensive and includes not onlr different 
mycologists who have helped. but fur ther several major companies in the regio n who 

made fi nancial contributions to the cost of publishing this book- result ing in the most 
reasonable price fo r such a wel l-produced and lavishly illustrated loca l treatment . 
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The author should feel well-satisfied with whar is very much a testimony and person<~ I 
record of his four decades of collecting fungi in the Ulm region. It is a "'muM have" tOr 
lhost.: working in the region! 

Fungi of Northwestern China. Edited by \•Vcn- Ying Zhuang. 2005. Mywtaxon. 
P.O. Box 2~1 , Ithaca, NY 1485-0264, USA. (Order from: Professor We n-Ying Zhuang. P. 
0. Box 27 111, Beij ing 100080, Peoples' Republic of China (e-mail : zhuangwy@sun.im .as. 
en).] Pp. ,.; + •130, figs 5. ISBN 0 9308•15 11 5. Pr;c., US 10. 

'I he region covered in this compilation cmbr..aces Gansu, Ningxia, Qinghai r, Shaanxi, 
and Xi njiang provinces, more than a quarter of the People's Republ ic uf China and 
including desert areas such as the Gobi desert. grasslands. moun tains, and plateaux. 
In all , 388i species distributed through 759 genera arc treated, including straminipiles, 
lichen-fungi, and slime moulds. The data arc presented as a series of 14 complementary 
chapters prepared by different specia li sts, but t he e<litordearl y has insisted un a standard 
style, so that each entry includes a nolc on the host or substrah:. provinces where the 
species has been found , and iniormation as to the source (i.e. to a reference collection or 
publication) . Especial! )' hel pful arc the maps showing collecting sites in each province. 

All chapters start with an overview of the stud)' of a particular group in China, and 
there are compreht:nsive i ndice.~at the end h}' bnth host and f1 1ngal t~u::on . ·I his is dearly 
an impor tant regional synthesis. and will also be an aid to identification through the 
host index. but ver)' man)' more spec ies are to be expected. ·n1at the text is in English 
and with extensive reicrences to the literatu re in Chinese is a real bonus for non­
Chinese speakers, making otherwise inaccessible data available. My one frustration is 
the continual citing of authors of hosts names in the Lt:xl that have surel y never been 
vt:rified by lhc authors. Further. abbreviations ust:d fo r the au thors of fung;t) names an: 
inconsistent. sometimes even with in the same chapter. 

The work is a complement to lligl!er Fungi of Tropical Chi11a (Zhuang 200 I; reviewed 
in ,\tfycotaxon 87: 493-'-1 94, 2003), and it is to be hoped that in due course it will he 
followed by parallel trcatme.nls of the remaining regions of China. 
Zhuang:. W.-Y. (2001) Iligila Fu11g; of Tropical Clmm. ~ew York: Mycotaxon. 

Fungi of the Antarctic: Evolution tmder Extreme Conditions. Ediled by G. 
Sybren de l loog. 2005. <..A:ntraa lburcau voo r Scvbimmckullurt:s. P. 0 . Box 85 16i, 
3508 AD Utrecht, The Netherl ands (e-mail: info@cbs. kn aw. nl). (Studies in Mycology 
No. Sl. j Pp. vii t 79. ISBN 90 7035 1 55 2. Price: 40€. 

The two systematic monographs that comprise volllme 51 of Studies in Mycology provide 
an outsta nding introduction to !he world of non-lichenized fungn l life under extreme 
Antarctic condit ions. Both gruups of fungi are ponrly understood. hut the resul ts 
reported in these articles indicate they constitute a substantial part of the microbial 
diversity of these habitats. I much appreciate the inclusion of both reviews in the same 
volume since despite the very difrcrent strategies of the fungi invoh•ed, they share the 
ab ility to withstand the har!'h conditions oflhe Antarctic desert , provid ing new insight 
intn the li mit s nf fungal li fe. AI the end of each art ide. the authnrs pmvide hypotheses 
for the evolution of the fungal groups treated. 
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Ftmgi m the edge of life: c.ryptoerulolitltic blnck Jtmgi fro m Autarcfic desert (L. 
Sclbmann, G. S. de Hong, i\ . Ma7.7,.1glia, R I. Pried mann and S. Onofri): ' I he authors 
prcscnl an extensive ln:almcnt of Antarctic cryplocndulith ic communilics. 'these fungi 
of diverse phylogeny colonize rock cavit ies and thus avoid the inhosp itable conditions 
of the rock surface. The art icle starts with an in troduaion in wh ich the ecological niche 
of these fungi is described, along with some of their morph ological <1nd physiologic<~ I 
characteris.tics. This. i!' fo llowed by a detailed description of the s.1 mpl ing s ites and the 
mclhods cmpluyc<.l in the study. 'llu: results include light rnicroscop)' and scanning 
electron microscopy descriptions of twenty-six strai ns of black, mosUy mcristematic, 
fungi from cryptoendoli thic lkhen-dominated communities of Antarctica, and the 
sequencing of their ITS rONA region. The phylogenetic positions of thc..o;e different 
strai ns and their survival strntegies are discussed, and the new genus Cryomyces is 
int roduced fo r twu ncwlyclcscribcd species. A further new spcciesuf Friednumniomyces 
is also named here. 

Evolu tion, taxonomy aud ecology of tile gmus 11lelebolus in Antarctica (G. $. de lloog, 
E. GOttlieb, G. Platas, 0 . Gcnilloud, G. Lcotta and ]. van Brummclcn): "rhcsc authors 
report a high freqtlency of Tllc/eholiL" species in Antarc tic "hiomat s"' fro m several types 
ofl akc, and offer an explanation for Lhis based tnl bi rd vcdors. A short introduction to 
the genus is fo llowed by a description of the sampJjng sites and methods used to sample, 
isolate, and analyze strains, and herbarium collections. The results include an extensive 
molecular analrsis aimed at resolving the phylogeny of this adapted group of cup fungi 
using di!r<·rcnt methods, including microsatcll itc fingerpr inting and the sequencing of 
seveml genes. Phylogenetic relationships, taxonomic posit ions and the evolution of this 
genus are discussed in the ligh t of SSU and ITS rONA and 6- tubul in sequence data. 
·me article ends with a ta.xonomic section, which includes a ker for the morphological 
identification of the four species described, two of which are described as new to science 
and appear to be endemic to Antarctica. 

ASUNC J6N IJE I.OS Rfos 

lnstituto de Rew,._ws Nfltwules 
Centro de Ciettcias 1\-letlioambientales 

Serrano 115dpticl, , Madrid-2R006, Spain 

Basidiomycetes 

Les Rf:actifs Mycologiques. Vol. 2. Les Rf:actifs Microdtimiques. By Jacques 
C harbo nnel. 2004. Edition Jean-Claude Oavid-Rogeat, Rue GC nCra l Dufour 131, CH-
2502 Bicnnc, Swit:t.erland (e-mai l: info@mycnlngie.ch). Pp. 289. ISBN 2 9700,111 0 2. 
Price: 50 €. 

This is the second part of Aide pratiques a Wtude micro$copique des Clwmpigtwns and 
follows a long french tradition for the usc of chemicals in macrom)'cetology, from 
Bataille to Josscrand and Henrr et al. Indeed 36 mycologists experienced in this field arc 
thanked in the opening pages. 

·I here are seven ~hapters, the lirsl selling out the aims of the wmpilation, an 
introduction, abbreviations used therein, etc .• and incorporating a preface by Francis 
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Quirin, President of the French Mycological Society. The next chapter tabulates the 
re<tgenl ~. fo rmu lae, etc., which will be found in the pages which follow. 

'I he largest pa rt of the publicat ion, 211 pages in all, brings togclhcr Lhc rcaclions 
resu lting from a specified, desc ribed and documented reagent when applied to a 
part icular tissue or struclllrc. J=or each case, where appropriate and possible, the same 
arrangement is used in the presentation so that direct comparisons can be made for 
the procedure and the reaction found in the ;o;a me ti$:~ 1le in d ifferent reagent s. Chapter 
1 is particular!)' helpful because il deals wit h Lhc application of sdcdcd chemicals to 
d ried mate rial, and in the following chapter discussion is focused on Russula. a genus in 
which chemicals have been used extensively in its systematics. The metho ds by which 
the reagent s arc made-up and applied arc clearly given . Chap ter 6 dea ls wirh naturally 
occurring p igments and their distri hu tio n wit hin the sporomes. It is admirn hle that 

the author covers all the main gmups uf fungi when considering how to deal with the 
specimens in hand and their chemical characteristics. 

A cross-referenced index follows, which is extremely helpful , especially as it cites 
the various species of fungi, or the genera which arc mentio ned unde r C<~ch reaction . 
The format for the whole publication para ll els papers in Dowmentes J\llycologiqucs, a 
juurnal in wh ich Charbonnd regu larly publishes. ' I his is an excel len t publicalinn wh ich 
will be of very great help to those undertaking th is kind of work, and students should be 
encouraged to utilise the contents as the tests have a significant role to play in areas not 
attainable by so-called cutt ing edge sc ience! 

But fo r would-he readers, I suggest that on purchasing a copy it should be immediately 
reboun d with a firmer spine, utherwise the pages will soon d ismember. 

ROY WATLING 

Caledonian Myco fogical Enterprises, Crelah, 
26 Blinkbotmy Avetl/le, Edinburgh El-1-1 31-lU. UK 

Frontiers in Basidiomycotc Mycology. Edi ted by Reinhard Agerer, Meike 
Piepenbring & Paul 13lanz. 2004 . IJ-IW Verlag, P.O. Box 119. D-85378 Ed ling. 
Germ any {e-mail: d r.schmid@ihw-vcrl ag.de). Pp. 430, figs 124, col. pl. 80. ISBN 3 
930 167 57 3. Price: 11 9 €. 

Despite several requests to the publishers. no copy has been received. 'Thi s implies that 
lhc publi sher docs not consider that the wurk merits coverage in Myco l11Xml. 

CortitJariales. By Vincentas Urbonas. 2005. UAB 'Valstk>ChJ l.aikra.~t i s: Vilnius, 
Lithuan ia. [Avail able from In stitute ofDotan y. Zalil!,jlJ cZcn! 49. LT-08406 Vilnius 2 1. 
Lithuania. Pp. 288. figs 118, col. plates 32. [Mycota Lithuaniac Vol. 8 {S). )I SBN 9986 
8•17 85 0. Price: 28 €. 

'I his wurk is part nf a series uf books dealing with the ffi)'C<lbiuta uf Lithuan ia . It is 

written in Lithuanian.l>ul con tai ns a seven page long English sununary with keys to tl1e 
included genera. 

In this book, the Cortittariales arc subdivided into two fami lies, Corliuariaceae and 

Crepidolaceae, and in total 29 1 species belonging to 13 genera assigned to these families 
are descrihed. Keys arc provided for all included species, hut they arc difficu lt to use 
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for people wbo do not know Lithuanian. The genera and numbers of species covered 
are: Cortinariu.<: ( 124 spp.), ( .'repidotus ( 14), Galerina (27), c;ynmopilns ( 12 ), Hebelm1ra 
(30), Nebclominu (1), lrwcybe(65), Leuwcortirwrius (1), Mmcuria (X), Pdlitliscus (I), 
Pl~t~eocu llybia (3), Roz ites ( I), and Sim ocybe (4). Cortinarius is subdivided into live 
subgenera: Cortinarius (12), Dem1ocybe (12), My:mcirmr ( 10), Phlegmacium (37) , and 
14!lamonia (53). Hebeloma is divided into subgenera DemulaUI ( IS) and Hebeloma 
( 12). Galeriua is snhdivided in to suhgenera Pllae1lgalera (24) and Galeriua (3). J\ nd 

subgcncrd hwcybe (19) ami hwcybium (t1.6) arc used for ltwcybe species. 
Basionyms, important synonyms, and iconography are provided for all included taxa. 

Th e nomenclature fo llows l fl flex ftmgorum, but is not always up to date. for example, 
Rozites is treated as a distinct genus, and the species epithet of Cortir111rius lrarcynicu.< 
is given as 'hercyuicus: Drawings of spores or other important microscop ical st ruc tures 

arc provided for selected taxa only. but they arc more mw out li nes than in fonnative 
line drawings. An in dex of scientific names enables the reade r to easily find a ll included 
ta.xa. ·n,e reference list includes a few interesting recent Lit huanjan publicat ions, but 

otherwise mainly includes publications up to the n ine ties; and more recent treatments 
(or ico nography) of the incl uded genera have not been consi<lered in th is work. The 
appendix of 32 colour plates provides e ither dn.aw ings or photog ro~phs o f 163 uf the 
species treated in the book. The colour drawings of the basid iomes a re usually quite well 
done; but the quality of the photographs varies from qui te good, to others which are out 
oi iocus or do not show the important features of the fungus. However, most pictures are 
supplemented by a line draw ing. 

In summaq •, this book is the fi rst, wel l-investigated inven tory of the cortinarioid 
fungi occurring in Lithuania. TI1osc who understand the language will also find 
it a useful aid to the identi fica tion of fungi in Lithuania and surrounding countries, 
espcdall)' because pictures and line drawi ngs are give n in the same volume. Thus, it 

can be expected that wit h increasing sampling, the number of fungal spec ies in this 
urdcr known from Lithuania wil l rise. Consequently, in spite o f a few shortcomings, 
th is book will certa inly hel p Lithuanian mycologists to sh1dy the brown-spored fungi of 

thei r beautiful count ry much more easil)'· 

URSULA PEH NTNI!R 

Jnstilltte fo r Microbiology, Leopold Prauzens Un iversity ltmsbruck, 
'!edm ikerslrusse 25, A -6020 hmsbruck, Austria 

Checklist of Poljsh Larger Basidiomycetes. By \•Vlad)•slaw \.Vojewoda. 2005 
1"2003"}. (Biodivcrsily of Poland Vol. i .J W. Szafer Institute of Botany, Lubicz 46, PL-
31 - 512 KrakOw, Poland (e- mai l: ed-otl'ice@ih-pan.krakow.pl). Pp. 812, fig. I. ISBN 83 
89648 09 I. Price: 58 €. 

Th is is a welcome addi tion the litcratme of mac romycdcs of Eu rope. In tbc ninth 
ed ition of Aiusworth & BisbY:'i Dictiotwry of the Fungi (Kirk ~~ aL 200 I) works on the 
macromycetes of this continent we re mentioned fo r Bulgaria, former Czechoslovakia, 
Denmark, France, Great Britain, Greece, Ita ly, Scandinavia, Spnin , Sweden and 

Switzerland. However, Poland, the eighth largest count ry of Europe in area , was 
omitlcd. 
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The checklist of Pol_i sh larger basidio mycetes includes about lJQO genera and 2650 
species, alt hough some oft he listed names arc inva lid or otherwise contrary to the Code. 

' I he true number of nomcndalurall y currccl larger basidiornycclc la.-.;.a known from 
Poland is actually about 2550. 

0\'c r 2 100 species of aga ricoid and bolctoid fungi (Moser 1983) and about 2000 
species of aphyllophoro id, gastcromycctoid, tremell oid, auricularoid, dacr)'omycctcoid 
and tul asn el loid fungi (Jli lich 19&4) are known in Europe. Acco rding to Wojewodn, 
these m1mbcrs arc certain!)' too low and many more fungi occur in Europe. In the 
former German Federal Republic, 3150 species of basidiomycclcs (Krieglsteiner 1991) 
we re kn own through 1991, about a thousand more than the number known in Poland 
in 2003. Because Poland <tnd the western part of Germany arc comparable in terms of 
area, climate and nature p reservation, a simi lar num her of species might be expected 

to grow in Poland . In the years tu come, Polish lli)'COiog ists face the im portant task of 
finding these fungi. 

Wojewoda includes data on threatened species compiled irom the Red List oi 
Th reatened Mac.rofungi in Pola nd. To enable the dat a to be compared with information 
on threatened fungi in ot her P.uropean count ries, cat egories of threat from the following 
count ries are ci ted: Austria, Belgium, Bulgaria, Czed1 Republic, Estonia, l;inl and. 

Germany. Great Br it ai n, The Netherlands, Lithuania, Lat-via, Norway. Switzerland and 
Sweden. 

The Polish names of the fungi given arc derived from many authors of papers 
pub lished between 1830 and 2003. The habitats in which the fungi grow, the plant 
comm u nity, substmtum, mude of nutrition and iruiling time are detailed. Exam ples oi 
species distribution in Poland, including the regions. form the most extensive part of the 
account of each species. fo r some very rare species. all or nearly all sites are given, while 

for fai rly common species only selec ted sites are cited. fo r very common and common 
one (except a few like Phallus impudicus and La11gem umnit1 gigrmten) no sites arc give n. 
Readers and all users of this new checklist can un ly congratul ate the author o n seeing 
the book published after 14 years of work. 

Kirk , P.M., Connon, P.F., David, J.C .. & StaiJlCr$, J. (2001 ) t\imwort /1 & Risby~ Dictionary of rl1.: 
Fungi. 9"' cdn. Wallingford: CADI Publishing. 

Moser, M . ( 1983) Die ROhrli ngc und Bliilterpilr.e (Polypomles, Bolt'lales, Agaricafes, Russulales). In: 
H. Ga ms {t.-d.) Kleine Kryptogmnenflora II b/2: IJMitlivmyc:etes. 2. 'JCil 5 .. bca rbci tetc Au ll. VEB. 
lena: G. Fischer. 

JU iich. W. (1984) lJie Nichtbliittcrpil:te, GaiJe rpi lzc und Bauchpi lzc. Apl,yllvplwmf~. 

Heterolmsidiomycctcs, Gasteromya:tes. In: H. Ga ms (cd.) Kleine Krn>togamcnfloro II b/1 
&.~itliom~etclll. Stutty,art : G. Fischer. 

Kricglstcincr. G. J. ( 199 1) Vcrbrcitun~atlns dcr GrOSSJ)ilr.c Dc:utsclllalfd (\Vest.). Vol. I. Stiindcrf'il::c. 
Tcil A. Nicl,tbliillerpib.-. Tcil B. Bliitterpil::~·. Stuttgart: Verlag E. Eug.?n, Stutlgart , pp. •121-
t0 16. 

BRON ISLAW ZYSKA 

Wolno.~:ci Street 47/ 1, 'I I 500 Clwrz6w, Poland 
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Guia de los bongos de Alcala de Henares (Macromicetes). By Michel 
Heykoop Fung-a- You & Rosa Anlolin Bellver. 2005. Scrvicio de Publicaciones. 
Ayuntamiento de Alcala de I lena res. Concejalia de Mcdio Ambicntc , lnstituto de 
Planificaci6n y Gcsti6 n Ambicntal, Quinta de Cervantes, Ca lle Navarro y Ledesma I, 
1\ lcah\. de Hcna rcs. Madrid, Spain. Pp. 120.cnl. plate.-.. ISBN nut indicated (Dcp. Legal : 
M-52838-2001). Price: Free while stocks lasts. 

This amazing guide. complctdy financed by the loca l authority of Akah\ de 1-Jcnarcs. 
the city where Cervantes )j,·cd part of his I ii~ in Spain. is an example of how local 
administrative bodies can pro mote interest in fungi, as a part of their broade r concerns 
for nature nnd its conservat ion, and considering organ isms as pa rt of t he area's nnl'ural 
heri tage. 11 provides a concise hi story nf mycnlogical studies in the area. a catalogue 
that describes 65 spedes beaut ifully illustrated by coloured pain tings rom the 200 
known from Alcala de I len ares. It comprises seven chapte rs, some of which arc brief 
introductions as to what a fungus is, habitats whe re they grow, fungal interactions 
with other organisms, the importance and appl icat ions of fungi, funga l classifica tion, 
and characters uf mac rom}'celc fruit bodies, as well as a key for the 65 species treated 
in the gu ide. Chapter 7 provides sc ientific and common names (where they ex.ist). 
macroscopic descriptions, detailed d rawi ngs oft be species (the second author. Michel's 
witC), and observations on their culinary or toxic properties. medici nal fungi , and fu ngi 
of industrial interest. A basic glossary of sc ienti fic terms is provided, as wel l as an indc.x 
to the species. A three-week exhihition of the origi na l paintings in a hall dose to the 
town centre was also staged in April-May 2005. lh is is useful book for amatcms, and 
all interested in fungi from th is area, combining identification with sound information 
on the broader relevance of fungi. lhe initi ative in maki ng such a work a\•ail ablc free 
of ch;u-ge is a model that I would like to sec followed by many other local aut horit ies 
wo rlclwide. 

TERESA JTURRJ AGA 

IJcJM rlamenta bitJio;.:ia de Ory:(misnws, Vniw:rsidatl Sim6~r Ht11ivar 

Apartmlo 89000, Sart;mejas, Bam/a, Edo. Mira trda, Vetrezuela 

PaJearctjc Lyoplry llaceac: (Triclrolomatale:; ) in Norlhern and Eastern Europe 
and Asia. By Kuulo Kalamccs. 2004. Estonian Academy Publishers, Tartu , Estonia. 
[Scripta Mycologica No. 18.1 Pp. 135, figs 32, maps 3. ISBN 9985 50 356 2. Price: Not 
ind icated. 

' I his book presents a survey of the taxonomy. ecolog)' and d istribution for most of the 
genera in fam ily Lyopllyllllceae sensu Bon 1999 from the Pak:arctic regions of Emopc 
and Asia: Lyopllyllwn s.str .. llypsizygus. Gerllardtia. Calocybe s. str .• 'friclw/omel/,1, 
Rugosomyces, and i\steroplrom arc treated in detail but the genus "Jfphrocybe is not 
considered. The book is d ivided in two parts: an introd uctory par t (pp. 5- 15) and a 
taxonomic part (pp. 16- 105). 'I he int roductory part summarizes the actual stale of 
knowledge on fam ily Lyopllyllacel~e. presents the signilicant taxo nomic tCatures used for 
species dete rmination, and the classification and the abbreviations used by the aut hor. 
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The taxo nomic part constitutes some kind of practical guide to I be identi fication of 
the Palea rctic J.yoplly llaccac, which i ~ certainly not one of the easy aga ric fam il ies as 
pointed out by the author. '!he au thor provides a key to genera and species, species 
descriptions illustrated by some line d rawings of m icroscopical features (spores, basidia 
and mycelium), clarifies differences in species concepts between mycologists, and adds 
also valuilblc informat ion <1bout the d istribut ion rt nd ecology of the spec ies. Ecology is 
indeed very important hut too often a neglected aspect in m.-.ny revisions. Pa rticularly 
in the case of Lyopltylluceue, ecology may very wel l be one of the most importan t factors 
underlying evolution since molecular studies have shown that all the class ifications 
proposed for the tribe Lyopllyl/eae are artificial and that species shari ng a mode oi 
nurrit ion ch1ster together. 

The hook is well edited and provides detailed macroscopic and microscopic 
descriptions and well referenced di scussions and comments. ll is therefore all the murc 
deplorable that the qual it }' oft he il lustrations is d isappointing. The rather simpl istic line 
drawings often lack sullicient precision or detail (e.g. scales are not alwars respected, 
as for the spores of L. loricatu m), wh ile in others being superfluous or nor csscnl'i<~l 

for undersranding or identifi cation or not represe ntal'ive of the text (e.g. Rugosomyc.es 
obscurissinrus sport:s). 'I he J'Ca<ler has lhc impression that lhc author considers 
microscopic ill usln tions of secondary or no importance (even when a lot of collections 
have been checked, as for example in the case of L. decastes, where one would expect 
mature basidia instead of basidiolcs). As already very few morphologica l charac ters 
arc a\·ail able to separate species in virtually all of the Lyophyllt~ceae, the illustration of 
taxonomica ll y significant microscopic features such as size, shape and ornamentation of 
spores should be as detailed. pn .. "<=ise and representative as possible. In my opinion, U1e 
book would also have benefited from coloured pichrres illustrating the species (in the 
form of an an nex for example) in addition to a list of often too inaccessible references to 
most of the users of this type of monograph. 

I al!:o regret· thai' the di~courag i ng nomenclatural chaos in Teplrrocybe wa!' apparently 
responsible for its cxd usion from this revision of t yopltyii11Ceae. Indeed. mok"Cular 
studies suggest that both Tepltrocybe and Lyophyllum are polyphyletic. Exclusion of 
ei ther one results automatically in partial revisions of the species in several of the natural 
groups wit hin Lyoplryllncene. In that sense, the imp<~c t· of this study is reduced, not only 
as a taxonomic guide to l:yoplzyllaceae, but also as o u~fu l t ool for fu h1 rc revisions of the 
more natural cnt ilics. 

With the new insights of molecular srstematics, a reappraisal of the morphology 
of Lyopltylleae in the context of a more natu ral classification of th is fu ngal group will 
hopefully soon emerge. It will facilitate the d ifficult task of the purely morphological 
approach in l .yopliylleae. Taxo nomic studie!i as this one arc rea ll y needed to help clarify 
the nomenclature. m~lrpho l ngy and t.'Colugy uf this very di fficull group nf fungi. and this 
book can therefore be considered as an important cont ribution to attajning thjs goa l. 

VALE RI E II O FSTET TER 

Verdomtel 32, 1010 Lausmml!, Switzer/ami 
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Monograph of the genus He111ileia (Urediuales). By Anja Ritschcl. 2005. 
J. Cramer in de.r Gebrlider Borntraeger Verlagsbuchhandlung, D- 14129 Berlin , 
(;crman y. [B ibliothcca Myco lngica Nu. 200.) Pp. 132, pl. R. figs 39.1SBN 2-1-13 59 102 7. 
Price: 44 €. 

The work on this tropical fungal genus, known essentially for its parasitism on coffee, 
but affecl"ing at least ten families of angiosperms. has been conducted on herbarium 
material, mostly from European herbaria, but also from ones in the USA and South 
Africa. In many cases the descri ptio ns rely on (very) old ma terial. wh ich is prohably 
caused by the absence of colleclor.>, prov idi ng fresh samples. in the tropics. For some 
species, no material was available to the writer. Descriptions were then gathe red from 
previous publications. 

There is a pertinent discussion of the validity of the genus name and the affiliation 
of Hemileia with the Clmcotriaceae. The author keeps all species withou t a known 
tdeumorph in the anamorph genus Un::do. ' ll1 iscnncerns 17 ufthe43 species described . 
A new genus, Dc:smosuru$ is proposed. One new name, a new species, and some new 
combinations are introduced. Doubtf ul and excluded taxa arc mentioned. 

Full attention is given to the formation of the sari , and two types, suprastomatal or 
crumpcnl", arc d istinguished. The individual species descr ipt ions arc as complete as can 
he, and include a li the rcferenc.:cs needed. Uredininspmc characters arc congruent wit h 
the host range and d ifferenUatc the species, and the author gives a key based on length 
and cchinulation of the urcd iniosporcs. for the species of 1/emileia s. str. , a description 
of the tcliosporcs is provided. The d rawings of spores arc very good and clear, and the 
SEM photographs excellent. 

' I he cited lit erature comprises 125 references. ' I he last cytological study me ntio ned 
is dated 1968. and two references concern mok cular techniques. which were probably 
not possible with lhe herbar ium material available. f urther work remains to be done in 
lhat field. 

Th is book is a valuable contribution to our knowledge of the genus, and will be 
of great usc for mycologists everywhere, and not on ly in the tropics. One species is 
described from Japan, and an nthcr reported from un.:hids in heated greenhouses in 
Europe. 

A RTH U R VANDE RWEYEN 

Avenue Cardinal Micara 9, B- l l60 Bru.wlles, Belgium 

Russulaceae: Lactarius. By Rlonald l W. Rayner, assisted by Rloy] Watling & 
Ellizabeth] Turnbull. 2005. Royal Botanic Garden. 20A lnvcdeith Row, Edinburgh 
El 13 SLR, UK (e-mai l: pps@rbgc.org.uk) . [Brit ish fungu s f lora Vol. 9. ) Pp. 203, figs 200. 
ISBN I 87229 1 311 I. Price: £.12 .50 

Th is ninth number in the agarics and boleti series documenting the Brit ish fungi treats 
/.acfariu.~ in the Russul accae. It is presumed that Rny Watling and Eli ~..a bdh Turnbull 
brought the compilation together for publication after the passing of "Ronnie" Rayner. 
although this is not mentioned in the publication. An item that appeared early on in the 
series and is included with this number is that of the trifold colour identification chart. 
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This chart will be repeated ly consul ted for determi nation of spore colour in mass as well 
as other colours dc::;cribed for the hasidiomes. 

·1 he overall treatmen t o f Luctarius follows the same gcncrdl scheme presented in 
previous issues of th is series with introducto ry text , references. family descript ion, a 
generic key to just Russula and Lactarius with a note that sequestrate representatives 
arc to be keyed elsewhere. Lactarius is then treated in detail with a description and 
discu s.-. ion of !Caturcs (includ ing useful macrochemica l reagents) in the genus 
followed by a key to seven sections, diagnostic S)'nopscs of the sections, the systematic 
arrangement (essentially that of Singer's fourth ed ition with some minor rearrangement, 
and incorporating llesler and Smith's treatment of sect. Tristes). This is followed by a 
complete dichotomous key to the 64 species. A handful of varieties arc also treated. 
Alt hough key ro sec tions is provided, a key to species in each sect ion (and suhordinate 
subtaxa) is lacking. 

1l1e indi\•idual descriptions of species occupies the bulk of the publication and 
these are quite complete with attention to the detai ls oi fresh macroscopic appearance, 
macrochcmical rcael'ions, and important microscopical features, describing spores, 
hymenial cyst idia and the pileus surface. The ecological habitat, phenology and 
distribut ion in Britain follnw lhe descript ion along with a commentary on distindive or 
odd fealmes and comparisons to like taxa. On a rare occasion, mention is made of the 
ta:'(on as it might occur outside of Britain. In add ition, some general synonymy is given 
along with citation of illustrations (iconcs) representing well the British species. 

The descriptions are fo llowed by a list ing of species according to ecological preference 
such as: in oak woods. wilh ash, with JJctulll mma , on calcareous suils to name jm;l a 
few. Some species are ment ioned more than once in this list. There are fur ther lists 
of S)'nonyms and misidentifications, rejected names (and why rejected), an index to 
epithets mentioned in the commentaries , and lastly the index to described species. The 
last 65 pages of 203 arc given over to line illustrations of habit sketches and microscopic 
fea tures of sport:s, cystidia , and h)•phal cunfigumtiuns making up the pi leus surface. 
These latter are relevant in a diagnostic sense itS examples of taxa in particular sect ions. 

It is noteworthy to ment ion that the descriptions are almost entirely based on 
observation of fresh material , either collected by the author or given to him by several 
individuals who arc duti fully acknowledged. 

For thosewhn need to idcnl'if)' l.actariu.;:;speci~ among the mac romycetc~ in Britain , 
users wi ll iind this treatment comfortably familiar to past treatments in the series as well 
as thorough and well documented. The addition of the colour chart will be necessary 
for colour determinat ion bu t is also an added bonus and can be used with the previous 
publications. 

RovE. 1-iA I. I. INto 

lustitule oJSyskmalic Hutany 
Tl1e New Ylnk Botanical Garden 

Brot~x, NY JOtl58-5126, USA 
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Ascomycetes 

Discomycctcs. Fasc. 1. Familiae Ascobo/aceae (species coprotroph.icac), 
Iodop!Jauaceae (species coprotrophicae), Ascodesmidaceae (species 
coprotropllkae), Pezi:;aceae (species coprotropbicae), Pyret~omycetaceac 

(species coprotroph.icac), 111elebolaceae (species coprotrophicae). By V. 
P. Prochorov. 2004. Oficina Editoria KMK. 123100 Moscow a/r 16. Russia (e·mai\: 
kmk2000@onlinc.ru). Pp. 256, figs 148. !Dcfinitorium Fungon1m Rossiac.) ISBN 5 
873 17 136 X.( l n Ru $.<:o ian.J Price: not indicated. 

This volume aims to provide a deta iled account of the coprophi lous pezizalean 
discomycclcs known from Russia. It treats 19'1 species di sposed thw ugh 23 genera: 
J\ scobolus, Ascode$mis, Ascozonus, Caccobius, Cheilymenia, Coprobiil , Coprobolus, 

Coprotus, Dictyocoprollls, Dictyospoms, fimaria,llapsidomyces,lodoplrmws, Lasiobolus, 
Oclrotriclrobolus, Peziza, Pseudacozouus, Ramgea , Saccobolus, Tlrecotlleus, Theleboltts, 
Tridwbc>/tl$, and Triclloplraeopsis. These are all li!aed here as only I I of the genera are 
na med on the conten ts page. For each species. the place nf publication of the accepted 
name and an}r synonyms is provided (sometimes with a page-r.tnge not the actual page) . 
Descriptions of genera and species arc detailed, keys are provided, there are references 
to publi shed illustrations, and especially welcome fi ne original line illustrations of 
microscopic features-- coveri ng three qt1artcrs o f the included species. Norcs on habitat 
and freq uency are very brief, and regio ns in Russia the species occur are sometimes 
ind icated. but not consish!n tly; extra-Russian d istributions are also summarized. The 
work has evidentl r been in press for some years, as the latest reference cited is one of 
the author's from 1996 and so seems a li tt le dated in part, for example in not taking up 
Pswdombroplrila for the later synonym Fimoria. 'vVhilc this is no rival to Doveri's Frmgi 

Fimico/i fwlici (2004; !'CC: Mycolaxou 90( 1 ): 220-22 1. 2004}, il h: a mojor :tchicvcmcnl tOr 
a mycologisl who has only be~;:n publishing on lhcse fungi si nce 199 1. anJ do~;:s indudt.! 
some species not treated in the Italian account. I will certai nly 6nd the illustrations of 
value in trying to name minute coprophilous discomycetes. 

lichen-forming fungi 

Lichens: An illustrated Guide to the British and Irish Species. lly Frank S. 
Dobson. 2005. 51h edn. Richmond Publi sh ing. P.O. Box 963, Slough SL2 JRS, UK 
(e-mail : rpc@richmond.co.uk). Pp. 480, col. pis, maps. ISBN 0 85546 095 4 (hardback), 
0 R55'i6 096 2 (paperback). ~ rice: £. 15 (hardback) , t 35 (paperback). 

Each fresh ed ition of lhis book, l h~;: ftrst of which was published in 1979, go~;:s from 
strength lo strength . The number of species treated has increased from about 450 in 
1979. to about 700 in the four th edition of2000 (reviewed in Mycot(IXOfl 78:510, 200 1), 
to about 850 in the 6fth - approaching half of all the 1800 or so lichen-fungi known 
from Great Britain and Ireland. Further, an increasing number arc illustrated in colour 
and crisper and more lme-tu -li fe than ever thanks to the use nf digital phutogmphy. 
The tried and tested formal of keys that has been used so successfu lly by almost a new 
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genera tion of amatctt r lichcnologists has been maintained, as has the basic layout oft he 
ent ries with the neat and now fam il ia r d istrihntion maps based on data in the British 
Lichen Sudety's Mapping Sdtcnu:. Unfortunatel y, the.: numcnclaturc follows the last 
British checklist too slavishly. fo r example in the adoption of some of the segregates 
proposed for parmclioid licbcns for the first time after papers synonymizing several had 
appeared, retai ning Usuea subjloridarta as distinct from U. florida, and not taking up 
Xanil1oria allreola for X. ectaueoide.~. In con...cquence there will be some discrepancies 
from the new cdjtion ufthc mulli· aulhorcd ·111e Lidwu Flura ufGreat Hriltlin awl Ireland 
currently in preparation. But these arc small points. To produce one identification guide 
is a major achic\•ement ior an amateur mycologist, but to be able to produce one in 
five continuously improving ed it ions over a period oi 26 yea rs is an unpara lleled event 
and a 'lirsf for lichenology. The impact tha i th is lil le has had on developing expertise 
in lichc nulugy in Great Brita in and lrdand over th is extended pc riud tl ( time has been 
immense, especially through its use on several field courses each year by its' author and 
other tutors. Lichenology owes Prank an immense debt. 

Opredelilel' Lishainjkov Rossii. Vol. 8. Bacidiaccae, Catillariaccac, 
Leca11oraceae, J\1ycobilimbiaceae, Rhizocarpaceac, Trapeliaccae. By M. P. 
And reev, L. L Bredkina, N. S. Golubkova, A. A. Dobrysh, Y. V. Kotlov, I. I. 
Makarova , I. N. Urbanavichene & G. P. Urbanavichus. 2003. Nauka, St Petersburg. 
Russia. Pp. 278. figs 93. ISBN 5 02 0260,11 -1 . Price: Nul indicated. 

Opredeliter Lishainikov Rossli. Vol. 9. Fuscideacae, Teloscl1istaceae. lly A. Y. 
Khotlodovtsev, S. Y. KonU. rat}'uk , I. I. Makarova, & A. N. Oxner. 200-1. Nauka, St 
Petersburg. Russia. Pp. 310, figs 133. 1SBN 5 02 026207 :!. Price: Not indicatc:d. 

'I his sc ri~s started publication in 1971 as Opretltdilel' Lisfmirt ikuv SSSR, with 'SSR' being 
replaced by 'Rossii' (rom volume six which appeared in 1996. 1 was pleased to sec these 
two recent' volumes as no additions to the ser ies had appeared since volume sc \•cn in 
1998. and it would have been unfortunate if this ambitious project joined the ranks of 
unfini:-hed multi -volume projects. ' l he style fo ll ows thai <Jf the previous volumes with 
keys and detailed descript ions, but with n1on: Li ne and half-tone ill ustrations. 

Volume Eight tackles a series of diffic\J it families in which concepts arc still being 
worked out and in many cases await testing by molecular phylogcnct·ic approaches. 
But, ac least the aUihors have endeavoured to JOLlow the latest proposals, fo r example in 
accepting CaJvitinrcl11 (into which three new combinarions are made). In some cases all 
the spc<.: ics in a genus arc not treated, for i nst an~.:~ under Lecuuum only the L. margiuut(l/ 

L w lplmnm complex is covered. Volume Nine has been particularly awaited lOr its 
treatment of Caloplaca and especially Xanlftorio on which Scrgcy Kondratyuk and the 
late A. N. Oxner worked lOr many years. The treatment of Calophtca iOUows traditional 
lines, and the account is particular ly well -illust rated by line drawings. The authors' 
approach to 'l i!lusclt isft!.s and Xanllwritl, however is much more controversial with the 
introduction of three new genera. none validly published here: O.nzeria fo r the X. fu lltiX 
group (18 spp.). RziS(Ivskia !Or the X. elq:rms group (II ), and Xautlroatraptydtia !Or the 
Telo.scltistes chrysoplllhalmiiS group (5) . Further, many more species arc being accepted in 
these segregate genera than arc currently in lJSC. ' lbere may be good molecular evidence 
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for such changes, but it wo uld have been preferable to sec the new evidence first and fo r 
the sc ientific nam e.c;; <tn d com hinations to have been va lidly published elsewhere hefore 

being ulili1.cd in an csscnliall y noristic study. 
As the series grows, it becomes increasingly di fficu lt to check in wh ich volume a 

part icular ta.xon is treated, and it would be great if in future that each volume had a 
complete list of genera so far treated in the series with an indication in which volume they 
were to be fo und. Treat ed f01. mi lies were listed in each pa rt up to and including volum e 
six, which was a gesture in this direction, but even that was d ropped in subsequent 
volumes. 

The Lichens, Lichcnicolous and allied Fungi of Poland: An annotated checklist. 
By \<Vi eslaw f-ah-ynowicz. 2003. \Ill. Szafer Institu te of Botany. Poli sh Academy of 
Sciences, Lubicz 46, 31·5 12 Kra kOw, Poland (c·mail: cd·officc@ib· pan.krakow.pl). Pp. 
435, figs I. [Biodi versity of Poland Vol. 6.j iSRN 83 89648 06 7. Price: Not- ind icated. 

The tmdition in wh ich Polish records are synthesized is not only maintai ned hur taken 
to new heights in th is new checklist. ·r he previous checklist (Faltynowicz 1993) included 
1500 l.ichenized and 119lichenicolous fungi. and these totals have now swelled to 1554 
and 214 rcspectivd y. But the 1993 list consisted only of the scientific names, with no 
refe rences as to sources let alone information on habitats and distribution. This one 
has synonyms listed under the names, in fo rmation on ecology and localities (down to 
province). and literature referem:es imm the mid·ninetcenlh cenllLf)' un. f:.ach genus 
and species is also give n a name in Polish, most coined here for the first time. But I 
have to wonder if th is is rea lly worthwhile - especia lly in the case of the lichenicolous 
fungi so named ~ This is a landmark publication ol synthesis on the Polish lichens and 
lichenicololLS flmgi, on which the au thor bas worked for over 25 rea rs, and is the most 
detai led checklist I have seen for some years fur an)' countr)'· 

Fa ltynowiC'L, W. ( 1993) A che<:kljst of Polish liche n forming and lichenicolous fungi including 
parasitjc and saprophytic fungi occurring on lichens. Po/is/1 &lfmicclf Stutli~s 6: 1-65. 

Flora Liquenol6gica Iberica: Ostropales: Graphidaceae, Solorinellaceae; 
Gyalectales: Gyalectaceae. 2004. Sociedad Espanola de Liqucnologia, Murcia, Spain. 
Pp. 48, figs 9, map I. ISSN 1696·052 1. Price: 10 €. 

The first volume in this series deal! with tbc Peltigerale$ (sec Mycotaxon 92: 1192· 493. 
20011). 'I hi s St.>cond vo lume covers somewhat disparate groups by diffe rent authMs, hut is 
presented to the same high standards in both the descriptions and drawings. 'I he plate of 
ascospores in Gyal~cta is espc.."Cially Jine. As the series bui lds it will become of increasing 
va lue as a major work of rclerence. 

Catalogue o f the licheniz.ed and Lichenicolous fungi in .Bulgaria. By Helmut 
Mayrhofcr, Cvctomi r M. Dcnchcv, Dimi tar Y. Stoykov & Siyka 0. Nikolova. 2005. 
Bulgarian Mycological Society, c/o Institute of Botany. Bulgarian Academy of Sciences, 
23 A~.:: ad. G. Bonchev Street, 111 3 Solia, Bulgaria (e·mail: denchev@biu. bas.bg). Vp. 59. 
[Mycologica Dalcanica 2o 3-6!.[ ISSN 13 12-3300. Pricco 19 €. 
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Th is paper is mentioned here as it was specifica lly submitted to i\llycotaxor1 for review. 
It is t he first synthesis o f in fo rmn tion o n the lichen:;; of Bulga ria to have been published 
sint:c tbc flora of Popnikolov & Zhdczova (1961). ' I hat work accepted 636 species anc.l 

included keys, descriptions. and many illustrations. TI1is new checklist h as a lmost 50% 
more spccics,893, of which a mere nine arc lichcnicolous and 14 non· lichcnizcd fungi 
tradit ionilllystudicd by licbcnologists. The list is based on 216publkationssupplcmcntcd 
hy previously llnpuhlishcd reports backed by herhariu m material. Eighteen .-.pedes are 
reported from Hulgaria fo r th e;: fi rst lime; some of the IaUer arc rather widespread in 
Europe (e.g. Lecanoru saligna, Pfrylc fis urg.ma, Tuck.mnmmopsis drloroplry lla) and lhcir 
inclusion at such a late date is a witness to the scant attent ion lichenology in the country 
has received. Species arc arranged al phabetica lly and thcir sources arc given, btlt without 
any information on subst·ratum or locality except in the case of new records for the 
cou11t ry. An impressive list uf synmt)'lllS is included, with 1625 infmgc ncric cpithels. 
Hopefully. the availabil ity of this new wo rk will stimulate interest in lichcnology in 
Bulgaria. 

Popnikolov, A. & Zhc\czova, B. ( 1964) Lisl!ei. ]Flora na B"lgari)'a.] Sofia: Na rodna 
Prosveta. 

101 Common Mosses, Liverworts & lichens of the Olympic Peninsula. lly 
Martin Huttcn, Karen Huttcn & Andrea 'Woodward. 12001]. IUS Government 
Printing O nlcc.J Pp. xi t 109, col. ISB none. Price: US S 9 ]now out of print ]. 

This delightful litt le spiral bound book, only 14.5 x 1 1.5 em so it easily slips into a pocket, 
seems t<l have escaped ot her list·ings of lichen literature. Brrophytes and lichens are 
conspicuous even to the casual tourist in the high-ra infall partsofthc Ol)•mpic Peninsula 
in Washington State, USA. 'l11c annual rainfa ll is said to be higher in some parts of the 
Peninsula than anywhere d sc in North America (600 em p.a. plus), and pendent lichens 
to over 2 m in length can be encountered. After the introductory matter, each species has 
a ful l page almost ha lf of which is a high-qua lity colour photograph, and the remainder 
presents descript ive notes, information un size, and scpamtion from similar species. 
Alt itudinal ranges arc indicated by a vertical scale bar, and the spec ies arc grouped by 
habitat (e.g. forest floor, log, conife r). In many case there are small inset photographs of 
allied species that might be confused with those fea tured. The lichen pages have been 
prepared 10 the highest sta ndards, wi th critical materia l checked by Bruce McCune. The 
production of the book was funded by scvcml org:mit.ations induding Cannon, ' I he 
Green Earth Campaign. National Park Service, US Geological urvey, Nat ional Park 
f oundation, and the Northwest Interpretive Association; thei r vision in supporting such 
an initiative to generate a \ow-price product is to be commended. I found the little book 
ve r)' valuable in the fie ld when encounteri ng some of the endemic Pseud(lcypl!ellaria'f. 

for my f1rst lime on the Peninsula in October 2005, bul afte r pmising, recommending it , 
and being presented with a copy by Maggie Rogers (Portl and, Oregon). it emerged that 
this little gem was already out of print. l f)'O U sec one avai lable second-hand do secure it , 
even if just to sell one at a sodcty auction. 
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Conidial fungi 

Sporidesmium, Endophragmic/la and rela ted Genera from China . .By "Vc nping 
Wu & Wenying Zhuang. 2005. Fungal Diversity Press, Centre for Research in 
Fungal Diversity, Department of Ecology and Biodiversity, University of Hong Kong. 
Pokfu lham Road. Hong Kong SI\ R, PeopleS Republic of China . Pp. x 1 351, figs 152. 
[Fungal Diversity Research Scrics no. IS. ] ISBN 962 86765 g X. Price: US S 80. 

The fu ngi formerly rcl~rrcd to Spvritiesmium have been segregated into an increasi ng 
number of genera over the course of the last three decades. The generic separations 
have been based on methods o f conidiogcncsis and conidial secession, sch izolyt ic 
(Sporidesmiwn-typc) or rhcxolytic (Endopilragmiella-typc), and then by the septation 
in the conid ia, which can be cu- or d istoscptate, or the IOrm of the conidia. These fungi 
had been little stud ied in China, indeed only one species of Spvridesmium is menlioned 
in Teng ( 1996). S. polymorplwm (a rec;:ord apparently overlooked by the authors). but 
\Vu made around 300 collections in 'the last few years: Th is book is a report of those 
collections and docs not include stud ies of material in I-lMAS (Beij ing) or other Chinese 
collections. 1l1is makes the result s a ll the more impres.,.ive, as out of those coll ections 
emerged 1'13 spec ies in 25 ge nera., incl ud ing one genus and '13 species new to science 
(i.e. 30% of those collected), and 16 new co mbinatio ns. f urther, 23 of the genera and 99 
species proved to be first records for China. 

The int roduct ion includes comparative illustrations of the d ifferences between the 
ge nera, as well as a key, which is sure to be of value to all starting to get to grips with 
the current generic concepts in the gro up. Very ful l descriptio ns are provided and there 
arc dear line d rawi ngs, moslly full-page, but no photogr.aphs. Photographs would have 
been a valuable addition as it is not always d ear what artistic licence has been taken in 
adapting complex wall structures to drawi ngs. l n particular, incomplete septa arc in 
some cases illustrated between thickened d istoscptatc cells, wit h st ructures ind icated 
between some und not others. "I hat may well be so, hut photographs would have made 
lhc situation incont rovertible. Also, there arc stro ng sim il arities between the conidia 
of some species placed in d iffe rent genera. fo r instance the S. "o vozy miwu group 
and £1/isembia bambusae, which even have similar gelatinous sheaths at their apices, 
and I wonder how sign ificant a complete as opposed to an incomplete septum really 
is. It woul d be interesting to see a molecular phylogenetic study ca rried out o n these 
collections to add ress such issues. 

Original places of publication arc always given, but there is no ind ication as to 
whether the type collections of already descri bed species were examined. At least in 
some cases the concepts seem to have been taken from publications of other authors. 
With respccl lt) the I ypc :-pecimens and ex- type cu lt ures nf the ncwlr described species, I 
was somewhat conce rned to read that all the spt-cimcns stud ied incl ud ing the types "arc 
preserved in Wu's mycological herbarium in Novozymes. China", with living cuhures 
in the Novozrmes collection. Th is is hardly in the spirit of the Code, and at least the 
holotypes would have been better deposited in HMAS (Beijing). 

Notwit hstand ing these concerns, there is no quest inn that this work represen ts a 
substant ial contribution to our knowledge of these fasci nating fungi, and that it has 
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been ca rried out with ca re and patience that is in the best tradi tions of stud ies of 
dematiaceous hyphom)•cetes. With so many taxil covered, this work is set to hecome 
the major international reference work on Spuridesm ium ami similar gcm:ro. fo r many 
years to come. 

Tcng. S.C. (1996) Frmxi nfCllina. llhaca. NY: Myc01axon. 

Morpbotaxonomic Revision ofFungicolous Cladosporiu111 Species. Ry Bcllin <I 
Hcuchcrt, Uwc Braun & Ko nstanzc Schubert. 2005. Druckcrci dcr Marrin-Lllthcr­
Universitiil' Halle-Wi ttenberg, Kr0llwit·7.cr Stra j)c 4•1, D-06120 Halle/Sallc, Germany. Pp. 

78, ligs 26, plates 2. (Schlcchkndalia Vol. 13.J ISSN 1•136-2317. Pri~.:c : 5 €. 

With the nature of Clmlospurium s. sir. now clarified, the numerous Sp!!cics dcs~::ribcd 

but whose atli nities ha\·e not been reassessed in the Ught of current concepts need to be 
revisited. llerc, th is task is undert aken for the fungicolous (including the lichcnicolous) 
species. Most fun gicolous species prove lo belong to Cladosporirmr $. $lr. Eleven obligately 
fungicolous spedcs are accep ted and described in detail . and illustrated by line dmw ings; 
in formation on hosts. gcug.raphil:al occurn:m::cs, and lists of specimens c:xamined is also 
provided. One of these species is newly described (C. genvasiae on a Ger wasitl sp. ru st 
on Rubus), and a new variety o f C. exobasidiae occurring on Exobasidium vaccinii is 
also recogni zed . In add itio n, descriptions of six saprobic species which can also occur 
on decaying fungi are treated in similar dt:tail. Twelve species are regarded as dubious 
or doubtful d ue to insutlicienl data or ambiguous info rmation as to their substr.1k, and 
seven are excluded from the genus. New generic names are introduced fo r two of the 
excluded species, Digitopotiium (for C. lrem ileiae) and Parapericou iella (tOr C. 115terinae) , 

and there arc suggestions that two more may eventually also require d iffe rent generic 
names. 

' I he authors place square brackets([ . .. J) around author citations fo r in fraspecili c 
taxa other than the type variety. i.e. C. exobasidii Japp var. exobasidii but C. exobasidii 
[Jaap] var. verruculoswn I lcuckcrt et al. Under the Cod~. the citation of the author of the 
species name is not appropriate in the last and similar cases. However, if it' is considered 
desirable to mention the author of the species name, their ploccment between squared 
brackets is a novel approach, though po tentiall y ambiguous. as the dev ice has a long 
in fo rmal usc for the indication of pre-Linnean names. 

This is a morphologically based study in which especial attention has been paid to 
the nature of the conidial scars and conidiophore branching, and there arc coloured 
plates of t he type species of the new ge nera and scanni ng electron micrographs of scars. 
Keys by the fea tures oft he fungi alo ne, and al so by host, arc prov ided. ·!his is a carefull y 
executed study in the best traditions of hyphomycete taxonomy and will faci li ta te and 
encourage future critical identifications in this ecological group of the genus. 
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Misce llaneous 

Species Plantarum 250 Years: Proceedings of the Species Plantarum 
Symposium held in Uppsala August 22-24, 2003. Edited by lnga l!cdberg. 
2005. Uppsal a Uni vcrsil )' l.ihmry, Hox 5 10, SE-75 1 20 Uppsalu, Sweden (e-ma il : 
ac ta@ub.uu.sc). Pp. 219. [Symbolac Botanicae Upsalicnscs Vol. 33 (3). ) ISBN 9 1 554 
6192 I. Price: 2 15 SEK 

Ahhough o nly one of 20 contribut ions in this work has a fungal (actuaUy lichen) 
flavour through its examples, attention is drawn to it here as these include important 
background in fo rm ation to the Linnacan literatu re and Linnaeus' way of working -- as 
wel l as some thought-provoking contributions on the fu turc nf bolani<:a l nnmcndaturc. 
The cont ributors include the leadi ng authorit ies on Li nnacus (e.g. Charlie Jarvis, Bengt 
Jonsell , Pe r Magnus Jergcnsen, Walter Lack) and others at the cusp of heated debates on 
aspects of the future of biological nomenclature (e.g. Werner Greuter, Kevi n de Quei roz) . 
1\ final l"rnnch o f seven papers dea l!• wi lh inve nlor)•ing I he world~ .. fl ora, and occasions 
reflection on I he huge gap bel ween the stale! of plant and fungal inven tories. 

Biological Resource Centres and the Use of Microbes. Edited by Nelson I .ima 
& David Smith. 2003. Micotcca da Univcrsidadc do Minho, Centro de Engenharia 
Bio!Ogica, Campus de Gualtar. '171 0-057 Braga, Portuga l. Pp. •122. ISBN 972 979 16 3 5. 
Price: 30 €. 

Th is volume represents the proceed ings of the 22n.J European Culture Collections' 
O rgani:r..ation (ECCO) Meet ing hdd in Braga, Portugal, on 17- 19 Septembe r 2003. It is 
importantth;~ t' th osc involved in thecuration and maintenance of ge netic resource centres 
of fungus cultures keep ab rensl of both technica l adva nces in preservation science and 

the increasingly complex worlds of databasing and legal nr ethical issues. Such occasions 
faci litate such exchanges of views wi th those working with other o rganisms. from baclcria 
to human cell lines. Starting wilh a powerful openi ng contribution on the importance oi 
ex situ collections by Manuel Mota, the papers presented in four symposia fo llow. These 
concern: 'The usc of microbes, Microbial identifica tio n techniques, Bioactivc molcclJics, 
and Hi olugic<t l resou rct: c.:cntre..'>. ' I here are al su report s frnm a rnund-table <liscussinn 
cover ing the Global Biodiversity Information Facili ty (Gl.UI:), acli vilics of the World 
Federation for Culture Collections (Wr:CC). Accred ited Biologica l Resource Centres, 
and the realm of acronyms. If yo u curate a collection of fungal cultures and would l_ike 
to obtain a copy, prompt actio n is reco mmended as o nly 300 copies of the proceedings 
were printed. 



Nomenclatural novelties proposed in Mycotaxon 94 

t\r~tl! mcoiden serosae L. Guo, p. 47 
i\11/l!mco iden xizcmgmsis L. Guo, p. 48 
8/umeuavia toribiotalpae/lsis Vargas- Rodriguez, p. 8 
Clavulirwpsis antillarum (Pat.) Garcia-Sandoval & Cifuentes, p. 277 

Coltricia tsugicola Y. C. Dai & RK. Cui, p. 3112 
Conlyceps sp~liZZinii M.S. Torres, J,F. White & J, F. Bischoff, p. 257 
Dactylellina illaquea ta, D.S. Yang & M.ll. Mo. p. 2 15 
f omitrporin lorreyae Y.C Dai & B.K. Cui , p. 34•1 

Hirsutella crin ita Z.Q. Liang, p. 352 
Him llella lumanct1si.~ Z.Q. Liang, p. 351 

Nirsutella zlumx.Jiajiertsis Z.Q. Liang & A. Y. Liu, p. 350 
llymenochaete jlexosetosa Parmasto, p. 199 
lly m euochaete geniwlata Parmasto, p. 20 I 
Hy m euochae/e lt-"geri Parmasto, p. 203 
Nymcuochacte nothofagicola Parmast o, p. 2 12 
Nypocennmyce isidiosa Elix. p. 2 19 
Nypoxy/mJiwm.:lraw1pisekii Suwannasai . Rod tong, Thicnhirun & Whalley. p. 307 
llypoxylotl srlblenormmulii Suwannasai, Rodtong, Thicnh irun & Whalley, p. 307 
Hypoxylon surm w reei Suwannasai, Rodtong, Thicnhirun & Whalley, p. 308 
l.ectmicil/ium pi.~sodis Kope & Leal, p. 334 
l.epiota catcmariocyst idiallJ Han C. Wang & Zhu 1.. Yang, p. 52 
Lepiota triduuma Monto)'a & Banda Ia, p. 112 
Lepra ria lobata Elix & Kalb, p. 220 
Leproa wfo11 amtralasiwm Elix, p. 22 1 

t ewia clliamidosporiformam. B.S. Vie ira & R. W. Barreto. p. 246 
Otidea cmssr4 W. Y. /.huang. p. 366 

Otidea onoticu vm: bre1•ispora W.Y. Zbuang. p. 368 
Paecilomyct!S parvosporus Y. f. II an & Z. Q. Liang. p. 360 
Pertumria cynthkola Elix , p. 223 
Pert usa ria s11baridn A.W. Archer & Elix, p. 13'1 

Rauwria luteoaemRi'lCt4 P. Zhang & Zhu 1.. Yang, p. 236 
Ramaria fHJ llidolilacim4 P. Zhang & Z. W. Gc. p. 238 
Russula mukteshwarica K. Das. S.L. Mill., J.R. Sharma & R.P. Bhatt. p. 86 
Streptopodium passiflorae (Syd.) Liberato & R.W. Barret o, p. 90 
Thyrostoma n~wulinis (Bcrk. & M.A. Curtis) A. W. Ramalcy, p. 13 1 
'lither umbilicatum Juan C hen & P.G. l.iu, p. 2 

Vamsapriya Gawas & Bhat. p. ISO 
Vamsapriya irtdica Gawas & Bhat. p. 150 
Weddellomyces trtrcictts I Ialic i & Orange, p. 2<19 
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synnematous fungus from lndia. 9·1: 149- 154. 2005 (2006). 
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Hodge, Kathie T., see Huang & al. 
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Li, Shigui, see Hua ng& al. 
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MYCOTAXON ONLINE RESOURCES: www.MYCOTAXON.COM 

Index to fu ngous and lichen taxa- Myc()ta.wm proudly provide.~ full ind ices to all 
authors and taxa that appear in its pages. We continue to pri nt complete indices to 
authors in each Mycota.xon volume. Until 2004 (Mycota.:mn 1- 88). we also printed 
complete lists o f taxa, which arc still avail<lbk fo r purchase. Because d igital files arc far 
more conveniently searched than separate appendices in each print journal, we now 
post Mycota.nm taxonomic ind ices on\)' online. ·r.uonomic indices are now current up 
through Volume 91, but Volumes 92- 9'1 arc sd cdulcd fo r posting late r in 2006. To read 
or print Index to Jmtj!OUS llml licllerl taxa for Volume 9 L, download our posted PDF ii lc 
by clicking firs t on ] ~DICES (in the list at the lop of any wcbpagc u nder the z\llycotaxon 
heade r) and then TAXON IN DEX, Vo l. 9 1. 

Cumulative indices-Readers can now swiftly and easily locate taxo nomic and author 
names in the cumulative indices to authors and taxa fmm ea rlier MyctHa.wm volumes. 

Cumulative author in d icc~ available are VoJ .UM H~ 61 - 93 on the Mr<:m'AXON websilc 
and Volumes 1-20 on the CYBERLJBER website. Cumulative taxonomic ind ices now 
available for downloading include TAXO!'>:" INDEX, VOLU;\H!S 6 1- 70; TAXO)I INDEX, 
VOLUMES 71-80; and "IAxo~ INDEX, VOLUMES 81 -90. Taxonomic ent ries fo r Volu mes 
9 1- 94 w ill eve ntually he integrated intO TAXON IN DI\X, Vtu .HMHS 9 1-FI'. 

Dist rihu tiona l chccklists - Myco taxm1 pMts downloadable PDF fl ies or URL links 
fi rst publi shed in Mycot,Lwm hy autho rs who amend o r update species iden tillcalions, 
nomenclatural revisions. and range & substrate extensions as new data become available. 
To find the checklist page, first d ick O NI.IXE RESOURCES (under the M YCOTAXON 

header) and then REG IO:-<AL CHECK LISTS. Users may also find checklist PDFs and 
URLs b)' cl icki ng on lin ks in th e summary abstracts. (Abstracts a re fou nd following the 
Puui.I C:ATIONs -> Vm.tJMH l. tS'I'ING - > Vou JMH Nur.m E1t -> 'I'ITI. I\ pathway. ) 

Volumes 1- 27 now onlinc- MycoltiXtm happily announces that wst-free flccc:~ .. "i 10 
papers in back vuluml!.s is wdl underway. Early volumes may be ac<.:esscd and individual 
pages downloaded by following the CYO I! RLI BI!R - > fiOO KS & jOUR:SALS - > MYCOTA XON 

pathway from the M YCOTA XON homcpage. 

Inform ation for authors and reviewers- The 1:-<STil "CTIOl\"S TO AUTH ORS page is the 
best way to fi nd the most up-to-date information needed for Mycotaxon manuscri pt 
submission. Downloadable files indude the 19-pagl! detailed INSTilUC:TI ONS TO 
AUTHORS 1'01' and the following document Ii les: REVIEWER GUII)£LI ,...ES (wi lh pc~o:r 

review checklist for expert reviewers). oific ial MrCOTJ\ XON SUBMISSION PORM , and our 
pre- formatted M Yco·rA XON W oRD SHEtL. 

Search - The search! engine option in the lop right corner of every Mycotaxon wcbpagc 
is yet another way to sea rch for aut hors, ta.xa, and other on line resources. Current! )' it 

unl)' in<lcxes taxa ci ted in ti Ues, abstmcls, or keywo rds of published papers. "!he sea rch 
bullo n also finds all nomenclatural novel ties. 
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Errata 

Volume 3 
The new generic name D11rr:nhl is misspelled on pp. I. 9-12, <16-47, and 570. It is an orthographic 
error. <::orrcctable under the Inte rnational Code of Botanical ~omcndature. '!he name honors G. 
\'On lli.ircn, nli SS j)ClJed ll urcn 011 pg. I I. but spelled correctly 011 pg. •IH. All the Latin names cited 
should thus be correc ted to Bmmmiu. We arc ad\•iscd that the wrrc~,; t spell ing wi ll appc-.n in the 
lOth edit ion of Vic:.tit:muryuf file: fuugi (CM I) . 

pg. 2S. In. I I 

pg. 36, f. 5 caption 
pg. 129, ln.tJ 

pg. 130. ln. I I 

pg. 137. abstr. ln. 8 

pg. 141. ln. H 

pg. I 51, ln. 17 

pg. 22.'1, ln. IS 

pg. 224. ln. IS 
pg. 2H. ln. 19 

pg. 226, par. 3, lu. 2 
pg. 250, Jn. 5 

pg. 362, 1n. l5 

pg. 36l. ln. 2 
pg. 526, In, 12 
pg. 526, after ln. 21 

pg. 526, ln. 2 1 

pg. 527, 1n. 2 

p. 3i9, line 1 

Vo lume 91 

for: Tllecispom 

for: Coltrirella 

for: P. rediviv11.< 
for:teniu.c 
for:fumilijwruitld 

for:fomitiporoide.~ 

for:fomitiporoides 

for: .~egt.:tmn 
for: carbo 

for:Wallr. 

for: versntilis 

for: hwgauyki!Yimm! 

for:~ri.r;eiv iritlis 

for:gri.-civiritli.~ 

rcad:Tredrispora 

read: Ulltricidla 

read: Pa11a~rc:llu.< rediviv11s 
rcud: ICIIIIi.~ 
rcad:fomitoporoideJ 

rcad:fomiloporoide..' 
read :fomitoporoides 

rcad: ."l!J!.efllmd 
rcud: cmOO d 
reaJ: Wall r.6 
rcad: wrsntile 

read: ttmgfmyikl!tWWII 

rcad:J:ri.<roviridi!!. 
rcad: gris.."'viridi!!. 

delete P.:rtusuria lmumg~:11Sis Jariangpr.tsert, p. 283 

add: PliAEOTREMA'I'ACEAE Popoff ex l'iatek. J>· 181 
for: parvicarpum ... 352 
for: namatf!Wlamlensi.c 

Volume93 

read: Jmrvirorptml ... 35 1 
read: 1/anUUJt•a/multrs 
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1. What is suitable for publication in MvcorAxoN? 

MvcoTA.XON is reslrict('d to papers on tlu• raxonomy and nonu.•ndarurc of fungi. We inlend this 
broadly 10 include monographic \\'Orks, reviews of taxonomic groups and/or laxonomic crilcria, 

arguments deal ing \.,.i th spL...: ific nomcndatural problems. pr()(ccdings of S)'lllposia on taxonv mic 
o r nomcndat urn l maucrs, and wcll -docurn cntcd noras. Papers lhat dea l wil h o ther mycologica l 
disciplines (cylolog)', ecology, genclics, phylogenct ics, physiology, c lc.) should be subm iued 10 

another journaJ unless their J'rimary joc11s is taxono mic. Prospeclive authors arc encouraged to 
send a c.lraii. to the Edi lor· in·Chicf fo r comullatio n n.-garding suitability of their manuscripts for 
puhliauion in !he journal. 

1\rticlcs 010)' be of any length. Most authors l)ay no pap:e charges. al though sole/senior authors who 
exceed 100 pages per year nta)' be charged SIS per excess page. Aut hors a re granted one halftone 

plate for every ten (10) pages of text ( 11 ·20 text pages qualify for 2 halftones, 2 1·30 pages for 3 
h3 1llones, etc.). F(.>QS :lre S10 for each excess halfto ne plate. Black & white line dr-.Mi ngs, phylolrees, 
graphs, and tnbles arc not considered halftones and count as text in asscssinp. pay,e charges. There 
are also fees fo r digi tizing origi nal artwork, converting non-standard graphics files to TIF or li PS 

for mat. am.l t:orrcc ting au thor error:;: in 1'01' proo!S. 

About regional (distributional) checklists 

lint il 2003, MrconxoN r ublisheclo nnotatcd regional checkl is ts of fungi, '"hich often served as 
fi rst fungal records from under-explored a reas. Now, web-based documents offer a searchable 

interface and pcnui t ra piJ intcgr-.t tivn of new in torn1alio n. 'lhus. MvcoTAXO:ol rKJ longer publishes 
regional cumplete fungal inven tories in the print journal, instead inviti ng authors to publi sh I · to 
4-page su mmaries of longer chec.klists [>Osted on the Interne t. Both URts to ch('(:klists posted on 
authors' own websites and downloadable PDF checklists arc posted on <WW\~·.mp.:otaxon.com/ 

weblists/>. 'lhere is a one-time 525 posting fee fur uploading a J•on'tl Jist ributional paper onto the 
MYCOTAXON WChlist pa~e. 

Summaries mus t ad here to the same L>li iturial re<luiremcnts as regu la r mu nuscripts. Both originJI 
checklists and summaries undergo peer ancl nomenclatural review before fina l submission to the 

Editor-in -Chief. Checklist authors arc $/ru11gly encouraged to c ite references used to identify the 
taxa in the ir resea rch ami must induJe the URL to their checklist in the abstr.tc t. Authors wishing 
to post on MvcoTAXO:o;o:(; wcl-opagc should conta ct the Businc.o:;s Ma nager <info@mycotaxnn.com>. 
who will upload their PDF checklist a ft er fi na l editorial approval. Aili'DFS, which may be updated 
for a SIO revision fee. n1ust d is!)lay original subn1ission and rc,•ision dates 0 11 the firs t page. 

2. MvcoTAXON submission procedure 
Authors are et}(Ouraged to download the more detailed instruction I' OF (contai ning full clone 
preparation instructions+ san1ple manuscript), and Reviewer Gu iddincs +Checklist, MYCOTAXON 
Word" shell , and suhmission for m doc ument files from the Instruc tions to Authors wchpagc on 

<www mycotaxon.com> before prepar ing a manuscript for MvcoTAXON. (All fi les will also be E· 
ma ik>d by the Editor-in-Chief on request.) 

Authors w ho wish to prepare their own press-quality PDFS usi ng a desk-top publishing applicatio n 
IIIU!it pre-fl ight their files through She ridan Press l>ciOre linal submission unJ l>c able to insert 
masthead and pa~e m1mhcrs exactly as req uested at prc,~s-timc. ·n mse intendi ng to submi t text fo r 

scanning and digital coJwcrsiOJl should fi rst contact the Ed itor-in-Chief for special insl'ruc l'ions. 

Please be awarl' that ed il'o rs open on ly E-mails that han• "i\hcoTAxoro:" fo llowed b)' author 
name and reference number or title word in the subjec t headers. Authors should add 

<cliitor@mycotaxon.cou l>, <llnor\'dl@pnw- ms.conl>, < Pcll ll)'COokS@L....mlcare R~earch .co.nz>. 
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and <in fo@mycotaxon> to their li.s t ofpcrmin e<l incomi ng addresseS. Authors who mail hard copy 
are rcrnindc.><l to package all materials secure!)', enclose address infoml<Hion within the packet, and 
to use stifl' boa rds, bubble wrap & plastic cases to protect artwork/COs. 

Peer Review (Step 1) 

Aullwrs send formaucd manuscript tc:ct & gmphics fi les with the MvcOTAXON instruction I'Df 

:.tnd reviewer gu idel ines to two experts for presubm ission peer re\•iew. English gra mmar, 
nomenclat ure, and author cit ations must be checked b)' at least one reviewer. 

Pcu n:vicw.:rs ( i ) return ed ited manuscripts to authors and (ii ) E-mail fonn.s & review summaries 
to authors & Mn;o-rAxos & litor-i n-Chil'f im rnetl iatclr aflcr the first review. 

Nomenclature & Presubmission Review (Step 2) 

Autlmr.~ send revised & fo rmaned nuls lcr lcxl clone (no graphics) ancl peer reviewer F.-mail 
add resses to the Nome11clntufl! &litor and (when appro priate) Frc-t~dr Languag~t &litor. 

'!he Nome11clmu rr: & Frr:nclr Umgrwge EJitors rl!lurn annot;HL'tl clones with a Jis t of nc~ded 
corrections to the authors, pcer-revil!wcrs, and EJ itor-in-Chicf. 

Ar jtl1or$ corr£>CI ma nuscript (consulting peer r£>viewl'rs whl'n necl'ssary). 

Final submi ssion (Step 3)-Authors E-mail or post the Editor-in-Chief 

M nm1.<0cript vnr./MSwmm preview fi le or print copy with fu ll)' fo rmouecl, lcgcnds, lable;o; & fool no te.~ 

\\•ith graphics either em bedded or placement indicated ; 
MMt~trf!r body h!x t do~~~~ (and tabiC'/lcgcnd clones when tablcsffigllres arc included); 
Graplrics as original hard copy or digi tal Jl'Ghwf£1'5 fil e. All images must set in grayscall' mode. 

Photo halftones must have a minimum of300 dpi resolution: hlack & white line art must have 
900- 1200 dpi resolut ion. (AU resolu tions are scaled for a 4.33" o r I I em print area width.) 
(Contact the Editor-i n-Chief to determine fct:S lor .scan ning hard-copy original art work aud 
convert ing cmlx."><lded mcgalilcs or MS\'Vonu pictures to rcquin .. '<l JJ•Cf'l'n'IEI'S formats); and 

MYCOTAXON s11bmission form and short CO\'Cr leUo.>r. 

Editoria l review and press-preparation (Step 4) 

'!'he Edit()f- i11 -0 1iej (i) acknowledges suhmission (usually within 2 weeks) and (ii) after editorial 
review either E-mails approval and requests author statement that clones are accurah' or 
returns marked clones to the author for revis ion. 

A 11 t/Jor.~ return revised fLies amVor a par.tgraph .s tating that aU text is error-free and that the Editor­
in-Chief may Adjust graphics, legends, a ncltahlc.~ as need ed clurin~t pres.~ prepanHinn. 

The Etlitor-in · Cir i~tfmerges all author files in In Design to prepare a press-quality PDF file. The PDP 
proof is sent to the authors fo r fi nal illSpL>t: lion before going to press. All f1.>cs .should be sent to 
the8usirze$$ Mmm~:er at th is ti me . 

3. Preparing text and text clones 

Authors mus1 prepare concise, well -forma tted, error-free copy that accu rately con\·e)'S the author :~ 

ideas wit h an econo my nf space. Art icles ma)' he wrincn in either Eny, lish o r French. Authors 
submitting copr in English should fo llow one uniform spelling and grammatical co1wention 
{An1cril.:an or Uritish ) th roughout the ma nuscript. 

Digital submission is encouraged. with MSWord• tcxl files and Adobe Photoshop• graphics 
fi les preferred. Sheridan Press , which prin ts MYCOTAXON, provides a Pl)f. booklet <hllp:l/w'"'"'· 
shericiAnpress.com/whitepapers.htm> 1hat expiAim; how to prc p.<~ rc illustrations for IUihlia ll inn. 
The Press also permits authors to subm it up to 3 digital TI F fil es to .,Digital Expert• <http:!/ 
dx..sheriJan.w ml> fo r free diagnosis of potl'ntial problems prior to submission. Authors \"ishing 
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to prcJ>arc their own press PDF tiles must contact the Editor-in-Chief for sp(:<.: ial instructions and 
pre- flight tht> ir PDr with Sheridan Press bifore. linal s ubmission. 

Hard-copy submission is still accepted. hut authors arc asked to ask the Editor-in-Chief for 
addit ional guidance before submission. MvcOTAXON now charges a SS per page/illustration 
scanning fee to digitize hard w py a11d is unable to scan artwork larger th an 23 x 31cm (9 x 12"). 

Clones: What are they and how are they used7 

MYCOTAXON asks authors to submit text clones for nomenclatural and fina l edi torial reviews. These 
'clones' contai n a ii !Urmallt.-d tex tlhat will appl'ar in the published paper, but no illustrat ions, which 
sho uld hesuhm inl.'d sepa rately. The four te:.:t done types arc rna.der ( fo r review & finnl suhrnis.sion) 
and bcHiy, legend, and table( for fi nal submission). Authors submitt ing prt'flighted PoJ:s appro\'ed by 

Sheridan Press for publication need not subm it clones. 

The master text clont' contai ns ONLY text (11o graphics) used during peer and noml!ndatural 

review where Mn:.:o·Mxo:-; masthead rnod ;.up. t <~bles. legends. loot notes. brea ks. and cmpt )' lines 
indica ting gruphics placement arc ullprcscnt. ·n1c body text clone is the ma~ilcr donc wit h masthcud, 
empty paragrc1ph li nc.s, t <~b lcs , footnotes, legends, and li ne, section & page breaks r<mov.:tl. The 

legend h?Xt clone contains a ll footno tes & h.•gl!nds with explanatory tex t for placi ng l!ach footno h? 
and illu~tration. 'Jhe table text done oontai ns all fu rmattel..l tille1·lable+l0utnote text. ('1\vu table 
tex t cklncs aresuhmined when tahlc..<; havcdi ffer inr, (i.e., l and~ape \ 'S. portrai t) orientat ions. ) Text 

clones must be correct! The complete manuscript is used o11ly as a placement gJ.Jide for tables and 
fig ures. 'I he clones a rc combi ned with illust ra tions to generate the fina l PDF press file. 

Pages 7-~ in the 'MYCOTAXON Instructions to Authors' PDI· {'"hich can be downloaded 
for free from www-mycota:um.com WL~ ite) explai n in detail how to prepare clones. 
Authors arc a lso cncourar,cd to write the 1!.tlitor-iii-CIIi4 (or addit ional assista nce if 

needed. 

Text must conform to the following specifications 

Print area s i'I.C is 11 x 17.5 <..Ti l (4.33 x 6.89"). The Mn:O'I'AXON Word shell has IX!Cil kmn..aucd 
for a US lencr (A3) paper size wi th 5.25 cmtop/botlom & 5.3 em side margi ns. It a lso contains n 

mock-up of the ll.hcarAXOf'i logo and header ror the fi rst page. Those using o ther word -processi ng 
applic:~tiou~ s hould tollow the :~bovc guir.lcl i nl.'~ . allowing 2.5 ern {I") fur the tit le page ma.sthe:t r.l 
o n the first page. 

Fonts & Paragraph fornmlling Authors nrc asked to usc two basic font rami lies: scrif TI,\I hS or 
Tl ;\1l;S NF.W ROMAN (TNR) - and $H ilS serif AR IA I. Or m ;J,\'F.TICA ( II F. l.V). Characte rS nOt displayed 

on keyboaJ'(Is (a,fl, 11· x) s hould be selected from the S\'~ I BOJ. S menu if not 8\'ailable in the regular 
fon ts. CouRIER is usL-d only when coJuparati ve w lumnar a rr:~ngcmcnt is essentia l (e.g., for DNi\ 
sequences). (All ot he r fonts require edi toria l perm ission.) Lines mu.~t be si ngle-spaced , and 
tex t formatted \.,. ith I 1/2 s1>aces bclwccn lines is not acceptable. A111 hors should usc pnmgmpf, 

fvmml menu o ptions rather than hit the retu rn key twice to se 1~ara te paragraphs o r stand-a lone 
.subheadings ur use the tab ke)' to inden t paragr<~vh first li nes by 0.5 em. 

Note: Slandard clements of an article arc the ti tle, author address informal ion, abstract, 

key \,·ords. main text. figure legends. acknowledgments. and refe rences. ·n1c Mw:oTAXON 
instruction I"D f. offers a properly forma lled sample ma nuscrip t and includes o ther 
helpful manuscript preparation suggestion s. 
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Required formats 

• Trtle - fflll/: A rial, 11-pt , Bold, sentence case (never upper or title); ParaJ:.raplt: no fu ll stop (dot) 

at the C1KI (un less endi ng with an abbre\·iation), no indent , center aligned. 
SJ'c:cial: Set Latin sdentifk names in bo ld itulic. Titles should not exceed th ree lines. Author 

citations arc not acceptable unless aut hun demonst rate why an authority is necessa ry to the title. 
Abbreviate genus names afte r t he firs t usc, but ot he rwise cwoid abbrC\~a t ions . Usc arabic (no t 
roman) numerals. £.vamp!~: 

Studies in Agarico/es 3: 

Phaeocof/yblo pho~ogoleroldet and P. riffUpet. 

new western North American SpKies 

• Author m1mes- Fo11t: Times, IO· pl , Roma n (regular), 'S:-. tA 1.1. CAPs '; Parag.rap/1: no indent , cente r 

aligned. 
Spaial: Given names and init ials a lways stand before su rnam~. Sepa rate authors wit h ..:onunas. 

but usc'&' before the last author's nume. 

• Addr~s lnform<~t lon Fottt: Times, 9·pt . hu lk; Para,grapl1: no indent, cen ter aligned, no pcriOlls 
at li ne ends; Placemcm: F.-mail acklrcss (required•) on top line; Inni tution/St ree t on middle line; 

City, Code, Country on botto m line. 

SJ,ecial: ·J un ior author E- mail aJd rcsses n.-commc1Hk·d , but optiona l. Oo no t end li nes with 
w mmus or periods (except for abbreviations). 

• Abstract- Hmt: T inu:s. 8-pt: se t ' t\bstr.u:t' and ''Ke)' words' in bold and prcct:de enH.lash and 

remaini ng Jlaragmphflist fo rmatted in regular or ita lic as needed. Paraxraph.~ I em right & le fl 
margins , no indent. fully justified. 

Abstracl: Abstrac ts bricOy su mmariU' the content & conclusions and list a ll new taxa (but no t 
autho rities unless diflt>rcntiating honl011)"1Hs). English abstracts are required: 1- 2 abstracts in other 

languages a rc permitted fo r longer artidcs. Abstracts shoukl not cxccl..'ll IS printed lines. 

Kq wurth : Up to fi ve key words or phrases arc permitted. L>o no t rcpcattc rnu already used in 
the tille or abstra..: t. Scpar.ile list itcrns wit h commas. Capita lii•.c only Jlroper uouns. 

• S ubh~adings : Primary (stand-a lon~l-Hmt: Aria! IO· pt. HoiJ/ llo ld llali..:: Pumgmpl1: no indent. 
center a ligned. Se<ond;~ry(sumd·<~lon~l Fnnt:Ti mcs IO·pt, Bold/ Bold Ita lic; Pamgmpi1:no indent, 
left a ligne<l . A rial IO·pl regular (roman) and Aria\ 9·pl. Bold/Bold Ita lic arr oplional seconda ry 

subhead ings. 
Taxonomk (sp«lai)- Funl: Tim~s: Si=.::d- Sty/1!: Latiuua tllc- IO·pt Hold Italic, Authorcita tio u-

9-pt regular: ' nom. nm•.' & ' Fig. 8'- 9-pt hold. PamJ!.mpiJ: hanging indent , left aligned; set right tab 

to II em and usc tab to justify Fig.* at r ight. 

• Basic text - l-'0111: T imes 9-pt: l'umgmplts: fully juslilied. Se\c(;t 6-pt gaps or 0.5 (; Ill fi rs t line 
indcms to scpa nue paragraphs ( 11ol both). 

Introduce )'Our subject bricOy b)' citing s ignifi cant background literat'ure. Provide necessary 

abbreviatio ns and other data in a brief Materials & Methods scc.tio n (8·pt fon t permitted here). 
Document your own observations co ncisely. stress ing new discove ries. Min imi;-.c co nfusion 
hctween generic epithets beginni ng \Yi th the same ini tia llellc r hy ahhrcviating one using the firs t 

two leiters of the generic name. Italics arc requ ired fo r Latin scientific names of taxa up through 
and incl udi ng order or rcscrwd for emphasis: conuuun Lat in abbrcvi.-tions (e.g., i.e., inter al .. etc.) 
and references arc not to be italicir.cd. List author citations mtQ! o nly: in the taxonomic heading 
where a new taxon is proposed or\\' herc fi rst mentioned in the text. Authors should list prc,iously 

misident ified taxa as 'misapplied' mJI 'sensu + aut hor + referen,e: 
Rl"lluircd rcfl'rcru:cs: Consult the currtnt JNTEH.:"'ATJONA l CO Oil or lJOTANICAl NOM llNClA'I'U!W 

<hlll):l/\\'h'\\',bgbm.fn-herli n.dcliapt /no mcnclaturcl ... > when dc.'icribing n~w taxa or pmposing 

new combinatio ns. Author ci tations must fo llow either the updated Kirk & Ans~U$ AUTHO RS OF 



106 

L'UN<;A.L :-<A M-ES: <.http://www.indcxfu ngorum.org/Namcs/Namcs.usp> or • ~·•-mtNATI O!o/AL I'LANT 

NA MES INDEX <http;//www.ipni.org/ipn i/<JLLCT)'_3UihOr. htmJ>. Consul! INDEX ILCREIAJUOR UM 

<htt p:f/www. nybg.orgll»ci/ihlsearchih.html> for herbarium/collection acronyms. 
Aut hors describing llC\V taxa musl cite rclcv~llll acron)'IIIS and rmmlx-rs to f:.Jcili ta lc rctric,•al b)' 

readers and deposit new namc.Mdata in M)'Co8ank <http://WVI\v.mycoOOnk.org>, type SJ>eci mcns 
in an ollk ial public herbarium. ex- type strains in a ,,ublic culture collecti on, and/or sequence data 
in Gcnllank <http://www.ncbi.nih .gov/Gcnba nklsubmit .htmJ >. 

• l etin diagnoses, nomenclators, and 'SP«imens examined'- f'On l: Times. 8-pt Paragmpl1: margi ns 
indcntci.J - lcm, fully justified with fi rst line !lush. ~JH:cifll: ll:d icir.c all Lati n text in tH<~gnoses but 
o nly Latin scient ific m:uncs in nomenclators & 'Specimens exam ined.' 

• Acknowledg~nts Fom: Times, 8· pl. Paragraph: no indent, left aligned , fully justified. Special: 
i\cknowlcdgc or thank J're· puhlio nion peer rev iewer~ here. 

• literature cited Font: Times, 8-pt; Pt1ragrapl1: Hanging indent, no li ne spaces bctwt>cn entries. 
Required : All references must be cited in the nla in text. foJJovJa consistent citiUionstyle throughout . 
:\"ever usc more than one space between ent·ries. Autlwr /Ulm.:s: substitute initials (no periods aft er 
initials) for given names. order surnames before initi il ls and Uo not scpanatc \\'it h ..:onun01s, ~cpardtC 
author entries on!)' hy commas and nc\'cr h}' "&"or "'ami': and lllace a J>Criod (dot) afte r the last 
author entry. StandardiZl' jo urnal abbreviations. 

E.mmjllt!/5 (consult also M YCOTAXON sa1nplc manuscript in Instructions PDF) : 

Kirk PM. CannCJn PF. [)avid f('.. S!alpcrs fA. 200 1. 1\in.\vmrth & P.i~)''.\ dictionary()( the rungJ. 
CAB lntcrn:ational, Sun~)· UK. 

Senior Ai\, Junior BB. 1997. Tnlc wnh U11i11 11an~e here. M\'COT ... xos 36: 25•1 1.72. 

Useful references: Sec liOTAN ICO ·I'UtiOU ICO· H UNTI A~UM ( llt• tt: Uwrcnce & al. 1968). 
TlOTAN ICO· PE"R IOOI<':O· IIU N"T IA :StJMISu PI' tr.Mr.:-."'TIIM (nPJI /S: Bridson 1991), TAxmm.,n c 

LITE RATURE, (TL: Staf\eu 8: Cowan 1976· 1988), and Sl.i PI' LI! :<ol E!\IS TO TAXON"O~UC LITBRATIJRE 

(TL2: Staileu & Mennenga 1992· 199S) for recommended abbre\-iations. 

Pay particular attention to the following 

Hn1crlinks- Vi.mble hyperlinks in all d one$. Clones with act ive hypcrlinks will be rcturnt.U to 
the au1hor fo r correct ion. Be aware I hat tex t imported from PDFs or \\'eb.s ilcs frequently reta ins 
lhc o riginal hyperli nks o r appl'ar in fore ign (u nrccognizable] fonts during lhc press con\'ersio n 
process, When in doubl. aut hors shou ld retype the text themsel\'es. 

llali cs & unUcrlincs Reserve italics ortl )' for La lin taxonomic names or emphasis. Names of :lU 
taxa from subspedfic to ordina l levcls m11st be italicized; using ilalics for higher-level names is at 
the authorS discretion. Do not italicize common 'La! in' abbreviations (e.g .. et al.. etc. , inter al.) or 
rciCrcncc ti tles. Ne,·er underline text intended for publicat ion. 

S)'mbols- Generatl' diacritica l marks and S)'lnbols (e.g .. a, i'l , Jl, x) by us ing special keystrokes (e.g., 
"optioram" for ~) o r b)' inserting from the 'symbols' menu. \\1hen possi ble, select symbols from the 
correspond ing text lout: in V\'ortl insert ·}J· \•ia the Insert > Symbol > Times pat hway. Some syml>o!s 
(e.g., ' x') exist only in the 'Symbol~'fnut. Author$ should list symbo l ~ inse rted from the Symhols 
(instead of the TimesfrNR menu) on the submission form. 

Punctuation- Place commas, perioUs. anti o ther punctuation in the same lont ~l)' le as the worJ 
d irectly preced ing them. For instance, commas stand in italics after words in italics, in bold after 
words in bold, and in bold italic after words in boftl italic. However, the dosing mark of paired 
marks such as parentheses. square brackets. quotation marks, single quotation marks. and long 
dashes exh ibits the sanJe fo nl s tylc<&s its companion open lllil tk, evcm when prcccUt'f.l I>)' a word in a 
different style. With the exception of t he sa nction ing colon (e.g., Fr.: Fr.), no Sllace sl"a nds between 
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a punctuation mark and the pn."'cding text. Likewise, no space stands bcth'ccn an initia lpaiR'tl 
mark (e.g., open parenthesis) aod the fi rst \\'Ord. ln computer-formatted manuscripts, o nly o ne 
space fol lows a full stop at the end of a .sentence. 

l hc l1yplum , cm-tlt~sb , aml•.m•-tl,u/• have dill"crcnt uses 'lltc l•yf'hetl scpar:ucs worJ clements and 
hrcaks at line end. Do not imroducc hyphen~ to long words in text dortc..; as they may appear in 

midline after PDP con\'crsion. The t!ll·dash (keyed on a 'Mac' using 'option·tdash') is longer, and 
Jocs not break at line end. Usc an en -d:~ sh with spaces for 'minus' in mathemat ical notation anti 
without spaces in range expressions: the en-dash in '8 10' keeps the '8' and '10' together on one 
line. The em-das/1 ('shi ft+opt ion+dash' on a Mac) is the longest a nd-gener.~ ll y-is resen•ed for 
emphatic clauses that are otherwise enclosed in J>arenthescs. Ko spaces are used. 

Spelling ami !,'Tam matical errors All co-aut hors should proofread text fo r spel li ng. typographic, 
and granunat i<:al errors; gra mmar and spell checkers am also be helpful. The t' ''O most common 
spelli ng errors are st"ill ( i) misspelling authors' own names & add resses(!) and (ii) spell ing names o f 
taxa one way in the text am.l anot her way in fig ure captions. 

Non-native F.nglish speakers mmt ask someone fluent in English o r Fre nch to proofread the 
pa1>er before 1!nd1 review (peer and nomenclat ural) a nd again before final submission. Additional 
attention should be gh •en to Latin d iagnoses. which should be brief. Diagnoses that list only the 
key charac ters scpamti ng a proposed new taxon from closely rclat<.'tl ones gencrall)' contotin fewer 
errors than more compl icated descri ptions. Saw: detBils for the red111ical descri pt ion. 

4. Preparing illustrations 

Color option: '!hose wishing t·o publish color illustrat ions should co rrespond \"ith 
Sherida n Press before tina! submission. Current press charges arc S175 per ,,:oJor page. 
lkl ll rus: MYCOTAXO!': wi.ll return original illustrations to authors \\'ho include a self­
add ressed cm·elopc that is stamfh'd or submitted with sufficient lnt.:nmtioual Postal 
Reply UllljJOIJS, with thei r final ~ubmission. 

Size & placement 

All art ides published in Mn.:oTAXON begin on an odd-numbc n .. -d (right-hand) page. lt is preferable 
to plat:e a fi gure on a r ight-hand page facing the tex t first referri ng tu th e illustration. Group figu res 
to facili t<lle species comparisons and keep page numbers to a minimum. Do not border or edge 
!)holographs and d rawings with a .li ne. Illust rations arc best forma tted at publication size. Plan to 
place figure legends bdow ligures (preferred ) or at the boltom of pages facing illustr.Hions. 

li ne drawings 

Authors mar submit origil1als, d igi tal images prepared from scanned origi nals, or high quality 
reduced photocopies o f origin al art\\'ork. Authors with access to compulcr sca nners and 
photographic soltware arc cnt:ouragcd to digit ize original d rdwings themselves. 

Digital files - Digital fi les that iiKorporate fonts or vecto r in formation sho uld be submitted as 
1200dpi T il' (in bitmap mode) or 900d pi EI'S fiJcs. Simple line dr.twings can be scanned using 
sofl wnrc such as Anonr. PnoTosHo P•, but more sophist icated il lustmtion soft wa re (e.g .. A non~; 
ILLUSTRATOR') should be used 10 convert phylot rees and other dra\"ings containi ng vector 
information to IWS fo rmat. lmage adjustmen ts - e.g., insertion of scales, numbers, and ar rows ­
should he handled in such app lianions. nemembcr that digital rigures should unt include legend~. 

which belong in the legend text d one. 

Hard copy- J\uthor!i who suhm il d ip.ital text with h11rd copy arl\mrk may include photocopies 
within a rnanuscript prin tout to ind icate fi gu re placement; howe\'cr. they should also submit li ne 
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drawings separatclr without lcgem.ls. Authors who submit cxdusivcly hard copy materials should 
position line drawings onto exist ing text pages wi111 caprions printed di n>c. tly below or to the side 
o f each drawing. With care, aut hors generally sca le down oversized d rawi ngs using the reduction 

feature on photocopiers without decreasing image quality and assemble an attra~.: t iw l y arrangetl 
plate from the cut & paste illustrut ions and captions. 

Photographic 'halftones' 

MYCOTAXON prints only graysca le ("black & white,.) photographs, bu t authors who submit film· 
based (no t digital) pri nts may submit color photos for com·ersion to grayscale if ne<:cssary. Both 

grJ)'s..:alc ami color p hotogr..~phs ha\'C a "cont inuous tone" requiring transformation into a separate 
lullftone ima,s:e. ~fore they ca n ~ printed for publication. (A halftone imaf(e consists of many 
variously sized and spaced doiS, which arc easily .seen using a hand lens.) . 

Digitalgrayscal~ halfton~s-Photograph ic software such as ADOBE JluoTOSHoP• allows preparation 
of compressed lPG fi les (useful fo r peer rc,•icw) and TI F fi.lcs (non-compressed files used in journal 
publ ications). Tn or ll'G halrtone.s must be st:t in gmyKalc mode with a minimum resolution of 
300-600dpi (dots per inch) ma tching the rargct width, gcncrn ll y 4.33~ (I I em). Authors who gmup 
photographs into plates should ensure that the contrast among individua l photographs is not too 

grci:lt; itKiiviJ ui:il phutugrdphs within plates u1ay be set flush or scpilratctl b)' :t 1-2 mrn whill: or bhu,:k 
bantl. Authors who prepare their own t•vt:.s for printing may insert both line and photogr.tphic art 
using publishi ng soft\va re (e.g. INDESIGN•). 

N~gatlv~-bas~d photographs- To prepa re negttti\'e· hAscd photo~ra ph ic plillc.s, cror individual 
photographs so that edges touch and the plate is exactly 4.33" ( II em) page wide. Mount 
photographs on separate sheets of heavy '"hite paper or matte board. Appl)' annotations (arrows, 
numbers. scales, etc.) and band st rips after the photogn•phs are positioned and be certain to allow 
space arou nd the photograph for ed itorial ma rkings. NOTE: Authors must not submit halftone 
prints prepared from digital files as hard copy intended for publication; they should submit instead 
IW"Y.SCtle 'omp utcr files formath..'tl as describL-d above. 

Labeling 

Title all graph ic files (lPG, TIF, EPS) with the first au thor's name and fig 'm~ number (e.g., name_fig11. 
tij). Label all o rigi nal artwork hard copy with the first author's name and figu re nu mber on the 
rc\•cr.sc siJc. 

Fi nal note about digital images 

The Ed itor-in-Chief is able to convert a good ma ny different file fo rmats quickly to TIF or EI'S 
files in AD08E PIIOTOSII Of>•. 1l1ere10 re, there are 00 fees fo r converting I' IIOTOSIIOP, DMP, lPG, 
I'CX., I'IC.T, I'I XA M. , I'Nli. SCI"I'EX C J', or TA M.GA files, pro\•id1..-d thC)' open in l'!iOTOS/lOI' in proper 
grarsca le/bitmap mode and wi th 1he required resolution. A SS fcc is charged fn r process ing each 
1\<ISWoRoembedded mega - or picture file through ILLUSTRA-TOR• before press . 

'fhe Editor-in -Chief cannot im prove the quality of a bad image. Authors shou ld submit as dear and 
dean an image as possible but must ren1embcr that, in sciCJlCe, reality suvcrSt.>des beauty. Do not 
'ovcr-photoshop' or utlu~nv isc Jistort intagcs. 

Aut hors who do usc artwork to enhance certain features within a photogra ph must explain what 
has been added in the acctmlJ>anying figure legend. 
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5. Peer review 

Nh'coTAXON is unusual among scient ific journals in that authors are expected to obtain thrir own 

peer reviC\YS b.:fore submission by COJltacl'ing two scient ists it1 their fi eld but outside the senior 
authorS home institution. When authors are uncertain whom to approach fo r manusaipt review, 
they may send the ir ti tle. and :lhstract.co to the Editor-in-Chief for the na mes ofSII itahlc reviewers. 

Ahho ugh both MYCOTAXO:\' Nome nclature Edito r and J;d ito r-in -Chicf wiU review each manuscript 
and may w licit o utside re\·iews when neccu ary. English grdmlnar. nomenclatu re. and author 
citations must have fi rst bee-n thoroughly chcckt'<l by at least one of the two peers. Aut hors whose 
fi rst language is not English arc urged to contact a nat i\'e E.nglish-speaking expert to se rve as one 
pcer-rcviC\\'er. 

"fhe correspo nding autho r sends each reviewer the Rcvie\,'C r Guidelines&. Checklist document fi le 
with o ne oft he followi ng: a master text done with individual JPG files. a MSWOII. O manuscript wi th 
embedded figures. or a printed manuscript wit h pho tocopk-d figures. {Guidelines ami checkl ist 
can be downloaded from <hnp/1:\\·ww. mycotaxon.corn> or E· mai lcd by the Editor-in-ChicO. 
After review, each expert returns annotated text to the corresponding author and sends the formal 
checklist and brief comments to the correspondi ng author and the Edi tor· in- Chiel. 

Authors sho uld revise manuscripts following revic"'CT suggestions and must explain during final 
submission which recommendations were not fo llowed and why. They may also ask cxperlS for 
additiona l y.uidancc d uring the post· nomcnchuural re\iew rc\ision and mny add re\iewe rs who 
make major improvements as co-autho rs. The Edi tor-in -Chief acknowledges all 1>ecr reviewers 
in tlu: d osi ng pagL-s of each \'Oiu me, but authors should also thank P'-'t:f reviewers in their ow n 
ackno"•lcdgcments. 

6. Nomenclatural and French Language Review 

After peer review. all authors rnust E· mail their master tex t clone file to the MYCOTAXOJ\" 

Nomellclfll url! Editor, who rc,icws text for adherence to the lntemational Code of Botanical 
~on•cnclatu re and standard i1.ation of author d tat ions. Manu scripts written in French shoukl be 
sent to the Fnmclt Ltmguagc &litorat the same time. 'Oit:Sc edi tors determi ne whether a manuscript 
is ready fo r final suhrni5.~ ion and return annorated clone~ wi th a list of needed corrections to 1he 
authors, pccr· rc, iewers. and Editor-in-Chief. Graph ics fi les are to be sent o nly b)' editorial request. 
lk certain tu write 'Mn:O'I'AXON review: [Scuior aut hor surname} [genus/order namc ] [rJatc]" in 
F.· muil subject headers. 

7. MvcoTAXON final submission 

Final submission materials should be sent to the Ed itor-in· Chicf. Materia ls may be 1~- rnailcd 

o r sc m by registered airmail (sig11alure requirt!d). (Ask perm ission beFore E·mailing messages 
& attachments exceedi ng 10 mgb.) Authors who intend to submit print· rcady ma nuscripts for 
S'-<t nni ngsho ult.l contact the Ed itor-i n·Chicfbc!Orc prcp-.ri ••g their li nal submission. ' I he following 
items must he received before fi nal manuscript review is begu n hy the F.d itor-in -Chief: 

Two c.~ JJCtl JM."Cr reviews /.~111 by rcvie11~r$ tn tl1e l?ditnr in Cllief/ 

Presnbmission reviews from the Nomenclature Editor (& J:rench Language Edito r, when the 
submission is in French)- {st:lll by &UtuH to &litvr-w -Cilit:J/ 

Man uscriJH Text (a j One PI)F/documcntlilc OR a manuscrip111rink'd hi .sho\v appmximatc 
fi gt• rc placcmcnl. Print hard copy on o n I}' one side; pag~ mar be stapled and ha\'e autho r 
+ page number headers u11ft$$ intended for scanning. fbi Master text d one and body, 
legend, & text d011e ducuml!ntli lcs as nccdL'tl. (Consu lt 'Tc.'\1 & text d ones' abm•c and the 
posted MYc:OTAXON author instruction PnF fo r more informntion.) 
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Illustrations Digital: E-mail '1'111 or 3J•S riles {preferred) or airmail vn COs. Other gr.1phic 
formats arc also accepted, but fees are accessed for rime-consuming fi le conversions. Hard 
ropy: See in~t ruct ions above. There is a $5 per page or figure to be scanned. 

Brief W\'cr letter a«ompan it.-d by MYCOT.\XO!'i sutJmission IOrm-'l hc subm ission form (Oj ll 
be downloaded from the Mycotuxon wcbitc.} 

Consult the Author's Chc~kli st below before sendi ng the fi na l submission. Remember 
to prepare back-ups to safeguard against loss Qr damage to files in transit . 

8. Author Che<klist 

All aut hors arc responsible for providing error-free, properly forma tted text and will 
benefit br downloading the MvcOTAXO~ Word shell and the expanded Instructions 
for Authors I'OF Iiles from <htt j)//:ww·,.; .. mycotaxon .. com/i nstructions .. htm l > .. 'I hose 
..s ubmi n ing press-POl'S and photo-l'ead y hard ~opy are also both cle:sigttt:r and priute:r 
of their paper ami ad·mowlcdgc that the Edi tor cu nno t change submilli.>tl tcxt.. Authors 
\Yhu du not uuUerstund instrm:: tiuns arc urged to usk their peer reviewers or the Ed itur ­
in-Chieffor help! 

• Text format (very important) 

Fonts and panlgraphs all confor m to i\1h'COTAXON requi rements (sec above) .. 

The backs of ca mera-ready manuscript pages arc numbered and lahelcd with a soft penci l.. 

' l h ~t bucly dum: fi le contuius nu en1pty puragr-.tph li nes. initia l tab sett ings. line breaks (1uain 
title excepted), or graphics files .. All footnotcs .. lcS(cnds .. and tables arc removed .. 

Tiu: /cge11,1 done fi le con ta ins onl)' foomo tcs & fi gure legends, c-Jch accompan ietl b)' 
instrucl'ions not ing o n which page to place t he item in the final manuscript .. 

All tables arc p lac~...'tl in one tuble d ot1c.. If both 'hmdscapc' and 'JlOrtrait ' tables a rc present, 

they may be placed in two clones according to orienta tion .. 

The title is in A r ial l l · pt hold (La tin names in bnlcl italic..~) . sentence-case, and doc.~ not end 
in a full stop (abbreviations excepted) .. Taxono mic authorities are no t included .. 

Manuscript author n am es arc centered & in Time..~. 10-pt roman (regu lar) , 'SM,\1..1. CA Ps: 

AddrC$SCS arc cen tcrl...'<i. in T imes .. 9-pt italic, with E-m ails at tOJ) with hypcrlinks disabled , 
instiluti onal information in the middle, and Street -> Coun tr)' infonn ation at bouom .. 

The Abstrnct and Ke)'\\"Ords a re centered with margins indented by 1-cm and in Times. 8-pt 
font.. ' Abst ract' and ·Kcr words' arc in bold and ot her text is in regula r except fo r ita licized 

Lntiu /Wme:s .. 1l1c key words list contains only fi\"c terms separated br commas. does no t 

repeat words in tit ll' o r abstracl. and does not end with a fu ll stop .. 

ALL text is singlc-spaQ!tl .. Lc-Jtling is 10-pt fo r paragrdphs contai ning M- pt fon t.. 

l.atin scienti fi c names for aU taxa from subspecies through order a rc ilnlici::e:(f .. 

Author ci tat ions conform to ll'./SJ or Kirk & Ansell, occur only o nce for each taxon, and have 

been checked br the Nomenclature Editor and at least o ne peer reviewer .. 

No commas st·and between author names and (first) date$ in text references .. 

Lit('ratu re cited references follow a consistent order, confOrm tO MYCOTAXO:-< guidelines, 
ha\'l' hanging indents , and are in 8-pt Timcn"NR .. 

• Illustration s 

Graphi cs are S II x 17 .. 5c..m or authors have editorial permission to send oversized plates .. 

PhotogrJtJits or co mposite pl;llcs fill the ent ire width of t he page (except where text o r legend 
takes J>a n of the width) 

nigilnl halftones arc in TIF fo rmat, graysca le mode, and 300-600 d pi pe r •1..33" width .. 
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figures submiucU fo r scanning arc mounted separJtcly from the text un heavy stock ami are 
clea rly tllltnber('d & labeled with auth or name & brief title on the reverse side. 

LcgcnJs arc separate from artwork. ' fllC )' do not con i<~ in taxonomic aut hor citations. 
'!he w rrcspomling au lhCJr has Jatcd backup copic$ of all materials submitt l'<i. 

·Final submission items 
Peer r.:view c:hec:klists & comments have been sent by two expert reviewers to MYCOTAxo:-:. 
Master t~\· t clone has been re\riewed br the Nomenclature Editor. 
Master t~\' l dnt11~ wri ncn in French hns hccn reviewed hy the French Language Editor. 
f inal master te.~:t mul body clones (with legeJUI & table clones as net.>ded) 

lltustratimi.S Jigi tal fi!l!S of proper resolution or h:ud cop)' 

PDF I MSVv'ord fil e o r printed mauuscript showing figure placement 

Brief cO\'Cr letter and completed MYCOTAXOs .submission form 

9. MrcorAXoN corrections policy 

MvcoTAXON has always cxpL'Ctcd aut hors to submit manuscri pts that arc l.rte of errors ami rc<~d}' 
to publish when they arri\·c on the editorial desk. All coauthors arc assurn ... '<l to have vicwt.-d and 
approved text prior 1os ••bmission. lmmcdicttelyaf1 cr fi nal ed itorial approval, all must agai n double· 
check all fil es to retum error· free clones t'O the Ed ito r· in ·Chieffor processing. 

The Editor· in·Chicf processes clone and graphio files using AoosE INDESIGN•. Text may shift 
during this process, but In Design gt>nerally dislribu tcs text cw uly <1 1ld d isplays few unsighUy gaps 
in justified li nes. Authors f'\'ccive a prc·publication 1'1>1' for final approval and so will have a chance 
to correct errors inl'roduccd by t'DF con\'ersion. 

Correction of aut hor errors after PDF conversion is cost ly and timc·consuming: Mvc OTAXOl' now 
charges a minimum ofS IO per error 10 correct mistakes present in approved clones and S60 per 
error to correct m istakes d iscovered after the Iiles ha,•e been sent to press. 'I here is no charge for 
c()rrct.: tion of author errors when authors send corrected clones to the Editor-in-Chief before the 
PDF·con\'ersion process is begun . 

MYCOTAXON corrects errors result ing from computer or editoria l error free of charge. [Errors 
present in approved clones arc considered author and 110t CQnvcrsion errors.] M YCOTAXOl'>' also 
lists. free of charge. corrections of all published errors in the Errata . 

10. Ordering reprints or downloadable PDFs 

MYC:OTAXON semis all authors a print-quality PDF file before publication and nne copy of the 
printed article 10 the corresponding au thor immediately after publica tion; a local printer can make 
high quality reprints from either PO!= or print. A PDF explaining how to order 100+ repr ints or 
arrang~ lor Slu:ridan Press to host the aut ho rS l'l.ll' liJc on its websi te can be downloaded from 
<hn p:f/\o;w\v. mycotaxon.corn/aut hors/ rcprints.html>. 

Still have questions? 

Contact the P.ditnr in Cilicf at cditor@fo.·1yco1axon.com 
on 

00\vn load the ' MYCOTAXOS Instructions' to Aut hors PDf and 
check the FAQ on our websi te at 
<ht tp: //www.m)'COtaxo n.com> 
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RECENT BOOKS FROM MYCOTAXON 
Price.\ include .surfa.:e mai l "hipment (/ornuJ~ IN)llb $« www.mycnh•xnn.cnm(bonk.~.html} 

Mycot'<lxon, Lid ., P. 0. Box 264, llhaca, NY 1485 1·026-1 , U.S.A. 

Fungi of China, by S. C. Teng. 
M}\:otUJ>n, Ltd.IQ96.1 1atdbou.nd,ICh'.,.:;s(i rr.,4l6 iiiU!ol•ationl',n>.lf',J'Oitr.ait,in;k.,8-V.b: ll lno:hott.$i<I.OO. 

Air null prl« •-arl,~ l>y '(IWlry. \'nqlllk .ISBS 0-9JOS.I5-0S-6. 
Ediltd by Ri<:harJ P: Koo1, " 'ith 11 fool'WI»d l')' T"-''IC~ .LIIIghl<'r, Ro!.alin~ Z. Dtng. 

l'o()Cit<'d$ 1tonl,!.;lle:<SO'IOih"-T<'ngt.1.mil)·. 

Special for Mycota.wm subscriber,;: ded uct S20 from regul ar pri<:c! 
\VIwl ttl'kK't>NSU)'tWoul Teng$Pungi CJfO!inu; 

~ .. . OII:u!thom<:ri l v!llulblcb..obonthefwl&iu!Chiuacvcl published iur:.n,;lisiLM - MyNiugia 9(): 1091 -1092.1998. 
- .•. a 3f~l big hlnc nnc.:.nproo1i~ing t.r·icl:: <lf 3 hook ,,. :in iMtanl c:bu.ic . Anyone iliiCIY;!I~ in idr:onific:a1inn of fn nti. 

pa:tia.il:uty in Mia. shoold ;:.: t this book imn,."4i3.t:ly. ;\~ol~y 0\\'CJ :anothc:c ckb4 10 Dkk Korf for ltis ~)mpalhetk 
:an(lkuelUgtotcdltln:goflhis suJ).Jrb WOI' k .~ B!bllograplryofSysumbllc Myct>IOJ;)' 10(6): ;d~·iii·xllx. 199S. 

''The book Is 1~~:<111 r.x :any leseardlcrlnw::resw::tl h11he s~w::n~tk l<hlklmhlps. dl\'tiS.lty. :tnd dlsuibuUon oft\tnJI,I oo a 
&1~1 !i~lo:.~ • .Vrw Zwlmwl l<Jimll•l of &it"'Y 3S: 26S-266. 19n. 

Fungi of Northwc.~ tcrn China, ed ited by Wen-Ying Zhuang. 
M)~OOU.on.Lid. 2005. 1-brdbound.'IJOpp.. 26X 18.5cm. USS40.00p1us postDgt'.ISBNO 930815 1-t 5. 

( Pit~ «ofvtdlrrtr from Wen Yin& Zhllmi, PO Bo:w; !il'l, Beljl"i 100050. Chin :a; ~\l:ll'lf;W)'Cifiun.lm.o.c.C11). 

Somc'3887namcdsr«icslx:loiii!:IIIS io759gcnuaof fungi(511mtmc1ds.p!umodiophoromyteC1a.chyuid.oomya:lcs.rysomyccla, 
lkhms. nora lidlcnitcd 3S<Omyc.:ta~. \lll.lniOifhi' funtp. IU.U$. l'nllll~ <111d I he b.l:lid.iom)''doas m:KrofLlllgi) hithcrlo known ftom 
Gamu, N'lns'lb. Qlngtu.l, Sh:l3rull :md Xllljl.ans. ChilD :uc U!iltd. Us:tf'W ltf1."n'1Xe5, det.lllt'd 1ropk:l1 dlm'lbutlon, and hosts or 
$llb:.l•'41~ "'"I'IUVlo.ltd f01·no:h • r..,cin;. Co11<trlb.1i,~ uullwo; Shu.u~!j·Uu Cheu,lln Guo, SILw · Yu G1.10. Ylny· l.au G<t ~J. Sl•u·Xi.w 
Sun, Shu-Xi.1 \\'C'I, I Iu., .Au W~n. Xi.oo-Qing 7.1l:ong.fo.tn· Yun Zhu~ng. ~nd W<'lo ·Yinfl 7.hu.mg. 

Higher f ungi of Tropica l Chin a, edited by Wen· Ying Zhuang. 
M)~OI~'IOn, IJd. 20Cl i .Clo1h bnund, ·IA!'trf\· 26 • 1 8.~cm. US$50.00 f'l u.'f""''~S<'· ISON 0-4~5· 1 3·1. 

l l'k;m: «drrJirrcf from Wen·Ying ZhWIJIS. l'O Hox Z714, Hdjill$ tOOO!IO, China:; ~Wlf'I¥W)'Qsun.im.ac.C11). 
S.:.n~e50"..o6 o~med~t..-ciei; bdoo'l!ing to t l<n go.-u~r:oorto~o~r fungi hith~otok....,..·n rrom U~•ic::o i OU na ar ~ li>ted. ~fulr..f~ o ..-nces. 
dfi.Vkd rroricll dmrihu.toon. ...,d ho111 Of sul»tr.1tc' arr rrorlded tor c.1eh 'J!Cda. Ccnlribuli•:g aut!"'~ lin (:OU, Sh011· Yu (ioo, 
Yi'1!·Lan G110. XiAo·lan ~lao., Shu·Xrao ~. Shu-Xia Wfi.. l·lua ·An Wen. Zhi· Hc Yu. Xi.»-Qing Zhang. Jiln· Yun Zhuan& nnd 
\\'en Ylns:Zhuang. 

A MonoHrH. ph of the l'un~;us Genus Ccm:ospuru, by Charles Chupp 
Publkht'db)·theawhot, hh.aa. 1953. Hardbound,667 pp. 2221Uwtr.llkii11 1 0CLI\U, S2S.OO. Alrm:all, $45..00 

P,O)(tt·Jj fro." wl""f.."J I<J /lo~ Clrui'J> Ju.,liy. 
Si:111" tbuk .If! to a lull 'tlllu•')~ 

Mycolaxon Cumulali\'C Index fo r Volum es XU-LX (199 1· 1996) 
Karen D. Gcttelman, Richard P. Ko rf, Sus:m C. Gruff & l:m F. Korf 
~lyrot:lllCin.ll:d. 1998. Softboond, 296 PP~ 6x9\ru:i:IK. $35.00. AbnuU, SS5.00. 1SBN 0.930845-07·2. 

Mrcota.'ton C umulative Index (o r Volumes XXI ~Xl (19&1~ 1 99 1 ) 
Richard P. Korf & StWn C, C.rutT 
M)'COI:IWin. Ltd. 199 1. Soflbound. J52pp~tdJ inches.UO.OO.Airnuii, SSO.OO.ISHND-930MS-Dt-J. 

Mycotax1m C:umulali \'e Index fur Volumes I-XX (1971-1981) 
Rkhard P. Ko rf & Susan C . Gruff 
~I)"Wiuon. IJd 1984.Sofibou•KI. 232 rp~lirl 11Xhco~S I 7.50. Airrn,oil,$3i.50. 

ISUN0·93DMS.00·5. 

FuNt;AL DIVJ!K~ITY RESI!AK<: tt S~;K I ~ (published in Hong Kong): M~-.:o1uon. l.tr.l. now ships rapidly from 

Lh~: U.S. to Nor th Am~:rican custom~:rs. All pri~:o:~~ ar~: f~Cnlfl:litL Tit!~ indud ~:: Mar ine Mp:olog)'-A Pro~cliaal 
Appro llch, Kevin 0 Hyde & Stephen B. Poinl ing (e<b.), 100, 10CXJ. Generill n f Asrom p::etes from r'lllms, hy 

Ke,<in D. Hyde. Joonne f... Taylor& Ja ne Frohlich, SI OO, 2000. Palm Microfungi,by jane Fr(.i lich & Kevin D. Hyde. 
$100,2000. A World Monograph Of J\ n/lws/Qmt.,ftlll, by Binsheng Lu S: Kc,·in D. H)-dt!, SJ OO, 2000. Chcckl isl of 
Hung Ko ng Fu ngi, by B.S. Lu, K.D. Hyde, \\'.H. Ho, H.M. Tsui, M.K.M. Wong.. \'ann;,. 8: D.Q. Zhou, $20, 2000. 

llio·F.x-ploil:llinn of f il:i mcntnu .. Fungi,Stephen B. l"oin11ng& Kevin D. Hrde(ed~).SH){), 20CII . Fungi in Marine 
F.mironmenls, Kevin D. Hyde (ed.). SSO. 2002. Smut fungi from New 7.calund- Fungi of l'\ew Zcalond \'ol umc 
2. b)' K:i1min Vin ky & Eric H.C. Mc Kt•n..: ie, S50, 2002. 'llae G en us M)'l:'<:rm in Soulh · Eastern AustraU:., by C hef}' I 

A. Grgurinuvic, SSO, 2002. Frcshwvlcr Mrculosr. by C.K.M. Tsui & K.D. HrJe,SSO, 2003. Mp:omycclcs u f Nt.•w 
Zeala nd - Fungi n f New z~a land m lume 3, br Stephen 1.. Stephenson, SSU, 21XB. Microfungi o f Tropical and 

Tcmpcra 1c P11 l m~. by Jo:mnc E. Tarlor & Kevin D. Hyde, S."", 2()0;\. ltc\•isinn of the gcnoli 1\ mplli.spluu:rifl, by 

Y.Z. Wang, Andre Aplruul & Kevin D. Hyde, $60, 2001.. For Je1a.ils see lhc Hung Ko ng Uni•·ersil)' website: 
www.hku .hk/c(ologr/mrculug)'IFDRS/in~cx.Jum 
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