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RESUME : Une ¢valuation entique du statut nomenclatural et. dans certains cas, eg. lement du statut
laxonomig.c. 4 ele entrepr.se pour les champignons thermophiles decrits a ce jour La distuwtion
cntre elemients termephiles et thermotolerants se base sur les defimtions claborees par Cooney &
Emerson A total pres de quarante especes ¢t vanieles s aserent aptes a real ser wn developpement
optimdl « des temperatures elevees. Des recherches taxonomiques complementa.res sont toutefo.s
newessaires pour resoudre les problemes residuels la resullante serait une legere reduction de leffect f
du groupe

Une croissance optimale 4 des miveaux thermiques situes au-deld du sewl maximal des
cspeces mesophiles indimidualine quelques Mucorales, Durotiales et Sphaeriales, un nombre [mite
J"Hyphomycetes et un seul Agonomyeele Aucun Coeomycete maucun Bas.l.omyoete n exprime
vette particalante ceologique Les Mucora o recensees sont wes ¢ cments o genre Rh-ome et de
Lent te genengue non salude Thermwnaw or Ric-omu o presillies fespece-typery et RL woreher sont des
Wxos vahdes | R puk stanecss seorevele un synonvme o teneur de lespece-type La valaite
taxonomuque des Rhuzomucor tauricus et Rt nawtalensis reste & confirmer

Parmitles vingt ascomycetes repertor.es, Cartartonn ce s thernn phde el Codefomimn iesop. -
tanticurm sont des taxons bien défims, Cect n'est pas le cas des Chaetomiwm britannicum et
Ca virgncion, a statut Laxonomigue encore iImpreets . 1l en est de meme pour leurs liens respectafs
avee Chaerantion thermoplhan el ses deux vanietes Dacty o ainees termopandus est retenu comme
seul element du genre Do A fonn e, celun ein est plus considere comme congener.gae de Lhermoas

tiy, PULT C¢ dermheT, sew.e I'espece-1y pe et une varete sont admises Le nodveaw genre Coonermersa est
propose pour rassembar les autres especes des deny entites prececentes O whek dd crasfetoeu
U Ducelonn o crnduced) sl sdectionne comme espece Bype . C weenp dowe { Thermousan
aegiptiivet O verrtcosa t Th crusteceus var werricostis el - T Leftanaaisd y sont ega ement
tattaches Ces trons genres ont comme part.atlarite commune, les caracteres de leurs eleomorphes.
Cependant, Dacnfonn ey resele une forme imparfaite du genre Pohpaecies Comtentera des
structures conidhogenes de type Pecctfone ces alorsqueles Dermieaan ne produsent d anamorphes
a conidies en chaines.

Cory s tis Peterotitlicns et C therniopl digs sont des ascomyeetes a peritheces clos ayant
chacun une torme imparlaite datncte, respecivemeat Miceliophthora therin plota et M forgrant en
Taison Jda caractere neterothallique des teleomarphes. s anamorphes pewvent étre 1soles separement
2ors des recherches portant. par exemple sur des materieux subissant un processus d'auto-
echauffement  Metan carpus ahom, cos developpe une forme comdienne arthrosporée dont est
depoursa M thermeph fut = Theelecsa munaa var therminph 1) Les trors Ted.ropn ces thermophiles
sont associes a des anamorphes de (ype Puecifone ces (T bossudd b vd videsy ou Penn ulttant
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F'oovarvar et 1 tnermophthes Le penre Thickn w rever cgalement trors thermopa,les
Te roravirts espece Bepe est un wseomyectc cosmapahite dont la torme imparfaite Ao rena i um
alupunione se tencontre sonvent en 1 absence Ju teleomarphe T aatralas s pour lequel pey
d" nformat,ons sont d ~pon bles ot le recent 74 powiingty dont cerlains caradteres suggerent son
dppartenance au penre Chaeformidum

Le gro.pe ces by phomycetes rassemble treize evpeces Cependant, doromin 1w b s
et denx M oot proorord sont des ANamoTpIEs J dseomyeetas plus ou mons heterothalhiques | s
pewent par cofsegeent se developper sans les formes parfu,tes correspondantes M chopieh rg

s ese revele un wynomome de Vo rmoplily Les Laxens mucedanes reslants sont A romi g
thermy phr o seal autre e ement thermoptule du genre Aveeat o hise ra o slea o lorme parfuty
CNeore Meonnue b Viabranfic s con won canca wingue tnermoaphile du genre Vaft randchen dont Lo
mesophies sontassoc.es ¢ des formes parfa tos connues e pevmate sp o ra fhreegera s imdividue -
lise pur ses closens myceliennes pourvues de bowles el q presence J'une forme comdienne de type
aleunosporee

Les hyphomycetes dematies relevent des genres Huae ol Sotdlo Lo et Ternuam o
Cedermerserevele ctre une entite gener w2 asses homoger s etson espece type reprosente e premigy
thermophue avere Hoamy, oly g Vol todica U H Lilen o saovar o e dang sont Proposes oo e
snontmes ddditonneds @ Lespece tipe Le genre comporte cpalement Thorm vy ibadnon,
Th, stellatus et le mesophule Th verrucosus

Le statut taxonomique de o o b Inadiet crm ek se dond d Stre reconsiderer, en meme
temps Juedes Huron st gereanar mcrmatded et H on o, recemment Places en synonymies ave.
S Viatrdrant frorn pufton, base sur Terufa praping Ces dedx Fuane sa sont retenos dans

anmediat dans le complese Souralninr dic ronephtl s dans |attente J uwee redefinuton ges statuts
LI wos Tespectiis Sovtad o i the v apiedung s ecairte du coneept genernique de S fudd ton
fonde sur lespece 1xpe § i, o€ Qo it ot Pas e Cas poar Somwf micsscw, Soy tan b allahaba-
s sl it correspondre au S e priopdthant cons Late Naenitee i mgrow onovar se eion s getrd
estunsynomme wtenear de A grnea var thorm ade o alors que H fiocoana var nogre est ientique
au M involens

Deax tavons rexelent wn statutineertan e r thes aoehy . st R momnic o pestbies )
et Sedocdl i crm phuta en quete d Lo genre Poevapprapte I adtre part Jdavers axons se sont 4w
alkrthaer desep thetes speciliques poasant condwire a confus.omn 4u regard des aptitudes thetmoph
les respectives, Les cas los plus wInpees comermentdes champ gnons denommes theoran ghidin ou ge
Wy Veflanites b guisont fom de representer des thermophiles sur la hase des dehmuions etubhes
Exemples | ascomveete fe e tomvant thiera il fun svnonyme uler curee 4 e rosporin e
espece thermoto eranter, les hyphomvietes Ol aresporicloe theemopd da. O o fa the Fotepdula et
Lalir on o crmaphvls e slotat tvonomique des deux dermiers reste a considerers, I oomyoete
Legonndion the rmoplidum 1: pvpomveete Mucer therm Plues et enfin la levare Fnd Blatonn o
dern prs a sl Layonom g, ¢ non va. Jde Moanompiali the eoplada et un basidionmyeete
smplement observe dans une loca te chawde et humide, des cas s m res ont ete cgalement
recenses

Le bindme Sporotre i idophihon st un exemple d 1 e source differente de confuaston
Ce tavon ne possede de sttt tase NaMiylie waboung sorte [l est cependant freqaemment signale
comme thermoplile Jdans la Itercture portant sur .ev etudes ensymiques des chempignons,
Ces hnomes tantomes sont relatament frequents dans ce type de pubiications Cette pratique
prejudiciable devrait &tre définitivement abandonés

ABSTRACT A critical reappra ~a of nomendlutord, slalus and i some cases also of taxenomic
OIS Was wiidertanen for known thermoph.ic fung Distineuon between thermophilic and thermo-
to.erants follows debin.tons elaborated by Cooney & Emerson Altogether less than forty species and
vatieties are ahle to achieve hest deve.opment at high temperatures. Further taxonom.. work is
however needed 10 solve residual problems, Tne outcome w..] be 4 slight reductien of the group.
Opumam growth at lemperdtures above the man mum threshold of mesophiles characterise
tew Mucorales, Eurotiales and Sphacriaes. a hmited nomber of Hyphomycetes plus one Agonomy-
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wete speces o Coelomycete and no Buasad.omyote wavelop such ecoopidl leatare Recorded
Muocora esare specws ot B o rcor wnd the amad monospecilic 2enus fouore woucor Rhiuson ucor
fledeotbopespecastand Reeomne e areval dtaxa R pok et s prosed 1o be a luter name for the
formeer The sadits of Rlncont cor tatr (v ana Bl i 0 fger s aswealls confirmation

AMo12 D1e 19enly asoonieetes € aarnmie, s i Pt de a0d Conte Do o s up 1 o
e wre well detined tase But the status of € ucton e Ar tt ot and Cn v rgancnt 1y L
Lrwear s refations with Ch frcrmopadeem ane s o varieties asails JanificaLon Dottt o
reoatphio s el ned ws the so @ speces of the genus, no longer regarded as conpenenc with
Facennec o torthe atter or v the tupe and onc vanety are decepied A new penas Cmeonrerng s
proposed to accomodate remaiing Lexa of both 2enera O oomenoF oo bace - Pa nidonn oo
sHvbadte s stedas tvpespeaes O acgrpiaid o Hermioas as aew pt gci and € verrier oo
ol e facannat st coand Thopaer atena, sy age tao other members of this aenus These
Uoeepemera hove e nmon the Characers of ther welromorphs Bat Suctor mocos s a Piofy g ae-
it peanamorph Comomen wovelop Comdogenous siractares of the Paccn mn oo tvpe wh ¢
Thetmouscus has no anamorph producing chatns of conidia

Cor s e o oot 00 O frcemoplizhe are e sTOThes a aseomyetes hav,ng awell
G b anamorpa ostate nomel Mooy b ora tcmopl foind A R rsen as the te comarphs
are heterottatl o the wnamorphs could be omseried 4 one i stod o anvoiving for instance sell
wiated mater as et opie alboon o has g well def ned arthroconidial state not develapes by
Vot pa s o0 Fluclt qa mume 13 te i, pledey The three thermophy o Fuier smos hove
conic daostetes belonging either 1o Fec wn cont T Ao dilann B Jodorto Parc it UF et a
wid Fogacraryg huest Thidaine s three speaes) represented by the wides ooty puted
Hhotonrcareswnene aramorph dorem miteen aed i e o d Syt ¥ be soated separately 1he
Sdocamented T weragons ana the recent Toe porogengra waith to iures Lavounng s re.ocation tn
Chaetomidum

Recorded hyphoniyoctes Compr se thirteen tuva Bat deromonams nd an onse and wo
Yo ol putit vgare cnamorphs of o most teterothallic ascomyeetes these o < thus develop atingh
o peratures w thoul produs ngrespect seaseocarps Wice g b rgmdio ais constdered w sy ne i m
of Won comopurha Other ivoeedinaceows Lt wre forent o the rm Pl the second thermo
Pl of the peno s M e g sora senstidia pettoct state s vet withnows and Mol o0 . LN RS
e ol turmoplile of 4 genos whase mesophilic LOMPONENTS are assoedated with perfect states,
Trortops ma o re fbadivera s unique by it Laphoe o slosing septal clamp connections a1 the
formation of an aleuriosporic state

Dematiiceons thermoph lesare members of Hior oo fa Sy oadndion and Thorme m s The
htter s regarded ws 4 homogeneosas gones with the pe spewes Therarmn o e s bung te
frst ostablsned thermoph e Haore ofa grivea var irated and HMmegnt wa Al « oot ol s 11e
cddtorna e names tor the tipe spevies Otner wnown members are Fhorm e Cos ihadens
Th. stellaqus und the mesophilic Th verrucosus

The tazonom stius of 2 aucola ity wlodi AHoOpiiLe awaits to be teconsidered togett ot
Wit f i ol grivese var orstondea and Jomolens recently placed mosvnonvmy with So,f wndn on
focemmepidan based on T ewda therm pe be both Hunoedo o are puaeed here for the moment o«
Snomms of the complex S ermprttan pending 1e assesmcnt S, fabultin tote st i
devtates from the current coveept of Sovfehdten (hasad on S £ 2t ¢ fe but such o not the «ase for
S wadimestom S i allabud don proved to match S formaped fter e Lerne Hoense ol
PrTe s T ieriored geierd duplcates 1. deseription of H oo ol erssca var bermiendoa while
H fuscoatravar nigrays identical to H mvalens

Two fuxa have an uneertaim posttton Afacor therny s Ind spora CRIEzon ticor pro des 1 and
STl it therns g idd L requIning 2 mors GpPropriate gents Ao sevar t tuxa dis lose confunng sped e
epthets w b regard o thermophihe ab sties S.mple cases refer o fung with 2p 012t as the emmopi -
Lt o vanants of ond that are not thermophilic bsed on accepted gehimitions, Examp e the
asenyeete dolaetomnn thonniphien a later synomem ol 1 o fiespn v g thermotoleranty the
hvphomycetes €aloanisy v fit therna it fe Gedmascdea e emoplitla and Zadovion thormopin fie ithe
lutter two huve yot utsettled statusy the vomycete {oagennd um the ipind o, the rypomy ote Yo
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taeemepd o and Tnally the mvaltd veast £ & Manronn ot crm phoaes Medan o phal ot entiph,.
s g hasaomyeere simp s obsersed ina warm hamd oca Lty similar cases vould a4 so e traoed
The banomial Spor strreanom codiea ph e s an example of g difforent conlusimg situat,on
Ttetanon hosnobaxe oo status of ey tvpe altnouon bemg intragwenty reported as g thermoph e
i Drerature related to tungal enzamie studies Sech ghost bonom as are not uncommon 0 these
publvations This pract ce be ng a soarce of sericus contaston should be detimitel prohibited

INTRODUCTION

Temperature isone of the extremely important ens tronmentalyanables that play
ddecrnerdlenthe survinal growth distribution and daversity of microorganisms on the
surtuce of the earth The response of fung. 1o temperature saries between the two cxtremes
ot obhzatonly thermophilic through thermotolerance to psschroph.le speaes However,
by far the ma,onity of known fungr are mesophiles developing in culture between S and
37 C L the paychrophiles extend below that range of (emperatures {Diy & Webster, 1995)

Thermophily has been defined vanously with reterence 1o ditferent groups of
DHCToorganisms and sometimes alvo within the same group. The response of fungito high
temperatures has been the wubject of (asalicatory schemes shecessively proposed by
Apins o 1963) Cooney & Fmersen (19641, Craven of e (1964), Lvans 11971 and Crisan
{1973 These schemes are esther based on values of nummum and maumum grow th
temperatares alone on i addition, ntegrate e entena of optimum development

The commonly accepted defimtions ot thermoph.le and thermotolerant fang
are thase of Coonev & Emerson ¢1964) Thermophilic fungr are those that have a growth
teniperature maximum at S0 Cor above and a temperature mummam of 20° C or higher
Thermaoto.erant species are those that have a growth temperature masimum of ahout
500 C and a temperature mimmunm well below 200 C This simple segregatine scheme 1s
sametimes ditheult o apply sinee the response of thermaplulic taxa at the minmum
ternperature threshold tends to vary among respective strains.

Sertous consderation ot fang able to develop only at ligh temperatures dates
buck 10 1899 when P Taiklinehy first reported on a thermophihic by phomyete inadentl
encountered on a potato imoculated with garden soil The fungus wes then grown on bread
hept at S2-33 C and s thermophilie nature assessed. Tsiklinsky named this hyphomycete
Fhormemt, cos famogmnts Rapidly, however, this thermophile was saccessaely relocated
i other penerd as Lcrentontelfe Huwneole Monotospora and Scpedonmm before 1t
debnite reanstallment i Thormenncoy Samular changes also characterise thermoptilic
motkds descr.bedan the carly decades of the ninetses The outcome of such changes i the
chaotic nomendatural state « f few members of thes group in published hterature Absence
ol homegeneits i binonual crtat.ons develop cases of taxonomic confusion coupled with
disergence in species voncept (Cooney & Emerson, 1964) The final result 18 a partial or
Lotal meomplets identibication of encountered taxa or names reported being shadowed

Although Lindt deseripuon of  Rhbv-omtiecor pusifius (as Mucor pusidiny dates
back 1o 1886 tnere v a generd] agreement that Tanlmehy (1899) 15 the hrst to drew
attenton to thermophilism among fungl Very rapidly, Miche's (1908 serious imvestiga-
Lon of self heating hay produced Lhe first extensive report on thermoph.ly i fungi Thus
author wolated and studied o range of thermophiles mdudimg Fhrerniass wtrantuicin
and Mealbranchica commumemca (Miche, 1907y Goffon & Maublanc (19111 then introduced
the first thermophilic Poneciihum., P duponti, now Falarenn ces the rimophifay Tt s only
severdl devades later that La Touche (1950 reported on the new Clactormm thormophile
Such discovery generated much nterest to this group of fungi. substantated by the
cellulolytic nature of the new ascomycete,

Sovrce MNHN Pans
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Several proneer publications then followed on thermophilic fungs mhabsting
sarls of temperate regions (Apins, 1963, Eggans and Malis, 19649), tropical areas (Hedger
1974, Gochenaur, 1975y and on soils of ard remons (see review in Mouchacea, 1995)
Thermophilic fungt of habitats r.chin organie matertals woere also extenssvely surveyed
and data from relevant publications crincally reviewed by Tansey & Brock (197%; Reports
on less widespread habitats and habitats deseryving Lalure imvestigat.ons were also consi-
dered by Tansey & Brock (1978).

The first modern comprehensive account on the taxonony, biofogy and econo-
mie mportaiiee of thermophilic fungr was publshed by Cooney & Emerson (1964)
Eleven thermephiles were reported Smee then the number of taxa developing at high
emperdatares 5o expanding rapidiy In 1973, Crisan provided 4 st of 55 names of
thermoph.lous tungi te thermophihc and thermotolerant ones, however, only halt are
thermoph.les 1o the sense of Cooney & Lmerson Crosan resiewed in addition current
cotteepls about thermoph.hisnin microorganisns, he then underlined that oar know ledge
aboutthe physiologieal ability of fangito grow atelevated temperatures was much himited
Later Samson & Tansey (1977) prepared @ guide to species able to grow wnd sporulate at
450, this st concerns e.ght muacorales, aroand twenty taxa cach of ascomycetes and
hy phomycetes and two basidiomycetes. The subseqeent st prepared by Tansey and Brock
{19783 1eparis 67 species of varicties growing at 00 C or above, a good proportion of tnese
tana was however not speaiiied at the species level A Russtan compilation of desaripl.ons
and pablished ilustrations of thermopnuie fung was prepared by Bilar & Zakharchenke
c19R7), 38 species were considered but few are notstrit thermophules. Finally, awording
to Abdullaa & Al Bader (19901 around 70 species detected 11 varioas substrates are now
reported to be thermophilic or thermotolerant

Cooney & Fmerson (1964 monograph introduced new thermophilic tana
However, some taxonemie decrsions they adopted rapidly proved o be misleading and
L. deseniptions of novel tasa supported not eritical analysis These Lmitations triggered
sabseguent studies: Several mteresting notes thus appeared m the sixties lanfying pen-
Jing problems while expanding the group. Apimis & Chester (19641 deseribed Ductifon -
cos orinfaccate Pugh or gl (1964) remntroduced Thermonncos Stolk 11963 assessed the
Lavononue status ot Pemicedinon dupont and Thormoasons aorantiacs. Again Apuous
11967) clanified gener concepts of Dacndonnces and Hhevmogdces However, mspite of
the above and later contributions, not all standing problems recened attention Recently.
Straatsme and Samson (1893) focused on both Hmicofu proposed by Coones & Emerson
{19064),

i he matenial of this contr.bution was collected while preparmg a lecture for the
Microbual Diversity and Ecosystem Function workshop held at Egham, UK, in 1993
The lecture tocused on thermophilic fung of desert soils, an example of a neg.ected
extreme environment {Mouochacea, 1995 A second lecture on the subject was later
presented at IMC YV thas was entitled “Thermophilic and thermetolerant fungi .n the
Middle East Biodiversity and Taxonomie Reappra.sal” iMouchacca, 1994), however, the
correspondimg note sutiered some publication delay In the sametime, the first draft of the
present paper was due to be part of 4 book n the p.peline somewhere i the [Indian
subcontinent Dec.sion was then taken 1o update and publish the applied last version

['he present document atms to prov.de a sound reappraisal of the nemendlatural
and i some cases of the tavoneniie status of known thermophiles First to overcome &
md,or difficulty enceuntered while interpreting published data on this ecological group
Second to enhance future taxenomic work on its components and, finally, to stress the
«tlention on taxa other than those commonly studied for eventual industrial apphcations
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THERMOPHILIC MUCORALES

— Rhizomucor pusillus (Lindt) Schipper — Studies in Mycology 17: 34.
1978.

basionym: Mucor pusillus Lindt  Archiv [lr experimentclle Pathologic und Pharmako-
logie 21: 272. 1886.

= (?) Mucor septatus Bezold in Sicbenmann — Die Schimmelmykosen den menschlichen
Ohres: 97. 1889.

= Rhizomucor septatus (Bezold) Lucet & Cost. — Archives de Parasitologic 4: 362. 1901.

= Mucor (sect. Rhizomucor) parasiticus Lucet & Cost. — Comptes rendus hebdomadaires
des Séances de I’Académie des Sciences, Paris 129: 1033, 1899.

= Rhizopus parasiticus (Lucet & Cost.) Lendner  Matériaux pour la Flore Cryptogami-
que Suisse 3: 115. 1908.

= (?) Mucor muriperda Sacc. & Sinigaglia in Sacc. — Sydow, Annales Mycologici, Ser. 11,
11:321. 1913.

= Tieghemella muriperda (Sace. & Sinigaglia) Naumov — Opredelitel’ Mukorovykh
(Mucorales): 84. 1935.

= Mucor buntingii Lendner - Bulletin de la Société botanique de Genéve 21: 260. 1930.
= Mucor hagemii Naumov — Opredelitel’ Mukorovykh (Mucorales): 55. 1935 (nom.
inval., Art. 36.1).

= Rhizomucor pakistanicus Qureshi & Mirza — In Mirza, Khan Begum & Shagufta

“Mucorales of Pakistan (Faisalabad)™: 100. 1979 (nom. inval., Art. 37.1); Qureshi & Mirza
— Biologia, Lahore 29: 343, 1983, a superfluous publication.

Descriptions: Cooney & Emerson (1964); Schipper (1978); Domsch et al. (1980).

Thisis the type species of Rhizomucor (Lucet & Cost.) Wehmer: Vuill. The genus
was reintroduced by Schipper (1978) to seggregate three hitherto known lhermophl_llc
species of Mucor distinguished by the presence of rhizoids at the basc of their sporangio-
phores. ‘

The early history of Rhizomucor pusillus (as Mucor pusillus) and its long confu-
sion with the Mucor species studied by Miche (Miche, 1907; now Rhizomucor micheiy was
reviewed by Cooney & Emerson (1964). The former had indeed often been misidcntlfcq
with the equally thermophilic, thinly growing and equally common Rhizomucor michel.
This zygomycete is however regularly homothallic while in Rhiizomucor pusillus homothal-
lic 1solates have only exceptionally been found. An excellent account of the morphology;
physiological characteristics and distribution is provided by Domsch ¢t al. (1980).

Rhizomucor pakistanicus was isolated from several sources in Pakistan: ground-
nut seeds and lizard droppings collected at the city of Faisalabad, from a potato ficld at
Sialkot and from soil at Rawalpindi (Mirza et al., 1979). It was then correctly assigned to
Rhizomucor (indicated as Rhizomucor Lucet & Cost.) on account of the presence of
rhizoids. However no comparison was undertaken with the indicated type species, RAizZo-
mucor parasiticus Lucet & Cost. Further, in the second superfluous publication made b}’
the same authors (simply a duplicate of the former), taxonomic decisions concerning this
genus introduced by Schipper (1979) were overlooked. For Rhizomucor pakistanicus, 4

number of morphological features forwarded in its description leads to consider the
fungus as a synonym of Rh. pusillus.
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The current concept of Rhizomucor was however recently expanded to make
provision for mesophilic isolates also producing rhizoids from the base of their sporan-
glophores. Rhizomucor variabilis Zheng & G.-q Chen var. variabilis was obtained from a
cutancous mucormycosis of a human hand in China (Zheng & Chen, 1991). Rhizomucor
variahifis var. regularior Zheng & G.-q. Chen represent another agent of cutancous human
discase (Zheng & Chen, 1993). Optimum, maximum and minimum growth temperatures
of the two varieties are the same, 1. e. 24-30° C, 37° C and 9° C respectively. The addition-
nal mesophilic Rhizomucor endophyticus Zheng & H. Jiang (1995) was 1solated from wheat
collected in China; its optimum, maximum and minimum growth temperatures arc even
lower, being 18-28° C, 36° C and 5° C respectively.

— Rhizomucor michei (Cooney & Emerson) Schipper — Studies in
Mycology 17: 58. 1978.

basionym: Mucor michei Cooney & Emerson — Thermophilic Fungi: 26. 1964.
Descriptions: Cooney & Emerson (1964); Schipper (1978).

As stressed before, isolates of this zygomycete regularly produces zygospores in
Cultures. This finding led Cooney & Emerson (1964) to propose a specific rank for this
taxon previously considered as identical to the almost morphologically similar type
Species. Schipper (1978) stressed however that the general morphology could also be used
to distinguish both taxa. Rhizomucor michei exhibits a looser sympodial branching
pattern with relatively longer side branches while Rh. pusillus produces small bunches of
short subterminal branches on the main sporangiophores. In addition the sporangia and
Columellae of the latter are usually larger.

Rhizomucor michei displays a wide geographic distribution (Domsch ef al.,
1980). Factors affecting development of zygospores were investigated by Lasure & Ingle
(]976) and those regulating germination of sporangiospores by Deploey (1992).

— Rhizomucor nainitalensis Joshi — Sydowia 35: 100. 1982.

This still Indian based homothallic zygomycete was isolated form a hcavﬂ}_f
decomposed oak log in the forest of Pungote, Nainital. It differs from Riuzomucor michet,
Vopusillus and Rh. tauricus mainly by sporangtospores of varying shapes and s1zes:
Sub_glqb()sc, cllipsoidal, oblong, reniform, dump-bell shaped, cte.., 3-6 um or more wide.

Ariation in sporangiospore shape might however be an artefact. L
in2 4 According to Joshi (1982), growth is very rapid at 48‘° C filling half of a Petridish
- AL 38° C, “the growth of the mycelium takes place after threc days but al_)out one
week g required to colonize the culture medium in a petri dish at 25° C”. Rhizomucor

Haini : ehel
mztalenszg_ appears very close to Rh. miehei.

M Rhizomucor tauricus (Milko & Schkurenko) Schipper — Studies in
Yeology 17: 62. 1978.

??Siol‘g’m: Mucor tauricus Milko & Schkurenko — Novosti sistematiki nizshikh rastenii 7:
- 1970,

Description: Schippers (1978).

The fungus is apparently still known only from the original strain 1solated from

fi o . :
OTCst soil in the Ukraine. It was maintained as a separate species by Schipper (1978)
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pendimng farther informations Rhromucor tunricus 1s distnguished from other thermo-
phu.c Rizumucor mainly by definutely more swollen sporangiophores. Growth and spo
rulation occurs between 24-55° C, development is extremely slow «t 210 Cand nil at 57° €

Thermomucor indicae-seudaticae Subrahmanyam, Mehrotra & Thiru-
malachar (as *Subrahamanyam....”) — Georgia Journal of Botany 35: 2.
1977. (nom. inval,, Art. 37.1).

Descriptions Subrahmanyam. Mehrotra & Thirumalachar (1977), Schipper (1979)

This 1s the 1ype spectes of Thermomucor Subrahmanyam ef af (1977) winch 1s
apparently still monospeaifie It was established mainly on account of formation by the
1ype species of smooth zygospores and presence of rhizowds Zygospores are definstely
rough-walled in members of Ahsudie van Tiegheny, Wuceor Mich. Fr . Rin-epus Ehrenb
Corda and Riizomucor

The described stram was 15olated from municipal compost at Pimprs, Poona,
India Prior toits description this zygomycete was reported as Rin-opus sp.and as sach
1solated from vanouas hatitats i Evrope, India, Ghana and Nigena (Schipper. 1979)

THERMOPHILIC ASCOMYCETES

Canariomyces theyrmophila Guarro & Samson in von Arx, Figueras &
Guarro — Beihefte zur Nova Hedwigia 94: 34. 1988,

Cunarionnces von Arv(von Arx, 1984) was established for a mesophihc ¢lesto-
theual ascomyecte, € notabidin von Arx, having ascoma wall made up of angular dark
cells, trregularly disposed asc., aseptate ascospores dextrmoid when young and provided
w.th a single germ pore, «n anamorph having conidia of the form genus Chr, sonidict von
Ar (catenate aseptate or septute hyaline conidial and of Trefosporielfa Kamyschko
{simple lateral conidia) 15 produced.

Canaionn ces thormophda was wolated from Cameroon, Africa, apparently
from so.l The or.ginal protologue 1s bused on colonies developing at 457 € bat no data
abouat mumimam and maximum growta temperatares are provided Ascospores are gree-
nish brown when mature with a subapical germ pore 140 18 0 x 7 5-10 0 pm However
no anamorph developed in cultures of the single available strain

Chaetomium britannicum Ames A Monograph of the Chaetomiaceae:
16. 1963.

Descriptions; Ames (1963); von Arx et al. (198€).

This Chaeroninen was descnibed as having ovoid to vase-shaped ascomata
Termunal and lateral hairs are very slender, greyish, straight to undulate. Asciclub shaped.,
B-spored Ascospores brown, large. 19 24 % [} 14 gm, rregularly oval, rounded on the
ends. In the protologae, 1t 1« simply mdiwcated that “penithecia develop when incubated at
approamately 47° C A thermophile™ (Ames 1963} The specific epithet refers to the type
localhity: southern part of England

Source MRN Pans
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The origimal matenal developed on mushroom compost and apparently no
Inng culture was realised von Arx er of {1986) regard this Chaetoningn as a doubtfal
species, only ascospores could be observed n the type speamen at BP1 Millner (1977)
<tempted but without success Lo obtain a cultare from the dried ty pe material, as no iving
strain, duthentic or representdtivg, was available to hum, no growth temperature rela
tionships could thus be established.

Gochenaur (1973) reported having solated th.s Cheetomnan from soil in the
Bahamas but Millner e af (1977} stressed the absence of a corresponding culture or
herbar,um speamen. Farther and based on informations commumecated by Gochenaur,
the mwromorphology of the fungus she examined was probably not Chad toman britun
meen Spores of Gochenaur's taxon measured 13 ( 18) x 7( 10) am and had subapical
garm pores while spores from Ames matenial measure 190-24 8 x [1-14 ym and have
sangle apiedl germ pores (Millner ez af L 1977) Chactonnunt britannicun remains undocu-
mented n the sense of Cooney and Emerson Also no additional record either from the
type locality (Cannon ef ¢f . 1985) or elsewhere has apparently been published

Chaetomium mesopotamicum Abdullah & Zora — Cryptogamic Botany
3: 387. 1993.

The onginal lecality 1s a date palm plantation in Basrah, Irag This recently
desenibed species has a growth temperature range from 30-52° C It d.(lers from Chueto-
st theynphidm LaTouche and Ch v gecun Ames by its Llavate ascrand long hughly
branched termimal hairs. Ascospores are globose to ovoid, olive to brown, 55-78 «
5 2-6.3 pm, provided with one apical germ pore.

Chaetomium thermophilum LaTouche as * thermophile”  Transac-
tions of the British mycological Society 33: 94. 1950; Cooney & Emerson —
Thermophilic Fungi: 62. 1964.

= ? Chaetomm virgmiam Ames A Monograph of the Chaetonuaceae 43 1963, frde
von Arx et al., 1986

Descriptions LaTouche (1950), Ames (1963), Cooney & Emerson (1964), von Arx o of
(1986).

This 15 the first known thermophibie Chuetomurr The species 15 also dustin-
guished by 1ts Tong, tapering terminal hairs at times dichotomously branched at wide
angles. Ascospores are dark brown, globose to subglobose, 79 x 5-7 um. prominenthy
umbonate at one end

Cooney & Emerson (1964) observed this Chae tomin: to produce 1n culture two
dissimilar growth patierns, as a result they proposed two new varieties ¢oprophile and
dissitum

Chaetomium thermophilum LaTouche var. coprophile Cooney & Emer-
son — Thermophilic Fungi: 69. 1964.

) The variety 1s mainly distinguished by the presence of dichotomously branched
hairs, which more or less completely covers the entire perithecium.

Source MNnN Pans
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Chaetomium thermophilum LaTouche var. dissitum Cooney & Emerson
— Thermophilic Fungi: 68. 1964.

D.lers from the species mamly in the ditfuse manner in which penithecia are
produced in culture.

Chaetomium virginicum Ames — A Monograph of the Chaetomiaceae:
43.1963.

The fangus was originally 1solated from leaf hitter collected under very old trees
at White Mar-h. North of Old Point Comfort, Virginia (L SA) Pentheca are described as
globose. up to 240 pm wide Ternunal and lateral hatrs cover the entire perithecium,
mndist.ngu.shable, irregalarly branched, miutely granular, 2-4 pm wide Ascrcylindr.cal,
§ spored, 70 % 10 um  Ascospores ye.low brown to pale brown. almond shaped,
8-11.5 pm, A thermophile (Ames, 1963).

Cooney & Emerson (1964) cons.der this spectes to approximate Chueromunan
thermopiniun while beingidentical to its var.ety coprophile, ascomala of the latter are also
entirely covered by dichotomously branched perithecial hairs On the basis of morpholo-
gical characters and growth-temperature responses, M.llner (1977) provided evidences
that Cfreecteraopm vrgancan (culture TA-7 obtained from L M Ames collection at BP1) 1
Jdentical 1o Ch o thermophiunt var copropiile This proposal was later substantiated by
Miliner ¢/ af {1977}, among the large number of Chaetonna studsed by these avthors,
ascospuores with papillate germ pores were found only in Cheaetontom thermophilum, 1ts
two varieties and Ch. viginictm

Chaetonum i gricum s ¢lso regarded as a probable synonym of Ch thermo-
philum by von Arx et al. (1986)

— Coonemeria Mouchacca gen. nov.

Thermephity Colovaac lanatae wwrantite rubrae quando ascond matira sunt
Dt ascomacs et comolwta pha Ascoma non-ostiolata sphuacrica, solvara vel
confluente ascomata confliertes mocninta disposita Ascomatis paries (ransies, e celldis
psewdoparen i malicns compastius, ascomatn fexiwd dngulosa Aseus ex hamo singuluio
pramdus, ovordets Vel prregarmis, oclcsporay deinde evanescens Ascospora wricellulariu
cipsoedoa vod ovordea, favescens vel pallida urantio-brusnea, cam pariete crassa laeve vel
verstecosw Sttt dnrg conulogena semper pracsens, siniilis Fueclomyces Banter formd
geHericn

Species typtca’ Coonemerta crustacea {(Apinis & Chesters} Mouchacea,

Thermophilic Colonies lanose, reddish orange due to mature ascomatd, Asco-
matal imitials a coiled hyphae Ascomata non-ostiolate, spherical. solitary to vonfluent,
forming a crusty layer. ascomatal wall thick, made up of pseudparenchymatous cells,
fonturd angularsy Ascr arise singly from croziers, ovoid to pyniform, 8-spored, evanescent
Ascospores unicellutar, ellipsoid to ovoid. yellowish to pale reddish-brown. thick-walled,
smooth to verrucose Comid.ogenous structures aways present, belong to form genus
Paccilomyces Bamer

Type species: Coonemeria crustacea {Apins & Chesters) Mouchacca.

Etymology genus name coined from the first four respective letters of Cooney &
Emerson’s names, authors of the first comprehensive (although somewhat confusing)
monograph on thermopiulic fungi.

Source MNHN Pans
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Coonemerra1s proposed to accomodate thermephilic clewstothecial ascomyeetes
having co.led ascogonial mitials, pseudparenchymatous walls of seviura angidaris type
and a distoetive Puecdonmnces anamorph Asexaal reproductive structures genera.ly
represent comparatively reduced forms of well elaborated Puecionn ces comdial structu-
res developed in several taxa of this form genus (Samson, 1974},

The three species accepted in Coonemeria were formerly ass.gned to Thermoas
cs Miche {(Mighe. 1907) and Dacnfonnces Sopp (Sopp, 1912) These genera have
morphologically stmilar perfect states. Fhcrmoascus 1s distinguished by the absence of any
accessory state prodacing chains of conidia while this state belong to Polypucerliom
G Smuth m the case of Ductylomyces (Apanis, 1967y The proposal of Coonenteriu
Jdetimitely olarifies the status of ascomycetes formerly placed in one or the other of these
entities,

Anamorphs of the Puecdonnces type are also assocuated with Fafuronn ces
Benjam.n and By ssochidunt s Westling (Stolk & Samson, 1972). The former s distin-
gushed by soft white to yellow ascomata having walls composed of loose hyphae and the
preduction of ascomn chans. Most Jeluromces however are assoctated with Pemilla
while only two have a Puccdonrcos state. the latter were placed by Stolk & Samson (1972
tn Fuleronn cc s section Emersonn the thermotolerant T leveetanes Evans & Stolk and the
thermophilic T 81 sso damvdiode s Stolk & Samson, here considered  The two other taxa
ol the sectton have Penialha the thermophilic T emersonn (treated i this note) and the
thermotolerant 77 bacillosporus Benjamin.

On the other hand, a.1 By sso ffannys have u comdial Paecronin ces state This
teleomorphic genus s charactenized by imttals consisting of swollen antheridia and coiled
ascogoma prodacing almost naked ascomata i which globose asci are formed from
croziers (Stolk & Samson, 1972).

Coonemeria crustacea (Apinis & Chesters) comb. nov.

bastonym  Dacnvlonmces crustaccus Apmus & Chesters Transactions of the British
mycological Society 47: 428 1964

Thermoasews ertstacens (Apmis & Chesters) Stolk Antonie van Leeuwenhoek 21
272, 1963
anamorph  Puecdonn ces crustacens Apimis & Chesters  Transactions of the Briush
mycological Soctety 47: 428, 1964
Misapplied names Thermousous wwrantiacns Miche  Die Selbsterhitzung des Heues 70
1907; sensu Cooney & Emerson  Thermophilic Fungi: 39, 1964

Ductviomyces thermophidus Sopp  Skrifter udgivne af videnskaubs selskabet 1 Chris-
tiania Mathematisk naturvidenskabelig klasse 11 35 1912, scssu Cooney & Emerson
Thermophilic Fungi: 39 1964

Penterdtiwm thermophdus (Sopp) Bourge  La Cellule 33 106 1923, senswe Cooney &
Emerson — Thermophilic Fungi: 39. 1964
~ Pewrodlny thermophitum (Sopp) Sace, frde Trotter 1931 Svitoge Fungorum 25
{Supp! 10) 6711931, sensu Cooncy & Emerson  Thermophilic Fungr 39 1964

Descriptions as Ducty lomyces o ustacens by Apinis & Chesters (1964) and Apinis {1967).
as Thermoasews auwrani s by Cooney & Emerson (1964), as Thermouscus erusiuceus by
Stolk (1965), Awao & Otsuka (1974) and Chen & Chen (1996)

Source MNRN Pans
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In 1964, Apinis & Chesters reported on an ascomycele olated at 38 C from
grass debris collected m a salt marsh on the Linc olnshire coast Dacndonnoes Sopp was
then thought to be the correct genus. The tungus also proved 10 compare with the CBS
ctra 374 62 (— OM 6798 = NRRL 1563) deposited by Raper & Fennell as Dacrfonncos
thonophahes, the genus type species. At that time, Sopp’s fungus was only known from the
original description and illustrations {Sopp, 1912).

Apimis & Chesters t1964) compared these two Dl loamiees strams with the
pre tologue of the 1y pe spectas and noted several discrepancies Both isolates were found 1o
deviale by the absence of dactyiowd comdiophores bearmg small condia and the presence
ot relatinely small asperulate ascospores. For Ducivlonn.es thermopialin, Sopp had
reportad ascospores as oval smooth, 10412 x 6-7 L1 Ascospores of the hiving strains
were reddish brown, globose to oval, rough and smaller, 7-9 » § 7um  Further. their
respectne anamorphs were found to pertectly htn Peecronnces with contdia bemg
hyal.ne. cslindraal to oval, smooth, 3-8 « 2-4 um Based on these deviations, Apinis &
Chesters proposed the new Daciyfonnees crastaccss and selected as type muaterial therr
strain BDUN 378 (= 1M1 102470).

Alo in 1964, Cooney & | merson published ther monograph on thermoph:he
(angr They prosided a latin diagnosis for the type species of Thermousain, Ih aurantu-
ey hased on thetr strain M 206516 [They dalso regarded Doy fomces as congeneric with
the previously described Thcnmodscres and thus listed known synonyms ol both states of
D trecrmepmlies under Thern waus awoantacs see also under Duc (o cos thermophi
fus) Before ths monograph, the anamorph of Dacrfomices thermapindie was regarded as
approximating a Penicillium (Brourge, 1923).

A year later, Stolk (1963 re examned stram CBS 374 62 and concurred with
Apinis & Chesters (1964 about its similanty with thair D ndonaces crstacens Stolk
adnutted however Cooney & Emerson’s (1964) disposition for Dac vl oy and aceor-
dinghy proposed the new combination Thormoasaus crastaccns LApIns & Chesters} Stolk
Stolk Lnally compared the above strain with toar other CBS cultures labelled Fhermoascus
ateranthn o CBS 256 34, 257 34,415 62 & 198 64 No comdidl state matching the ana-
morph Cooney & Emerson (1964) depicted for this ascomyeete developedin any of these
cultures Stolk then condduded “Cooney & Emerson's strain M206516 of Dhermowsens
arraniiacie s most bikely wentical with CBS 374 627 a suggestion being subtantiated by
the fact that the relevant iconography is suggestive of Paecilomyces

Finally yn 1967, Ap.nts re-examined strain M 206516 1t proved conspec.fic with
Puc iy o ey otestacans Thus he, first, confirmed Stolk s suggestion about this strdain
and. second, the description provided by Cooney & Emerson (1964) for Thermodsns
catorantiacus apphes in Tact to the former In addition, the study of fresh 1solates matching
the protologue of Due 13 fupnces thenmopitdus lead Apinis (1967) to conclude Duciylom -
cor should be mamtained distnet from Thermowscis, a decsion fargely aceepted subse-
quentiy (Cannon ¢ of . 1985, Erhsson & Hawksworth, [993) As underhned before, the
development of a distintve Paccrfoniyces anamorph lavours the placement ol Ductyio-
myces crustaceus \n Coonemeria

On common laboratory agar medid, the nummum growth temperatdre lics
between 20-25 € with the maxmum being below 607 C Optimum growth 15 around
40 with a standard Petri dish be.ng covered in 4 d. mature colonies are colored orange
with orange brown reverse,

In.tials a simple ascogonial coll Cleistothecia scattered or confluent and then
forming a crusty layer, spherical, 300-700 pm diam | orange 1o reddish-brown Ascomatal
wall made of few layers of brown pseudparenchyma ceils with shghtly thickened walls,

Source MNHN Pans
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Ascr are produced singly from croziers, irregularly disposed in the ascomatal cavity.
& spored, subglobose to pynform, 15-20 x 13-16 umn, evanescent Ascospores oval, pale
brown to red-brown, 6 0-8 0 x 5 0-6 5 gm, wall 0 5 um thick, provided with fine echinu-
lations,

Asexual reproductive structures develop within 2 d at 40° C, they are evanescent
and not affecting overall colony characters. Conidiophores codrse, septate, pale yellow,
smooth, up to 900 um long. tapering to 4-5 pm wide apical parts. Upper parts of the
contdiophores bears arregularly arranged branches. 6-35 x 4-5 um. these are usually
rebranched and end with phialides, phiabides occur etther singly as side branches, or in
ircegular verticils of 2-3, phiahdes cyhindre. 12-30 % 5 7 um, gradually tapermg to a long
«ontdium-bearing tube, shghtly bent away, 12 x 3 pm Comdia prodaced in conspieuoas
long diverging chains, smooth, yellow to pale brown. cylindrical when young. ellipsoid
when mature, 6-10 % 3 & m. responsble for the shight ochraceous color of young colo-
nies.

Coonemeria Crustacea 18 distinguished from the two other members of the genus
menly by oval finely eclunulated ascospores It displays a w.de geographic distribution
being 1solated from so1l 1n several locahtics and from various self-heating material iCoo-
ney & Emerson, 1964; Cannon et af., 1985; Chen & Chen, 1996).

Coonemeria aegyptiaca (Ueda & Udagawa) comb. nov.

basionym Thermodascus uegypriacts Ueds & Udagawa  Transactions of the Mycolog
cal Society of Japan 24- 135. 1983,
anamorph Puaecidom ces uegy pticea Ueda & Udagawa  Transactions of the Mycologi-
cal Society of Japan 24: 135. 1983

The fungus was originally 1solated from a <ample of marme sludge collected
along the Sues Canal banks at Port-Said City, Egypt [tdevelops between 25to 5357 Cwith
the optimun being at 40° C, At th.s temperature, colonzes fill the plate within 4 d with a
thin almost submerged basal mycelium producing numerods superficial ascocarps. often
forming 4 crusty mass, vinaceous to reddish brown, condia fairly abundant, grayish
yellow and not affecting colony color.

Cleisiothecia superficial, subglobose, orange-brown. 250-550 Lm wide, imtials a
simple coiled hyphae Peridium 25-40 pm thick, pscudoparenchymateous, rather cona-
ceous, fevivra angularss type Ascr borne singly on crosziers, scattered 1n the ascomatal
cav.ly, 8-spored. ovate, 14 18 x 11-15 om. evanescent Ascospores |-celled. ell.psoid to
ovowd, yedowish to pale reddish orange, 6 0-8 5 x 4 0-5 5 pm. thick-walled and nearly
smooth (shghtly verruculose under SEM).

Comdiophores erect arising more commontly from acr.al trailing hy pae, hyaline.
smooth-walled, 50-300 x 5-7 am, apical parts irregularly branched and beanng terminal
vertiails of 2 4 phiahdes usually without any metulae. pluahdes solitary or tregularly
verticillate, cylindrie, 12-30 x 3-6 um Conidia formed n long divergent or tangled chains,
continuovs, hyaline but fulvods in mass, cyhindrical to elhiptical, 4 5-11 % 3 4 um, conida
sometimes ovoid to subglobose, 3.5-10 diam.

Coonemera aegy piiaca 15 mainly disunguished by 1its elhipsordal almost smooth
ascospores Leda & Udagawa (1983) imdicate the fungus produces two morphological
kinds of asexual stretures the typical Paecrionn ces-type with cylmdrical to dolnform
conid.a are produced at 37-40. at h.gher temperatures. comdia are subglobose to ovord,
borne in shorter chains on phialides having a swollen and thick-walled apex

Source MRN FPans
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C ooneeri aeg) plraca was recently reported by Abdullah & Al-Bader (199U) 10
inhabit soil 1in Traq

Coonemeria verrucosa (Yaguchi, Someya et Udagawa) comb. nov.

bas.omym  Thermeascus crustacens (Apims & Chesters) Stolk var serrucosys Yaguch.,
Someya et Udagawa  Mycoscience 36: 161. 1995,

Thermennscus fartngiaons Chen K'Y & Chen 2-C Mycotaxon 50 226 1996
anamaiph, Pucctormces famngracns Chen K-Y & Chen Z C Msycotaxon 30, 226
1996
= Puccdonn cos crestacews Apmis & Chesters pre parte frde Yaguch, Someya et Udagawa

Mycoscience 36: 161. 1995,

Descriptions: Yaguchi ef ol (1995); Chen & Chen (1996).

Codomiae 11 agaro malto addtio dipositae post 7 dichus et temperceara 407 C cum
G0 o dramie o anatae Ascomiares supa ficiabe s mierpan i Qo pauce conidogans siric-
rurts. Mycelwm ex hyphis hyalis, septatis, ramosis, laevibus, 2-8 pm crassn,

Avcema Lom-estiodutim  softiariam ad confluers domde crastacenm sphaeriown
drerRtocamgiee com 30G-600 wm dametro. Perduon crassin paevdparenddn maium tex-
tra anguthoe Ascr dosperst m ascotnattis aanitute subglobose vel priforme, 12-16 x
T1-14 on cormpots evancscentes Aseospotae aiteefludarive dhpsetdeae rarc subglobosae
hyahnae ad pallidae auraniiaeae, 6-8 % 5-6 pm, cum crasso verrucoso pariete

Comdwphorunt septum, lueve Inalmuny ud braomcum 100-300 x 610 gm Apieis
regio e gtdartter ramosa, teramades ram aon soldaries plaaticibus veverncidlatis per 2-4
Phuales cyvimderca 16:30 % 4-6 g Contdia dispossta ot catenns non coulescenttbus, conndia
e, flactde foova, 4 10 < 2-4 g, comdia diiptica aligianadn 58 < -6 o

Hotctvps PE OO cultira execcata ex solt nolutu a 1 Yugushu, Guanghow i Siia,
2 X 1993 I horbaro Muscr et Botntt Histortae Natwralis Cluba CBAM depositu

On common laboratery agar medium, colonies filling the plate m 7 d at 40° C,
lanate witn superficial ascomata mtermixed with spurse comdiophores and conidia, rosy
but! to orange, reverse reddish-brown, con.diogenesis inconsp.cuous not attecting colony
appearance Optimal growth between 30 and 40° C, the mimmum les between 20 and
25° C and the maximum somewhat above 35° C.

Ascomatal in.tials a coiled hyphae Cleistotheaia solitary or confluent and then
forming a wrusty layer, crange, spner.cal, 300-600 ym diam . peridium pseudoparenchy
matous of fevtura angularss 1ype, outer layer conssuing of thick-walled yellow brown
angualar cells. 4-8 » 2-6 am, inner layer of hyaline, angalar or rounded cells. 10-20 pm
wide Ascrirregularly disposed, 8-spored, globose to pyriform, 12-16 x 11-14 pm, evanes-
cent Ascospores unicellular, hyahne to pale-orange, ellipsaidal, rarely subglobose,
6-8 x 5-6 pm, thick-walled, verrucose.

Conwdiophores arise from the basal myweliwm or from aenal hyphae, stipes
hyaline to brownish, septate smooth, 100-300 = 6 10 pm, apical parts not umformly
branched giving rise to irregular verticils of terminal and subterminal secondary bran-
ches. these bear phiahdes e.ther singly or inverticils of 2-4, cyhindrical to shghtly swollen,
16-30 x 4-6 Lm Comaia produced n long disordered chams, unicellular, ¢ybndrical,
truncate at both ends, yeldowish, smooth, 4-10 x 2-4 um, few wider elhiptical comdia
sometimes produced, 5-8 x 4-6 pum.
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Holotype PF 1160, a dried culture of a soil solate from Guanghou, Ching, 4. X1 1993,
deposited «t the Natural History Muscum and Institute, Chiba, Japan (CBM) and at
T Yaguchi collection (descnibed as Fhermoascus crustuceus var verrucosms)

While descnibing Fhermoascus tavrungiacus, Chen & Chen {1996) were probably
unaware of the verrucose variety of Th crustucens established a year before by the
Japanese mycologists Yaguschi ef af {1995) Authentic materal of both taxa have n
common 2 soil origin and not widely separated original locations. Indeed the former
dernes from a weed so.l located at Taitung 1in Taiwan, while the latter was 1solated torm a
soul sample taken from the Chinese locality of Guanghou

Ascospores of the Tamwa.nese fungus were desenbed as beng yellowsh green
{although overall colony color tends to orange tones), oval to elliptical, rarely subglobose,
6 3-7 5 x 4 5-3 6 pm, thick-walled and predonunantly echinulate when viewed under hght
microscape but irregularly sverrucose under SEM A companison of ginen SFM pietures
for both taxa clearly stress ascospore ornamentation is sumilar being represented by large
well individuahsed warts of heterogeneous shape.

Coomemeria verruensd 15 mamnly distinguished by its definutely verrucose ellipsoi-
dal ascospores. These are smooth in C aegy prraca and linely echinulated i C crustuced
The ascomycete might have been previously miwslead with Coonemeria crintucea Iever-
theless further comparative studies are required to ascertan differences m growth tempe-
ratures relations and other minor morphological characters.

Corynascus heterothallicus (van Klopotek) von Arx — Sydowia 34: 25,
1981(1982).

basionym Thielawa heierothalliea van Klopotek  Archives of Mucrobiology 107 223-
224. 1976,
anamorph Mieeliophthora thermophido (Apimis) van Oorschot Persooma 9 403 1977
bastomym Spevors ichum thermophidunt Apinas as * thermophile’ Nova Hedwigia 5 74
1963

Chry swapornn thevmoplalum (Apiis) van Klopoteh  Archnes of Microbiology 98
366. 1974

Descriptions von Arx (1981(1982)), van Klopotek (1976}, Domsch e «f (1980, as Thie-
luvia heterothallica),

Apinis (1963) 1solated several strains of a new thermophihe “Sporetrican™
anamorph from soi1l and plant debris m Nottingham. UK. he was not aware of the
heterothallic nature of the corresponding teleomorph Few years later, von Arx (1971)
provided a modern delinition of Sporosrchiwn Link based on a freshly 1solatea strain
matching the type spectes S aurewn Link S F Gray This form genus was then restricted
to hy phomycetes having basidiomycetous affimties as evidenced by the regular presence of
clamp connections at the cross walls and production ol simple types of aleurwospores On
account of this new definition, van Klopotek (1974) transferred Apinis fungus to Chr, sos
poriwm Corda

Myceliophthora Costantin was remtroduced by van Oorschot (1977) as sugges
ted earher by von Arx {1973} in fus treatment of Sperotrichun and related genera This
d.sposition aimed to accomodate the type spectes Mveeiophthora lutea Costantin and the
Cloysospormem Sporotrichum) anamorphs of two hitherto described ascomycetes,
M luteq has not yet developed a corresponding teleomorph The fungus described by
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Ap.nts s now widesy accepted as belonging to Micefiwphthora 1t differs from known
species by 1ts dark co.ored colomies and smaller mostly obovate conidia, 4 5-11 0 x
3.0-4 5 pm; conidia are hyahne, smooth and thick-walled.

The teleomorph was later discovered by van Klopotek (1976) after matng
appropriate strams. Developed cloistothecta produced ascospores ellipsowdal. dark brown,
75 11U x50 70nm, provided with one distinctive germ pore The teleomorph was
doseribed as Flne o fieterothalucd Few years later, 1t was relocated in Coryrasctes von
Arx wiich groups asconmneetes having anamorphs of the Wi celtoplithora type (von Arx e/
al., 1986)

An exoellent account of the cultura. and physiolegical characteristics und the
distribution of this fungus is provided by Domsch et af. (1980},

Corynascus thermophilus (Fergus & Sinden) van Klopotek — Archives
of Microbiology 98: 366. 1974.

bastonym  {iicknvea thormopinde Yergus & S.nden Canadian Journal of Botany 47
1635 1969

= Clae tonsdoem theanoplaluni (Fergus & Sinden) B Lodha  In Tasonomy of Fung:
Procecdings of the International Symposium Madras 1973 Part 1 248 1978,
anemorph Vo cfophihora jergusr tvan Klopoteh) van Qorschot Persocma 9 406
1977

basionym  CIrtsespornan fogusie van Klopoteh  Archives of Microbology 95 366
1974

Descriptions tergus and Sinden i1969), Hedger and Hudson (1970). van Klopotek {1974),
von Arx (1975)

Mat.ng of several pure strains of another thermophilic “Speroricine’™ species
1solated [tom mushroom compost in Pennsylvama (USA) developed black ascocarps of a
new heterothall clestothecial ascomycete This was desenibed as Fiefuvia therme phiky
by Tergas & Simden (1969 No provision was however then made for the corresponding
anamotph This was simply regarded as deviating from Spororrichwn thamophdun
Apins by some cultural charactenstics. Both hyphomycetes were later compared by
Hedger & Huadson {1970 following wolates obtained 1 Britain Dist.nctive growth and
morphelogcal teatures were also wimply underlined by Hedger and Hudson

in 1974, van Klopotek ascribed the anamorph of Findlavie thermopinfa 1o
Chn s sovpornon Corda while dedicating the hyphomycete to Fergus, she also transferred
the teleomorph to the recently established Corvausens von Arx Chry sospornan forgusn
was later on relocated 1n M, cehephthora by van Qorschot (1977) together with the
anamorph of a second Coryvnascus species. However it 1s antortunate the specific epithet
the rmophida was not selected for the anamorph of Corpnascus thermopfdtes Such would
have prevented any form of confusion with the anamorph of Corynascus heterotiullic
fvan Klopotekl von Arx named VMyeeloplithora thermophda (Apinis) van Oorschot

Coryauascns thermopinus being a heterotha.lic ascomycete 15 usaally only repre-
sented by 1ts aleuniospores i solation studies These are e.hpsoidal or obovate, nearly
hyaline and measure 7 12 » 5 8 am. Mating of appropnate strains would produce cle.s-
tothecia black. glovose, usually smooth, up to 300 un diam Asciareirregularly disposed.
each having four ascospores bemg ellipsoidal, dark brown, 22-32 x 17-22 pm, provided
with two promunent germ pores.
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Corynascus rovegtmensts (Udagawa & Hone) von Arx also produces a M) ee
hephithera anamorph but yet unnamed However this fungus has 1ts maximuni growth
temperature at 409 C as compared to 357 C for Micelophthora fergusu (van Oorschot,
1980).

Dactylomyces thermophilus Sopp  Skrifter udgivne af videnskabs-
selskabet i Christiania. Mathematisk-naturvidenskabelig klasse 11: 35.
1912,

- Thermowsous thermopindas (Sopplvon Arx The Genera of Fungr Sporufating in Pure
Culture: 84, 1970
anamorph: Polypaecthum sp.; fide Apinis, 1967,
Misapplhied names {hcrmouscus awranttacus Miehe 1907, sani Cooney & Fmerson
Thermophilic Fung. 39. 1564,

Pentcaitinon thermoplutus (Sopp) Biourge 1923, sensie Cooney & Emerson Thermo
philic Fungi. 39, 1964,
= P tnermophihon (Sopp) Sace . frde Trotter 1931 Svioge Frngorm 25 (Suppl 10)
671.1931; sensy Cooney & Emerson  Thermophilic Fungi: 3% 1964.

Description: Apims (1967).

This 15 the type speaes of Daecrviomces Sopp «Sopp. 1912y The original
material developed i Norway on the wooden casing of a bath thermometer In the
protologue, Sopp suggested tne new genus might be wentival with Thorpwasons Muche,
despite his awarencss of marked differences belween respective type species, for example.
the presence of 4 pemcilliond anamorph in fus fungus and the absence of a distmcetive
comdial state in the type species Thermoascus woantiacts. Absence of authentic material
for effectne comparison made a consderable impact on subsequent mterpretations of
both genera Such resulted in much confusion in the iWdentity of respeciinve type species.

The presence of a penicilond anamorph m the deserniption of Dac/vionnces
the rmophidies lead Broarge (1923) to lint this name among the hitherto known Penmiaillia
However Biourge did not .nclude the corresponding Pensc il thermophifis 1 ns group
ot aeeepted species Trotter {1931) published « short description of Perneclinen theanophs-
hoit (Sopp) Sace Later and for the.r treatment of Penicillia, Raper & Thom (1949 20)
examuned a culture obtained by Prof Ralph Emerson from retting guayule at Salinas,
California, believed to represent Sopp's fungus. In addition to developed ascospores,
conidial stractures were found by Raper & Thom to be very large and coarse, evanescent,
somewhat pemicillate and thus not characteristic ol then coneept of Pentcitinm Link
These authors then regarded The rmous. us as a possible synonym of Sopp’s genus

Few years after the publication of Raper & Thom's Manua. of the Penwillia
(1949). Raper & Fennell deposited at the CBS the strain NRRL 1563 as Ducirlomy.es
the rmephhis Sopp {L1st of Cultures, Supplement 1 19623, this number origimnally referred
10 a strawn of Cephaltophord froprca but [rom about 1950, .t was discovered that it bas been
replaced by a strain of this ascomycete.

In 1964, Cooney & Lmerson provided a latm diagnosys lor Tl ramoasc s atrai-
tieus based on thetr stratn M 206516 This 1solate was made from retting gaayule in June
1945, a1 Salinas, Cal.tornia, but their 1s no «Jlear indication whether 1t 1s the same stram
erler examined by Raper & Thom (1949) For this ascomycete, Cooney & Emerson
Jepicted a dist.nctive contdias stage Their dlustration approximate fgures produced by
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Sopp 11912) for his Dacivlennces thormopiides and which are rather remanescent of
FPuccdonnces Bain Cooney & Emerson also admitted Sopp's suggestion hus fungus being
wentical to Thermoascus aeerantiaces They substantiated their conelusion by the assump-
tion that 1salates of the latter examined by Miche (1%07) nught represent “some naturally
oceurring strams ot Hurmowscis {Dacnfonnces) meapable of producing conidia™
As Thermoases predates Ducrfonn ces, the former was thus retained Earlier synonyms
of the (ype speaies of the latier were then disposed undet Pl rmioacus airantracus At the
date of publication of Cooncy & Imerson’™s book on thermophilic fungi, Dacevlonnoes
was still a monospecific genus.

In 1964 however, Ap.ais & Chesters (19643 added a second species to Dacfylo-
miees, Dooornestacews, developing a conspreunoas Paccifopnes anamorph des:gnated
F crsracens For this work, they re-examimed Raper & Fennell's Ducn fonn ces thormo
phidis stram {NRRL 1563, CBS 374 623, this proved to match the fungus they were
proposing One year later, Stolk (19631 also studied this isolate, she concurred with Apinis
& Chester’s decvion Stolk then suggested Cooney & Emerson’s neolype of Thormousous
rren i s UM 2063516) 15 most bhely Wdentical with Dt fonn ces crustacoes

Stolk (1965 also exanmined all cultures maintained at the CBS as Thermwoasaius
arrenitactes CBS 256 34, CBS 257 34, CBS 41562 and UBS 398 64 These strains were
tharacterized by the presence of ascospores beag elhiptical and finely echinulated, 5 0-7 0
x 3 5-5 0 pm, and the general absence of an associated anamorph produang chams ot
comd.a Miehe (1907) had already stressed the absence of any condial state prodacing
spore cha.ns in s type species and sach was confirmed few years later by Noack (1912)
Sto.k then stresssed these features should distinguish Miehe's fungus from Dacry fonices
erinfaccs Apinis & Chesters thaving a Peeatfonn cos anamorph) and also from the yet
unlear 2 thormaphihe Sopp U nfortunately Stolk (1965) tranferred Ducts fomneos crin-
taceus to Thermoascus

In 1967, Apinis re-exammed Thermoasc iy wuranniacis neotype strain M 206516
Hle found 11 to rather correspond to Ducts funnces cristacens Apins & Chesters having a
well defined Pucetfonnecs anamorph This observation enabled Apimis to definitely refute
the similarity of these two teleomorphie genera as stated by Cooney & Emerson 11964)
At that time. Apanis was already fanubiar wath the ascomycete descroibed by Miehe, from
pasture sotls, he had solated (Apinis, 1963) several strains matching the original descrip-
tion

Ba~ed on several fresh isolates ongmating from Sweden and England, Apinus
i 19671 then provided an updated deseription of Ductvionnces type speaies, 1 thermopii
ftv The (ungas has hyaline, umicellular ascospores, more or less oval and smooth, 5 5-8 0
x3560pm Conwdia are also produced, these are continuous, cylindrical to ovoud,
subhyaline, smooth. 30-11 0 % 25 55 Lm Such ascospores and conidial dimenstons are
somewhat smaller than those reported by Sopp (19121, however there 15 a general agree-
ment that measurements given by this aather dare unrehable Amims {1967) selected as
neotype strain BDUN 394 (_ TMI 123298) obtained by T Nalsson in Sweden No
provision was established for the anamorph He simply indicated chamns ol conidia are
produced by branched annellophores as in the recently descnbed form genus Polvpaecdum
G Soith (Smith, 1961) Apinis proposed two new subgenerd to consider distinctivencss i
anamorphs of both Dactylomices Subgenus Dac iy lonnces based on the type and subge-
nus Puccdonticepsts based on D erustucens These subgeneric divisions were rapidly
regarded as superfluous.

Inspite of clarifications introduced by Apimis (1967). von Arx (1970) listed
Ductylomvees ascongenenie with Thermowscus, d taxonemic d.sposition he matntained for
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several years (von Arx, 1987), apparently he was following Stolk (1965) who did transfer
Ductylonns crustuceus 10 Ihermoaseus However this generic synonymy did not gamn
general acceptance (Malloch & Can, 1972 Cannon eruf | 1985, Eriksson & Hawksworth,
1993) Dacrylomy . es Sopp s actually considered a valid distinctive gener.c entity

Melanocarpus albomyces (Cooney & Emerson) yon Arx  Studies in
Msycology 8: 17. 1975,

basionym M, rtococcum athoninces Cooney & Emerson Thermophilic Fungr 60 1964
T huclavia albonnces (Cooney & Emerson) Malloch & Caimn Cunadian Journal of
Botany 50: 65. [972

Descriptions Cooncy & Emerson (1964), von Arx (1975). von Arx ¢ af (1988}, Guarro et
al (1996)

{ ooney & Emerson ascribed this fungus to the stenile form-gen.as My riocnccum
Er based on Corda’s mterpretation of s type species. M praecox (Corda, 1842} They
based their decision on the account both fungr have m common “the dark, shiny astomous
fraiting bodies, assouiated with a white, mucedineous subrculum™ Such an addition was
made nspite of their awareness no ascr were ever reported 1n Wi rioceccan praecoy and
also that what was considered as “spores”™ by Corda was apparently only the mner cells of
fmmature ascocarps.

The genus Melanoeurpus von Arx (von Arx. 1975) was later proposed Lo acco
modate the widespread ascomycete known to produce tn culture a characteristic arthro
conidial state This anamorph s not developed by taxa of the two related genera Ty
Zopf and Chueionadnun (Fuckely Zopf Smooth ascomata and obovate-oblate darker
ascospores provided with a prominent germ pore 113 16 x 11-14 x 9 11 Lm) were also
then considered addit.onal distimgwishing featares. Furtner, the presence ot a pseudopa-
renchymatous wall (n Melanocarpus afbonn ces preclades any confusion with the hitherto
known species of Thielavia (von Arx, 1973)

The original concept of Melanocarpus was however subsequently partly expan
dod by von Arx er uf (1988 to allow provision for the mesophilous M eblatus Guarro &
van der Aa described n the meantime. arthroconida are produced by this species. This
tendancy was also recently substantiated by Guarro ¢f ¢/ (1996) with their de<cr.ption of
the mesophtlic Metunocas pues coprophilus Guatro & Valldos., and the transfer of Thickn
mimuiavar thermophila Abdullah & Al-Bader. However both latter taxa are not known to
have an assoviated arthrocomdual state or any other state, 4 feature that should have
favoured their inclusion rather m Chaetonidium,

Melanocarpus thermophilus (Abdullah & Al-Bader) Guarro, Abdullah &
Al-Bader — Mycological Research 100: 75. 1996.

basionym  Thichavia munta (Cam) Malloch & Cam war thermophiia Abdullah &
Al-Bader — Basrah Journal of Agricultural Science 5: 116. 1992

Descriptions” Abdullah & Al-Bader (1992); Guarro et al. (1996).

Living strawns of the thermophulic variety of Frelar sa munuera (Caim) Malloch &
Ca.n {a mesophile) ongmate from a forest so1l n the north of Irag Re-examination of
authentic material led Guarro ef af, 11996) to relocate the fungus in Melunocwrpis von Arx
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as \f thermophifs However this ascomycete produces not the arthroconid.al anamorph
characteristic of the type species. Asct are 8-spored with ascospores being ovoid, dark
brown, 7.5-9.0 x 6,0-7.5 nm, each provided with a single germ pore.

Talaromyces byssochlamydioides Stolk & Samson  Studies in Myco-
logy 2: 45. 1972.

anamaorph  Puecdenncos by ssoddanmidiondes Stolk & Samson  Studies in Mycology 2
45,1972

Descriptions. Stolk & Samson (1972); Awao & Otsuka (1974).

Thisy speaes of Tularonnees Benjamun 1s definttely less reported than its close
relatne T erncrsona Stolk Tt 1s mamly distingu.shed by ite conspicuous Pueedonnces
anamorph as compared to the Poredinen state of the latler Ascomata alway s develops i
calture conconutantly with the anamoerph and such preventsits confasion with the simular
mperfect taxen Puectfonices vartofy Bamer. Ascospores are globose to subglobose,
37-4 5 % 3 5-4 0 um. thick-walled smooth or nearly so, often partially covered by material
which may represent the remnants of a gelatinous covering

Duciviona.es crsiucens Apims & Chesters also has a Pavofonn ces state but its
contdia are ellipsoidal as compared to the cylindnical comdia of Tuiaronn ces by ssochifa-
midiondes The latier was apparently only reperted from soil m Japan (Awao & Qtsuka,
1974) and Egypt {Mouchacca, 1995)

Talaromyces emersonii Stolk — Antonie van Leeuwenhoek 31: 262.
1965; Stolk & Samson — Studies in Mycology 2: 48. 1972,

- Byvsochfunn s sp fude Cooney & Emerson Thermophilic Fungr 15% 1964

anaemorph  Pomecifliumt emersoni Stolk Antonie van Leeuwenhoek 31 262 1965
Geosmitthia emersormin (Stolky Pitt Canadian Journal of Botany 57 2027 1979

Musapplied names Tilaronn ces dupentn (Grtton & Maublanc) Apirus. sersu Apinmis

Nova Hedwigia 5; 72. 1963; as comb. nov. (nom. wval., Art. 36.1).

- Perocilluon dupentnt Grilfon & Maublanc (911, sensu Apinis Nova Hedwigia 5 72

1963

Descriptions Stolk (1965), Stolk & Samson (1972, Domscli or o (1930}

Tuluroniy cos emersonn was described inclusive of 1ts distinetive anamorph deve-
loping Penucillia of the Asyamie trica type The selected representative strain was obtamed
by Mrs. A ] wan der Plaats Nitetink from Ialian compost but other 1solales were also
then available at the CBS Dedicated to R Emerson for lus contnibution to our knowledge
of thermophilic fungi.

Apinis (1963) based his taxonomic decis.on on strain BDUN 272 { (BS
397 64) 1solated from sorl near Nottingham (UK) Stolk (1963) re-examined this 1solate
which proved to represent Tuwlwromt, ces emersonn rather than the teleomorph of Penu-
et duponin as concluded by Apinis. The same observation also apphes to strain CBS
394.64 labelled By ssochlamys sp. by Cooney & Emersen (Stolk, 1965)

The anamorphic genus Geosnutiia Pitt {Pitt, 1979) was erceted to accomodate
Perucilba formerly placed m the Powcidlawn patihion series. These are mainly distin-
guished by the formation of (ylindrical conmid.a borne from ¢yhindrowdal, rough walled
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phiahdes and not colored green en masse. Stolk & Samson (1985 emitted doubts as to the
necessity of sach a gener.c disiinction based on s.ght morphelogical diferences.
o Pentcdinen such differences are mstead appropnately used to delimit generic sections.
The anamorph of Tuluronnces emersont s thus better referred to as o Pesnesifim

Tuluronnces emersony was subsequently reported from various habutats
1Domsch er «f , 1980) It produces globose, reddish 1o orange brown ascomata, up to
WO pm dram |, ascospores are thick-wa.led. smoeoth, subglobose to ovordal, 3540 x
2 7-3 5 um, ascospores may be covered by materia, representing remnants ol 4 gelatmows
coating.

Talaromyces thermophilus Stolk  Antonie van Leeuwenhoek 31: 268.
1965; Stolk & Samson — Studies in Mycology 2: 55. 1972.

Pomelium duponta GnilTon & Maublanc emend Emerson m Raper & Thom
A Manual of the Pemcilha. 573-577. 1949,
= Falurem, cey duponin (Griffon & Maublanc) Emerson. incidently mentioned by Fergus
Mycologia 56: 277. 1964 (nom. inval, Arts. 36.1 & 37.1)
ancmorph Peracilfm duponti Griffon & Maublane  Bulleun trimestriel de la Soaete
mycologique de France 27: 73, 1911
= Cdromices sphagnicola Mal'chevskaya  Trudy Pushkin nauchno-issled Lab Rasy
Sel’skokhoz. Zhivot. Inst, 13: 23 1939,
Misapplied names: Tularon oo s dupons (Grffon & Matblang) Apumis, o Apimis
Nova Hedwigia 3: 72. 1963, as comb. nov. {nom, invalid , Art. 36.1).
Tdwromces Poncitiunn duponnn (Griffon & Maublanc) emend Fmerson mm Raper &
Thom 573.1949.1 ¢ Cooney & Emerson  Thermophilic Fung 28 1963 (nom amal
Art. 36.1).

Descriptions : Stolk {1965); Stolk & Samson (1972); Pitt (1379).

The orig.nal publcation of Gnifon & Maublane (1911} dealt only with the
Pemcidfem anamorph No corresponding teleomorph was reported from cultures of the
two stramns then avalable fur study These were obtamed in Franee from manure and damp
hay by Mr Dupont, Chief Chemist at the Ecole Nationale d’Agriculture de Gnignon, and
to whom the fungus was dedicated Unfortuanately, the two ongnal iolates are defimtely
lost

The fungus was later on and in 1945 1solated by Emerson from rett.ng guayule
shrub at Salinas, California, for the first time the perfect state developed in culture
Emcrson then prepared an emended descniption of both states of Pemcidinen duponti
based upon his stramn No. 26 ¢ NRRL 2153) to be incorporated by Raper & Thom m
thesr first Manual of the Penicillia (1949: 573).

In 1963, some confusion about this taxon was mtroduced by Apnus. Under the
binomual Tuluremvces dupontr (Griffon & Maublanc) Apinis, he provided a description of
a teleomarphic fungus thought to “correspond 1n general to the original stram desenibed
from France™ As representative material, Aptnus selected hus strain BDUN 272 onigina-
ting from a water-logged pasture 1n Nottingham The above binomial was however not
valsaly published as no latin diagnosis provided and no new type material specified

Further confusion but of the nomenclatural type was also sinualtaneoashy
mtroduced by Fergus (1964) follow.ng his study of an isolate from compost tm Pennsylva-
nia {USA) His observations were published under the name Tularonn cos duponii (Grif-
fon & Maublanc) Emerson. a combination not proposed as sach by Emerson himself
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Unfortunately, th.s designation was subsequently reproduced 1n several studies of ther-
mophilic fungi.

Two years later Stolk (1965) re-examined Apinis stramn BDUN 272 She found it
to largely deviate from Emerson’sisolate No 26 ( NRRL 2155, (CBS 236 53) Moreo-
ver, the former proved to petfectly match her newly described Tularom ces enrersonn Stolk
To climinate the state of confusion preva.l.ng around the name Tularonnces duponii,
Stolk then proposed the new name Tduronn ces thermophdus tor this teleomorph and
provided a latin diagnosis Emerson stram was then selected as holotype 1Stolk, 1965: Patt,
1979) However, the oniginal accession number of this holotype was erroncously ated by
Cooney & Emerson {1964 28) under the diagnosis provided for this fungas 1s indicated
specimen M 206516 (our culture No 26) In fact strain M 206516 was selected by Cooney
& Emerson as representing ther interpretation of Thermoedsc iy awranitacks Miehe {1964
50% and this corresponds to their annotation: our culture No. 2

Pitt {1979 stressed the reasons why the corresponding perfect state should be
matntained in Tearonnce s and to continue constdering 1ts simple reduced anamorph as a
Pemciituon, Talurorn cos thermoplafus s the only thermophile with a Pearedinan anamor-
phic state producing green conidia This character should prevent any nusidentification
SMee aseocarps do not always readily develop n cultures of freshly 1solated strams The
fungus grows fairly rapidly and optimally at 45-50° C. no growth develops at 25" C and
60" C respectinely Ascospores are ellipsoidal, 3 5-4 5 % 2 2-3 5 um, ornamented by 2-6
somewhat jagged, irregular, usually longitudinal ridges.

Thermoascus aurantiacus Miche — Die Selbsterhitzung des Heues:
70. 1907,

— ¥ Thermoascus vatschenhor Mal'chevshaya Trudy Pushkin Nanchno issled Lab
Razsv sel’khoz Zhnvot 13 26 1939, fide Cooney & Emerson Thermoph.hie Fungr 39,
1964

Misappled names Thermoascus awannacus Miche 1907, sonsu Cooney & Emerson
Thermophilic Fungi: 39. 1964

Dact, leomyces thermophilus Sopp 1912 sene Cooney & Emerson  Thermophilic Fungt
39 1964

Penscitiim thermopindis (Sopp) Buourge 1923, sersu Cooney & Emerson Thermophihic
Fungi: 39. 1964,

Fonraitlam thermophitlum (Sopp) Sace, fide Trouer 1931; sensu Cooney & Emerson
Thermophihic Fungi: 39, 1964

Descriptions  Stolk {1965), Apuns (19673, Awao & Otauka (1973), Domesch ef af (1980,
Chen & Chen (1996}

The type speaes of Thomoasas Miehe (Miehe, 1907, T awrantiacus, was
1solated from sell-heating hay and carefully described by the author Few years later, Sopp
(1912) reported a second thermophulic ascomycete having 4 well developed conidial state
and for which he proposed the new genus Ducty lonnces. Sopp then considered fhiermioas-
Cus durghtfiucus as approxamating hus Doy lormves thermophitfus noosp. ud miterim, This
sapgestion coupled with the lack of any authentic matenal for either ascomycetes resulted
m much confusion about the exact nature of Miehe’s fungus.

In 1963, Apims isolated from sotl near Nottmghan several strains he referred to
Thermoascus aurantacus These 1solates exhibited no morphological deviations from the
ongmal description They also proved to match a stram maintained at the CBS under this
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binomial and 1selated by Noack (1912) Apinis noted the structure of the cleistothecium
be related to certain species of the Ghvmmnowscueccue with the presence of large clavaie
conidia reminescent of “clasterospores ™ of some Trichophyton species.

In 1964, Cooney & Emerson provided a detailed deseniption and a latin diagno-
s of Thermauscus anrvantiacus based on therr “sttaim M 206516 (our culture ho 2)7
thought to match Miche's fungus. This was also then regarded as an earler name of
Dactvient ces thermopinbes In the established descr.ption, a distinetive contdial state 15
depicted Th.s anamorph approximate figures produced by Sopp (1912) and which were
later regarded (Stolk, 1965) as rather rermimiseent of Paecdonnces Ban (see also com-
ments under Dactviomyces thermaphlus).

However, in the same year, Apinis & Chesters (1964) introduced Dact, fonn, cen
crstacens tanamorph Pucedonnices crustucensy and reported to it the CBS stramn 374 62
f= NRRL [563) labelled Ductrvionnces thermophilus by Raper & Fennell 1n 1965, Stolk
re exdmined this strain and concurred with Apimis & Chester’'s decision She then sugges-
ted Cooney & Emerson’s neotype of Thermouvous arrantiacus (M 2065167 15 most likely
identical with Daciplomyees crusiaceus

Stolk (1965) then examuned all cultures mawmntained at the CBS as Thermeusci
amrantrae s CBS 256 34, CBS 257 34, CBS 41562 and CBS 398 64 These 1solates
produced elhptical finely echinulated ascospores, measuring 5 0-70 x 3 5-50 um
No assoctated anamorph producing chains of conidia was developed by any The absence
of an anamorph producing spore chains was already stressed by M.che (1907) and such
was confirmed few years later by Noack (1812) Stolk then underhined these features
sapport the distinctiveness of Fhermiowscus atitanttacus from Dactyfomnces thenmophiias
thaving a yet undefined anamorph) and also from the well descmbed Puciviomnces
creestucens and ats Puecilomnees anamorph Unfortunately Stolk then tranferred the latter
to Thermouascus

In 1967, Apinis published 4 comparative study of Fhermaoascus and Daciy fomy
¢¢s based on freshly solated strans. He re examined Cooney & Emerson strain M 206516
and confirmed Stolk (1963) suggestion about its sirulanty with Dacny fomn ces crastuacens
I'h.s lead to a definite rejection of Cooney & Emerson’s taxononuc considerations about
Phermoascus type spectes and to s identity with Dacnvlonnces thermopindfies Second, the
morphology of Apinis fresh 1solates of Thermoascus aterantics was 10 ine with Stolk
{1965) observations.

Apinis alse noted the presence in the aenal mycelium of “comidia of Apha-
nowscys of Microsporum type developing termiunally on long or short hyphal branches
singly and bemng clavate or somewhat spindle-shaped. smooth, 0-3 septate, 12-35
% 5-10 um™ Miehe (1907) did mention such aleuriospores in the type species Strain
BDUN 343 (. IMI 91787 1solated from alluvial grassland soil was designated neotype
for Thermoascus aurantiacus

Recent reports confirms Thersmoasius awranfiects have a wide distribution
iDomsch er af, 1980, Chen & Chen. 1996) This ascomycete proved to be a strong
thermophile with growth starting at 30° Cand up to 62° C. growth opuimum around 457 C
with formed colonies being bright orange to orange brown Ascospores are definitely
ellipt.cal and slightly roughened Presence of terminal aleuriospores apparently depends
on examined sirains.

Thermouascus was placed in the fammily Om genac ewe (order Onygenales) by Benny
& Kimbrough (1980); they placed Dacf) fom) cesin the Trichocomaceue (order Eurotiales)
It was maintammed 1n this family by von Arx (1987) but with Ducnilonnces being a
synonym  Thermoascus was however excluded by Currah (198%) from the Ony genuc eue
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beceaase “there v no evidence of keratinolytic abilities nor does ot have strictly rhexolyti-
cally dehiscing conidia”. Currah mentions not Dactylomyees

Fhermoase s safschenthons regarded as a doubtful species of which no sat.slac
tory description exists and noe matenal s avaldable for comparson (Cooney & Emerson.
1964, Apinis, 1967).

Thermoascus aurantiacus Miehe var. levisporus Upadhyay, Farmelo,
Goetz & Melan — Mycopathologia 87: 73. 1984,

The or.gmal solate was obtained from a top layer so1l at La Cetba Republic of
Honduras Mimimum and maximum grewth temperatures are 31 and 61 € respectnely
with the opumum being at 49 50° C The variety differs mamly by ellipseidal smooth
rather than “echinalate ascospores ™, 37-7 1 « 2255 um (50-7 0 < 3 5-5 0 pm for the
spec.es) Comidhzl anameorph of the alear.ospore type matching those of the species were
nfrequent, borne termimally, clavate. thick walled, smooth, 1525 x 7-17 ).m All other
characters duplicate the species. Produaction of protease enrsymes was also assessed I Marey
et al , 1984).

Thielavia australiensis Tansey & Jack — Canadian Journal of Botany
53: 82. 1975.

Descriptions Tansey & Tack (1975), von Arx(1975), von Arx ef af (1988)

The protologue was based on strans 1solated from nesting material of an
metbator bord the mallee fowl Lopow ocdllvig Goald in Now Soath Wles, Australia
Optimum growth recorded at 3»40” C maximum at 57 C, mintmum not detimed

This Fhetenie 15 distinguished by small pyniform brown ascospores, 6 8 x
5-6 um. having a germ pore at the attenuated end Simple aleuriocomdia are prodaced n
calture according to the protologue, these are cont.naous, lateral, sessile, colorless, ovoid,
5-8 » 3-3pm The fangus has apparently not been reported after its deseription svon Arx
et al., 1988).

Thielavia pingtungia Chen K-Y. & Chen Z-C, - Mycotaxon 60:
242. 1996.

The fungus was 1solated from a sugar-cane field in Tarwan The specific epithet
refers to the onginal locality Pingtung No growth developed between 25 and 307 C with
the optimum being around 40° C and the maximum fairly above 50° C.

The species 15 characterized by dark globose clestotheeia covered w.th brown
thiek-walled hairy appendages, ascomatal hairs of the Chactonm type, 2 5-4 0 am wide
and up to 350 pm long, ascomatal wall pseudoparenchymateus. Aser cylindrie, 40-52
7-9 am, stipitate, fusciculate, 8 spored  Ascospores usually uniseriate, globose to subgle-
bose dark brown smooth, thick walled, 8 5-10 0 x 6 5-8 5 um. No anamorph developed
in examined cultures,

T luva pmgtingia have several features i common with species ass.gned to

Chactomiduen, for the moment, the :alter groups only mesophihc ascomycetes (Silva &
Hanlin, 1996)
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Thielavia terrestris (Apinis) Malloch & Cain — Canadian Journal of
Botany 50: 66. 1973.

basionym: Allescheria terrestris Apinis  Nova Hedwigia 5: 68. 1963,

anamorph. Acrenoniom alubamonse Morgan Jones as ‘alubwnensis Canadian Journal
of Botany 52: 429, 1974

Descriptions . Apuus (1963); Malioch & Cain {(1973); von Arx (1975)

The original material was observed by Apinis (196%) 11 the course of mswork on
thermophilous fungl mhabiting alllusial soils i Great Britamm He described the fungus s
1feache i torrestrns wathout providing any argument favournng such a decision, he also
aselgned the anamorph to Cepliadusporiun (now Acrentenion Link Fr ), Allescheria ter-
restrny was then transferred w0 Teelanra Zopt Following its descr.ption, the fungus was
reported from various habitats and 1s now known to display 4 w.de geographic distnibu:
ton Ascospores are ovate or pyriform, brown, thick-walled, provided with a distinet germ
pore at the attenuated end, 5.0-7.5 x 4.0-5.5 um

The hyphomyvete deromonmun alabanicnse was deser.bed exclusne of a teleo-
morph. .1 was 1solated from needles of Poms recdu Later on, Samson et ¢f (1977) lound
1t Lo match the anamorph of Fhiekayur terrestrs For this ascomycete, sometimes only the
anamorph 15 observed during 1solation studies and appropriate mat.ngs are requwred for
the dovelopment of the teleomorph These authors conducted extensive mating experi-
ments with several strans of T terresiris and 4 alabamense, they came to the conclusion
that the mating behaviour of Fhee far i terrestris could best be interpreted as indicating
homothallism with cross-teeding

Some species of (fuefomunm also produce w culture a phialidic state approxt
mating Acremtonmm alubamense The latter was recently selected as the type of the new
sect.on Chae tomatdes of Acrononiun established to also accomodate phialidic states of
some Chaetomium species {(Morgan-Jones & Gams, 1982).

THERMOPHILIC HYPHOMYCETES

Acremonium  alabamense Morgan-Jones as ‘‘alabamensis” —
Canadian Journal of Botany 52: 429. 1974.

te.eomorph Thecfn i rerrestrrs LApims) Malloch & Camn - Canadian Journal ol Botany
50 66. 1973

Descriptions Apinis {1963), Morgan Tones (1974). Morgan-Jones & Gams (1982

As underlined before, this hy phomycete was described exclusne of the teleo-
morph being 1solated from needles of Puses taede collected 1n the state of Avabama (USA)
The teleomorph was described before from alluvial sails in Notungham (UK) with the
anamorph being indicated as simply representing a Cephudosportunt sp.

The repeated solation of an Acrcmonuen sp. [rom heated habitats led Samson e/
al 1977y to compare 1t with the fungus described by Morgan-Jones and the anamorph of
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Thiclasia terressris, All three hy phomycetes were found to represent the same fungas This
finding rose few questions concerming the developmental behaviour of the teleomorph
Extensive mating studies were then undertaken with solates of Thueluvig ferrestis,
Acremeriwm sp and of A aichamense Although results allowed not a definite conelusion
a5 1o the heterothallic nature of the teleomorph, these support the hypothesis indicating
the mating behavioas of Fluefavia terrestris 1s a case of homothalhism with cross-feeding
(Samson et al., 1977)

Acremonnnn alabamense could thus be observed alone in studies involving gh
temperatares incubat.on It was recently selected as ty pe of the new section Chaeronmimides
of the genus established to also accomodate the morphologically similar phial.dic states of
some Chactontam speies (Morgan-Jones & Gams, 1982) The fungus produces compa-
ratnely fast growing «olonies, velvety, whitsh, with yellowish to brownish runner hyphae,
345 pm wide Comdiophores are simple, short, 8-25 x 1-1 5 um Conidia are obovotd to
pyrfiorm, smooth, with a truncated bave. 3-6 » 2-3 um (Morgan Jones, 1974)

Acremonium thermophilum W, Gams & Lacey — Transactions of the
British mycological Society 59: 520. 1972,

The described material developed on self heated sugar cane bagasse in Tninidad
The fungus 1s regarded as umique among hnown Acrensorten Link Fr o species on account
of its thermophihic habit and production of submerged hyphae partly having pigmented
walls. The species was assigned 1n Aeremonnansect Nedtrondea due 1o the development of
thich-walled comidiophores w.th basilonous ramification Growth 1s strong but slow at
207 C. very good between 23 and 40 C and very weak at 47° C Comdia are ellipsoudal,
3.0-4.0 x 1.3-1.7 um

Humicola hyalothermophila Moubasher, Mazen & Abdel-Hafez —
Transactions of the British mycological Socicty 72: 509. 1979,

Descriptions' Moubasher e af. (1979); Moubasher (1993),

This soil-borne Iy phomycete was oniginally 1solated from several local.ties m
lordan No growth develops either at 28 or 557 C with good development being at 45 C.
growth optimum value 15 not specified This thermophile was d.stinguished from the
mesophilic Huniceda fuscoutra Traaen mamly by .ts shghtly larger hyaline comd.a (not
colored hght brown a5 in H frescoutra) and intercalary chlamydospores. It was later on
observed in Saudi Arabian soils (Bokhary, 1986).

The taxonomic position of this fungus needs to be re-assessed

Malbranchea cinnamomea (Libert) van Oorschot & de Hoog — Myco-
taxon 20: 129, 1984,

bastonym  Trichorhcenon annuamomewn Lbert  Pluntue ¢y progamae Arducing, Coll 1.
Nr. 1013. 1830

= Geotcham comumomenn {Libert) Sace Revae Mycologique (Toulouse) 11 55
1881: Michelia 2: 636. 1882
= Thermowdam suffureum Miche  Deutsche Botanische Gesellschaft 25 515 1907
= Muthrunchea prdihellu Sace Sydow, Annales Mycologier, Ser 11, 6+ 557 1908, Sace &
Traverso — Sylloge Fungurom 20, 11, 1911,

Mulbranchea pulchells Sace & Penng var sufjured (Miehe) Cooney & Emerson
Thermophilic Fungi; 102, 1964,
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= Malbranched suffurea (Miche) Prdoplichko  In "Fungus Flora of Coarse Fodders (in
Russan)”, 170. 1953,
= Walbranchea suftwrea tMiehe) Sigler & Carnuchael  Mycotaxon 4 441 1976

Descriptions Cooney & Emerson (1964), Sigler & Carmichael (1976)

Miche (1907 crected Thermowdeuns, type species T e fureun, for a hyphomycete
he encountered during his proneer mmvest.gation of the self-heating process of hay
He studied the fungus mn culture and stressed its thermoph.he nature Saccardo (1908)
however immediately considered this type species as matching the morphologically close
mesophilic type species of his genus Malbranchea, M, pulchella Sace,

In 1964, Cooney & Emerson provided an excellent account of a stram matching
Miche's deser.ption For this fungus, they simply proposed the vanetal name sultiea
pending a comprehensive comparison with the almost identical mesophele Malbranchieua
pebfchelly The comparson was later undertaken by Sigler & Carnuchael (1976), they
condluded high temperature reqairements are sufficient to warrant a speaific status and
provided the binonual Mafbrandhea sdfurea (M.ehe) Sigler & Carnmuchael

Ehe combmation Malbranciiea cimneamontea was based on Trechothecumi ciana-
e Libert 1t was establshed by van Oorschot & de Hoog (1984) alter examinming
Jried authentic material of the latter However the possible simularity with Mulbranchiea
swfplirea was not constdered  Sach was establ.shed later on by Sigler (1957) after a study
of appropriate authentic material.

Moadbianchea comariomed 15 an eastly recognizable thermophilic hyphomyeete
beng recorded on avanety of substrates under dilferent conditions {Sigler & Carmichael,
19786)

Myceliophthora fergusii (van Klopotek) van Oorschot — Persoonia 9:
406. 1977.

basionym  Chrtsosporaan fergtise van Klopotek Archives of Microbiology 98 166
1974

Teleomorph Corvnascus thermophidus (Fergus & Sinden) van Klopotek  Archuves of
Microbiology 98: 366. 1974,

Descriptions: van Klopotek (1974); van Qorschot (1977, 1980).

As underlined under the telcomorph. provis.on for the anameorph of this asco-
mycele was made several years after the discovery of the heterothailic nature of the perfect
state. The anamorph was simply staled as being distinet from the close previoushy
described hy phomycete now renamed My celtaphhora thermopfnly Both anamorphs can
thus be observed separately from their respective leleomorphs in mycological analyses
conducted at high incubation temperatures.

Mvcehophthora fergusst prodaces pinkish cream floccose colomies, aleurospo-
res are pyniform to clavate, smooth and thick walled, aearly hyaline and with narrow basal
atlachments, 5-12 x 3-5 um
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Myceliophthora hinnulea Awao & Udagawa Mycotaxon 16:
438. 1983.

The type locality 15 cultivated soitm Japan Fungal growth s extremely reduced
at 20°C, optimal growth 15 at 40-45° C and maxumum somewhat above 500 C
No connection with a teleomorph yet establhished.

Mycchophrhiora hnvadea differs from the five previously described species ivan
Oorschot, 1980) mamly by dull to greyish brown colonies and brownish comidia conspi-
cuously verrucose to spinulose, 8 0-10 0 x 6 0-7 5 Lm Alimost all known members of this
genus are thermotolerant or thermophilic with sperulation often bemng good between
30-40° C.

Myceliophthora thermophila (Apinis) van Qorschot — Persoonia 9:
403. 1977.

basionym Sparetromam tlermopiitfioon Apais as  thermopinle” Nova Hedwigla 5 74
1963,

— Chrysosporuan therntoph.lum (Apimis) van Klopotek  Archines of Microbrology 98
366. 1974

o Myedhoplithova mrdre Basu Nova Hedwigia 40 85 1984 (nom sl L Art 37 1)
Telecomorph Corvnasces hererorhallions ivan Klopotek) von Arn Sydowaa 34 25 1981

Descriptions: van Oorschot (1977, 1980), van Klopotek {1974)

As stressed betore Ahveelophtlora thormopinfe was described exclusive of s
correspond.ng teleomorph Since the latier 15 heterothallic, the anamorph could thus be
observed alone 1 stadies mvolving thermophibe fungl The species ditfers from other
menmbers of the genas by its dark colored colonies, occasionnally greenish and by smaller
mostly obovate contdia, 4 3-110 x 3 0-4 5 um, comidia are hyabne, thick-walled and
rough Fresh molates always have some rough comdia but older caltures tend o produce
only smooth ones. The species displayvs a wide geographic d.striibution being a common
vomponent of decaying manure, stlage. wood chips and pulp, ete (Cannon, 1990y

Muvcdlopitthora mdica was solated from garden soil and from decomposed
leaves of Cfitwrwa sp Attemps to Jocate oniginal material were unsuccessful although Basu
t1984) underlned her miention to deposit both available stramns at the CBS The fungus
was comparcd with the type culture of My cehophithora thennophila considered by Basu as
being tnermotolerant The “strongly thermophilic™ Indian strain was tound to deviate
main.y by smaller definitely roughened corndia No mating attempts were undertaken and
the exstence of a known teleomorph not stressed i the pablication Analysis of the
protologue clearly indicates the Tndian <stram do represent Miceltophthora thermopfida

Scytalidium indonesicum Hedger, Samson & Basuki — Transactions of
the British mycological Society 78: 365. 1982.

The ortginal material was solated from sol of the Bogor Botamic Garden, West
Java The fungus was alsorecovered from Diprerocarp forest sols m South Sumatra. liwas
reporled as being simply “thermophilous™ able to grow rapidly at 45°C 8§ Scmat 36 h
Later Straatsma & Samson (1993) stated 1t 1s thermephihc.

The Indonesian taxon s distinguished by the production of conidia (intercalary
chlamydospores) thick-walled brown, ellipsoid to barrel shaped. often with irregular
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outgrowths and also often constricted at the middle of the cell. 1525 x 7-12 um, on
maturity these conidia secede rather easily and appear uregular in shape Durk brown and
thick-walled sumilar but less wider conidia (termed arthroconidia) also develop in chans,
[3 32 x 5-8 um, these do not secede easity The presence of terminal conidia (or lateral) 15
not underlined

Sevtaladne wndonesicum approximates S thermophifem which mostly produces
spherical to subspherical darx brown smooth con.dia 9 14 pm wide, oblong or ellipsoidal
ones measure 8-18 x 7-14 ym However, neither these Sovradfidnen develop the second
hvaline arthroconidial state characteristic of the type species. S fignicnfa (EliIs M B |
1976) The deseniption of S wrdoncsscion 1s however in Line with the miroducuon mn
Soy talilium of taxa only developing dematiaceous arthrocomd (Sigler & Wang, 1990
Such additions makes Scytafidium a heterogeneous entity.

Scytalidium thermophilum (Cooney & Emerson) Auwstwick — New
Zealand Journal of Agricultural Research 19: 29. 1976; emend. Straatsma
& Samson — Mycological Research 97: 327. 1993.

bastonym. forufu thermophtfu Cooney & Emerson  Thermophilic Fungt 92 1964

Humicola msolens Cooney & Emerson — Thermophilic Fungi; 79. 1964
- Hunucola fuscoutra var longipora forma mselens (Cooney & Emcerson) Fassatiova
Ceska Mykologie 21: 84. 1967,
~ Humncola grivea Traaen var thermotdea Cooney & Emerson Thermophilic Fungr 79
1964

Humncoda misolens Cooney & Emersonvar thormotdea D H Ellls Transactions of the
British mycological Society 78 133. 1982.

Humcola fuscoaira Traaen var migra Subrahmanyam  Hindustan Antibiotics Bulle
tn2d 41 1982 (wom onal At 36 1 descriptiononly), fbed 29 62 1983 (latin diagnosis,
nom, inval, Art, 37.1)
= Hunucola mgrescens Omak var thormorongowra Subrahmanyam  Hindustan Anti-
botics Bulletin 24 45 1982 (nom. mval , Art 36 1 description only). fénd 2% 62 1983
{latin diagnosis; nem mval., Art, 37.1).
= Sovtaldiuon allahubadim Naran, Srivastava & Mehrotra Zentralblatt fur Mikrobio-
logie 138: 570. 1983.

Descriptions Cooney & Fmerson (1964), Elis M B (1976}, Straatsmda & Samson {1993}

Cooney & Emerson (1964) while describing Hunucola msolensand H grisea var
thermordea indicated “the problems concerned with the Monotospora Humicola-Torula
can only be resolved when all forms, beth thermophilic and mesophilic, can be studied and
compared in detail”™ The genus Monotospora was cited 1n relation to Mason (1941) who
had then concluded that M dulue Mason predates Humicolu fuscoatra Traaen Turula
thormwphida was apparently not concerned by this statement since 1ts description 1s found
some twenty pages later Humicola grisea var thermondea was considered as a vanety
falthough not producing phialospores 4s the species) “chiefly because of the uncommon
occurrence of intercalary chlamydospores™ The abundance of these structures was then
used to distinguish Humicola imsolens Cooney & Emerson

Later, Fmerson i 1968) stressed * Humucola grisea var thermorded has smooth-
walled chilamydospores (aleuriospores) borne singly on short lateral branches with the
a.most absence of any micrcalary chlamydospores, on the other hand, 1solates of Hunit-
colu msodens regularly produces intercalary chlamydospores »ingly, m pairs or i short
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chams 1 «dd.uon to ol tary ternunal spores on short lateral branches, in Torda thern
phite (JlAMyGOSPOTES ATC AguI wmooth and brown, all formed n tonger or short
\ntercalary chains and rarely in a terminal posttion”

The taxonom. statas of this Huan - Torufe complex remaned unchan.
unt)! Austwick 1970y tranferred foredu prernsoptisha 1O Sy taltdinn Pesante sensu b
M B (1971). the latter aad emphasized the Jark pigmented arthroconidia of the
species S frgircold Howaver Austwick did not provide any argument in favour of suc
transfer Later Sigler & Carmuhas (1976110 the course of their study of hyphonn.
with artaroconidia awepted Sovrddedion oy delim.tad by Ellis M B, seven species w
then retatmed with some Javelepiny only the demahaceous cnlamyJdosporic state T!
additions miroduced mach heterogensity 1 the genus (Sigler & Wang. 1990)

[l D H (19521 conducted wtrastructural studies of the condial ontog
both Heamscrda proposed by Cooney & Emerson .904) Alter examining type strain-
otner 1salates he conclided H o ogrocn var mermeidod 1s g separale entity ezh b
consrderable genenis vanuton among strams. further. 1t should rather be consids
wartely of Fate v sebors This proposal was notin hne with the suggestion ¢n
carher by Awao & Otstka . 974 staung that both Cooney & Emerson’s Hunbcoda n
represent the same fungus.

The respective statls of these three mphomycetes remamed as su. h un
revent publ cution m de by Straatsma & Samson (1993) They compared 4 large n .
of strams boheled fortna Hoomoprae Honcole gosed var thermondea o 1w
Adndmg orresponding autoente matenid  Therr conclasion was that all such ~
represent one stvle vutiable speaes ot a - morphologically indistinushable ~
comples T lor waie 1 the bimomiad Soy i sermophluns (Cooney & Fmerson
T~ nLd contne o be appied pending further stadies Such a hmitation acco
the b ohe ipe specas of Sovfeeadan s a dimorphie fungus having in addion .
arthrocond, Tsyianamorph the ase of the binomial Seytafdvan thermophifum as -
questioned,

H ot wtd s o rasal mera Stbrahmanyam was so,ated form soil ut b
Iadix The protol 2ue almost dapiates that of Mol msolens sensu Cor
[ reron excopt it a curospores of the Ind.an stram are ind.cated as being s . {
Legel Mewnosp. rosaie an Codear, rarens bicellular, simgle, rarely .nchans of 21
smo i sphe ealand 0226 pm diam, osod and 13 0-16 5 < TU2-16 5 am oor
WO W S 105 0 e an Chlamivdospores intercalary with dimensions i’ -
tion identical to those of the aleuriospores.

H oot v nogrescor s sar nern oregorerd Subrahmanyam was solatn
cutt o R tosp at Moeoarashiean. India The provided protologue stress the pres
alotr, wpotes prodaeed sanghy oran chains, globosg 18 5-14 5 m)y or ovoud (1]

=120 wath smilar interealary chlamydospores. This deseription matche
cola grisea var. thermoidea sensu Cooney & Emerson.

Sovtalid i ol Hreg oo Naram e of developed while examining n
refuse 11 the Althabad reeon India 1t was oirst wlenutied by P M Kirk A N
St o ncencp s Narawn o el 1953y Howver the Indian authors stiv l
strain des ates on aveount of s colonies cosored grevish-black coupled with they
ton of larger spores with shopes commonly other than globose In Soi fedidoo
.;, 2oobosespores \“‘r} from §5 .2 0 am while those of other shapes measare 43
PRI mde 0 23 < T To b tor an [ndian stran of Sovtafideon thert

Reevomanation of the tvpe material (IMI 243118) contirm 1t represents 4 > f
Scytalidim thermophilum
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Thermophymatospora fibuligera Udagawa, Awao & Abdullah — Myco-
taxon 37: 100-101, 1986,

Thermopinymatospora Udagawa et gl (1986) was proposed for an wnusual so.l-
sorme hyphomycete assignable to a basidhiomycete anamorph The original strain ot the
1y pe species T ibudigera derives [tom an Iragrdate palm plantation ks characterized by

« loblastic unicellular comidia betng terminal or lateral, large, browmsh, globose, thick
valled and tuberculate. 20-25 ym wide Such comdia are superticially remunscent of some
\ cchophihora species. However the hyphae of this hyphomycete are regularly provided
« th simple clamp connections 4t the tranvserse septa No Lnk with a particular teleo-
morph has yet been established.

Tne fungus growth and sporulation are opuimal around 35-30° C, almost nil at
20° C, with maximum being at 45° C,

Thermomyces ibadensis Apinis & Eggins — Transactions of the British
mycological Society 49: 631. 1966.

This hyphonuyeete was first recorded during studies of micro-organisms respon-
si e for the biodeteriorztion of palm kernels in Nigerta  The minimum temperature for
arowth s between 31-35° C, optimuam lies around 42 47° C and maxumum at 60-01° ¢
Thus Thernopnces differs from the type species T furgoiosas by ats smaller unicellular,
sphierical, smooth, brown conidia, 4 0-8 ¢ um wide, and by its slender and more frequently
branched conidiophores.

Thermomyces lanuginosus P. Tsiklinsky (sensu Miehe 1907) — Annales
de I'Institut Pasteur, Paris 13: 500-505. 1899.

Sepedonmm lunugmosiwn {"Miehe’) Griffon & Maublanc Bulleun de la Societé
Mycologique de France 27: 70. 1911,

Waonotospora funugmosa (Griffon & Maublanc) Mason  Mycologiwal Papers 3 5%
1933

Humic olu lunugimosa (Gntfon & Maublane) Buance as “fonugomesws”  Transactions of
the British mycological Society 44: 375. 1961

Acremeoniefla sp. Rege  Annales of Appled Biology 14 28 1927, fide Mason, 1933

A thormophda Carn Attcdell’Istituto botanico dell'U niversita di Pavia, Ser4 154
1929, fide Mason, 1933

Hanucola grisca Traaen var mndece Subrahmanyam  Current Scaence 49 30 1980
(rom, inval., Art. 36.1) ] . .

Humicola luneginosa (Griffon & Maublanc) Bunce var «utemdate Morinaga in Mor.-
ga, Kanda & Nomi  Journal of Fermentation Technology 64 452 1986

Descriptions Cooney & Emerson (1964). Barron (1968), Llhs M B (1971}, Domsch oraf
(1980).

Thermonnces was mtroduced by Tsiklmsky {1899} lor one species, T funigino-
v, 1solated from garden soul, the original 1solate was however not maintamed M.ehe
11907) retained this binormal for an isolate from composted hay Gnitfon & Maublanc
(1911) stadied a culture 1dentical with the strain figured by Miche, but expressed doubtsas
U whether the corresponding hy phomycete would be cor}specmc with the fangus pro-
posed by Tsiklinsky They argued the protologue was msuffictent for a definite conclusion
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since from published mformations. the fungas exammmed by Takhinshy would have
caidia detimutels smaller than md.wcated by Miche™ Gritton & Maublane then assigned
therr isolate to Sepedonnmn Link on acconnt o the I ghtly verrucose nature of the
comdiai wall.

In 1933 Masan examined a culture of Acrameainc dla thorn opinfa Curzr, “handly
suppl ed by Mr Curz™, he noticed the sonulanty with Sepcdontiuns lameeine sam and also
with Joromomefla sp. Rege As Aason had conduded before that Toremonn fla Sace was
a sxnenym of the eariier Yenotospore Corda inon Honotevpora Yl 1, he proposed to
rename the tangus of Grilon & Maublane Yoneso spora fweenesa Ne mention of the
bononual Thormenn ooy bt was made by Mason Inthe meant.me Curz (1940
pablished an extensive cultural study of his dcremmmpciha thermaphida, a luangas he had
previoushy subnutted to Gritton & Maublane for exammaton yrde Mason. 1933)

While descmibing Fhorponaces steliaies 12 Huscofu secflatn, Bunee (1901)
questioned the maintenance of the Gralon & Muaablane fungus m Honorespore Corda
stnee [and as alse stressed by Mason 1933 1941, the conwept of this genus was stll under
debate Bunee rather tavoured the transfer ot Monotepora Lanugonoag (o Hupicola
Traiaen establshed tor mesophihe by phomycetes shaning the same type ol aleur.ospores
Cooney & Emerson (1964) todowed Bunce proposal On the other hand LaTouche (1950)
whae had solated this fungas from compost, considered the binonnal Ficomenn o
furtegmentes The Latter name was also retamed by Apimis (1963 on the basts all his solates
from allus.al soils agreed with the ongingl description prosided by Tukhinshy (1899)

The status of Tlhorprnncos was imaly detitaely seuled by Pugh cr af (1964)
while desenibing the mesophule 7 vcrncnis, an the Latter a transverse septun 1s present
Jast belows the conudiophore apey dehmitie a smadl apieal cell According 1o these
authors such o feature s evident from Ts.kLnsky s photomicrographs and this provides
argaments that her solate s identicat t e funges now known as Thermam ces L
Hosas Pugh o af then provided o descoption and drawmgs lor the Latter based on the
neotvpe stramn IMI 8400 ATCC 220703 olated by Bunce trom moulds hay at the
Rothamsted Experimental Statton in 1959

In e same year 1964, Cooney & Emerson in thar treatment of thermoph.he
fungr anderhined their first wsolate of Haneodu Thamonincos fanegmiosis wds stram
No Zhobtamed in 1945y I G Cooney fromrettang guay tle shrub Ths strain was later
on numbered M 206522 at the 1 naersay of Calitornia Herbarium, Berkeley (- ATCC
16455 L CBS 03291 I prosided the matenal for the descripti m and draw ings reported
m their monograph The nolate selected by Pugh oz e (1964) was explicitely designated
“neotype”, it has to be regarded as such against M 206522,

Sabseguent taonomid treatments ol hy phomy ctes umformly aceepted 7her
mennco [Carmichacl s o L1980y An ultrastructuradstudy of the conid.dl ontogeny of its
Bype spedies was conducted by FIha 1D H (1981 Further, recently Straatsma and Samson
(1993 re-enanuned oate CBS 15375 ¢ ATCC 2X402) belonging 1o the enpublished
Huwnucola hrovo (G Iman & Abbott) Guman var thom rdea Subrahmanyam, this was
re identified as Fhormonn ooy kantezonsaes They also concluded the same for the simlar
unpubhshed taxen Humicede brovspera Subtahmanvam & Tluramalachar based on CBS
152.75 (= ATCC 2840%)

Hunuo ola groeavar mdca tSubrahmanyam 1983 was obtained as & laboratory
contumimnant at Pimpre, Poona ‘Frials to locate the representatine strain were wnsdecessial
Accardingto the aathor, g crtica, study resealed ot belonged™ 1o Humicoda erisca (which
prodaces mtercalary chlamydospores) and approamates its var Harmondca (which also
produces mtercalary chamydosporesy However, the general lay-out of the drawings and
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teatures underlined m the deseniption clearly stress the proposed vanety represents
Thermonn ces lunugmosus The only deviatton s the smooth character of the con.dia .n the
proposed variety aga.nst the winkled condie! surface of Thormona oy lanugimoaas

Huwmicotu funugmosa var carenfuic (Mormaga ef af . 1986) was ohtamed m the
course of a sarvey of soil borne thermophiles for hugh producer strams of hpase enzymes.
Morphological details underlined in the publicat.on clearly indicate it tepresents a deviant
strain of Thermomyces lunugmosus.

The mesophilic Fhermommces versucoss Pagh, Blakeman & Morgan-Jones
11964) displays no growth above 37 C It has globose, dark brown conidia wath consp-
aously warted surfaces, 10-17 pm wide These stractares are definttely larger than alew-
riospores of the type species.

Thermomyces stellatus (Bunce) Apinis — Nova Hedwigia 5: 75, 1963.

basionym Husnicola stelfuta Bunce as “steftutzs Transactions of the Brilsh miycolog
cal Society 44- 372. 1961

Descriptions Bunce (1961); Apins (1963); Ellis M. B, (1971).

The oniginal material was 1solated from mouldy hay i BEngland and Wales The
fungus develops optumally at 40" C with growth being very slow at 24 € and not
extending above 507 C Conidia of the aleuriospore type. angular, lobed, smooth, pale to
mid brown or grevish brown, 510 x 5 9 um The transfer to Thermonnecs 15 based on
account of the absence of phidlospores i culture and samilanty in con.diogenesss,

THERMOPHILIC MYCELIA STERILIA

Mpyvriococcum thermophilum (Fergus) van der Aa — Verhandelingen
Koninklijke Nederlandse Akademie van Wetenschappen Afd. Natuurkunde,
seies I, 61: 60, 1973,

basionym: Papulaspora thermophila Fergus - Mycologia 63: 426. 1971,

Descriptions: Fergus (1971); van der Aa (1973)

This ‘bulbil-producing fungus’ was described from mushroom compost 1 Swit-
zerland (Fergus, 1971) I vitro. such structures appear very rapdly at 45° € i the aerial
and submerged mycelum They are white at first, then yellow and finally orange at
matuarity, in mature bulbals, cells of the outer layers are narrower and more clongate than
vorresponding mternal more miensely colored globose cells. The fungus shows no growth
al 28% C and 53° C with the opumum being at 45° C No connection with 4 pertect stage
vet established.

From seedlings of a Begonw species heavily mfected with small sclerotia, van der
Aa (1973 solated a fungus match.ng the descniption of the type of Miyrtoceccum br,
M praecox Fr Subseguent comparison with representatives strams of Papudaspora bys-
sma Hotson confirmed similanty of both taxa Also examinat.on of the type of Pupulas-
pura thermopinla Fergus proved it to be congeneric with M riococcum praccox except for
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its thermophilic character As A recocawmn predates Papuluspora Preuss, van der Aa
transferred Fergus fungus fo the former generic entity

The term bulbil 1» now restricted to homogeneouas pseudoparenchymatous
bodies occurring only in the basihomycetous genera Burgoa Goidanich and Muimedusa
Weresub & LeClarr. The term papulaspore 1s applied to thallodic propagules differentiated
from the mception mnto central and sheathing cells (Weresub & LeClawr, 1971) Such
thallodic propagules occur amongst the mycela of some species ol AMelunospora Corda
and few probably related ascomycetes.

THERMOTOLERANT BASIDIOMYCETE

Phanerochaete chrysosporium Burdsall apud Burdsall & Eslyn — Myco-
taxon 1: 124. 1974,

anamerph Spororrichum prionosum Gilman & Abbott - lowa State College Jfournal of
Science 1: 306. 1927,
— Chyysosporwam prmosum (Gilman & Abbott) Carmichael Canadian Journal of
Botany 40: 1166 1962,

Enmmc nsta brasiliensis Batista et of Revista Facultad Medecina, Unnersidad de
Ceara (Brazil) 3: 52. 1963,
= Sporcirichum dehraduncnse Sarbhoy & Saksena  Sydowia, Annales Mycologicl, Ser
L, 19: 198. 1966 (*1965™).
= Chrysosporngn lignorum Bergman & Nilsson Department of Forestry, Proceedings
of the Royal College of Forestry. Stockholm, Research Notes, 53 28 1966, (nom mal |
Art. 36.1).

Sporotricmen pubertdentum Novobranova  Novost sistematiki mizshikh rastenu 9
184. 1972

Description: Stalpers (1984)

Sporotrichum prumosum (also as S pulverulention and Phavcrochuete cirvsospo-
riunt) 15 a thermotolerant hyphomycete that has become the subject of many recent
physiolog.cal studies. The fungus 1s known to produce three types of hydrolytic enzymes
active in the degradation of celluluse Ttis actua.ly used as a model for the biodegradation
of L.gnin and the production of protemn from lignocellulosic waste material, a process
designated sigle-cell protemn (Stalpers, 1934) For these reasons, it 1s mcluded 1n this study

The protologue of the anamorph s based on a stramn 1solated from soil The
fungus was later on transferred to Chr sospornon Corda on account of the confusion
surrounding the generic concept of Spororichum Link (Stalpers. 1978). As for the
teleomnorph, the first specimen was collected 1n the Sonoran Desert, Anizona (USA), when
cultured, 1t produced a Chriysosporuon state matching Sporatrichum prutnosum Later on
the teleomorph could be obtained i virro under particular cultural conditions. Repurted
cardinal temperatures are muumum 7° C, opt.mum 36-40° C, maximum 46-49° C

In culture Sporotrichum prumosum 1s the most vanable spec.es of the genuas and
such aciounts for the several published synonymues. The simtlarity with S puhverulenium
has been the matter of a long debate (Burdsall, 1981) but recent studies provided
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arguments in favour of such a synonymy (Stalpers, 1984). Citation m apphed work of the
telecomorphic name 1s favoured against the two commonly aited anamorphic binomals
s.nce several nomenclataral problems are suill connected with the latter The fungus has
also been reported us a humuan pathogen being 1solated from lungs and this explam its
inclusion n the genus Emmonsta Ciferri & Moatemartim

TAXA OF UNCERTAIN POSITION

— Mucor thermo-hyalospora Subrahmanyam — Bibliotheca Mycologica
91: 421, 1983, (nom, inval,, Art, 37.1).

The examined strain was 1solated from contaminated curd collected 1n the local
market at Pimpn. Poona. India The fungus 1s clearly thermophilic with growth starting at
247 C, bemng optimum at 45° C and maximum at 55° C According to the author “careful
study of monosporic cultures showed that 1s closely resembled Muwer fatrices Milho &
Schkur but differs trom 1t 0 bemng homothallic Therefore 1t 15 described here as a new
species”.

The presence of weakly developed rhizowds in Mucer tauricus, accounted for its
transfer to Rhezenucor by Schipper (1978 This mformation was however overlooked by
Sabramanyam ¢1983) who also provides no details concerming the presence or the
absence of corresponding structures in his zygomycete This taxon might samply represent
a deviant strain of Rhuzomucor pusillus

Stilhella thermophila Fergus — Mycologia 36: 277. 1964.

This synnematous by phomycete was first 1solated rom mushroom compost n
sw.tzerland Optimum growth 1s between 33-30° C, at 557 C. shght development still
occurs but such 1s not the case below 25 C In culture, the fungas preduces white
<ynnemata. L.p to 300 Lm high bearing whitish glistening macoid conihal heads, conidia
are hyaline, continuous, oblong-ellipsoid, 15-17 x 6-10 um.

Serfert (1985) in his monographic treatment of Srfbelfu Lindau re examined
avthenue material Comidia were observed to develop from percurrently prebferating
comdiogenous cells, 1 e annellophores. a feature enhancing 1ts exctusion from the genus,
Additionnal work s undertaken to eslablish the correct taxonomic position of this species
(Serfert, pers. comm.).

CONFUSING BINOMIALS

— Achaetomium thermophilium Basu — Current Science 51: 524. 1982.

The origial lnving strain was 1solated from leaf hitter at Bhattni. Uttar Pradesh.
India It was described as bemg simular to Achaetomiunt mactosporum Rai, Wadham. &
Tewan but differ by bemg “thermophilic™ .n nature. although no mmmum growth
temperature had been indicated.

Source MMRN Pans



54 ] MOUCHACCA

Cannon {1986) exanuned a calture (IMI 292262) derived from the holotype
Growth and sporulation proved to be satisfactorily at 257 C indicating the fungus 1s rather
thermotolerant Ascospores produced were also found to be uniporate rather than bipo
rate as stressed 1n the protologue and thus matching those of Achaetonamm macrosporum
Based on these observations, Cannon concluded the ascomyccte proposed by Basu is
conspecific with Achaetomium macrosporum.

Species of Adietomnen Ral & Tewarn are known to be good thermotoleranis
tvon Arx eof of | 1988) The concept of the genus 1< however still under debate, Thas von
Arx et uf (1985) excluded 4 mucroporum, they also suggested the latter 1s rather similar
to Chaetomium vitellmum Carter or Ch megasporum Sorgel,

Calcarisporiella theymophila (Evans) de Hoog — Studies in Mycology 7:
68. 1974,

bastonym Cafearisporium thermophide Exvans Transactions of the Brit.sh mycological
Society 57: 247. 1971,

This 15 the type speaies of the mucedinaceous genus Calearssporiedfe de Hoog
{de Hoog. 1974) The onigmal iving culture was 1solated from coal spoal tips at Staf
fordshire, England According to Evans (1971 a & by, the mimmum growth lemperature
value 15 16% C, optimom at 407 C and maximum at 50 C The fungus should thus be
considered a thermotolerant

Endoblastomyces thermophilus Odinzowa — Microbiology, Moscow 16:
273. 1947 (descripion only); Die Systematik der Hefen: 2. 1960 (latin
diagnosis but no type designated); (nom. inval., Arts. 36.1 & 37.1),

This 15 the type species of Emdoblusionaces Odinzowa The eniginal protolgae
was not accompanied by a latm diagnosis provided later on by Osmdowa m Kudryavizey's
book “Die Systematik der Hefen™, the german translation of which was published n
Berlinin 1960, however, Odinzowa then emitted to designate a holotype

This yeast was 1solated lrom brewing wort moculated with baker's yeast m a
bread factory in Central Asia. USSR, 1t was considered to represent a new thermophilic
taxon Carmo-Sousa (1970} was unable to locate the corresponding living stram and
according to hum, the onginal description strongly suggests similanity with Trichiosporon
capriutunt Diddens & Lodder This was substantiated by the arrangement of the psendo-
mycelium. endoblastospores formation and maximum temperature of growth bemng iden-
tical 1in both taxa

Trechosporon cuptiatum 15 not thermophibic n the sense of Cooney & Emerson
beng able to develop below 20™ C with a maximum at 44-46° C (Carmo-Sousa, 1970} The
fungus was later on relocated in Georric/ness Link-Fr and 1ts perfect state discovered by de
Hoog et af, (1980).

Geotrichum candidum Link var. thermoideum Qureschi & Mirza —
Biologia, Lahore 27: 144, 1981.

The or.ginal matenal was 1solated [rom camel dung in Pakistan The fungus wds
regarded by van Oorschot & de Hoog (1984) as a possible synonym of Arthrographis
suifurea (Grev. Fr ) Stalpers & van Oorschot, a mesophilic hy phomycete,
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Gilmaniella thermophila Qureschi & Mirza  Biologia, Lahore 29: 341.
1983.

The original matenal developed on goat dung collected in Pakistan The species
was overlooked by Stivanesan and Sutlon (1985) while descnibing Gelmanieilu punc tiformis
and also by Moustafa and Ezz-Eldin (1989) duning their recent addition of G mudtiporosa,
isolated from Egyplien soils in North Simar These additions brings to five the number of
known species,

Gl thermophda agnt be a later name of G macrospora Moustalu, the
final decision awaits comparison of authentic matertal The latier was first encountered
while imvestigating the mycoflora of salt-marsh soils of Kawait Tt was also subsequently
recovered. although infrequently, from Irag soils analysed by Abdullah & Al-Bader
11990) The Iraqu strams developed optimal growth at 407 C with a maximum between
45-50° C thus confirming the thermotolerance abilities of Grlmawnwellu mucrospora
The speaihic epithet refers to globose condia being larger than conidia of Gilmwntella
hunucola, the type species. 14-18 pm versus 7-10 um for the latter.

Lagenidium thermophtlum Nakamura, M. Nakamura, Hatai & Zafran
— Mycoscience 36: 400. 1996.

The specific epithet coined for this newly described Oomyeete 1s miskeading The
Fatigus wus found to infect the eggs and larvae of the mangrove crab, Seyfla servata
Forsskal, in Bali, Indonesia Isolated strains proved to represent 4 new species ol Lagen
efrem Schenk having a umque discharge process. Growth range 18 from 15-45° C with the
optimum bemng between 30-40°C This taxon 15 thus a fast growing thermotolerant
fungus.

Melanomphalia thermophila (Singer) Singer — Atas, Instituto de Mico-
logia, Universidade de Recife 5: 482. 1963.

bastonym Twhuria thermophila Singer Papers of the Michigan Academy of Scienves,
Arts and Letters 32: 145, 1948

The type specimen of this basidiomycete was collected by the author in the state
of Florida (L SA) at Highland Hammock State Park (Singer F 20, F20a. FH) The habitat
. which the carpophore developed was speafied as *In dumctis subroprealvbus humidis-
sunus i terva fimosda sabulosa vel sonmongom wicibus, Canyee megacarpae af vaad e
hgno mucido ecrescentes, aestate . The reason underlying the selection of the epithet
thermnplula seems 1o have simply been suggested by the very warm to hot hummd weather
prevalling 1n this southern state of the United States. The fungus s net a thermophile n
the Cooney & Emerson’s sense.

Simlar cases concern Russula roseipes (Seer ) Sace subsp therme plula Singer,
collected under Puies fwedu im North Flonida, and Swflus hrriellus (Peck) Kuntze var.
thermophilus (Singer) Smith & Thiers (Singer, 1975).
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Mucor thermophilus Prakash & Sarbhoy — Zentralblatt {iir Mikrobio-
logie 148: 531. 1993.

The specific epithet comed for this recently described 7ygomycete 1s misleading
sing “the species 1s able to grow and sporulate at 30” C and above 107 C” (Prakash &
Sarbhoy, 1993), however, the minumum and maximum growth temperature values were
not ascertained Further the statement that “the speuific epithet has been given on
thermotolerant natare of the species™ clearly mdicates the fungus .s not a thermophile in
the Cooney & Emerson’s sense.

Paecilomyces puntonii (Vuillemin) Nannfeldt sensu Eicker (1972);

The correct binomial for this hyphomycete 1s Paec.fomy e v pruntanu (Viallemn)
Nannizi {Samson, 1974),

Eickeri1972) 1solated a hy phomycete from the faeces of domestic fowls in South
Africastraan UP 71 T (Unners.ty of Pretoria) he wdentibied as Paec donn cos puntonts This
1solate “did not grow at 207 C, netther at 307 C but good growth took place at 507 C No
perlect state developed on any of the cultures media at the various temperatures of
incubation used™ Puucdunvees protons 15 4 mesophihe fungus with opt.mum growth
being at 25° C (Samson, 1974).

Sporotrichum cellulophilum:

Durand < «f (1984 clearly speafy thus binonual correspond to a thermophilie
fangus. [ts ability to produce mieresting enzymes of the cellulases and hemicellulases
Lypes were largely investigated by several workers {(Kinoshito er «f . 19861 However,
Stalpers in his 1984 rev.<1on of Sporetrcien makes ne mention ol this binomial in the
check-list of emthets used m comb.nation with the genus Also publ.cation of this
binorual after this Jate following standard taxonomic rules could not be traced It s thus
evident that Sporotrichum cellulophilum has no taxonomic status.

W.thregard to Lterature on thermophilic fungy, the generic epithet Sporosrichum
was first introduced by Apinus ¢ 1963) for a hy phomycete which uitimately will be renamed
Mycchophihiora tnermophda, this will also prove to be the anamorph of Corynascus
fieterothuflicus A second Spororrieiun made 11s appearance m the last decades in papers
delaing with brotechnological work  Sperosrichum prumeosum, anamorph of the basidio-
mycete Phunerochacte iy sosperuen This thermotolerant hyphomycete was deser.bed
also under several Spororriduen names (sce comment under Phane rochaete chrisospo-
raum) 1015 somettmes erroneously indicated as being thermophilic (Deshpande ef of |
1578).

The common use of “ghost binomials™ in publications dealing with applied
stadies involving fungi 1s a source of serious confusion. A s.muilar case 15 forwarded by the
binemial Acremontum o lhdophilum (Satyanarayana ef af  1992) Such a practice should
be definitely prohibited

Sordaria thermophila Fields — Mycologia 60: 1117. 1968.

The original stram of this ascomycete developed on cow dung collected 1n Texas
(USAjund incubated mamoist chamber According to the protologue “the spec.ficepithet
referstoa high temperatare requirement for ascospore germination Ascospores of the new
speetes germinated less than 1 o on media contaming sodium acetate. With an additional
treatment of 40-45” Cforaperiodof 8 12h, germination wasincreased to40 '
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In the published description no data 1s reported on the w13 ¢fro inear variation of
growth with temperature Also the conditions at which moist chambers were incubated are
not specified (Frelds, 1968}, The thermophilic nature of th.s taxon thus cananot be
ascertained The selected specific epithetl seems 1o relale to the heat treaiment apphed to
enhance ascospore germination.

Guarro & von Arx (1987) regarded this heterothallic relative of Sordar ta finticola
1Ron ) Ces & de Not, as representing a good species. Further mvestigations are however
required to underline the biological und taxonomical characteristics of this ascomycete
which apparently has not been reported since its description

Zalevion thermophylii Udaiyan — Journal of Economic and Taxonomic
Botany 15: 664. 1991 (1992); (nom. inval., Art. 37.1).

The origimal material developed on beech wood test blocks immersed m the
cooling tower and the collecting lugeon of a hydroelectric plant at Tamu! Nadu, holotype
was not indicated

The dematiaceous hyphomycete genus Zalerion Moore & Meyers was esta
blished for a widely distribated mesophilic fungus trapped on wood blocks .mmersed in
sea-waler, Z martma (Linder) Anastasion , described belore under several names (Elis
M B. 1976). Zulerion thermopin iz 1s most probably 1dentical to the type species. The
epithet thermropi, It must have been suggested by the high temperature of the water
circulating in the cooling tower.

DISCUSSION

Thermophihc fungr dealt with i this contribution are found to form a small
group of less than forty species and vaneties. Growth at high temperatures 1s thus
Jefin.tely a rare feature among fungr Also several of these taxa were described m recent
years, This ecological group 1s thus expected to expand rapudly 1n tae near future. 1n
particalar if some credit 15 awarded to the est.mate antouanting the number of existing
species to one milhion and half A major emphasis for this trend 1s also embodied by the
outtome of taxonomic work conducted 1 the last decades Such achievements have
provided adequate answers tor long standing problems. A limited additionnal work ot this
type is still necessary to solve remaining minor ones.

Taxa treated here are considered as strict thermophiles based on the defimition of
thermophilism provided by Cooney & Emerson (1964) However the use of thi simple
classificatory system to segregate between thermophilic and thermotolerants 1s sometimes
difficult to apply, this 1s particularly critical at the lower temperature threshold of 20 C
Thus following Bokhary e af (1984}, the well estabhshed thermophile Melurnocan pus
ulbomyces should be regarded a thermotolerant being able to grow below 20° € It 1s
possible the response of different strains of the same taxon accounts for such deviations.
Further difficulties m defimng true thermophiles results from the absence of rehab.e
growth curves covering a wide range of temperatures for most taxa proposed as such This
basic simple type of data 15 needed to ascertain the true nature of few members of this
group

Based on available tnformations. the ablity to only develop at high temperatures
s disclosed by few Mucorales, Eurotiales and Sphaenales Gensie von Arx, 1988) and by
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sever.] Hy phomycetes. No coelomyeete and no basidiomeyete was found to be thermo-
philic Further the teleomorph of the sole thermophuic agonomyeete. Mirnowoion
the mropdlon, 15 by pothesized not to belong to Furotiales on the assumption it should have
nade Lts appearance since the fungus was deseribed  However observations relutng to
mab.ng experiments of thus sterife fungas are uncommeon 1n the Lterature

The group of Cve thermophilic Mucorades comprise the sull monospeciin
Therminnueer and several Rhizamucors including the tvpe, the former diulfers mainly by
having smooth zygospores, a character uneommon n the Hiceraccac Also Lllthough
reealar prodiaction of svgospores by Rimonicor nuchet should prevent confusion with
Rit pusdles, the type specees 1he ecology of cach tason s not vot Jearly understodd
Further. the vabidaty of both Rbv-omacor tawrces and Rt neenistaiensis 1s quastioned

The group ot ascomyceetous fungt prings together twenty species and three
vaneties, these relate 1o only nune genera Following von Arc (1987 1988y, Ducrifonnoos
nnclusise ot Thevoascie) and Tdaront, oo betong to Fanuly On goriceae . Order Euro-
a.es, s Coorapierid was estabashed for tava previoasly assagned i Dacnfonacoos and
Thormogsaas, then the new genus should also be accomodated n this fam.ly The rena-
nLg <IN genera are representatines of Famuhos Chacromiaccac 1Chactonuann Microascu-
ceue FCamartont, ce s wnd Fincen e cae (Cony necto, Molanocds pus an b Hachn oy

Dacndonnces appedars monaspecific Cungtoonnoy and Thormoasans have one
spec.es each plus one vanety for the latter, new informations about the var.ety might lead
1o the proposal of a speaific rank Corprasares and Welunoc pis have two species each,
this number hecomes three i the case of Cocaeneri, Tibaromcosand Hochave Chae-
frnaant 1s reprosenied by four spectes and twao vanetios but Ch britunn.cune might prove
not to be o trae thermophule when a lvimg culture becomes wvalable Also defimite
taxonomic deastans about € Qe teomnn thormaoph fuon, s varetes and Che vrgmicon
nught reduee this group to only two accepted spectes, the zenas would Lhus comprise onuy
three thermophiles.

Not all thermophihe ascomyeetes hoae an wwocdted anamorphie state, also
among these conudial states some do not develop concemitantly with the corresponding
teleomorph Canarient, cos thermoplafa has no anamorph although the ty pe was described
w.th a catenate comdiad stute Thermophuie Chaetomia do not develop comdia of any
hkind  7Thormouscis can be tegarded as not having an anamorph producing vatenate
comdin Dacty ferr,ces has a distinctive but set wnnamed Poh paecdim anamorph, the
tLngus remains not satisfactonly documented probebly due to the taxonemie confusion
with Thermousoe that prevatled Pod paccdior anamorphs also Characterise Prcotonn-
Aaces Sawo Saite having 2 -3 desenbed species (von Arx, 1981 The genus also has
clestotheaa with a wall of roxttra unguedarss type but aset are produced in chains, 1t also
belong to Famuly Lwrotsiccae semu von Arx (1987 Melanocwrpres approximates Cana
Faall, S SITe fespenlive tvpe spedies hine distinetive conidial states but that of the latter
v 4 mesophile The former genus has now four taxa w.th the second thermophile,
M thornn plales not developing the character.stic arthroconidial state of the type, the
same s.tuation s d.sclosed by the two other members of the genus which do not develop at
htgh temperatures.

Regard.ng the genus Tleelva, Th pigrengie has no comdial state, a feature
characteristic of all known Chactomudia Th wiestrediensis was reported with an ana-
morph of the Trechosporteila type, this 1s developed by other members of the genus
{Mouchacea. 197%) The fungus s however badly documented be.ng known only from the
protologue Fhiclavie terrestris s assoctated with a distinctive anamorphic state deseribed
exclusive of the telcomorph, Acrementon atubainense, due to the “homothalliv with
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o1 we-feeding T natute of the perfect state. the anamorph could be encountered alone in
studies imvolving high incubation temperatures Haelavna s sull admutted to represent a
heterogeneous ent.ty due to lack of inforntations about the behavioar i culture of
T tavu bavicofu (ype species) and production of hyaline end dark voloured colomies by
known members.

On the other hand thermoplulic fikoomces all develop a comdial sale, these
belong e.ther 10 Paccdentyces (T By sodidann diozdesy or to Ponecdtim (1 emorsonir and
tothorniopinheg Regarding Paccforncos, von At (1987) suggested 1t be expanded to
mJude Penicitlia of Secuons Brerficdiae and Sagowsndfls known as anamorphs of
senera he groaped m Fanuly O gene. eve. such a proposal was made to increase the
Jegree of homogene.ty among genera A similar situation 1s disclosed by Coonomeraand
¢ orynasae, all three taxa ol the former have a well developed Puecifonncoy state whule
poth species of the latter hase anamorphs now correctly assigned to Wy cchophthorg Taxa
ol Comnemerasand Cortiascus had very comphicated respectin e taxonomc histories either
Jue to cases of nusidentibication (species now pliced in Cooremct iy 07 ta the heterothalhe
pature of the Coryvnasetes perfoct states, For the latter. it lollows that erther My celteplitfiora
Lould develop singly 10 studies conducted on thermophile habitats with only appropruate
mating leading to asce spore lormation  The anamorph of Corvrascrs ororotnatlcus was
proposed prior to the disconery of the teleomorph while the reverse s true for
C. thermophilus.

The proup of thermoph.lic hyphomycetes comprises thirteen species although
Uy S dfedion thonmopinluny, the term species appears inadequ ite 1o the present situa
hon These fung belong to seven geneta Acremenum Malbranchoa M cchophthora and
Thevmoplionarespora are mucedinaccous entitios. while dematiaveous thermoplhales
belong to Hunncola, Scytalidnem and Thermomyces

Ameng mucedindeeous taxd, three are establshed anamorphs of “almost hete-
rothallie to heterothallic™ ascomyeetes and thus could be observed alone m studies
1nvolvig a ~elf-heating provess A remoment alabane e 1s the comdial state of Tl
rorreserey whose mating behaviour 1s not yet clearly understood This s not a typial
foramonumy speaies and such accouants for its melusion m a new section with phiahidi
states of seme Chaetemia Such ts not the case for fercmennon thermopivfum, a not vet
aell dowumented thermepiule The perlect state of Mucchopitthera fergunans Convnasalrs
toermaphidys and care snould be taken 1o avord confusion w.th the teleomorph of
Vi thermoplilu C hererothadlian, the third member W fumndea has not yet Jdeveloped a
norfect state, a sttuation analogous 1o the mesophilic tvpe species ot the gena, \athran
Jea cmmamoniea 15 a very dastinctive colored arthrocen.dial fungus actually desplaying a
aide distribution. 1t 15 the sole thermophile of a genus known to comprise mesophiles
seoidled with well defined teleomorphs tvon Arx, 1987) The Frtapin mdtospora r:hr_fhk’( rit
s Lnigue with its septal clamp connections and an aleunosporic state. this pectlar fungus
18 apparently still known only from the type locahty

Tne remamnng dematiaceous thermophiles were assigned to Hunin ofa Satal-
it and Tl rmonn s But only the taxonomie status of the latter1s now the subiect of
Cldrge consensus Thormontces ferigmosae W the first assessed tnermophilic fungus
115 complex nomenclatural history hes mmvolved generd as Acremortit fua Hinnoela
Vionetosporg and Sepedosami The definite re-instatement of Thenmanncos by Pugh et of
f.304) clarfied 1ts links with thermophihe species of funncota The genus now alo
compr.ses Th thadenses Tl szellatis and the mesophilic Tl oot However. only the
type species is by far the most reported one.
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The status of Hunt. ola Inalothermoplafy needs to be re assessed i conyunction
with that ot both Fhanncole tecently proposed as synonyms of Sy radtduns thernophidian
(Straatsma & Samson. 1993) The mtroduction of Soi faldion m an attempt to relocate
Toraht theomupinia added much confus.on as the transfer was not substantiated by valid
taxoniomic arguments. | hiscomb.nation was howeverimmediately reported by FllsM B
(19761 Scrtal.d an hguceda, type species of the genus, 1s a mesophile producing cultures
with scanty aerial mycelum The Tungus develops conid.ogenous cells of two kinds
hyaline fertile hyphae become seplate, later producing tun-walled arthroconidia by
fragmentation, brown fertide hyphae formung chains of brown arthrocomd.a, also chamns
of brown aleLriospores could be observed (Flis M B, 1976) These mtercalary conndia
develop by transformation of pre ¢xisting normal hyphal cells The presence of solitary
contdia terminal or lateral was never reported In Sc tafukin deonesicwn chlamydospore
formation and disartictlation loliow the same pattern but no hyalne arthrocond.a
Jeselops Here too, terminal or lateral solitary comdia were not reporled (Hedger ef of
1982).

In species of Fironrcole sobitary termminal and more commonly lateral aleurios-
pores wsudlly develop m add.ton 1o mtercalary morphlogieal.y wimilar ones Single
terminal alear.ospores (and less often lateral ones) may become intercalary by hyphal
extenstion of their tip. Also chains of aenat or immersed “aleunospores”™ do not d.sart-
edlate (o hinerate mdisidaal elements but such 1s achieved by lysis of sustaming hyphal
cells Further, no hyalne arthroconidia are produced by any desenibed member of the
gends but mesoph.le taxa rather produces hyaline phialospores Straatsma and Samson
{1993y compared a large namber of strams assigned to Satalichom themophidten, Tirula
the o dala or to both Hinitcola now regarded as synonyms of the former They under-
hned two extreme ty pes would be revognized, the hiest having simple very dark spores borne
on stort lateral branches matching the descuiption of Humicolua griseavar thermu wdea, the
weond type develop mtercalary saghtly prgmented spores i chains, representaines ot
SOy terdrduem the rmophafupr ot more appropnaiely of s bassonym Tortda thermophilu
Withim the two types however, some 1s0.ates also develop short terminal chains of comdia
making them intermediate between types 1 and 2

Straatsma and Samson (199.3) stress such intermediate isolates favours not the
segregation of taxa “on the basis of the single character of conidia i the aenal myce
llum™ these rather support grouping of all types under one binomial whose placement in
St feduditon 15 10 be reconsidered  As the particular mode of ¢hlamydospere formation in
th.s genus deviates from the pattern depicting species of Hunncolu, the exclusion of the
above complex trom the former 1« more than justified. Scivralrdin 15 now regarded a
heterogenous entity due 10 addition of species only developing dematiaccous “arthroco-
ndia” Nevertheless, extens.on ol So) tadidim charactenisties for the understanding of
Humicota species has shadowed features proper to the latter preventing sound taxonomic
separation among tts members.

From an ¢cologeal pont of view, the equivocal application of the now widely
actepted tinspite of 1ts hmitatwons) definitions of € ooney & Emerson (1964) lead to
vonsider well established thermotolerants as thermophiles. Lils D H (19813 regards all
Rht_opus abie 10 grow at 45" C as thermophilic although they dusplay growth below 20 €
These 2vgomycetes and some other trae mesophilic fung are also currently considered as
thermophiles i publications fowusing on bsotechnological problems {Satyanarayana ef
al L 19921 Several aathors alse classify as thermophule all fungr developing n 1solation
plates meubated at 45 CrAbdel Fattah er of L 1977, Moubasher er af . 1988)
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Another type of m.sleading situations relates to epithets selected while descri-
h.ng a new taxon found to develop at elevated temperatures. The recent Mucor rhe rmo-
phidin 15 a good example among others here considered, from the protologue it 1s evident
t1s Mucor should be regarded as a thermotolerant A definitely er.tical situation 1
examplified by the frequent use n stud.es unelbang fungal enzymes of ghost binom.als
having no taxonmic status of any kind as Sporotrichum cellilophdium, such a pracuice
needs to be totally banished for the confusion it mtroduces, in particular while attempting
to analyse pablished data (Satyanarayana e af . 1992, Schekkar & John, 1991}

Strict restriciion to nomenclatural rules governing citations of fungal bimomes s
fundamental Authors of apphed research dealing with thermophiles should necessanly
foilow such regulations in order 1o stabilize names used 1n produced artules This would
bring an end to the chaotic state prevarling especially in pablications relating to fungal
ecology and biotechnology The taxonomic and nomenvlatural reappraisal of known
thermophilic taxa here undertaken will definitely unravel informations already avalable
This should enable a sound synthesis of published data and foster the discovery of new
elements of this interesting physiological group of fung.
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Achactomium
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Acremomnella
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Mriumedusa
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dalae
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lanuginosa
Mucor
buntingi
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miehe.
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parasiticus
pusillus
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Rhizopus sp.
parasiticus
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heterothalhca
minuta
munuta var thermophila
pingtungia
terrestns
thermophila
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Torula
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Trichosponella
Trichosporon capitatumn
Trichothecitm cinnamomeum
Tubaria thermophila
Zalernon
maritima
thermophylu
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