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For Linda 

"O know sweet love, I ahvays wrire of you 

So all my besr is hes ing  old worh new 
For as rhe sun is &i& new and old 

So is my l m  aiII telling w h  is told" 
(W. Shakespeare, 1609) 



Morphological, molecular and physiological characters were used to reevaluate the 

Microasaceae (Microascales, Ascomycota) to include sexudy (teleomorphic) and 

asexuaiiy re producing (anamo rp hic) species. Anaiysis of sequences fiom small subunit 

(18s) rDNA ailowed integration of anamorphic taxa into the phylogenetic framework of 
/ 

the Microascaceae and provided support for monophyly of the family. Life histones were 

investigated by growing the organisms in axenic culture and revealed that many species 

exhibited a suite of spore-forming stages that comprised the holomorph. Connections 

between sexuai and asexual States were made through mating trials. The discovery of the 

teleomorph of the common mold, Scopuiuriopsis brevicauks was significant because it 

connected the type species of the anamorphic genus Scopulariopsis with the 

Microascaceae. Mating trials among isolates of four species in the 'Sco~laripssis 

brevicaulis Series' demonstrated heterothallism and confirmed connections to teleomorphs 

in the genus Micrwscus. Single ascospore isolates demonstrated homothallism in 

Micr04scas nidicola. A reevaluation of definitive characters showed that the genus 

Pi~hmcus  was synonymous with Micrutzsms. The genus Cephalotrich was 

redescnbed for synnematous anamorphs of the Microascaceae with annellidic 

conidiogenesis and conidia in dry chahs, and included synonymy of Doratonryes, 

Stysamrs and Trichurus. Similarity of banding patterns fkom RFLP anaiysis of the ITS 

region of rDNA provided support for conspecificity among pleomorphic isolates of 

Pseu&illescheeria boydii. Tolerance to the antifùngal compound benomyl was consistent 



among 55 taxa of Microascaceae, and provided a simple test to separate microascaceous 

species Rom morphologically similar species in other pyrenomycete orders. 

The Microascaceae were emended to include the teleomorphic genera Microarcu, 

Pehielh, Pseu&llescherîu, Kemia and tophotrichus, and anarnorphs in the genera 

Scopdùtiopsis, Cephalotnchum, Ed>inobo+, Wwdomyces, Wardomycopsis, 

Grqhium and Scedosporim Two telwmorphs were desaibed, Micr- brmèauh 

and M. soppiii, and six new combinations were proposed, Micromais stoveri, 

Cephaotrichum c o I u m ~ i s ,  C. cylinah'mm, C. dencirocephaum, C. putredimrs, and C. 

vitdis. Thirty three taxa of Microascaceae were reported frbm Alberta. 
I 
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INTRODUCTION 

The Microascaceae are a diverse f d y  of saprobic fun@ (Microascales, 
Ascomycota) found primarily on cdulosic and protein-nch substrats (soil, plant litter, 
wood, dung, animai rernains), and having a world-wide distniution in tropid, temperate 
and polar regions. They are prevalent in human environrnents and important as agents of 
biodaerioration, indoor contamination and opportunistic infection, but their occurrence 
and habitat in nature are not weU understood. 

In the Microascaceae, fhiting bodies of the semal or teleomorph stage are srnall 
(50-300 p diam.), black perithecia or cleistothecia, containhg single-celled, smooth, 
orange to red brown ascospores (meiospores). ûther definitive features of the f e l y  
include ovoid, evanescent asci irregularly disposed throughout the central cavity and 
dext~oid immature ascospores. Many species have asexud states (anamorphs) which 
produce wnidia (mitospores) from annellidic conidiogenous cells. These anamorphs are 
sunilar to other cokdial fun@ for which no teleomorph is known (placed with other molds 
in the form-class Hyphomycetes under the broad category of Fungi Imperfecti). Some 
species have more than one type of asemal reproductive structure (synanamorph). The 
entire suite of spore-forming stages, produced throughout the life history of each species, 
constitutes the holomorph (Hennebert and Weresub 1977). 

The genus Micruizscus was eaablished by Zukal in 1885, but the Microascaceae 
were not united at the family level until 195 1 (Luttrell 195 1 ; Malloch 1970). Co~ections 
between the anamorphic genus Scopdlariopsis and teleornorphic states of Microasms 
were fira recognized when severai spore producing states formed in pure culture 
(Emmons and Dodge 193 1; Barron et ai. 196 1 b; Morton and Smith 1963). Recognition of 
pleomorphism (the production of different states by a single species) has allowed for an 
understanding of the holomorph species concept in the Microasuiceae. Additional 
evidence of a connedon between Scoplm*opssis and Micrmms was provided by some 
anamorphic taxa that formed sterile, penthecium-like structures (Morton and Smith 1963). 
Links between other stnctly anamorphic genera and the Microascaceae were proposed 
primady based on annelbdic wnidiogenesis. Pioneering work done by Hughes in 1953 
elucidated dmerences in development, maturation, and detachment of wnidia. 
Conidiogenesis is still of primary importance in classification and allows for phylogenetic 
inferences among the hyphomycetes (e-g., Campbell and Smith 1982; Valmaseda a al. 
1987; Mouton et al. 1993). 

Currently six genera wmprising 45 species are placed in the Microascaceae, and 
an additional eight anamorphic genera containhg about 50 species show sufncient 
morphological simiiarity to infer relationsbip to the family. Teleomorphic genera currentiy 
assigned to the Microascaceae include Micrmms, Kemiu, PedielZa, Pseu&2lrescheria, 
Pithmms, and Lophotrichus (Barr 1990; Eriksson and Hawksworth 1998), disthguished 



prixnariîy by ascomata type (i.e., perithecium or cleistothecium) and ascospore 
morphology (size, shape and coloration). Aniliated anamorphic taxa include 
Scopliniop&, CephLlomtnchum (=Domfomyces), Trichurus, Wmdomyces, 
Wm&mycopsis, Echinobotryum, S c e ~ ~ r i u m ,  and G r q h i m  (e.g., Carmichael et ai. 
1980; Barr 1990). Current distinction among anamorphic genera is based on conidiophore 
structure (i.e., simple conidiophores versus compound structures formed by aggregations 
of conidiophores into synnernata) or mnidium morphology and development (i.e., conidia 
in dry chahs, s h y  masses, or solitary). Monographs, where available, are dated (Barron 
et al. 1961% b; Hemebert 1962, 1968; Morton and Smith 1963; Seth 1970; Malloch and 
Cain 1971), and a fdy-level revision, including both teleomorphic and anamorphic taxa, 
has not been done. New species are regularly described (e.g., Gams 1995; Sage et al. 
1995; Rajendran 1997), and a reevaluation is required to clarifjt concepts of species and 
genera, relationships among taxa, and nomenclature of synanamorphs (Gams 1982). 

Recent phylogenetic analyses using molecular data (e.g., Berbee and Taylor 1992; 
Hausner et al. 1993b; Spatafbra and Blackwell 1994; Issakainen a al. 1997; Lee and 
Hanlin 1999) have supported the Microascaceae as a distinct group, but are based on few 
taxa. Two families, the Microascaceae and Ophiostornataceae, were classified together in 
the Microascales (e.g., Luttrell 195 1; Barr 1990), but the relationship arnong taxa assigned 
to these famlies has been questioned based on morphological, developmental and 
physiological differences. The Ophiostomataceae, as traditionally delimited, were shown 
to be polyphyletic. Ophiostoma and Ceratocystls were separated prirnarily on the basis of 
anamorph conidiogenesis (Sporothrix and Pesotum anamorphs in Ophiostoma versus 
ChuZwa anamorph in Ceratocystis). Also, cycloheximide tolerance in Ophiostoma versus 
sensitivity in Ceratocystis provided a simple diagnostic test to separate these taxa 
(Hmington 1981). Recent molecular data have mpported placement of the 
Ceratocystidaceae (formerly included within the Ophiostomataceae sensu lato) in the 
Microascales, while the Ophiostomataceae sensu stricto occupies an isolated phylogenetic 
position as the sole member of the Ophiostomatales (Hausner et al. 1993% b; Spatafora 
and Blackwell 1994; Cassar and Blackwell 1996). Pretirninary screening for benomyl 
tolerance demonstrated a unifonn tolerance in the Microascaceae and sensitivity in the 
Ophiostomataceae (Summerbell 1993), suggesting another potential physiological test to 
indicate relationship arnong these morphologically similar taxa. Teleomorphs and 
anamorphs of some taxa in the Microascales and Ophiostomatales possess long necked, 
black penthecia, detiquescent asci, ascospores extmded in sticky masses, synnematous 
anrunofphs with sticky wnidia, and anneiîidic mnidiogenesis. Morphologicd similarities 
are interpreted as convergent evolution for insect dispersal (Am et al. 1984; Spatafora and 
Blackwell1994). 

Only two anamorphic rnicroascaceous taxa (Scedosporim and Graphitim) have 
been inciuded in a molecular analysis (L,eClerc a al. 1994; Issakainen et al. 1997; Okada 
a al. 1998). In other groups of aswmycetes, DNA sequena analysis has aliowed 
integration of anamorphic taxa into a phylogenetic framework estabfished using 
teleomorph characters (e.g., Bowman and Taylor 1993; Leclerc et al. 1994; Pan et al. 
1994; Glenn et el. 1996; Messner et al. 1996; Hiunbleton et ai. 1998). 



Rcsurch Ratioaaie and Objectives 

The prirnary objective of this study was to test the hypothesis that the 
Microascaceae are a monophylaic group. Of particuiar interest was the placement of 
asexual stages with unproved affinities w i t h  the phylogenetic k e w o r k  of the famiiy, 
inferred through comparative morphology of cultures and type material. Physiological data 
(e.g., benomyl tolerance, cycloheximide resistance) and ribosomai DNA sequences 
provided independent charaaers for assesment of phylogeny. Although the 
Microascaceae require reevaiuation at Werent taxonomie levels, ranging fiom order and 
f d y  to genera and species, the goal was to circumscribe the f d y ,  and delimitation of 
genera and spqcies which appeared to represent untenable assemblages was emphasized. 

The detailed objectives of this project address specific problems in the 
understanding of the systematics and biodiversity of the family. These correspond closely 
to subsequent chapters in this dissertation. 

Holomorph Studies .  In order to assess relationships between the sexual members of the 
family and asemq taxa with suspected a t i e s ,  detailed investigations into the life 
histories of selected species were undertaken. Connections between anamorphic and 
teleomorphic taxa were exarnined in Chapters 2, 3 and 4. Attempts were made to induce 
ascoma developrnent h selected anarnorphic taxa for which no teleomorphic state was 
known through use of various specialized media or substrats, extended growth periods, 
and mating trials. Close examination of life histories has broadened Our understanding of 
inter- and intra-specific variation and has led to the discovery of sexual states for fùngi 
previously assumed to be arictly asexual (Chapter 2). 

The mating system in the Microascaceae was largely unknown, although some 
species of Micraams were known to be homothallic. Investigations into the mating 
system of species in the 'Scopulariopis brevicauiis Series' were undertaken to determine 
whether heterothallisrn occurs in this family. The results of mating trials link descnbed 
asexual species with the appropriate semai ones (Chapter 3). In other cases, mating trials 
produced semal states which were previously unknown to science (Chapter 4) or which 
were 'lost species', not seen since their original description nearly a century ago (Chapter 
3). By detemüning diierent mating systems (homothallic and heterothallic) and e d n i n g  
the holomorph, taxa exhibiting simüar teleomorphic f m e s  could be dserentiated 
(Chapter 4). 

Pleomorphism expressed by species of Microascaceae presents a signifiant barrier 
to identification (Chapters 3 and 5). Recognition of the various and diverse sponilating 
sexuai and asexual states of the holomorph is irnperative. Two approaches were used to 
circumscriie morphological variation within a holomorph species. In chapter 3, mating 
triais revealed that a large number of descriied anarnorphic taxa in the tScopuI''opsis 
brevicauiis Series' were wnspecific. Many of these taxa had morphologically distinctive 
fatures and were accepted by various authorities as valid species, but produced fertile 
ascomata when mated. In chapter 5, isolates of Pseu&liescheriu boydii fiom a unique 



habitat produced one or more different sporulating States in culture, including two 
synanamorphs and a teleomorph. The strains were suspected to be conspecific based on 
morphologkaI evidence provided by an understanding of the species holomorph characters 
and this assumption was supported by cornmon RFLP banding patterns and physiological 
similarities. 

Tmconomic revision.- Monographie reassessment of genera and species of 
Microascaceae concentrated on genera or groups of species which were particularly 
problernatic (Chapters 3, 4 and 6). In some cases, anamorphic taxa were linked to their 
sexual stages through holomorph studies and new insights were proMded into boundaries 
separating telqomorpic taxa (Chapters 3 and 4). In other groups, anamorphic taxa were 
delimited and their disposition in appropriate fom-genera using morphological characters 
of conidia, conidiophores, and conidiogenesis (mcluding obsemation with SEM) was 
reevaluated (Chapter 6). Most species in the fom-genera ailied to the Microascaceae 
represent a morphologically uniform group, but several species diner and are 
phylogenetically unrelated, and belong in other anamorphic genera (see Chapters 6 and 7). 
Appendix 1 provides a bibliographie list of accepted taxa and specimens exarnined in this 
study. I 

Mole& systematics.- In order to test the monophyly of the famly and to place the 
genera in a phylogenetic outline, the type species of each teleomorph and anamorph genus 
of the Microascaceae was analyzed (Chapter 7). DNA amplification by polymerase chah 
reaction (PCR) from living cultures allowed for sequence analysis of the nuclear encoded 
small subunit (18s) rDNA. This region was chosen since it has been found to contain 
phylogenetically informative sites in other closely related taxa (e.g., Spatafora and 
Blackwell 1994; Cassar and Blackwell 1996) and allowed cornparisons of other sequences 
in GenBank. It was important to reexamine the morphology of the strains used in previous 
shidies in order to confirm their identity before relying upon the GmBank sequences to 
interpret phylogenetic relatedness. The approximately 1000 base pair region sequenced 
was andyzed with PAUP 4.0b2 (Swofford 1998). Support for the inferred clades was 
estimated by calculating bootstrap confidence levels (Felsenstein 1985). 

Bi0diVersity.- Many species of Microascaceae are cornmon molds in the human 
environment in Alberta, growing in indoor environments and agricultural areas, but their 
occurrence in nature is unknown. A survey was undertaken in Alberta to determine 
occurrence of species on various substnita and to compare the species seen in boreal 
regions with that seen in disturbed habitats (Chapter 8). Speciaiized techniques and 
selective isolation media were developed to aid in the isolation of these b g i .  Although 
work is needed for the Microascaceae in the areas of ecological interactions, habitat 
preference, and diversity, much of this was beyond the sape of the current project. 
Emphasis was placed on isolation of Microascaceae fkom various substrats in bo rd  and 
montane forests in Alberta to test the hypothesis that species prevalent in the human 
environment (e.g., S c o ~ o p s i s  brevicc~uiis) are also cornmon in nature. 
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MCROASCUS BRElTUULLT SP. NOV., THE TELEOMORPH OF 
SCOPULQROPSSIS BREV7UULH' SUPPCDRTS PLACEMENT OF 

S C O P W O P S I S  WITH THE MICROASCACEAE' 

Introduction 

S ~ @ ~ o p . r i s  brevicaufis (Sacc.) Bainier, demied by Saccardo (1881) as 
Penicillium brevimfe Sacc., is an ubiquitous, saprobic mold found worldwide in soil, 
plant and animal matter, and air (Domsch et al. 1980). It has proteolytic and cellulolytic 
abilities and is an occasional agent of superficial human infeaion. Although the 
connection between ScMlmips is  and Micrmczis (Microascaceae, Microdes)  has 
been established for some species (e.g., Sopp 1912 as Acaulium; Emmons and Dodge 
193 1; Barron et al. 1961; Morton and Smith 1963), a semai state for the type species of 
Scopuimiopsis, S. brevicaulis, has never been reported. Morton and Smith (1963) 
reported the preqence of black 'sclerotia', which resembled perithecia but lacked 
ascospores, in two strains of S. brevicauiis. Many other Scopuimopsis species remain 
unconnecteci to sexual States. 

An isolate of Scopulariopsis brevicarlis producing penthecia was recovered by air 
sarnphg in a honeybee (Apis meIlifera) overwintering facility, dong with many strictly 
anamorphic isolates (Sigler et al. 1996). Since the initial diswvery in 1994, two other 
ascocarpic isolates have been recovered fiom indoor and outside air. A thorough re- 
examination of 65 strains of S. brevicoulis deposited in the University of Alberta 
Microfiingus Collection and 25 unaccessioned isolates reveded two additional sexually 
reproducing isolates from Alberta. 

The small, black, ostiolate ascomata and renifonn, pale orange ascospores place 
the teleomorph of S. brevicarls in the genus Microacus, and it is here described as a new 
species. A discussion of its relationship to other Microacus species is provided. 

Materials and Methods 

Ninety isolates of Scopuîiwiopsis brevicarlis were examined for propensity to 
produce a sexuai stage by growing them on oatmeal salts agar (OAT; Weitzman and Silva- 
Hutner 1967) and monitoring them for 25 wk. Five teleomorphic and six anarnorphic 
isolates selected fiom diverse substrats and geographic ori@ (see Specimens examined), 
were compared to determine if there were ciifferences between ascocarpic and 
nonascocarpic isolates. Colony diam and morphologies of the selected isolates were 

' A version of this chapter has been published as: 
Abbott, SP., L. Si*, and RS. Currah 1998. Micromms brwicmh sp. nov., the teleomorph of 

&opuImopsis brevicaufis. supports placement of Scoputariopsis wïth the Microascaceae. 
Mycalogia 90: 297-302. 



examinad on potato dextrose agar (PDA; Di f i  Laboratones, Detroit, MI) and pablum 
cereal aga. (CER; Sigler 1992), and themotolerance was assesseci on PDA at 37 C. 
Tolerance to fùngal inhibitors was determineci by measurhg colony diameten on mycose1 
agar containhg cycloheximide at 400 pg/mL (MYC; Becton Dickinson Microbiology 
Systems, Cockeysville, MD) and on PDA supplemented with 2 pg/mL benomyl at 25 C 
afkr 7 and 14 d. For these tests, a sterile needle was inserted into a suspension of conidia 
prepared for each strain in semisolid detergent agar (Pitt 1973) and then stab inoculated 
into the center of 100 mm diam petri dishes wntaining one of the descnied media. 
Conidial morphology was observeci in CER slidedture preparations, and al1 mounts 
were prepared in polyvinyl alcohol or lactofuchsin mounting medium (Sigler 1992). 
Selected speqimens were eithex air dned or k e d  in 2% osmium tetroxide vapor and 
critical-point dried for examination with a Hitachi S-2500 scanning electron microscope 
(SEM". 

Holotype herbarium material and ex-type culture of the type strain, and living and 
dried material of the other strains are maintained in the University of Alberta Microfiingus 
Collection and Herbarium o. Isotype herbarium matenal is deposited in the 
Herbarium, Royal potanic Gardens, Kew (K). 

Mcroascus brevicaulis S.P. Abbott, sp. nov. FIGS. 2.1-2.7 
Ascomycota, Microasdes, Microascaceae 
Status anamorphosis: Scopulariopsis brevicuulis (Saccardo) Bainier. 1907. 

Bulletin Societé Mycologique de France 23 : 99. 

Peritheciis 80- M O  x 70- 130 p, globoss vel subglobosis, ostiolatis, pczpill~tis, 
nigris; peridiis texturu anguImis; uscis octosporis, gIobosis vel subgIobosis, 
&liqtiescentibus; arcoqwïs 5-6 x 3.54.5 p. reniformis. IaeMs, subhyaIints vel 
mantiis en masse; conidiophora amellata; connidiis 6 9  x 5.5-9 p. subgZoboSs, 
wmcosis, paiIidlidmneis. Holotypus. U M  7770. 

Pdhecia 80-1 50 x 70-1 30 pm, globose to subglobose, with a papillate to short- 
necked (up to 20 p) ostiolar region, black; peridium of texhrra mgulms, cells 5-9 prn 
diam; appendages lacking. Asci 8-10 pn diam, subglobose to slightly irregular, 
octosporous, deliquescent at a very early stage and Uifkequently obsewed. Ascospores 5-6 
x 3.5-4.5  un, broadly reniform (plano-convex to concavo-convex) in face view and 
flattened, 2.5-3 pm in end view, orange in mass, appearing subhyaline in transmitted light, 
smooth, de Bary bubblu and guttules lacking, germ pore not evident by light or scanning 
microscopy. Conirla 6-9 x 5.5-9 pm, globose to subglobose, with a truncate base, base 
may be slightly protmding @ghtbulb-shaped), pale brown, occasiondy srnooth or only 
hely omamented but the majority of spores vemcose with cuarse imgular warts at 
maturity, produced in dry chah  fiom simple or branched ameliidic conidiogenous 
apparatus; annellides 10-25 x 3-5 pm, elongate ampulliform, hyaline. 



Specimens examjned Micro~sms brevicmlis HOLOTYPE. CANADA: 
ALBERTA: Scandia dried colony on OAT at 25 wk ex indoor air of honeybee (Apis 
meIJifetu) overwintering facility, 1 1 Mar. 1994, SP. Abbott OHS 428, (UAMH 7770). 
ISOTYPE. (K). PARATYPES. CANADA: ALBERTA: Calgary. indoor air from 
basement of home, 10 Jan. 1995, S.P. Abbott U-M26 (UAMH 7880); Barrhead. outside 
air, 20 Mar. 1996, SP. A b b n  SA-M76, (UAMH 8627); Alberta Game Fann east of 
Edmonton. straw of birdhouse roostq 8 Nov. 1961, J.  IK Camzichael11612u, (UAMH 
1 197); Lethbridge. dead housefly larvae, 1974, R G. Bell, (UAMH 3 753). 

&opIm'opsis brevicauiiss AUSTk4LI.A: QUEENSLAND: Innidail. atrnosphere, 
cleared site, 1985, J.  Upsher, obtained f h m  Australian National Collection of 
Biodeterioration Microfùngi as AMRL 1675, ( U A .  8702). CANADA: ALBERTA: 
north of Mariana Lake. burnt wood of black spmce (Picea mariam), 16 h g .  1996, S.P. 
Abboit SA-M137, (UAMH 8628). KOREA: Chuncheon. Meju, Korean ferment4 
soybeans, J.D. Lee A-I-2, obtained from Japan Collection of Microorganisms as JCM 
2619. (UAMH 8497). UNITED KINGDOM: Manchester. 1930, obtained fiom 
International Mycological Institute as IMI 61424, (UAMH 8785). -A: 
Carauis. Sep. 1955, C.B. Pinto 43-3, obtained fkom United States Department of 
Agriculture as NRRL A-6185, (UAMH 943). ZAIRE: Mount Hawa. silk wom chrysaiis, 
1952, R L. S~eyuert, obtained fiom International Mycological Institute as M 49528, 
(UAMH 644). 

(Siltural properties Macroscopic and rnicroscopic morphological characters, as 
well as colony diameters under various conditions (medium, temperature, antifungai 
compounds) were comparable among the eleven strains and no distinction between 
ascocarpic and nonascocarpic strains was discemed (Table 2.1). Colonies were light sandy 
tan or avellaneous brown, typically with a white, entire margin, shallowly convex, 
hciculate to velutinous, occasionally with a floccose mycelial overlay. Colonies on CER 
Vig. 2.1) were more distinctly fasciculate, and the color was more pronounced than on 
PDA. Colony diam were pater ,  and there was less between-isolate variation among 
strains on CER than on PDA in 14 d at 25 C. Al1 isolates grew more slowly at 37 C, with 
d o n y  diam 33986% of those at 25 C. AU isolates were tolerant to benomyl at 2 pglmL, 
with growth rates comparable to those on unamended media. Selected strains showed no 
inhiiition when grown on PDA amended with 10 pglmL benomyl (data not shown). On 
medium containhg 400 @mL cycloheximide, isolates grew slowly but demonstrateci 
good sporulation. Conidiai size varied over a narrow range (extremes 5.5-7.5 vs. 6.5-9 pm 
diam) among SuainS. 

Ascomata were produced on several media but were most abundant on OAT in 6 - 
25 wk. They occurred on the agar surface and ~bmerged in the upper 5 mm but their 
presence was obscured by the confluent conidid stage. Ascospores typically remained 
within perithecia for prolonged periods, but were eventudy exuded in a droplet fiom the 
ostiole aAer 6-1 1 months as the medium dried. U&e many other species of Micto(~scus, 
no prominent cirrus was produced. Penthecia were produced less abundantly on MYC, 
CER, phytone yeast extract agar, Takashio agar (Takashi0 1972), and corn meal agar. 
Cultures of U A .  7770 grown for one year on 2% malt extract agar, soü extract agar, 



potato dextrose agar, Saûouraud dextrose agar or on pieces of steriie wood (aspen and 
pine) p l a d  on tap water agar failed to pruduce fertiie ascomata. 

Discussion 

Considering the long history, widespread distribution, and fkequent isolation of 
&opurOnopsis brevic~ulis, the discovery of five sexualiy reproducing isolates is 
remafkable. There are severai possible qlanations for the teleomorph being hitherto 
unkllowa. (i) Ascomata are produced only after considerable tirne (6-25 wk). Because the 
colonies grow rapidly and mnidia are produced abundantly within a week, isolates 
fiequently are not retained long enough for ascoma production. (ii) Aswmata are 
obscured by heavy mycelial and conidial growth (Fig. 2.1), and their inconspicuousness is 
complicated by small size (70-130 pm diam)(Figs. 2.5, 2.7), lack of prominent cirrus, and 
production at the agar surface or submerged in the medium. Even when ascomata were 
nearly confiuent they were difficult to see, and were often first noticed submerged in the 
agar against the side of the petri dish. (iii) Sporulating strains produced ascomata on a 
number of media, ,but ascomata were reduced, delayed or lacking on malt extract agar, 
potato dextrose agar and Sabouraud dextrose agar, routinely used for fingai isolation. 

None of the other 85 strains of Scopulm~opsis b rev i cds  produced ascomata 
under any condition. These were fiom diverse sources fiom across North Arnerica, South 
America, Europe, Asia, Africa and Austrdia AU teleomorphic strains have been isolated 
fiom Alberta. It is possible that there is a geographic restriction of a potentially sexually 
reproducing population, as is known for Hypomyces cervinigems Rogenon & Sirnrns 
which bas a widespread anamorph, Mycogone cerviM Ditmar (Rogeron and Sirnms 
1971). However, many other strains fiom Alberta exhibit typical anamorphic States only, 
including isolates recovered et the same sites as ascocarpic ones. Also, the two isolates 
reported to produce 'sclerotia' or abortive perithecia (Morton and Smith 1963) were fiom 
the U.K. These two isolates (UAMH 8785, 8786) were studied here but have not 
produced any ascornatal structures; however, each has been maintained in culture 
coUections for about 70 years. 

Examination of herbarium material consisting of dried colonies and permanent 
motmts of UAMH 1197 revealed the presence of primdy immature perithecia of which a 
srnall proportion produced a limited number of ascospores. When the isolate was regrown 
fiom a lyophilized ampoule (prepared 1962) and fiom an agar slant frozen at -20 C 
@repared 1971). cultures were very slow (6 mo) to produce a few ascomata. Subsequent 
subculture ffom ascoma-producing axeas of the colonies enhanced perithecium production 
and fertility. In contrast, UAMH 3753 recovered f?om a lyophiiîzed ampoule (prepared 
1975) produced abundant perithecia within 6 wk, although maturity required additional 
the. Particular attention was paid to preserve the three recent isolates of M. brevicauZis 
(UAMH 7770, 7880, 8627) fiom colonies with mature perithecia, and al l  have 
demonstrated the ability to produce fertile ascomata upon remvery fkom storage. 



A variety of species of Microascaceae, incIuding Scopu~opsis  brevimIis, have 
demonstrated tolemce to benomyl (Valmaseda a al. 1987; Summerbell 1993). Our 
results contirm the uniformity of tolerance among isolates. Tolerance to cyc lohdde  is 
also common in the f d y ,  but there is much pater variation between spe!cies and among 
individual mains (Abbott, unpublished data), as was shown for this species (Table 2.1). 

Close relationship of Mic~o~sctls brevimilfs to M. manginii (Loub.) Curzi, the 
teleornorph of Scopulmopris dcmica&I Vuillemin, is suggested by simüarities in ascomata, 
ascospores and conidiai states. In both species, ascomata are srnall (up to 150 pm diam) 
and papillate. Ascospores are broadly reniform, 4-5 x 2.5-4 pn in M. manginii and 5-6 x 
3 54.5 pn in M. brevicaulis. Conidia are similar in shape, but easily disthguished by 
surface texture (smooth in S. candi& and ornamented in S. brevicuulis) and coloration 
(white to cream colonies with hyaline conidia in S. candicla and sandyftan brown colonies 
with distinctly pigmented conidia in S. brev ids ) .  Similarities in conidia and 
conidiophores were noted by Morton and Smith (1963) who included both species within 
the 'brevicaulis senes' of Sco@ariopssis. Morton and Smith (1963) rarely observed 
perithecium-Iike bodies in both S. c d i &  and S. brevicauls. The propensity of S. 
candiab to produçe non-fertile perithecia was ftequently observed in our isolates (e.g., 
UAMH 3568,4065, 4367, 7882, 8683), but not in the 90 strains ofS. brevicmrlis. 

Two other species of Micrcxwus with conidial states similar to M. brevicarlis 
were described by Sopp (1912), as Acarlium n i p m  Sopp and A. flavum Sopp. Although 
Acuulium Sopp is considered a synonym of Scopulariopsis by rnoa authon (e-g., Bmon 
et al. 1961; Morton and Smith 1963)' Sopp descnbed perithecia in three species. No type 
material or cultures exist of Sopp's specimens (fide Morton and Smith 1963)' but the 
original descriptions and i1Iustrations are sufficient to distinguish them fiom our new 
species. Acaulium nignrm was transferred to Microaccus by Curzi (193 l), as M. niger 
(Sopp) Curzi. Aithough no penthecia have been observed since the original description, 
M. niger was tentatively accepted by Barron et al. (1961) and regarded as the teleomorph 
of Scopulmiopsis usperufa (Sacc.) S. Hughes by Morton and Smith (1963). The 
anamorph is disthguished from M. brevicauls in its darker, fuscous-brown colonies and 
conidia, and the aswspores, in the original description, are larger (7 x 5 p). Morton and 
Smith treated A. f l m m  as a species of S c ~ p u I ~ o p ~ s  since their mena i  failed to 
produce a sanial stage. This species difFers from M. brevicarlis by paler, buff colonies and 
conidia (Morton and Smith 1963)' and larger (6-7 pm) ascospores (Sopp 1912). Both of 
Sopp's species were isolated fiom insect larvae, as was one of M. br~cuul i s  
(UAMH 3753). 

Recent molecular phylogenetic studies (Berbee and Taylor 1992; Hausner et al. 
1993; Spatafora and BIackweIi 1994; Cassar and Blackweli 1996) have supporteci the 
Microascaceae as monophyletic, but the analyses have included few representatives of 
only teleomorphic taxa. Although the connection between Micruascus and Scop~ i~ops i s  
has been recognized by rnany authors, the discovery of a teleomorph for the type species 
of &opuIizriop~s allows this anamorph genus to be placed among the Microascaceae. 
Anamorphic fom-genera are primariiy artificial taxonomie entities basad on structural 



similarity senhg as a practical means of identifjing and naming m a l  fwgi (Gams 
1995), but many authon (e.g., Seifert 1993) have favored a phylogenetic approach for the 
classification of anamorphic taxa. Fom-genera are not stridy monophyletic units, 
espaciaîly when combineci in a phylogenetic fhmework with teleomorphic taxa, but 1 
support the view, that unnlated and morphologidy divergent taxa shouid be excluded 
where practicable (Seifert 1993; Gams 1995). In this case, the fonn-genus Scopd~psis  
ccui be restricted to auamorphs of the Microescaceae. Many morphologically distinct 
species with different dfhities have already been tnuisferred to other fonn-genera 
including Sagenomella, Bm@topra, PoZ)ipoeeiZum, and Gliom&x. Although some 
authon (e.g., Taylor 1995) have taken an aareme position and advocated the 
abandonment of anamorphic names when phylogenetic position can be clearly established, 
fom genera continue to serve a usefil purpose in routine identification, especiaily in a 
case such as this where the Micrwscus teleomorph is rarely seen. 



Table 2.1. Cornparison of conidium size and colony diameter in 5 as«>carpic and 6 non- 
ascocarpic drains. 

Colony diarn at 14 d (mm) 
\ 

Aseocarps Conidium PDA at 25 C PDA + PDA at 37 C CER at 25 C MYC at 

&meter (F) bcnomyl at 2S°C 
25 C 



Figures 2.1-2.7. M c m u s  bm*cau&s. 

Fig. 2.1. Colony on CER 14 d at 25 C showing coduent growth of anamorph (UAMH 
7880), bar = 15 mm. 

Fig. 2.2. Conidiophore and Young, srnooth to slightly roughened conidia (UAMH 1 197), 
bar = 10 Cm. 

Fig. 2.3. Mature, warsely omamented conidia (UAMH 943), bar = 5 prn 

Fig. 2.4. Ascospores (ôlack arrow) and conidia (white arrow) (UAMH 7770, TYPE), bar 
= 5 pm. 

Fig. 2.5. Perithecium ( U M  7770, TYPE), bar = 25 Pm. 

Fig. 2.6. Smooth ascospores and omamented conidia showing slightly protruding and 
tnincate base, SEM (VAMH 7770, TYPE), bar = 1.5 pm. 

Fig. 2.7. Perithecium, note ostiole (arrow) and peridium of texfzm unpliris, SEM 
(UAMH 7770, TYPE), bar = 20 Pm. 
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HETEROTaALLISM IN THE MICROASCACEAE DEMONSTRATED BY 
THREE SPECIES IN TBE S C O P U ' O P S I S  BREMCQULIS SERIES 

Introduction 

Semal reproduction, which allows for genetic variation, is accomplished by two 
dEerent strategies in ascomycetous fungi. Homothallic fùngi are self-fertile, while 
heterothallic species are self-sterile and require a compatible partner for reproduction to 
occur. Homothallism is Most common, but both mating strategies occur among various 
groups of ascomycetes. Yun et al. (1999) demonstrated that homothallism is a derived 
state and that heterothallisrn is ancestral in the ascomycetes. The fertile ascomata 
produced abundantly in axenic culture by many species of the Microascaceae suggests 
they are homothallic, although the mating behavior has been examined for only a few 
species of Micrm.scus (e.g., Barron et al. 196 1). The mating system is unknown for 
Kemiu, Lophoirichus, Petriella and Pseudallescheriu. Emons and Dodge (1931) 
showed that 20 single ascospore isolates of Microascus trigonospoms Emons & Dodge 
al1 developed fertile penthecia. Many species of Microasas, including M. mgono3poms, 
are known to produce Scopulariopsis anarnorphs, but the relationships of anctly 
anamorphic Scopufariopsis species has been only sparingly investigated (e.g., Abbott et ai. 
1998). 

Morton and Smith (1963) defined the 'ScopuIariopsis brevicdis Senes' to include 
species with large, subglobose, smooth or omamented, white to brown conidia, produced 
fkom highly branched conidiophores, and with anneilides which were broad at the apex (3 
pm) and arnpuliform but not abruptly swollen at the base. Included here were S. 
brevimulis (Sacc.) Bainier (the type species of the genus), S. p r u k u  (Sacc.) S .  Hughes, 
S. &va (Sopp) Morton & G. Smith, S. candi& Vuillemin, S. koningii (Oudemans) 
Vuillemin, and S. fisc4 Castellani 

Some of these Scopulariopsis species produce sclerotium-like structures that 
resemble perithecia but lack ascospores (Morton and Smith 1963; Abboa et al. 1998) 
suggesting at least some genetic abiüty to produce a teleomorphic stage. One such semal 
state was found for S. breVicmiis, described as Microascm brevicatllis S.P. Abbon 
(Abbott et al. 1998). Many isolates of Sc~puZ~ops i s  candi& produce these structures 
(Abbott et al. 1998), and this asend species has been connected to the teleomorph 
Miwo~scus manginii (Loub.) Curzî based on conidiai similarity (Morton and Smith 1963). 
Morton and Smith tentatively accepteci a connecfion between S. aspemla and M. niger 
(Sopp) Curzi, but recommended that the teleomorph describecl by Sopp (1912, as 
AcauIium ni'm Sopp) be disregardeci since there was no extant type material and the 
species had not been seen since the original description. 

The Scopulimopsis b r e v i c d s  Series presented an excellent opportunity to 



evaluate the holomorphic Me history and mating behavior ofsome additional species in the 
Microascaceae. Several observations suggested the possibility of heterothallisrn in this 
group: 1) only five teleomorphic stralis were known for S. brevicudiis (Abbott et al. 
1998). a very comrnon mold, making it uniikeiy that Mirnomais brevzcauiis could be 
homothatlic; 2) the cornmon recovery of infertile isolates assignable to S. d i d a  
comparecl with the infiequent isolation of M. munginii; and 3) the report of a sexual stage 
connecteci with an a s e d  state resembling S. 4spemIa (Sopp 19 12). 

To address this question, mating trials among strains of species in the S. 
brevicuuIis Senes' were penonned. In addition to the species disaisseci above, two others, 
S. h i n g i i  and S. fusca, have never been comected to sexual States. These show 
considerable similarity to S. brevicmlis and S. upemla respectively, and were included in 
mating trials to evaluate their taxonomie status. No mating tests were done with S. frma 
since very few isolates are known (see Morton and Smith 1963). The results of mating 
tests are presented dong with a reappraisal of accepted names in the 'Scoplu~opsis 
brevicmlis Series', including their connection to species o f M i c r ~ c z ~ s .  

Materials and Methods 

MorphoIoogy.- Living cultures and herbarium material of wild type strains, single 
ascospore isolates, and mated pairs are maintained in the University of Alberta 
Microfingus Collection and Herbarium (UAMH). Colonial features were recorded and 
colony diameters were measured on oatmeal salts agar (OAT; Weitzman and Silva Hutner 
1967) and potato dextrose agar ('DA; Difco Laboratones, Detroit, MI) at 25 C after 7, 
14, 21 and 28 days. Colors were determineci using the color standards of Kornemp and 
Wanscher (1 978). Microscopie mounts were prepared in polyvinyl alcohol or lactofûchsin 
mounting medium (Sigler 1992) and ascospores were observed in squash-mount 
preparations. The slide culture technique was employed using cereal agar (Sigler 1992), to 
aiiow observation of conidial stages. Selected specimens were fixed in 2% osmium 
tetroxide vapor and cntical-point dried for examination with a Hitachi S-2500 scanning 
electron microscope (SEM). 

Scop l~ops i s  brevicaulis.- Nine single ascospore isolates of Microacus brevicauls 
were obtained f?om UAMH 8627 (ex-paratype culture) by removing one perithecium and 
washing the d a c e  repeatedly with sterile water to remove a d h e ~ g  conidia. The asmma 
was then placed in 10 ml of sterile water and crushed to suspend the ascospores. 
Approxhately 1 ml of the suspension was spread across 10 PDA plates. These were 
incubated at 22 C for three to seven days to aliow germination. Colonies were observed 
under the microscope to ensure that they resulted fiom germination of single ascospores. 
Hyphal-tip transfers were placed on OAT to obtain pure cultures. Crosses between the 9 
siagie ascospore isolates were made in ali combinations (mcluding self crosses) by 
suspendhg conidia in 1.5 ml of sterile water and pipeting one drop of suspension onto the 
centre of an OAT plate. A drop of suspension fiom a second strain was then added 
dowing conidia to mDr. Plates were incubated at 22 C, examined after 7 weeks and 
periodically for 14 months. Plates were checked macroscopically for development of 



submerged ascomata around the edge of the plate and with a d i s d g  microscope &er 
m o v h g  sectiom of superficial cunidial growth to fhd ascomata dong the agar surface in 
the centre of the plate. Microscopic mounts were made to monitor for ascospore 
production. Two single ascospore isolates that yielded a fertile cross were arbitrarily 
desigriated as plus (UAMH 9090) and minus (UAMH 9092) mating types. These were 
rnated with the six wild type strains of S. brm*c4uIiis examinai in Abbott et al. (1998) and 
three stah received as S. bningii or jlcrvcr. Conidia of each strain were suspended in 
sanisolid detergent agar (SSD; Pitt 1973). The strains were paired by streaking the 
suspension of each strain ont0 one half of an OAT plate, aliowing for a central zone of 
contact as the isolates grew. Crosses were incubated at 22 C and monitored after 6 weeks 
and checked periodically thereafier for 12 months for development of ascomata dong the 
central contact zone. 

Sco~lmiopsis candi&.- Nine wild type strains of S. cmd& were crossed in dl 
possible combinations, using SSD on OAT as described above. Plates were held for 19 
months to detemiine teleomorph fertility. Serains were chosen to represent the broad range 
of variation seen among the 35 strains examined at UAMH (see Appendix 1). These 
included strains that routinely exhibited sterile ascomata1 structures as well as those that 
demonstrated only conidia Representative plus and minus mating type strains were 
selected (UAMH 3568, 9004) and back crossed to the type culture of M i c r ~ ~ ~ c u s  
manginii, wwhich produced only the anamorph in culture when received from the 
Centraalbureau voor Schimmelcultures (CBS 170.27; =UAMH 9 13 5). The perithecia and 
ascospores produced in al1 positive pairings were compared with those produced by eight 
isolates of Microasms manginii housed at UAMH. 

Scopflliriopsis c q x r u l a .  Nine strains which represented type, authentic, and recent 
isolates of S. asperuIu, S fusca, S. roseola, S. amoldii and S. besîae, were crossed in dl 
combinations as was done for S. c d i &  above. These were selected from among 25 
strains (see Appendk 1) with a similar gross morphology, and which included the 
extremes of morphological variation seen among this group of isolates. Representative 
teieomorph-produchg crosses were accessioned into the UAMH in order to maintain 
sexually reproducing strains (UAMH 9489,9490,949 1). 

Crosses between species.- To test for fertiiity between species, plus and minus mating 
type str- daermined in each experirnent above were crossed. Pairings were done as 
above between S. brevicaulis ( U N  9090,9092). S. c d i k  (UAMH 3568,9004). and 
S ~spemla (UAMH 8362, 9037) in all combinations, and crosses were held for 13 
months. 

Taxonomie Part 

Mcroascus brevicaulis S.P. Abbott. 1998. Mycologia 90: 298. (holotype and ex-type 
culture UAMH 7770!) FIGS. 3.1,3.4,3.7,3.10 

status anamorphosis: 
Scopl~ops i s  brevicaulis (Saccardo) Bainier. 1 907. Bulletin Societé 



Mycologique de France 23 : 99. 
= Penicillium breviwle Saccardo. 1 88 1. Fungi Italici No. 893. 

= Scopulariopsis koningïi (Oudemaas) Vuillemin. 19 1 1. Bulletin Societé 
Mycologique de France 27: 143. 

= Monilia koningii ûudemans. 1902. in ûudemans and Koning, Archives , 

Néerlandaises des Sciences, Sér. 2, 7: 287. 

The nine single ascospore isolates fiom M i c r ~ m s  brevicmlis resulted in 
anamorphic strains consistent with ScopulmoppstF brevicairfis and lacking any indication 
of a teleomorphic stage. These isolates produccd fertile ascomata when crossed. Three 
isolates were designated as plus mating type strains, which crossed with six minus strains 
(Table 3.1). Al1 strains produced fertile ascomata in some crosses (12 fertile crosses total), 
but six pairings produced only sterile ascomata dong the contact zone. Plus (UAMH 
9090) and minus (UAMH 9092) mating type stains were back crossed against wild type S. 
brevicmdis isolates. Al1 wild type anamorphic strains produced fertile ascomata with only 
one of the mating types (Table 3.2). 

Heterothallism was demonstrated by: 1) absence of a sexual stage in single 
ascospore isolates, 2) fertility between single ascospore isolate pairs, and 3) fertility 
between single ascospore isolates and wild type strains. This is the first account of this 
type of mating behavior in the Microascaceae. This species behaves as expected for a 
single gene (unifactorial) heterothallic mating system, with strains being either plus or 
minus, and mating only with the opposite mating type in dl cases. In only a very small 
proportion of the single spore tests were infertile ammata seen. It is possible, given the 
extreme length of tirne required for fertility (results given at 14 months), that these strains 
would have proceeded to matunty eventually. This conhns that the few sexually 
reproducing strains of M. brevicuulis origindly reported by Abbott et al. (1998) were 
conspecific with the familiar mold ScopuIdopsis brevicaitlis. 

Morton and Smith (1963) accepted S. koningii based on the smooth conidia and 
pale avellaneous colonies. Raper and Thom (1968) considered S. koningïi synonymous 
with S. brevicaulis, although no discussion was provided. Mating reactions clearly indicate 
that the species are conspecific. Two of the strains (UAMH 363 and 9040) that were 
rnorphologically typical for ScopuImopsis koningii (sensu Morton and Smith 1963) 
produceci fertile ascomata when mated with the single ascospore isolates of Micruasas 
breMwulis. Observations here support a correlation between smooth conidia and pale 
colonies, but these characters are not independent. The greatest mncentration of pigment 
is seen by light microscopy in the protuberances of the conidial omamentation, accounting 
for associated colonial coloration. Confirmation of conspecincity helps to deviate the 
problem of species determination from reports in some of the older medical mycology 
litentue. Many isolates from clhicai sources were reported as S. koningii (e.g., Sartory 
1916), but their identification has been questioned by many later authors (e.g., Morton and 
Smith 1963) who suspecteci that they were merely smooth-spored isolates of S. 
brevicmIis. a well known opportunistic pathogen. 



Specimens examincd Miwaascrcs breviwulis. CANADA: ALBERTA: Scandia. 
indwr air of honeybee (Apis mellijera) overwintering facility, 11 Mar. 1994, SP. Abbott 
OHS 428, (holotype and ex-type ailture UAMH 7770. isotype K); Calgary. indoor air 
fiom basement of home, 10 Jan. 1995, S.P. Abbon SA-M26, (paratype UAMH 7880); 
Bmhead. outside air, 20 Mar. 1996, S.P. Abhtt SR-M76, (paratype UAMH 8627); 
Alberta Game Farm east of Edmonton. straw of birdhouse roosts, 8 Nov. 196 1, J.  K 
Ciumichael 16-124, (paratype UAMH 1 197); Lethbridge. dead housefly larvae, 1974, 
RG. Bell. (paratype U A .  3753); Elk Island National Park. wood of well rotted white 
spruce (Picea glmrco) log, 28 Sep. 1998, T. Lumley md SP. Abbott EI-02-SID, (UAMH 
9367); 30 km east of Nordegg. dung of moose (Alces alces), 30 Sep. 1996, S. P. Abbott 
SA-MI36, (UAMH 9458); UAMH. single ascospore isolates (+) ex UAMH 8627, S.P. 
Abbott Mb4, Mb8, M 9 ,  (UAMH 9090,909 1,9407); UAMH. single ascospore isolates (- 
) ex UAMH 8627, S. P. Abbtt Ml, M 3 .  Mo 7, (UAMH 9092,9093,9406). 

Scopuhriopsis brewicaulis. AUSTRALIA: QUEENSLAND: Innisfail. atmosphere, 
cleareci site, 1985, J. Upsher, obtained fiom Australian National Collection of 
Biodeterioration Microfungi as AMRL 1675, (UAMH 8702). CANADA: ALBERTA: 
north of Mariana Lake. bumt wood of black spruce (Picea marium), 16 Aug. 1996, S.P. 
Abbott SR-M137, (üAMH 8628); Edmonton. hairs ex neck, LN? Cmnichael 1955, 
(UAMH 363; =LSHB Sc.114, =IMI 86929). MANITOBA: Winnipeg. outside air, 21 Dec 
1994, S.P. Abbott 52-M31, (UAMH 9040). KOREA: Chuncheon. Meju, Korean 
fermented soybeans, J.D. Lee A-1-2, obtained fiom Japan Collection of Microorganisrns 
as JCM 26 19, ( U A .  8497). NETHERLANDS: pupa of Pterms pini, 1935, J.  
Rozspzf, obtained fiom Centraalbureau voor Schimmelcultures as S. jiaw, CBS 335.35, 
(UAMH 9 139). UNITED KINGDOM: Manchester. 1930, obtained tiom International 
Mycological Institute as IMI 6 1424, (UAMH 8785). VENEZUELA: Caracas. Sep. 1955, 
C.B. Pinto 43-3, obtained from United States Department of Agriculture as MW A- 
6185, (UAMH 943). ZAIRE: Mount Hawa. silk worm chrysalis, 1952, RL. Steycwt, 
obtained from International Mycological Institute as IMI 49528, (UAMH 644). 

Microascus manginii (Loubière) Cuni. 193 1. Bollettino. Stazione di Patologia Vegetale 
di Roma (N. S.) 1 1 : 60. FIGS. 3.2,3.5,3.8, 3.1 1 

= Nephrosporu manginii Loubière. 1923. Comptes Rendus. Academie des 
Sciences (Paris) 177: 209. (ex-type culture UAMH 9 13 5 ! )  

= Sco@epsis  alboy7àvescenens Zach. 1934. Osterreichische Botanische Zeitschrift 
83: 177. (ex-type culture UAMH 934!) 

status anamorphosis: 
ScopuI~opsis candi& Vuillemin. 19 1 1. Bulletin Societé Mycologique de 

France 27: 143. (epitype culture selected UAMH 9004!) 
= Monilia candi& auct., sensu Guéguen 1 899. Bulletin Societé 

Mycologique de France 15: 27 1. (non Persoon; non Bonorden) 
# Monilia candi& Petsoon. 1801. Synopsis methodica fiingorum. 

(=A~pergilZus fide VWI1emin 19 1 1). 
+ Monilia d i &  Bonorden. 185 1. Handbuch der allgemeinen mykologie. 

(=Monilia bonordenii Vuillemin. 19 1 1) 
= Chrysosporium keratinophifum var. denticohm Moreau. 1969. 



Mycopathologia et Mywlogia Applicata 37: 37. (nom invalid, 
ICBN Art. 36). (ex-type ailture UAMH 8798!) 

Although the mating trials did not produce fertile perithecia in all combinations, 
heterothallism is demonstrated for this species. Thirteen of 18 pairings among nine 
anamofphic strains yielded fertile or infertile ascomata dong a zone of contact. Three 
isolates designated as plus mating type c r o d  with s u  minus strains (Table 3.3). Fertile 
ascomata produced by mated pairs of S. candida were similar in al respects to those 
produced by strains of M. munginii. Since the ex-type culture of M. mmginii (UAMH 
9135) fded to produce ascornata when received, it was crossed with a plus (UAMH 
3568) and minus (UAMH 9004) rnating type, resulting in production of fertile ascomata 
with the plus mating type strain. 

A relatively broad range of variation is presemt within a sexually reproducing 
species, M. manginii. Strains that exhibited a propensity to fom sclerotia-like structures 
independently (e.g., UAMH 3568), produced these structures randomly throughout the 
colony. In al1 cases the mated pairs produced ascomata in a line of contact in the centre of 
the petri dish where the two strains met, enabling the results of the crosses to be readily 
detedned. These 'sclerotial' strains produced the most fertile crosses, while strains which 
appeared somewhat degenerate with glabrous colonies and sparse conidial sporulation 
(e.g., UAMH 93 1, 7924) gave the weakest resutts. These strains were included since they 
were morphologically aberrant and their identity was questioned. Another strain (UAMH 
8404) exhibited conidia and colonies which were pale yellow in color, differing corn the 
typical white to cream isolates. 

The connection between Scopulmopsis candi& and Microosms mangtnii was 
demonstrated by Loubiere (1923, as Monilia cadi& and Nephrospora mmangini) and 
accepted by several subsequent authorities (Thorn 1930; Cuni 1931; Morton and Smith 
1963). Zach (1934) described S. crlbojuvesceens including a sexual stage, and Barron et al. 
(1961) treated it as a synonym of M. munginii. The ex-type culture of S. albofravescem 
(UAMH 934) was strictly conidial when recovered &om preserwd stocks, but produced 
fertile ascomata when paired with two plus rnating type strains of S. candida (Table 3.3). 
This behavior was also observed in the ex-type culture ofM. mcznginii discussed above. 

The epithet 'candida' is problematic. Monilia candi& desaibed by Persoon 
(1801), is appropnately referred to Aspergillus (Vuiliernin 1911). Monilia candicirr, 
d d b e â  for a Merent species by Bonorden (l851), was recognized as a later homonym 
and renard as Monilia bonordenii (Vuillemin 19 1 1). The illustration in Bonorden (1 85 1) 
is clearly not a Scoplm'opsis based on the branched conidid chahs. Gueguen (1899) 
described a variant of Monilia candi& Bonorden, and this is the first description that 
corresponds to the fungus we recognize today as ScopIiriopsis candiah By referrhg 
Guéguen's isolate to ScoplmbpFis. VuiUemin (191 1) created the unintentionai nomen 
nowm Scop~l~opsis  d i t h  Vuillemin (ICBN Art. 33, Greuter et al. 1994). Because of 
the nomenclaturai confiision and since no type materid is in existence, UAMH 9004 is 
chosen as epitype culture to srabiiize the modem concept of ScopuI~tl'opsis candi&, 



supporting that defined by Vuillemin (19 1 1). 

Specimeim exmÙned Micrixzscus manginii. AUSTRIA: diseased skin of man, F. 
Zach, obtained fkom Centraaibureau voor Schimmelculhires as CBS 399.34, ex-type 
culture of Scoptmiopsis albo~escens, ( ü M  934). BURMk milied rice, 1954, S. 
U&gmu M L  2278, (üAMH 1923). CANADA: ALBERTA: Red Deer. outside air, 9 
Mar 1995, SP. Abhit $44473 (UAMH 7921); Edmonton. head lesions ex chicken, 
1967, J. M Carmichael, (UAMH 2710); Elk Island National Park. wood of white spruce 
(Picea glauca) log, 1 1 Feb. 1997, T. Lumley Eï-09S3E, ( ü M  9147). ONTARIO. 
Guelph. chicken litter, 10 Jan. 1966, G. Bmon 10490, (UAMH 2642). FRANCE: L 
Mimgin, ex-type culture of Nephrosporu manginii, obtained from Centraalbureau voor 
Schimmelcultures as CBS 170.27, (UAMH 9135). INDIA: Lucknow. 1967, J.N. Rai, 
obtained from International Mycological Institute as IMI 128461 (WAMH 8796). 
UNITED KINGDOM: buckwheat the, 1974, A. Donneliy, obtained fiom International 
Mycological Institute as IMI 182498 (UAMH 8797). UNITED STATES: ARIZONA: 
dung, 29 Aug. 1958, G.F. Orr 0-425, obtained from United States Department of 
Agriculture as MUU. A-8022, (UAMH 8977). 

Scophriopsis candiida. CANADA: ALBERTA: Edmonton. skin from chin of 
man, 1954, J X  Cmichael, (UAMH 238); toe nail of man, 20 Feb. 1995 C. Liand, 
(UAMH 7924). BRITISH COLUMBIA: Chilliwak. indoor air of office building, 27 Mar. 
1997, S. P. Abbott SA-Ml 75, (UAMH 9004). ONTARIO: Wallaceburg. carpet dus fiom 
home, 14 Apr. 1994, D. MalIoch 138-11 0.1, (UAMH 8404). CHLE: soil, (UAMH 
3568). FRANCE: C. Moreau 1969. fiom International Mycological Institute as IMI 
139629 Scopluriopsis candida, ex-type of Chryosporitlm keratinophilum var. denticoka, 
(UAMH 8798). NETHERLANDS: obtained from Centraalbureau voor Schimmelcultures 
as S. rufuls, (UAMH 93 1). UNITED KINGDOM: soil, 1952, BB 299, (UAMH 961). 
UNITED STATES: USDA Bureau of Dairy Industry. abnormal cheese, Jun. 1938, L.A. 
Rogers, (UAMH 93 8). 

Micro(~scus niger (Sopp) Curzi. 193 1. Bollettho. Stazione di Patologia Vegetale di Roma 
(N.S.) 1 1 : 60. (neotype and ex-type culture selected UAMH 9489!) 

FIGS. 3.3,3.6,3.9,3.12 - Acnulium ni- Sopp. 1912. Videnskaps Selskapets Skrifter. 1. Mat.-Naturv. 
Klasse 1 1: 47. 

status anamorphosis: 
Scopulm.opsis a p m 2 a  (Saccardo) S. Hughes. 1958. Canadian Journal of 

Botany 36: 803. (epitype culture selected: UAMH 9037!). - Tomla quia Saccardo 1882. Michelia 2: 560. (holotype L) 
= Scopf~opsisfusca Castellani. 1930. British Journal of Dermatology and 

Syphilis 42: 365. (ex-type culture UAMH 930!). 
= Sco~lor ips is  bestue (Pollacci) N e .  1934. Trattato di micopatologia 

umana 4: 254. 
Torula bestae PoUacci. 1922. Riv. Biol. 4: 3 17. (ex-type culture UAMH 

924!). 
= ScopuIanOpsis mo[dii (Mangin & Patouillard) Vuillemin. 19 1 1. Bulletin 



Societe Mycologique de France 27: 148. - Monilia anioldii Mangin & PatouiIlard. 1908. Bulletin Societé 
Mycologique de France 24: 164. (ex-type d u r e  UAMH 923!). 

= ScMlmipPs roseoh Inagaki. 1962. Tramactions of the Mycological 
Society of Japan 4: 1. (ex-type culture UAMH 88471) 

Crosses among nine strains produced f e d e  perithecia, exhibithg a heterothallic 
mating system (Table 3.4). The four strains designated as plus and five as minus mating 
type included material of S. tupula, S. fusc4, S. rworCC. S m o M i  and S. bestae. The 
holomorph observed here by mating matches the adequate onginai description of 
Acarliunz nigrum (Sopp 1912) in most detds of both the conidial and sexual stages. 
C d  (193 1) treated the species in Micruascas as M. niger. Thom (1930) and Bmon et 
al. (1961) accept M. niger based on previous descriptions. Morton and Smith (1963) 
connect Microascus niger to S. (perula in the synonyrn Est, yet suggest that the name M. 
niger should be disregarded due to lack of supporthg evidence. Although it is difncult to 
be sure that recent material examined is conspecific with the fiingus described by Sopp 
(1912), the name M. niger is in use and the connection with S. aprtlia has been 
accepted. Nomenclatural stability is best served by typifjing the species based on its 
modem usage (Hawksworth 1993). Since no extant type specimens or other living 
teleomorphic isoiates are known (see Morton and Smith 1963). UAMH 9489 derived 
fiom a mated cross is selected as neotype of Micrmctls niger and a redescription based 
on Eesh material is provided below. 

Perithecia 130-1 90 x 1 10-1 70 p, globose to subglobose or pyriform, with a 
papülate to short-necked (up to 20 pm) ostiolar region, black; pendium of texh<ra 
cltlgui~~is; appendages lacking. Asci approx. 14 x 8 pm, irregularly ovoidal, octosporous, 
deliquescent at a very cary stage and infkequently observed. Ascospores 4.5-6.5 x 3.5-4 
 un, broadly renifonn @lano-convex or concavo-convex) in face view, flattened, orange in 
mass, apphng subhyaline in transrnitted light, smooth, de Bary bubbles and guttules 
lacking, germ pore not evident by light microscopy or SEM. Conidïa 6-8 pn diarn., 
globose to subglobose, with a tnincate base, base may be slightly protmding (Iightbulb- 
shaped), brown, some nearly smooth or only finely omarnented but many vemcose with 
prorninent, irregular warts at matunty (degree of omamentation may vary among strains), 
produced in dry chains £?om simple or brancheci mellidic conidiogenous apparatus; 
annefides 13-18 pn long, 3-3.5 pm diam. at apex, 3-5 pn diam. at base, elongate 
cyiindrical to ampulliforni, hyaline. Colonies dominated by the conidial stage, medium to 
dark fuscous brown (6C4/5-6D5/6-6E5/6/7) with white mycelium, velutinous to 
fhsckulate, plane, m a r e  entire, moderately slow growing, 21-36 mm diam. on OAT after 
14 days. 

Hughes (1958) recognUed that Saccardo's (1882) species Tomla aqperurla 
beionged in S ~ o p l ~ o p s i s ,  similar to, but distinct fiom, S. brevic~uiis. Morton and Smith 
(1963) accepted S. asperuia and S. fusca as distinct based on difierences in the 
omamentation of the conidia (coarsely omamented in S. asperdla and smooth in S. fusca) 
and both names are widely used at present (e-g., Domsch et al. 1980). Conspecificity of 



&oplioriopsis cqwmla, S. fiscct, S. antoldii, S. bestoe and S. roseola was suspecteci 
based on morphological sirnilanties between type and representative strains, and is here 
confirmed by mating tests. More than 25 isolates of these taxa were available for 
examination in the present study, and variation was found c o v e ~ g  the entire range from 
Wtualiy smooth to coarsely ornamented conidia, with the majonty of strains exhibithg an 
intermediate omarnentation somewhat less pronounced than that typically seen in S. 
breviwlis. Morton and Smith (1963) Listed koplan'opsis amoldii as a synonym of S. 
a~perurla based on the vemwse conidia descn'bed in the protologue, but they disposed of 
an authentic culture of Mangin under S. fusa since it produced only smooth conidia This 
is likely the ex-type culture of S. midi and the subculture deposited at UAMH exhibits 
both smooth and omamented conidia, a f'urther indication of intra-strain variation within 
this variable species. Scopulmopsis besiae was listeci as a synonym of S. koningii by 
Morton and Smith (1963), but the ex-type culture exhibits colonial coloration consistent 
with strains of S. aspela. Al1 isolates of S. aspendu examined have a fuscous tint to the 
colonies, cornpared to the sandy tan or avellaneous colors seen in isolates of S. brevicoulis 
(including S. koningii, see discussion under Microasms brevicds). 

Specimens eyamr'ned Microasms niger. CANADA: ALBERTA: UAMH. mated 
cross of UAMH 8362 x 9037, 17 Apr. 1998, S.P. Abbott (neotype and ex-neotype culture 
UAMH 9489); mated cross of UAMH 7879 x 9037, 17 Apr. 1998, S.P. Abboit (UAMH 
9490); mated cross of UAMH 8847 x 9037, 17 Apr. 1998, S. P. Abbon (UAMH 949 1). 

Scopulanopss aspenda. AUSTRIA: carcass of rabbit, F. Zach, ex-type culture of 
S c o ~ o p s i s  fuscu, (UAMH 930). CANADA: ALBERTA: Groumille. indoor air of 
honeybee (Apis melI@ierra) overwintering facility, 30 Jan. 1994, S.P. Abbott OHS 207, 
(UAMH 7879); Leduc. dung of striped skunk (Mephitis mephitis), 10 Jun. 1997, S.P. 
Abbott SA-MI83, (UAMH 9029). SASKATCHEWAN: Saskatoon. outside air, 28 Nov. 
1994, S.P. Abbott SR-M24, (üAMH 9037). ONTARIO: Ottawa. ex swab fiom home, 
Dec. 1995, D. MalIoch M22-2C, (UAMH 8362). FRANCE: L. Mangin, authentic, 
probable ex-type culture of Sco*opsis moldit, obtained from Centraalbureau voor 
Schimmelcultures, (UAMH 923). ITALY: PolIixci, ex-type culture of Tonda bestae, 
(UAMH 924). JAPAN: wheat flour, 1962, N. Inagaki 1-391. obtained fiom Institute for 
Fermentation, Osaka as IF0 7564, ex-type culture of Scopulariopxis roseola, (üAMH 
8847). UNITED STATES: MISSOURI: hay, 12 Feb. 1992, D.T. Wicklow DTW-001, 
obtained fiom United States Department of Agriculture as NRRL A28654 (UAMH 
8984). 

Holomorph Concepts 

Mating trials showed that a large number of anamorph taxa in the S~o@~op.sis 
brevicds Series are conspecific and represent only t h e  holomorph taxa, Microioscus 
6reviccltliis. M. manginii and M. niger. These three taxa are distinct and easily separable. 
Previous confusion encountered in application of dinèrent m e s  for isolates with sIight 
morphological variation or intermediate features bas been eliminated. The easiest and most 
reliable means of species differentiation is based on colonial coloration, reflecting the wlor 
of the wnidia. In M. brevicû11iis, the colonies were pale to medium sandy, tan or 



avellaneous, while in M. niger the colonies were typically much datker brown and always 
exhiiited a pronounced fbscous or violaceous tint. M. mandnii colonies were dominateci 
by a white to cream or very pale ydow conidid state. However, occasional isolates 
expressed a reduced conidid state and the black perithecia then wmprised a noticeable 
part of the colonial appearance. In contrast, in dl isolates of M. brevicatrIis and M. niger 
examinai, the perithecia were obscureci by conidid growth. Conidial ornamentation, 
previously used as a primary means of defining taxa, was variable within and among 
strains and was not a useful character for species level detenninations. 

Representative mating types for each of the three species, Sc@miopsis 
brevicatlIis, candi&, and S. arpemla, were crossed, but no mting reaction of any kind 
was observeci. This supports the supposition that mating reactions only occur between 
isolates that are conspecific. 

Of the two methods employed for mating tests, the results were easiest to read and 
interpret when two strains were streaked ont0 opposite halves of the petri plate. Strains 
typically grew robustly on their respective sides and fonned a central contact zone 
characterized by sparse conidial growth. Fertile ascornata formed only in this contact zone. 
The sarne phenornenon allowed observation of positive crosses which yielded only infertile 
ascornata. The ascomata were best detected by observing the contact zone under the 
stereoscopic microscope. Small, black perithecia were often seen through the sparse 
central conidial layer. Ascomata could also be detected submerged in the agar by 
examinhg the edge of the petri dish in the central zone, which was especially usefùl where 
conidid growth was dense enough to hinder surface examination. Incompatible strains did 
not fonn structures of any kind in the contact zone. The crosses resulting fiom mked 
suspensions of conidia produced ascomata in a more random tuhion, in clusters and lines 
throughout the single colony. Frequently, the conidial overgrowth had to be removed in 
order to determine the presence of ascomata. 

The three species examined here are the first reports of heterothaiiism in the 
Microascaceae, and homothdism was reported in another species of Micro~lscus (M. 
bigonospoms, Emmons and Dodge 193 1). The rnating systems of species in other genera 
is not known. Crosses among six anamorphic isolates of Pseudalescchena booydii (Shear) 
McGinnis, Padhye & Ajello did not produce any sunial structures (Mann 1981). Nine 
single escospore isolates obtained fiom Kemia pachypIeura Malloch & Cain (üAMH 
8857) were strictly anamorphic but pairings did not produce ascomata after 1 1 months on 
OAT (Abbott, unpublished data). Nine strains of Cephafo~ehum stemonitis (Pers.) Link : 
Fr. were also crossed in al1 combinationq but no ascomata were obserwd after 11 months 
on OAT (Abbott, unpublished data). Further investigation is needed to elucidate mating 
behavior in other members of the family. 



Table 3.1 Mating reactions between Nne single ascospore isolates of Micruasms 
brevicaulis (Mb) on OAT at 14 monthn 

Strains (minus mating type) Strains @lus mating type) 

UAMH 9406 (=ml) ++' tt 

UAMH 9092 (=Mb3) +b ++ 

MW 

UAMH 9093 (=Mb7) 

- -- 

UAMH 9091 
(=Mb9) 

* indîcates fertile aromata (with axospores) pmduced. 
+ indicates infertile ascomata produced. 



Table 3.2 Mating reactions between nine wild-type isolates of Sc@'ppsis brevicaulis 
crossed with plus and minus mating type single ascospore isolates of 
Micromas brevicatllis on OAT at 12 months 

Wild-type mains Single ascospore isolates 

9090 (=Mb4; plus mating type) 
a - 

tf- 

++ 

9092 (=Mb3; minus mating type) 

+tb 

a - indicates no ascornata were formed. 
* indiates f e ~ l e  aromata (with ascwpores) produced aimg mating contact zone. 
origindiy identifid as S koningii by Morton and Smith (1963). 



Table 3.3 Mating reactioas between nine isolates of Scop~oppsis d& on OAT at 
19 months, and with the type of Micraarcus manginii on OAT at 1 1 months 

S trains (UAMH #) 
- - - . 

minus mating type plus mating type 

+ indicates infertile ascomata produced along mating contact zone. 
++ iodicates fertile ascomata (with arospores) pmduced dong mating contact zone. 
- indicates no ascomata were formed. 
=-type Nain. 

NT not tested 



Table 3.4 Mahg reactions among nine isolates of Sco~mopsis  a.spemIa on OAT at 19 
months 

minus mating type plus mating type 
- - 

923 (?Y. mnoldii) 7879 

924 (=S. bestue) + ' f+b 

930 (T~. fiscu) + t t  

8984 + -+ 

9029 + ++ 

9037 ++ * 

a + indicates uifextile ascomata produced dong mating contact zone. 
* indicaies fertile ascomata (with ascospores) produced dong mating contact zone. 
ex-type strain. 



Fig. 3.1. M ~ C T ~ ~ S C ~ G T  brevimdid Colony resuiting fkom mting cross of two strallis of 
ScopICaiopsts brevi~~tlIis on OAT 12 mo at 25 C showing central contact zone 
and confluent growth of anamorph, note paler colony at Ieft, typid for S. Koningii 
and darker at ri& typical for S. brevicuulis (UAMH 363 left x UAMH 9092 
right), bar = 10 mm. 

Fig. 3 2. hkmmms mamginii. Colony redthg fkom mating cross of two &op~mopsis 
d t h  strains on OAT 19 mo at 25 C showing central contact zone and 
confluent growth of anamorph, (UAMH 3568 lefk x UAMH 934 right), bar = 10 
mm. 

Fig. 3.3. M~WO~QSMIS niger. Colony resuiting fiom mating cross of two ScopflI~11'opsis 
aqxluia strallis on OAT 19 mo at 25 C showing central contact zone and 
confluent growth of anamorph (UAMH 8362 lefi x UAMH 9037 right), bar = 10 
mm. 

Fig. 3.4. Microclscus brevicaulis. Ascapores (UAMH 9 139 x 9092), SEM, bar = 4 pm. 

Fig. 3.5. Microasais mcuaginii. Ascospores (UAMH 3568 x 9135), SEM, bar = 5 Pm. 

Fig. 3.6. Micrwscs  niger. h s p o r e s  (UAMH 9489; neotype), SEM, bar = 3 pm. 

Fg. 3.7. Micr-s brevicauIis. Amma, with conidia on surface (UAMH 9040 x 9090), 
SEM, bar = 25 pm. 

Fig. 3 3 .  Mimîuascus manginii. Ascoma (UAMU 3 568 x 9 13 9, SEM, bar = 40 pm. 

Fig. 3.9. Miwuczscus niger. hbture ascoma x-section, showing ascospores (inside) 
( U A .  9489; neotype), SEM, bar = 15 pm. 

Fig. 3.10. M i w m  brevt*cclt(Iis. Oniamented conidia showing süghtly promding and 
truncate base (UAMH 9 139 x 9092), SEM, bar = 4 Pm. 

Fig. 3.1 1. Mimuuscus mmgrhii. Smooth conidia showing siighily protniding anci tmcate 
base (UAMH 9004 x 938), SEU, bar = 4 Pm. 

Fig. 3.12. M i w m  niger. Smooth or sparsety ornamenteci conidia showhg slightly 
protnrdiag and truncate base (UAMH 9489; neotype), SEM, bar = 5 Pm. 
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USE OF HOLOMORPH CHARACTERS TO DISTlNGUISH MCROASCUS 
NIDICOLA m'ID MCROASCUS SOPPII SP. NOV., WITH NOTES ON THE 

GENUS PITHOASCUS 

Introduction 

Micrwscus nidicola Massee & E.S. Salmon has rarely been reported shce the 
original specimen was colleaed on dung in England and described by Massee and Salmon 
in 1901. Seved collections were made by Emmons in the desert region of Utah, and it is 
these collections that subsequent authorities on the group have d n e d  and described 
(Banon et al. 1961; Morton and Smith 1963; An< et ai. 1988). Micruuscus nidicola is 
characterized by falcate to lunate (concave-wnvex to plano-convex in face view and 
fusoidai in edge view) ascospores which are proportionally long and narrow (6-8 x 2-2.5 
jun). Most other Micrmcus species have broadly reniform ascospores, including the type 
M. longirostris (typically 4.5 x 3 w). 

Arx (1973a) established a new genus, Pithoacus, for Microascus nidicola (type) 
and similar species having this unique ascospore morphology, perithecia which are non- 
ostiolate or indistinctly ostiolate and lack a distinct neck, ascospores without a germ pore, 
and no anamorph state (Am 1973% b, 1978). Benny and Kimbrough (1980) erected the 
family Pithoascaceae, typified by Pithoasms and separated from the Microascaceae based 
on the absence of germ pores on the ascospores. Although Pithoasms is currently 
recognized as a valid genus of the Microascaceae (Greuter et al. 1993; Eriksson and 
Hawksworth 1998) cuntaining six species (Arx et al. 1988), the definitive characten of 
Pithoascus and Micrwscls overlap considerably. The generic separation has not been 
universally accepted (e.g., Malloch and Hubart 1987). Some species of Pithoasczis 
produce a cirrus of ascospores fiom a prominent ostiole in age, whiie others exhibit a 
reduced conidial state consistent with the ScopuIariopsis state of other memben of 
Mict0a;l~ms with reniform ascospores (Roberts 1975; Valmaseda et al. 1987; An et al. 
1988). 

Several isolates of a species with ascospores resembling M. nidicola were 
recovered from rotting wood in Alberta (Lumley et al. in press). These isolates produced a 
Scopulmiops anamorph resembhg S. frm (Sopp) Morton & G. Smith as described by 
Morton and Smith (1963). Many additional strains were isolated that did not produce a 
sexuai state, but were ciearly conspecific based on anamorph characters. ~ ~ p u l ~ o p s i s  
@vu was ongin@ described by Sopp (1912) as AcclllIium Sopp, and was 
grouped with simiiar anarnorphic species in the 'Scoplàriop.sis brevicaulis Series' by 
Morton andSmith (1963). Aithough no type material exists for Sopp's species, he 
descnied a poorly developed, .iclerotium-likel senial stage. Since mating trials 
successfii1Iy demonstrated heterothallism within other species belonging to the 
'Sc~pul~opsis brevicauiis Series' (see Chapter 3). bis experirnental method was used 



here to investigate the mating behaviors and holomorph charaders of M. nidicola and S. 
j?ha. This work outlines the differences between M. nidcola and the Alberta isolates 
which are here describeci as a new species. A discussion of other similar taxa and support 
for the synonymy of Pithoiasctls with Micr-s is included. 

Materials and Methods 

k p l i n g  and iso1orian.- White spruce (Picea gIàuca) and aspen (Poplus tremuloides) 
logs of diameter greater than 15 cm and et various stages of decomposition were sampled 
âom sites the boreal forest of north-central and north-eastem Alberta during the 
summers of l996- 1998. AU samples were surface-sterilized by brief flaming, and plateci 
ont0 tapwater agar (TWA; 1.5% agar w:v, which served pnmarily as a moist chamber), 
conuneal agar (CMA, Difco Laboratories, Detroit, MI), malt extract agar @EA; 1.5% 
agar and malt extract w:v), MEA amended with 2 pg/rnL benomyl (MEA+B), and 
Mycobiotic agar (MB; Difco Laboratones, Detroit, MI, containing 400 Cig/mL 
cycloheximide). Tetracycline (100 pg/mL) was added to al1 media to inhibit the growth of 
bacteria. Primary isolation plates were incubated at room temperature (19-24OC) and 
examined every 2-3 months for 1.5 years. Axenic cultures were obtained by subsequent 
transfers ont0 MEA, MB, CMA, or oatmeal salts agar (OAT; Weitman and Silva Hutner 
1967). 

Isolates exumined and morphoIogical observations.- Living cultures of wild type strains 
and single ascospore isolates are maintained in the University of Alberta Microfungus 
Collection and Herbarium o. Holotype herbarium material is also deposited in the 
UAMH and isotype material is deposited in the Herbarium, Royal Botanic Gardens, Kew 
(K). Microscopie mounts were prepared in polyvinyl alcohol or lactofuchsin mounting 
medium (Sigler 1992) and ascospores were observed in squash mount preparations. The 
slide culture technique was employed using cereai agar (Sigler 1 W2), to allow observation 
of conidial stages. Colonial features were recorded and colony diameter was rneasured on 
OAT at 25 C d e r  7, 14,21 and 28 days. Selected specimens were fixed in 2% osmium 
tetroxide vapor and critical-point dned for examination with a Hitachi S-2500 scanning 
electron microscope (SEM). 

Singe mcospore isoI~tes.- Nine single ascospore isolates of Mictmsms nidicola were 
obtained fiom one of Emrnon's collections (üAMH 8979) by removing one penthecium 
and cmshing it in 5 ml of sterile water to suspend the aswspores. Approhtely 1 ml of 
the suspension was spread across each of four Takashio agar (TAK; Takashio 1972) 
plates. These were incubated at 22 C for three to seven days to allow germination. 
Colonies were examined rnicroscopically to ensure that colonies resulted &om the 
germination of single ascospores. Hyphal-tip transfers were placed on OAT to obtain 
cultures. 

Ming tesix- Crosses between eight anamorphic strains of Scopulariopsis flova were 
made in all combinations (total 36 plates including self-crosses). Conidia fiom each strain 
were suspended in semisolid detergent agar (SSD; Pitt 1973) and streaked onto one haif 



of an OAT plate, allowing for a centrai zone of contact as the isolates grew. Crosses were 
incubated at 22 C and monitored der  6 weeks, 3 months, 6 months, and 1 year for 
development of perithecia dong the contact zone. Additiondly, mating type serains of S. 
j b u  deterrnined in the experiment above were paired with a morphologically similar 
main of Scoplartop~s brevicaurlis (Sacc.) Bainier (UAMH 9139) to support separation 
of the two taxa. 

Tuonomic Part 

Microarcus nnidola Massee & E.S. Salmon. 190 1. Annals of Botany (London) 15: 3 13. 
RGS. 4.1,4.3,4.5, 4.8 

= Pithooscus nidicola (Massee & E. S. Salmon) Am. 1973. Proceedings Koninklij ke 
Nederlandse Akademie van Wetenschappen, Series C, 76: 292. 

Epitype culture selected UAMH 8979 (=NRRL A-6894, =CBS 197.6 1, =IMI 
86918, =LSHB Sc. 44). 

Disringuisking morpboIogical chwoctets Penthecia black, globose to ovoid, 
papillate; peridium of texturu anguIuri's; asci evanescent, irregularly subglobose, 8-spored; 
ascospores falcate to lunate (concave-convex to plano-convex in face Mew and fusoidal in 
edge view), proportionally long and nmow (1:w approx. 3:1), 6-8 x 2-2.5 (typically 7 
x 2 pm); anamorph absent; colonies slow growing (20 mm diarn. in 14 days), dorninated 
by black perithecia which produce an orange droplet or short cirrus of spores at maturity 
(3-4 months), mycelium white. 

Single main isolat~s und honolkaflism The nine single ascospore isolates 
obtained fiom UAMH 8979 were homothaliic and produced abundant, fertile ascomata on 
OAT within eight weeks. No conidial state was observed in slide culture preparations of 
the single spore isolates. 

Specimens ~ n ù n e d  EPITYPE. UNITED STATES: UTAH: kangaroo rat 
(Dipodomys merrimi), Od. 1956, C.W. Emonî  A1671, (UAMH 8979; =NRRL A- 
6894; tCBS 197.61; =IMI 86918; =LSHB SC. 44); soil, OC~. 1956, C. FK Emmons A1836, 
(UAMH 8980; =NRRL A-69 13). CANADA: ALBERTA: UAMH. single ascospore 
isolates ex UAMH 8979, 10 Jul. 1998, S. P. Abbott Mn-4, MMn-8 (UAMH 9487,9488). 

Mboascus soppii S.P. Ab bott sp. nov. FIGS.4.2,4.4,4.7,4.9-4.11 
Ascomycota, Microascales, Microascaceae 
status anamorphosis: 

S c o p f l i i m ' o p ~ ~ a  (Sopp) F.J. Morton & G. Smith. 1963. Mycological Papers 
86: 43. 

= AcauIium f l m m  Sopp. 1912. Vdenskaps Selskapets Skrifter. 1. Mat.- 
Naturv. Klasse 1 1 : 53. 

Lectotype selected: illustration in Sopp 1912, TaE IX, Figs. 77-78; Epitype 
culture selected: UAMH 9202, 



= BI(astomycoi&s lgmrginosus Castellani. 1930. British Journal of 
Dermatology and Syphilis 42: 3 65. - Glenopra ~ @ O S Q  (Castellani) Agostini. 193 1. Atti. Institut0 

Botanico e Laboratorio Cnttogamim. Universita di Pavia III (Ser. 
IV): 67. (a-type culture UAMH 83 1 !). 

Etymology: named for Olav Sopp, one of the first mycologists to study the life 
histories of species of Microascaceae in culture. 

Periiheciis 130-200 x 11 0-1 60 p, globoss vel subglobosis, ostioliztis, pqillatis, 
nigris; pericais textura angukàris; ascis octoporis, globosis vel subglobosis, 
deliquescentibus; ascospois 6-7 x 2.5-3 p. falcatis vewl lurtatis, iaevis, mbhyalinis vel 
aurantiis en masse; conidiophora annelIaiu; conidiis 5.5-9 x 5-8 p, subglobosis, 
vemcosis, mbhyolnis. Hololotypus URMH 9169. 

Pm'thecia 130-200 x 1 10-160 pn, globose to subglobose or pyriform, with a 
papillate to short-necked (up to 40 pm) ostiolar region, black; peridium of texntra 
m>gvlms, peridial cells typically 6-10 x 4-5 pm, appendages lacking. Asci 9- 14 x 6-7 pm, 
irregularly ovoidal, octosporous, deliquescent at a very early stage and infiequently 
observed. Ascospores 6-7 x 2.5-3 pm (typically 6 x 2.5 pm), falcate to lunate (typically 
plano-convex or infiequently concavo-convex) in face view, fusoidal in dorsal view, 
orange in mas, appearing subhyaline in transmitted light, smooth, de Bary bubbles and 
guttules lacking, single germ pore evident by light microscopy. Conidia 5.5-9 x 5-8 pn 
diam., globose to subglobose, with a truncate base, base may be slightly protruding 
(lightbulb-shaped), subhyaline to pale yellowish in mass, some nearly smooth or only finely 
omamented but many vemcose with prorninent, inegular warts at maturity, produced in 
dry chahs from simple or branched annellidic conidiogenous apparatus; annellides 3 pm 
diarn. at apex, elongate ampulliform, hyaline. Colonies dominated by the conidial stage, 
pale yellow-bue mycelium white, velutinous to fasciculate, shallowly convex, margin 
entire, moderately fast growing, 47-60 mm diam. on OAT aRer 14 days. 

Mdng tests and keterothallism Crosses between 6 of 8 strictly conidial strains 
of S c o ~ l a n p s i s ~ T m a  resulted in positive pairings (Table 4.1). Only 5 strains, dl of 
which were fiom Alberta, produced fertile ascornata. UAMH 942 produced perithecia 
dong the contact zone of the cross with UAMH 9 17 1, but these remained infertile f ier  
one year. Two additional strains (UAMH 831 and 8895) did not form any sexual 
structures. UAMH 9492 was isolated after mating trials were initiated and was not 
included. Single ascospore isolates were not obtained from the holotype, and 
heterothallism is dernonstrated based on crossing of wild type isolates. The anamorph 
stages of wild type isolates and the sexual stage produced by mating were identical to the 
teleomorphic strains in di respms. Crosses between mating type strains of Sc@lmiopsis 
jbuu (UAMH 9 171 and 9202) and a wild type main of S. brevicuuiis (UAMH 9 IN)  did 
not produce ascomata after 12 rnonths. 

Specimens exanùned Mcroascus soppii HOLOTYPE and EX-TYPE 



CUCTURE. CANADA: ALBERTA: Eik Island National Park. dried colony on OAT at 25 
wk ex dry rotted wood of aspen (Populw tremuIoiides) log, 09 Jun. 1997, T. Ludey md 
S.P. Aboor! EL1344G (UAMH 9169). ISOTYPE. (K). PARATYPES. CANADA: 
ALBERTA: Eik Island National Park. rotted wood of white spnice (Picea glouca) log, 09 
Jan. 1997, T. Lumley d S.P. Abbott El-U9S3E (UAMH 9 167); 1 1 Feb. 1997, Z Lumley 
W-0943F (UAMH 9 168). 

Scopularipsisjlava EPITYPE. CANADA: ALBERTA: Slave Lake. well rotted 
wood of aspen (Po@lus fiemuloides) log, 25 Feb. 1997, T LumIey H681-OISZF 
(UAMH 9202); Ek Island National Park. rotted wood of white spruce (Piceu g h c a )  log, 
l996Il997, T. Lumley EI-O9-S3D/G/J (WAMH 9 170, 9 1 7 1, 9 172); dry rotted wood of 
aspen (Populus tren>uloi&s) log, 06 Dec. 1997, T. Lumley EL1333G (UAMH 9492); 
extremely well decayed wood of white spnice (Picea glcnrco) log, 26 Nov. 1996, T. 
Lmiey EI-0243A (UAMH 9201); UMTED KINGDOM: ENGLAND: United Dairies. 
1948, G. Smith BB230 (UAMH 8895; =MUCL 9031; =CBS 207.61; =IMI 86921; 
=LSHB Sc. 7). UNITED STATES: CALIFORNIA: Pacific Grove. sandy loam mil, A.L. 
Cohen (UAMH 942; =NRRL 1848; =IMI 86923; =LSHB Sc. 68). Unknown location, 
Amenca. ex man, A. Cmteiiani (ex-type culture of GIenospora Im@nosa)(vAMH 83 1, 
=CBS 187.33). 

Discussion 

Although it has rarely been reported since its early discovery (Massee and Salmon 
190 1 ), Micrmscus. nidicola is easily recognized by the unique ascospores. Although 
holotype material exists, it is the epitype culture selected here which has been the bais for 
modem descriptions (Barron et al. 1961; Morton and Smith 1963; Arx et al. 1988). The 
epitype strain matches the protologue in al1 respects. Micrmms nidicola is not lcnown to 
produce an anamorph. However, Arx et al. (1988) reported an anamorph for this species, 
but a reexarnination of their strain (CBS 103.85, = UAMH 9136) showed it to represent 
an isolate of M. intermedius Ernmons & Dodge. Mictdiasms intemedius can be 
recognized by smailer ascospores (typicaily 5.5 x 2.5 p) in addition to the occasional 
presence of a reduced anamorphic nage. 

The type strain of Micrbascus soppii produced ascomata on the primary isolation 
plate and continues to produce fertile perithecia when revived fiom lyophiiized or 
cryoprexrved stocks of ascospores and wnidia at U- as has been shown for 
Mirrwrcus brevicarlis S.P. Abbott and M. niger (Sopp) C d  (Abboa et al. 1998; see 
Chapters 2 and 3). Presumably, both mating types are preserved in the ascospore 
suspensions of these heterothallic species. 

Sopp (1912) described Ac4tliium fl', and the species was resurrected by 
Morton and Smith (1963) for asexud isolates with palid yellow-buff, omamented conidia. 
Although Sopp did indicate the presence of a poorly developed teleomorphic state, no 
ascospores were illustrateci, but were merely described as oval-round as observai within 
the asci and no measurements were given in the protologue. Ascospore size and shape is 
very d ü n d t  to ascertain at this early stage when immature spores are within asci. Since 



only the asexual stage was adequately described, Morton and Smith's transfer of the 
epithet to Scopulon'opsis was appropriate. This decision is dso indirectty supporteci by 
Curzi (193 1) who treated several of Sopp's species with teleomorphic stages in the genus 
Micro~sms (e.g., M. albonigrescens (Sopp) Curzi and M. niger), but did not traasfer A. 
j7'm. 1 aiso support the use of the epithet applied to an anamorphic species, and select 
the illustration in Sopp (1912; Taf IX, Figs. 77-78) as ledotype. In order to apply a 
permanent modem concept of this Scop&op~s species, an epitype culture, UAMH 
9202 is chosen. 

Glenopru kamiginosa was üiustrated and discussed by Agostini (193 l), based on 
a chical isolate, havhg sotitary aleurioconidia However, observations of the ex-type 
culture (üAMH 831) revealed some short chahs of smooth to ornamented conidia 
produced from meIlidic conidiogenous cells. This strain is somewhat degenerate and did 
not cross with the fiesh Alberta isolates of S ~ o ~ ~ o p s i s  f l f lavcr ,  but appears 
rnorphologically similar to these and other isolates. It is, therefore, considered a synonym 
of S. jkva. 

Another strain (UAMH 8895), isolated from cheese in the United States, was 
identifieci as Scoplariopsis j lwa by Morton and Smith (1963). This strain is 
morphologically similar to the type of G. lmginosa and it also failed to form ascomata in 
mating trials. While it is possible that these collections represent a different taxon, it is 
more likely that only the fiesh isolates were sufficiently robust to mate on artificial media. 
The strain ftom soi1 in California included by Morton and Smith (UAMH 942) is 
morphologically identical to and clearly conspecific with the Alberta isolates, but produced 
only infertile ascomata with a single strain. Given the length of tirne (12 to 19 months) 
required to obtain the results seen here and in mating trials of other Micrwscus species 
(set Chapter 3), it is possible that these idertile strains could mate given the appropnate 
tirne and conditions. 

Synonymy of A'thoascus with Microascus, The genus Pithwscus cannot be 
accepted as distinct f?om Microasms. The characters used to define the genus (Arx 
1973a; b; 1975) Vary considerably among the species included in Pithoasas and overlap 
with other species retained in M i c r ~ ~ s .  These characteristics include 1) proportionally 
long and n m w  ascospores, 2) absence of gem pores, 3) nonostiolate ascomata, and 4) 
absence of anamorph. 

Ascospores of M. nidicola, M. schmacheri (Hansen) Curzi, M. exsertus Skou, 
and P. stoveri Arx are long and narrow, with a length to width ratio of about 3:l or 
greater (Figs. 4.5, 4.6, 4.8), vernis the broadly reniform ascospores with a ratio of about 
1.51, of the type7 M. longirosbis Zukai, and similar species. Some species with an 
intermediate ratio near 2: 1 or 2.5: 1, such as M. intemedus, were included in Pithoic~sms, 
wMe others, such as M. aïbonigrescens, were not The gradation of ascospore shape from 
r d o r m  to lunate, without an easily dehed discontinuity, does not allow genera to be 
separated based on this chamter. 



Germ pores on the ascospores of some Microascaceae, such as Lophomichus and 
Kemia, are prominent and eady observed by light microscopy and SEM (see Arx et ai. 
1988). ûthers, such as Micrcnzws, have indistinct genn pores recognized by the 
morphology of the germination process (Malioch 1970; Mdoch and Hubart 1987). 
hiring gennination, the ascospore does not sweU and the genn tube presents as a globose 
'bubble' at one apex before elongating. In contrast escospores lacking gem pores swdl 
noticeably before niptunng to release the gem tube at any point. Pitharsms is defined as 
lacking genn pores (Am 1975; Benny and Kimbrough 1980). One recently descn'bed 
species, M. cavim~onnis Malioch & Hubart, has escospores consistent with other 
Pithaascus species, but which gemilliate fkom a single pore (Malloch and Hubart 1987). 
Although genn pores are often difncult to observe, one mount of M. soppii (rrAMH 
91 67) showed a single gem pore in many of the ascospores Many of these spores were in 
the process of germinating and exhibited gennination morphology consistent with that 
seen in other members of Micrumus. 

Arx (1973a) originally described Pitho~scus as nonostiolate or with a rudimentary 
ostiole that remained covered by outer layers of the peridium. Aithough many species of 
Pithuuzscus lack a prominent ostiolar neck, ail exude ascospores in a droplet or cirrus in 
age. Functional ostioles were observed in M. nidicola (Fig. 4.3). M. schumacheri, M. 
intennedius. M. exsertus and P. stoveri. An< et ai. (1988) reported that the ex-type culture 
of M. errertus at the Centraalbureau voor Schimrnelcultures is now aenle, but a 
subculture fiom the ex-type strain received from the Canadian Collection of Fungus 
Cultures (DAOM 146087, =UAMH 8698) produced abundant perithecia and long, red- 
brown cirri fonned after 30 weeks on OAT. 

Conidia are absent in the type of Pithumcus, M. nidicuh. and in M. exsertus, but 
have been recorded in some isolates of M. intennedius (Roberts 1975; Ao< et al. 1988), 
M. schumacheri (Valmaseda et ai. 1987), and P. stoveri (AIX et al. 1988). The weli 
developed conidial stages of M. s@i (Fig. 4.1 1) and M. cuviatifonnis are additional 
evidence that this character is not correlateci with ascospore shape and m o t  be used for 
generic delineation. 

Pithoascus stoveri has ascospores (Fig. 4.6) that are similar to M. nidicola and M. 
s o w i ,  but dEers slightly in median spore size (typically 6.5 x 2.5 p.m for P. stoveri, 7 x 2 
p for M. nidicola, 6 x 2.5 pm for M. soppiz'). The conidial state of P. stoveri (îiiustrated 
in Arx et al. 1988) is a highly reduced annellidic or syrnpodial aate, with eilipsoid or 
ovoid, smooth conidia In contrast, an anamorphic state is absent in M. nidicola and a 
weU-developed Scopukmbpsis state with large, subglobose, ornamented wnidia is present 
in M. soppii. Additionally, P. sroveri was characterized by smail (50-1 10 pm diam), 
nonostiolate ascomata (Am 1973 b), but droplets of ascospores at an inconspicuous ostiole 
have been observed on OAT after 70 days. This species has not previously been treated in 
Micrmms and is here transfened as: 

Microoscus sfoveri (Am) S.P. Abbott comb. nov. - Pithoasms stoveri Arx. 1973. Persconia 7: 373. (basionyrn) 
Spécimen eramgnd EX-TYPE CULTURE. USA: OHIO: root of Beta wlgmis 



seedling, ML. White (CBS 176.71; =UAMH 9138), 

Two other species have been placed in Pithoasms at one time or another, but are 
not accepted in Micrwctls. Pithazscus hgeroni Arx wwas described by Arx (1978), but 
was later placed in its own genus, Pithwscina (Valmaseda a ai. 1987; Arx et al. 1988). 
Maiioch and Sigler (1988) included this species in the Eremomycetaceae as Eremomyces 
hgeronii (Arx) Malloch & Sigler. Based on the pseudoparenchymatous ascomatai 
initialq cleistothecial ascomata, clavate asci, smali, pale ascospores and arthroconidial 
anamorph, this species clearly does not belong in the Microascaceae. Pithmcws 
plàtysporus Am & Veenbaas-Rijks is described as having broadly eliipsoidal to ovoidal, 
reddish brown or wpper colored ascospores (Arx 1975). Subcultures of the ex-type strain 
proved to be sterile (UAMH 9138, %BS 4 19.73, see also Arx et al. 1988). This strain 
was resistant to benomyl at 2 pglmL, a trait consistent throughout the Microascaceae 
(Abbott unpublished data). The ascospore morphology as described in the protologue 
suggests a closer affinity to Kemiu or Lophotrichus than to Microczscus. No illustrations 
have been published for this species, and a re-examination of the holotype material (CBS 
419.73) is required before this species can be transferred to the appropriate genus. 

It is uncertain whether ascospore morphology, anamorph characters, or rnating 
systern provides the best indicator of phylogenetic affinity within the genus Microascas, 
and the relationship of M. soppii to other species is unclear. The ascospores are very 
similar to and suggest an affinity with other species formerly treated in Pithoarms, 
especially M. nidicola, M. tntennedius and P. stoveri These species either do not have an 
anamorphic state or exhibit a greatly reduced one. Conversely, the weli-developed conidial 
stage of M. s e i  (Scopufmopsis pava) was placed in the 'Scopuluriopsis 6revicauli.s 
Series' by Monon and Smith (1963) based on the similar large, pale-colored, omamented 
conidia. The teleomorphs of other species in the Scopulariopsis brevicauls Series, 
Mi~~omcus brevicaufis, M. manginii (Loub.) Curzi, and M. niger, ail have ascospores 
which are broadly renifom (Abbott et al. 1998; see also Chapter 3). Heterothaliism was 
demonstrateci in these species (see Chapter 3) and M. soppii, while M. nidicola is 
homothallic, as are some other species ofMicroasns (Emrnons and Dodge 193 1). Further 
work is required to elucidate the relationships among species of Microclsctls. 



Table 4.1 Mating reactions between s k  anarnorphic isolates of ScopuImopsisflma on 
OAT at 12 months 

minus mating type plus mating type 

Alberta isolate. 
Isolate idenüfed by Morton and Smith (1963). 
* indicates fertile ascomata (with ascospares) produced dong mating contact zone. 
- indicates no ascomata were formed. 

" + indicates infertile ascomata produced dong mating contact zone. 



Figum 4.1-4.7. Mcc104scus nriidd& M. soppii, and M. stoyen*. 

Fig. 4.1. Miw-s nidicola Colony on OAT 14 d at 25 C showing paithecia (UiI.MIl 
8979; epitype), bar = 15 mm. 

Fig. 4.2. Micro~sct(s mppii. Colony resulting fiom mating cross of two Skoplonopsis 
$Iaw strains on OAT 14 d at 25 C showing central contact zone and coduent 
growth of anamorph ( ü M  9 170 left x UAMH 9292 right), bar = 15 mm 

Fig. 4.3. Micr~asctls nidicola Perithecium, note ostiole and peridium of te~hrra mguloris 
(UAMH 8979, epitype), bar = 50 Cm. 

Fig. 4.4. Micraosctls m i .  Perithecium ( U A ,  9 1 69; holotype), bar = 50 Fm. 

Fig. 4.5. Micrwsnrs nidicola. Ascospores (UAMH 8980), bar = 7 pm. 

Fig. 4.6. Microarcus stoveri. Ascospores (UAMH 9 1 3 8), bar = 5 pm. 

Fig. 4.7. Micrumas soppii. &cospores (UAMH 9 169; holotype), bar = 6 Pm. 





Fi yres  4.M.11. MC~OIISCIIS rridicda and M. mppü (SEM). 

Fig. 4.8. M~WQ~SCICS nidicola Ascospores (UAMH 9488), bar = 3 pm. 

Fig. 4.9. Mieraclscus soppii. Ascospores (UAMH 9169; holotype), bar = 2 Pm. 

Fig. 4.10. Micruusas îoppii. Mature perithecium x-section, showing oniamented conidia 
(outside) and srnooth ascospores (inside) (UAMH 9 169; holotype), bar = 15 p a  

Fig. 4.1 1 .  A4icraasczi.s soppii. ûmamented conidia showing slightly protruding and 
tnincate base (UAMH 9169; holotype), bar = 3 Cm. 
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RECOGNXTION OF CONSPECIF'ICITY AMONG PLEOMORPHIC ISOLATES 
OF PSEUDWSCHERljd BOI2)I.I (MICROASCACEAE) CAPABLE OF 

DEGRADMG HYDROCARBONS IN CRUDE 01L2 

Introduction 

Recently, our attention was directed to severai strains of a mould that appeared to 
be able to thrive in soils heaviiy contaminated with petroleum. In pure culture, a 
Grqhium and Scedoprium state were produced that were morphologicaliy sirnilar to 
the anamorphs of Pseudolescheria bo@i (Shear) McGUuiis, Padhye & Ajello. 
Subsequently, &ter a long incubation perbd, two strains formed cleistothecia typical of P. 
boydi (McGinnis et al. 1982). P. boydii has a worldwide distribution and is recovered 
fiom nutrient-nch, poorly aerated soils, polluted water, decayed wood, rnanure and 
sewage sludge (Ajello 1952, 1980; Cooke and Kabler 1955; Bell 1976; de Hoog et al. 
1994). It is also a well-known opportunistic pathogen of humans and other animals 
(Rippon 1988). 

When isolated in pure culture, P. boydii can be difficult to identiQ because 
cleistothecia f o n  only &er prolonged incubation or not at all (Gordon 1956; Bell 1976) 
and isolates may !ose the ability to form cleistothecia with subcultu~g (Emons 1944). 
Isolates ofien display only the characteristic anamorphic (asexual conidial) States that are 
assignable to the form genera Grqhium and Scedoporium (Hironaga and Watanabe 
1980; Campbell and Smith 1982). Neither of these genera are specific to Pseu&IIescheria 
and, wnsequently, reports of "Gruphium species" and c 4 S c e d ~ r i u m  species" in the 
Literature are difficult to interpret. For example, Graphium species have been reporteci 
from soi1 (Barron l968), woody materials (Moms 1963) and raw sewage (Zajic et al. 
1969; Davies et al. 1973), but it is uncertain if these isolates represent the anamorph of P. 
boydi or anamorphs of other teleomorph genera such as species of ç)phostoma, Petriella, 
Kernia, and Chaetosphaeria (Carmichael et al. 1980; Seifert and Okada 1993). 

Our isolates were obtained fiom oil-well fiare pits, which are areas where 
hydrocarbon wastes frorn gas and oil facilities are bumad. The soils in these flue pits are 
saturated with pyrolized petroleum residues. The profuse growth of P. boydi on soi1 
samples fiom these sites suggests that the medium to heavy molecular weight petroleum 
compounds are utillzed as a source of carbon. An unidentified isolate of Grqhium was 
reporteci as having the ability to degrade low moleailar weight dkanes such as ethane, 
propane and n-butane (Zajic et al. 1969; Davies et al. 1973), but was unable to utiiize 

This chapter bas km modified icdm publishd fonn to Rnca the  prima^^ fontniutions and fow of the 
author of this thesis and comprises part of a iarger study pubiished as: 
Aprii, TM, S E  Abbott, JM Foght, and RS. Cunab, 1998, Degradation ofhychxadmns in crude oïl by 

the ascomycete PseudaIlescheriu boydii (Micfoas~lceae). Canadian Journai of Microbiology 44: 
270-278, 



higher molecuiar-weight hydrocarbons such as found in crude oil or pyrolized petroleum 
residues (Volesky and Zajic 1970). GrqhMn tubnmt Rumbold and Grcp>hium 
jhcticoim Marchai & E. J. Marchai were observed to utiüze higher molecular weight n- 
alkanes (Lowery et al. 1968; Llanos and Kjoiier 1976). Grqhium fructiwIum was 
repeatedty isolated fiom treated, oil-contaminatecl soils and was almost entirely absent 
Eom control soils (Llanos and Kjoller 1976), indicating tbat the presence of hydrocarbons 
favored its growth. 

The taxonomie relatedness of six strains with one or more spore states resembling 
P. boydii was assessed, and, using gas chromatography, their relative abilities to degrade a 
range of crude oil hydrocarbons were detennined. 

Mattrials and Methods 

Hydrocarbon-contaminated soi1 samples were collected fiom flue pits at Boundary 
Lake, British Columbia, and Drayton Valley and Willesden Green, Alberta. Approximately 
10 g of soi1 were sprinkled on corn meal agar (CMA; Difco), malt extract agar (MEA; 
Difco) and potato dextrose agar (PDA; Difco). AN media contained 100 mg 
oxytetracycline and 2 mg benomyl per litre to control the growth of bacteria and minimize 
the developrnent of various hyphomycetes (moulds). P. boydii was established fiom the 
primary isolation plates by transfemng conidia or mycelium to MEA with oxytetracycline. 
On the primary isolation plates, colonies of P. boydi were disthguished nom other fungi 
present by white to gray, floccose, aerial mycelia andor the presence of synnemata. 

The isolates from flare pit soils were compared using morphological, molecular 
and biochemical data with a strain expressing similar Grqhium and Scedo~potium states 
obtaineâ fiom the American Type Culture Collection (ATCC; Zajic et al. 1969). and with 
ascocarpic strains of P. boydi (DAOM 148868; Bell 1976) and PetrielIu so&& (Zukal) 
G.L. Bmon & J.C. Gilman (DAOM 162159) obtained fiom the Canadian Collection of 
Fungus Cultures (CCFC). Al1 strains examined (Table 5.1) are deposited in the University 
of Alberta Microfungus Collection and ~erbarium 0. 

The six P. boydii strains (Table 5.1) were inoculated onto PD& PDA + 2 mg 
benomyl per litre (PDA+B), and Mycose1 agar (MYC; Becton Dickinson) plates and 
incubated at 25OC and on PDA plates also incubated at 37OC. Colonial appearance, 
diameter and ability to grow at 37OC were observed &er fourteen days incubation. 
Cultures were prepared by inserting a sterile straight needle into a suspension of conidia 
andor ascospores prepared for each strain in semisolid detergent agar (Pitt 1973) and then 
stab inoculated into the center of the Petri plates containhg 35 mL P D 4  PDA+B or 
MYC (Abbott et al. 1995). Colors were detennined using the color standards of Kornerup 
and Wanscher (1978). Morphology of conidid structures was examiaed by slide culture 
preparations (Sigler 1992). Mounts of ascomata and synnemata were prepared in polyvinyl 
alcohol or lactofùchsin rnounting medium (Sigler 1992) and ascospores were observed in 
squash moua preparations. To induce ascoma formation, cultures were incubated on 
MEA and oatmeal agar (OAT; Weitzman and Silva-Hutner 1967) and incubated with 



uitraviolet light 00th black light and natural day light) (Seifert et al. 1993). Selected 
specimens were prepared by estabfished methods of fixation in glutddehyde and post- 
fixation in osmium tetroxide, drying to criticai point and examination with a Cambridge 
Stereoscan S-250 scaaniag electron microscope (SEM). 

For restriction firagment length polymorphism (RFLP) d y s i q  the i n t e d y  
transcribed spacer region (ITS) of the nuclear nbsomd DNA (rDNA) of P. boydli strains 
UAMH 8598, 8792, 8794 and 8897 and P. sordida (UAMH 8695) (for cornparison) was 
amplifiecl using the PCR primers ITS 1F and ITS 4 (Gardes and Bmns 1993; White et al. 
1990) and digested with the restriction enzymes A h  1, Hhcr 1, Hinf i and Rra 2.  
Extraction, ampiifkation and restriction followed procedures desmibai by Gardes and 
Bruns (1996) and Kmiaghan et al. (1997); data were analyzed by Gel Pro software 
(Media Cybemetics, Silver S p ~ g s ,  MD). 

@Materials and methods for hydrocarbon degradation tests, including gas 
chromatographic analysis, are provided in: April, T.M., S.P. Abbon. J.M. Foght, and RS. 
Currah. 1998. Degradation of hydrocarbons in crude oil by the ascomycete 
PseudzZIescheria boy& (Microascaceae). Canadian Journal of Microbiology 44: 270- 
278 .] 

Results 

Isolatin and chor(u:terisn'cs of ~aaills Colonies of P. boydi were observed on 
aii primary isolation media wntaining flare pit soils fiom Drayton Valley and Willesden 
Green, Alberta, and Boundary Lake, British Columbia. 

Colonies (obverse) on PDA at 2S°C &er 14 days were grey brown (4B 1-4B2) to 
pdid greyish (1B1 - 3B1 - 3B2), especially at rnargin, often slightly darker (4B3-4C3- 
4D3) on MYC and PDA ai 37*C, fiomse to woolly-fasciculate, shallowly convex, with 
margin entire or slightly fimbriate (Fig. 5.1). Colonies of UAMH 8598 were pale and 
extremely floccose, while cultures producing cleistothecia were darker, less floccose and 
had more unXorm mycelial growth across the medium. Ultraviolet light enhancexi 
cleistothecium formation. A clear to brown exudate was fiequently observed, espeaally at 
37OC. The P. boyrai teleomorph and Grqhium state offen were not produced at the same 
t h e  in culture. 

Cleistothecia were scattered throughout the colony in the aenal mycelium and 
submergeci in the agar. They were black, globose, 60-140 pm dia.., lacked appendages, 
and had a pendium of f e ~ h l t ~  epiciennoidea with ceus 2-6 pm diam. Asci were mescent 
and rareiy seen, subglobose, 1416 x 10-14 pm diam, and contained 8 reddish brown, 
smooth-walled, eiiipsoidai ascospores, 7.5-8.5 x 4.5-5.5 pm, with de Bary bubbles in a 
large proportion of spores in the polyvinyi aIcohol and lactofiicfisin m o u n ~ g  media (imset, 
Fig. 5.2). The Scedosporium state consisted of lightly pigrnented conidia, 6-13 x 3-6 pm, 
which v ~ e d  fiom subglobose, ellipsoidai to clavate and with a tnincate base (Fig. 5.3) 
and a distinct attachent scar. They were produced singiy or anneUidically on hyaline, 



lateral or terminal conidiogenous hyphae of uniform diameter and variable length, 5-50 x 
3-4 Pm. The Grqhium state was recognized by dematiaceous synnemta, 160-225 pm 
tail that produced sümy masses of cylindrical, 6-8 x 2-3 pm, hyaline conidia vig. 5.4). 
SEM (Fig. 5.5) revealed distinct annelüdic conidiogenous cefls, 15-20 x 2.5-3 pm, on the 
conidiophores, with aitachment scars similar to those of the Scedqporiunr state. 

As shown in Table 5.2, growih of the straias at 2S°C and 37°C varied, and 
formation of teleomorphic and anarnorphic states was inconsistent among the six strains. 
The addition of benomyl to the medium did not affect colony size (* 3mm), and ail strains 
were resistant to cycloheximide as demonstrated by growth on MYC, although growth of 
one strain (üAMH 8598) was markedly reduced (Table 5.2). 

RFLP mdysk Identical RFLP profiles were observed arnong the four strains of 
P. boydi for each restriction enzyme: Alu 1 (1 12 and 417 bp), Hhcr 1 (105, 132 and 205 
bp), Hinf 1 (130, 196 and 326 bp) and Rsa 1 (651 bp), indicating that restriction sites 
were the same for al1 strains within the amplified ITS region. P. sord&, a closely related 
taxon used to assess the sensitivity of the RFLP analysis, displayed a difiierent profile: A h  
1 (134, 168 and 301 bp), Hha 1 (104, 136 and 329 bp), Hinf 1 (doublet at 315 bp) and 
Rrcr 1 (626 bp). Fragment sizes (bp) are accurate to * 3%. 

GC onalysis [Results reponed below are included to show morphological and 
physiological similarities and differences among the strains exarnined. Cornplete results for 
hydrocarbon degradation tests, including gas chromatographie adysis, tables and figures, 
are provided in: April, T.M., S.P. Abbott, JM. Foght, and RS. Currah. 1998. 
Degradation of hydrocarbons in crude oil by the axomycete Pseu&llescchena boydii 
(Microascaceae). Canadian Journal of Microbiology 44: 270-278.1 

Three flue pit isolates (UAMH 8792, 8793 and 8794) and the sewage isolate 
(UAMH 8598) were grown for one week at room temperature (approxkately 22OC), and 
then inoculated ont0 mineral sdts agar solution with cmde oil added as the sole carbon 
source. The flare pit isolates exhibiteci considerable growth, forming a leathery layer of oil 
and mycelium. In contrast, the sewage isolate demonstrated M e  growth. When inoculated 
on minera1 agar with a gasoline vapor carbon suurce, this isolate (UAMH 8598) grew 
better than the parallel control incubated without gasoline. Floccose, white aerial mycelia 
developed in the presence of gasoline compared to scant surface mycelia in the control. 
UAMH 8792 did not grow appreciably in the presence of gasoline vapon and resembled 
the control. 

The satunite profile of fiactionated residual oii showed that n-alkanes had been 
removed fkom oil incubated with isolates fkom the hydrocarbon-contaminated soi1 (üAMH 
8792, 8793 and 8794), whereas UAMH 8598 (isolateci fiom raw sewage) showed no n- 
alkane degradation. UAMH 8792 showed complete removai of n-Cl2 to n-C21 and 
partial removai of n-C22 to nX27 in cornparison to the sterüe control GC profile. A 
similar seturate pronle was observed with UAMH 8794, with identical peak removal and 
peak reduction indicating degradation of those compounds. UAMH 8793 showed the 



greatest n-alkane removal of the four strains incubated on the cmde oil, with the satunites 
n-Cl2 to n-C25 completely degraded and n-C26 to n-C2g considerably reduced. 

GC analysis did not indicate any degradation of the aromatic fiaction. Profiles of 
aU four shains incubated on crude oil were almost identicai to the control. However, both 
U A .  8792 and 8794 did exhibit a peak not present in the profile of the other two strains 
or the control. The additional peak, found between those of the C2 and C j  

Discussion 

Conside~g the genetic variation in this species (Gordon 1956) and the tendency 
for each strain to exhibit dinerent sporogenous states in response to changing 
environmental parameters, it is understandable that the specific narne for this apparently 
cornmon inhabitant of oil-soaked soils has not been reported previously. Although 
considerable variation in rnorphology and physiology was present among the six strains of 
P. boydi (Table 5.2). the production of at lest two of the three characteristic 
sporogenous states suggested conspecificity, an observation supported by molecular 
analysis. AI1 strains consistently produced the Scedosporiutn state. Cleistothecia were 
produced inconsistently in UAMH 8792, with only some subcultures developing 
ascomata. Further subaiInire fiom cleistotheciurn-producing secton of the colony 
enhanced ascoma development. Although ascocarpic strains produced cleistothecia on al1 
media under v&ed conditions, ascoma production was greatest on minimal media, 
especidy OAT, and with growth under ultraviolet light. Synnemata production was 
sporadic, most abundant on PDA and ME4 but not observed in the same culture plate as 
the ascomata. Gordon (1956) suggests that strain variation is genetic, but it appears that 
environmental stimuli may also influence cleistothecial and synnernatal production. The 
polymorphism of this fungus adds to the taxonomie confusion with different strains 
potentially producing one to three different states (Hironaga and Watanabe 1980; Hoog et 
ai. 1994). 

Al1 strains were capable of growth at 37OC, but strains varied in their response 
with two growing faster, two slower and two unchanged at the higher temperature (Table 
5.2). Similarly, ail strains grew on MYC, although growth of UAMH 8598 was reduced. 
Hwg et al. (1994) observed comparable results with strains of P. boydi growing on a 
similar cycloheximideîontaining medium: all strains grew on solid medium containhg 
cyclohexhide, but there was variable growth of strains in liquid cultures containing 
cycloheximide. Raistance to benomyl was usenil to differentiate P. bydii and related 
species in the Microascaceae fiom morphologicaiiy similar anamorphic states of 
Ophiosioma species (Abbott, unpublished data). - 

Utilitation of a wide range of linear saturateci hydrocarbons by some strains of P. 
boydi potentiaiiy rmtkes this ascomycete a good candidate in a consortium of 
rnicroorganisms for bioremediation Zajic et al. (1969) showed that UAMH 8598 (= 
ATCC 58400), previously known as "Grqphim sp." and here show to be conspecific 



with P. boydi, degraded volatile sahirates such as ethane, propane and n-butane by, but 
no growth was obsaved on hydrocahons of higher molecular weight than n-butane. 
Further tests on the same strain showed that methane alone was not oxidued, but rnay be 
co-oxidized in the presence of ethane (Volesky and Zajic 1970). n-AUcynes and n-alkenes 
(acetylene, 1-butyne, ethylene and propylene) inhiited the growth of Gruphium u t i h g  
n-alkanes (Curry et al. 1996). In addition, a recent study by Hardison et al. (1997) showed 
that this isolate cm also degrade the gasoline oxygenate, methyl tert-butyl ether (MTBE), 
and rnay be applied for the remediation of MTBE-contaminateci soils. 

In addition to the abüity to utilize gaseous hydrocahons present in gasoiine, at 
least some strains of P. boydri (UAMH 8791, 8792, 8793 and 8794) uui degrade mid- to 
higher molecular weight alkanes (n-Cl2 to n-C26) found in crude oil. This is of particular 
importance because most oii-contaminateci sites requiring reclamation have been 
weathered and contain only the higher molecular weight saturates, including the n-alkanes 
degradable by these strains of P. boydii. While the change in the saturate GC profile &er 
incubation with P. boydii can be interpreted as carbon mineralization, an alternative 
explanation would be that the organism is transforming the n-alkancs into intermediate 
compounds less toxic for growth. However, considering that the fungus grows luxuriantly 
when crude oil is the only carbon source, it is more likely the process is degradative with 
the release ofC02, rather than the process of detoxification. 

ûther Grophium species (reported as G. mbrum and G. friccticolum; Lowery et al. 
1968; Llanos and Kjoller 1976) also have been observed to utilize higher molecular weight 
n-alkanes (n-C 10 to n-C 16). Grclphum putredinis, a species cornplex with a number of 
teleomorphic affinities including Pseu&ilescheria (Ellis 197 1; Seifnt and Okada 1993), 
was observed to degrade saturates and aromatics and, to a lesser extent, resins and 
asphaltenes (Oudot et al. 1993). As observeci with the P. boydii strains isolated fiom flue 
pits, G. putredinis showed a high degree of vari0ability in its ability to degrade 
hydrocarbons. While one strain was able to degrade a wide range of hydrocarbons, a 
second isolate exhibited much less activity (Oudot et al. 1993). 

P. boydii has adapted to environments of low oxygen levels and high salt 
concentrations (2% NaCl and 5% MgC12) (Hoog et al. 1994). Because these conditions 
are found in water-logged, hydrocarbon-contaminated soils that often have low oxygen 
levels and high salt content due to the b ~ e  used in drilling, P. boydii may be a candidate 
for use in bioremediation. The presence of hydrocarbons rnay n a ~ a l l y  favour the 
development of P. boydii as was seen with G. fructico~m in hydrocarbon-contaminated 
soils (Llanos and Kjoller 1976) and is indicated by this study. Tolerance of the P. boydi 
strains isolated 6om fiare pits to elevated temperatures may Uinuence their potential use in 
various biorernediation strategies (e.g., mils versus higher temperature oil-composting 
biopiles). Conversely, further biodegradative studies are in progress at low temperatures 
more representative of surface soils. 

P. boHii is a ubiquitous saprobic fiingus commoniy isolated nom soi1 and m e  
materiai (Cooke and Kabler 1955; AjeUo 1980), which accounts for the specrnim of 



opportunistic diseases (pseudalleschenosis) that it causes (Rippon 1988). Cases of 
infection due to P. boydri have been reporteci in Aiberta (e-g., Dowding 1935), and many 
other isolates firom clinical and mtural sources in Alberta are known (over 20 strains in 
UAMK examinai). Bel (1978) demonstrated considerable vmoation in pathogenkity of 
gtrains, with an isolate from mMure siBnificantly less vident than one isolated from a 
human mycetoma. The vinilence of the strains isolated fiom flare pits remaias to be tested. 

The apparent widespread occurrence of P. bo@i indicates that it may aiready be 
an inherent part of petroleum-contaminated mils in western Canada. However, the 
organism's behaviour under typical in sihc conditions remains unclear, including its 
response to various nutrient conditions, low and fluctuating temperatures, and the 
presence of other microbial populations. Under properly controiled conditions, selected 
non-pathogenic strallis of P. boydii may have the potential to be used d e l y  as an integral 
and effective part of the intrinsic bioremediation process. 



Table 5.1. Substratum, location and isolation data of PSetlCjbiZescheriu boydii and 
Petriellà sor&& strains examineci. 

Pseudallescheria boydii 

UAMH 879 1 

UAMH 8792 

UAMH 8793 

UAMH 8794 

UAMH 8598 

UAMH 8897 

Petnh7dla sordida 

UAMH 8695 

hydrocarboncontaminated flare pit mil; Willesden Green northeast of 
Rodry Mountain House, Alberta; C. Zelmeq 13-Apr-1994. 

hydrocarbon-contaminated fiare pit soit; Wiesden Green northeast of 
Mountain House, Alberta; T, April; 16-Aug- 1995. 

hydmarbon-contaminated flare pit soil; Cynithia West of Drayton Valley, 
Alberta; T. April; 16-Aug- l 995. 

hydrocarbonantaminated flare pit mil; Boundary Lake, British 
Columbia; T. ApriI; 2 1-Jun-1996. 

raw sewage; London, Ontario; Zajic et al.; 1967; obtained h m  ATCC as 
58400 (=NRRL 39 15). 

fiesh faeces of beefcattle; Lethbridge, Alberta; R Bell; 1975; obtained 
h m  CCFC as DAOM as 148868. 

twigs of apple; Kentville, Nova Scotia; C. O. Gaurley; 1976; obtained h m  
CCFC as DAOM 162159 



Table 5.2. Coloay diameters, temperature tolerance and spodation in six strains of 
Psetl&Illescheria boMi aAer incubation at 2S°C or 37OC for 14 days on P D 4  
PDA+B or MYC. 

Coiony diameta at 14 days (mut) 

Sttain PDA PDA+B MYC PDA Ascomata Graphium Scedospon'um 

( U A m  
25OC 25OC 

*OC 37OC state state 

in 



Fig. 5.1. Colony on PDA incubated at 37OC at 14 days, bar = 20 mm. 

Fig. 5.2. Ruptund cleistothecium with escospores and surroundkg hyphae, bar = 40 pm. 
Iaset: ascospores with de Bary bubbles, bar = 10 Pm. 

Fig. 5.3. Conidia of the Sce&pn'urn state, SEM, bar = 2 Cm. 

Fig. 5.4. Sy~ematous conidiophore of Grqhium state (mwhead) with the 
synanarnorphic S%edospowium state (double arrowheads), bar = 25 Pm. 

Fig. 5.5. Conidia and ameiiations (arrowheads) of the Grcphium state, SEM, bar = 4 Pm. 
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THE DRY-SPQRED SYNNEMATOUS ANAMORPHS OF MICROASCACEAE: 
REVISION OF CEPHAU)TRICHUM, INCLUDING SYNONYMY OF 

DOMTOIMYCES, S T Y ' S  AND TRICHURUS 

Introduction 

The synnematous anamorphs were the first described of the asexuai States now 
aailiated with the Miaoasuiceae because of theu distinctive 'bottie brush' appearance and 
relatively large size (up to several mm high) (e.g., Persoon 1801; Link 1809; Fries 1832; 
Corda 1837-54). Dry-spored synnemata, producing chahs of powdery canidia are distinct 
fiom other microascaceous anamorphs producing synnemata with dropiets of slimy 
conidia. The slimy-spored symematous anarnorphs of Microascales are placed in the 
genus Graphium (Okada et al. 1998). originally described by Corda in 1837. The dry 
spored synnematous species have had a confused nomenclatural history, and numerous 
form-genera have been described to accommodate them. Currently, several narnes 
(Cephalotrtchum, Doratomyces. Styms) are disputed as to nornenclatural prionty and 
synonymy, while another (Trichuns) is accepted as a distinct form-genus based on slight 
morphological differences. 

The dry-spored synnematous fungi were refened to the genus Styms, descnbed 
by Corda in 1837, throughout much of the latter Mf of the 19th century and first half of 
the 20th century, but two earlier generic names have been reexamined in modem times 
The genus CephaIon7'chum was established for two species, C. Hgescens Link : Fr. and C. 
stemonitis Pen.) Link : Fr. (Link 1809). It was the earliest name for species of this group, 
and was included in Fries (1832). Although C. rigescens and C. siemonittr may not be 
congeneric (Morton and Smith 1963), Hughes (1 958) chose C. stemonitis as lectotype, 
estabhhing a clear concept for the genus. Doratomyces was descnbed later by Corda 
(1829), and resunected by Morton and Smith (1963). They rejected the lectotypincation 
of CephaIotrichum and argue that Doratomyces shodd be retained. Trichrus, descnbed 
much later by Ciements and Shear (Clements and Pound 1896), was separatecl by the 
presence of sterile appendages on the synnernata. Sco@lanopsis (Bainier 1907) is a 
morphologically and developmentaiiy similar non-synnematous genus. 

There is currently a lack of consensus, and the dry spored synnematous species are 
placed in various genera by different authors (e-g., Moms 1963; Carrnichael et al. 1980; 
Domsch et al. 1980). Due to morphological reassessment of the type species and 
lectotypification, CephaIotrichum. Dorutomyces and Stysamrs are a i l  typined by the 
species originally described as I k u h  stemonitis Persoon. Hughes' (1958) lectotypification 
of Cephalonichum is valid under ICBN Art. 9.13 (Greuter et ai. 1994). Although many 
authors have recognized a similarity between Trichurus and Cephaotrichum (e-g., 
Hasselbring 1900; Swart 1964; Barron 1968; Hammül 1977; Carnichael et al. 1980), 
synonymy has not been formally proposed. Greuter et al. (1993) list Cephalomchum, 



Doratomyces, and Tn'chums in their 'Names of genera in cumnt use.' Because 
Cephalotnèhum is the oldest descnied name, and because it was included in Fnes (1932) 
and therefore treated as sanctioned under ICBN Art. 13.1 (Greuter a ai. 1994), it is here 
retained as the oldest valid name for al1 dry spored synnematous anamorphs of the 
Microascaceae. 

This review of the accepted species is accompanied by a nomenclatural 
bibliography and key to species. Since most species were describeci in the early 1800's and 
do not have adequate type specimens with associated living cultures, epitype cultures are 
chosen which represent modem concepts of the species and help to stabibe the 
nomenclature in accordance with ICBN Art. 9.7 (Greuter et al. 1994). 

Mattrial and Methods 

Living cultures of al1 strains examined are maintained in the University of Aiberta 
Microfungus Collection and Herbarium (UAMH). Microscopie mounts were prepared in 
polyvinyl alcohol or lactofuchsin mounting medium (Sigler 1992). Conidiogenesis was 
obsewed with the slide culture technique using cereal agar (Sigler 1992), and synnemata 
were observed in tease mounts. Colonial features were recorded and colony diameter was 
measured on oatmeal agar (OAT; Weitzman and Silva-Hutner 1967) and potato dextrose 
agar (PD4 Difco Laboratones, Detroit, MI) at 25 C after 7, 14, 21 and 28 days. 
Measurements and observations of colonies reflect the range seen among al1 isolates 

. examined of each species on both media. Selected specimens were fixed in 2% osmium 
tetroxide vapor and critical-point dried for examination with a Hitachi S-2500 scaming 
electron microscope (SEM). 

Taxonomie Part 

C q h a l ~ ~ c k u r n  Link : Fries. 1832. Systema Mycologicum 3: 280. emend. nov. 
= Cephaotricchum Link. 1809. Berlinische Magazin 3 : 20. 

= Doratmyces Corda. 1829. in Sturm, Deutschlands Flora, III (Pilze) 2: 65. 
= Stysums Corda. 183 7. Icones Fungorum 1 : 2 1. 
= Trichurus Clements & Shear. 1896. in Clements and Pound, Botanical Swey of 

Nebraska 4: 7. 
Type species: Cephaotrichum stemonitis (Persoon) Link : Fries. 1832. Systema 

Mycologicum 3: 280. 
FIGS, 6-1-6.59. 

Genaic &liltll*tutio~ The genus Cephaiomchum includes synnematous 
anamorphs of Microascaceae producing chahs of dry wnidia fkom mellidic 
wnidiogenous cells. In their typical form, the synnemata are large (up to several mm 
high), dark gray-brown, have an elongated sporogenous area with ameiiides covering the 
upper third of the synnema and lack steriie appendages (Figs. 6.21, 6.24, 6.29, 6.36, 6.38 
6.58). Stenle appendages are present on synnemata of three species (C. cylncinm, C. 
Czendkocephaius, C. spirallis )(Figs. 6.1 O, 6.1 1, 6.13, 6.17, 6.19, 6.20, 6.49, 6.5 1). These 



are sterile, hypha-iike or seta-like extensions fiom the conidiophores (Swart 1964)(Figs. 
6.9,6.14,6.48). Sterile appendages are also known in certain species of other form-genera 
(e.g., TrichOctema) aud their presence is not sufncient for generic distinction. Swart 
(1964) and HamMU (1977) examined conidiogenesis and synnema development in species 
of Tnchurus and found it was identical to Doratomyces (=Cephalotnchum) as descnied 
by Morton and Smith (1 963) and Hammill(1972). 

Species of CephcrIotrichum produce parallel indeteminate synnemata (Seifert 
1985). Several to rnany parallel hyphae compose the stipe and extend into the fertile 
portion of the synmma (Fig. 48). The stipe continues to elongate with ameiiides oriented 
latedy, the youngest of which being produceci at the synnema apex. Morton and Smith 
(1963) suggested that shape of the spemata (i.e., globose versus elongate sporulating 
heads) was species specific, but their hding is not supporteci here. In many cases, 
variation in shape was demonstrated within and among strains of each species. Synnematal 
heads may Vary from globose through elongate-cylindncai, and are infiuenced by age of 
colonies, with synnemata tending to become more elongate in age (e.g., Fig. 6.24). In two 
species (C. colummris, C. putaredinus), the synnemata are not as large or well developed, 
with many mononematous conidiophores and reduced synnemata (fkequently 50-300 p). 
The sporogenous area is cornposed of a flared region of conidiophores at synnema apex 
(Figs. 6.4-6.6, 6.43). The resulting synnemata are similar shape to those sem in 
Grqhium. The species accomrnodated in Grciphiun, differ by the conidia aggregating in a 
slimy mass at the apex of the synnema (Seifert and Okada 1993; Okada et ai. 1998). 

Aithough synnematal production in Grqhiurn species was enhanced by ultraviolet 
üght (Seifert and Okada 1993; Apnl et al. 1998), these wavelengths did not affect the 
production or orientation of synnemata of Cephalotnchum species which were routinely 
incubated upside down in the dark in this study (data not shown). This supports the 
findings of Lodha (1 963). 

The synnemata of Microascaceae are likely an adaptation for insect vector spore 
dispersal (e.g., Seifert and Okada 1993; Spatafora and Blackweii 1994). Laboratory 
manipulation of cultures by touching synnemata with a probe suggests that the dry 
synnemata of Cephaotnchtrm species are held rigidiy upright on flexible stalks which 
spring back into position and release smali clouds of spores when disturbed. They are thus 
acting as 'dusters' to lave spores covenng the small vector as it passes through the 
synnematai 'forest'. Disturbance of the synnemata may also contribute to airborne dispersal 
of these small dry spores. In wntrast, the s b y  wnidial masses of Grqhium species a a  
as 'paint-brushed, &ng the vector with sticky spores as it brushes against the 
synnemata. 

Syn-rphs and teteomoipk Conidid morphology, conidiogenous celi 
(anneIlide) structure, and conidiogenesis (Figs. 6.2, 6.30, 6.37, 6.38, 6.53, 6.54) are 
consistent with Scoplmop~s (Hammill 1971, 1972, 1977), but the production of well 
dewloped synnemata warrants retention of a distinct form-pus to aid in identification of 
these hyphomycetes. All species of Ceph40~chum produce a reduced, non-synnernatous 



state in axenic culture which can be wnsidered as a Scopulm*opsis symmmorph (Fig. 
6.23,6.26,6.46). 

An Edtinobohy~m synanamorph is present only in the type species, C. stemonitis 
(Figs. 6.55,6.59). It has been described as Echinobohy~n atmn, the type ofa  monotypic 
form-genus (Corda 183 1). This anamorphic state produces large, non-catenate, warted 
and beaked conidia in clusters fiom a repetitively branched mnidiophore. Conidiogenesis 
is sùnifar to Wmdomyces, but Echinobobyuni Mers in the omamented, beaked conidia 
wliich lack gem dits. 

A teleomorph state is not known for any of the CephaIoMchum species 
recognized here. Mating trials arnong nine strains of CephaIofrichum stemonitis did not 
produce ascomata after 1 1 months (Abbott unpublished, see aiso Chapter 3). One species, 
Microarcs stysanophorus (Matt.) C d ,  was desCnbed with a synnematous anamorph 
(Guégen 1903 as Sty~~mrs mandlii Montagne; Curzi 193 1 as Micrwsrcs stysanosporus), 
but at present no strains exhibiting both a sexual state and synnematous anamorph are 
known. The ascomata were redescribed by Doguet (1957) and the species was tentatively 
accepted by Barron et al. (1961), although the isolates from Paris observed by these 
authon did not produce a conidial state. This taxon was ~nsidered a nomen chbium by 
Morton and Smith (1963) and Arx et al. (1988) because no type or correlative extant 
materiai was available. 

Key to species of Cephaloûichum 

.................................................................. 1. Sterile appendages present on synnemata 2 
................................................................... 1'. Stenle appendages on synnemata lacking .4 

.................................................. 2. Synnematai appendages curved, twisted or flexuous . 3  
.............................................. 2'. Synnematal appendages straight, seta-like C cylindricus 

....... 3. Synnematd appendages loosely wiled, curved or flexuous, unbranched C spirulis 
3'. Synnematal appendages undulate, dichotomously branched ............ C &n&ocq,Ciolus 

. . 
4. Corudia and colonies white .................................................................... C putrednus 

....................................................................... 4'. Conidia and colonies dark gray-brown 5 

...................................................... 5. Echinobotryum synanamorph present C stemonitis 
......................................................................... 5'. Echinobotryum synanamorph absent 6 

............................................................ 6. Conidia coarse1y warted, subglobose C m m  
6'. Conidia smooth (or very he ly  omamented), ellipsoid ............................................... 7 

7. Colonies fast growing (40-65 mm in 14 d). ................................... .. ........................... -8 
........................................... 7. Colonies slow growing (20-30 mm in 14 d) C c o l u m n ~  



8. Co~dia  srna11 (3-5 x 2-3 p) ........................................................... C nùc~ospururn 
8'. Conidia larger (5-8.5 x 3.5-4.5 pn) .. ... .. .. . ... . . ... . ... . ... . . . . . . .... .. . . . .  . . C puipureofrrscum 

Ckphulotrichnm cdvmnmis @.J. Swart) S.P. Abboit, comb. nov. 
= Doratomyces columnanS H. J .  Swart . 1967. Acta Botanica Nealandica 1 5 : 52 1. 

Type: holotype CBS; ex-type culture UAMH 928 1 (=CBS 1 59.66; =Mi 
1 16691)! 

FIGS, 6.1-6.6. 

DLsringuishing f-res Synnemata often poorly developed in culture, relatively 
srnail (50-700 p), conidiophores often mononematous or synnematal stipes consisting of 
few aggregated hyphae, conidiogenous celis present in flared region of synnema at apex, 
anneliides subcylindrical to ampuliform, conidia eliipsoid, offen slightly asymrnetrical, apex 
rounded or bluntly pointed, smooth, 5-6 x 2.5-4 p, cornmonly 5.5 x 3 pm, colonies gray, 
slow growing (20-30 mm in 14 d @ 25 C). 

The most wnspicuous characteristics are the reduced, Gr~phium-like synnemata 
with chahs of dry conidia fiom a flared synnematal apex. Additionally, the slow growing, 
gray colonies and often slightly asyrnmetricai conidia are reliable diagnostic features. 

Toronomic notes A type herbariurn specimen was not listed in the protologue 
(Swart 1967), and, therefore, the preserved culture deposited in the Centraalbureau voor 
Schllnmelcultures is designated as type in accordance with ICBN Art. 8 (Greuter et ai. 
1994). Synnemata are more reduced than in most other species of CephaIotrichmr the 
shape suggesting an affinity to Gruphium. Synnemata are also similar to synnematous 
anarnorphs of Kernia hippocrepiido Malloch & Cain and K. pchypleura Malloch & Cain 
(Mdoch and Cain 1971). These Kemia anamorphs were described as Sco@'ps i s  or 
Grqhium states, suggesting that both dry and sticky spores may be produced. Synnemata 
were not produceci in axenic culture in seven isolates of these two species examineci as 
U A , .  Further investigation is required to determine if the type of C. columnaris is a 
non-axocarpic isolate conspecific with a describeci species of Kernia 

S p e c i m e ~  emm*necL CANADA: ALBERTA: St. Lia. indoor air of honeybee 
(Apis meliijieru) overwintering fàcility, 10 Dec. 1993, SI. Abbott OHS 1 1 1, (UAMH 
8042); Vegreville. nad, 60 yr. old male, Provincial Laboratory MY 0750 (UAMH 8597). 
SOUTH AFRICA: dung of hare, H.J. Swart, obtained fiom Centraalbureau vwr 
SchirnrneIcultures as Dora~omyces columnans CBS 159.66, (UAMH 928 1, =IMI 1 1669 1) 
(ex-type of Doratomyces colmlt~117s). 

Ccpkrrluî&hum cylinlnevm (Clements & Shear) S.P. Abbott comb. nov. 
= Tkichunrs cylnrinctls Clements & Shear. 1896. in Clements and Pound, Botanical 

Swey of Nebraska 4: 7. Type: holotype MICH; epitype d tu re  selected 
UAMH 1348 (=IMI 96753, DAOM 45913)! 

= Trichutvs terrophlus Swift & Po* 1929. Mycologia 2 1 : 2 14. 



FIGS. 6.7-6.12. 

Disringuisking fpnfunzs Synnemata typically 450-700 pm, covered by straight, 
tapered, pointed, seta-üke appendages, appendages simple or, more fiequently, branched, 
anneliides ampuliform, conidia eliipsoidal to ovoid, apex rounded, 3-8 x 2-3.5 p, 
cornmonly 4.5-5.5 x 3-3.5 pm, colonies gray to gray brown, relatively fast growing (55-65 
mm in 14 d @ 25 C). 

The appendages are the most distinctive feature and are sufficient for confident 
identification. Problems of identification can occur in strains with pooriy developed 
spemata and appendages, but a few steriie elements are typicaily seen in mononematous 
conidiophores observed in siide culture. Similarity in conidia could lead to confusion with 
C purpureofUmm if appendages are overlooked. 

Tkwnomic notes Most modem isolates are referred to Tn'churus tenophiIus, and 
T. cyldricus has been regarded as a lost' species (e.g., Domsch et al. 1980). Confusion 
has centered on spore sue since the conidia of T. cyiindricus were reported in the 
protologue as 8-9 Pm long (Clements and Pound 1896). while those of T. terrophilus are 
smaller (3-6 pm long in Swift 1929). Reevduation of the type and other isolates assigned 
to Z cylimùims has shown that the original report of wnidial ske is in error (Udagawa et 
al. 1985; Seifert pers. corn.). Udagawa et al. (1985) maintain T. cyIinkîcus and T. 
remphilus as distinct species based on the simple versus branched appendages, but the 
original description of T. terrophilus illustrates both branched and unbranched setae (Swift 
1929). A wide range in degree of seta development and conidium size was seen among the 
isolates here assigned to C. cyl&cum. An isolate wlleaed from sorghum seed in 
Kansas and assigned to Z cyln&cus (üdagawa et al. 1985) is representative of the 
species and is here selected as epitype. The culture produces abundant synnemata (on 
OAT in 14 d) with straight, unbranched and branched appendages, with conidia 4.5-5.5 x 
3-3.5 p. 

Specimens eramined BRAZIL: Pari, Belem. soil under primary Amnonian 
forest, Dec. 1993. L. Pfenning, obtained fiom CollgHo de Culturas Tropical as 
Scopulmioppsir carbotunfa CCT 3 8 1 5, (VAMH 89 1 2). FRANCE: mil, A. Russo, obtained 
âom Centraalbureau voor Schimmelcultures as Tn'churus terrophihs CBS 646.70, 
(üAMH 9141). SOUTH AFRICA: timber of eucalyptus (Eucafvptics saIi@a), 1% 1, 
îXû-EPRL (S590) obtained from Institute for Fermentation Osaka as Tn'chums 
terrophilus IF0 7660 U A .  8848, =IMI 46251, =LSHB BB344, =CBS 448.51). 
UNITED STATES: KANSAS: seed of sorghum, 1955, C.T. Rogerson S.129, obtained 
fkom Canadian Collection of Fungus Cultures as DAOM 45913, (UAMH 1348, =MI 
96753) (epitype culture). MICHIGAN: Huron National Forest. soil under white pine 
(Pims *obus), 19 Jul. 1962, MUZL isohe, obtained &om United States Department of 
Agriculture as Doratomyces stemonitis MW A 4  1628. (UAMH 8976). 

Cèphalotrichum &ndrocephrJum (Udagawa, Horie & Abdullah) S.P. Abbott cornb. nov- - Trichurus dedkocepholus Udagawa, Horie & Abdullah- 1985. Mycotaxon 23 : 253. 



Type: h010type NHL; =-type ailm UAMH 5372 (=MIL 2927)! 
FIGS. 6.13-6.20. 

Distinguisfing fmres Synnemata large (âequently 1000-2000 pm high and 
with stipes 70 pm diam) covered 4 t h  undulate, dichotomously branched appendages, 
anneIIides ampuliform, conidia eiiipsoid to ovoid, apex rounded, smooth, 2.5-7 x 2-4 jun, 
commonly 3.5-4.5 x 2.5-3 prn, colonies gray to gray brown, relatively fast growing (40-45 
mmin 14d@25C). 

The dense, unduiating, branched appendages are diagnostic and reliable for 
identification. Additionally, spores are relatively d (typicaiiy 3.5-4.5 x 2.5-3 pm) and 
synnemata very large and robust (1500-2000 p). C. cylidrimrn and C. viralis are 
sirnilar, but these taxa Wer in their largex conidia and dEerent appendages. C. 
cyIindnicum spores are typically 4.5-5.5 x 3-3.5 pm, and appendages are dways straight 
and seta-like. Conidia of C. spirulis are commonly 5 x 3.5 pm and appendages are loosely 
coiled and unbranched (see notes below). 

T ~ u n o ~ c  notes. This species was formerly hown only fiom the type specimen, 
but a second collection from Alberta supports its status as a distinct taxon. The variation 
in appendage morphology among the isolates of C. viralis and C. cylndncurn examined 
here does not overlap with C. &n&ocephaIm. 

Specimew euminrd CANADA: ALBERTA: Edmonton. Richardson's ground 
squinel ( S p o p h i l u s  richardsonii), 8 Aug. 1 962, A FE Carmichael, (UAMH 1 3 83). 
IRAQ: Basrah City. soi1 date palm plantation, Jul. 1983, S. AbchrIIcrh, ( U M  5372, 
=NHL 2927) (ex-type of T'chrus den&txephaius). 

Cephalotrichum ~ctosponcm (Saccardo) P.M. Kirk. 1984. Kew Bulletin 38: 578. - Stysanus micro3jportls Saccardo. 1878. Michelia 1 : 274. Type: holotype BM; 
epitype culture selected UAMH 9365! 

= Doratomyces micro~porus (Saccardo) F.J. Morton & G. Smith. 1963. 
Mycological Papen 86: 77. 

= Grqhium gramimm Cooke. 1887. Grevillea 16: 1 1. 
FIGS. 6.21-6.25. 

Distinguishing featrcres Synnemata typically 500-1000 pm, lacking appendages, 
anneIlides ampulifonn, conidia eiiipsoid to 'buflet-shapeâ', typicaiiy pointed at apex or 
occasionally rounded, smooth, 3.5-5 x 2.53 pm (commonly 4.5 x 3 pm), colonies gray to 
gray brown, relativeiy fàst growing (40-60 mm in 14 d @ 25 C). 

Most similar to C. purpureofus~~~m, but C. microsporum can be easily separated 
by the smaiier, bullet-shaped conidia and grayer mther than dark brown colonies Cultures 
of C. microspomm also tend to maintain production of abundant synnemata with less 
degmeration to a predominance of mononematous wnidiophores, as is seen in species 
such as CI lt~llttmt* 



Taronomic notes This taxon was not transferred by Hughes (1958), but is one of 
the most commody encountered species of CephoIofnfncchwn The epitype culture selected 
here is consistent with the description in Saccardo (1886) and modern descriptions (e.g., 
Morton and Smith 1963; Dornsch et al. 1980, as Doratomyces microprus). 

Specimens examinrd CANADA: ALBERTA: Cardston. manure pile, Jun. 1967, 
D. Remington, (UAMH 2791); Edmonton. mil, Sep. 1990, L. Rosmus, ( U M  675 1); 
bronchial washings, male, 59 yr, 27 May 1996, G. Mm>/ N. Brown MY 2296. (UAMH 
8625); nght heel, female 3 5 yr, 12 Jan. 1995, C. Smld MY 148, (UAMH 9003); UAMH. 
contaminant ex culture, Dec 1976, (UAMH 4019); Provincial Laboratory for Southem 
Alberta bronchial wash, male 50 yr, 29 Jun. 1995, MY 2217, (UAMH 8295). Elk Island 
National Park. well decayed wood of white spnice (Picea glarca) log, 12 Feb. 1997. T. 
Ludey EI-01-SIA, (UAMH 9143); near Peace River. indoor air of home, 9 Sep. 1998, 
S.P. Abbott SA-M270, (UAMH 9365); North Buck Lake near Lac La Biche. dung of 
coyote (Cmis latrans) in birchlpine woods (Behrla pcrpyn~era1P~nus bmksiana), 8 Jan. 
1999, S.P. Abbott SA-M2 77, (UAMH 9456). JAPAN: Otoineppu, Nakagawa-gun, 
Hokkaido. Japan, decaying higher fimgus (Coriolus hirsuius), 6 Sep. 1969, S. UcliOgawu 
NHL 2146, obtained from Institute for Fermentation Osaka as IF0 9383 (UAMH 8845). 
NEW ZEALAND: Mt. Albert. potato (SoI'm tuberosum), Jan. 1962, F.J. Morton H97, 
obtained from International Collection of Micro-organisms from Plants as ICMP 1054 
(UAMH 8789). 

Cephafo~chitm nanum (Ehrenberg) S. Hughes. 1958. Canadian Journal of Botany 36: 
744. 

= Periconia nana Ehrenberg 18 18. Sylvae Mycol. Berol. pp. 13,24. Type: holotype 
unavailable ÿide Morton and Smith 1963), authentic material B, L, DAOM 
Vide Hughes 1958; Seifert 1985); epitype culture selected UAMH 9 l26! 

= SIilbum namm (Ehrenberg) Sprengel. 1827. Linn. Syst. Veg., Ed. 16,4(1): 
547. - Graphium m m  (Ehrenberg) Saccardo. 1886. Sylloge Fungomm 4: 61 6. - Doratomyces n m s  (Ehrenberg) F. J. Morton & G. Smith. 1963. Mycoiogical 
Papers 86: 80. 

= Stysamrsfimetarius (Karsten) Massee & E.S. Salmon. 1902. Annais of Botany 16: 
86. 

= Stysarms stemoniris var. fimetmius Karst en. 1 887. Meddelanden af Societas pro 
Fauna et Hom Fennica 14: 93. 

= Periconia phiIIipsii Berkeley & Leighton. 1 875. in Berkeley and Broome, Annals 
and Magazine of Naturai History, Ser. 4, 1 5: 3 3. 

= Sprucybe phiIIipsii (Berkeley & Leighton) Saccardo. 1 886. Sylloge Fungorum 
4: 609. - Stysamcs phiIIipsii (Berkeley & Leighton) E.W. Mason & M.B. Ellis. 1953. 
Mycological Papers 56: 40. 

= Cephaotrtchm phiIIipsii (Berkeley Br Leighton) S. Hughes. 1958. Canadian 
Journal of Botany 36: 744. 



= DorutontycesphilJipsii (Berkeley & Tkighton) F.J. Morton & (3.-Smith. 1963. 
Mycological Papers 86: 82. 

= Doratomyces cuperultls auct. sensu Domsch et al. 1980. 
# Doratomyces 4speruIzis Wright & Marchand. 1972. Boletin de la Sociedad 

Argentina de Botaaica 14: 308. (= Cepholobichum purpureofu~ctltn) 
(for additional syaonyms sa Hughes 1958; Morton and Smith 1963) 
FIGS. 6.26-6.3 1. 

DMnguishing fplffures Synnemata typicaily 500-2000 lachg appendages, 
anneilides arnpuliform, mononematous conidiophores ofien abundant in axenic culture, 
wnidia subglobose, coarsely warted, 6-8.5 x 5-7 pm, commonly 7.5 x 7 pm, colonies dark 
brown to gray brown, relatively slow growing (25-30 mm in 14 d @ 25 C). 

This species is readily distinguished by the large, warted conidia. Subcultures of C. 
Mmcm fiequently lack synnernata, but synnema development can usually be induced on 
OAT agar. 

Tmnoniic notes. The unique conidia suggest a position taxonomically isolated 
fiom the other Cephalotrichum species. Conidium morphology is siMlar to that seen in 
Scopufm'opsis brevidis (Sacc.) Bainier and S. asperula (Sacc.) S. Hughes (Hanmil 
1972; Abbon et al. 1998; see Chapter 3). The epitype culture produces abundant 
mernata and is typical of this distinctive species. 

Although Cephafotrichm phillipsii has been treated as a distinct species based on 
larger conidia and synnemata (Hughes 1958; Morton and Smith 1963), the illustration in 
Mason and EUis shows most spores 7-9 pm diarn., approaching the range seen in C. 
namcm. C. phillipsii is tentatively considered a synonyrn of C. m m  based on the 
descriptions and illustrations made fiom the holotype (the ody collection known) by 
others (e.g., Mason & Ellis 1953; Morton & Smith 1963). 

The concept of Doratomyces asperulus outlined and illustrated in Domsch et al. 
(1980) is based on an aberrant isolate of C. namm, (CBS 187.78, =UAMH 9128) and is 
not conspecific with the type of D. asperzi1u.s (see notes under C. purputeofuscum below). 
In this isolate, the omamentation on the conidia appears 'ôanded' from the arrangement of 
smaii, sparse warts. A simila. wnidial morphology was observed in several isolates of C. 
~lmm, fiom Alberta (e.g., UAMH 8741), but variation was observed among subdtures 
of different ages on different media, with a morphology typical for C. ~ m m r  seen in some 
mounts. Sirnilar variation in the degree of conidium omamentation has also been 
illustrateci in several species o f S c ~ ~ P s  (see Chapter 3). 

Specimem dned CANADA: ALBERTA: Michel Reservou, southern 
Aiberta dung, Mar. 1983, R Curroh, (VAMH 4758); FaiMew. indoor air of honeybee 
(Apis mellffm) overwintering fàcility, 3 1 Jan. 1994, SP. Abbott OHS 181. (UAMH 
7755); Elk Island National Park. dung of bison (Bison bison) in white spruce (Picea 
glmrca) and poplar (Popflhs bemuloides and P. balsamifera) forest, 18 Aug. 1997, S-P. 



Abbott SA-M198. (üAMH 9126); well dezayed wood of white spruce (Picea g h c a )  log, 
Sep. 1995, T. LumIey EI-O142E, EI-OIlr3G. ( ü M  8485, 8486); Fish Lake near 
Nordegg. deer (Odocoiileur sp.) dung in spmce (Piceci g h c a )  forest, 14 Jun. 1996, S.P. 
Abbort SR-M134, (UAMH 8620); Astoria River vdey, Jasper National Park. marten 
(Miutes americcm~) dung, 28 h g .  1996, S.P. Abbott SA-MI4O. (UAMH 8621); near 
Moraine Lake. hoary marmot (Mannota caligata) ddung, 28 Aug. 1996, S.P. Abbott SA- 
M141, (UAMH 8622); Wagner Natural Area near Spmce Grove. snowshoe hare ( L e p  
americamrs) dung in spnicefiarch (Picea mO1lO/Larxx kaicina) forest, 16 Dec. 19%, 
S.P. Abbott SA-M168, (UAMH 8740); soi1 of northern pocket gopher (ïbmornys 
hdjmid;es) rnound in hay field, 16 Dac. 1996, S.P. Abbtt SA-M167, (UAMH 8741); 
Devonian Botanic Garden near Devon. porcupine (Erethizon Ctorsztum) dung, 17 Dec. 
1996, S.P. Abbott SA-M66. (UAMH 8742). JAPAN: soil, 1985, T. Yokoyama R-1607- 
21. obtained from Institute for Fermentation Osaka as IFO 31957, (UAMH 8855). 
NETHERLANDS: sand dune soil, obtained from Centraalbureau voor Schimrnelcultures 
as Doratomyces iperulus CBS 187.78 (UAMH 9128). UNITED KINGDOM: 
ENGLAND: deer dung, 1956, J.  Hawkins, obtained fiom Institute for Fermentation 
Osaka as IF0 8180, (UAMH 8854, =IMI 68394 =LSHB Sc. 142 =CBS 1 19.6 1). 

Cqphd~~~humpurpunofuscum (Schweinitz : Fries) S. Hughes. 1958. Canadian 
Journal of Botany 36: 744. 

= AspergiIIus purpureofusms Schweinitz. 1832. Transactions. Amencan 
Philosophical Society, Ser. Il, 4: 282. Type: holotype K; epitype culture 
selected UAMH 92091 

= Aspergillus purpureofuscus Schweinitz : Fnes. 1 832. Systema Mycologicurn 3 : 
388. 

a Stys~mspurpureofuscus (Fries) S .  Hughes. 1953. Canadian Journal of Botany 
31: 744. 

= Dora~umycespurpureofuxvs (Fries) F.J. Morton & G. Smith. 1963. 
Mycologid Papers 86: 74. 

= Periconiufusca Corda. 183 7. Icones Fungorum 1 : 19. 
= Sty~armsfus~~s  (Corda) E.W. Mason & M.B. Ellis. 1953. Mycological Papers 

56: 31. 
= Stysamrs m d l i i  Montagne. 1837. Annaes de Sciencias Naturaes, Sér. 3,4: 345. 
= Stysanus mediur Saccardo. 1 88 1. Michelia 2: 300. 

= Dorutomyces medius (Saccardo) Matsushima. 1 980. Matsushima Mydogical 
Memoirs 1: 33. 

= CephaI~tr~churn rnedium (Saccardo) S .  Hughes. 1958. Canadian Journal of 
Botany 36: 744. 

= Stysanopsis media (Saccardo) Ferr. 1909. Annales Mycologici 7: 28 1. 
= Doraionyces cwperuius Wright & Marchand. 1972. Boletin de la Sociedad 

Argentina de Botanica 14: 308. 
(for additional synonyms see Hughes 1958; Morton and Smith 1963; Mason and EiIis 

i s a )  
FIGS, 6.33-6.38, 



Disbnpisking f - m  Synnemata typically 800-1250 pm, lacking appendages, 
anneilides arnpulifonn, conidia ellipsoidal to ovoidal, apices rounded, smooth to finely 
roughened, 5-8 x 3-45 CM, commonly 6 w 3.5 ~im, colonies dark brown to gray brown, 
relatively fast growing (40-70 mm in 14 d @ 25 C). 

No single featwe distinguishes this species. Coaidia are similar to severai other 
species but C. purpraeofusnmt lacks appendages, distinguishing it fiom C. cyli&cu.s and 
C. spirdls. C. purpureofusctrm also lacks an Eèhinoborry~m syna~amorph, separating it 
nom C. stemonitis? which also tends to have more pointed conidia. Some isolates of these 
species that f d  to demonstrate well developed appendages or synanamorph may be 
erroneously identifid es C. purpureoficscum. Although the synnemata of C. 
putputeofusnrm are fiequently iliustrated with subglobose conidiogenous heads (e.g., 
Mason and EUis 1953 as S t y ~ a ~ ~ s  fi-, Morton and Smith 1963 as Doratomyces 
purpureofiscus), elongate, ovoid to cylindrical heads were more muent  in this study. 

Taronomic noies This taxon has been described on a number of occasions, but 
Aspergillus purpureofuscus is the oldest name and is sanctioned by inclusion in Fnes 
(1832). Stysamrs medius was tentatively accepted by Matsushima (1980) and Hughes 
(1958), but the description in Saccardo (1886) is consistent with C. purpureofiscum as 
suggested by Morton and Smith (1963). Doratomyces asperulus was described based on 
omamented, banded conidia. Severai isolates from Alberta (e.g., UAHM 8237, 9158) are 
identical to the type (CBS 582.7 1, =UAMH 9 127) which al1 exhibit a fine omamentation 
visible as irregular bands around the conidia. ûther isolates (e.g., UAMH 989, 2775) 
appear very slightly roughened but not banded and are somewhat intermediate between 
srpical isolates of C. purpureofuscm and D. ~ r u I u s .  Examination by SEM (Figs. 34, 
35, 37) demonstrates considerable variation in degree of roughening within and among 
isolates. D. arpemlus is here considered conspecific with C. purpureofusmrn. 

Specimem eramined ARGENTNA: Buenos Aires, Tordillo, Arroyo Las 
Viboras, humus-rich soil, 1970, AM. Ga&as, obtained fiom Centraalbureau voor 
Schimmelcultures as Doratomyces a.spemius CBS 582.7 1 ,  (UAMH 9 127, =ATCC 26885) 
(ex-type of Doratomyces aspemlus). AUSTRALIA: Lord Howe Island. soi1 banyan 
rhizosphere, 1977, A.D. Hocking, obtauied from CSIRO Food Science and Technology 
Culture Collection as Doraiomyces stemonitis FRR 1903, (UAMH 8739). BELGNM: 
Han-sur-Lesse. wood of decaying W t u r e  in underground Iaboratory cave, Sep. 1959, 
G.L. Hennebert 882-14 obtallied fiom Mycothèque de l'Université Catholique de 
Louvain as MUCL 536, (UAMH 8892). BRAZIL: Silo Paulo, P e d e .  soil under primary 
Atlantic forest, Oct. 1994, A.B. Gadipp, obtained fiom CollgHo de Culhiras Tropical as 
Doraiomyces stemonitis CCT 4299, (UAMH 8910). CANADA: ALBERTA: Bittem 
Lake. Iung Richardson's ground squirrel (Spenn0phiIu.s richardsonii), May 1959, L K 
Curmickef, (UAMH 989); Cardston. hair of Richardson's Ground Squirrel 
( S p ~ o p h t i s  rickdsonii), Jun. 1967, D. Remington 1, (UAMH 2771, 2775); 
Edmonton. Alberta Game F m .  soi1 of guanaco paddock, 7 Jul. 1962, J. Ff? Cbmichaei 
18-54, (WAMH 1299); UAMH, plate contaminant in waIk-h woler, 28 Apr. 1993, SP. 
Abbtt SA-M3, (UAMH 9002); ex nail, male 59 yr, 11 Jan. 1993, C. Sand MY 5858b. 



(UAMH 7303); Calgary. ex fingemail, fernale 35 yr, 8 Nov. 1994. MY 3483 (UAMH 
7743); Provincial Laboratory for Southem Aiberta. bronchial wash, male 65 yr, 29 Jun. 
1995, MY 221 6, (UAMH 8237); bronchial wash, male 16 yr, 1997, MY 6111, ( V A W  
9158). BRITISH COLUMBIA: Pemberton. indoor air of schwl library, 18 Feb. 1998, 
S.P. Abboft SA-M209, (VAMH 9209); unknown. C.J Anastasiou S55 (AZO), (VAMH 
1767). GERMANY: wheat field s o t  1963, K Domsch, obtained nom M t u t e  for 
Fermentation Osaka as IF0 31240, (UAMH 8853, =CBS 523.63, =ATCC 16224). 
JAPAN: leaves of needle-lded tree, 1986, T. Ito ISR 47-1, obtained fiom ïnstitute for 
Fermentation Osaka as Doratomyces stemonitis IF0 32040, (UAMH 8844). NEW 
ZEALAND: Mt. Albert. cave wall, Nov. 1961, FJ. Morton H56, obtained fiom 
International Collection of Microsrganisms fiom Plants as Trichurus terophilus ICMP 
1 165, (UAMH 8788); leaf of swede (Brassieu napus var. napobrassïca), Jul. 1963, EJ. 
Morton H286, obtained fiom International Coiidon of Microsrganisms fiom Plants as 
Doratomyces microsponts ICMP 1094 (UAMH 8790). SPAIN: soil, J. Gwaro FFBA 
2 17. (UAMH 4455). UNITED STATES: CALIFORNIA: San Diego. soil, G.F. Orr 217 
obtauied from Canadian Collection of Fungus Cultures as DAOM 84432, (UAMH 14 16). 

CephaIoîrichum putredinis (Corda) S .P. Abbott comb. nov. 
= Stysc~mcsputredinis Corda. 1839. Icones fungorwn 3: 12. Type: lectotype 

selected, TaE II, Fig. 36, Corda 1839; epitype culture selected UAMH 
8891 (=MUCL 4039; CBS 192.62; IMI 86950; LSHB Sc. 152)! - Doratomyces putredinis (Corda) F .  J. Morton & G. Smith. 1963. Mycological 
Papers 86: 83. 

t Graphium pzitredims auct. sensu Hughes 1958; Ellis 1971 ; Seifert et al. 1993. 
(= Gruphium cuneijmm (Berkeley & Broome) Mason & Ellis) 

= S'penicillitm album Costantin. 1888. Bulletin Societe Mycologique de France 4: 
67. 

= Coremium album (Costantin) Saccardo & Traverso. 1839. in Saccardo, Sylloge 
Fungomm 22: 1444. 

= Penicillium costmtini Bainier. 1906. Bulletin Societé Mycologique de France 
22: 205. (nomen novum). 

i Scophiopsis costanfini (Bainier) Dale. 19 14. Annales Mycologici 12: 57. 
= Sco@lmipsis alba Szilvinyi. 194 1. Zentralblatt fùer Bakteriologie, 

Parasitenkunde, uifektionslcrankheiten, und Hygiene, Abteilung II, 1 O3 : 172. 
= Doratomyces albus (Srilvinyii Dominik. 1970. Zeszyty Naukowe Wytuej 

Szkoly Rolniczej W Szczecinie 32: 89. 
FIGS. 6.39-6.46. 

Dîsringukhing fectfures Synnemata poorly developed (up to 250 p) and 
fiequently oniy mononematous conidiophores or corernia (loose faxicles of conidiophores 
not necessarüy united at the base; Tubaki 1966) produced in axenic culture, synnernata 
primarily produced on naturai substrats, composed of hyaline hyphae, conidiogenous c d s  
at flared apex of synnema, annellides cylindrical to arnpulifonn, conidia hyaline, 1181~owty 
eiîipsoidai to ellipsoidal or ovoidal, typidy rounded at apex, occasionaüy bluntly pointed, 
smooth, 4-54 x 2-3 pm, colonies white to meam, relatively slow growing (25-3 5 mm in 



The reduced white synnemata, and slow powing, white colonies clearly 
distinguish C. putredimcs £tom all other taxa The conidia are typicaiiy narrowly eliipsoidai 
in young cultures and bemme more swollen eiiipsoidal to ovoidal in age (Le., d e r  a 
month), and remah attached in long c h .  Synnernatal shape is most similar to C. 
columrtlrnk Because of the coloration and predominance of mononematous conidiophores 
k cuiture, this species wuld most easiiy be wnfiised with ScopuI'opsis species such as 
S. candi& Vuillemin, the latter differing by larger, 5-8 x 4-7  un, subgiobose conidia (see 
Chapter 3). 

Tca~ononric notes A great deal of confusion has surrounded this species since its 
original description and illustration in Corda (1839) as a species of Stysumis, and the 
epithet 'putredinus' has been applied to more than one taxon in modem times. The concept 
supported here is based on that of Morton and Smith (1963 as Doratomycesputredimrs). 
They describe a white synnematous fungus with dry chains of hyaline conidia based on 
their examination of the holotype collection of Corda in addition to a modem isolate made 
by Gams (=UAMH8891). This concept was adopted by Udagawa and Horie (1971). who 
described another isolate fiom a decaying agatic (=UAMH 8849). Hughes (1958) also 
examined the holotype and renamed the species Grophium putredims, but his concept 
was based on a synnematous fungus with larger, pigmented conidia, produced in a slimy 
droplet. Hughes' concept reflects a me Grqhium species, and has been supported by two 
important subsequent works (Ellis 1971; Seifert and Okada 1993) and is stili used in the 
m e n t  literature (e.g . , Mercado-Sierra et al. 1 997). The 'Grqhium puiredinus cornplex' 
as outlined by Seifen and Okada (1993) and Okada et al. (1998) includes the synnematous 
anamorphs of Pseuckllescheria boydii (Shear) McGinnis, Padhye & Ajello. P. fusoidea 
(Am) McGiMis, Padhye & Ajello, P. fimeti (Arx) McGinnis, Padhye & Ajello, Petriella 
sordida (Zukal) Barron & Gilrnan, P. setfera (Schmidt) Curzi, and P. guitulatu Barron & 
Cain Because the two 'putredinus' concepts are fundamentaily different, we must assume 
that the holotype contained two different synnematous h g i .  Akhough Corda's (1839) 
original description is brief; the illustration clearly shows long chains of narrowly eliipsoid 
conidia from the upper portion of a flared syMema (Fig. 7.46). Based on the assumption 
that the holotype specimen contains more than one taxon, the illustration in Corda (1839, 
Taf. II, Fig. 36) is chosen as lectotype in accordance with ICBN Art. 9.9 (Greuter et al. 
1994). In order to stabilize the nomenclature of this confused species, the isolate examineci 
by Morton and Smith (UAMH 8891; = L m  Sc. 152) that produces reduced synnernata 
in culture is chosen as epitype (ICBN Art. 9.7; Greuter et al. 1994). The Grqhium 
interpretation is in serious confiict with the protologue and cannot be accepted under this 
epithet, but should, however, be considered a segregate taxon and be named accordùigly 
(ICBN Art. 9AS; Greuter et al. 1994). This taxon is conspecific with Grqhium 
mnevenim (see illustration in Mason and Ellis 1953). a synonymy suggested by Hughes 
(1958) and Sesen (1985), but fûrther investigation is required to determine if this is the 
otdest available name for this taxon. 

Morton and Smith (1963) list S c ~ p u I ~ o p s i s  albu as unidentifiable, but the 



specimen of Dorutomyces uIbus illustrateci in Domlliüc (1970) is clearly conspecific with 
C. putredinus as outlined above. The small synnemata an similar to those seen on naturai 
substrats (especially grass stems) in this study (e.g., UAMH 1301), those illustrated along 
a herbaceous stem in Corda (1839), and on a decaying agaric by Udagawa and Horie 
(1971). SympenicilIium album is also synonymous, but based on a dserent type. It was 
later transferred to the geneni Coremim, PeniciIIium (as P. costontini, nomen novum, 
since the epithet 'album' was unavailable in Penicillim), and Skopulan'opsis. The 
treatment of this taxon in these genera reflect the reduced nature of the synnemata, with 
coremia and mononematous wnidiophores predominating in axenic culture. 

The synonymy of Sopp's (1912) AcauIium fuhwm Sopp with C. pubedinus 
proposeci by Morton and Smith (1963) cannot be accepted since the spore size, given in 
the protologue as 10-14 x 5 pm, is much larger than seen here. Since there is no type 
spechen, it is impossible to detennine the true identity of this taxon and A. fihum is best 
regardeci as a nomen chrbium. 

Colfectio11~ ewmined.- AUSTRiA: Innsbruck. culture contaminant, 1960, H? 
Gms, obtained fiom Mycothèque de l'Université Catholique de Louvain as Dorutornyces 
pubedîms MüCL 4039, (UAMH 8891, =Mt 86950, =LSHB Sc. 152, =CBS 192.62) 
(epitype culture). CANADA: ALBERTA: Edmonton. shavings ex rabbit cages, May 1959, 
J. R! Càmichael (UAMH 637); Alberta Game Farm. soi], cougar pen, 8 Nov. 196 1 and 7 
Jui. 1962, J. W. C'ichael, (UAMH 1145, 13 18); soi1 nursery paddock, 7 Jul. 1962, J. W. 
Carmichael, (UAMH 1290); soi1 under falcon roost, 7 Jul. 1962, LW. CimnichaeI, 
(UAMH 132 1 ) ;  straw under bird roons, 7 Jul. 1962, J. K C~lmiichd, ( U M  133 1 ,  
1332); coyote (Cmis lutrm) dung, R Curruh 0-7, (UAMH 5623); 10 km south of 
Leduc. striped skunk (Mephitis mephitis) dung on ground in f m  yard, 10 Jun. 1997. S. P. 
Abbott M-M185, (UAMH 9028). ONTARIO: North York. air of mold-contaminated 
building, 30 Jul. 1986, R C. Summerbell FR 1395.86, (UAMH 5739). JAPAN: Sugadaira, 
Sanada-machi, Chiisagata-gun, Nagano Pref decaying higher fungus (MacroIepiofa 
procera), 2 Oct. 1969, S. U ' g a w u  NHL 2440. obtained from Institute for Fermentation 
Osaka as Dorutomyces punedinus IF0 9384, (UAMH 8849). UNITED STATES: wood 
veated with fùngicide, 16 May 1995, D.T. Wicklow, obtained fiom United States 
Department of AgriçulNe as ScopImopsis d i &  NRRL 25 172, (UAMH 8990). 
CALIFORNIA: Chino. soi1 in chicken pens of poultry ranch, 17 Feb. 1969, J.U? 
Carnickel, (UAMH 323 8). 

Ccphdo~chun, spirallis (Hasselbring) S.P. Abbott comb. nov. 
= Trichurus spiraks Hasselb~g. 1900. Botantical Gazette 29: 321. Type: syntypes 

BPI; epitype culture selected UAMK 3585! 
= T'richums gorgonijer Bainier. 1907. Bulletin Societé Mycologique de France 23: 

230, 
FIGS. 6.47-6.53. 

DLsiinguislUng features Synnemata typicaliy 500-1000 pm, covered with loosely 
coiled or spiral to curved, bent or flexuous unbranched appendages, appendages ofken 



seMike and tapered to a blunt point at apex, anneliides ampuliform, conidia ellipsoidal to 
ovoidal, apices rounded, smooth, 46.6 x 2.5-3.5 cun, comrnody 5 x 3.5 cun, colonies gray 
to gray-brown, relatively fast growing (60-75 mm in 14 d @ 25 C). 

This species is eady recognized by its distinctive spirai appendages, although these 
are reduced in some isolates, rnaking identification more problematic. Conidial size is 
similar to C. pupureofusnmt. C. den&ocepphalum has branched, undulaîing appendages 
(never loosely coiled) and slightly srnalier conidia on average (3.5-4.5 x 2.5-3 p), whiie 
C. ternophilus has branched or unbranched, straight, seta-like appendages. 

T-nomàc notes No holotype was designated by Hasselbring (1900). but the 
three collections cited in the protologue are presumably deposited in BPI. These syntypes 
were not exarnined, but the specimen collected on decayed wood in autumn of 1898 by 
Hasselbring should be chosen as lectotype if available. The epitype culture selected 
(UAMH 3585) produces colonies, m e m a t a  and conidia typical for this taxon. Trichurus 
gorgonifr is synonymous (Lodha 1963). 

Specimenr euomiiied CANADA: ALBERTA: Spruce Grove. stearned 
decomposing mushroom compost, 8 Mar. 1973, L Sigier (UAMH 3585) (epitype 
culture); Nisku. ex growth pouch with dfalfa seeds in growth charnber, 25 Nov. 1992, M. 
Matlock, (UAMH 7259); Edmonton. air, 1995, J.P. Tmuri, ( U N  93 19); Provincial 
Laboratory for Southem Alberta. sputum, male 63 yr, 11 Dec. 1996, MY 251 (UAMH 
8836); finger nail, 21 Aug. 1998, MY 5540, (UAMH 9405). BRITISH COLUMBIA: 
contaminant in tray of sawdust and straw used for growing shiitake (Lentinda edodes), 2 
Feb. 1978, RJ. Bandoni, (UCUAMH 4093). ONTARIO: Ottawa. airborne contaminant of 
wheat-straw agar plate, RA. Shoemaker, obtained Eom Canadian Collection of Fungus 
Cultures as DAOM 147400 (UAMH 8689); egg of gypsy moth (Lymuntria di~par), M.I. 
Thonin, obtained from Canadian Collection of Fungus Cultures as DAOM 190434, 
(UAMH 8690); air, 1942, M.E. E h t t  MEE 424342B, obtained from Canadian 
Colleaion of Fungus Cultures as DAOM 196858, (UAMH 8691). CYPRUS: Nicosia. 
soil, on roots of potato (Solamm tuberosum), Oct. 1932, RM. Nattras 285, obtained 
fiom Mycothèque de l'Université Catholique de Louvain as MUCL 9829, (UAMH 8882, 
=CBS 336.32). INDIA: Bihar. paper, Sep. 1992, D.S. Attili obtained from Colleçiio de 
Culturas Tropical as CCT 3035, (UAMH 891 1, =Mi 1451 14). IAPAN: soil, 1989, T. Ito 
17267, obtained Rom Institute for Fermentation Osaka as IF0 32272, (UAMH 8843). 
NEW ZEALAND: ex nail, fernale 35 yr, A. W d g y e r  94.600, (UAMH 7892). UNITED 
STATES: NEW YORK: basidiomycete detritus in moisture chamber, Preston Lowe, 
Hammill210-72. (UAMH 4094). 

Cèphatotrichurn stemonitis (Persoon) Link : Fries. 1832. Systema Mycologicum 3: 280. 
= CephIo~chum stemonitis (Persoon) Li. 1809. Berlinische Magazin 3 : 20. 

= Is& stemonitis Persoon. 1797. Commentarius Fungis Clavaeform. p 234. Type: 
holotype L; epitype culture selected UAMH l532! 

= Periconia stemonitis (Persoon) Persoon. 180 1. Synopsis Methodica Fungorum 
p 687. 



= Stysanus stemonitis (Persoon) Corda. 1837. Icones Fungorum 1: 22. - Doraiomyces stemonitis Qasoon) F. J. Morton & G. Smith. 1963. Mycological 
Papers 86: 70. 

= Doratomyces neesii Corda 1829. in Sturm, Deutschlands Flora, III (Pilze) 2: 65. 
Synanamorph: 

Echinobotryum aimm Corda. 183 1. in Sturm, Deutschlands Fiora, IIi (Pilze) 3 : 5 1. 
= Dematium echinobohyum Fnes. 1829. Systema Mycologicum 3: 87. 

(for additionai synonyms see Hughes 1958; Morton and Smith 1963) 
FIGS. 6.54-6.59. 

Distinguisking features, Synnernata typically 400-2000 pm, lacking appendages, 
anneiiides arnpuliform, conidia eliipsoidal to ovoidaî, apices oflen bluntly pohted, smooth, 
6.5-8 x 4.5-5 pm, wmrnoniy 7 x 4.5 p, colonies dark brown to gray brown, moderately 
slow growing (25-40 mm in 14 d @ 25 C). Echinobotym synanarnorph present, single 
co~dia  in clusters produced from branching conidiophore, conidia darkly pigrnented, 
subfûsoidal and typically beaked at apex, coarsely warted, 13- 1 6 x 6.5-7.5 p. 

The Echinobohyum synanamorph is diagnostic. It is produced throughout the 
rnycelium of the colony and dong the stipes of the Cephalotrichum synnemata. Morton 
and Smith (1963) report some isolates which produce abundant Echinobotym conidia 
without synnemata, but al1 isolates examined here produced the Cephalotrichm state 
(optimaily on OAT). No isolates are known which lack the Echinobotryum state. If such 

' isolates exist, they rnay be confllsed with C. purpureofucum, although the conidia of C. 
stemoniiis are slightiy larger on average (7 x 4.5 pm vs. 6 x 3.5 pm) and are fiequently 
bluntly pointed (rather than rounded) at the apex. Some isolates (e.g., UAMH 8624, 
8914) exhibit a reduced Echinobotryum state, with sparsely roughened, bluntly pointed 
(not beaked) conidia. 

T'no& notes The holomorph of this species consists of two asexual stages. It 
is the type species for both CephaIofrichum and Echinobohyum, and, therefore, has two 
valid binomials. The combination of these two synanamorphs is distinctive, yet 
surpnsingiy, this cornmon species was describeci on several occasions during the 1800's 
(see synonyrny l i s  in Morton and Smith 1963). Also, the narne has been applied to other 
taxa (e.g., Styms stemonites of Sopp 19 12 represents Cephafotn'ch ~mnn). Part of 
the confision may be explained by the muent presence of only one state on the naturai 
substratum or lack of recognition that the two States were linked, during the period before 
growing hyphomycetes in culture was routine. 

Specimens eramined CANADA: ALBERTA: Slave Lake. coyote ( C d  latrans) 
dung, Sep. 1983, L. Sigier, ( U M  4834); G i r o d e .  indoor air of honeybee (Apis 
meIlifera) ovenuinte~g facility, 30 Jan. 1994, S.P. Abboit OHS 182, (UAMH 7754); Fish 
Lake near Nordegg. cone of white spruce (Picea glauaz), 14 Jun. 1996, S.P. Abbott SA- 
M135, (UAMH 8623); North Buck Lake near Lac La Biche. sandy soi1 with hair at 
entrance of woodchuck (Mmmota monax) burrow in jack pine (Pinzis banksianu) forest, 
16 Aug. 1996, S.P. Abbott SA-M138, (UAMH 8624); Elk Island National Park. extremely 



weli decayed wood of white spruce (Picea g h c a )  log, 15 Apr. 1996, T. Lumley EI-02- 
S6H, (üAMH 9142). ONTARIO: near Guelph. soil of e h  (Ums amen'carms) woods, 
1 1 Dec. 196 1, G. L. Bmon 9504, obtained nom United States Department of Agiculture 
as Echinobotrpm atmm NRRL A 4  1326, (UAMH 8913); G.L. B m n  9.503 (UAMH 
1532). ICELAND: agricuitural soii, 26 Oct. 1966, MUZL isolaze ss-831, obtained from 
United States Department of Agriculture as Echimbotrym sp. NRRL A-14847, (UAMH 
8914). UNITED STATES: CALIFORNIA: Fdbrook. rat dung, 09 Aug. 1960, G.F. Orr 
0-714, obtained fiom United States Department of Agriculture as Echinobobyum sp. 
NRRL A-10079, (UAMH 8502). 

Excludeâ Taxon 

Dorotomyces eichhorniae Conway & Kimbrough. 1975. Mycotaxon 2: 128. 
= Domtomyces eichhmius Conway & Kimbrough. 1975. Mycotaxon 2: 128. 

(orthographic variant). 
Type: holotype FLAS; ex-type culture UAMH 9288 (=ATCC 28418)! 

Distinguishing features characterized in culture by lack of distinct synnernata, 
elongate acerose conidiogenous cells with gradually tapered apex, conidiogenesis 
describeci as annellidic (Conway and Kimbrough 1975), but in this study no annellations 
were observed on the conidiophores by light microscopy or SEM, conidia narrowly 
ellipsoidal, subhyaline, omarnented, verruculose by light microscopy and with a 
pronounced irregular roughening over the surface by SEM, colonies brown with white 
mycelial tufts, producing copious dark brown exudate and diffising pigment. 

Tmiiomic notes Known only fiom the type collection (Conway and Kimbrough 
1975), this species is clearly unrelated to the dry-spored synnematous Microascaceae. 
Incongnious features include rnorphological characters such as conidium omamentation 
and ~nidiogenous cell shape, developmental features associated with conidiogenesis and 
production of copious exudate and pigment in the colonies (especially on PDA). No 
alternative genus is currently available that is appropriate for transfer of this species. The 
ex-type culture produces only a lirnited number of conidia on poorly developed corernial 
structures. Optimal sporulation was seen on V-8 juice agar (Milier 1955) and no true 
symemata were observed on any media. Further work is required to cl&& the mode of 
conidiogenesis and morphologid details of the synnemata before a new genus can be 
eraed to accommodate this unusual species. 

Specimens amùned UNITED STATES: FLORIDA: Lake Alite. GaineSville. 
decaying laminae of water hyacinth (Eichhomza crawpes), Feb. 1974, F. W. Zettïer WH 
47, obtained f?om AmenCcan Type Culture Collection as Dorutomyces eichhornius ATCC 
284 18, (UAMH 9288, =FLAS F 50399) (ex-type of Dorotomyces eichhorniae). 



Figures 6.1-6.6. Ccphdo~chum coIumnm*s. 

Fig. 6.1. Colony on OAT 21 d at 25 C (UAMH 928 1), bar = 15 mm. 

Fig. 6.2. Anneilides and conidia (UAMH 928 1 ), SEM, bar = 3 Cm. 

Fig. 6.3. Ellipsoid, slightly asymmetrical conidia (UAMH 928 1), SEM, bar = 3 pm. 

Fig. 6.4. Synnema (UAMH 8042). bar = 100 pm. 

Fig. 6.5. Synnema (UAMH 8042), bar = 10 pm. 

Fig. 6.6. Synnema apex (UAMH 8042), bar = 15 pm. 





Figures 6.7-6.12. Ccpkdotn*chum eylin&kum. 

Fig. 6.7. Colony on PDA 2 1 d at 25 C (UAMH 9 14 1), bar = 10 mm. 

Fig. 6.8. Eiiipsoidai conidia (UAMH 8976), bar = 5 Fm. 

Fig. 6.9. Synnema apeq showing dichotomously branched appendages (UAMH 8976), bar 
= 10 pm. 

Fig. 6.10. Synnema, showing seta-like appendages (UAMH 1 M8), bar = 50 pm. 

Fig. 6.1 1. Synnemata, showing seta-like appendages (UAMH 9141). SEM, bar = 50 Pm. 

Fig. 6.12. Conidia (UAMH 9 14 1 ), SEM, bar = 4 pm. 





Figures 6.13-6.20. Ccpkalom*chum &n&vceph&rn. 

Fig. 6.13. Synneme, showing undulate appendages (UAMH 5372). SEM, bar = 50 pm. 

Fig. 6.14. Synnema apex, showing conidiophons and undulate. branched appendages 
(UAMH 5372). SEM, bar = 25 pm. 

Fig. 6.15. Undulate, dichotomously branched appendages and conidia (UAMH 5372). 
SEM, bar = 8 pm. 

Fig. 6.16. Conidia (üAMH 5372), SEM, bar = 2 pm. 

Fig. 6.17. Synnemata apex (fiom above), showing undulate, branched appendages 
(UAMH 5372), SEM, bar = 50 Pm. 

Fig. 6.1 8. Broadly ellipsoidal to ovoidd conidia (UAMH 1 3 83), bar = 5 pm. 

Fig. 6.19. Synnema apex, showing branched appendages (UAMH 1383), bar = 50 pm. 

Fig. 6.20. Synnemata, showing undulate appendages (UAMH 53 72), bar = 100 Pm. 





Figures 6.21-6.31. CcpkaloaCChum llil*cmsporum and C nanum. , 

Fig. 6.2 1. Synnerna (UAMH 9365), SEM, bar = 25 Cm. 

Fig. 6.22. Chains of conidia (UAMH 9365), SEM, bar = 5 Pm. 

Fig. 6.23. Non-synnematous conidiophore, showing annellides and conidia (UAMH 9365), 
SEM, bar = 5 Cm. 

Fig. 6.24. Synnema (VAMH 9456), bar = 100 Cm. 

Fig. 6.25. Bullet-shaped conidia (tJAMIF 9456), bar = 10 Pm. 

Fig. 6.26. Non-synnematous conidiophore, showing annellides and conidia (üAMH 8486), 
bar = 10 pm. 

Fig. 6.27. Coarsely ornarnented, broadly ellipsoidd conidia (UAMH 8854), bar = 10 jm. 

Fig. 6.28. Coarsely ornamenteci conidia (UAMH 8854). bar = 10 Pm. 

Fig. 6.29. Synnema (UAMH 9126), SEM, bar = 50 pm. 

Fig. 6.30. Synnema apex, showing annellides and conidia (UAMH 9126), SEM, bar = 5 
Clm. 

Fig. 6.3 1. Coarsely onwnented conidia (UAMH 9 126), SEM, bar = 5 pm. 





Figures 6.32-6.38. ~cpkrrlobichum p u r p ~ r e o f ~ ~ ~ u m .  

Fig. 6.32. Colony on OAT 21 d at 25 C (UAMH 8739), bar = 15 mm. 

Fig. 6.33. Eilipsoidal conidia with rounded apices (UAMH 8739), bar = 10 Pm. 

Fig. 6.34. Chains ofconidia (UAMH 8910), SEM, bar = 2 Fm. 

Fig. 6.3 5. Conidia., note slightly roughened d a c e  (UAMH 89 1 O), SEM, bar = 5 Pm. 

Fig. 6.36. Synnema (UAMH 8910), SEM, bar = 50 Pm. 

Fig. 6.3 7. Anneilides and slightly roughened conidia (UAMH 9 1 27, ex-type of 
Doraromyces asperulus), SEM, bar = 2 Pm. 

Fig -6.3 8. S ynnemata x-section, showing conidiophores, anneiiides and CO nidia (UAMH 
9127), SEM, bar = 10 Pm. 





Figures 6.39-6.46. Cephdobichnm puaedinus. 

Fig. 6.39. Colony on PDA 2 1 d at 25 C (UAMH 1290), bar = 10 mm. 

Fig. 6.40. Eliipsoidal &dia with rounded apices (UAMH 132 l), bar = 6 Pm. 

Fig. 6.41. Non-synnematous wnidiophore (rrAMH 889 1). bar = 1 0 p a  

Fig. 6.42. Corernium wvered with chains of wnidia (UAMH 9028), SEM, bar = 1 5 Pm. 

Fig. 6.43. Synnerna (UAMH 1332), bar = 25 pm. 

Fig. 6.44. Chains of conidia (UAMH 9028), SEM, bar = 5 Pm. 

Fig. 6.45. Conidia (UAMH 9028), SEM, bar = 2 pm. 

Fig. 6.46. Synnemata and conidia, after Corda (1 839). 





Figures 6.47453. Cepkalom*chum spirulis. 

Fig. 6.47. Colony on PDA 21 d at 25 C (UAMH 3 M ) ,  bar = 15 mm. 

Fig. 6.48. Synnerna, showing flexuous and loosely coileci, unbranched appendages 
(UAMH 3 585). SEM, bar = 25 pm. 

Fig. 6.49. Synnana, showing airved and loosely coiled appendages (UAMH 8689), bar = 
75 Pm. 

Fig. 6.50. Ellipsoidal conidia (UAMH 9405), SEM, bar = 15 pm. 

Fig. 6.5 1. Loosely coiled, unbranched appendages (UAMH 891 1), bar = 50 p n  

Fig. 6.52. Broadly ellipsoidal conidia (UAMH 891 1), bar = 10 pm. 

Fig. 6.53. Ampulifom anneilides (UAMH 9405), SEM, bar = 4 pm. 





Figures 6.54-6.59. Cephalotrkhurn stellulnitis. 

Fig. 6.54. Conidiophore with arnpulifom annefides (üAMH 8914). SEM, bar = 2 Pm. 

Fig. 6.55. Synenamorphs, showing cluster ofomamented, beaked Echinobobyum conidia 
and chahs of ellipsoidal CephoIofrichum conidia (UAMH 8623). bar = 10 pm. 

Fig. 6.56. Conidia, note pointed apices ( U A .  8914). bar = 7 Pm. 

Fig. 6.57. Chains of  conidia (UAMH 1532), SEM, bar = 4 Pm. 

Fig. 6.58. Synnemata (UAMH 1 532). SEM, bar = 50 Pm. 

Fig. 6.59. Cluster of omamented, beaked Echinobotryum cunidia dong symema stipe 
(UAMH 1532), SEM, bar = 10 Pm. 
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LNTEGRATlON OF ANAMORPH AND TELEOMORPE TAXA INTO A 
MONOPHYLETIC MICROASCACEAE SUPPORTED BY MOLECULAR 

AND PEYSIOLOGIC~ CHARACTERS 

Introduction 

The Microascaceae are saprobic perithecial and cleistothecial ascomyceteq united 
by single-ceiied, smooth, orange to red brown, dextrinoid ascospores and ovoid, 
evanescent asci irregularly disposed throughout the central cavity (Luttrell 195 1; Malloch 
1970). Many species have associated asexual states (anamorphs) which produce conidia 
from annellidic conidiogenous cells. Connections between the anarnorphic genus 
ScopuI~~~iopsis and teleomorphic states of Micruusctrs were first recognized by growth in 
pure culture (Emmons and Dodge 1931; Barron et al. 1961b; Morton and Smith 1963). 
and recognition of pleomorphism (the production of diierent states by a single species) 
has allowed for a better understanding of the holomorph species concept in the 
Microascaceae. Abbott et al. (1998a) diswvered the teleomorph for the type species of 
ScopI'op.sis, S. brevicaulis (Sacc.) Bainier, confirming the relatedness of 
Scopuiariopsis and Microascus. Links between other stridy anamorphic genera (placed 
with other molds in the fom-class Hyphomycetes under the broad category of Fungi 
Imperfecti) and the Microascaceae have been inferreci by similarity of conidiogenesis. 
Conidiogenesis is still of primary importance in classification and allows for phyiogenetic 
iderences among the hyphomycetes (e.g., Hughes 1953; Campbell and Smith 1982; 
Valmaseda et al. 1987; Mouton et al. 1993). 

The farnily comprises six genera (e.g., Malloch 1970; Barr 1990), although sorne 
authors include additional genera (e.g., AIX et al. 1988; Eriksson and Hawksworth 1998). 
Approximately 45 species are placed in these six genera, and an additional eight 
anamorphic genera containhg about 50 species show sufficient morphologicai sidarity to 
infer relationship to the f d l y .  Teleomorphic genera currently assigned to the 
Microasuiceae include M ~ C ~ O C I S ~ S ~  Kemia, Petrielia, Pseu&1Iescheriat Pithamus, and 
Lophotrichs (Barr 1990), disthguished primarily on characters of ascomata type (Le., 
perithecium or cleistothecium) and ascospore morphology (size, shape and coloration). 
Other teleomorphic taxa with uncertain relations have been allied to the Microascaceae, 
including Camriomyces, Emilmeiieriu, Ehtermqms, F&m, Leuconeur~sporu~ 
Pithoic~scina, HaIosphueriopsi~~ and Choetomium (Loquin-Linard 1977; Am et al. 1984, 
1988; Valmaseda et al. 1987; Spatafoni and BlackwelI 1994). but many have been 
excludeci fiom the Microascaceae b a s i  on morphologicai or molecular evidence (e.g., 
Malloch and SigIer 1988; Lee and Hanlin 1999; Suh and Blache11 1999). Affiiiated 
anarnorphic taxa include ScopiÙrÏopsi~~ Cephiotntncchrn, TrichunCs, W~domyces~ 
Wm&mycopsis. fihinobot?yumb Sce&sporium, and Grqhium (e.g., Camiichael et al. 
1980; Barr 1990). Cment distinction between mamorphic genera is based on 
conïdiophore structure (Le., simpie conidiophores versus compound structures fonned by 



aggregations of conidiophores into synnemata) or conidium morphology and development 
(Le., conidia in dry chahs, slimy masses, or solitary). 

Recent phylogenetic analyses using DNA sequence cornparisons (e.g., Berbee and 
Taylor 1992; Hausner et al. 1993b; Spatafora and Blackwell 1994; Issakainen et al. 1997; 
Lee and Hanlin 1999) have supported the Microascaceae as a distinct group, but are based 
on few taxa. Two familes, the Microascaceae and Ophiostomataceae, were classined 
together in the Microascales (e-g., Lume1 1951; Barr 1990), but the relationships among 
taxa assigned to these families has been questioned based on morphological, 
deveiopmental and physiological dserences. The Ophiostomataceae, as traditiody 
delirnited, were shown to be polyphyletic. Ophiostoma and Ceratocystis were separated 
primarily on the basis of anamorph conidiogenesis (Sprothrix and Pesohm, anamorphs in 
Ophiosioma verms ChaIàra anamorph in Cerataystfis). Aiso, cyclohaamide tolerance in 
Ophiostoma versus sensitivity in Ceratmystis provided a simple diagnostic test to separate 
the taxa (Harrington 1981). Recent DNA sequence analyses have supported placement of 
the Ceratocystidaceae (formerly included within the Ophiostomataceae sensu lato) in the 
Microascales, while the Ophiostomataceae sensu sniclo occupies an isolated phylogenetic 
position as the sole member of the Ophiostomatales (Hausner et al. 1993% b; Spatafora 
and Blackwell 1994; Cassar and Blackwell 1996). Teleomorphs and anamorphs of some 
taxa in the Microascales and Ophiostomatales possess long necked, black penthecia, 
deliquescent asci, ascospores extruded in sticky masses, synnematous anarnorphs with 
sticky conidia, and annellidic conidiogenesis. Morphological similadies are interpreted as 
convergent evolution for insect dispersal (An< et al. 1984; Spatafora and Blackwell 1994). 
Preliminary screening for benomyl tolerance among a few representatives demonstrated a 
uniform tolerance in the Microascaceae and sensitivity in the Ophiostomataceae 
(Summerbell 1993), mggesting another physiological test with potential to distinguish 
these morphologically similar taxa. 

Two additional families have been proposed within the Microascales. The genus 
Pithoascus was placed in the monotypic fmily, Pithoascaceae (Benny and Kimbrough 
1980; An< et al. 1988), but was synonymized with Microu~cus (Abbott unpublished, see 
Chapter 4) based on morphological evidence. It has not been included in previous 
molecular analyses. Lophotrichus was also placed in its own fiunily, the Laphotnchaceae 
(Seth 1970), but evidence ftom DNA sequence analysis supports its inclusion within the 
Microascaceae (Lee and Hanlin 1999). The teleomorphic geaera Micraams, Petrrella, 
Pseu&IIeschetia, bphotrîchs and Kemia form a clade representing the Microascaceae 
based on molecular analyses Perbee and Taylor 1992; Spatafora and BlackweU 1994; Lee 
and Hanlin 1999). 

Only two anamorphic microascaceous taxa (Scedosprium and Grqhium) have 
ken indudeci in DNA sequence andyses (Leclerc et al. 1994; Issakainen et d. 1997; 
Oka& a ai. 1998). In other groups of ascomycetes, sequence analyses have demonstrated 
the possibility of integrating anamorphic taxa into a phylogenetic âamework (e.g., 
Bowman and Taylor 1993; Leclerc et al. 1994; Pan et al. 1994; Glenn et al. 1996; 
Messnef et al. 1996; Harnbleton et ai. 1998). 



The DNA sequence analyses that included taxa of Microascacate have examineci 
relatively few taxa and these frequently did not include the type species of the various 
genera, making broader implications of monophyly for the f d y  ditncult. In order to test 
the monophyly of the family and to place the genera in a phylogenetic outline, the type 
species of teleomorph and anamorph genera of the Miaoascaceae were analyzed. DNA 
amplification by polymerase chah reactioa @CR) from Living cultures aiiowed for 
sequence analysis of the nuclear encoded small subunit (18s) rDNA This region 
containeci phylogenetically informative sites in other closely related taxa (e.g., Spatafora 
and Blackwell 1994; Cassar and Blackwell 1996) and was appropriate to test the above 
hypothesis. Physiological data of tolerance to anthgai wmpounds was correlated with 
molecular data to provide support for a monophyletic Microascaceae. 

Mattriab and Methods 

Molecuar.- The 34 taxa sarnpled for this study were chosen based on their position in 
past and contemporary classifications and possession of particular morphological 
characters. Ten were newly sequenced, while sequences of the remainder were selected 
fiom previous studies (Berbee and Taylor 1992; Wilmotte et al. 1993; Melchers et al. 
1994; Spatafora and Blackwell 1994; Issakainen et al. 1997; Okada et ai. 1998; Suh and 
Blackwell 1999) and obtained corn GenBank. Where possible, the culture, from which the 
deposited sequence was derived, was examined to confirm the identity by morphology. 
Type species of the genera were chosen where possible to allow a vaiid discussion of the 
relationships between genera. Fungal isolates used in this study are listed in Table 7.1. The 
aligneci sequence matrix is provided in Appendix 2. 

Isolates were grown on oatmeaf salts agar (Weitzman and Silva-Hutner 1967) for 
14 to 35 days. Mycelium, conidia, and/or ascomata with ascospores were scraped from the 
agas surface and air dried. Approxirnately 5 mg of dried tissue was used for extraction of 
total DNA using the methodology employed in Gardes and Bmns (1993) and Kemaghan 
et al. (1997). Total DNA was cleaned using the Ultrafiee-MC filter unit (Cetus Corp.) 
before amplification by polymerase chah reaction @?CR) using the amplification 
procedures of Hambleton et al. (1 998) with primers NS 1 and NS4 (White et al. 1990). 
PCR products were purified with the Wrzard PCR Preps DNA Purification System 
(Promega Corp., Madison, WI) following the manufacturer's instructions pnor to 
sequencing and sequenced directly using the Themiosequenase II Kit (Amersharn 
Phannacia Biotech, Baie d'Ulfe, PQ). Electrophoresis of the resulting products was done 
on an AB1 373A automatic DNA sequencer (Perkin-Eher: Applied Biosystems, Foner, 
CA) following protocols suggested by the manufacturer. Sequences of complementary 
strands were detemllned for al1 isolates using the primers NSI, NS2, NS3, and NS4 
(White et al. 1990). 

Consensus sequences were determined using Sequencher v. 3.1 (Gene Codes 
Corp., Ann Arbor, MI) and were aligned by hand. The aligned data ma& was analyzed 
and trees were generated with the PAUP (Phylogenetic Anaiysis Using P a h o n y )  v. 



4.0b2 to distinguish possible phylogenaic relationships among isolates (Swofford 1998). 
Heuristic searches were p e r f o d  and trres were obtained by simple-stepwise addition 
and branch swapping with tree bisection remnadon algorithm. Support for the inferreci 
clades was estimatecl by calculating bootstrap confidence levels from 100 repiicates 
(Felsenstein 1985). Emericelùa nichrlarts and Sàcchoromyces cerevisiae were chosen as 
outgroup taxa because of their systematic position in prior sequence analyses (e.g. Berbee 
and Taylor 1992; Melchen et al. 1994). 

PhysioZogica1.- Over 250. isolates comprising 55 taxa of Microascaceae and 20 
exnafiunilid taxa (Table 7.2; see Apendk 1 for strain data) were tested for tolerance to 
fimgal inhibiton. Tolerance was detennined by cornparhg colony diameters on potato 
dextrose agar @DA; D i b ,  Detroit, MI) with those on PDA supplemented with 2 @rnL 
benomyl and on mycose1 agar containhg cyclohe>timide at 400 &m. (MYC; Becton 
Dickinson Microbiology Systems, Cockeysville, MD) at 25 C after 7 and 14 d following 
the methodology of Abbott et al. (1998a). Ten isolates of Microascaceae were randomly 
chosen and also tested on media supplemented with 10 pg/mL benomyl. For 
cycloheximide tolerance tests, colony diarn. on MYC of greater than 50% that of 
unarnended PDA diarn. was considered tolerant, and for benomyl, tolerance was 
determined by colony diarn. pa t e r  than 90% that of the unamended medium. 

The rDNA data matrix consists of 1019 bpfstrain of sequence from the region 
arnplified by the primers NSlNS4 and corresponds to the 5' two-thirds of the small 
subunit (18s) rDNA molecule. This region was shown to contain a greater number of 
synapomorphies than the 3' end in similar taxa (Spatafora and Blackwell 1996). In the data 
set, 697 c h m e r s  were constant, 182 were variable but parsimony-uninformative, and 
140 were parsimony-informative; thus 14% of the region was phylogenetically 
informative. Phylogenetic analysis of this region for 34 taxa resulted in a single most 
parsirnonious tree of 604 steps (Fig. 7.1). Bootstrap values are superimposed on branches 
with greater than 50% support. 

Two clades, corresponding to the Microascales and Microascaceae, are strongly 
supported by molecular analyses with bootstrap values of 100 and 83 respectively (Fig. 
7.1). At the ordinal level, a clade contains the Microascaceae, Halosphaeriaceae, 
Ceratocystidaceae and Graphim penici1Iioiides (=Microascales clade). The type species 
of each teleomorph and anamorph genus assigned to the Microascaceae fom a distinct 
clade (=Micrascaceae clade). 

Three primary clades are delimiteci within the Microascaceae. The first 
(=Miwmctls clade) has strong bootstrap support (93%) and contains five species of 
M~~OQSCUS, includiag M. nidicola the type ~~P~~~OQSCIIS .  It also includes the type species 
of the anamorph genera Sc@lmipis (holomorph Microascus brevicauIis), 
Wa7domyces. CepMotrich,  Tn'chutus (==Cephaotricchum cyl&icum), and 
Echinobobyum (synanamorph of Cephaotnchum stemonitis). The second clade 



(=PetnèIh clade) contains PetneIIla and PsnckrIIescheria, dong with species of 
Skedbprium and some species of Grqhium, but excluding the type G. peniciliioirtes 
which forms an independent clade within the MicroascaIes The third clade (=Kemiia 
clade) contains Kemia and Lophotrichrrs. Bootstrap values for the Petriella (6 1%) and 
Kemia (64%) clades were lower than the Micruusau clade (93%). One species with 
aberrant morphology, Scopufclll'opsispmw, is not included in the Microascales clade. 

Tolerance to benomyl and cyclohexïmide is compiled for 76 species (Table 7.2; see 
Appendix 1 for list of strains). Members of the Microascaceae were essentiaüy uninhibiteci 
by benomyl (colony diameters f 5% of control). AU were benomyl tolerant at 2 pg/rnL, 
and the 10 strains tested at 10 pg/mL were equally tolerant at the higher concentration. 
Tolerance to cycloheximide varied between and within taxa, but patterns of tolerance and 
sensitivity were discernable at the species and genus level (sa Discussion). 

Discussion 

The Microascaceae were first considered a separate taxonomic entity by Luttrell 
(1951) based on developmentd features of ascus formation within the centnim, and 
Malloch's (1970) circumscription has been accepteci in modern classifications (e-g., Barr 
1990, Eriksson and Hawksworth 1998). The teleomorph taxa assigned to the 
Microascaceae by Malloch (1 970) and Barr (1 990) (Micrtxzsms, Pithmms, Petriella, 
PseuahlIescheria, Kernio, and Lophotrichus) are shown here to fom a monophyletic 
group based on sequence andysis of type and additional species, supporting this farnily 
concept (Fig. 7.1). 

The Pithoascaceae were separated by Bemy and Kimbrough (1980), based on the 
lack of germ pores on ascospores of species in the genus Pithuuscus (Am 1973), but this 
separation has not been widely adopted (e.g., Eriksson and Hawksworth 1998). Abbott 
(unpublished, see Chapter 4) provides morphological evidence for the synonymy of 
Pithoascus with Microc~s~s~ In the present shidy, Microascus nidicola, the type species 
of Pithmcus, falls within the clade containhg the type of Micro~scus, M. longiroslns, 
and several other species (Fig. 7 4 ,  supporting this synonymy and the traditional concept 
ofMictoasms delimited by Barron a al. (1961b)* 

The separation of Petriella fiom Micrmcus was proposed by Curzi (1930). 
Several authors (e.g., Cain and Weresub 1957; Morton and Smith 1963) have questioned 
this separation, uguing that the primary character used in the original diagnosis, the 
presence of ascornatal hairs, is of questionable taxonomic value, but Barron et al. (1 96 1 a) 
provideci additional characters to support the genenc distinction. They separated Petriella 
by larger, more darkly pigmenteci ascospores, Grqhium anamorph state and rapid growth 
in culture. The two taxa appear in separate clades within the Microascaceae by molenilar 
analysis in this (Fig. 7.1) and other midies (Issakainen et al. 1997; Lee and Hanlin 1999), 
supporthg the retention of two genera. 

Lophornkhus was originaliy included in the Chaetomiaceae (Benjamin 1949; Ames 



1963) based primarily on the well developed ascornatal hairs. Whiteside (1962) questioned 
this placement based on developmentai characters and Seth (1970) recognized that the 
genus had afnnities to the Microascales and errected a new family, the Lophotnchaceae. 
DNA sequence analysis of two species, L phbescens and L. indicus supporteci an 
affinity to the Microascaceae (Lee and Haaün 1999). nie inciusion of the type species, L. 
ampuIlus, in this sîudy definitively links Lophornchu~ to the Microascaceae (Fig. 7.1). 
Morphological and molecular evidenw do not support retention of a separate family for 
this mon. 

Kernia and Lophotn'chus are distinguished primariiy by non-ostiolate versus 
ostiolate ascomata However, some species exhibit intermediate ascornata type, producing 
fkquently non-ostiolate &mata that oniy occasionally fom rudimentary ostioles. 
Overlap occurs also in other characters used to dehe the genera, including morphology of 
axospores and ascornatal hairs. Two species, Kemia bmtlettii and K. mucroJpora, have 
been transferred to Lophotrichus (Malloch and Cain 1971; Arx et al. 1988). The DNA 
sequence data of Lee and Hanlin (1999) and that provided here supports the close 
relationship between the two genera, although bootstrap support for the clade was 
relatively low. Further investigations incorporating a greater number of taxa are required 
to clearly define relationships within the Kernia clade. 

The genus Enterocarpus was placed in the Microascaceae by Locquin-Linard 
(1977) and is tentatively accepted by Eriksson and Hawksworth (1998). The type species, 
E. unipws, was unavailable for cultural studies, but the original description suggests a 
strong similarity to Lophotrichus and Kernia. A second species, El grenotii, has been 
synonyrnized with Lophot'chs bmtlettii (Arx et al. 1988). Further investigations are 
required to assess the distinction of Eitterocatpus from similar genera and ddemllne the 
relationship ofE. unipnis to other memben of the Kemia clade. 

Integration of anamorphic taxa into the phylogenetic fiamework of the 
Microascaceae was a primaq goal of this study. Although anamorphs have been known 
for some teleomorph species for many years (e.g., Sopp 19 12; Curzi 1930, 193 1; Emmons 
and Dodge 193 I), the conneaion of stridy asexual species to the Microascaceae has been 
tentatively bas& on similarity in morphology and development of the conidia. This DNA 
sequence analysis shows that the type species of the anamorph genera Scopularrarroppsis 
(holomorph Microasms brevicmIis), Cephalotrich, Trichurus (=CephuIorrichm 
cylracih'cum), Ekhinobohyum (synanamorph Cepklotnèhum stemonitis), Wmdomyces, 
and Scedosporium (holomorph Pseu&Illescheria boydiii) nest within the Microascaceae 
clade (Fig. 7.1). 

ScoHariopsis states are known for many species of Microusais and Kernia 
@mon et al. 1961 b; Morton and Smith 1963; Mailoch and Cain 1971), and the type of 
Scopu~opsis, S. brevicauIis, was shown to have a Micrmms teleomorph (Abbott et al. 
1998a). Species with 2kopIizriopsis -tes included in this analysis are Miwo~scus 
brevimlltr. M. cirrosus, M. mgono.ipoms, M. longirostris, and Kemia nifi&, as weii as 
the Sco@àrïoppsis synanamorphs of Cephaotrichm stemonitis and C. cyln&içum. One 



morphologically aberrant species, ScopuIm'opsis pmw, was included to test the 
supposition that it is unrelated to the type and other typical members of ScopuIàriopFis. 
As mggesteci by Abbott et al. (1 W8a), the form-genus &opIwiopsis should be restncted 
to anamorphs of Microascaceae. 

CepMofrichm is a synnematous hyphomycete genus showing a definite 
wnnection to ScopuI'opsis b a d  on the simüarity of a~ellidic conidiogenesis (Harnmill 
1971, 1972). Trichurus was orighaiiy separated based on steriie appendages on the 
synnernata, but Abbott (unpublished, see Chapter 6) suggested that the criteria are 
Uisufncient to maintain separate genera and synonymized Trichurzis with CephIotrichm. 
The close placement of the type species of CephaIofrichum and Trichurus with the types 
of M i m m m s  and Scopulmoppsis in the Micraascus clade supports the close relationship 
and synonymy. 

Echinobotryum is a monotypic anamorph genus, and E. abwm is the synanamorph 
of the type species of CephaIotrichm, C. stemoniris. Conidiogenesis in E c h i n o b o ~ m  
and Waodomyces is similar, but Echinobotym is separated by the coarsely omamented, 
beaked conidia that iack gem slits. Aithough the type species of Wdomyces, K 
anomafus, has no known teleomorph or synanamorph, a Wmdomyces state is descnbed 
for one species of Microarcus, M. giganteus (Malloch 1970). Several other species of 
Wlmdomyces ( K columbinus, K ovaIist W .  simpiex) have ScopuIariopsis synanamorphs. 
The inclusion of Wc~rdomyces anomafus in the Microaseus clade by DNA sequence 
analy sis (Fig . 7.1 ) supports the relationshi ps inferred through morphology. 

Wmdomycopsis was not included in this analysis because cultures of the type 
species, W. inopinutus, were unavailable. The anamorph genus was desaibed by Udagawa 
and Furuya (1 978) dong with its teleomorph, Micraarcus inopinafus. Two other species 
were included in Wordomycopsis, the Wardomycoppsis state of Microclsct(s singuians and 
W. h i c o l a  (Udagawa and Furuya 1978). The form-genus shares characters with both 
ScopuIlmiopsis and WWarmyces, forming chains of darkly pigmented conidia with germ 
dits Considering the placement of other species of Micruasms, Scoplm~opsis and 
Wmdomyces, it seems probable that memben ofthis anamorphic genus also belong within 
the Micrmctls clade. 

Although several species of Grqhium (iicluding G. tectonae, G. mneifenmt, and 
the anamorphs of Pseuriafleschen'a boydi, P. ellipsoidea, PetneIIa sordidz and P. 
setiferu) are within the Microascaceae clade, the type species (G. peniciIIioiides) fails 
outside the family, but within the Microascales clade (Fig. 7.1). as was demonstrated by 
Okada et al. (1998). Since this indicates a reasonably close relationship and there are few 
morphological featws upon which the two groups could be separateci, the fom-genus 
G r q h i m  is accepted for anamorphs of M c r o d e s .  Okada et al. (1998) separate these 
taxa fiom the morphologically similar but unrelated synnematous anamorphs of 
Ophiostoma (Ophiostomataceae, Ophiostomatdes) which they place in Pesotum. The 
Microascaceae were sister group to G. peniciIIioi&s in Okada et al. (1998). but species of 
Ceratocystidaceae were not included. Sarnpling a greater number of taxa &om the 



Ceratocystidiaceae may fiirther elucidate the fimiiilial placement of G. penicillioiids. 

The type species of kedoJprium, S. apiospennum, is the anamorph of 
PseuddIeschen'a bo@i (Malloch 1970; Guého and Hoog 1991). In this study, 
teleomorph species with Scedoprium anamorpbs include Pser&lescherïa booyii, P. 
elIipsoidea, Petriella sor&&. and P. setiferra Additiody, Sèed;oqwonM, proltj?carrs and 
the Scedo3pon'urn syaanamorphs of Graphium ctineifemm, G. tectonae and G. 
penicilloidq which have no known teleomorph were hcluded. These taxa cluster 
together in the Petriella clade, except G. penicilloiides which is placed within the 
Microascales but outside the Microascaceae. ScetibptWn is defined by annelidic 
conidiogenesis, although offen conidiophons are reduced and few conidia are produced 
on each conidiogenous cell (Hironaga and Watanabe 1980; Campbell and Smith 1982). 
Sympodiai conidiogenesis was obsened in some species of Petriella and the anamorph 
referred to Sporothrix or Sprotn*chum (e.g., Barron et al. 196 1 a). These form-genera are 
typined by species unrelated to the Microascaceae and are inappropriate for the 
microascaceous taxa. The distinction between annellidic and sympodial conidiogenesis has 
been reevaluated in a number of other form-genera and has resulted in a broadening of 
generic concepts to include both types of conidiogenesis (e.g., Tsuneda and Hiratsuka 
1984; Wingfield 1 985; Seifert and Okada 1 993). Placement of Pseurlrrlescheeria boydtt 
within the Mkroascaceae was demonstrated by small subunit rDNA sequence analysis 
(Berbee and Taylor 1992; Hausner et al. 1993b). P. boydii also groups together with other 
species of Scedoqwrium in a clade based on large and smdl subunit rDNA sequence 
analyses (Leclerc et al. 1994; Issakainen et ai. 1997). Okada et ai. (1998) report the 
presence of a Scedomum-like synanarnorph in some strains of Graphium penicillioides, 
observeci here in one strain (UAMH 8494). A broad morphological concept of 
Scedosporium is supponed here for this group of microascaceous anamorphs, and is 
consistent with that defined for Grqhium. 

Lee and Hanlin (1999) suggest that Micrmsczîs appears basal to the remainder of 
the family, but this study does not support their finding. The indusion of more taxa results 
in a tree in which the Micrtxscus clade is sister to the Petriella/Kmiu clade (Fig. 7.1). In 
some additional analyses (data not shown), the PeirielIdKerniu branch collapsed to a 
trichotomy, consisting of the Micrmms, Pehiella and Kemia clades, while in others the 
Pebiella clade was sister to a KerniaIMicrmctis clade. Microascus did not appear basal 
in any variations of the analyses. 

The sister group to the Microascaceae in this analysis is the Halosphaenaceae. The 
Hdosphaeriaceae are aquatic, prirnarily marine, wmycetes and include a large number 
of taxa (Kohlmeyer 1972; Jones 1995). Relationships within the fimily are unclear and it is 
Wtely that similarity of morphology is a convergent feature with the family as airrently 
circumscribed being polyphyletic (Jones 1995). Spatafora and BlackweIl(1996) show that 
HaZo.@aen'opsis (based on the type species H. mediosetigera) forms a clade with the 
Microascaceae, and nests within the famiiy in some analyses. Suh and BlackweIi (1999) 
show that the Halosphaeriaceae (iicluding HaIoqhaeria qpendicuIatcr and H~loso~pheia 
@rosa) is sister to the Microascaceae based on large subunit rDNA data The 



Microascales clade defined in the present analysis is weli supported by bootrap value of 
1Wh (Fig. 7.1) and contains three familes: the Microascaceae, Halosphaeriaceae, and 
Cerstocystidaceae. Therefore, the Hdosphaeriales (Jones 1995; Eriksson and Hawksworth 
1998) is reduced to synonymy with Microascales. The Halosphaeriaceae (typified by 
HaIo@uetu qpendimatu) can be placed within the Microascales, but the appropriate 
disposition ofgenera and species is still required. 

The Hypocrdes appear to be the sister taxon to Microascales, supporting 
previous findings (Berbee and Taylor 1992; Whotte et al. 1993; Spatafora and Blackwell 
1996; Okada et ai. 1998; Suh and Blackwell 1999). Ali molecular evidence suggests that 
the morphological similarity between the anamorphs and teleomorphs of the 
Microascaceae and the Ophiostomataceae is a result of convergent evolution (Spatafora 
and Blackwell 1996), rather than an indication of relationship as previously supposed 
(Luttrell 195 1 ; Barr 1990). 

Benomyl tolerance is demonstrated to be a un-g feature of the Microascaceae 
(Table 7.2). Although other groups of ascomycetes are known to be benomyl tolerant, 
especially y east s and IocuIoascomycetes wit h dematiaceous anamorp hs (e.g . , Summerbell 
1993), this feature provides a clear means of delirniting the Microascaceae from others in 
the Microascales and from morphologically similar taxa in other orders, including the 
Ophiostomatales and Sordariaies. Benomyl tolerance has evolved indepenaently in several 
aswmycete lineages, but is a synapomorphy of the Microascaceae. By this means, a large 
number of taxa could be tested, and their relationship to the Microascaceae supported. 
Within the teleomorph or anamorph genera currently assigned to the Microascaceae by 
molecular analysis (Fig . 7.1 ), 5 5 species demonstrated benomyl tolerance (Table 7.2). 

Extrafamilial taxa included in the Microascales (Graphium penicillioides, 
Halosphaeria, Hafosphaeriopsis) were sensitive to benomyl with the exception of 
Sphaeronwmella fimicola. The relationship of Sphcero~t~emeilu to Ceratocystis and 
Mi~oioscus was first suggested by Cain and Weresub (1957) based on morphology. S. 
fimicola forms a clade with Cerataystis in Spatafora and Blackwell (1996), although 
bootstrap values for the Microascales clade were substantiaily higher with the exclusion of 
S. @nicola fiom their data set. For these reasons, and since conspecificity with the type 
species, S. helveliae, has not been conclusively demonstrated, SphoerowemeeiIa was 
excluded from molecular analyses in this study. The few representative taxa selected from 
other pyrenomycete orders, including the Sordariales, Ophiostomatales, and Xylariales, 
were unifomily sensitive to benomyl, exhibiting no growth at 2 pg/mL (Table 7.2). 

Although many taxa were tolerant to cydoheximide, tolerance was les  uniform 
throughout the f e i y  than benomyl tolerance (Table 7.2)( Hoog et al. 1994; April et al. 
1998). Tolerance varied within genera, and occasionally arnong strains of a species (Table 
7.2). Some generalizations can be made if we superimpose the cycioheximide test results 
onto the phylogram generated by molecular data. The species in the Mim-s clade, 
containhg Micrauscus, Cephulonihm, Wardomyces and ScopuIananopsis, generaily 
demonstrated tolerance, although a few exceptions were sem. The Pe~nefIu clade showed 



cousiderable variability between taxa and among strains, while the clade wmposed of 
Lophotrichs and Kernia species was predomlliantly sensitive to cycloheximide. 

Other teleomorph genera suggested as possible relatives of the Microascaceae 
were not included within the f d y  clade. Several taxa, including Pidopiitchkovieiel, 
Leuconeurospora and Chetomium were linked by Arx et al. (1984, 1988) based on 
dextrinoid immature ascospores, but appear distantiy related Pig. 7.1)( Lee and Hanlin 
1999; Suh and Blache11 1999). Chaetomium. PidopliichAoella, EmilmelIeria, and 
Fourelha are benomyl sensitive, supporting their exclusion fiom the Microascaceae 
(Table 7.2). 

Two species of ScopIàrropsis with aberrant morphology were included in this 
study with the suspicion that they may be unrelated. The slow growing, white colonies and 
small (2.5-3 pm), gîobose conidia of S. pana were unique in the family. From sequence 
data, the type strain appears distantly related to the Microascaceae, and closest to 
Iwuconeurospou among the taxa included in this analysis Leuconeuro3pora was shown 
to belong with the Pseudeurotiaceae, outside the pyrenomycetes clade, in the molecular 
analyses of Suh and Blackwell (1999). S. parva was benomyl tolerant, and this 
physioiogical test did not provide a diagnostic character in this case. Benomyl sensitivity 
was useful in supporting the distant relationship of another morphologically aberrant 
species, Scopulmopsis canadensis (Abbott et al. 1998b). Detailed morphologicai 
examination and furîher molecular analyses including a greater number of taxa are 
required to determine the appropnate disposition of these species and to confirm the 
relatedness among species placed within the genera of Microascaceae accepted here. 



Table 7.1. Source of fungal isolates and sequenees used for 18s rDNA sequnice analysis. 

Cephalo trichum cylinùricum 
(= Tnchums cylinc5r'cus) 
Cephalo trichum stemonitis 
(synan, Echinobotryum ahrm) 
Ceratocystis Jmbriata 
Chaetomium globosum 

Daldinia concenhpica 

Ehericelfa nich Ions 
Graphium penicillioides (A) 

Graphium penicillioides (B)  

Graphium cuneverum 
(as G. putredinus) 
Graphium tectonae 

Halosphaeria appendimlata 

Halosphaeriopsis mediosetigera 

Kemia nitidrr 
Leuconeurospora pulchemima 

Melanospora zamiae 
Microuscus brwicmtlis 
(an. ScopuIariops brevicaulis) 

Mi#oarcus cirrosus 

Miuwascus nidicola 
(= Pithooscus nidicola) 

MC~DOSCU~F tngonospms 

Ophiostoma ulmi 
Peb7b7e&fu setvera 

CBsb 646.70 ( = U m  
9141) 
UAMH 8623 

not Oramincd 
uot examuiecl 

not examineci 

not e . d n e d  
JCM 933 1 (=UAMH 
8495) 
K M  9300 (=UAMH 
8494) 
JCM 7866 (=UAMH 
8496) 
CBS 127.84 (=UAMH 
940 ljT 
CBS 197.60 (=UAMH 
9398) 
CBS 245.62 (=UAMH 
9399) 
not examineci 

UAMH 83% 
CBS 343.76 (=UAMH 
9397) 
NRRL 2742d (=UAMH 
9 123) 
not examineci 
lMIC 49528 (=UAMH 
644) 
NRRL 1689 (=UAMH 
963) 
NFüU 1717 (=UAMH 
9329) 
NRRL A6894 (=UAMH 
8979)' 
not examined 

not examinai 

not examineci 
not examineci 

this study 

*study 

Issakainen et al, 1997 
Spatafora & Blackwell 
1994 
Spatafora & Blackwell 
1994 
Melchers et al. 1993 
Okada et ai. 1998 

Okada et al. 1998 

Okada et al. 1998 

Issakainen et al. 1997 

GenBank 

Spatafora & BIackwell 
1994 
Spatafora & Blackwell 
1994 
this study 
Suh & Blackwell 1999 

this mdy 

Wilmotte et al. 1993 
this study 

Berbee & Taylor 1992 

this study 

this study 

Spatafora & Blackwell 
1994 
Spatafora & BlackweU 
1994 
Berüee & Taylor 1992 
ISSakaiflen et al, 1997 



Petriella sordih 

PscudalIescheria boydii 
(an Scedosporium apiospennum) 
Pseudallescheria ellipsoidea 

GenBank accession number. 

DAOM' 162 159 
(=UAMH 8695) 
CBS 180.77 (=UAMH 
9395)= 
UAMH 4304 

CBS 418.73 (=UAMH 
398nT 
not examinai 
CBS 467.74 (=UAMH 
7 149)~ 
CBS 245.3 1 (=UAMH 
93 841T 
not examincd 
UAMH 8275 

WstudY 

AF0% 18 1 Suh & Blackwcil1999 

M89782 & r k  & Taylor 1992 

U439 11 kakaben et al. 1997 

101353 Berbee & Taylor 1992 
U43909 Issakainen et al. 1997 

this study 

X6985 1 Wilmotte et al. 1993 
this study 

University of Alberta ~i&fÙngus Collection and H e M m ,  Edmonton, Alberta, Canada. 
Centradbureau vmr Schimmelcultures, Baarn, Netherlands. 
United States Department of Agiculture, Peoria, Illinois, USA. 

" Intemationai Mydogical Institute, Egham, Surrey, UK. 
C 

T 
Canadian Colleaion of Fungus Cultures, Ottawa, Ontario, Canada. 
Type strain. 



Tabk 7.2. Tolerance of specïes of Microascaceae and extfafzunilial species to the 
antifungai compounds benomyl and cyciahorimide. Resuits represent pooled data 
fiom aii  strains of the taxa tested. For cyclohexirnide tolerance, colony diam. on 
MYC of greater than 50% that of unamended PDA diam was considered tolerant, 
and for benomyi, tolerance was determineci by colony diarn. greater than 90% that 
of the unamended medium. 

Species toierance to benomyl tolerance to cyclohexhide 
@DA amended with 2 pg/mL) (MYC containhg 400 pglrnL) 

MICROASCACEAE 
Cepholoîrichum columnaris 
Cephaloîrichum cyiindricurn 
Cephalotrichum dendrocephulum 
Cephalotrichum nanum 
Cepha lotrichum purpureo fuscum 
Cephalotrichum putredinus 
Cephalo~ichum spiralis 
Cephafotrichum stemonitis 
Grophium cuneifemm 
Graphium tectonae 
Kemio hippocrepida 
Kernia hyulina 
Kernia nitida 
Kernia pachypleura 
Kentia retardatu 
Luphotrichus ampullus 
Lophotrichus bartlettii 
Lophorrichus macrospora 
Lopholrichus martinii 
Lophoîrichus plumbescens 
Microaseus albonigrescens 
Mimascus brevicaulis 
Mimaseus cinereus 
Mic~oosctls cirrosus 
Micr~cl~cus giganteus 
Mimascus intemedius 
Microascus longirostris 
Microascus manginii 
Mictoasclcs microcordiformis 
M~~OQSCUS niger 
Microoscus pyramidiis 
Micmascus schumacheri 
M ~ C I S C U S  senegdensis 
Mctr)4sms singukris 
M~CIOCZSC~CS soppii 
Microascus trigonospoms 
PeîrïelIa guttulata 
Pebiella set i f ra  
Peiriello sordidu 



Pseudallescheria boydii 
Pseudailescheria ellipidea 
Scedosporium pmI~@cans 
Scopul~~~~opn~s acremonium 
ScopuIcwïopsis bmmptii 
Scopulatiopsis aubanaria 
S c o p u I a r i ~ p ~ s ~ m i ~ ~ I a  
ScopuIm-~p~s sphaemspom 
Wmdomyces aggregatus 
Wmdomyces anomalus 
Wmdomyces humicola 
Wmdomyces inflahts 
Wmdomyces moseri 
Wmdomyces pulvina&s 
Wmdomyces simplex 
Wmdomycopsis humicola 

EXTRAFAMILIAL TAXA 
Ceratocystis coerulescens 
Chaetomium utrobrunneum 
Chaetomium globosum 
Chaetomium stntmarium 
Daldinia grandis 
Doratomyces eichhomiae 
&ilmuellerio spirotricha 
Faurelina Jmigena 
Graphium penicillioides 
Hulosphaeria appendiculata 
Haiosphaeriopsis mediose figera 
Leuconewospara plcherrima 
Ophiostoma clavigerum 
Ophiosîoma crasinasinvaginata 
Ophiostoma ips 
Ophiostoma minus 
Ophios toma stenoceras 
Pidoplitchkoviella terricola 
Scopulariopsis canadensis 
Scopuloriopsis parva 
S'aeronaemeI1al;micola 

+ indicatcs tolerance to the anthgai compound. 
V indicatcs variable toleranoel scmitMty for the antifungai cornpouad among isolates testcd 
NT incikates this species not tesied for this mmpound 
- indiates sensitivity to the antifungal compound. 



Figure 7.1. Phylogram of singie most parsimonious tne for 34 taxa h m  1019 bp 
fiagrnent of 18s rDNA. Numbers above the branches Uidicate the percentage of 
bootstrap samplings of  branches with 5û% or higher support, bar = 5 bp changes. 
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A CONTRIBUTION TO THE NATURAL HISTORY OF THE 
MICROASCACEAE M ALBERTA' 

Introduction 

The Microascaceae are saprobic bgi ,  which are important agents of dezay on 
cellulose and protein-rich substrata (soc plant litter, wood, dung, animal remains)(Barron 
et al. 1961% b; Morton and Srnith 1963; Domsch et al. 1980; W o c h  and Hubart 1987). 
The f d y  includes both sexually reproducing species as weil as aflihated asenid species 
(e.g., Abbon et al. 1998; see also Chapters 3-7). They are extremely common molds in 
human environrnents, but their occurrence and habitat in nature are not weU understood. 
Many species are molds which grow in indoor environrnents (homes, warehouses and 
office buildings), or are frequently associated with agricultural areas (stored seeds, pasture 
and crop-field soils, straw, maure and compost) and degradation of man-made substrata 
(textiles, paper). Sorne species of Microascaceae are opportunistic hurnan pathogens that 
rarely invade compromised hosts. 

The main goal of this project was to survey a broad selection of substrata in 
Alberta to 1) determine species nchness, 2) assess substratum specificity, and 3) compare 
the fungai flora tiom boreal regions with that seen in urban and rural areas. Since naturai 
substrata have rarely been targeted for isolation of Microascaceae, this shidy aliows the 
opportunity to test the hypothesis that species which are prevalent in indoor environments 
are also common in nature. 

Materials and Methods 

&@es.- Over 400 substrata sarnples including ~i l ,  wood, liner, dung and 
fiingal or animal remains tiom b o r d  montane and parkland regions were collected in 
Alberta between 1996 and 1998. Soi1 and liner sarnples were plated directly ont0 agar 
media, or dtematively, residuai soi1 particles fiom sterile water dilutions were spread 
across the plates (see Warcup 1950). AU other sarnples were surface-sterilized by brief 
flaming, and plated onto six different media. Information regarding isolation of fùngi from 
the human environment was adable  fiom urban air sarnples, building matenals, clinid 
specimems and agricultural substrata collected in Alberta These and other comparative 
isolates are maintained at the University of Alberta Microfungus Collection and Herbarium 

-- 
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(Sigler and Flis 1998). 

Media.- Selective isolation media were developed to fiicilitate the isolation of 
Microascaceae. Primary isolation media iaduded Mycose1 W C ;  Becton Dickinson 
Microbiology Systems, Cockeyde, MD), Nobles malt agar (NMA; Nobles 1965). tap 
wata agar OWA; 1.5% agar), commeal agar (CMA; Difw Laboratories, Detroit, MI), 
potato dextrose agar (PD& Difco Laboratories, Detroit, MI), and dichloran 18% glycerol 
agar (DGl8; Pitt and Hocking 1985). Each of these media, with the exception of MYC, 
were supplemented with 2 pg/mL benomyl to inhibit many fm-growing hyphomycetes. 
Tetracyciine (100 pg/rnL) was added to al1 media to inhibit the growth of bacteria, 
incIuding actinomycetes. Oatmeal salts agar (OAT; Weitzman and Silva-Hutner 1967) was 
routineiy used for optimal sporulation of axenic cultures. Cellulose m e  agar (Thom 
1993) and cellophane membrane degradation (Carmichael 1962) were used to determine 
ce11ulolytic ability. 

Isolation ond identification.- Primary isolation plates were incubated at room 
temperature (20-24OC) and examined at four weeks and subsequently every 2-6 months 
for new growth over 1-2.5 years. Species determinations were made from axenic cultures 
obtauied by subsequent transfers maintained on CMA or OAT. Mcroscopic mounts were 
prepared in polyvinyl alcohol or lactohchsin mounting medium (Sigler 1992). Ascospores 
were observed in squash mount preparations, and the slide culture technique was 
employed using cereal agar (Sigler 1992) to ailow observation of sporulating conidial 
stages. In order to conserve the biodiversity of Microascaceae in Alberta, representative 
isolates of al1 taxa were preserved by lophilization and cryopreservation and maintained in 
the UAMH (Sigler 1994). 

The Miaoascaceae were found to comprise a diverse cornponent of the fùngal 
fiora with over 350 isolates (252 accessioned in UAMH) representing 33 species 
occurring in Alberta. Occurrence in primary habitat types and abundance of each species 
are surnrnarized in Table 8.1 and compIete collection detaiis for Alberta isolates are 
provided in Appendk 1. Of the 33 species fowid in Alberta, 30 were found in, and 10 
were restricted to, urban or mral areas. Three species, Micrwsnrs acllbnigrescens, M. 
singdlmis and M. soppii, were only found in relatively undishirbed sites in the bord  
forest. The diaerent substrats were not sampled equally, and the urban/ruraî category is 
not necessary mutually exclusive with spezies potentiaüy counted in more than one 
category (i.e., also dung, soü, etc.). The abundance &g and list of number of isolates 
deposited in the U A .  provide a crude measure of relative âequency of occunence of 
the Microascaceae species. Fourteen species were recovereû from soÿ 19 fiom wood, 6 
nom plant Mer, and 14 from dung. Some species were abundant on a wide variety of 
substrata (e.g., Cephaotrichum stemonlits, Mimmrctls brevimuls, Wm&myces 
h ico la ,  ScopuImoppsis bbrmpii), while others exhibiteci substratum specificity. For 
example, M~C~OQSCIIS SinguIms and M. soppii were recovered only fiom wood. Cellulose 
anire and ceilophane membrane degradation tests confirm a moderate lwel of ceiiulolytic 



ability arnong members of the farnily (data not shown). 

Discussion 

Methods employed in this study appear to have been more successfùl at r ecove~g  
species of Microascaceae than traditional techniques designed for isolation of a broad 
spectnim of funpi f?om soil, and it is likely that their occurrence has been previously 
underestimateci. Factors which have contn'buted to this success include: 1) the use of 
selective media to reduce or eliminate cornpetitive molds, 2) prolonged incubation period, 
and 3) isolation techniques. 

The media utilized were all inhibitory to some fùngi and acteci as highly selective 
media designed to target Microascaceae. AU species of Microascaceae are resistant to 
benornyl (see Chapter 7), and its addition at 2 pglmL eliminated many cornmon molds 
allowing for greater recovery of target species. Many species of Microascaceae are 
resistant to cyclohexirnide, present in MYC at 400 pg/mL, which also inhibits many other 
fast growing molds, zygomycetes and basidiomycetes. The DG18 medium has low water 
availability and selects for xerotolerant fun@, including some Microascaceae such as 
Microascus brevicaulis. Tap water agar is nutrient deficient and slows al1 fùngal growth, 
allowing easier isolation of desired strains. The primary food sources in CMA are complex 
carbohydrates (starch) and cellulose, while PDA and NMA have nlatively simple 
carbohydrate sugars. The addition of tetracycline, a broad spectmm antibiotic, greatly 
increased the success of obtaining axenic cultures by reducing bacterial contamination. 
The combination of selective media achieved target isolation of Microascaceae in a 
rnanner not seen with routine mycological media. 

Frequently, the microascaceous species did not appear for several months to over a 
year on the primary isolation plates, which were held for 18-30 months. This could 
account for these taxa being overlooked in many surveys which routinely hold plates only 
for several weeks. CephaIotrichum species were often the first to appear, producing 
spemata on the inoculum pieces within four to eight weeks on the primary isolation 
plate. 

Many soil surveys have utilized dilution plating, which biases results toward 
prolificaily-sporuiating species ( W m p  1950). Morrall and Vanterpool (1968) used 
dilution plating to isolate rnicrofiuigi fiom soil in the b o r d  forest in Saskatchewan and, 
consequently, over 8û?4 of their isolates were species of Penicillium, Mortierella, 
Tnch&rmu, or OidiOdenriLon. Crawford et al. (1990) aiso used dilution plating to isolate 
fiom rotted Douglas fir (Pseudotsuga memiesii) wood. Other techniques for assessing 
microbgi in mil, including the soil-washing method and direct observation technique, 
also yield predorninantly fast-growing hyphornycetes and very few ascomycete species 
(Widden and Parkinson 1973). Diect examination of logs, branches, and twigs for 
superficially fiuitllig ascomycetes has been the traditional method for wood surveys, but 
the ascomycete flora detected in this rnanner (e-g., EUis and Ellis 1985) is quite dinerent 
fiom those isolated &om the interior of decayed logs by plating the wood directiy. None of 



the above studies recovered any species of Microascace8e7 although similar substrata were 
rich in this group in Alberta. Direct plathg and flame-sterilizaîion methods employed here - 
appear to be effective in recovery of Microascaceae. 

The Microascaceae (teleomorphs and anamorphs) are wmmody reported from 
h a n  and agricuItura1 areas, and an reported oaly infiequently tiom nature, with few 
reports of their occurrence in the bord  forest. Collections of this group corne prllnarily 
from dung, litter, soil or as airborne spores (e.g., Morton and Smith 1963; AIX et al. 
1988). Most microascaceous fùngi are ceiiulolytic (Domsch et al. 1980) and proteolytic 
(Malloch and Hubart 1987) and presumably th& role in fÙngd wmmunities on substrata 
such as herbivore dung is the degradation of residual ceiidose and proteins. Ceilulolytic 
abilities for five of the Micrmscus species recovered (Microasms ulbonigresce11~, M. 
longirostns, M. manginii, M. soppii, M. SingtrIÙris) were tested using cellulose azure, and 
cellophane membrane degradation was monitored for aU taxa (data not shown). Ail species 
were moderately to weakly cellulolytic, with some interspecific variation in capabilities. 
Based on the cellulose anire tests, Micrwscus albonigrescens was best able to degrade 
cellulose, while Microascus lonpostrs and M. singulmis degraded cellulose only to a 
ümited extent after prolonged incubation. M. albonigrescens is considered ody 
moderately cellulolytic in cornparison to the strong cellulolytic reaction of Chuetomium 
globmm used as a control. Interestingly, M. albonigrescens was by far the most 
fiequently isolated species of Microasms from wood and plant litter. Lophotrichus species 
showed significant cellulolytic abilities as indicated by cellophane membrane degradation. 

In addition to cellulose, other substrata are aiso available to rnicrofungi in rotting 
wood and litter. These include lignin, xylan, insect frass and carcasses, keratinous animal 
remains, other fùngi, and other residual proteinaceous material and organic compounds 
deposited by the action of other organisms. The diversity of additionai substrates may help 
explain the diversity of microascaceous species, many of which have not previously been 
reported fiom rotting wood. Although sorne of these species are not strongly cellulolytic, 
they are able to utilize a variety of substrata and may be an integral part of the decay 
process. 

The most wmmon species isolated fiom wood were Cephalotrichum m m ,  
Microarcus albonigrescens, ScopuIlmipds brumptii and Wardomyces humicola (in 
descending order of frequency). While these species are also found on a variety of other 
substrats, two other moderately abundant species, M. soppii and M. sinplmis were found 
exclusively on wood. These common species were found on both gymnospem and 
angiospenn wood, especially on wood in advanced stages ofdecay. 

The majority of isolates recovered fiom soi1 were in agricuitural and urban areas, 
with few isolates fiom mils in undisturbed areas (e.g., Micro~sscs brevicuziIis)). Relatively 
féw species are wmmon in s d  (Morton and Smith 1963; D o m a  a ai. 1980). 
Additiody, relatively few isolates were recovered fiom litter. Several species 
(Micrmc11s aolbonigrsceens. Wmdomyces huniicole. Cephalobichun, stemonitis) were 
recovered fiom coniferous litter, while others (Kernia retm&ap Scopulmopsis bmmptii) 



were found on angiospenn leaves. Remains of fi& are known to be suitable substrata for 
a number of microascaceous taxa (Morton and Smith 1963; Udagawa and Horie 1971; 
Hammil 1977) and yielded Scoplan'opsis chartamm. CephaIotrichunt spirulis and 
severai isolates of Miwolascus brevicauIis fiom Alberta 

A variety of substrata can be considered as animal-associated. The most prevalent 
and exiensively studied is excrement, and dung provided a rich substratum in Alberta. The 
most abundant species was Cepha2otrichum nanum. which occurred on a wide variety of 
habivore and carnivore dung (rodent, lagomorph, ungulate, mustelid, canid). The long 
history of coprophilous shidies in mycology has demonstrated that dung is a common 
source for species of Cephaotricchum, Micrcmms, Luphotntnchus, Kernia, Peblella and 
PseuciirJIescchea (Massee and Salmon 1901; Barron et al. 1961% b; Morton and Smith 
1963; Seth 1970; Maiioch and Cain 1971). and these genera (except Petriella) have been 
recorded on dung in Alberta. Although Morton and Smith (1963) state that no species of 
Scopdlmiopsis have been found on dung, several isolations of ScopIariopsis bmicaulis 
(=Microascus brevicaulis) and Sco~arioppsis aqwmlu (=M. niger) were made in this 
study. Interestingly, the common S. brumptii was never isolated from dung, but was found 
on al1 other types of substrata examined. The single, most species-rich substratum 
collected in this study was a sample of skunk dung collected in a f m  yard, that yielded 
five species of Microascaceae (Cepholotrichm putredinus, Kernia retmdota, 
Luphotrichus barilettii, Micr04ircus brevicuulis, and M. niger). 

Several species were recovered from soil containing animal hair, and hair baiting 
techniques have occasionally recovered microascaceous species (e-g., Dominik 1970). One 
isolate of Cephalotrichum m m  (UAMH 8741) demonstrated synemata forming dong 
hairs plated directly with soil particles ont0 the primary isolation plates. C. 
purpureofusmm and C. stemonitis were afso isolated fiom rodent hair. No keratinolytic 
abilities were demonstrated by in-vitro hair degradation tests (Carmichael 1962) (data not 
shown). Several collections (Micrwrnrs albonigrescens, Wmdomyces humicolu) were 
made fiom squirel middens, although no direct evidence of animal remains was detected. 
Two species (ScoHlaripsis bbrmptii, Micrmctls brevicaulis) were recovered from 
fiesh water snaii shells. Micruuscus brevicûulis has been recorded several tirnes fiom 
insect carcasses. Surveys of rodent lungs and organs have ken conducteci in Alberta 
periodicaiiy over the past 30 yean, and have recorded Cepholotrichum purpureofuscum, 
C. deradrocephaltim. Microascus brevicatclis, M. longirostrrs, M. manignii, 
Scoplariopsis bnrmptii, S. finricola, S. pana, and Wmdomyces inflahrs. 

Collections associated with agricultural environments included those fiom animal 
pens (CephaIotrich putredims, Kemiu retmdaa, Micttxiscus niger, Pseu&IIescheriu 
boydi, ScopImopsis actemonim and S. pana) and fiom manure or compost 
(CepFzuIotrich miwoqwrtlm, CC. spirufis, Psa&lIescheriu boydi). Some species of 
Microascaceae have demonstrated the ability to utilize, and a preference for, urea- 
containing substrata (Hone and Udagawa 1983; Udagawa and Funiya 1988) and it is 
kely that the agrîcuitural substrata listed above are highly suited to the species recovered. 
Species recovered fiom other agridtwal sites (soii, buildings, etc.) include 



CephaIorn*chum columlt~ns, CC. nommi, C. stemonitis, Micrmsrcur brevicuuIis, M. 
inunginii, M. niger, PetntneIh sorcfi&, Pseuabilescheriu boy&, Wmdomyces anomalus . 
and W. coiumbinus. 

Some Microascaceae are known as cornmon molds in urban areas. Species 
encountered as airborne contaminants in Aiberta include Cephiomchum m i c r o p m ,  
C. pupreoflcum, C. spitalis, Micrmrcus brmeMcauiis, M. cinereus, M. munginii, M. 
niger, and PemeIIu setiera A few species of Microasutceae are opportunistic human 
pathogens (Rippon 1988), a& confirmeci cases of inf'ection fiom Pseu&lleschen'a boydii 
and Scoplàriopsis brevicatllis (=Micrmscus brevicmlis) are reported fiom Alberta 
(Dowding 1935; Sekhon et al. 1974). A large number of additional species have aiso been 
recorded as probable contaminants in clinid specimens hcluding Cepholotrichum 
c o l u m ~ # ~ ~ s ,  CC. microsporum, C. pwpureofuscum, C. viralis, Grqhium cuneifemm, 
Microi~~scus cinereus. M. cimosus, M. intemedius, M. longirosn?s, M. mmginii. M. 
niger, Scopulm.opsis acremonium. and S. bumpii. Additionally, Micrwsnrs brevicaulis, 
M. manginii and Pseudallescheria boydii were isolateci âom veterinary specimens. 

Most of the species recovered fiom substrata in the bord forest are aiso known to 
occur in urban or rural areas, but one rarely seen species, Micrwrnrs albonigrescens, was 
found only on wood, plant litter and dung. This poorly known species was originally 
described frorn Scandinavia (Sopp 19 12), and reported from North Arnenca by Barron et 
al. (1961b). It has also been isolated from wood in Sweden and litter in lapan. It was most 
frequently isolated from decaying coniferous wood, and was additionally recovered fiom 
wnifer litter in a squirrel (Tmiasciurus hdsonims) midden under pine (Pimcs 
banksiana), angiosperm leaf litter under hazelnut (Corylus cornta) and aspen (Populus 
hennrloides), and carnivore dung. These are the first collections from Canada. The 
widespread occurrence in decayed logs sites provides fùrther insight into the ecological 
role of this rarely recorded species. 

Several other rare species were found in Alberta, including three new records for 
North Arnerica that represent the only collections known in addition to the type. Kemia 
retcrrhta was originally descnbed fiom soil in Japan (Udagawa and Muroi 1981). Four 
isolates were recovered fiom well rotted spruce wood, two isolates wllected on 
decomposing leaves, one on live sphagnum moss, one on dung, and two from soil in 
&al pens. Many of these collections exhibiteci only the teleomorph state on natural 
substrata and on the primary isolation plates, but produceci a ScopMopps  state sparsely 
in axenic culture. Cepholobichum columnans, originaliy described fiom harets dung in 
South Afnca (Swart 1967, as Doratomyces colmnarrs), is also reported from two nual 
collections and a cliical specimen in Alberta Cephalotnehm CiendkocephaZum is a 
distinctive synnematous fungus with undulate, branched appendages, originally described 
fiom soi1 in Iraq (Udagawa et ai. 1985, as Tfichums &nciLucephalus). A second 
coiledon is now known from a ground squirrel in Alberta. Abbott (unpublisheû, see 
Chspter 6) traasferred these species to Cephaotr ich.  

Results have shown that Sco@&opsis brevicaulis, which is an extremely 



wmmon mold in human environments in Alberta (Sigier et al. 1996; Abbott et ai. 1998), is 
also very comrnon in nature. It has been isolated fiom a variety of substrats incluâiig - 
hehhore and carnivore dung, conifer and broad-leaved litter and wood, soi1 of forests and 
lake shores, and remaiflS of h g i  and animas. This supports my supposition that many of 
the species common in urban areas are not introduced kreeds', but are widespread in 
nature, having moved in and colonized materials in o u  human environment. 



Table 8.1 Occurrence of species of Microascaceae in primary substratalhabitat types in 
Alberta Value in brackets afker species riame indicates the number of Alberta . 
isolates in UAMH. 

subsbatalhabitat type 
Species soil w d  piant animaY dung d 

iittcr fungal urban 
rrmains 

Cephal~~chum columnaris (3)  
~ e p h a f o ~ c h u m  den&ocephalum (1) 
Cephalotnchum microsporum (9) 
Cephaloîrichum nanum (1 1) 
CephaIotrichum purpureofiscum (9) 
Cephalornchum putredinus (10) 
Cephalorrichum spiralis (5 )  
Cephalo trichum stemonitis (5)  
Graphium cunerjZrum (2)  
Kernia retardata (8)  
Lophotrichus b d e t i i  ( 1 )  
Mimuscus albonigrescens (6) 
Microascus brevicaulis (55) 
Mimascus cinereus (5) 
Micmascus cirrosus (3)  
Microascus intermedius ( 1) 
Microascus longirostris (4) 
Microasais manginii ( 1  2)  
Microascus niger ( 13) 
Microoseus singuluris (4) 
Microascus soppii (9) 
Peîrielfa setifera ( 1 )  
Petriella sordida (2) 
Pseudallescheria boydii (1 7)  
Scopulariopsis acremonium (5)  
Scoplmiopsis bnrmptii ( 1  5 )  
Scopulariopsis chattamm (3) 
Scopulariopsisjîmicolu (1) 
&oplariopsis parva (IO) 
Wardomyces anomalus (1 )  
Wwdomyces columbinus (2) 
Wordomyces humicola (6) 
W~~~domyces iniatus (4) 
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Historically, the ascomycetes have been classified at the genus and family level 
based on features of their sexual stage (teleomorph). This foundation for ascomycete 
systematics began in the early 1800's (e.g., Fries 1821-32) and remains the basis of 
classification today. Hypotheses concedg systematics of the time centred on gmuping 
species and genera based on obsented gross similarities of hiting bodies and spores. 
Luttrell(1951) opened a new avenue for classification of escornycetes by examination of 
the development ofthe ascomata, and especially the formation of asci within the ascornatal 
centm. By this means, the first concept of the Microasuiceae was envisioned. 

Similady, the cornmon molds were observed during an early penod in the field of 
mycology and it was mon recognized that the spores (conidia) of these organisms were 
not products of sexual reproduction. Classification of these anamorphs in fom-class 
Hyphomycetes (filamentous molds) under the broad category of Fungi Imperfecti was 
separate fiom that of the sexually reproducing forrns. One of the most intluentiai systerns 
of classification was outlined by Saccardo (1886) in which the anamorphic fungi were 
divided into broad morphological groups by the colour and septation of the conidia. 
Hughes (1953) revolutionized hyphomycete systematics with his pioneering work on 
wnidium formation (conidiogenesis) by placing emphasis on the developmental process, 
leading to a less artificial system of classification. 

The first realization of pleomorphism (the production of different states by a single 
species) came f?om observation of ascomycetes in pure culture, revealing that many 
possessed asexual, anamorphic stages (Tulasne and Tulasne 1861). This allowed a new 
understanding of the life histories of fùngi and ushered in an era of observation of fungi in 
the laboratory. The piecing together of morphologically disparate elements in the life cycle 
of a fûngus dlowed for the recognition of what is now termed the fùngal holomorph 
(Hennebert and Weresub 19-77). 

Modem studies of the Microascaceae have added to the body of knowleàge 
available to Luttrell(1951) and have been primarily concemeci with inclusion or exclusion 
of additional teleomorph taxa within the f d l y  typified by Micraascus. Aithough the 
typical fonn of the ascoma in the farnily is a penthecium with a well defineci opening 
(ostiole) fiom which a sticky column of ascospores is exmideci (chus), it was realized 
that several taxa with closed, cleistotheciai ascomata were also closely related based on 
similadies of a s a s  development and morphology of the ammorphic stages. This ailowed 
a broadening of the family concept, as outlined by Malloch (1970) and accepteci in modem 
classifications (Eriksson and Hawksworth 1998). 

Throughout the taxonomie history of the Microascaceae, the morphology of 
associateci a s e d  states has been closely observed and recorded. The simüarity of these 



stages to other anarnorphic fiingi for which no sexual States were known gave rise to a 
general acceptame of reiationship based on morphologicai and developmental similarity. 
Nevertheless, these strictly asexud fùngi have been excluded Born circumsaiptions of the 
f d y  since their afiïnity with this group of ascomycetes was inferential and unproven. 

The p h u y  goal of the research presented in this dissertation was to provide 
d c i e n t  evidence of relationship through studies of the fiingal holomorph that the 
anatnorphic taxa could be confidently integrated into the phylogenetic framework of the 
Miaoascaceae. Central to this was the hypothesis that the teleomorph and anamorph taxa 
of the Microascaceae form a monophyletic group. 

The entire life history of a species, compnsing the various spore-forming stages, 
constitutes the holomorph. Studies of fungal holomorphs were conducted in a number of 
ways throughout this research. Fundamentai to these studies was the growth of ail species 
in pure culture, providing a means of o b s e ~ n g  the development of both asemal and 
semai stages. Thus, cultural studies allowed me to test taxonomie hypotheses of various 
taxa by comparing the observed morphologid variation with the concept previously 
described in the Iiterature. 

Early in my investigations into the morphology of anamorph and teleomorph taxa, 
the discovery of a teleomorph for Scopulariopsiis brevicds, in one of my isolates 
obtained from an air sample in an agicultural building in Alberta, afTorded a valuable 
insight into the reiationships within the family. The discovery of a senially reproducing 
state consistent with other species of the genus Micruusctls, prompted a carefid 
reexamination of over 100 strains of Scopulmiopsis brevicaulis in a search for additional 
evidence of relatedness Two additional isolations were recovered from Alberta air 
sarnpies and another two fertile strains were found among strains in the UAMH culture 
collection. This finding was significant because it definitively linked S. brevicmlis, the 
type species of the fonn-genus Scopda7iopsis. with the Microascaceae (Abbott et al. 
1998). 

Considering the long history, widespread distribution, and fiequent isolation of 
ScopuIbriopsis brevicaulis, the discovery of five sexually reproducing isolates was 
remarkable and raiseci further questions regarding the life history of rnicroascaceous 
qxies. From this initial discovery, 1 became interested in the mating system involved with 
ascornatal production in this group of ascomycetes. Although evidence suggested that 
some memben of the famiiy were homothallic (self-fertile)(Emmons and Dodge 193 l), the 
rarîty of sexual isolates known for this common mold suggested the possiiility of 
hetaothallism (~e~incompatibility). A h ,  scattered reports of sexual stages and the 
pressce of sterile stuctures which resembled perithecia in other taxa of the 
'&opuIm~psis brmeMcatlIis Series' suggested potential teleomorph connections. Thus, this 
group presented an excellent opportunity to test the hypothesis of heterothdiism and 
c l w  holomorph concepts. 

Heterothaiüsm was obsewed in this group through the use of mating trials and is 



the first report of thk type of mathg system in the Microascaceae. Strictly wxual strains 
were paired on agar medium and allowed to grow together for an extended period, . 
eventually foming ascornata dong the zone of contact. Homothallism was aiso conûmed 
in another species of Mictmsms by making singie ascospore isolates, a i l  of which 
produceci fertiîe sscomata independentiy. 

Recognition of pleomorphy and an understanding of holomorph concepts also aids 
in the accurate identification of species as they are recovered £tom the environment. The 
multiple spore States of PsardaJescheriu boyhi are an example. By connecting the 
Scedqwrium state and its Graphium synanamorph to the sexual stage, a group of 
unidentifiecl environmental isolates encountered in oiV hydrocarbon contaminated sites 
were daermined as potential agents of biodeterioration. The co~ections were made 
based on morphological evidence and supportcd with moleaila. data fiom R R P  banding 
patterns. Without recognition of conspecificity, the abundance of this single holomorphic 
species would have been greatly underestimated and its potential importance umoticed. 
Further cornparisons with isolates and reports from the literatwe revealed that other 
strains known to degrade hydrocarbons, variously reported as Grqhium species, in fact 
are wnspecific with P. boydi. This is the first time that degradation of oil has been 
attributed to this species, and its accurate identification has important implications for field 
trials of biodeterioration and environmentai reclamation given that P. boydii is an 
opportunistic human pathogen (Apd  et ai. 1998). 

Not al1 anamorphic genera could be linked to teleomorphs. One group of 
anamorphs with dry-spored conidia formed on cornplex, brush-like conidiophores 
(synnemata) and no proven affinity to the Microascaceae, was in need of reevaluation at 
the genus and species Ievels. The form-genus CephaIotrt*chum was show to be the 
correct name for this group which showed remarkable sirnilarity in conidiogenesis to 
Sco@lariopsis anamorphs of Micr0~scu.s species. Mating trials were unsuccessfiil in 
demonstrating a teleomorph for the type species, C. stemonitis, and additional means of 
inferring relationships were needed to help ckcumscribe the family. 

Molecular and p hy siological data provided independent characters to support the 
hypothesis of monophyly in the Microascaceae. Sequences were obtaineû tiom the srnall 
subunit (18s) rDNA molecule for the type species of anamorph and teleornorph genera 
tentatively assigned to the Microascaceae. Additional species of Microascaceae and a 
sampling of pyrenomycete taxa from the Microascales and other orders were included to 
place these taxa in a phylogenetic fiamework. Molecular sequence analyses support the 
hypothesis that the taxa included in the Microascaceae by morphological characters form a 
phylogenetidy related, monophyletic group. These data were crucial in placing 
anamorph genera, such as Cephaotrichm and Wardomyces, within the farnily because 
without a teleomorph, many of the characters required for phylogentic integration were 
not available from morphology. 

Physiologicai ciifferences between groups of firngi have been important indicators 
of relationships and have helped to estabiish modem system8tic concepts. For instance, 



arnong the escomycetes responsible for blue stain of lumber, the tolerance to 
cycloheximide of ûphiostoma species versus the sensitivity of species of Ceratucystis was . 
an important character leading to the recognition of convergence and eventuai taxonomic 
separation of two groups (Hanington 1981). For species of Miaoascaceae, cycloheximide 
tolerance was Mnable and proved unreliable as a f d y  level indicator of relationship, 
although trends were seen at the genus level. On the other hand, tolerance to the fùngicide 
benomyl was demonstrated to be a unifonn feature of the f d y .  Although several 
lineages of ascomycetes demonstrate benomyl tolerance, it is a synapomorphy arnong the 
Microascaceae, allowing for .separation of microascaceous taxa fiom superficidy similar 
ones in other orders, such as the Ophiostomatales and Sordariales. Physiological tests 
provided a relatively simple method of testing a large number of isolates to determine 
support for relationship by checking for growth on media with and without the addition of 
the antifiingal compounds. 

Development of selective media incorporating the antifungai compounds discussed 
above allowed for the target isolation of microascaceous species. This resulted in the 
Microascaceae being detected at a level not previously seen in environmental surveys. 
Although many species are common molds in human environrnents, their occurrence and 
habitat in nature was not well understood. An intensive survey of a large number of 
diverse substrats, including wood, litter, soil, and animal and fungal remains, was 
undertaken in Alberta. The results show the Microascaceae comprise a diverse and 
integral component of natural ecosystems as well as a prominent component of the fungal 
diversity in urban and rural habitat S. 

Naming pleomorphic hngi remains problematic. Anarnorphic fonn-genera are 
primarily artifid taxonomic entities based on morphological similarity seMng as a 
praaical means of identiwng and naming asexual fungi (Gams 1995) and do not, by 
definition, imply relatedness, but many modern hyphomycete systematists have adopted a 
more natural approach and suggest that anamorph genera should refiect phylogeny (e.g., 
Seifert 1993). Fomgenera are not strictly monophyletic units, especially when combined 
in a phylogenetic framework with teleomorphic taxa, but 1 have supported the view that 
unrelated and morphologidly divergent taxa should be excluded where practicable. The 
International Code of Botanical Nomenclature (ICBN Article 59, Greuter et al. 1994) 
states that "in Uimycetous fungi with mitotic 8sexuai morphs (anamorphs) as well as a 
meiotic sexual morph (teleomorph), the correct name covenng the holomorph is the 
earliest name typified by an element representing the teleomorph." The holomorph 
concepts dehed in this study allow species to be referred to a teleomorph genus, even 
though the ascornatal stage is rarely seen, and have simplified the taxonomy of this group. 
For example, in the 'kopflilmip~s brevicaulis Series', over a dozen binomial names were 
appiied to Vanous stages and morphological extrema that we now know comprise oniy 
four holomorph taxa. Although very effective for demonstrating a more wmplete picture 
of the holomorph, rnating trials are irnpracticai for routine mycological identification since 
they are very slow to demonstrate the desireci results, often taking over a year to produce 
f d e  sexual structures. Thus, identification of isolates must sti11 be based on asexual 
structures in rnany instances and names for asexual aates remain usefbl. 



In this study, the fomgenera Scopulmopis, Cepha2otrichum, Echinobotryum, - 
Wmdomyces, and Wmdomycoppsis are d i d y  co~Ccted to the Microascaceae, while the 
current concepts of Grqhium and Srced<u;porium are applied at the ordinal level to 
members ofthe Microascales. Thus, i fa  holomorph concept is applied to the fkniiy levei, 
@es of these anamorphic taxa can be integrated into the Microascaceae, dong with the 
teieomorphic genera Microasclls, Kemio, Lhphotn'chus, Pem*eIta and Pseud;aIIescheHa 
The circumscription of the family provides the foundation for further investigations into 
the systematics of the Microascaceae. From this framework, a more complete 
undastanding of the relationsbips among species in the various genera cm be ascertained, 
and the strictly anamorphic species can be integrated into a phylogeny with their s e 4  
relatives. 
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APPENDIX 1 

NOMENCLATOR OF MICROASCACEAE: TAXA AND STRAIMS EXAMINED 

Six hundred and forty five strains representing 87 species assignai to the 
Microascaceae were examinecl in this study and are deposited in the University of Alberta 
Microfimgus Collection and Herbarium (UAMH). Nomenclaturai citations and main data 
are pmvided below. 

Microascaceae Luttrell ex Malioch. 1970. Mycologia 62: 734. 

5 Microascaceae Luttrell. 195 1. University of Missouri Studies 24: 108. (nomen 
d m ,  ICBN Art. 36.1) 

= Lophotrichaceae Seth. 1970. Nova Hedwigia 19: 592. 

= Pithoascaceae B ~ M Y  & Kimbrough. 1980. Mycotaxon 12: 45. 

Type genus: Micro~scus Zukal. 1 885. Verhandlungen. Zoologische-Botanische 
Gesellschaft in Wien 3 5: 339. 

Ccphai~~churn Link: Fries. 1 829. Systema Mycologicum 3 : 280. 

Cepholorrichum Link. 1809. Berlinische Magazin 3: 20. 

= Doratomyces Corda. 1829. in Sturm, Deutschiands Flora, III (Pilte) 2: 65. 

= Stysamrs Corda. 1 83 7. Icones Fungorum 1 : 2 1. 

= Tn'chrus Clements & Shear. 1896. in Clernents and Pound, Botanical Survey of 
Nebraska 4: 7. 

Type species: Ceph~io~cchum stemonttis (Persoon) Link : Fries. 1832. Systema 
Mycologicum 3: 280. 

Ccphalotnkhum cdumnaris W. J. Swart) S.P. Abbott, comb. nov. 

r Doratomyces cohrntr~llls H. J. Swart. 1967. Acta Botanica Neerlandica 15: 521. 

Collections Esamined: 
UAMH 8042 St. L w  Aiôerta, Canada, indoor air ex RCS stnp h m  honeyk (Apis mellijêra) 

ovemintering facility, S.P. Abb~tt (OHS 11 1) 10 Dec 1993. 
UAMH 8597 Vegreville, Alôeta, Canada, naii, 60 yr old male, DE-. fiom Rennie, R as MY 0750. 
UAMH 9281 South fia, dung of harp H.J. Swan. h m  CBS as CBS 159.66 (=Mi 116691). --type of 

Dorafomyces c o l u m n ~  
UAMK 9623 Brooks, Alberta, Canada, indoor air ex RCS strip h m  honeybee @pis melIi/era) 

ovemintering hcility, S.P. Abbon (OHS 1 12) 13 Dec 1993. 



Ccp~otn'churn cylinrincum (Clements & Shear) S.P. Abbott comb. nov. 

m Thichurtls cylrtdnws Clements & Shear. 1896. in Clements and Pound, 
Botanical Survey of Nebraska 4: 7. 

= Tn'chums terrophilus Swift & Povah. 1929. Mywlogia 2 1 : 2 14. 

Colkcîions Examined: 
UAMH 1348 Kaasas, US& seed of sorghum, C.T. Rogemn (S. 129) 1955. fiom DAOM as DAOM 

45913 (=M 96753). 
UAMH 8848 South Afiir;i, timber of nicaspnis (Eucalyptus saiigna), TU-FPRL (S590) 195 1, fiom 

Ito, T. as IFO 7660 T~churus temphilus (=MI 4625 1 ,  =LSHB BB344, =CBS 448.5 1). 
UAMH 8912 BeIem, PA Brazil, soi1 under primary Aniazonian forest, L. Pfenning Dec 1993. h m  

Umino, C.Y. as CCT 38 15 Scopulm*opsis corbonuria. 
UAMH 8976 Huron National Forest, Michigan, soil under white pine (Pinus strobus), NRRL isolate 19 

Jul 1%2. h m  NRRL as NRRL A 4  1628 Doratomyces stemonitis. 
UAMH 9 14 1 France, soil, A Russo. from CBS as CBS 646.70 Trichunu temphilus. 

Cqhalotrr'chum &n&ofephaium (Udagawa, Horie & Abdullah) S.P. Abbott comb. nov. 

= Tn'churus de&ocepilus Udagawa, Hone & Abdullah. 1 985. Mycotaxon 23 : 
253. 

Collections Examined: 
UAMH 1383 Edmonton, Alberta, Canada, Richatdson's ground squirrel (Spermophilus richar&unii), 

J.W. Carmichel8 Aug 1%2. 
UAMH 5372 Basrah City, Iraq, soi1 date palrn plantation, S. AbduIIah Jui 1983. h m  Udagawa, S.4. as 

NHL 2927, =-type of Tn'churus dendrocetihalus. 

Ccpbaloûfclirurn microsporum (Saccardo) P.M. Kirk. 1984. Kew Bulletin 38: 578. 

= SQSQ~US microspoms Saccardo. 1 878. Michelia 1 : 274. 

= Doratomyces mimosporus (Saccardo) F. J .  Morton & G. Smith. 1963. 
Mycological Papers 86: 77. 

= Grqhium gramimm Cooke. 1887. Gredea 16: 1 1. 

Collections Esamiacd: 
UAMH 2791 Cardrton, Alberia, Canada, man- pile, D. Remington Jun 1967. 
UAMH 4019 UAMH, Alberta, Canada, contaminant ex cuiture, Dec 1976. 
UAMH 675 1 Edmonton, Aiberta, Cana&, soi& L. Rosmus Sep 1990. 
UAMH 8295 AIberta, Canada, bronchiai wash, male 50 yr, Provinciai Laboratary for Southeru Alberta 

29 Jun 1995. fiom Renniq R as MY 2217. 
UAMH 8625 Edmonton, Alkns, Canada, bmnchial washings, male, 59 yr, G. Man/N. Brown 27 May 

19%. fiom Rennie, R as MY 22%. 
UAMH 8789 ML Albert, New Zealand, potato (So imm iuberosÿm), F.J. Morton (H97) Jan 1%2. h m  

Young J. as ICMP 1054. 



UAMH 8û45 ûtoineppu, Nakagawa-gun, Hokkaido, Japan, decayhg higher b g u s  (Coriolus hirsutus), 
S. Udagawa (NHL 2446) 6 Scp 1%9. h m  Ito, T. as IF0 9383, 

UAMH 9003 Edmonton, Alberta, Canada, right hed, female 35 yr, C. Sand (MY 148) 12 Jan 1995. h m  
Rennie, R as MY 148. 

UAMH 9143 Elk Mand National Park, Alberta, canada, well cbcaycd wood (stage 4 decq), white spmœ 
log (Picea gimca), T. Luntiey (EM IIS2A, 242A) 12 Fcb 1997. 

UAMH 9365 ncar Peaœ River, Ahria, Canada, indoor air of home ex chernical assesment filter, S.P. 
Abbtt  (SA-M270) 9 Scp 1998. 

UAMH 9456 North Buck iakc acar lac La Biche, Alberta, Canada, h g  of coyote (Canis lakuns) in 
birchlpint waods (Betula ppyrlfira/Pintcs bmrksimo), S.P. Wtt (SAM277) 8 Jan 
1999. 

Cephalotiochum nanum (Ehrenberg) S. Hughes. 1958. Canadian Joumai of Botany 36: 
744. - Periconia m a  Ehrenberg I8 18. Sylvae Mycol. Berol. pp. 13,24. 

= StiIbum namm (Ehrenberg) Sprengel. 1827. Lim. Syst. Veg., Ed. 16,4(1): 
547. 

= Gruphium m m  (Ehrenberg) Sacardo. 1886. Sylloge Fungorum 4: 6 16. 

= Dorutomyces m s  (Ehrenberg) F .  J. Morton & G. Smith. 1963. Mycological 
Papers 86: 80. 

= Stysamrsflmemus (Karsten) Massee & E. S. Salmon. 1902. Annals of Botany 1 6: 
86. 

= Stysarms stemonitis var.fimetarîus Kanten. 1887. Meddelanden af Societas pro 
Fauna et Flora Fennica 14: 93. 

= Periconia phillipsii Berkeley & Leighton. 1 875. in Berkeley and B roome, Annals 
and Magazine of Natural History, Ser. 4, 1 5: 33. 

= Sptocybe pphlipsii (Berkeley & Leighton) Saccardo. 1 886. S ylloge Fungomm 
4: 609. - Stys47tusphilIipsii (Berkeley & Leighton) E.W. Mason & M.B. Ellis. 1953. 
Mycologid Papers 56: 40. 

= CephaIotrichm phiIIipsii (Berkeley & Leighton) S. Hughes. 1 95 8. Canadian 
Journal of Botany 36: 744. - DoratumycesphilIipsii (Berkeley & Leighton) F.J. Morton & G. Smith. 1963. 
Mycologicai Papers 86: 82. 

= Doratoyces aspenrlus auct. sensu Dom& et al. 1980. 

* Dorutomyces asperdus Wright & Marchand. 1 972. Boletin de la Sociedad 
Argentins de Botinica 14: 308. (= Cephal~~chum purpureofUsctmt) 

CoUections Eumined: 
UAMH 4758 Michel Resemou, southern Alberta, Canada, dung, R Currah Mar 1983. h m  Currah, RS. 



as Leightoniomyces philIipsiii 
UAMH 7755 Fairview, Alberta, Canada, indoor air ex RCS strip. h m  honeybee @pis mellifera) 

Ovcrwintering faciiity, S.P. Abbott (OB 181) 3 1 Jan 1994. 
UAMH 8485 EUc Island National Park, Alberta, Canada, well decayed w d  (stage 4 ckay). white spmce 

log (Pkea glauca), T. Lumiey ('14 1-SE) L4 Scp 1995. 
UAMH 8486 Elk Island National Park, Alberta, Canada, wcii dccayed wood (stage 4 dccq), white spmce 

log (Picea g f m ) ,  T. Lumiey ('1.01-S3G) 04 Scp 1995, 
UAMH 8620 Fish Lake near Nordegg, Aberta, Canada, âeer (Od'ilew sp.) dung in spwe (Picea 

glouca) forest, S.P. Abbott (SAwM134) 14 Jun 19%. 
UAMH 862 1 Astoria m e r  valky, Jasper National Park, Alberta, Canada, Marterr (Martes americma) 

dung, S.P. Abbatt (SA-M14û) 28 Aug 19%. 
UAMH 8622 near Moraine Lake, Jasper National Park, Alberta, Canada, hoary marmot (Mannota 

caligata) dung, S.P. Abbott (SA-M141) 28 Aug 19%. 
UAMH 8740 Wagner Natuml Area near Spruœ Grove, Alberta, b d a ,  dung of snowshoe hare (Lepus 

mericmus) in spmce/Iarch (Picea mmimrcz/lortjt laricina) forest, S E  A W t t  (SA- 
M168) 16 Dec: 19%. 

UAMH 8741 Wagner NaniraI Area near Spnice Grove, Alberta, Canada, soi1 of northern @et gopher 
(Thomomys tul'ides) mound in hay field, S.P. Abbott (SA-Ml67) 16 Dec 19% (=Fû 
33044). 

UAMH 8742 Devonian Botanic Garden near Devon, Alberta, Canada, dung of prcupine (Eiethizon 
dorsatum), S.P. Abbotî (SA-M166) 17 Dec 19%. 

UAMH 8854 Engiand, UK, d e r  dung, J. Hawkins 1956. fiom Ito, T. as IF0 8180 Doratomyces nmus 
(=Mi 68394, =LSHB Sc. 142, =CBS 119.61). 

UAMH 8855 Japan, soil, T. Yokoyama (R-1607-21) 1985. from Ito, T. as IFO 3 1957 Doratomyces 
nmus. 

UAMH 9 126 Elk Island National Park, Alberta, Canada, dung of bison (Bison bison) in white spntce 
(Picea glauca) and poplar (Populus tremuloidesl P. balsamij2ru) forest, S.P. Abbott 
(SA-M198) 18 Aug 1997. 

UAMH 9 128 Neuicrlands, sand dune soil, from CBS as CBS 187.78 Doratomyces aspmlus. 

Crphalotn'churnpurpureofuscum (Schweinitz) S. Hughes. 1958. Canadian Journal of 
Botany 36: 744. 

= A~pergilllusspuipureofuscus Schweinitz. 1832. Transactions. Amencan 
Philosophicai Society, Ser. II, 4: 282. 

= Aspergilius purputeofuscus Fries. 1 832. S ystema Mywlogicum 3 : 3 88. 

= Sty~a~~spurpureofuscus (Fries) S. Hughes. 1953. Canadian J o u d  of  Botany 
31: 744. 

= Dorutomyces purpureofuscus (Fries) F. J. Morton & G. Smith. 1963. 
Mycological Papers 86: 74. 

= Periconiafusca Corda 1837. Icones Fungomm 1 : 19. 

= Sty~~ntlsfu~s (Corda) E.W. Mason & MB. Ellis. 1953. Mycological Papers 
56: 31. 

= Stysmtus mandIii Montagne. 1 83 7. Annaes de Sciencias Natumes, Ser. 3,4: 345. 

= Doratomyces medius (Saccardo) Matsushimai 1980. Matsushima Mycological 



- C e p h o l o h i h  medium (Saccardo) S. Hughes. 1958. Canadian Joumai of  
Botany 36: 744. - Stysunopsis meda (Saccardo) Ferr. 1909. Annales Mycologici 7: 28 1. 

= Sty~~rms qpruIus Wright & Marchand. 1972. Boletin de la Sociedad Argentina de 
Botanica 14: 308. 

Collections Examined: 
UAMH 989 Bittem Lake, Alberta, Canada, b g  Richardson's ground squirrel (Spennophilus 

richardsonio, J.W. Cannichael May 1959. 
UAMH 1299 Edmonton, Alberta, Canada, soil, J.W. Carmichad7 Jul1962. 
UAMH 14 16 San Diego, mil, G.F. Otr (2 17). h m  DAOM as DAOM 84432 O 2 17 
UAMH 1767 Anastasiou, CJ. S55 (A20) as S c ~ p u l ~ o p r r s  sp. 
UAMH 277 1 Cardston, Alberta, Canada, hair of Richardson's ground squirrel (Spennophilus 

richardsonii), D. Remington (1) 7 Jun 1967. 
UAMH 2775 Cardston, Alberta, Canada, hair of Richardson's ground quine1 (Spennophilus 

n'char&onii), D. Remington (1) 6 Jun 1967. 
UAMH 4455 Spain, soil, Guam, J. FFBA 2 17. 
UAMH 7303 Edmonton, Alberta, Canada, ex nail, male 59 yr, C. Sand 1 1 Jan I993. Rennie, R MY 

5858b 
UAMH 7743 Calgary, Alberta, Canada, ex fingernail, fernale 35 yr, 8 Nov 1994. h m  Rennie, R as MY 

3483 Scopulariopsis sp. 
UAMH 8237 AIkrta, Canada, bronchial wash, male 65 yr, Provincial Labratory for Southern Alberta 

29 Jun 1995. fiom Rennie, R as MY 2216. 
UAMîi 8739 Lord Howe Island, Australia, mil, banyan rhizosphere, A.D. Hocking 1977. h m  Hocking, 

A. as FRR 1903 Dorotomyces stemonitis. 
UAMH 8788 Mt. Albert, New Zealand, cave wall, F.J. Morton (H56) Nov. 196 1. fiom Young, J. as ICMP 

1 165 Trichurus terrophilus. 
UAMH 8790 Mt. Albert, New Zealand, Ieaf of swede (Braska napus var. napobrassica), F.J. Morton 

(H286) Juiy 1963. h m  Young, 3. as KMP 1094 hrotomyces microspoms. 
U M  8844 Japan, leaves of needle-leaved tree, T. Ito (ISR 47-1) 1986. from Ito, T. as iF0 32040 

Doratomyces stemonitis. 
UAMH 8853 Germany, wheat field ail ,  K. Domsch 1963. fip, Ito, T. as FO 3 1240 Doratomyces 

purpureofuscus (=CBS 523.63, =ATCC 16224). 
UAMH 8892 Hanar-Lesse, Belgium, wood of decaying fiiniiture in underground laboratory cave, G.L. 

Hennebert (882.1 8) Sep 1959, h m  Untcreiner, W. as MUCL 536 Doratomyces 
purpureofiscus. 

UAMH 8910 Pew'be, Saa Paulo, B r d ,  soi1 under primay Atlantic forest, AB. GarIipp Oct 1994. h m  
Umino, C.Y. as C a  4299 ~rutontyces stemonitis. 

UAMH 9002 UAMH, plate contaminant in walk-in cooler (5 C), S.P. Abbott (SA-M3) 28 Apr 1993. 
(=IF0 33045). 

UAMH 9127 Anoyo Las Viboras, TordilIo, Buenos Aires, Argentina, humus-rich mil, AU Godeas 
1970. fiom CBS as CBS 582.71 Doratomyces ospendus ATCC 26885, ex-type of 
Dorriratamyces aspelus, 

UAMH 9158 Alberta, Canada, bronchial wash, malt 16 yr, Pm.  Lab for Southeni Alberta 1997. from 
Rennie, R as MY6lll. 

UAMH 9209 Pemberton, British Columbia, Canada, indoor air of school library ex Andetson samplcr, 
S.P. Abbott (SA-M209) 18 F& 1998. 



Ccphulo~chum pubcdinis (Corda) S.P. Abbott comb. nov. 

= S t y ~ s p u t r e d n i s  Corda. 183% Icones fungonim 3: 12. 

= Dorutomyces putredinis (Corda) F. J. Morton & G. Smith 1963. Mydogical 
Papen 86: 83. 

# Grqhium putredims (Corda) S. Hughes, auct. ~~ Hughes 19%; Ellis 197 1; 
Seifert et ai. 1993. (= Grqhium cuneifenmt (Berkeley & Broome) E.W. 
Mason & M.B. Ellis) 

= S'pnic i l l ium album Costantin. 1888. Bulletin Societé Mycologique de France 4: 
67. 

= Coremium album (Costantin) Saccardo & Traverso. 1839. in Sacwdo, Sylloge 
Fungorum 22: 1444. 

= Penicillium costanihi Bainier. 1906. Bulletin Societé Mycologique de France 
22: 205. (nomen novum). 

= Scopda~opsis  costantini (Bainier) Dale. 1 9 1 4. Annales Mycologici 1 2: 57. 

= Scopdariopsis alba Szilvinyi. 194 1 .  Zentralblatt fier Bakteriologie, 
Parasitenkunde, Infektionskrankheiten, und Hygiene, Abteilung II, 103 : 172. 

= Doratomyces albus (Szilvinyi) Dominik. 1 970. Zeszyty Naukowe Wyzszej 
Szkoly Rolniczej W Szczecinie 32: 89. 

Collections Examined: 
UAMH 637 Edmonton, Alberta, Canada, shavings ex rabbit cages. LW. Camiichael May 1959. 
UAMH 1145 Alberta Game Fam, Edmonton, Alma,  Canada, soil. cougar pen, J.W. Carmichael8 N w  

1961. 
UAMH 1290 Alberta Game Farm, Edmonton, Alkrta, Cana&, soi1 nursery paddock, J.W. Carmichael7 

Jul1962. 
UAMH 1301 Alkrta Garne Farm, Edmonton, Aiberta, Canada, soil Guanaafs paddock, J.W. C-chael 

7 Jul1%2. 
UAMH 13 18 Alkrta Game Farm, Edmonton, AIkna. Canada, soi1 cougar pas J.W. Carmichael7 Jul 

1962. 
UAMH 132 1 Alberta Game Fam, Edmonton, Alberta, Canada, soi1 under fâlcon rwst, J.W. Carmichacl 

7 Jui 1962. 
UAMH 133 1 Aiôerta Game Farm, Edmonton, Alberta, Canada, straw under bird mostf J.W. Carmichad 

7 Jul t%2. 
UAMH 1332 Aiberta Game Farm, Edmonton, Alberta, Canada, straw under bird ras&, J.W. CarmichaeI 

7 Jul L%2. 
UAMH 3238 Chino, California, USA, soil chicken pens, poultry ranch, J.W. Carmichael 17 Feb 1%9. 

5623 Alkrîa, canada, coyote ( C h s  Iafrans) dug ,  R Currah 0-7). 
UAMH 5739 North York, Ontario, Canada, ex air, moldantaminatd building, RC. Sununerbcll30 hl 

1984, h m  Summerbell, RC. as FR 1395.86. 
UAMH 8849 Sugadaira, Sanada-machi, Chiisagata-gui5 Nagano Pr&, Japan, decaying higher iimgus 

(MaMepiiota procera), S. Udagawa (Eùù. 2440) 2 O* 1969. h m  Ito, T. as IF0 93û4 
Doratomyces puiredinus. 

UAMH 8891 I-nick, Austria, culture contaminant, W. Gams 1960. hm Untereiner, W. as MüCL 



4039 Daratomyces pufredintrs (=MI 86950, =LSHB Sc. 152, =CBS 192.62). 
UMnH 8990 US& wood treaîed with fuagitide, D.T. Wickiow 16 May 1995. h m  NRRL as NRRL 

25 172 Scoprclm*opms cundih. 
UAMH 9028 10 km SOU& of  Leduc, Alkrta, Canada, dung of shuik (Mephifis mephitis) on ground in 

fatm yard, S.P. Abbdt (SA-M185) 10 Jun 1997. (=IF0 33046). 

C r p l i a l ~ ~ c k u m  sp id is  (Hasselbring) S.P. Abbott comb. nov. - Tn'churus ~pirallis Hasseibring. 1 900. Bot anticai Gazette 29: 32 1. 

= Trichulus gorgonifer Bainier. 1907. Bulletin Societé Mycologique de France 23 : 
230. 

Cdkctions Errunined: 
UAMH 3585 Spnice Grove, Aberta, Canada, stcamed decomposing m u s h m  compost, L. Sigler 8 Mar 

1973. 
UAMH 4093 British Columbia, contaminant in tray sawdust and straw used for growing Lenrzinus edodes, 

RJ. Bandoni 2 Feb 1978. 
UAMEI 4094 Preston Lowe, t&diomyc#tc detritis in moishm chamber. fiom Hammill, T.M. as 2 10-72 

Trichunis spiralis. 
UAMH 7259 Niçku, Alberta, Canada, ex growth pouch with alfalfa seeds in growth chamber, M. Matlock 

25 Nov 1992. 
UAMH 7892 New Zealand, ex nail, femaie 35 yr, DE-. fiom Woodgyer, A. as 94.o00. 
UAMW 8689 Ottawa, Ontario, Canada, airborne amtaminant of wheat-straw agar plate, RA Shoemaker. 

h m  DAOM as DAOM 147400 Tnchurus spiralis. 
UAMH 8690 ûttawa, Ontario, Canada, egg of gypsy moth (Lymanrria dispor), M.I. Timonin. from 

DAOM as DAOM 190434 Trichurus spiralis. 
UAMH 8691 Ottawa, Ontario, Canada, air, M.E. EUiott (MEE 424-3428) 1942. h m  DAOM as DAOM 

f 96858 Tn'chutt~s spiralis. 
UAMH 8836 Alberta, Canada, sputum, male 63 yean, Provincial Laboratory for Southem Alberta 1 1 Dec 

19%. h m  Rcnnie, R as MY 25 1. 
UAMK 8843 Japan, soü, T. Ito (11126-7) 1989. h m  Ito, T. as EFO 32272 TI.ichurus spirtrlis. 
UAMH 8û82 Ni- Spnis, soil, on rmts of potato (&lanunt tuberosum), RM. Nattrass (285) Oct 

1932. h m  Untereiner, W. as MUCL 9829 Trichainu spiralis (=CBS 336.32). 
UAMH 89 1 1 Bihar, India, paper, D.S. Attili Sept 1992. h m  Umino, C.Y. as CCT 3035 Trichurus 

spirolis (=MI 145 1 14). 
UAMH 93 19 Edmonton, Alberta, Canada, air, J.P. Tewari 1995. h m  Tewari, J.P. as Tnchunrs spitolis. 
UAMH 9405 Aiberta, Canada, hger  nail, naincial Laboatory for Southern Aiberta, 21 Aug 1998. 

h m  Remi, R as MY 5540 Trichurus spiralis. 

~ k r r l o ~ c h u r n  demonitk (Persoon) Link : Fnes. 1832. Systema Mycologicum 3: 280. 

= Cephaot?+chtcrn stemonitis (Penoon) Link. 1809. Berlinische Magazin 3: 20. 

= I m u  stemonitis Persoon. 1797. Commentaiius Fungis Clavaefom. p 234. 

= Periconia siemonitis (Penoon) Persoon. 1801. Synopsis Methodica Fungorum 
p 687. - Stysc~trs stenronitis (Persoon) Corda. 1837. Icones Fungorum 1 : 22. 

= Dorutomyces stemonitis (Persoon) FJ. Morton & G. Smith. 1963. Mywlogical 



= a0ratomyces neesii Corda. 1829. in Sturm, Deutschlands Flora, IXI (Pilze) 2: 65. 

Echimbozrpm omm, Corda. 1 83 1. in Sturm, Deutschlands Flora, III (Püze) 3: 5 1.  

= Dematitint echinobotryum Fries. 1832. Systema Mycologiaun 3 : 87. 

Cdlactioas Esamined: 
UAMH 1532 G.L. Barron. h m  Barron, G.L. as 9H13. 
UAMH 4834 Slave Lake, Alberta, Canada, coyote (Cimis I a t r ~ s )  dung, L. Sigler Sep 1983. 
UAMH 7754 Girouxville, Alberta, Canada, indoor air ex RCS strip. b m  honybee (Apis meIIi/eru) 

ovemintering facility, S.P. Abbott (OHS 182) 30 Jan 1994. 
UAMH 8502 Faîibrook, California, USA, rat dung, G.F. Orr (0-714) 09 Aug 1960. h m  NRRL as NRRL 

A-10079 Echinobottyum sp. 
UAMH 8623 Fish Lake near Nordegg, Alberta, Canada, cone of white spruce (Picea g h c a ) ,  S.P. Abbott 

(SA-M135) 14 j ~ n  19%. 
UAMH 8624 North Buck Lake near Lac La Biche, Alberta, Canada, sandy soil with hair at entrance of 

woodchuck (Mannota monmc) b m w  in jack pine ( P i w  banksiana) forest, S.P. Abtmtt 
(SA-Ml38) 16 Aug 19%. 

UAMH 89 13 ncar Guelph, Ontario, Canada, soi1 of clm (Llfmus mericonus) woods, G.L. Barron (9Sû4) 
1 1 Dec 196 1. from NRRL as NRRL A 4  13 26 Echinoboîryum atmm. 

UAMH 8914 lceland, agricuitural mil, NRRL isolate (ss-83 1 )  26 Oct 1966. fiom NRRL as NRRt A- 
14847 Echinobohytm sp. 

UAMH 9142 Elk Island National Park, Alberta, Canada, txtremely well decayed wood (stage 5 decay), 
white spnicc log (Piceog~auca), T. Lumiey (EI42-S6H, 4-ISG) 15 Apt 19%. frqm 
Currah, RS. as EI42-S6H, 4- 1SG Cephafotrichum sternonitis. 

GrapRiuni Corda. 1837. Icones Fungomm 1 : 18. 

Type species: Graphium penicillioids Corda. 1 837. Icones Fungomm 1 : 18. 
(Microascales) 

Gmphium penicillioides Corda. 1 83 7. Icones Fungorum 1 : 18. 
(Microascales) 

Cdlcctions Esamined: 
UAMH 3644 Prague, ex Popultcs itafica. h m  Crane, IL. as U S  35467 Graphium pcniciffioides PR 

155518, slide fiom type of Graphium penicillioides. 
UAMH 8493 United Kingdom, e h  (Utmuspmcera), M.J. Wingtidci. fmm Nakase, T. as JCM 7440 

Grarphim penicilfioides (=CBS 506.86). 
UAMH û494 SoIomon Wands, forest soil, T. Matsushima (MFC 2097). fbm Nakase, T. as JCM 9300 

Graphizun penicillioides ( = a s  320.72), cx-type of Stifbum basihrncaîum. 
UAMH û495 South A&a, MJ. WingfieM hom Nakas, T. as JCM 933 1 Gra@iiunr pcniciffioides 

(=as 781.8J). 



Grqphium cundfaum (Berkeley & Broome) E.W. Mason & M.B. EUis. 1953. 
Mycological Papers 56: 41. 

= StiIbum cuneiferum Berkeley Bz Broome. 1875. Annals and Magazine of Natural 
Histocy, Ser. 4,15: 33 - Spraybe  crcneijra (Berkeley & Broome) Saccardo. 1886. Sylloge Fungomm 

4: 606. 

= Grqhium putredims auct. sensu ENS 1971, Siefert and Okada 1993. 

# Stysomrs pattedinus Corda. 1 839. (= Cephootnchm puiredinus). 

Collections Esamined: 
UAMH 84% Tsukuba, braki  Pref., Japan, grass, G. Okada (OFC 1384). h m  Nakase, T. as JCM 7866 

Graphium putredinus. 
UAMH 8860 Alberta, Canada, sputum, femalt 38 yr, Provincial Lahatory for Southern Alberta, Canada 

18 Dec 19%. h m  Rennie, R as MY 250. 
UAMH 93 18 Edmonton, Alberta, Canada, elm (Ulmus) wax& J.P. Tewari (97M-100) 1997. h m  Tewari, 

J.P. as Graphium putredinus. 

Grupliium tectmue C. Booth. 1 964. Mycological Papers 94:5. 

Collections Esamined: 
UAMH 9401 Jamaica, sceds of tcak (Tectona grandis), C. Booth. h m  CBS as CBS 127.84 Graphium 

tectonae (=MI 956734 =JCM 9753), ex-type of Graphium tecrunue. 

Kernia Nieuwland. 19 16. Amencan Midland Naturalist 4: 379. 

= Muprsia Saccardo. 1 878. Michelia 1 : 123. (nom. invalid., later homonym; non 
Mugnusiu Klotsch) 

Type species: Kemiu nitida (Saccardo) Nieuwland. 19 16. Amer. Midl. Natur. 4:3 79. 

KcnJ, hippmpida Malloch Bt Cain. 1971. Canadian Journal of Botany 49: 855-867. 

Cdkctioas Esamined: 
UAMH 67% Ontantano, Canada, house plant soi& SurmerMi, RC. (W 19 16). 
UAMH 9254 east of BrockvilIe, Lecds Co., Ontario* Canada, dung of porcupine ( E i e t h i .  dorsutum), J. 

Krug 5 Sep 1965. h m  CBS as CBS 774.70 Kemiu hippmepida (=Mi 151078, 
=ATCC 22 154, =TRTC 43764), ex-type of Kernia Ripprepidrr. 

UAMH 9255 Ontario, Canada, maize-fidd soi& G.C. Bhatt. fiom CBS as CBS 389.69 Kernia 
hi'ppocrepida, 



Kcmicr hydirur Malloch & Cain. 197 1. Canadian J o u d  of Botany 49: 860. 

C ~ u s  EIuniacd: 
UAMH 8393 Aurom, Ontario, Caaada, horst dung, J. Scott (JS237) 10 Fcb 1994. from Malloch, D. as 

Kemia hyolina. 
UAMH 9 129 Pottu, Cheyenne Co., Nebraska, USA, dung of cow, R Cain 16 Aug 1964. h m  CBS as 

CBS 766.70 Kemio hyalina (=TRTC 45422, =ATCC 22 155, =MI 151079, =CBS 
766.70, =TRTC 45422 holotypt), =-type of Kernia hyalino. 

Kania niti& (Saccardo) Nieuwland. 19 16. American Midland Naturaiist 4: 379. 

= Magmrsiu nitidz Saccardo. 1878. Michelia 1 : 123. 

= Kernia brachyzrichu (Ames) Benjamin. 1956. El Aliso 3 : 344. 

= Kemia genicuIoirichn Seth. 1 968. Acta Bot anica Neerlandica 1 7: 48 1. 

Collections Examined: 
UAMH 3060 
UAMH 83% 

UAMH 8397 

UAMH 9044 

UAMH 91 19 
UAMH 9 120 

UAMH 9121 

Benjamin, RK. RSA 207 (=ATCC 1 1223, =CBS 28 L S ) ,  ex-type of  Kemia brachyirichcr. 
Mount Pleasaxtt, Brant Co., Ontario, Canada, bird/mouse dung mix, J. Scott (JS 105) 13 Feb 

199 1. fiam Mailoch, D. as Kemia nitiàa. 
near Pink Lake State Park, Victoria, Australia, sheep dung, J. Scott (JS 276) 9 Fe4 1995. 
h m  Malloch, D. as Kernia nitida. 

Aktau, MangyscNak Peninsula, Kazakhstan, came1 dung on sandy soi1 undtr shmbs 
(Rhomnus sintenisii), M. Sctuiittler (6922b) 30 Apr 1995. h m  KNg, J.C. as TRTC 
5207 1 Kernia nitida. 

h m  NRRL as N R R L  1298 Kemia brachytricha. 
Little Lake, California, USA, cow dung, G.F. ûrr. from NRIU. as NRRL A-7642 Kernia 

nitido. 
Hambwg, Germany, rabbit dung. h m  NRRL as NRRL A-24 186 Kernia geniculofricha 

(=MI 133 1 18, =ATCC 18529, =CBS 599.68), ex-type of Kerniu genicrriotricha. 

Kmia  ovata (Booth) Malloch & Cain. 1973. Mycologia 65: 1075. 

= Thielavia ovatu Booth. 1964. Mycological Papers 94: 7. 

Cdlcctious Examiued: 
UAMH 8859 Jamaica, caiyx of te& (Tectona grandis) seeü, J.A.N. Burra Juï 1962. h m  Ito, T. as IFO 

8792 h i a  ovata (=M 95673). ex-type of Thiehia ovutu. 

K" pachypleum Malloch & Cain 1971. Canadian Journal of Botany 49: 864. 

Collections Esamined: 
UAMH 8857 Japan, wood panel, K. Tubaki (Kita 2A-1-3) 1973. h m  Ito, T. as IF0 9- Kernia 

pachypieuruo. 
UAMH ûû58 Japan, soil of paddy fieid, T. Yokoyama (WIII-4-5-25) 1977. h m  Ito, T. as iF0 30413 

Kernia pachyp Ieura. 



UAMH 9256 Vtnézllth, dung ofgoat, J. Kmg. fiom CBS as CBS 410.78 Kerniapacirvpfeicra 
UAMH 9282 Uganda, âung of elephant, D. Malloch h m  CBS as CBS 776.70 Kenrio pchypfeura 

(=ATCC 22 142, =IMI 15 IO9 1 ,4RTC 662 Mg), ex-type of Kernia pachy@eura. 

Cdlcctions Esamined: 
UAMH 6494 Tamshjacy Iquitos, Pem, urea-trcated soi& T. Akjama 9 Jd 1987. h m  Udagawa, SA. 

as NM 2985, ex-type of Kemia peruvima 

K m i a  retardatu Udagawa & Muroi. 198 1. Transactions Mycological Society of Japan 
22: 18. 

Collections Esamined: 
UAMH 1327 Alberta Game F m ,  Edmonton, Canada, soi1 ex donkey paddock, J. W. Carmictiael7 lu1 

1962. 
UAMH 1385 Alberta Game Fann, Edmonton, Canada, soi1 ex Cougar pen, J. W. Cannichael 18 Jul 1962. 
UAMH 9026 Devotiian Botanic Garden near Devon, Alberta, Canada, leaves of aspen (Poplus 

tremuloides) on lawn with snow mold, S.P. Abbott (SA-MIS2) 21 Apr 1997. (=MI 
377815, =IF0 33037). 

UAMH 9027 10 km south of Muc ,  Alberta, Canada, dung of striped skunk (Mephitis mephifis) on 
&round in f m  yard S.P. Abbott (SA-M184) 10 Jun 1997. 

UAMH 9 134 Nishina~un~~machi, Nasu-gun, Tochigi, Japan, rice ( O r p  sativa) field soü, T. Mumi 28 
May 1978. h m  CES as CBS 707.82 Kernia retardafa (=NHL 2879), ex-typ of h i a  
retwdaf~. 

UAMH 9420 Elk Island National Park, Alberta, Canada, uctremely wcll decaycd wood (stage 5 decay), 
white spmœ log (Picea glouca), T .  Lwnley (EI-02-SSA) 28 Sep 1998. 

UAMH 9454 Elk Island National Park, Alberta, Canada, well decayed wood (stage 4 decay), white spnice 
log (Picea gkauca), T .  Lumiey (EIIO 1-S6H) 9 Feb t 999. 

WAMH 9455 EUr Island National Park, Alberta, Canada, Icaf litter under hazclnut (Coryfus cornuta) and 
aspen (Populus iremufoides), S.P. Abbon (SA-MZ8 1) 7 Ian 1999. 

UAMH 9500 Slave Lake, Alberta, Canada, rottecl wood of white spruce (Picea glouca) log, stage 3 decay, 
30 year pst-fire site, T. Lumlcy (F681-0183E) 19 Feb 1999. 

WAMH 9613 Perryvale, Alberta, Canada, IMng Sphagnumficscum in bog, M.N. Thormann 1 Sep 1997. 

Lophoirichus R.K. Benjamin. 1949. Mycologia 4 1 : 347. 

Type species: Lophotrichs 0mpuIIus RK. Benjamin. 1949. Mycologia 4 1 : 347. 

LopiAo~khus ampullus R.K. Benjamin. 1949. Mycologia 4 1 : 347. 

Collections Examined: 
UAMH 1762 dung. h m  Aaastasiou, C.J. (A12) as RSA 779 L o p h o ~ ~  ampufftcs. 
UAMH 3067 Champaign, IUUiois, USA. fiom Benjamin, RK as RSA 43 Lophoaiehus mpuffuz 
UAMH 8626 10 km W of Bidar, near Khanapure, Forest Consmation Area, Karnataka State, Bidar 

Dist., India, soii d e r  wiid dmond tree (Teminalia catapp), RS. Khan 19 Dec 1989, 
fiom Km& I.C. as TRTC 51963 tophohichus bartlettii. 



UAMH 9122 Tuscon, Arizona, USA, guano and soii h m  cave, GX. ûrr ((0124) 3 Dec 1958. h m  
NRRt as NRRL 274 1 Lophotrichw mpuiltls. 

UAMH 9 123 Tuscon, Arizona, USA, guano and soii h m  cave, G.F. On (0-128) 3 Dec 1958. h m  
NRRL as NRRL 2742 Loghornchus ampuIIus. 

Lopkof&kus burt le~i  (Massee & E.S. Salmon) W o c h  & Cain. 1971. Canadian Journal 
of Botany 49: 866. 

= M4gmrsia bmrlettii. Massee & E. S. Salmon. 190 1. AnnaIs of Botany 15 : 333. 

= Kemia barflettii (Massee & E.S. Salmon) Benjamin 1956. El Aiiso 3: 344. 

= Enterocmpus grenenoiii Loquin-Linard. 1977. Revue de Mycologie 41 : 5 15. 

= Kemia bificcofrrfrrcEha Saxena & Mukerji. 1970. Transactions of the British 
Mycological Society 54: 146. 

= Lophohichus brevirostrutus Ames. 196 1.  A Monograph of the Chaetorniaceae p. 
52. 

Collections Esamiued: 
UAMH 8395 Metro Zoo, Toronto, Ontario, Canada, bison (Bison bison) dung, J .  Scott (JS 253) 7 Sep 

1994. h m  Malloch, D. as Lophoîrichus bartlertii. 
UAMH 8694 Nashvillt, York County, Ontario, Canada, r a i t  dung, RF. Cain. h m  DAOM as DAOM 

146082 Lophofrichus bartlettii (=ATCC 22153, =TRTC 43829, =CBS 775.70). 
UAMH 9036 10 km S of Leduc, Alberta, Canada, dung of striped skunk (Mephitis mephith) on growid in 

farm yard, S.P. Abbott (SA-M 186) 10 Jun 1997. (=IF0 3 3038). 
UAMH 9 124 se& D. Johns (DJ 38) 5 Jan 1984, h m  NRRL as NRRL A-27250 Lophotichus bartletfli. 
UAMH 9257 180 km from El Golea, central Sahara, dung of fox (Vulpes mppeli), M. Laquin-Linard, 

h m  CBS as CBS 380.78 Enierocarpus grenofii, =-type of Enterocnrplls grenotii. 
UAMH 9283 Egypt, desert soil, J. Mouchacca, h m  CBS as CBS 277.75 Lophoh.iclius bmilettii. 
UAMH 9287 India, dung of kangaroo, K.G. Muke j i  (DUNS 80). h m  ATCC as ATCC 18523 Kernia 

bijiurcotricho MI 14 1 564, ex-type of Kemia bijwccmkha. 

Lopho~chus mucrosporus (Faurel & Locquin-Linard) Arx, Figueras & Gumo . 1 988. 
Beihefke a i r  Nova Hedwigia 94: 27. 

= Kemia macropra Faurel & Locquin-Linard. 1977. Revue de Mycologie 4 1 : 
519. 

Cdlections Esamineâ: 
WAMH 8394 near Pink Lake State Park, Victoria, A m i a ,  sheq dung, J. Scott (JS 273) 15 ûct  1994. 

h m  Maüoch, D. as Kernia macrospora. 
UAMH 9258 Plateau d'Edehi, Tassili des Ajjer, ccnual Sahara, dung of goat, M. Loapîn-Linard, h m  

CBS as CBS 379.78 Kemia mamspora, ex-type of Kernia macrospora. 

Lopbîrickus d n i i  Benjamin. 1949. Mycologia 4 1 : 349. 

Cdlectioas Esamineâ: 



UAMH 3066 from Benjamin, RK (RSA 45) as Lophofrichus m i n i i .  
UAMH 8692 near Talara, Pem, rabbit dung, G. W. Martin Sep 1945. h m  DAOM as D AOM 146075, ex- 

type of Luphottichus ntumirii, 
UAMH 8693 Barton County, Kansas, USA, rat dung, TE. BmoLs 24 May 1950. from DAOM as DAOM 

146083 Lophob?'cAus mmhnii (TRTC 45466). 
UAMH 9 125 Oeorgia, USA muse dung, Joa 194û., hom NRRL as NRRL 17 16 Lopho~c/!vs mmtrnii. 

Lophufnwchus plumbescens Morinaga, Minoura & Udagawa. 1978. Transactions of the 
Mycological Society of Japan 19: 140.. 

Collections Examined: 
UAMH 8710 Bangkok, Thaiiand, soil, T. Morinaga (HUT 4163) 8 Apr 1976. h m  Ito, T. as IF0 30864 

Lophotrichus piumbescens (=ATCC 38285), =-type of Lophornrnchus plumbescens. 

Microrscus Zukal. 1885. Verhandlungen. Zoologisch-Botanische Gesellschafl in Wien 35: 
339. 

Type s pecies: Micruascus longrosnis Zu kal. 1 88 5. Verhandlungen. Zoologisc h- 
Botanische Gesellschafi in Wien 35: 339. 

Micn>crocrcus albonigrescens (Sopp) Curzi. 193 1 .  Bollettho. Stazione de Patologia 
Vegetale di Roma 1 1 : 60. 

= AcmIium albonigtescens Sopp. 1912. Videnskaps Selskapets Skrifter. 1 .  Mat.- 
Naturv. Nasse 1 1 : 70. 

= Petriella proteophila Ho rie & Udagawa. 1 983. Mycotaxon 1 7: 3 3 4. 

status anamorphosis: 

S c ~ ~ ~ o p s i s p r o r e o p h i l a  Hone & Udagawa. 1983. Mycotaxan 1 7: 334. 

Collections Examined: 
UAMH 3 168 Ontario, California, USA, sandy soi1 and dung of cattle feeder lot, J. W. Carmichael 6 Feb 

t%9. 
UAMH 4757 Fon McMwray, Alberta, Canada, carnivore du& R Currah (8 1-189) 1983. 
UAMH 4953 Mt. Kyozumi, Japan, forest soi1 treated with urea, Horie, Y. (81-AU-727-HA) 27 Jui 1981. 

h m  Udagawa, S A  as NHL 29 13, ex-type of Pem*ella proteophila. 
UAMH 8487 Eut Wand National Park, Abem, Canada, weiï decayeû wood (stage 4 decay), white spmœ 

log (Picea glmca), T. Lumiey (EId 1-S IF. 1-18B) 13 Sep 1995. 
U M  û49û Eik Island National Park, Aberta, Canada, wcli dccayaî Wood (stage 4 decay), white spruœ 

log (Pkeu giauca), T. Lumiey (EI-û 1SSH) 13 Sep 1995. 
UAMH 8753 North Buck La& near Lac La Biche, Aberta, Canada, debris of red sqoind (TmniPciums 

hucisonicrts) midden under jack pine (Pimrs bmksiana), S.P. Abbott (SA-MISS) 21 ûc t  
19%. (=IM 377814, =IF0 33039). 

UAMH 8851 Japaq K Tubaki 1968. b m  Ito, T. as IFû 8988 Mimosctls albo-nigrescem. 
UAMH 9148 Ek Island National Pa& Alber$. Canada, atnmrly weil decayed Wood (stage 5 decay), 

white spruce log (Picea glmca), T. L d e y  (EI42-SB, 4-l6A) 16 Apr 19%. 
UAMH 9322 Massachusetts, USA, R Thaxter, Hacvard University (W), from NRRL as NRRL 157 1 



Mcmoscus v e ~ u s .  
UAMH 9529 Slave Lake, Alberta, CanaQ, wood of aspen @ o p u I f ~ ~  iremufoides) log, stage 3 decay, 15 

year post-fire site, T. Lumley (Fû2243-SIE) 29 Jan 1999. 

Scoplanopsis brevi-lis (Saccardo) Bainier. 1907. Bulletin Societb Mycologique de 
France23:99. - 

= Penicillum brevicuuIe Saccardo. 1 88 1. Fungi Italici No. 893. 

= Scopulm'opsis Roninngii (Oudemans) Vuillemin. 19 1 1. Bulletin Societt! 
Mycologique de Fmce 27: 143. - Monilia koningii Oudemans. 1902. in Oudemans and Koning, Archives 

Néerlandaises des Sciences, Sér. 2, 7: 287. 

Collections Examined: 
UAMH 76 Edmonton, Alberta, Canada, contaminant ex vaginal swab, J.W. Cannichael 17 Nov 1954. 
UAMH 200 Edmonton, Alberta, Canada, agar pfate exposed in animal autopsy mm, J. W. Carmichael 

Nov 1954. 
UAMH 228 Edmonton, Alberta, Canada, contaminant ex skin c d  region, J.W. Carmichad 1954. 
UAMH 23 1 Edmonton, Alberta, Canada, contaminant skùi tx feet, J. W. Cannichael 1954. 
UAMH 345 Edmonton, Alberta, Canada, skin h m  neck, J.W. Cannichael 1955. 
U A .  35 1 Edmonton, Aiberta, Canada, vaginal swab, J.W. Cannichael1955. 
UAMH 352 Edmonton, Alberla, Canada, skin, J. W. Carmichael 1955. 
UAMH 363 Edmonton, Alberta, Canada, hairs ex ne& J, W. Carniichael 1955, (=LSHB Sc. 1 14, =IMI 

86929). 
UAMH 3û4 Edmonton, Alberta, Canada, sputum, LW. Carmichael1955. 
UAMH 414 Edmonton, Alberta, Canada, upper lip and nasal passages, LW. Cannichael 1955. 
UAMH 415 Edmonton, AIberta, Canada, upper lip and nasal passages, J.W. Carmichel 1955. 
UAMH 437 Edmonton, Aberta, Canada, contaminant, J.W. Carmichael Aug 1955. 

' 

UAMH 644 Mount Hawa, Zairc, silk wonn chrysaiis, RL. Steycurt 1952. ftom iMi as IMi 49528, 
(=ATCC 36840). 

UAMH 827 Edmonton, Aiberta, Canada, muse dung, I.W.Carmichaei, 1960. 
UAMH 90 1 white plaster mold or flour rnold, Kneebne, L.R as Scopuf~~iopsisfirnicofu. 
UAMH 9 16 Edmonton, Alberta, Cartada, J. W. Carmichad 1961. 
UAMH 9 19 Edmonton, Alberta, Canada, J. W. Carmichael 1% 1. 
UAMH 920 Edmonton, Aiberta, Canada, hait research, J.W. Carmichad 1% 1. 
UAMH 921 Edmonton, Alberta, Canada, soîi tmder tree, J.W. Cannichaell9 bhr 1% 1. 
UAMK 922 Edmonton, Alberta, Canada, rodent survq., LW. Carmicbael196 1. 
UAMH 925 süain Ropct. h m  CBS as Scopufuriopns brevicaulis. 
UAMH 926 W. alba strain Thom, h m  CBS as & o p u I ~ o p s  brevimfis var. afba 
UAMH 939 h m  NRRt as NRRL 1 1 10 ~ p u I a r t o p s  brevicauiis var. hominis. 
UAMH 943 Caracas, Venezuela, 1955. f b m  NRRL as NRRL, A6185 &opufariops sp. 
UAMH 952 depbant, Martin-Scott Nav 195 1. h m  Smith as LSHB Sc.8 (BB 269) ScopuIaraOps sp. 

( 4 3 s  208.6 1, =Mi 86926) 
UAMH 967 Edmonton, Aiberta, Canada, J.W. Carmichael 1961. 
UAMH 1197 A k t a  Game Fann, Edmonton, Al'berta, Canada straw ex birdhoust mats, J.W. 

Carmichael8 Nov 1% 1. 
UAMH 1654 Edmonton, Aiberta, Canada, aail left great toe, J.W. CarmichaeI19 Mar 1963. 



UAMH 2378 Toronto, Ontario, Canada, white pine inside gaivanized fire door, Mar l%S. h m  Shields, 
J.K. as 656-21 Chrysosporium sp, 

UAMH 3328 Edmonton, Albe- Cana&, contaminant on mannitol Salt agar, J.W. Carmichael 11 Feb 
1970, 

UAMH 3618 Edtnontoa, Alberta, Canada, chronic kg grandomas, A Sekhon Oct 1973. h m  Sekhon, 
AS. as MY 4280 S c ~ p u l ~ o p n s  sp. 

UAMX 3753 M n d g e ,  Alberta, Canada, dead housefly larvae, RG. Bell. 
U M  5636 Saskatchewan, Canada, ex cquine fctus, H. Cungly. h m  Congly, H. as LûûM 

Scopul~~iopsis sp. 
UAMH 6219 Edmonton, Alberta, Canada, reverse of cotton dirck carwas & wooden fiame, oil painting, 

L. Sigler 9 Aug 1988, 
UAMH 6877 Lethbridge, Alberta, Canada, MegacCtile ratundata (aW.€a leaCcutting bee) h e ,  D. Inglis 

(MR 1024) Aug 1990. 
UAMH 7020 Lethbridge, Alberta, Canada, fiass ex Megachile romdata (altalfa leafcutting bee) 

cadavers, D. Inglis 0 240) Aug 1990. 
UAMH 7473 Houston, Texas, USA, mitral vaive ring, St. Luke's Episcopal Hospital (M7163). fmm 

Rinaldi, M G  as UTHSC 93921%. 
UAMH 7770 Scandia, Alberîa, Canada, indoor air ex RCS strip, fiom honeybee (Apis mellifera) 

ovemintering facility, S.P. Abbott (OHS 428) 11 Mar 1994, (=iFû 33040, =M 
377809), holoytpe and ex-type of Micmosczis brevicaulis. 

UAMH 777 1 Scandia, Alberta, Canada, indoar air ex RCS strip, fiam Honeybee (Apis mellijera) 
ovemintering facility, S.P. Abbott (OHS 38) 13 Dec 1993. 

UAMH 7774 St, Lina, Albea, caiada, indoor air ex RCS strip, h m  Honcybee (Apis mellifera) 
overwintenng facility, S.P. Abbott (OHS 41) 10 Dec 1993, (=IF0 3305 1, =IMI 377810). 

UAMH 7880 Calgary, Alberta, Canada, indoor air of hasement of home cx RCS strip, S.P. Abbott (SA- 
M26) 10 Jan 1993. 

UAMH 7918 Edmonton, Alberta, Canada, rnixed air, plenum, ex bacterial RCS stnp @ 35 C, S.P. Abbott 
(SAmM70) 22 Feb 1995, (=Mi 377812, =IFO 33052). 

UAMH 79 19 Red Deer, Alberta, Canada, outside air ex RCS strip, S.P. Abbott (SAoM72) 9 Mar 1995, 
UAMH 8400 Toronto, Ontario, Canada, rabbit dung, J. Scott (JS 170) 28 May 9 1. h m  Malloch, D. as 

Scopulariopsis brwicoulis, 
UAMH 840 1 Wallaceburg, Ontario, Canada, carpet d u t  fkom home, D. MaiIoch (056.12 1. 1) 24 Feb 

1994. h m  Malloch, D. as Scopufariopsis brevicaulis. 
UAMH 8454 Thaxter 1905 (=Thom 480-2). fkom NRRL as NRRL 1096 &opluriopsis brevicaulis 

(=M 40026, =LSHB Sc. 1, =M 61534, =CBS 467.48, =ATCC 7903). 
U M  8497 Chuncheon, Korea, Meju, Korean fermented soykms, 19. k e  (A-1-2). fiom Nakase, T. as 

JCM 26 19 Skopulariopsis brevicaulis, 
UAMH 8499 Fiorida, USA, bath towel, Weston (FLA IA1û6) Apr 1946. h m  NRRL as NRRL A4671 

ScopuImCUTopsis brevicaulis. 
UAMH 8500 Biourge (350) 02 May 1924 (=Thom 4733.1 12.1). h m  NRRL as NRRL 1 1 12 

Scopulariopsis brevicaulis. 
UAMH 8627 Barthead, Alberta, Canada, outside air ex RCS strip, S.P. Abbott (SAgM76) 20-Mar-19%. 
UAMH 8628 15 km north of Mariana Lake, Alberta, Canada, bumt wood of black spnice (Picea 

mariana), S.P. Abbott (SA-MI 37) 16-Aug-1996. 
UAMH 8629 east of Spruce Grove, Aberta, Canada, ex asoocarp of Peziza vesicuIosu on decaycd straw, 

S.P. Abbott (SA-M139) 11-Jd-19%. 
UAMH 8702 Innïsfhil, Queensiand, Australia, atmospbae, d e a d  site, L Upsher 1985. h m  Montdli, 

L. â~ AMRL 1675 Scopulm~opsts brevicaaifis. 
UAMH 8703 InnisfaiI, Queensland, Austraïia, atmosphere, cleared site, J. Upsher 1985. fïom MonteHi, 

L. as AMRL 15 12 Scopufm*opsis sp. 
UAMH 8709 Barrhead, Aberîa, Canada, outside air ex RCS strip, SP. Abbott (SA-M77) 20 Mar 19%. 
UAMH 8737 Sydney, New South Wales, AuslraIia, wine CO* CI Davis 1980. h m  Hocking, A as FRR 

2342 ScopuIm*op's koningii. 
UAMH 8745 North Buck Lake, Alberta, Cana&, freshwater mail shells on Iakeshore, S R  Abbott (SA- 



M161) 21 Oct 19%. 
UAMH 8746 North Buck MC, AIberta, dung of white-tdcd dacr (Odocoileus virginicmus) in 

pineîbirch (Pinus bmRsianaf &tub ppyrrfjëra) woods, S.P. Abbott (S A-M 164) 18 Dec 
19%. 

UAMH 8747 15 km north of Mariana Lake, A b l a ,  -da, b m t  canes of black spruce (Picea 
mariana), S R  Abbott (SA-M159) 21 Oct 19%. 

UAMH 8748 Goldye hicc neâr Nordegg, Alkrta, Canada, dung of rad squintl (Tmiuciurus 
hudsonicirs) in lodgcpolc pine (Pinus contorto) foresi, S.P. Abbott (SA-MM) 15 Nov 
1996, (=IF0 33049). 

UAMH 8749 Fish Lake near Nordegg, Alberta, Cana&, Soil oflakeshore under white spnice (Piceu 
glauca), S.P. Abbott (SA-M154) 15 Nav l m .  

UAMH 8750 Fish Lake near Nordegg, Alberta, Canada, dung of SM)WShoe hare ( L e p  amen'cmus) in 
white spmce (Picea glauca) fonst, S.P. Abbdt (SA-Ml 53) 14 Nov 19%. 

UAMH 875 1 Fish M e  ncar Nordegg, Alberta, Canada, old basidiocarps of Hydhum repundiun in white 
spruce (Picea glauca) forest, S.P. Abboit (SAM 152) 14 Nov 19%. 

UAMH 8785 Mancheste, UK, NCTC/ BCTRA 1930. h m  IMI as IMI 61424 Scoprrlariopsis brevicaulis, 
(=LSHB Sc. 5). 

UAMH 8786 Vienna, Austria, Pnibrarn Feb 1926. h m  IMI as IMI 91946 Scopuloriopsis brevicaulis, 
(=LSHB Sc. 3). 

UAMH 8787 Wanganui, New Zkaland, air, F.J. Morton (H74) Dec 1 % 1. h m  Young, J. as ICMP 1044 
Skopulariopris brevicaulis. 

U A .  898 1 Formosa, soil, NRRL isolate (1 3) Jun 1952. h m  NRRL as NRRL A-3865 Slcopulariopsis 
sp* 

UAMH 9038 Scatidia, Alberta, Canada, outside air ex RCS strip, S.P. Abbott (OHS 109) 13 Dec 1993. 
UAMK 9039 Camp Creek, Alberta, Canada, indoor air ex RCS stnp, honeybee (Apis meIlifera) 

overwintenng facilit', S.P. Abbott (OHS 339) 24 Mar 1994. 
UAMH 9040 Winnipeg, Manitoba, Canada, outside air ex RCS strip, S.P. Abbott (SAM3 1) 2 1 Dec 

1994. 
UAMH 9041 Barrhead, Alberta, Canada, outside air ex RCS strip, S.P. Abbott (SA-M85) 20 Mar 1996. 
UAMH 9090 UAMH, Aiberta, Canada, single ascospore isolate ex UAMH 8627, S.P. Abbott (Mb 3) 5 

May 1997, + mating type. 
UAMH 9û91 UAMH, Aiberta, Canada, single axospore isolate ex UAMH 8627, S.P. Abbott (Mb 10) 5 

May 1997, + mating type. 
UAMH 9092 UAMH, Alberta, Canada, single ascospore isofate ex UAMH 8627, S.P. Abbott (Mb 3) 5 

May 1997, - mating type. 
UAMH 9093 UAMH, Alberta, Canada, single ascoqore isolate ex UAMH 8627, S.P. Abbott (Mb 7) 5 

May 1997, - mating type. 
UAMH 9139 Netherlands, pupa of Pteronuspini, J. Rozsypd. h m  CBS as CBS 335.35 Sk~pul~ops is  

Java. 
UAMH 9 140 France, O. da Fonseca h m  CBS as CBS 152.22 Scopulariopsisjlova (=M 86928, 

=LSHB Sc. 62, =MUCL 9044). 
UAMH 9145 Ellc Island National Park, Alberta, Canada, extremely weli decayed wood (stage 5 decay), 

white spmœ log (Picea glmcu), T. Lumky (EI42SlC-4-ISB) 15 Apt 1997, (=DAOM 
2256 1 1). 

UAMH 9253 Gregoire Lake nowiciaal Park, Alberta, Canada, twig of aspui (Populus aemuloides), S.P. 
Abbott (SA-M229) 2 Mar 1998, (=DAOM 225612). 

UAMH 9320 She- Park, Aiberta, Canada, decayed wood (2x4) in basement of home, S.P. Abbott 
(SAM238) 24 hl 1998. 

UAMH 9367 Ek Wand Nationai Park, Alberta, Canada, éxûemely weli decayed wood (stage 5 decay), 
white spcuœ log (Picea glauca), T. Lumiey (EI42-SlD) 28 Sep 1998. 

UAMH 9406 UAMH, Aiber@ Canada, sinde ascospore isolate ex UAMH 8627, S.P. Abboa (Mb 1) 5 
May 1997, - mahg type. 

UAMH 9407 UAMH, Aberta, Canada, single ascospore Mate ex U A .  8627, S.P. Abbott (Mb 8) 5 
May 1997, + mating type. 



UAMH 9458 30 km east of Nordegg, AIberta, Canada, dung of moose @/ces alces) in black spnice 
(Picea m m i m u )  fonsî, S.P. Aîhtt  (SA-MI36) 17 Jun 19%. 

MMOOSCUS emioniormis Mailoch & Hubart. 1987. Canadian J o u d  of Botany 65: 
2384. 

CoUectionr Examinai: 
UAMH 5592 Pm.  de Liege, Flemalle, BeIghmt, decaying m a t  in cave of Ramioui, J. Hubart Jun 1985. 

from Kmg, J.C. as TRTC 50940 MCIOQSCUT cuviar i~mis  (=CBS 536.&7), ex-type of 
Microascus cavi0~ijZonnis. 

UAMH 61 12 Grotte de Roset, Belgium, mat  I d t  in cave 6 months, J. Hubart Sep 1987, Eiom Malloch, 
D. as Microoscus cavim~nnis .  

MCNI(ISCUS cinereus (Emile-Weil & Gaudin) Curzi. 193 1.  Bollettino. Stazione de 
Patologia Vegetale di Rorna 11 : 60. 

= Scophriopsis cinerea Ede-Weil & Gaudin. 19 19. Archives de Medecine 
Experimentale et d'Anatomie Pathologique 28: 452. 

= Micrmms griseus Mathur et al. 1962. Sydowia 16: 47. 

= Mictoasmspe&osoi Fuentes & Wolfe. 1956. Mycologia 48: 63. 

Collections Examined: 
UAMH 158 1 ]Edmonton, Alberta, Canada., contaminant, J. W. Cannichael Feb 1963. 
UAMH 53 15 Takatori, K 10 1 1-2. 
UAMH 7455 Tyler, Texas, USA, branchial wash, male 8 1 yr. h m  Harris, J.  as Microc~scus sp. 
UAMH 8505 Kampala, U p d a ,  Kibuka-Serunkuma (808) 17 Feb 1971. h m  NRRL as NRRL A48426 

Doraromyces putredinus. 
UAMH 8681 Edmonton, Alberta, Canada, toenail (DE+), C. Sand 3 1 Jul 19%. h m  Rennie, R as MY 

3499 Scopulariopsis sp. 
UAMH 8842 Japan, paddy field mil, T. Yokoyama (YV-34-31) 1985. fiom Ito, T. as IFO 3 1841 

Microaseus cinereus. 
UAMH 8889 Norwood Technical ColIege, England, UK, soil, J.I. Mendy May 1959. from Untereiner, W. 

as MUCL 90.18 Micmascus cinereus, (=IMI 75542, =LSHB Sc. 3 5, =CBS 193.6 1). 
UAMH 9094 AIberta, Canada, spunim, Provincial Laboratory for Southern Alberta F 43 yr, 12 Aug 1997. 

from Rennie, R as MY 4894 Scopt'loriopsis bmmptii. 
UAMH 9323 Jamaica, coffee, D. Johns 11 Apr 1984. h m  NRRL as NRRL A027373 Microascus 

desmospotus. 
UAMH 9324 California, USA, soil, G. ûn (0423) 29 Aug 1958. h m  NRRL as NRRL A-8020 

Microtzscus cinereus, (=CBS 666.7 1). 
u A ~ H  9366 Maqua Lake near Fort MM-, Amena, Canada, gmuse dung in black spruœ (Pi- 

mmîunu) forest, S.P. Abbott ( S A W 7 2 )  15 Sep 1998. 
UAMH 9390 California, USA, lung of man, G E  ûrr, h m  CBS as CBS 664.71 Microa~cus cinereus, 

ex-type of  Micromm reni/mis. 
UAMH 9391 Maharashtra, india, soil, M.J. ThinunaIachar (HACC 1252). h m  CBS as CBS 365.65 

Mictooscus cinereus, (=ATCC 16204, =M 1 13680), ex-type of M~CTOOSCUS griseus. 
UAMH 9392 A khm&re, h m  CBS as CBS 126.14 M i c r u ~ c i n e r e u s ,  (=LSHB Sc. 79, =M 

û6916), ex-type of Perisromium desmosporum v. vertici1Iium. 
UAMH 94û6 Muskeg Road SW of Boyle, Alberta, Canada, wood of willow (Soiix discolor) branches, 

intemediate stage decay, SP. Abbott (SA-M282) 20 Jan 1999. 



Mcr~arcu cimsus Curzi. 1930.Bollettino. Stazione de Patologia Vegetale di Rorna 10: 
308. 

Cdlectious Ernmined: 
UAMH 334 Edmonton, Aiberta, Canada, skin h m  hanci, J.W. Cannichael. 
UAMH 963 Thom 5207, h m  NRRL as NRRL 1689 Nephmspora microascus, (=CBS 30 1.6 1, 

=GenBank M89N3, =MI 86914, =LSHB Sc.71). 
UAMH 965 Italy, decayed h n w  kaves, M. CurP 1930. h m  CBS as CBS 2 1 7.3 1 Microacus cimstls 

(=UAMH 9389), cx-type of Microoscus cimsus. 
UAMH %6 soil, K. Domsch, fiam CBS as CBS 240.58 Micmoscus cimms, (=IMI 86913). 
UAMH 7322 

UAMH 7456 

UAMH 7580 

UAMH 8212 

UAMH 8504 

UAMH 8887 

UAMH 8888 

UAMH 8978 

UAMH 9325 

UAMH 9326 
UAMH 9327 
UAMH 9389 

Edmonton, Amerta, Canada, bmnchiol washing, f e d e  69 yr, c Sand 16 D& 1992. from 
Rennie, R as MY 5861. 

ex Rt lcnee lesion, bone marrow transplant patient, mde 12 yrs + mass in upper lobe of Rt 
lung. from Rinaldi, MG. as UTHSC 92-780 Microascus cinereus. 

Edmonton, Alberta, Canada, ex branchial wash, female, 61 yr, Grey Nuns Hospital 17 Dec 
1993. h m  Rennie, R as MY 0255. 

Pennsytvania, USA, ex bronchoalvcolar lavage, fernale), Presbyterian University Hospital 
(Fl5666) 1995. from Rinaldi, MG. as UTHSC 95- 1 180 Microascus cirrosus. 

France, soil, 1. Guillernat & J. Montegut (AS75) 1956. fmm NRRL as NRRL A-7373 
Microascus sp. 

Iîaiy, mot of pape (mis  vinfera)), M .  Cuzi. h m  Untereiner, W. as MUCL 9050 
Microarcus cirrosus, ( = a s  277.34). 

Itaiy, tx man, G. Pollacci 1927. h m  Untereiner, W. as MUCL 7915 Microascus c irro~~s.  
(=as 213.27, =LSHB Sc. 84, =Mi 36480), ex-type of Torula pdsii. 

ear, D. Ferneil (E-7-16) 1 1 Oct 1972. front NRRL as NRRL A020 199 &opuI~~riopsis 
constantini. 

California, USA, G. O n  (0-380) 29 Aug 1958. from NRRL as NRRL A-8023 Microascus 
sp- 

Anzona, USA, G. On (0-381) 29 Aug 1958, from NRRL as NRRL A-8024 Microascus sp. 
G. O n  (û424) 29 Aug 1958. fmm NRRL as NRRL A402 1 Microarcus ciwosus. 
Italy, decayed leafof Prunus, M. Curzi 1930. from CSS as CBS 217.3 1 Microarcus 

cimosus, (=UAMH 965), ex-type of Mictomcus cirros~~s. 

Microuscus exsertus Skou. 1973. Antonie van Leeuwenhoek 39: 529. 

= Pithoasçtls exsertus (Skou) AIX. 1973. Persoonia 7: 373. 

Collections Eumined: 
UAMH 8698 Denmark, cocoun of leafkutting bee (Megachile willoughbielfa), J.P. Skou (825). from 

D AOM as D AOM 146087, (=CBS 8 19.7 0, =ATCC 2836 l), -type of Pirhoûscus 
exsertusS 

MCIOQSCUS gig-eus Maiioch. 1970. Mycologia 62: 73 1. 

Collections Esamined: 
UAMH 9425 South of Coldwater, Simcoe Co., Ontantano, Canada, insect fiass in dead log, D. Malloch 12 

Oct 1%8. h m  CBS as CBS 746.69 Micro4sctcsgiganteus, (=TRTC 45434, =ATCC 



1877 1), ex-type of M~CIOOSC~~S giganteus. 

Micwascw i n t e r d u s  Emmons & Dodge. 193 1. Mycologia 23: 324. 

= Pithmsms htennediuî (Emrnons and Dodge) Anr. 1973. Proceedings 
Koninklijke Nederlandse Akademie van Wetenschappen, Senes C, 76: 292. 

Coiiections Esamined: 
UAMH 656 CharIborn, North Cadina, USA, diswsni mots strawkry (Fragma vesca), Emmons and 

Dodge 1930. h m  CBS as CBS 2 17.32, (=IMI 869 Li), ex- of Microtwcus 
intemedius. 

UAMH 2469 Edmonton, Alberta, Canada, hair ac scalp, LW. Carmichael 1 Mar 1%5. 
UAMH 6954 Bidar, Kamataka State, india, field soil, R Khan 18 Dec 1989. from Khan, R as TRTC 

5 1 200 Microasas inf ennedius. 
UAMH 8697 Kentville, Nova Scatia, Canada, saad of lowbush blmkny (Vaccinium mgust~olium), C.O. 

Gourley (KP 3080a) June 1978, from DAOM as DAOM 169 158 Pifhoarcus 
intemedius, (= ATCC 3 8876). 

UAMH 8840 Japan, soil, T. Ito (1724nE3) 1989. from Ito, T. as IF0 32232 Pithoascus intermedius. 
UAMH 9043 3 km north of Bidar, Bidar D i a ,  Kamataka State, India, soil frorn interior building of cuins 

of Bidar Fort, RS. Khan 18 Dec 1989. h m  Krug, J.C. as TRTC 52054 M~CIOOSCUS sp. 
UAMH 9 136 Germany, ex man, tinea plantaris, H. Listernann. fiom CBS as CBS 103.85 Pithoascus 

nidicola. 
UAMH 9328 Georgia, USA, soil, C. Emmons (5916) Oct 1956. h m  NRRL as NRIU, A49W 

Microascus sp. 

Micro4scus longirostn's Zukal. 1885. Verhandlungen. Zoologisch-Botanische 
Gesellschaft in Wien 35: 339. 

= Microarcus vmiobilis Massee & E.S. Salmon. 1901. Annals of Botany 15: 349. 

Collections Examined: 
UAMH 408 Edmonton, Alberta, Canada, ex finger nails, J. W. Cannichael 1955. 
UAMH 4833 Slave Lake, Alkrta, Canada, coyote (Canis la~rans) dung, L. Sigler 1 Sep 1983. 
UAMH 7957 New Britain, Co~ecticut, USA, ex branchial wash. from Rinaldi, M. as UTHSC 954% 

Microuscus cirrosus. 
UAMH 8354 Rinœ Albert, Saskatchewan, Canada, indoor air of woodroom ex RCS strip, S.P. Abbott 

(SA-MS2) 8-Dec-1995. (=IF0 33041). 
UAMH 8841 Netherlands, skin of squirrel (Sciums vulguris), 1949. h m  Ito, T. as IFO 7029 Microusas 

longitosîris, ( = a s  267.49). 
UAMH 9042 north of Lac La Biche, Alberta, Canada, lung of northem flying squirrel (Gfmcomys 

sabrina), J, Csotonyî 3 1 Jan 1997. fiom Cunah, RS. as 13 1/214BTMimascus 
longimsb7s. 

UAMH 9151 Eik Island National Park, Alkm Canada, &y, rond Wood (stage 2 âecay), aspen log with 
hollow core (Populus heniuloides), T. Lumley (EI-13-SSC, 8441) 14 Aug 19%. 

UAMH 9329 Kittery Point, Miiine, USA, wasp nest, Harvard University (5 1) Jun 1940. h m  NRRL as 
NRRL 1717 Micruuseus longirostrrs, (=M 86908, =LSHB Sc. 43, =CBS 1%.61, 
=MUCL 9058). 

UAMH 9432 C. Emmons (5701) Jan 1947. h m  NRRL as NRRL A02018 Microarcus lunaspoms. 



Mcto~scus mcutginii &oubière) Curzi. 193 1. Bolenino. Stazione di Patologia Vegetale 
di Rom 11: 60. 

= Nephrospora manginii Loubière. 1923. Comptes Rendus. Academie des 
Sciences (Paris) 177: 209. 

= ScopuIiuiopsis ulbojravesceens Zach. 1934. hterreichische Botanische ZeitschriA 
83: 177. 

status anamorphosis: 

Scopulmopsis candi& Vuillemin. 19 1 1. Bulletin Societé Mycologique de France 27: 
143. 

= Monilia c&& auct, sensu Guéguen. 1899. Bulletin Societé Mycologique de 
France 1 5: 27 1. (non Persoon; non Bonorden). 

t Monilia candida Persoon. 180 1 .  Synopsis methodica fûngorum. (=A~pergiZlus 
fide Vuillemin 1 9 1 1). 

t Monilia candida Bonorden. 185 1 .  Handbuch der allgemeinen mykologie. 
(=Monilia bonordenii Vuillemin 1 9 1 1 ) . 

= Chrysosporium keratinophilum var. denticolum Moreau. 1969. Mycopathologia et 
Mycologia Applicata 37: 37. (nom invalid, ICBN Art. 36). 

UAMH 238 
UAMH 93 1 
UAMH 934 

UAMH 937 

UAMH 938 

UAMH 940 

UAMH 944 
U A .  945 
U M  957 
UAMH 958 
UAMH 959 
UAMH 961 

Edmonton, Alberta, Canada, skin h m  chin, J.W. Carrnichael 1954. 
from CBS as Sc~pul~ops i s  rufifulus. 
Austria, diseased skin of man, F. Zach. h m  CBS as CBS 399.34 Scopulariopsis albo- 

flavescens, ex-type of Scopulariopsis albofiavescens. 
Biourge (3 72) 1924. h m  NRRL as NRRL 1 1 O6 P enicillium brevicaule var. album, (=LSHB 

Sc. 103). 
Bureau of Dairy Industry, USDA, abnormal cheese, L.A. Rogers h e  1938. h m  NRRL as 

NRRL 1 109 Scopulariopsis brevicmlis var, glabra, (=LSHB Sc. 106). 
France, L. Mangin 1927. h m  NRRL as NRRL 2 157 Scopulariopsis brevicaulis var. glabra, 

(=LSHB Sc. 107). 
from NRRL as NRRL 1 107 Penicillium brevicaule var. album, (=LSHB Sc. 104). 
from NRRL as NRRL I 108 Penicillium brevicaule var. album. (=LSHB Sc. 105). 
UK, toenail, Feb 1959. h m  Smith as LSHB Sc.33 ScopuIariopsis candido. 
human lesion, Nov 1959. fiom Smith as LSHB Sc.36 ScopuI~opsis candida, (=MI 73030). 
h m  Smith as LSHB Sc.55 Scopuluriopsis candehbrum. 
soil, 1952. h m  Smith as LSHB Sc. 12 (BB 299) Acmlium sp, 

UAMH 1242 Toronto, Ontario, Canada, adar cooihg tower, LW. Cm&chael1%2. 
U A .  1923 Burma, milled rice, 1954. from Udagawa, S.-L as NHL 2278 Microarcus manginii (=CBS 

230.64, =IFO 7555). 
üAMH 2044 M y ,  soil, Var- EV IJ(2). h m  Orr, G.F. as Chysosporium. 
UAMH 2470 Edmonton, Aiberta, Canada, rash ex ne& LW. Carmichaei 9 Apr I%S. 
UAMH 2642 Guelph, Ontario, Canada, chicken litter, G.L. Barron (10490) Jan 1966, (=ATCC 16685, 

=CBS 506.66). 
UAME? 2710 Edmonton, Aiberta, Canada, head lesions cx chicken, LW. Cannichael i%7. 
UAMH 3568 Chile, soil, Zaror, L. (T59), (=DAOM 225613). 



UAMH 4065 Edmonton, AIberta, Canada, spruœ lumbtf, A Jobson. 
UAMH 4367 fymphatic lesions on ho= h m  QX: as CDC B-3390, (=CM: 8 1-003005). 
UAMH 4975 Katowice, Poland, aembicaiiy digestcd m g e  sludge, K. W g  (14) 1984. 
UAMH 7ûS2 Grimshaw, Aiberta, Canada, indoor air m RCS sirip. b m  honeyke (Apis mellifera) 

ove rwintering facility, SP. Abboa (OHS 173) 30 Jaa 1994. 
UAMH 7902 New Zdami, ex Lt gnat tœnaii, f d e  74 yr, DE+, D. Parr (268). 
UAMH 792 1 Red Deer, Aiberta, Canada, ouiside air cx RCS strip, S.P. Abbott (SAoM73) 9 Mar 1995, 

(=IM 3778 13, =IF0 33042). 
UAhpI 7924 Edmonton, Aiberta, Canada, ex nail, Rt great toc, male 63 yr, DE+, C. Sand 20 Feb 1995. 

h m  M e ,  R as MY 0563. 
UAMH 7930 Edmonton, Alberta, Canada, ex nail, male 72 yr, Fielding, J. (FS 188 8) Feb 1995. 
UAMH 8359 Waltaœburg, Ontario, Canada, carpet dust h m  home, D, Malloch (128-12 1.2) 13 Apr 

1994. h m  Malloch, D. as ScoptrIurioprrs candida. 
UAMH 8360 Wallaœbutg, Ontano, Canada, carpet dust fiom ho- D. Malloch (322420.2) 16 Jun 

1994. fiom Malloch, D. as (Scopufariopsis candida. 
U A '  8361 Ottawa, Ontario, Canada, swab fiom home, D. Maifoch (M22-2C) Dec 1995. h m  Malloch, 

D. as Scopuloriopsis sp. 
UAMH 8404 Wallaceburg, Ontario, Canada, carpet dust h m  home, D. MalIoch (138-1 10.1) 14 Mar 

1994. fkom Malloch, D. as Scopulariopsis condida. 
UAMH W 5  Wallaœburg, Ontario, carpet dust h m  home, D. MalIoch (139-12 1.2) 14 Apr 1994. fiom 

Malloch, D. as Skopulariopsis candida. 
UAMH 8683 NRRL isolate, USA, ammoniated corn, RI. Boothast 16 Jun 1976. from NRRL as NRRL A- 

22796 Microaîcus sp. 
UAMH 8708 Winnipeg Manitoba, Canada, indoor air ex RCS strip, S.P. Abbott (SA-M37) 3 1 Aug 1995. 
UAMH 8796 Lucknow, India, J.N. Rai 1967. h m  iMI as IMI 128461 Microarcus manginii. 
UAMH 8797 UK, buckwhcat CM, A Donnelly 1974. h m  IMI as Mi 182498 Micmascus manginii. 
UAMH 8798 France, C. Moreau 1%9. h m  IMi as MI 139629 Scopulariopsis candida, ex-type of 

Chtysosporium keratinophilum var. denticoh. 
UAMH 8944 Lac La Biche, AIberta, Canada, lung, northem fiying squiml (Glaucomys sabrina), J. 

Csotonyi 24 Apr 1997. h m  Currah, RS. as A24/107/lMT/ lc. 
UAMH 8977 Arizona, USA, dung, G.F. ûrr (0-425) 29 Aug 1958, fiom NRRL as NRRL A-8022 

Microascus manginii. 
UAMH 9004 Chilliwak, British Columbia, Canada, indoor air of office building ex Andersen sampler, 

S.P. Abbott (SA-M175) 27 Mar 1997, (=DAOM 225614, =IF0 33043). 
UAMH 9 135 France, L. Mangin. h m  CBS as CBS 170.27 Microascus manginii, (=M 8693 1, =LSHB 

Sc, 83), ex-type of Microoscus manginii. 
UAMH 9146 Elk Idand National Park, Alberta, Canada, dry, rotted wood (stage 2 decay), aspen log with 

hollow #ire (Populus aemuloides), T, Lumlcy (EI-13-SSC, 6-26H) 26 Jun 19%. 
UAMH 9147 Elk Island National Park, Afberta, Canach. decayed wood (stage 2 decay), white spruce log 

(Piceu glmcu), T. Lumley (Ei-09-S3E, 2-1 1A) 1 1 F& 1997. 
UAMH 9174 Elk Island National Park, Alberta, Canada, dccayed wood (stage 2 decay), white spruce log 

(Picea gknrca), T. Lumley (EI49S3B, 2-1 1A) I 1 Feb 1997. 
UAMH 9293 Alberta, Canada, sputum, male 50 yr, Provincial Laboratory for Southem Alberta Jun 1998. 

fiom Rennie, R as MY 3408.98. 

Cddons  Examine& 
UAMH 9176 Pella Mission Station, South Afica, mil, T. Iihtsushima (MFC-bK057) 09 Sep 1995, h m  

Matsushima, T. as MFC4KO57 Microascus microcordifonnis, =-type of Microdscus 
microcordîjonnis. 



MC~OQSCUS nidicola Massee and E.S. Salmon. 190 1.  Annals of Botany 15: 3 13. 

P Pithmsms nidicola (Massee and ES. Salmon) An. 1 973. Proceedings 
Koninkiijke Nederlandse Akademie van Wetenschappen, Series C, 76: 292. 

Collections Esamin& 
UAMH 8979 Utab, U S 4  kan- rat (Dipodomys merriami], C.W. Emmons (A 1671) ûct 1956. h m  

NRRL as NRRL A6894 Micnurrcus nidicolo. (=CBS 197.61, =IMI 86918, =LSHB Sc, 
4). 

UAMH 8980 Utah, USA, soil, C.W. Emmons (A 1836) Oct 1956. h m  NRRL as NRRL A4913 
M ' o s c u s  nidicola. 

UAMH 9487 UAMH, AIberta, Canada, single ascospore isolate ex UAMH 8979, S.P. Abbott (Mn-4) 10 
Jui 1998. 

UAMH 9488 UAMH, Alberta, Canada, single ascospore isolate ex UAMH 8979, SP. Abbott (Mn-8) 10 
Jui 1998. 

Microascus niger (Sopp) Cuni. 193 1. Bollettino. Stazione di Patologia Vegetale di Roma 
1 1 :  60. - AamIium n i p m  Sopp. 19 12. Videnskaps Selskapets Sknfter. 1.  Mat.-Naturv. 

Klasse 1 1 : 47. 

status anamorphosis: 

ScopIm*opsis ~~peniIa (Saccardo) S. Hughes. 1958. Canadian Journal of Botany 36: 
803. - ToruIu aspenda Saccardo 1882. Michelia 2: 560. 

= Scopulmopsisjùsca Castellani. 1 93 0. British Journal of Dematology and Syphilis 
42: 365. 

= Scopulbriopsis bestae (Pollacci) N&. 1934. Trattato di micopatologia umana 
4: 254. 

= T d a  bestae Pollacci. 1922. Riv. Biof. 4: 3 17. 

= Sco~lmiopssis amoIdii (Mangin & Patouillard) Vuillemin. 191 1.  Bulletin Societé 
Mycologique de France 27: 148. 

= Monilia amoldii Mangin & Patouillard. 1908. Bulletin Societe Mycologique de 
France 24: 164. 

= ScopuI~tiopsis roseoka Inagaki. 1962. Transactions of the Mycological Society of 
Japan 4: 1. 

~~ueca*ons ~ m e d :  
üAMH 216 Edmonton, Amerta, Canada, skin h m  fw LW. Carmichael1955, (=LSHB Sc. 109). 
UAMH 347 Edmonton, Aberta, Canada, slSn ex uppr Lip, LW. Catmicbael 1955, (=LSHB Sc. 1 12). 
UAMK 355 Edmonton, AIber(a, Canada. skin ex faa & chest, J.W. Carmichaei 1955, ( = L m  Sc.113). 
UAMH 44û Edmonton, Aiberta, Canada, skin ex foot, LW. Carmichel 1955, (=LSH8 Sc.lI5). 
UAMH 460 Edmonton., Alberta, Canada, skiri ex neck, LW. Catmichaet 6 Dec 1955, ( = L m  Sc. 116). 



UAMH 9 17 Edmonton, Aiberta, Canada, mutine mycology, J.W. Carmichaell% 1, (=LSHB Sc. 120). 
UAMH 923 strain Magnin. fiom CBS as ScopuIariops moldi, ( = L m  Sc. 49). 
UAMH 924 strain Potlacci, fiom CBS as CBS 289.38 Scopulariopns bestrre, (=LSHB Sc.5 1, =IMI 

86927), =-type of Torula bestae. 
UAMH 930 Austria, carcass of rabbit, strain Zach. h m  CBS as CBS 40 1.34 Scopuloriopsis ficsca, (=M 

86934, =LSHB Sc.58). ex-type of ScopuIariops firsca 
UAMH 941 h m  NRRL as NRRL 1 t I l  Scopulmops cosei. 
UAMH 949 U.K., moldy packing straw, Smith Ftb 1956. h m  Smith as LSHB Sc. 16 (BB 3 15) 

ScclpulmORopsis moldi, (=MI 632 14). 
UAMH 930 Perranporth, UK, gardcn wii, Jun 1952. fiam Smith as LSHB Sc.3 7 S c ~ p u t ~ o p s i s  arnoldi. 
üAMH 951 London, U.K, moldy carmine, Mar f 937. from Smith as LSHB Sc13 Scopuluriopsis 

moldi, (=M 86932). 
UAMH 955 strain Lab. Crypt., Paris. fiom Smith as LSHB Sc. 6 1 Scopuf~opsis rubellus, (=IMI 86924). 
UAMH 1322 Alberta Game Farm, Edmonton, Alberta, Canada, soii cougar pen, J.W. Catmichael7 Jul 

L%2. 
UAMH 7879 GirouxviUe, Alberta, Canada, indoor air ex RCS strip. h m  honeyke (Apis mellrera) 

ovemintering facility, S.P. Abbott (OHS 207) 30 Jan 1994, (=Fû 33047, =iMI 
3778 1 1). 

UAMH 8362 Ottawa, Ontario, Canada, swab h m  home, D. Malloch (M22-2C) Dcc 1995. h m  Malloch, 
D. as &opulariopsis sp. 

UAMH 8682 Valley of the Five Lakes, Jasper National Park, Alberta, Canada, Marten (Martes 
americma) dung, S.P. Abbott (SA-M142) 13 May 19%. 

UAMH 8706 Barrhead, Alberta, Canada, indoor air of office ex RCS strip, S.P. Abbott (SAwM78) 28 Mar 
1996. 

UAMH 8847 Japan, wheat flour, N. Inagaki (1-391) 1962. h m  Ito, T. as IFO 7564 SCopuIuriopsis 
roseola, ex-type of &oplariopsis roseofa. 

UAMH 89û4 Missouri, hay, D.T. Wicklow @TW-001) 12 Feb 1992. h m  NRRL as NRRL A028654 
Scopufariopsis/usca. 

UAMH 9029 10 km south of Muc, Alberta, Canada, dung of striped skunk (Mephitis mephitis) on 
ground in f m  yard S.P. Abbot (SA-MI83) 10 Jun 1997, (=MI 377816, =iFO 33048). 

UAMH 9037 Saskatoon, Saskatchewan, Canada, outside air ex RCS strip, S.P. Abbott (SA-M24) 28 Nov 
1994. 

UAMH 9095 Alberta, Canada, right great toe, male 54 y, Provincial Laborittory for Southem Alberta 18 
Aug 1997. from Rennie, R as MY 4135 Scopuluriopsis fuca.  

U M  9144 Elk Island National Park, Alberta, Canada, decayed wood (stage 2 decay), white spruce log 
(Picea gtauca), T. Lumley (EI49-S3G, 2-1 1D) 1 1 Feù 1997. 

UAMH 9489 UAMH, Alberta, Canada, mating cross UAMH 8362 X 9037, S.P. Abbottt 17 Apr 98, 
neotype of Microascus niger. 

UAMH 9490 UAMH, Alberia, Canada, mating cross UAMH 7879 X 9037, S.P. Abbott 17 Apr 98. 
UAMH 949 1 UAMH, Aiberta, Canada, mating cross UAMH 8847 X 9037, S.P. Aôbott 17 Apr 1998. 

M~C~OOSCUS pyram*dus G.L. Barron & J-C. Giiman. 1961. Canadian Journal of Botany 
39: 1618. 

CoHIdons Examined: 
UAMH 9400 California, USA, desert soil, G.F. Orr. h m  CBS as CBS 212.65 Microoscuspyrmi~s, 

(=ATCC 36763, =IMI 109887), ex- ofMcroas~tl~pyramidus. 



M m u s  schnnwch~ (Hansen) Cud. 193 1. BoUettino. Stazione di Patologia 
Vegetaie di Roma 1 1 : 60. 

= S' , e re lh  schumachen Hansen. 1877. Videnskabelige Mecidelelsu fia Dansk 
Naturhistorisk Forening i Khobenhavn, p. 37. 

= Rosellinio schumacheri (Hansen) Saccardo. 1 882. S y lloge Fungomm 1 : 276. 

= Pithoamrs schachen (Hansen) An<. 1973. Proceedhgs Koninktijke 
Nederlandse Akademie van Wetenschappen, Senes C, 76: 292. 

Collections Esamin& 
UAMH 9137 Peurto de la Quesera, Spain, mil, A Martinez 1985. from CBS as CBS 435.86 Pifhoarcus 

schumacheri. 

Collections Esamined: 
UAMH 8799 Venezuela, storeci grains, C. Mazzani (7-1 C) 1982. h m  IMI as M 269 128 Microascus 

senegalensis. 
UAMH 9388 Senegai, mangrove mil, J. A. von Arx. from CBS as CBS 277.74 Microcrrm senegalensis, 

ex-type of Microarcus senegaiensis. 

Mcmascus siligularis (Sacwdo) Malloch & Cain. 1 97 1. Canadian Journal of Botany 49: 
859. 

= Fainncmia singu~ars Saccardo. 1906. Annales Mycologici 4: 276. 

= Microûsms doguerii Moreau. 1953. Revue de Mycologie 18: 177. 

Collections Esamined: 
UAMH 1938 Tokyo, Japan, laboratory contaminant, S. Udagawa 1962. fiom UQgawa, S.4. as NHL 

2297 Microascus doguetii. 
UAMH 2637 Cambridge, Massachusetts, USA, banel bottom, Thaxter (Harvard UxÛv. 47) 1904. h m  

Barron, G.L. as OAC lO4W Micromcus dogueiti. (=ATCC M W ,  =CBS 505.66, =M 
86909). 

UAMH 8618 Elk Island National Park, AB, decayed wood (stage 2 dccay), white spruce log (Picea 
gfmca), T. Lumlcy (EI-09-S3G, 8-8F) 08 Aug 19%. 

UAMH 9152 Elk Waod National Park, Alberta, Canada, decayed wood (stage 2 decay). white spma log 
(Picea glauca), T. Lumiey (EI49-S 1 C, 4-29C) 29 Apr 1996. 

UAMH 9153 Eflt Island National Park, Alberta, Canada, weU decayed wood (stage 4 decay), white spruce 
log (Picea girnrca), T. Lumley (EIU l-S4F-24 IB) 1 1 Feb 1997. 

UAMH 9175 Ek Wand Nationai Park, Alkna, Canada, &y, rotted wood (stage 2 deçay), aspen log with 
hollow core (Popdus tremuloides), T. L d e y  (Ei-13-S3D, 5-30A) 30 May 19%. 

U W  9330 Tokyo, Japan, laboratory contaminant, S. Udagawa 1%2. Erom NRRL as NRRL A-130 13 
Micm~scus doguettii, (=UAMH 1938, =NHL 2297, =CBS 414.64). 



MC~OQSCW soppii S.P. Abbott, sp. nov. 

status anamorphosis: 

Scopibriopsisfl' (Sopp) F.J. Morton & G. Smith. 1963. Mycological Papen 86: 
43. 

= Acauiium jlawm Sopp. 19 12. Videnskaps Selskapets Skriffer. 1. Mat.-Natum. 
masse 11: 53. 

= Blasiomycoi&s hginoostcs Casteliani. 1930. British Journal of Dermatology and 
Syphilis 42: 365. - G l e n o p r a  l'grnosa (Casteliani) Agostini. 193 1. Atti. Institut0 Botanico e 

Laboratorio Crittogamico. Universita di Pavia. ïT I  (Ser. IV): 67. 

Collections Examined: 
UAMH 83 1 strain Castellani, fiom CBS as CBS 187.33 Glenospora lanuginosa, ex-type of GZenospora 

lanuginosa. 
UAMH 942 Pacific Gtwe, California, USA, sandy loam, A.L. Cohen. h m  NRRL as NRRL 1848 

Scopulariopsis sp., ( = L W  Sc.68, =M 86923). 
UAMH 8895 United Dairies, England, UK, chetse, G. Smith (LSHB BB230) 1948, from Untereiner, W. 

as MUCL 903 1 Scopulariopisfrav~, (=Mi 8692 1, =LSHB Sc. 7, =CBS 207.61). 
UAMH 9167 Elk Island National Park, Alberta, Canada, decayed wood (stage 2 decay), white spnice log 

(Picea glauca), T. Lumley (EI49-S3E) 09 Jan 1997. 
UAMH 9168 Elk Island National Park, Alberta, Canada, decayed w d  (stage 2 decay), white spmœ log 

(Picea glauca), T. Lwnley (EI-09-S3F, 2-1 1B 1) 11 Feb 1997. 
UAMH 9169 Elk Island National Park, Alberta, Canada, dry, rotted wcmd (stage 2 decay), aspen log with 

hollow core (Populus ~emuloides), T. Lumky (EI-13-S4G) 09 Jun 1997. 
UAMH 9170 Elk Island National Park, Alberta, Canada, decayed waxl (stage 2 decay), white spnice log 

(Picea glauca), T. Lumley (EI49-S3D, 8-9E) 09 Aug 19%. 
UAMH 9171 Elk Island National Park, Alberta, Canada, decayed wood (stage 2 decay), white spruœ log 

(Picea glauca), T. Lumiey (EI109-S3G, 2-1 1E) 1 1 Feb 1997. 
UAMH 9172 Elk Island National Patk, Alberta, Canada, âecayed wood (stage 2 decay), white spntce log 

(Picea glauca), T. Lumlcy (EI4943J, 7-SB) O5 Jui 1996. 
UAMH 920 1 Elk lsland National Park, Alberta, Canada, cxtrcmely well decayed wood (stage 5 decay), 

white spmce log (Picea ghcu) ,  T. Lumiey (EI42-S3A, 1 1-26B) 26 Nov 19%. 
UAMH 9202 Slave Lake, Alôerta, Canada, dry, rotted wood (stage 3 dccay), aspen log (Poputus 

tremutoides) in 25 yr pst-harvest site, T. Lumley (FI68 1-0 1-S2F, 2-25A) 25 Feb 1997. 
UAMH 9492 Elk Island National Park, Aberta, Canada, rotted wood of aspen (Poplus tremloides) log, 

intemediate stage decay, T. Lumley (EI-13-S3G, 124A) Dec 6 1997. 

Mcroarcus dod (Am) S.P. Abbott, comb. nov. 

= Pithoumis sroveri Ant, 1 973. Persoonia 7: 3 73, 

statu anamorphosis: 

P q I a p r u  st& Warren. 1948. Mycologia 40: 400. 

Collections E d n e d :  
UAMH 9138 Ohio, USA, mot of sugar beet (Beta vulgmis) &hg, WL. White. h m  CBS as CBS 



176.7 1 Pithoascus stoveri, (=ATCC 1 1 173), cx-îype of Pithouscus stoveri. 
m ~ ~ u s  bigonosponis Emons & Dodge. 193 1. Mycologia 23: 3 17. 

= Mimaarcus Irigonoprus var. ferreus Kamy schko . 1966. Novosti Sist ernatiki 
N ih ikh  Rasteni, p. 175. 

= Miwoascus tngonqwrtls var. macrmpms Orr. 1% 1. in Barron, Cain, and 
Gilman, Canadian Journal of Botany 39: 16 17. 

statu anamorphosis: 

Scopu~lanpsis tngonoqmra Emmons & Dodge. 193 1. Mycologia 23 : 3 17. 

Coiidons Eumined: 
UAMH 655 oats (4vena sativa), M. Whitehead (3). fiom CBS as CBS 272.49. 
UAMH 7922 Kuwait, soil, C. Sand 17 Mar 1995. h m  Rennie, R as MY 0676L. 
UAMH 7943 D d e ,  Pennsyhcania, USA, ex sputum, immunosuppressed d e .  h m  Rinaldi, M. as 

UTHSC 95-467 Microa.sms îrigonospoms. 
UAMH 8398 near Soquel, California, USA, deer dm& J. Scott (JS 164) 3 May 1991. from Malloch D. 

as Micrwscus trigonosporus. 
UAMH 8503 Arizona, USA, soil at base of Saguano cactus, NRRL isolate Feb 1957. from NRRL as 

NRRt A-7078 Microamis trigonosporus. 
UAMH 8850 Burma, milled nce, S. Wdagawa (MIL 2265) 1957. fiom ho, T. as IF0 7027 Microarcus 

trigonospoms, (=M 869 12, =LSHB Sc. 1 3 2, =CBS 1 99.6 1). 
UAMH 933 1 Pa10 Verde, California, USA, iung of pocket moux, H. Kuchn 2 Aug 196û. h m  NRRL as 

NRRL A-10058 Micmascus trigonosporus, (4-745). 
UAMH 9332 Utah, USA, kangam rat (Dipodomys memirno, C. Emmons (U675) Oct 1956. from 

NRRL as NRRL A4898 Microai;tlts hrgonospoms. 
UAMH 9333 California, USA, soi1, G. Orr (0-382) 29 Aug 1958. from NRRL as NEUU, A08019 

Microaseus mgonosparus (=CBS 665.7 1). 
UAMH 9334 Puerto Rico, B.O. Dodge, Harvard University (48). fiom NRRL as NRRL 1570 Microu.scfls 

trigonosporus, (=M 869 1 1, =LSHB Sc. 40, =CBS 198.6 1). 
UAMH 9335 USSR, soil, I.A. Beljakova (VK.M F-1144). fiom NRRL as NRRL A48283 Microascus 

trigonosporus, (432502, =CBS 60 1.67, =ATCC 22360), ex-type of Microoscus 
Crrgonosporus var. terreus. 

UAMH 9336 California, USA, soil, G. ûrr (O- 12) 29 Aug 1958. h m  NRRL as NRRL A-80 1% 
Microascus trigonosporus var. macrosporus, ( = a s  662.7 1). 

UAMH 9387 USA, C. Emmons. fiom CBS as CBS 218.3 1 Microuscus trigonosporus, ex-typ of 
Micmacus trigonosporus. 

U A .  9579 Texas, USA, btood, mate 30 yr, 1999. h m  Hanis, J. as BY99 1529 Microascus sp. 

Collections Esmin& 
UAMH 8852 G E  Orr (01461). h m  Ito, T. as IF0 98 13 Microusas srOuroprus. 



Pdda C d .  1930. Boiienuio. Stazione di Patologia Vegetaie di Roma 10: 384. 

Type species: Petriella sordid(Zuka1) G.L. Barron & J.C. Gilman. 196 1. Canadian 
- Journal of Botany 39: 839. 

PeaieUa boulangeri Curzi. 1930. BoUettino. Stazione di Patologia Vegetaie di Roma 10: 
402. 

Cdlectiona Esamined: 
UAMH 86% Saskatchewan, Canada, lesions on leaves of Vicia /&a in gmwth chamber, RA. A MonalI. 

fiom DAOM as DAOM 145233 Petriella boulangeri, 
UAMH 8890 Hamburg, Germany, mangrnese plates in =il, R Schweisfurth (P29) 1%5. h m  

Untereiner, W. as MüCL 8206 Graphium eumorphurn. 

Petrt*ellla guttuluîu G.L. Barron & Cain. 1961. Canadian Journal of Botany 39: 841. 

Collections Esamined: 
UAMH 39% Bei Tamsel, Germany, partridge dung P. Vogel 14 Dec 1935. from CBS as CBS 362.61, 

(=TRTC 33049, =MUCL 9886). 
UAMH 8399 Toronto, Ontario* Canada, rabbit dung, J. Scott (JS 173) 1 1  Jun 1991. fiom Mallcoh, D. as 

Petriella guttulato. 
UAMH 9564 Toronto, Ontario, Canada, dung, RF. Cain Dec 1935. fiom NRRL as NRRL 2901 Petriella 

Petriella musispora Mailoch. 1970. Mycologia 62: 728. 

Collections Esamined: 
UAMH 3986 south of Dorset, Haliburton Co., Ontario, Canada, inner layers O f decaying wood of pop 

(Popdusgrandidentata), D. Malloch 14 Sep 1968. h m  CBS as CBS 745.69 ~ e b i e l ~ a  
musispora, (=ATCC 18772, =TRTC 45439, ex-type of Petriella musispora. 

Peai*ella set@fenr (Schmidt) Curzi. 1930. Bollettho. Stazione di Patologia Vegetale di 
Roma 10: 41 1. 

= Micraax~s setijèr Schmidt. 19 12. Dissertation Breslau, Germany, W.C. Korn. 
pp. 81. 

Cdlections Errimined: 
U M  805 fiom CBS as Rhinocladirrm lesnei, ex-type of RhinUcladium Iesnei. 
UAMH 1662 Edmonton, Alberta, Canada, contaminant ex UAMH 1620, LW. CannichaeI 22 Apr 1963. 
UAMH 1924 Tolyo, Iapan, soil, 1%2. from Udagawa, S . 4  as MIL 2279 Petriella setiferg (=as 

265.64). 
UAMH 2 174 fimm Martin, P. ( 1  588) as Rhinotrichum Iemei. 
UAMH 2702 Waterloo, Ontario, Canada, soi1 ex corn field, G.C. Bhatt 1966. h m  Bhatt, G.C. as CR 15, 

(=M 149303, =CBS 395.69). 



UAMH 3999 h m  CBS as CBS 352.59 PeiriefIa lindforsii. (=MI 89336). 
UAMH 5170 WOOSter, Ohio, USA, wooden pot labels in mix of Canadian peat-perrite, G. Kuter 1985. 

h m  Kutu, G. as 1949E Petnefla seti/era. 
UAMfI: 5945 Toronto, Ontario, Canada, soil of houseplant (Chloroplryton comosum) in hospitai, RC. 

Smxnakll15 Sep 1986. fiom Sumrnekil, RC, as W 1791, (=TRTC RCS W1791). 
UAMH 8375 Singapur, mil, 1. Guam Mar 1994. h m  Guarro, J. as FMR 5550 Peblefla setilra. 
UAMH 9565 West Vuginia, USA, wiltcd O& (Querctrs) tnc, AL. Shigo (92Ca4, =Banon 23 10) 1957. 

h m  NRRL as NRRL 2907 Peîriella set#ra. 

Pmiida sordide (Zukal) G.L. Barron & J.C. Gilman. 1961. Canadian J o u d  of Botany 
39: 839. 

= Micrmscus sordiIhrs Zukai. 1890. Berichte. Deutsche Botanische Gesellschaft 
8: 295. 

= Petriella asymmetrica Cuni. 1930. Bollettino. Stazione di Patologia Vegetale di 
Roma 10: 384. 

= Petriella asymmetrica var. cypria Nattrass. 1937. First list of Cypnis fiingi, p. 
5. 

Collections Exmined: 
UAMH 14 10 Ottawa, Ontario, Canada, ex Chrysanthemum, H.S. Thompson 1958. from DAOM as 

DAOM 6û250. 
UAMH 3 983 Italy, dry branch ex Pyrus communis, M. Curzi. h m  CBS as CBS 258.3 L Petriella 

rrsyntmetrica, (=IMI 3W 1), =-type of Peirieffa asymmetrica. 
UAMH 3985 Canada, soil ex mixed wax& G.L. Banon. h m  CBS as CBS 180.65 Petrielfa sordida, 

(=MUCL 8228). 
UAMH 4754 Brooks, Alberta, Canada, cucumber, R J. Howard (BR82-GX30A) 1982. h m  DAOM as 

DAOM 1857 13 Sporothrix. 
UAMH 7493 Whitefish Lake Algonquin Provincial Park, Ontario, Canada, porcupine (Erethizon 

dormtum) dung, J. Scott (JS 154) 4 Apr 199 1. fhrn Maltoch, D. as Petriella sordida. 
UAMH 8695 Ken~l le ,  Nova Scotia, Canada, twigs/wOOd of apple (Mafus cv. Robusîa 5), C.O. Gourky. 

fiom DAOM as DAOM 162 159 Petrieil a sotdida 
UAMH 8893 Nicosia, Qpnis, bark of poplar (Popufus nigra), RM. Nattrass (367) Sep 1933, h m  

Untereiner, W. as MUCL 9888 Petriella aymeirica var. cypria, (=CBS 238.3 8, =IMi 
62756), ex-type of Petriella asymmetrica var. cypria. 

U M  9457 W i i d  Lake near Calmar* Alberta, Canada, wood h m  poplar (Popfus sp.) stump, early 
stage decay, S.P. Abbott (SAM276) 8 Jan 1999. 

UAMH 9566 Ottawa, Ontario, Canada, pepper seed, LW, Groves 28 Dec 1944. h m  NRRL as NRRL 
1659 Petrielfa sordida, (=TRTC 33042). 

UAMH 9567 mouse dung, G E  O n  (0-89 1) 1960. h m  NRRL as NRRI, A- 1 O406 Petriella sordih. 

P H l a  sp. 

Collections Edned: 
UAMH 9568 Kilboume, Illinois, USA, nitidutid beeties, D.T. Wickiow (NIT 29) 1989, fiom MUU. as 

NRRL A-28297 Petrielfa sp. 



AcuMIeschaio Negroni & 1. Fischer. 1943. Prensa Medica Argentina 30: 2398. 

= Petriellidium Malloch. 1970. Mycologia 62: 738. 

Type species: PseuaTalIescheeria bo)uiii (Shear) McGinnis, Padhye, & Ajeiio. 1 982. 
Mycotaxon 14: 97. 

AeurtollescArerio ofnana (Am & G. Franz) McGinnis, Padhye, & Ajelio. 1982. 
Mycotaxon 14: 97. - PemèIZidium afiramrm Arx & G. Franz. 1973. Persoonia 7: 370. 

Collections Esamined: 
UAMH 4000 Tsiutsabis, South West Africa, sandy mil, G. F m  (105). mm CBS as CBS 3 1 1.72 

Petriellidium ajkicanum, ex-type of Petriellidium apicanum. 

Aeu&llescheria angustu (Malloch & Cain) McGinnis, Padhye, & Ajello. 1 982. 
Mycotaxon 14: 97. 

= Petrieliidium angktum Malloch & Cain. 1972. Canadian Journal of Botany 50: 
66. 

ColIections Examined: 
UAMH 3984 Dayton, Ohio, USA, sewage in half-digestion tank, D. Malloch. from CBS as CBS 254.72 

Petriellidium angustum. (=ATCC 22956, =DAOM 146023, =DAOM 146085, =TRTC 
4532 1 ) ,  ex-type of Peîriellidium angustum. 

Psercclallescheria boydi (Shear) McGinnis, Pdhye, & Ajello. 1982. Mycotaxon 14: 97. 

i AlZescheria boydii S hem. 1922. Mycologia 14: 242. 

= Petriellidium boydii (Shear) Malloch. 1 970. Mycologia 62: 73 9. 

= Pseudalescheria shemi Negroni & 1. Fischer. 1943. Prensa Medica Argentina 30: 
2398. 

status anamorphosis: 

Scedoprium q i o p r m u m  (Saccardo) Casteilani & Chairners. 19 19. Manual of 
Tropical Medicine Ed. 3, p 1 122. 

= Monoprium apioqemmr Saccardo. 191 1. Annales Mywlogici 9: 254. 

= Cepho~oslporium boydi Shear. 1922. Mycologia 14: 242. 

= Glenopru boy& (Shear) Pollacci & Nannizzi. 1936. Trattato di 
Mcopatologia mana 4: 246. 



Grqphium eumorphum Saccardo. 188 1. Michelia 2: 560. 

= Denriiostiilbeella boydi Shear. 1922. Mycologia 14: 242. 

Coikdons Esamined: 
UAMH 0002 Alberta, Canada, mycctoma, E.S. Kœping 9 May 1934. 
UAMH 0 153 N.F. Canant. 
U A .  Oûûû straui Cüem. h m  CBS as Glenspora graphii. 
UAMH 1099 California, USA, mycdoma. h m  ûrr, G.F. as UCLAB-M-55. 
UAMH 110 1 California, USA, brad nut. fiom On, GJ. as UCLAB-M-148. 
UAMH 1265 SL Albert, Alberta, Canada, swab ex car ad, J.W. Cannichael6 Apr 1962. 
UAMH 1865 h m  Orr, G E  as PV 1. 
UAMH 22 17 High Prairie, Alberta, Canada, pus ex ear of male, J.W. Carmichael Nov 1964. 
UAMH 2324 white grainai atyœtoma pedis. h m  Borelli, D. as Monosporium apiospemum 
UAMH 2507 Orr (0-3024) 1%3. 
UAMH 2975 Edmonton, Aiberta, Canada, bmnchial washing, LW. Carmichad 2 Jul1%8. 
UAMH 3230 Chino, Califomia, USA, surfâce litter ex turkey corrals, J.W. Cannichael 17 Feb 1969. 
UAMH 3239 Chino, California, USA, ex chicken pens, LW. Cannichael 17 Feb 1%9. 
UAMEI 3437 Los Angeles, California, USA, sputum, D.H. Howard 197 1. h m  Orr, G.F. as 0-3673 

Chrysosporium? 
UAMH 3746 Lethbridge, AIbcrta, Canada, fresh rnanure us beef f d o t ,  Sep 1974. h m  Bell, RG. as 

25M Chrysosporium sp. 
UAMH 3749 Lcthbridge, Alberta, Canada, manure, 28 Oct 1974. fiom Bell, RG. as TM. 
UAMH 3750 Lethbridge, Alberta, Canada, rnanure, 16 Sep 1974. h m  Bell, RG. as M37. 
UAMH 3872 Lethbridge, Alberta, Canada, canle manure, 20 Jan 1975. h m  Bell, RG. as 1CF1. 
UAMH 3873 Lethbridge, Alôerta, Canada, cade manwe, 21 May 1975. from Bell, RG. as 3CF1 

Pefirellidium boydii. 
UAMH 3904 fimgus bal1 ex hwnan. h m  Rippon, J.W. 
UAMH 3905 sputum. fiom Rippon, J.W. 
UAMH 3973 Pabellon iI del Hosp. Rawson, Argentina. aspirate of pus ex Rt knee, 1. Fischer. h m  

Negroni, P. as 5 163 Pseudallescheria sheari, (=CBS 10 1.22), ex-type of 
Pseudutlescheria sheari. 

UAMH 398 1 ex man. ftom CBS as CBS 3 16.54 Petriellidium boydii. 
UAMH 3982 Texas, USA, mycetom ex man, C.L. Shear. h m  CBS as CBS 10 1.22 Petrieliidium boydii, 

ex-type of Peîriellidium boydii. 
UAMH 3990 nasal cavity ex swine, A.A. Milko, from CBS as CBS 695.70 Petriellidium boydii, ex-type 

of Acremonium suis. 
UAMH 399 1 mil, D. Muecke. h m  CBS as CBS 1 14.59 Peîriellidiunt boydii. 
UAMH 3992 Suinam, soi1 under Eiaeisguineensis, J.H. van Emden. from CBS as CBS 593.73 

Peîriellidirrm boydii. 
UAMH 3995 Abidjan, Afnca, savannah soil, IL. Renard. h m  CBS as CBS 234.66 Peirieliidium boydii. 
UAMH 4218 Chicago, Illinois, USA, eye and chest wall biopsy, J. Rippon 1979. 
UAMH 430 1 sputum, h m  Kane, J. as OMH- i Petriellidium boydii. 
UAMH 4302 spuhun. h m  Kane, J. as OMH-1159 Perrtèltidium boHii. 
UAMH 4303 Ontario, Canada, sputum. fiom Kane, J. as FR 676 Petrieltidium boydii. 
UAMH 4304 sputum. from Kane, J. as FR 642 Petrielfidiunt boydii GenBank M89994 
UAMH 43 10 ear sample. fiam Kane, J. as FR ûû6-ûO Pefriellidium boydii, 
UAMH 4408 Sunqsîde, AIbcrta, Canada, fann mil, V. Uann 25 Uay 1980. 
UAMH 4409 S~myside, Amerta, Canada, fium soil, V. Mann 25 May 1980. 
UAMH 4410 Sunnyside, Alberta, Canada, farm soi& V. Mann 25 May 1980. 
UAMK 4604 Chicago, Illinois, USA, trachtal suction spec. ex male, May 1982. fiom Rippon, LW. as 

E28 182 Psddescheria boydii. 
UAMH 4855 anaerobically digesteci sewage sludge. fiom üifig, K. as 8 Sprotrichum sp. 



UAMH 4947 sputum. h m  Hnatko, S. as 456 13, F5. 
UAMH 5326 Japan, cxudatc and debris in nrrcai Icsions, thoroughbred horse, K. Takatori ('1008-11) 

Aug 1985. 
UAMH 5707 Consort, Alberta, Canada, b v i ~  fCtuS aborted cx Herdord 5 yrs, H. Sissons (CM87-750- 

DB) 3 Feô 1987. 
UAMH 5862 Saskatchewan, Canada, bmnchial washings, H. Congiy (182 1M) 1987. 
UAMH 6137 monton,  Alberta, Canada, black stained vinyl pool liner, A Flis (4) Jun 1988. 
UAMH 7272 La Selva, Heredia Pnrv., Costa Rica, ex mots of epiphytic orchid (Encyliafiagrans) 

growing on Nwcleopsis nago (Moraceat), K.. Richardson (K8b) 1 Mar 199 1. 
UAMH 7273 La Selva, Heredia Prmt., Costa Rica, ex roots of orchid (Sobralia mucronata), K 

Richardson (K59b) 6 Mar 199 1. 
UAMH 7904 New 7rriland. ex large cbronic w o d  sccondary to scvcre tear fiom me thorn, female 70 

yr DE+, A. Woodgycr 1994. h m  Woodgyer, A. as 94.447 Scedosporium apiospennvm. 
UAMH 8598 London, Ontario, Canada, raw sewage, LE. Zajic 1%9. h m  ATCC as ATCC 5û4ûû 

Graphium sp., (=NRRL 39 15, =QM 9375, =UWO 27), [This strain bas bcen cited in a 
US or other patent and should not bc used to infnnge patent claims). 

UAMH 8791 Willesden Green northeast of Rocky Mountain House, Aiberta, Canada, hydrocarbon 
contaminated flare-pit soit C. Zelmer 13 Apr 1994. 

UAMH 8792 Willesden Green northeast of Rocky Mountain House, Aiberta, Canada, hydrocarbon 
contaminated fiarc-pit soil, T. ApriI (1 8-FP4) 16 Aug 1995. 

UAMH 8793 Cynthia West of Drayton Valley, Alberta, Canada, hydrocarbon contaminated fiare-pit soil, 
T. April (DV-4-2A) 16 Aug 1995. 

UAMH 8794 Boundq Lake, British Columbia, Canada, hydrocahon contaminated flarc-pit =il, T. 
April (S-BL 1-24  2 1 Jun 96. 

UAMH 8897 Lethbridge, Alberta, Canada, fresh faeces of beef cattle, RG. Bell Jan 1975. fkom DAOM as 
DAOM 148868 Pseuda~iescheriu boydii. 

UAMH 9018 Ontario, Canada, atypical isolate, right lung, female, 03 Oct 1996. from Summerbell, RC. 
as FR 3309 Humicola sp. 

UAMH 9285 Victoria, British Columbia, Canada, synovial fiuid, R knœ, immunocompetent male 17 yr, 
after fdl h m  trail bike into dirt, Greater Victoria Hospital 22 May 1998. fiom Kibsey? 
P. as 26570 &edospomm apiospemum. 

Amdaileschena desertorum (An & Mustafa) McGinnis, Padhye, & AjelIo. 1982. 
Mycotaxon 14: 98. 

= PetrielIidium desertorum Arx & Moustafa. 1973. Persoonia 7: 3 7 1. 

Collections Esamined: 
UAMH 3993 Kuwait, salt marsh soil, A.F. Moustafa (44). h m  CBS as CBS 489.72 , ex-type of 

PetrieIlidium desertomnt. 

~ d a l l e s c h e r i o  dlipsoiideo (Arx & Fassatiova) McGinnis, Padhye, & Ajello. 1982. 
Mycotaxon 14:98. - Petrielliidim ellipsoideum Am Arx Fassatiova. 1973. Persoonia 7: 370. 

= Thielmu pIIidospora Pidoplichko a al. 1973. Mikrobiolohichnyi Zhurnal (Kiev) 
35: 723. 

CoUections Esamined: 



UAMH 3987 Taâzhikistan, USSR, soi& 0. FassatiovA v11). fiom CBS as CBS 418.73 Peîriellidium 
elfipidwm, (=GenBank U439 1 1 ), ex-type of Pebielfidium ellipsoideum. 

UAMH 9386 Ukraine, saady =il, VKM F-1923. h m  CBS as CBS 332.75 Pseudaffescherfa elfipsoiden, 
ex-type of ThieImia palfidospora. 

PscuMesch6afimefi (Am, Mukeji, & N. Singh) McGinnis Padhye, & Ajelio. 1982. 
Mycotaxon 14: 98. 

E Petriefkhnfimeti Ani, Muke j i ,  & N. Singh. 1978. Persoonia 10: 26. 

Collections Eumined: 
UAMH 4257 Dehli Zoo, India, dung of nilgai, KG. Mukeji. h m  CBS as CBS 129.78, ex-type of 

Peîriellidium/imeti. 

AeuddIescherio fusoidea (Am) McGinnis, Padhye, & Ajello. 1982. Mycotaxon 14: 98. - Petriellidiunt fusoideum Anr. 1973. Persoonia 7: 3 7 1. 

Collections Esamined: 
UAMH 3997 Panama, soil, 1953. from CBS as CBS 106.53 Petriellidiumftsoideum, (=ATCC 11657), 

ex-type of Petriellidium fusoideum. 
UAMH 8795 SeycheUes, palm rhinoceros beetIe (Orycetes monoceros), G. Kingsland 1982. from M as 

M 27 1728 Pseudallescheria fusoidea. 

Sce&sporium Saccardo ex Castellani & Chalmers. 19 19. in Castellani, Manual o f  
Tropicai Medicine, Ed. 3, p 1 122. 

= Lomeniospora Hennebert & Desai. 1 974. Mycotaxon 1 : 45. 

Type species: Scedosporium upiospennum (Saccardo) Castellani & Chalmers. 19 19. in 
Castellani, Manual of Tropical Medicine, Ed. 3, p 1 122. 

Sccdosporium prolificans (Hemebert & Desai) Guého Br de Hoog. 1991. Journal de 
Mycologie Médicale 1 1 8 : 8. 

= heniioupwapto~z~cans Hemebert & Desai. 1974. Mycotaxon 1 : 47. 

= &eabprium i@tm ~ & o c h  & Salkin. 1984. Mycoîaxon 2 1 : 249. 

Collections Esmined: 
UAMH 4238 UCLA Meû. School, Califarnia, USA, ex immunosuppressed patient, D. Howard (8373) 

May 1979. fiom Howard, D. as Petrieliidium boydii. 
UAMH 4248 Los Ange106, California, US& ex patient with widespd dhmhated direas, D. Howard 

(3382). h m  Howard, D. as Skedosporium sp. 
UAMH 4421 Paris, France, ex boy 9 yrs, with acute knee arlhritis, injured in Paris forest region (isol. 5 

times), E. Drouhet (1307 IF). 
UAMH 55 17 Farmbgion, Maine, USA, human bone biopsy spex5men ex male, 6 yr, Sep 198 1. h m  

MalIoch, D. as CC222 Scedosporiur injlatum. (=CBS 1 14.90, =GenBank U439 IO), ex- 



type of Scedosporium iflahim. 
UAMH 5735 Toronto, Ontario, Cariirda, soi1 ofpotteû Scheflera, RC. Summerbeil 15 Sep 1986, k m  

Sunimerbeli, RC. as RCS-W 180 1 &edospoRum infratum. 
UAMH 5736 Toronto, Ontarios Canada, soil afpoüed Scheflera, RC. Summerbell 15 Sep 1986. fiom 

Summerbelî, RC. as RCSW 1802 Scedosporitrm inflahrm. 
UAMH 5819 New York, USA, foot wound boy 6 yr, stepped on nail, 1. Salkin ('M134-W) 1987. fiom 

Malicoh, D. as Scedosporium inflatum. 
UAMH 7 149 Heverlee, Belgium, greenhouse soi1 prepared h m  mixeci forest liner, G, Hennehrt, h m  

CBS as CBS 467.74 Lumentospora pirolificms, (=MUCL 18 14 1, =GcnBank U43909), 
cx-type of Lomentospora pmli~cans. 

UAMH 8524 Victoria, British Columbia, Canada, oorneai scraping, male 40 yr with corneal ulcer afler 
debris flcw in eyc following "wcéd eaW &dent, Royai Jubile Hospital Jun 1996. 
h m  Kim, P. as RJH 38754 Scedospon'um pliJcans. 

UAMH 9404 Victoria, British Columbia, Canada, bronchiai wash, LW, male 76 yr with lung cavity, DE 
-, Victoria General HospitaI 21 Stp 1998. h m  K i i ,  P .  as 96227 Scedosporim 
proli/icms. 

Scedosporiutn sp. 

Collections Esamined: 
UAMH 9532 CDC, Atlanta, Geargia, USA, clinical isolate, L.D. Haley (1-8222) 1 Aug 1985. from 

NRRL as NRRL A-265 14 Wardomyces sp. 

Scoprrloriopsis Bainer. 1907. Bulletin Societé Mycologique de France 23 : 98. 

= Acuulium Sopp. 19 12. Videnskaps Selskapets Skrifter. 1. Mat.-Naturv. Klasse 1 1 : 
42. 

= Phueascopuiariapsis Ot a. 1928. Japanese Journal of Dennatology and Urology 28 : 
405. (invalid, provisional genus, ICBN An. 34). 

= MmonieIIa (G. Smith) G. Smith. 1952. Transactions of the British Mycological 
Society 35: 237. 

E Mmonia G. Smith. 1952. Transactions of the British Mycological Society 35 : 
149. (illegithate later homonym, ICBN Art. 53.1, non Masonia 
Hansford). 

Type species: Scopulariopsis brevicaulis (Saccardo) Bainier. 1907. Bulletin Societé 
Mycologique de France 23: 99. 

&opddopsis acretwnium (Delacroix) Vuillemin. 19 1 1. Bulletin Sockt6 Mycologique 
de France 27: 148, 

= Mornla acremonium Delacroix. 1897. Bulletin Societe Mycologique de France 
13: 114. 

Coilections Ernmined: 
UAMH 461 Edmonton, Alberta, Canada, skin ex wrisî, LW. Carmichaei 1956. 



UAMH 541 Edmonton, Alberta, Canada, mil chidrui house, J.W. Carmichael Jui 1956, (=ATCC 
58636). 

UAMH 543 Edmonton, Aiberta, Canada, mil chicken house, LW. Carmictiael1956. 
UAMH 927 strain Thom. h m  CBS as S. brevicadis var glabra. 
UAMH 928 strain v. Beyma. fiom CBS as Skoputmopsis h i c a .  
UAMH 1157 

UAMH 1317 

UAMH 2903 
UAMH 8885 

UAMH 8982 

UAMH 925 1 

Alberta Game Fann, Edmonton, Alberta, Canada, soi1 coup pen, LW. Cannichaei 8 Nav 
1%1. 

Aïberta Game Farm, Ebontan, Alberta, Canada, soi1 cougar pen, LW. Cannichael7 Jul 
1962. 

Edmontoq Alberta, Canada, toe nail, J.W. Carmichad 15 Mar 1%8. 
KicI, Kitzeùerg, Schleswig-Holstein, Germany, soil, W. Gams (C-1372) 1966. h m  

Unterciner, W. as MUCL 8999 Scopuloriopsis canademis. 
Germany, wheat field =il, W. Gams (C656) 30 Apr 1980. h m  NRRL as MUU, 65 17 

Scopd~opsis acremonium, (=CM 104.65, =ATCC 16282, =MUCL 8274). 
Gennany, wheat-field soil, K.H. Domsch. h m  CBS as CBS 892.68 Scopuloriopsis 

conadelcs~s. 

Scoprtuuiopsis aha Zach. 1934. ~sterreichische Botanische Zeitschnft 83 : 184. 

Collections Examined: 
UAMH 936 F. Zach. h m  CBS as Scopulariopsis atra, (=UAMH 9385), ex-type of Scopulariopsis atra. 
UAMH 9385 F. Zach. h m  CBS as CBS 400.34 Scopulariopsis a m  (=UAMH 936). ex-type of 

Scopulariopsis atra. 

Scopulmbopsis bruntptii SaIvanet-Duval. 1935. These Fac. Pharm. Paris 23 : 58. 

= Mmnia  grrsea G. Smith. 1952. Canadian Journal of Botany 35: 149. 

= Mmonieliagrtsea (G. Smith) G. Smith. 1952. Canadian Journal of Botany 35: 
23 7. 

= M h m i a  tertia Batista, Lima & Vasconcelos. 1960. Publ. Inst. Mic. Univ. Recife 
263: 14. 

= Scopulmiopsis melanosporu Udagawa. 1959. Journal of Agricultural Science. 
Tokyo Nogyo Daigaku 5: 18. 

Collections Examined: 
UAMH 946 Edmonton, Alberta, Canada, soi1 under tree, LW. Carmichael 19 Mar 1959. 
UAMH 14 15 Iowa, USA, culture contaminant, Orr (77 1). fiom DAOM as DAOM 84429. 
UAMH 1454 Alkrta, Canada, spleen Richardson's grwnd squirrel (S'rmophilus richardsonii), J. W .  

Carmichael3 Oct 1%2. 
UAMH 1477 USA, d e d  rice, S. Udagawa 1955. h m  hiII as IMI 78256 S è ~ p u t ~ o p s  rneImosportz, 

(=CBS 272.60, =Herb. NHf. 6045), ex- of Scopufanops melanosporo. 
UAMH 7367 Edmonton, Akm, Canada, indoor air of warehouse ex RCS nrip, S.P. Abbott (SA-M256) 

26 May 1993. 
UAMH 7 881 Calgaq, Alberta, Caxtada, indoor air h m  basement of home ex RCS strip, S.P. Abbott 

(SA-M27) 10 Jan 1995. 
UAMH 7920 Red Detr, Alberta, Canada, outside air ex RCS sine, S?, Abbott (SAM71) 9 Mar 1995. 
UAMH 8065 Aherta, Caaada, ex BAL, fcmale 49 yr, Provinciai taboratory for Souîhern Alberta 3 May 

1995. h m  Rennie, R as MY 1865. 



UAMH 8402 Creighton Mine, Sudbury Co., Ontario, Canada, contaminant a agaric basidiocarp, D. 
Malloch (DM 308) 20 Sep 198 1. h m  Mallcoh, D. as S c ~ p u l ~ o p k  inrmptii. 

UAMH 8619 Elk Island National Park, Albtrta, Canada, dzy, rotted wood (stage 2 âecay), aspen log with 
hollow mre (Poplus kemuloi&s), T.  Lumlcy (EI-13-S2C, 1-29A) 29 Jan 19%. 

UAMH 8699 AI4ertsi, Canada, bmnchial wasb, male 70 yr, Prwiacial Laboratory for Southern Aiberta 
11 Apt 19%. h m  Rcnnie, R as MY 1635 (ScopuImOpsis sp. 

UAMH 8707 Prince Albtrt, Saskatchewan, Canada, iadOOr air ofprlp and paper woodroom ex RCS 
strip, S.P. Abbott (SA- MSO) 13 Dec 19%. 

UAMH 8738 A u d i a ,  hay, toxic to nniiriiils. LG. h m c  1983. h m  Hocking, A as FRR 2578 
ScopulmonopS bmmptii. 

UAMH 8743 North Buck Lake near Lac La Biche, Alberta, Canada, birch (Behrlo popyn$?ra) ieaf litter, 
S.P. A W  (SA-M165) 20 Dac 19%, (=IF0 33050). 

U W  8744 North Buck Lake near Lac La B i c k  Alberta, Canada, hhwater  snail she1Is on lakeshore, 
S.P. Abbott (SA- M160) 21 Ott 1996. 

UAMH 8856 London, England, UK, culture contaminant, G. Smith (BB 21 1). h m  Ito, T. as IF0 6795 
Scopulariopsb brumptii, (=Mi 49908, =LSHB Sc. 144, =CBS 295.52), ex-type of 
Masonia grisea. 

UAMH 8874 Lac La Biche, Alberta, Canada, lung of northem flying squiml (Glaucomys sabrino), J .  
Csotonyi (FS/107-IBT/lM) 08 Feb 1997. 

UAMH 8886 Recife, Brazil, air, A.C. Batista (XMüR 1550) 1952. h m  Untereiner, W. as MUCL'9005 
Scopufariopsis bnrmpfii, (=Mi 109550, =CBS 296.6 1). ex-type of Mùsoniella tertia. 

UAMH 8983 Arizona, USA, kangaroo rat burrow, D.T. Wicklow (346) 14 Feb 1983. fiom NRRL as 
NRRL A-270 19 Scopu/ariopsis bmmptii. 

UAMH 9289 Edmonton, Alberta, Canada, branchial wash, RLL Male 5 lY, C. Sand 8 Mar 1998. h m  
Rennie, R as MY 1467 Skopuloriopsis sp. 

UAMH 9321 Sherwd Park, Alberta, Canada, decayed wood (2x4) in basement of home, S.P. Abbott 
(SA-M.239) 24 Jd 1998. 

UAMH 9460 Edmonton, Alberta, Canada, indoor air of arena dressing rom ex RCS strip, S.P. Abbott 
(SA-M284) 17 Dec 1998. 

UAMH 9462 Edmonton, Alberta, Canada, sputum, male 51 yr, C. Sand 6 Nov 1998. h m  Rennie, R as 
MY 6605. 

ScopuImbpssis carbonaria F.J. Morton & G. Smith. 1963. Mycological Papers 86: 59. 

Collections Esamined: 
UAMH 948 Canary klands, dus& RR Davis Mar 1958. h m  Smith, G. as LSHB Sc. 14 (BB 368) 

Scopukariopsis sp., (=IMI 86940). 
UAMH 88% Kiel, Kitzeberg, Schleswig-Hoistein, Germany, mil, W .  Gams (C-1372) 1%6. h m  

Untereiner, W. as MUCL 8992 Scopulanopsts carbonaria. 
UAMH 8985 Panama, soi4 B. Coghill (H4) June 1942. fiom NRRL as NRRL 1860 Scopulcuiopsis sp., 

(=MI 8694 1, =LSHB Sc. 66, =ATCC 465 17). ex-type of Scopulmarropns cor bon^ 
UAMH 8986 soil, C.W. Emmons (6568) Feb 1950. h m  NRRt as NRRL A03013 S c o p ~ f ~ o p s i s  

constmtini. 
UAMH 8987 norida., USA, soil, D. Fennell Nov 1954. from NRRL as NRRL A-5852 Scopufononopsis sp. 
UAMH 8988 Formosa, mil, NRRL isolate (49) Jun 1952. h m  NRRL as NRRL A-3û84 Skopulariopsis 

constmtini. 
UAMH 8989 Gold Coast, Afnca, soit NRRL isoiate May 1950. h m  NRRL as NRRL A-3 166 

&opu/wiops constmtini. 



&opuliuiopsis chwtpvum (G. Smith) F. J. Morton & G. Smith. 1963. Mycological Papers 
86: 64. 

= Masonia chmtottln G. Smith. 1952. Transactions ofthe British Mycological 
Society 35: 150. 

= Masoniella charrmm (G. Smith) G. Smith. 1952. Transactions of  the British 
Mycological Society 35: 237. 

Cdlecîioas Examined: 
UAMH 1479 London, UK, wall-paper, K. Mau~lstli, G. Smith (BB 256) 1950. h m  IMI as iMi 49909 

Masoniella chartarum, (=CBS 294.52, =LSHB Sc. M ) ,  ex-type of Masonielia 
chariarum. 

UAMH 8202 Alberta, Canada, BAL fluid ex Lt. linguiar lobe, fernale 49 yr, Provincial Laboratory for 
Souîhem Aiberta May 1995. h m  Rennie, R as MY 2290. 

UAMH 8355 Wailaceburg Ontario, Canada, carpet dust h m  home, D. Malloch (1 53-1 20.1) 16 Jun 
1994, from Mallcoh, D. as Scopulariopsis cf. fusca. 

UAMH 8356 Waiiaaburg, Ontario, Canada, carpet dust from home, D. Malloch (029-220.1) 17 Feb 
1994. h m  Mallcoh, D. as Scopulariopsis chartamm. 

UAMH 8357 WalIaceburg, Ontario, Cana&, carpet dust from home, D. Mailoch (128-22 1.1) 1 1 Apr 
1994. from MalIcoh, D. as Scopufariopsis chartarum. 

UAMH 8358 Wallaceburg, Ontario, Canada, carpet dust h m  home, D. Malloch (178-21 1.1) 20 Apr 
1994. from Mailcoh, D. as Scopuiariopsis chartarum. 

UAMH 84û6 Wallaceburg, Ontario, Canada, carpet dust from home, D. Malloch (029-22 1.1) 17 Feb 
1994. fbm Mallcoh, D. as Scopuiariopis fusca. 

UAMH 8846 Germany, wheat field =il, K. Domsch 1968. h m  ho, T. as IF0 3 1245 Scopulariopsis 
chartarum, (=ATCC 16279, =CBS 897.68, =MUCL 8993). 

UAMH 9 173 Elk Idand National Park, Aiberta, Canada, extremely well decayed wood (stage 5 decay), 
white spmce log (Picea glauca), T. Lumley (EL028 lH, 1 1-19C) 19 Nov 19%. 

UAMH 946 l 10 km south of leduc, Alberta, Canada, decaying m u s h m  (Pholiota squarrosa) at base 
of Manitoba maple (Acer negundo) in rural shelterbelt, S.P. A W t t  (SAoM285) 1 1 Jan 
1999. 

UAMH 9485 Gregoire Lake Provincil Park, Alberta Canada, bark of aspen (Populus tremuioides), S.P. 
Abbott (SA-M296) t 7 Feb 1999. 

Scopdaripsis croci van Beyma 1944. Leeuwenhoek Nederlandsch Tijdschrift 10: 53. 

Cdiections Examined: 
UAMH 932 h m  CBS as Scoplariop~s sphaerospora. 
UAMH 933 Crocus sp,, van Beyma. h m  CBS as CBS 158.44 Sc~pul~opsrs  croci, (=IMI 78261), ex- 

type of &opfariopsis c m .  

Scopulm*opsLsfim*coIa (Costantin & Matruchot) Vuillemin 19 1 1. Bulletin Societé 
Mycologique de France 27: 143. 

= Monilafimicoku Costantin & Matruchot 1894. Revue Generale de Botanique 
6: 292. 



Collectioas Esamined: 
UAMH 954 MushroUm Gmwexs Association, white piaster mold, C.A. la Touche (BB212) Jui 1946. h m  

Smith, G. as LSHB Sc.9 ~pulmiopsisfimicola, (=MI 86944, =CBS 206.6 1). 
UAMH 10 17 DaYsland, Alberta, Canada, lung of Richardson's ground squirrel (Spemophilus 

richardsonii), J.W. Carmichad Jun 1960. 

ScopulorUpsis gracilis Samson. 1972. Archiv fber Mikrobiologie 85: 179. (nomen 
novum) - Paecilomycesfuscatm Inagaki. 1962. Transactions of the Mycologicai Society 

of Japan 4: 4. (ülegitimate later homonym, ICBN Art. 53.3; non 
Scopuhriopsis fusca Zach). 

Collections Esamined: 
UAMH 9536 Japan, wheat flou, N. Inagaki Aug 1959. fiom NRRL as NRRL 5822 Scopulariopsis 

gracilis, (=CBS 369.70, =IFO 756 1 ), ex-typ of Paecilomyces fuscahtm. 

ScopulMopsis hibernica Mangan. 1965. Transactions of the British Mycological Society 
48: 617. 

Collections Esamined: 
UAMH 2643 strain Mangan. h m  Barron, G.L- as 10065 Scopulariopsis hibernica, (=ATCC 16690). ex- 

typé of Scoptclariopsis hibemica. 

Scopul~opsis murina Samson & Kiopotek. 1972. Archiv fier Mikrobiologie 85: 175. 

Collections Examined: 
UAMH 9537 Baden-Baden, Germany, domestic refuse compound, A. von Klopatek (P-27) 1970. £tom 

NRRL as NRRL. 5823 Skopkariopsis murina, (=CBS 830.70, =M 16 l%O), ex-type of 
Scopulariopsis murinu. 

Scopulariopsis sphaerospora Zach. 1 934. Ost erreichische Botanische ZeitschriA 83 : 1 80. 

Collections Emmined: 
UAMH 5%4 Austria, F. Zach. h m  CBS as CBS 402.34 S o p l a r i o p s  sphaerosporu, (=MUCL 9045), 

ex-type of Scopulananopsis sphaervspora. 
UAMH 8883 Heverlee, Belgiwn, greenhouse soii, B.G. Desai Sep 19'7 1. fiom Untereiner, W. as MUU 

1826 1 Scopulariops sphuerospora. 
UAMH 9383 G. Smith (P. IO) 1955. fmm CBS as CBS 2 10.6 1 S c o p u I ~ o p s  sphaerospora, (=LSHB Sc. 

134, =IMI 86939). 



Coüecîions Exuaineâ: 
UAMH 5ûû3 NashviUe, Tennessee, USA right lung washing, male, 1987, h m  CDC as CDC 87- 

017572 Wordomycopsis sp. 
UAMH 6313 Edmonton, Alberta, Canada, soiI, J. Newton Sep 1988. 
U M  63 IS White- Equine Centre, Edmonton, Alberta, Canada, soif mixed with straw and horse 

h g ,  L. Sigier Sep 1988. 
UAMH 7850 Calgary, Alberta, Canada, ex sputum, male, 6 Oct 1994. fiom Rennie, R as MY 4304 

[43O5]. 
UAMH 7862 Scandia, Alberta, Canada, indoor air ex RCS strips. h m  honeybee v p i s  mellifera) 

e t c r i a g  &di@, S.P. Abbott (EW2-2-1A) 13 Dec 1993. 
UAMH 7883 Clyde Corner, Alberta, Canada, indoor air ex RCS strip. h m  honeybee (Apis rneffifera) 

ovcIwintering f'acility, S.P. Abbott (OHS 189) 21 Jan 1994, (=FO 33053). 
UAMH 7884 G i r o d l e ,  Aiberia, Canaâa, indoor air ex RCS süip. h m  honeybee (Apis mellifera) 

ovemintering fkciiity, S.P. Abbott (OHS 427) 21 Mar 1994. 
UAMH 7ûû5 Scandia, Alberta, Canada, indoor air ex RCS strip. fiom honqbec (Apis melfrera) 

ovemintering facility, S.P. Abbott (OHS 174) 24 Jan 1994. 
UAMH 8501 South Afnca, soil, NRRL isolate Mar 1949. h m  NïüU, as NRRL A02715 Scopuluriopsis 

constantini. 
UAMH 8700 Alberta, Canada, sputum, male 66 yr, Provincial Laboratory for Southern Alberta 28 Aug 

1996. fiam Rennie, R as MY 4846 Scopulmiopsis sp. 
UAMH 9252 Grimshaw, Alberta, Canada, indoor air of honcybee (Apis mellifera) ovenivintering facility, 

S.P. Abbott (OHS 446) 30 Jan 1994. 

Wordomyces Brooks & Hansford. 1923. Transactions of the British Mycological Society 
8: 137. 

= Hennebertia Morelet. 1969. Annales. Societé des Sciences Naturelles et 
d'Archéologie de Toulon et du Var 2 1 : 104. 

= Gantsia Morelet. 1969. Annales. Societe des Sciences Naturelles et d'Archéologie 
de Toulon et du Var 2 1 : 105. 

Type species: Wmdomyces anomalus Brooks & Hansford. 1923. Transactions of the 
British Mydogical Society 8 : 13 7. 

W d m y c c s  oggregofvs Malloch. 1970. Canadian Journal of Botany 48: 883. 

Collections Examined: 
W M  9394 Wycamp Lake, Emmet Co., Michigan, USA, dung of carnivore, D. Malloch 3 Aug 1967. 

from CBS as CBS 25 1-69 Wsvdomyces oggregatus, (=TRTC 45325), cx-type of 
Wardomycces aggregatus. 

W d m y c e s  crnomolm Brooks & Hadord. 1923. Transactions of the British 
Mycologid Society 8: 13 7. 

= Wmdonzyces anomaIa Brooks & Hansford. 1923. Transactions of the British 
Mycologicai Society 8: 13 7. (orthographie variant). 

Collections Esamined: 



UAMH 1397 OCtawa, air ceU of egg, W.1, Illman 1947. fiom DAOM as DAOM 75633 Wotdomyces 
anornala, (=IM 3 2064, =ATCC 15229, =CBS 299.6 1). 

UAMH 1547 h m  Banon, G.L. as 10405 Wmdomyces onornal~~~. 
UAMH 8275 Grimshaw, Alberta, Canada, indoor air ex RCS strip from honeybec (Apis mellifera) 

mrwinîering M t y ,  S.P. Abbott (OHS 309) 2 1 Mar 1994, (=IF0 33054). 
UAMH 9533 Guelph, Ontario, Canada, mil, mixed woUds, G. Barron (10004) 11 Dcc: 1%1. fiom NRRL 

as NRRL A11 1322 Wordomyces anomaIa, (=DAOM 84673). 

W d m y c e s  columbinus Oemelius) Hemebert. 1 968. Transactions of the British 
Mycologicai Society 5 1 : 753. 

= T'cho~porium columbims Demelius. 1923. Verhandlungen. Zoologisch- 
Botanische Gesellschaft in Wien 71: 105. 

= Hennebertia columbino (Dernelius) Morelet. 1969. h a l e s .  Societé des 
Sciences Naturelles et d'Archéologie de Toulon et du Var 2 1 : 104. 

Collectioas Esamined: 
UAMH 4443 Elkwater, Aiberfa, Canada, coyote (Canis latruns) dung, R Currah (1 16) Sep 1980. 
UAMH 7847 Scandia, Alberta, Canada, indoor air ex RCS strip. h m  honeybee (Apis mellïjera) 

ovenvintering faciiity, S. Abbott (OHS 209) 24 Jan 1994, (=lFû 33055). 
UAMK 7888 Ponesna, Poland, ex soil, municipai landfiil site, K. Ulfig 30 May 1994. h m  Uüig, K. as 

EIA 752 Wardomyces columbinus. 
UAMH 888 1 Germany, decaying wod, K. Kuhlwein (308-1) 1963. h m  Untereinet, W. as MUCL 4052 

Wardomyces columbinus, (=MUCL 3 198, =CBS 449.63). 

Wardbmyces hum*cola Hennebert & G.L. Barron. 1962. Canadian Journal of Botany 40: 
1209. 

Collections Esamined: 
UAMH 1527 Guelph, Ontario, Canada, greenhoue soil, G.L.Baron Apr 1% 1. from Barton, G.L. as 

10403 Wardomyces humicola, (=ATCC 15232, =CBS 369.62, =DAOM 75655, =M 
98886, =UAMH 3085), ex-type of Wardomyces humicola. 

UAMH 3085 Guelph, Oatario, Canada, greenhouse soil, G.L.Banon 1961- h m  Mi as IMI 98886 
Wardomyces humicola, (=ATCC 15232, =CBS 369.62, =D AOM 75655, =UAMH 
l527), ex-type of Wardomyces humicola. 

UAMH 73 1 1 Edmonton, Alberta, canada, soil, R Sandre 16 Oct 1992. 
UAMH 8489 Elk Island National Park, Aiberta, Canada, well decayed wood (stage 4 decay), white spruce 

log (Picea glouca), T. Lumiey (EIa 1-SF, 1-22B) 13 Sep 1995, 
UAMH 8630 Fish M e  near Nordegg, Alberta, Canada, horse dung in spruce (Picea gImcaI P. murima) 

forest, S.P. Abbott (SA-M133) 14 J w i  19%. 
UAMH 8752 Fish Lake near Nordegg, Alberta, Canada, debris of red squirrel (Tomi~~ciums hudsonicus) 

midden under white spmœ (Picea glmca), S.P. Abbott (SA-Ml5 1) 14 Nav 1996, (=IF0 
33056). 

UAMH 9368 Elk Island NationaI Park, Aberta, Canada, extremely weil decayed wood (stage 5 deay), 
white spruce log (Piceaglmca), T. Lumley (EI-02-SA) 19 Sep 1998. 

UAMK 9459 Elk Island National Park, Alberta, Canada, dung of bison (Bison bison) in spruœ (Picea 
gluuca) forest, S 9 .  Abbott (SAIM283) 7 San 1999, 



Wmdomyces inflotus (Marchal) He~ebert. 1968. Transactions of the British 
Mycological Society 5 1 : 755. 

= TkichcMporium inmtum Marchal. 1895. Bulletin. Societe Royale de Botanique 
de Belgique 34: 142. 

= Wardomyces hughesii Hennebert. 1962. Canadian Journal of Botany 40: 1027. 

CdkCfiOns Etnmined: 
UAMK 1528 Ouclph, Ontario, Canada, d, mi& wmd, G.L. Banon Nov 1960. h m  Banon, G.L. as 

1040 1, (=DAOM 75502). 
UAMK 8488 EUc Island National Park, Alberta, Canalia, dry, rotted wood (stage 2 decay), aspen 

(Populus tremuloides) log with hollow axe, T. L d e y  (EI-1343D) 19 Aug 1995. 
UAMH ûâ75 Lac La Biche, Alberta, Canada, lung of northern m g  quine1 (Ghcomys dr ina) ,  J. 

Csotonyi 3 1 Jan 1997, h m  Currah, RS. as J3 112 1 -1MT Wardomyces injiahcs. 
UAMH 8879 Heverlee, Belgium, humic soi1 under tomato (Lycopersicon esculenhrm) in greenhouse, 

G.L. Hennebert (GHL 669) and E. Delvaux Jan 1959. h m  Untereiner, W. as MUCL 
669 Wmdomyces in/laus, (=CBS 367.62, =D AOM û47 1 S), ex-neotypc of 
1 iichosporium inflatum. 

UAMH 8880 Heverlee, Belgium, soi1 under tomato (Lycopersicon esculentum) in greenhouse, G.L. 
Hemeùert and E. Delvaux Nov 1958. h m  Untereiner, W. as MUCf. 668 Wardomyces 
inJlatus, (=IMI 99752, =ATCC 15230, =CBS 448.63, =DAOM 84714). 

UAMH 92 15 Elk Island National Park, Alberta, Canada, mots of white sprue (Picea glmrca) seedling on 
nurse log, T. Lumley (EIS-19-1, 1-29A) 29 Jan 1997. 

UAMH 9433 Edmonton, Alberta, Canada, soil, M. Piercey 22 Oct 1998. 
UAMH 9534 near Portai, Arizona, USA, soi1 of kangaroo rat burrow, D.T. Wicklow (143) 17 Sep 1987. 

from NRRL as NRRL A-28069 Wardomyces in/laus, 
UAMH 953 5 Quebec? Canada, rotten wood of mapIe (Acer sp.), (# 1645) 1 % 1. from NRRL as NRRL A- 

12177 Wardomyces inflatus, (=MI 98885, =ATCC 1523 l, =CBS 216.61, =DAOM 
74593), ex-type of Wurdomyces hughesii. 

Wo~dbmyces museri W. Garns. 1995. Beihefke. Sydowia 10: 67. 

Collections Esamined: 
UAMH 9393 east of Viavicencio, Dep. Meta, Colombia, dead petiole of palm (Mouritia minor), W. 

Gams 1980. from CBS as CBS 164.80 Wardomyc~s moseri, ex-type of W~rdomyces 
moseri. 

WOIaOmyces ovolis W. Gams. 1968. Canadian Journal o f  Botany 5 1 : 798. 

= Henneberiio ovalis (W. Gams) Morelet. 1969. Annales. Societé des Sciences 
Naturelles et d'Archéologie de Toulon et du Var 21: 105. 

Cdlcctions E s a m i d :  
UAMH 8800 UK, hone nasal swab, UT. Archer 1978, M m  IMI as IMI 217208 Wwdomyces ovalis. 
UAMH 8894 Kiel, Kitakrg, SchleSwjg-Holstein, Germany, wheat field soit K. Damsch Mar L%3. ftom 

Untereiner, W. as MUCL 603 1 Wardomyces ovafis, ( = a s  234.66, =Mi 1 l7372), ex- 
type of Wardomyces ovuIis. 



WIY(t0myces pulvinutus (Marchai) Dickinson. 1966. Canadian Joumal of Botany 49: 521. 

I Wwdontycespulvina~ (Marchal) Dickinson. 1966. Transactions of the Bntish 
Mycologicai Society 49: 52 1.  (orthographie variant). 

= Echinobotrjmm pulvimtum Marchal. 18%. Builetin. Societe Royaie de 
Botanique de Belgique 34: 139. 

= Wwdomyces~iIlatus Dickinson. 1964. Transactions of the Bntish Mycological 
Society 47: 322. 

= WmdomycespapiiIuta Dickinson. 1964. Transactions of the British 
Mycological Society 47: 322. (onhographic variant). 

Collections Examined: 
UAMH 8492 Japan, TI 159. from Nakase, T. as JCM 1939 Wurdomyces pulvinatus, (=IF0 8908, 

=DAOM 107465). 
UAMH 8877 Nancy, France, decaying wood, 0. Reisinger 1965. h m  Unterciner, W. as MUCL 7886 

Wardomyces pulvinata. 
UAMH 8878 County Carlow, Ireland, wheat field soil, CI Dickinson @-274) May 1962. fiom Untereiner, 

W. as MUCL 608 1 Wardomycespulvinata, (=Mi 98294), ex-paratype of Wardomyces 
papif fat a. 

Wwdomyces simpkx Sugiyama et.ai.. 1968. Botanical Magazine (Tokyo) 8 1 : 243. 

= Wwdomyces dintems W. Gams. 1968. Transactions of the British Mycological 
Society 5 1 : 800. 

= Gmnsia dhera (W. Gams) Morelet. 1969. Annales. Societé des Sciences 
Naturelles et d'Archéologie de Toulon et du Var 2 1 : 105. 

Collections Examined: 
UAMH 1259 Bradford Marsh, Ontario, Canada, pcat soil, G.L. Barron 1960. fiam DAOM as DAOM 

75752 Echinoborry~rn sp, 
UAMH û49 1 kpan, milled nœ ( O y a  saliva), J. Sugiyama (MR-329-1). h m  Nakase, T. as JCM 1937 

Wurdomyces simplex, (=ATCC 22254, =CBS 546.69, =IMI 141555, =IF0 8909), ex- 
type of Wardomyces s i m p k  

UAMH 8876 Kiel, Kitzeberg, Schleswig-Holstein, Gennany, wheat field soil, W. Gams (C1908) May 
1964. h m  Untereiner, W. as MUCL 6388 Wmdomyces simpiex, ex-Qqx of 
Wordomyces dimerus. 

Wmdomycopsis Udagawa & Furuya. 1978. Mycotaxon 7: 92. 

Type species: W~~domycopsis inopinatua Udagawa & Funiya. 1978. Mycotaxon 7: 
92. 



Wmdomycopsis hvMcola (GL. Barron) Udagawa & Furuya 1978. Mywtaxon 7: 96. 

= Scopuliaiopsis hmicola G.L. Barron. 1966. Antonie van Leeuwenhoek 3 2: 
294. 

Cdlectiona Esamined: 
U M  2641 Guelph, Ontario, Cana& soi4 Aug 1964. h m  Barron, G.L. as OAC 1026û Scopulariopsis 

humicola, (=ATCC 1669 1, =CBS 487.66), ex-type of &opulariopsi's humicola. 
UAMH 4960 sand ex Tyrrhenian sta, L. Volterra. h m  CDC as CDC 84-032086, 
UAMH 4% 1 sand ex Tynhenian sea, L. Volterra. h m  CDC as CDC W-03209 1. 
UAMH 8403 Mahaie Mountains, Tanzania, clay soi1 of termite moud, D. Malloch (#4 clay) Dec 1995. 

h m  Maiicoh, D. as (Sc~pul~opsis sp. 
UAMH 8884 Potchefstroom, South Africa, litter of Acacia karoo, M.C. Papendorf(224) 1%6. h m  

Untereiner, W. as MUCL 8802 Scopulrrriopsis humicola. 

EXCLUDED ABID UNCERTAIN TAXA 

Dorafomyces eichhomiae Conway & Kimbrough. 1975. Mycotaxon 2: 128. 

= Dorafomyces eichhomius Conway & Kimbrough. 1975. Mycotaxon 2: 128. 
(orthographie variant) 

Collections Examined: 
UAMH 9288 . Lake AIice, Gainesville, Fionda, decaying laminae of water hyacinth (Eichhomia 

crumipes)), F.W. Zettler (WH 47) Feb 1974. from ATCC as ATCC 28418 Doratomyces 
eichhornius (+LAS F 50399, holotype), ex type of Doratomyces eichhorniae. 

Rtho~scus plaryspurus Arx & Veenbaas-Rijks. 1973. Persoonia 7: 3 74. 

Collections Esamined: 
UAMH 9259 Wageningen, Netherlands, agricultural mil, J.H. van Emden. fivm CBS as CBS 419.73 

Pithocmis plaîysponts, ex-type of Pirhoascus pfatyspoms. 

Scopulm'opsis blocMi (Matruchot) Vuillemin. 19 1 1. Bulletin Societé Mycologique de 
France 27: 148. 

Colkctions Emmined: 
UAMH 960 h m  Smith as LSHB Sc. 52 &oplariopsis blochii. 

&opulariop& candllsl's F.J. Morton & G. Smith. 1963. Mycological Papen 86: 55. 



Coüedons Examinai: 
UAMH 956 Agas!& British Columbia, Canada, ex sced of beet (Beto wIgms), S J. Hughes Jan 1958. 

h m  Smith as LSHB Sc. 15 ScopuIariops canadensis, (=DAOM 56303, =IMI 86938, 
=CBS 2û4.61, =UAMH 8498), ex-type of ScopuImiopsis canadensis. 

UAMII 8498 Agassiz, British Columbia, Canada, sced of bcct (Beta wlgaris), S.J. Hugbts Jan 1958. 
h m  NRRL as NRRL 2991 Scopulariopsis canadems, (=UAMH 956, =LSm Sc. 15, 
=DAOM 56303, =CBS 204.61, =M 86398), ex- of Scopulm*opsis canadensis. 

Scopularhpsis parva (Brown & Smith) Samson. 1974. Studies in Mywlogy 6: 102. 

= Paecilomycesparvus Brown & Smith. 1957. Transactions of the British 
Mywlogical Society 40: 58. 

= ScopIurioopsisparvuIa F.J. Morton & G. Smith. 1963. Mycologicai Papers 86: 65. 

Collections Esamined: 
UAMH 743 Edmonton, Alberta, Canada, soil under tree frequented by spanows, J.W. Carmichael 19 

Mar 1959. 
UAMH 918 Edmonton, Alberta, Canada, soi1 under tree frequented by sparrows, J.W. Carmichael 19 

Mar 1959, (=ATCC 58635, =CBS 209.61, =MI 86943), ex-type of Scopulm~opsis 
parvula. 

UAMH 1 146 Alberta Game Farm, Edmonton, Alberta, Canada, soil and quills porcupine paddodc, J. W. 
Carmichael8 Nov 196 1. 

UAMH 115 1 Alberta Garne Fann, Edmonton, Alberta, Canada, soi1 and quills porcupine paddock, J.W. 
Carmichael8 Nov 1961. 

UAMH 1 159 Alberta Game Farm, Edmonton, Alberta, Canada, soil and quills purcupine paddock, J. W. 
Carmichael8 Nav 1% 1. 

UAMH 1195 Alberta Game Farm, Edmonton, Alberta, Canada, soi1 and quills prcupine paddock, J.W. 
Carmichael8 Nov 196 1. 

UAMH 1 1% Alberta Game Farm, Edmonton, Alberta, Canada, sandy soi1 badger paddock, J. W. 
Carmichael8 Nov 1961. 

UAMH 1329 Alberta Game Fann, Edmonton, Alberta, Canada, sandy soil badger paddock, J. W. 
Carmiche1 7 Jui 1962. 

UAMH 1657 Slave Lake, Alberta, Canada, woodchuck (M'otu rnonar), LW. Carmichael 9 Aug 1960. 
UAMH 9154 Elk Island National Park, Alberta, Canada, extremely well decayed wood (stage 5 decay), 

white spnrce log (Picea glauca), T. Lumley (EI42-SIE, 4-23D) 23 Apt 1997. 
UAMH 93 84 skin infection ex man, A. Stuhmer. from CBS as CBS 245.3 1 Scopulariopsis ponia, ex-type 

of Paecilomyces parvus. 



APPENDIX 2 

SMALL SUBUNIT (18s) rDNA ALIGNED SEQUENCE MATRM 

The matrix below was used to generate the inferred phylogenetic reconstruction shown in Figure 7.1. Nuclbotide positions of 
the 1019 bp fiagrnent are shown above the data matrix. "N" denotes missing data and "." indicates spaces introduced for alignment 
purposes. Source of strains i s  provideci in Table 7.1. 

I 
f 

Kernia.nitida 
Lophotrichus.ampullus 
Hicroascus.longirostris 
Cephalotrichum.atemonitls 
Mtcroascus.nidicola 
Uardomyces.anoma1us 
Scopularlop~is,parva 
Petriella.sordida 
Hicroascus.brevicaulis 
Cephalotrichum.cylindrlcum 
Pseudal1escheria.boydii 
Pseudallescheria.ellIpsoldea 
Graphium.penici1lioides (A) 
Gcaphium.peniclllioides (B)  
Graphium.tectonae 
Scedosporlum.prolificans 
Hicroascus.cirrosus 
Hicroascus.trigonosporus 
Petriella.set1fera 
Graphium,cuneiferum 
Ceratocystis.fimbriata 
Halosphaeriopsis,mdiosetigera 
chaetomium.globosum 
Pidoplltchkoviella,terricola 
DaJdinia.concentrica 
Halosphaeria.appendicu1ata 
Hypocrea,schweinitzii 
Helanospora.zarniae 
Leuconeurospora,pulcherrim 
Nectria.cinnabarina 
0phiostoma.ulml 
Sordaria.flmicola 
Eqericella.nidulans 
Saccharmyces,cerevisiae 



Kernia,nitida 
Lophotrichus.ampul1us 
Hicroascus.longiroatris 
Cephalotrichum.stemonitis 
Microascua.nidicola 
iïardomycss.anomalus 
Scopulariopsis.parva 
Petriella.sordida 
Hicroascus,brevicauli~ 
cephalotrichum.cylindricun 
Pseudallescheria,boydii 
Pseudallescheria.ellipsoidea 
Graphlum,penicillioides (A) 
Graphium,penicillioldes (8)  
Graphlum.tectonae 
Scedosporlum.prolificans 
Microascus.cirrosus 
Hlcroascus,trigonosporus 
Petriella.setifera 
Graphium.cuneiferurn 
Ceratocystis.fi~riata 
Halosphaerioprir.medioaetigera 
Chaetomium.globosurn 
Pldoplitchkoviel3a.terrlcola 
ûaldinia.concentrica 
Halolphaeria. appendlculata 
Hypocrea.schweinitzii 
Helanospora,zamiae 
Leuconeurospo~a.pulche~rima 
Nectria,cinnabarina 
Ophlostoma,ulmi 
Sordaria.fimico1a 
Emericella.nidulans 
Saccharomyces.cerevisiae 



Kernia.nitida 
Lophotrichus,ampullus 
Hiczoascus.longirostzis 
Cephalotrichum,stenonitis 
Microascus,nidicola 
Wardomyces,anomalus 
Scopulariopsjs,parva 
Petriella.sordida 
Hicroascus.brevicaulIs 
Cephalotrichum.cylindricun 
Pseudallescheria.boydii 
Pseudallescheria.el1ipsoidea 
Graphium,penicillioides (A ]  
Graphium.penicillioldes (8) 
Graphium.tectonae 
Scedoaporium,prolificans 
Hicroascus.cirrosus 



Kernla,nltida 
Lophotrlchus,ampullus 
Microascus,longirostrls 
Cephalotrichum,stemonitls 
Microascus.nidico1a 
iiardomyces,anomalus 
Scopulariopsis.parva 
Petriella,sotdlda 
MLcroascus.brevicau1is 
Cephalotrichurn,cylindricum 
Pseudallescharla.boydii 
Pseudallescheria.ellipa01dea 
Graphium,penicillioldes ( A )  
Graphium.penlcillioides (El) 
Graphium,tectonae 
Scedosporium.proliticans 
Microascus.cirrosus 
Microascus.trigonosporus 
Petrie! 1a.setifera 
Graphium.cuneiferum 
Cbiatocystis,fimbriata 
Haloophaeriopsis.mediosetigera 
Chaetomium.globosum 
Pldoplitchkoviella,terricola 
Daldinia,concentrica 
Halosphaeria.appendicuîata 
Hypocrea.schweinitrli 
Me1anospora.zaniae 
Leuconeurospora,pulchercima 
Nectrla.cinnabar1na 
0phiostoma.ulni 
Sorctar1a.fimicola 
Emericella.nldulana 
Saccharomyces,carevlsiae 





Kernia,nitida 
Lophotrichus.arnpullus 
Hicroalcus.longirostris 
Cephalotrichum.stemonitia 
Hicroascus.nidicola 
Wardomyces,anomalus 
Scopulariopsis.parva 
Petriella.sordida 
Hicroascus.brevicaulis 
Cephalotsichum.cylindrlcun 
Pseudallescheria,boydli 
Pseudalleacheria,ellipsoidea 
Graphium.penicillioides (A) 
Graphiurn,penicillioides ( B I  
Graphium.tectonae 
Scedosporium.prolificans 
Microascus,cirrosus 
Microascur.trigonosporus 
Petriella.setifera 
Graphium.cuneiferum 
Ceratocystis.fimbriata 
Halosphaeciopsib.mediosetigera 
Chaetomium.globosum 
Pidoplitchkoviella.terricola 
Daldinia.concentrica 
Haloaphaer1a.appendiculata 
Hypocrea.achweinitzii 
Helanoapora.zamiae 
Leuconeurospora.pulcherrima 
Nectria.cinnabarina 
Ophiostoma,ulmi 
Sordaria.flrnicola 
FJnericella,nidulans 
Saccharomyces.cerevisiae 



GTGCACTGAT . . CCAGCCGtCC(3Tnr:CCTCIGT~ATGGCCTTCACTCCCTGTGCTGGGWUACACGAC~AClTTGAAAAM?TAGAGTG 
GTCCACTGAT . . CCA~CGGGCCTTTCCCTCTGTCGARÇCKTATGGCCnrAC?GGCTGTGCTGGGCAAACA~~GARAClAA?TAGAGTG 
GTGCACTGAT.,CCG~~CGGGCCT~CCTCTGTGWCACCCCATGGCfTTCMTTGGCTGTCCGGGGGARACAGGACTTTTACTGPGllACVVUTTAGAGTG 
G T G C A C T W I T . . C C A G C C m T C C C T C T G T G G A R C C C C A T T T G  
GTGCACTWIT..CCGGCC~CCTCTGTGGRRCCCCATGW\C?TC~G'fCTGTCCGCGGWVCACAGWICTTnACTGTGhAMCVI~AGAGTG 
GTGCACTGAT, .CCAGCCGCGCCTITCC~cTGTGGAACCCCATGCCI3~ACTGGCTGTGC~CAuiACT~CLCTOTUVUAAATTAWIGTG 
GAGAAC?GGT.,CCGGCTGGGCCTnrCTÇCTGGGGRGCCGCATCCC~CACTGCCTGTGTCCGGGAACCAGGM:TTTT~~TTAGAOTG 
GTGCIICTGAT..CCACCCtGCC~TK:CCTNTGTGGRACffCATGGCCTK:ACTGGCTGTCCTCGGGAAACAGGAC1TTTACTTT~TTA~GTG 
~ G C W T O I T . . C C A C C C C G C C ~ C C T C T G T G W V I C C C C A T G G C C ~ C I C I G G C T G T G C C C C G C A A A C A G G A C T T T T ~ ~ ~ A G A ~ G  
GTGCMGAT . CCAGCCC;GGCCf~C~CTGTCCAACCCCATCCCCTIY=A~GGCTGTGC(iGGGWVIACAGGAC~M3TOrCiAAAAMTTAGAGTG 
~GCACTGAT..CCAGCCGGOCCf~CCTtTGTGWVICCCCATCGCCTTCM3TCCCCGTGCC~CAGGACT~ACfTTGARhRAATTA~OTG 
GTGCACTGAT..CCAGCCGGGCCT7TCCCTCT~GGAACCCCAT~CACTGCCCGTCCCGGGCAAACAGWICT~ACPTTGAAAAAATTAWIGTG 
GTGCACTGGT..CCGCCCGCCCCTnrCCTCIGTGWU\CCWATGCCCTTCACTCGGTGTGCCGGGWVUCACGAC~~GAlUAM~AGAGTG 
GTGCACTGGT..CCGGCCGGGCCTTTCCCTCTGTCGAACCGCATGCCCrZTACIGGGTGTCCCCCCCAMCAGGRCTTTT~~AGAGTG 
GTGC~GAT,.CCAGCCGGGC~CCCTCTGTGGARCCCCATCCCC17YSACTGGCTGTGGCGGGGAAACAGGACTTTTACTTTGAlUMA~AGAGTG 
GTGwTGAT..CCAGCCGGGCmCC~GTGWVICCCCATGGCcnCACTGCiC=TGTGGCGGGCAAACACGAmTACITTWLAAAM?TMIAGTG 
GTGCACTGAT . . CCGCCCGGCCCTTTCCCTCTGTGWVUlCCCAT~CA~GGCTGTGCCCGGWVV\CAffiAC~TACTGTGAANIMTTAGAGTG 
GTGC~GAT..CCGGCCGCCCCF?TCCCTCTGTGGARCCCCATCGCC~ACTGGCTGTGCGGGGGARACAUIAC~ACTGTGAAAAllATTAGAGTG 
GTGCACTGAT . . CCAGCCGGCCCTTTCCCTCTGT GGAACCCCATGGCC~A~GCCTGTCGPGGCWVVICAGGRCTn"rACTTTGAAlUM~AGAGTG 
GTCCACTGAT . , CCAGCCCGGCCTTTCCCrcTGTGGAACCCCATGGCC~ACTGGCCGTGGCCGCWVVICAGGACTn"rACTTTWVIACLMTFAGAGMi 
GTGCWTGG~.CCGCCCGGG~nLCCTCTGTGWV\CCCCATGCCTTM:ACTGGGTGTGWGGGWVVICACGAC~ACTTTGAMhM~AGAGTG 
GT~~GAT..CCAGCCGGGTCTTTCCCTCTATGGAM:CCCATGGCCnrM.rGGITGTGGCGCGGAAGTAGCACT~~WUAAM~AGAGTG 
GTCCACTGGC..~GGCTtCGTCTTTCCTTCTGGACAACCGCATGC~ACTG(iGTGTGCCGCGGAACCAGGACrPTT~GMCAMWAGA~G 
GTGCACTGGT . . ~ G G C C ~ C C T C T G G G C A A C C C C A T G C r C n L A C T G A G T G T f f i T G G C G A A C C A C W I C T T T T ~ ~ W A G A ~  
GTGCACTGGT . . ~GGCCGGGCCTTTCCCTCTGGGGRACCCCATWCCTK:CICTGGGTGTGCTGGCWUCCAGGACTTTTACT~TTAGA~G 
GTGCACTGAT..CCAGCCGGG~CCCCTGTGWVICCCCATGCCC~~GGCCGTGGHGGG(iARRCAGGACTTTTACTTTWVVVUCI~AGII~G 
GTGCACTGGT..CCGGCCGGGCLCTTTCCCTCTCCGWVUlCCCATGCCC~ACT~GTGGC~CAGGACT~ACTITGClAMM~AGAGTG 
~GCACTGGT..CCGGCCGGGTCTTCCCTCCCCGGAGCCGCATG~KACTGCGCGTGITCCCWVICCAGGTACTTTTACTGT~~AGA~G 
GTGCACTGcT . . CCGCCCCCCCCITTCCWCTGCGWIGCCGCATGCCC~ACTCGGTGTG~GCGGAM=CACGACTTTTACn"r~~AGA~G 
GTGTACTCGt..CCGGCCGGGCCTTfCCCTCTGTGGAACCCCATCCCCTn=ACTCGCTGTGtCGGGGAAACAGGAC~ACTfTGAAAAMTTAGAGTG 
GTGCACTGGT..CCGGCCtGGTCTITCCC7CTGGGWIliCCGCATCCCC~ACTGGGCGTOrC~CACGRCAl"rrAClSTGARIIAMfiACAGTG 
GTCCACTGGC..TCGGTTGCGC(3TTTCC~TGGAGAACCGCAT~ACTGGGTGTGTCGGGWVU=CAGGACTTTTACIY3TGAAI=AMTTAGA~G 
GAGTACTGGT . . CCGGCTGGACCTTTCCTTCTGCCGMCCCCATGGCCnrACTGGCTGTG . GGGGGAACCAGGACTTTTACTGTUVUhMTTAGAGTG 
TmACTGGArPn:CAACGGGGCcnrm:nu=TGGCTARCÇTTGAGTCCTTG.. TGGCTÇTT . . GGCGAACCAGGACTTTTACTTTCAAAAAATTAGAGTG 



Kernia.nitida 
Lophotrichus.ampullud 
Hictoascus.longirostris 
CephalotrLchum,stemonitls 
Hicroascu~.nIdicola 
Wardomyces,anomalus 
Scopulariopsis.parva 
Detriella.sordida 
M ~ c K o ~ ~ c u ~ , ~ K % v ~ c ~ u ~ ~  
Caphalotrichum,cylindrlcun 
Pseudallescheria,boydii 
Pseudallescherla, el 1 ipdoidea 
Graphium,penicillioides (A) 
Graphium.penicillloides (81 
Graphium.tectonae 
Scedosporium,prollficans 
Microascus,cirrosus 
Hicroascu~,trlgonosporus 
Petriella,setifera 
Graphium,cuneiferum 
Ceratocystis.fimbriata 
Halosphaeriopsls,medIosetigera 
Chaetomium.globosum 
Pidopl1tchkoviella.terricola 
Daldinia.concentrica 
Halosphaeria,appendiculata 
Hypocrea,schweinltzii 
Helanospora.zamiae 
Leuconeurospora.pulcherrima 
Nectria,cinnabarina 
Ophiostoma,ulrni 
Sordaria.fimicola 
kner~cella,nidulans 
Saccharomyces.cerevislae 

710 720 730 740 750 760 770 780 790 8001 
9 1 

~AGOCAGGCCTAT,GCTCGMTACAT?AGCATGGMTMTAUVITAGCCK:MGTGG~ATTTT~CG~AGGACCGCCGTMTGATTIUTA 
CTCCAGGCAGGCCTAT,GCrCGMTACATTAGCATGGMTMTAGAATAGGACGTGTGGTTiCTA~GIT~TACGACCGCC:GTMTWiTTAATA 
CTCCAGGCACGCCTAT.GCTCGAATACATTAGCATGGACLTAATAGIVITAGCACGTGTGGnLrA~GTTGGTTTCTAGGACCGCCGTMTGATTAIITA 
CTCCAGGCAGCCCTAT , G C X G M T A C A n A G C A T ~ T M T A W T A G C A C G T a G ~ A ~ W G ~ T A V ~ G T M T m m m T A  
CTCCA~AGGCCTAT.GCTCGMTACATTAGCATGGAATAATAGClATAGWICGCOTGG~ATTlTGTTGC'ZTIY:TACWU:CGCCGTAATWITTMTA 
C?tCAGGCAGGCCTAT.CCTCGMTACATTAGCCI?GGAATGGAATMTAWVITAGGM:GTGTGG~A~~GOI"I"TCTAGWICCCCCGTAAT~TfMTA 
~C~GCAGGCCTAT,~GAATACATTA~ATGGMTMTAGAATAGGACGÎG7GGTFTTA~OIT~TAl iGACCCCI :GTMTGATTNTA 
C T C C A G G C A G G C C T A T , G C T C W T A C A T T A E A T G G A R T M T A T  
C T C C A G G C A G G C C T A T . C C T C G A A T A C A n A G C A T G G M T C V \ T A G A A T A G G A C O T G T G  
CXCAGU=~AT.GC~WTACATTAGCATGWIhTMTAWIATAGGACGTGÎGGrPCTA~~OPTG~ACGACCGCCGTMTGATTMTA 
CrCC~GU=AtGCCTAT.GC~GAAThCATTAGCATGGMTMTAGAATA~GTGTGGTn:TATTTTMTGGTTTCTAGGACCGÇCCiTMTW\TTMTA 
C1CCAGGCAGGCCTAT.CCTC~TACATTACCATGGMTMTAGAATAGGIICGTGTffimiTATTTTGTTGCTT~ThCGACCGCCGTMTGATTAIITA 
CTCCACCCAGGCCTAT . C C T C G A A T A C A T T A G C h T  
CTCCAGGCA~CTAT~GCTCGAATACATTAGCATGGAATMTAGAATACGACtTGTCCTTCTA~CTT~AGWICCGCCGTAATGATTMTA 
~ A G G C A G C i C C T A T . G C T C G A A T A C A T T A C C A T G G A A T C I A T A W V I T A G W I C G T ~ W T K T A T ~ ~ ~ T A ~ ~ G T M T ~ ~ M T A  
C7CCAGGCAGGCCTAT.GCITGAATACATTAGCATGGAATAATAGAATAGGAC~GTGGTTCTA~TTGTTCCTfiCTAGCACCGCCGTAATWiTTARTA 
~CAGGCAGGCCTAT,ûCTCGAATACATTAGCATGGMTAATAWV\TAtGACCICGTGGTTCTATTTT~TGGTTTCTAGORCCGCCGTAATWITTAhTA 
CTCCAGGCAGCCCTAT.GCTCGAATACATTAEATGGMTMTAGAATAGGACGCGT~~A~~GGTTTCTAGWICCGCCGTMTWITTMTA 
~ C C A G G C A G G C C T A T . G C T C G A A T A C A T f A C C A T G W  
C7CCAGGCACGCCTAT,GCTCGhATACATTAEATGGRRTMTAWTAGGKGÎGTGGTK.FATTFT~TGGT~AGGACCGCCGTAAT~l"rMTA 
CTWAGGCAGCCCTAT . GCTCGAATAGTACAOCATGGRRTMTAGCVITACWICGTGTGGTTTTATf~GPTGGTTTCfAGGRCCGCCOT~TCATTAATA 
CTCCACGCAGGCCTAT. ~ C C A A T A C A T T A C C A T G C h R T M T A C A A T A U j A C G C G T ~ ~ A ~ m W ~ ~ A ~ ~ G N M T U ~ M T A  
CTTAMGMGûCCTAT, c C r C G A A T A C A ~ A C C A T ~ T M T A G A A T A C W I C ~ ~ G C ~ A ~ ~ T G O I " T T C T A C G A C C G C C G T M T G A T f A R T A  
TTCAAAGCAGCCCTAT. G C T C G M T A C A T T A G C A T G W V  
TTCAMGCAGGCCTAT.GCTCGAATACATCAGCAT~TMTAWIATAGGACGP~GGTTCTAT'ITTOTTCGTITCTACGACCGCCGTAATGAfiAATA 
CTCCAWAGGCCTAT * ûCTCGMTACATTACCATGGMTMTACAATAGGACGC~~~TATTTTOPTGGITTCTAGGACCGCCGTMTGATTAATA 
Cn:AAACICAGGCCTAT,GCTCGN\TACATTACCCITGGAATMTAGARTAGGACCTCTGG~ATfTT~GG~ACWICCGCCGT~TGATTMTA 
c?CTMCCAGCCCTAT.FCTCGAATACATTAGCIITCWUTMTA~TAGGM:~GTCGTTCTA~GTTCGfiTCTAGGAC~GTIVITGRI"rARCA 
TTCAAACCAGGCCTAT , C C T C G M T A C A T T A G C A T G G A  
CTCCACGCAGCCCTAT . G C T C G I I A T A C A T T A C C A T C G A A T M T A W V \ T A G G A C ~ ~ ~ ~ A ~ ~ ~ A ~ C C C G T M T G A ~ A A T A  
~CANIGCAGGCFTAT,GCTCWVITACATTACCATGGAhTMTAGAATAffiACCCCCCGT~TATTTTGP7GGfTTCfAGW)CCGCCGTMTcATTAhTA 
CTTMGAAGCCCTAT.GCTCGAATACATTAGCATGGAATMTAGAATACGACGTGT~T~AT~GTT~T~A~GCCGTMTGATTMTA 
TTCAAACCAGCCCTTT.GCTC~ATACATTACCATGGAATMTAGIlATACGM:GTGCGCTTCTA~GT7GG~TCTAGWICCGCCGTMTGATTMTA 
I " T C A A A G c A G G C G T A T T C C T C G A A T A T A T T A G C A T G G A A  





1 
I 

Kernia.nitida 
Lophotrichus.ampullus 
Microascus.longirostris 
Cephalotrichun.stemonitis 
Hicroascus,nidicola 
Wardomyces.anomalus 
Bcopulariop~is,parva 
Petrlella.sordida 
Microascus. brevicaulis 
Cephalotrichum.cylindricum 
Fseudallescheria,boydii 
P~eudallesche~ia,elllpsoidea 
Graphium.penicillioides ( A l  
Graphium.penicillloideJ ( 0 )  
Graphi~m~tectonae 
Scedosporium.prolificans 
Microascus,cirrosus 
Microascus.trigonospotus 
Petriella.setifera 
Graphium.cuneiferum 
Ceratocystis.f lmbriata 
Halosphaerlopsis.~~~diosetIgera 
Chaetmium.gloùosurn 
Pidoplitchkoviella.terricola 
Daldinia.concentrica 
Halosphaeria.appendicu1ata 
Hypocrea.schwelnitzii 
Mslanospora.zamiae 
I.euconeurospora.pulches~ima 
Necttie.cinnabarlna 
0phiostoma.ulmi 
Sordarla,fimicola 
EmericelJa.nidulans 
Saccharomyces.cerevisiae 
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