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ABSTRACT

The genus lbggg chea Saccardo is\monographed'and

'3

-

illustrated. The. type species, M. EulChella is redefined

R

"and a new combination,'g. sulfurea (Miehe)- proposed for M.

Eulchella var sulfurea. Eleven new speCies ar¢.described?
€ . 3 o -

M. alboluted arcuat aurantiaca
r . .
chrysosporoidea, M. §i£££ﬂ§£§r M. dendritica, M. flava, M.
o ’ ,
flavoroseus, M. glggc1fogg;§, M. gglga and M. gypsea. A new

heterothallic genus of the Gymnoascaceae is proposed for a

single species,,gncinocarggs ree511, having  a Halbranchea

conidial state. The perfect states of some species of

Malbranchea belong to the genera Auxarthron Orr,'Kuehﬁ and

- Q < -

Plunkett and Hxxotrlcbum Kunze of the Gymnoascaceae ' .

Ao

< - . N

The relatlonshlp of MalbranchEa to’ othéY genera. is

.

dlscussed and a tabular key to the genera prOV1ded. Two new

.- &

"genera arerdescrlbed;' Included in the.genus d ron n are
. ' N .
the type speciee, Q. asperulatuh, as well as Chrysosgbrium

Egggggg fLiul) Hughes and Qospora sulfureo-ochracea van
jBeyma. TwO séecxes are asslgned to\arcuadendron, A. ovatunm,

.

the type- spec1es, and A. triangularis. The genus

,Arthrographls Cochet 1ncludlng~the single species A. .-
£ i > v
langerggi is Teexamined and v&lldated v1th a Latln

description.. Oogospora cub01dea Sacc. et ElllS (— Geotrlchum

mlcrosgorun Smlth) is transferred to this genus. LTwo.

v o

. spec;es of Mxxotrlchum haveﬁ01d10dendron con1d1a1 states.

R

Ihe spec1es, M. setosum (Eldam) orc and . Plunkett is

A

: redlsgpvered{"agd'a new combination M. striatosporus (Barron

-
.
b ~

.l'\ A. . 8 vi , - .
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and Booth) 15 pro

to 1n¢lude Geotri

Foster and the Sc

C

posed, The genus Scytalidium 1o expanded

5 .
chym tlavo-brunneun Miller, Saddens .ot

1t.<_1'liglgm- state ot ﬂgg«l«_\'g;_;gguld toruloidea

NattTass (= -Exosporina fawgetti Wilson), and a key to the

species 1s glven.

Qospora, Ptychoga

4] .
- states of some Ba
il
- "'c;&

The status, and delimitation of a number

ster, Sporendonema. The arthroconidial

sidiomycotina are described.
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INTRODUCTION
In 1882, Saccardo descrlbed the genus Malb chea based
on a fungus found growing on damp cardboard in Frarce. In i

their brlef descrlptlon of the type spec1es, Halbranchea

the fertile hyphae,_"ramulls fertlllbus in sem1c1rculum
cnrv1s". Houever, they mlslnterpreted the arthrlc nature of
tne:conidia and described them as "ex aplce,ramulorum
continno exsilientibus“. .Tney provided no illustratrons.
/Altnough M. pulchella vwas described on two other'occasionS‘
(Saccardo, 1908; Saccardo and Trotter, 1913),'a§ain without
1llustratlons, it has been 1argely ignored by other

' mycologlsts.

A comprehen51ve and well 1llustrated account of a

© thermophilic Malbranchea by Cooney and Emerson (1964) again

focused attentlon on this 1nterest1ng genus. Cooney and
Emerson prec1sely descrlbed the copidium development
"roughly every other one of_these cells rounds up "somewhat
and develops an inner wall that approaches O 6u in thickne§s
but remains tightly unlted with the orlqlnal, outer, hyphal
. wall®". "A mature sporlferous c01l, therefore/ is conposed
of -alternating thlck-walled spores and thln-walled
iSthmuses. our own observations show clearly that it is tne
final breaking of these thxn-valled, sterlle, connectlng

1sthnuses that results in the separatlon and release of the

spores." o ) 5 _ S »

Ve
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In 1ts formation of arthroconldla by conversion of

: ex1st1ng hyphal elements, nalbranchea is related to'a number

of other genera of Hyphomycetes. The problem»in
dlstlngu1sh1ng among these genera is one which afflicts the
"classification of Hyphomycetes 1n general. That is, the
crr;erla,for dellmltlng the genera are not clearly
“established. The class Hyphomycetesiis part of the
‘Deuteerycotlna (xgg?worth, 1973), a. group composed of the

‘1mperfect or conidial states of - fungl, many of whicl are

known to have pexfect. states in the Ascomycotlna or

Basidiomycotina. Genera of the Hyphomycetes are form

“

= . d s )
géenera, based on a morphological or anatomical stage in the

life cycle‘of the fungus Unfortunately the oonidial form

genera do not correlate exactly wlth the cla351f1cat10n ofv
the perfect states. Horphologlcally slmllar conldlal states
may have unrelated perfect states, and vice versa. -Current
class1f1catlon ovayphomycetes 1s'ontogenet1c, grouplng
together fungl hav1ng the same mode of conldlum development.
"In such a schene, empha51s is placed upon the nature of the

conldlogenous cell from which the.conidium develops.

a

A system of cross reference names s used when the
connectaon betueen the qonldlal state and the perfect state‘
is known  [See Carmichael, 1962; Hennebert, 1971- Kendrlck
. and Carmichael} l973: Weresub, ualloch'and ?irozynski,d197u;'

Nag Raj and Kendrlck in preSS). Wwhen theé perfect state'is}

known, the Llnnaean b1nom1a1 is. applled to that state'alone.

2 aay



The imoerfect or conidial state is cross referenced by

referring to the (form-genis name) state of (Linnaean .
bipomial) . T L.

The criteria for delimitation of the arthrasporic

genera have not been precisely defined. Indeed, some genera
. are in need of major revision. For instance,, the genus

Geotrichum contains .a large number of diverse fungi.

4

~

Geogrichug has been revised to incldde only'species;p§$§ng
hyaline,-sliﬁy'fissionfarthrocohidia, oonsi§tent with the

type. species, G. candidum. Dematiaceous species are

referred to Scifalidium, others elsewvhere.
- N ' : o .

The'presence of a_supporting'hyphanor conidiophore

distinguishes two genera, QOidiodendron and Arthroqraphis,

‘and these genera differ Qfom each other in their conidium

'developnent.l' o g B o : e T

° o

‘nalbranchea, in its formation of alternate

arthroc0n1d1a, is closely related to Spo;endonema and /

Coreniella. These genera are dlstlngu1shed prlmarlly on th//

ba51s of arthroconldlum dlameter and color. .defined
here, glbranchea species comprise a rathen/ronogenous group.

© hav1ng conldlnn dlaneters of nostly less }han Gum.

4

Tuo new genera are proposed. Arcugébndron forms

conidia in ser1a1 progre551on. The . con;dxg}may.be either
blastic .or thalllc. In the genus Ovadend ron, conidia are
formed- in basibetal su¢ce$slon. ‘The intercalarY
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arthroconidia are'broader in diameter than‘the ferti;e
hypha. “

A

° -

Taxonomic probléms- are encountered wheh species appear
to intergrade between genera. These species are retained in

v

the genus v1th which there is greatest overall 51m11ar1ty
Form genera are not blologlcal entltleS/éit demes (Heslop-A

VHarrlson, 1962) deflned by the taxonom1st to separate fungl

- .

into groups for the purpose of 1ndent1f1catlon If forn
genera are'polythetlc groups having in counon‘a numnber of
. shared but\?ot mutually éiclusive characters, then

intergrading spec1es should be a551gned to the form genus

wlth which they have the greatest number of shared

-
-

characters. For example, the Oldlodendron state of -

Myx otrlchum setosum (q v.) lacks the prgmented conldlophores
\

of Oldlodendron but forms' arthroconldla separated by .~the

narrow connectlves typical of Oldlgdendron. Thls\spegles is

: retalned in Qldlodendron based on a number of other related\g

-

o > -

-characters. If a form genus were based on a 51ngle unique -
set of characters i.e. a monothet;q group, then this

-

species,vould'be.excluded since it differs in.a definitive -

_character. A new genus probahly would be regulred to

»

.accommodate this spec1es.° Unfortunately, fuangi - do not - -

conform to a rlg1d set of rules and exceptions to defined -

- -

criteria are freguent.."Rgr this reasoh,;fora genera should

be polythetic groups. A .

The sane,principle‘applies to the concept of the

k] B -

(N3
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species. 1In some species of Malbranchea, single‘strains“

Bl

differing in one or more characters’ from the group are

retained within the .species. For instance, four isolates of

Malbranchea aurantiaca differ in some aspects of their

~colonial morphology but are indistinguishable in their

o 0

mlcroscoplc appearance:from others 1n the group - Unril
further isolates are examlned there appears to be little
justlflcatlon*for creatlng additional species for these ‘ ‘ !

3

strains. _ ' . . : :,

‘Included vithin the geaﬁs ualbranchea are cellulolytic
~and keratlnolytlc spec1es whlch are phy?bgenetlcally
probably not. closely related ’ Indeed, some cellulolytic'

' species have their perfect states iithiq the‘genus Q

Myxotrichum of the Gymnoascaceae'vhereas some keratinolytic

species have their berfect states in the genus Auxarthron.

B}

" Terminology - . ° o LT

‘The terms used i£ this reéort are priﬁarilyithese
.reépimended“by the proceedings of the Kananaskis gonference
on Fungi Inﬁerecti (Kendrick,A197g). However, Ui( -
aleurieconidiam is rétained here, in Vuiilemin's (1911) vooe
' originallsense, for‘®a conidium borne laéerailj-pr‘terniaalgy |
on the undifferehfiaﬁed hypha or on short pedicels and
reieased byilysis-of the supporting ceil:} Altheugh“
aleu:ioconidipi vas rejecrea as a Condeedhtern, no other .
vas propbsed“te replaee it. The férn refers to the method

-t
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of conidium dehiscence. (see éarmichaé} in Kendrick, 1971,
p.  245). . ' \ - -

Aleuriocenidia are closely related ¥p alternate
oo : ' vl i
arthroconidia.and often intergrade. The ﬁerm alternate

'arthroconldla is- preferred to endoarthroconldla for

l
arthrocdnldla separated by one, or more relat1valy empty

segnents, and released by ly51s of the outer-wall of the

'1nterven1ng segnent. "Another suitable term is arthroaleurie

defrned by orr (1963b),

Pission arthroconidia are forned by fission at a double
septum of an .existing hypha. B

The term comidiophcre is retained for a differentiated

hyphal structure thch supports the conldla or conldlogenous

-cells avay from the vegetatlve mycellum (see Carmlchael, in
. \ ‘

Kendrick, 1971, p. 47). The definition accepted by the

4C6nference (see Kendrick, 1971, p. 227) was "a cenidiophore

.

is a system of conldlogenous cells, or a 51nble
cou}dlogenous cell, v1th or without differentiated
supportlng structures. A conldlophore vlthout a
dlfferentlated supportlng structure is called nlcronematous'

by-ﬁllis (1971) . A micronematous conidiophore cannot be

distinquished frou-the.iegetative~ﬁypha betoreAtheiprocess

of ‘conidium formation begins. According to the definition

useqd in this report, fungi developing conidia on

undifferentiated hyphae lack conidiophores.

©



Fol;ovihg Hughes (1959), 1801;15 taken as the st?ntiné

point date for nomenclature of Hyphomycetes.
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. MATERIALS AND METHODS

A. Specimens and cultures

At the beginning of this study, the University of
Alberta Mold.Hgtbarlum and Culture Collection contained

approximately .100 strains ‘Of M 1branchea that were collecte

‘ovér a period of T0-12 years.

Many- of them were isolated by Dr. G. F. Orr (beseret
Test Genter, Dugway, Utah) during his continuing studles on
Gymnoascaceae. During tge study, he,sent a_ﬁuryher forty
cultures. - - _;"

Dr. Z. Hubalek, Institute for Parasitology, Prague,

sent some of the isolates made durihg his extensive studies

of b;rdsg(ﬂubalek, Balat, Touskova and Vvik, 1973; Hubalek
and Balat, 1974; Hubalek, 1‘97ua,197ub) Some further

1solates no longer available from Dr. ‘Hubalek were recelved

-]

from Dr. Orr.- o - -

-

Mrs. C. A. Johansen of the Western Forest Products

Laboratary Culture Collection of Wood Inhabiting Fungi

u

kindly sent several cultures of Ptlchodaster. -

pr. K. Tubaki of the ‘Institute for Fermentation, Osaka
willingly eichangeq a nﬁlber of cultures.

’

;Dr. Cc. T. Rogerson of the New York Botanlcal Garden

fCryptoganlc Herbarlul lent the lsotype spec1-en of OOSQOIa

-
-

d

, .



"\,
L1

ghggidea Sacc. et ELli%. The Herbarium of the Commonwealth

Mycological Institute, Kew, Surrey sent material and slides

"of Oncocladium glg!gi Wwallr.

Further reference cultures were obtained from the
Centraalbureau voor Schimmelcultures; the Commonwealth
Mycological Institute; and the Department of Agriculture,

Ottawva.

B. Abbreviations

ATCC -american Type Culture Collection, Rockville,

Maryland, U.S.A.

CBS -Centraélburequ voor Schimmelcultures, Baarn,
" ‘Netherlands

cpc -Center for Disease Coh!‘ol, Atlanta, Georgia,'.
U.S.A. »

CMI -Cohnénﬁealth‘uycplogical Instigute, Kew, Surrey,
England |

DAOM -Department of Agriculture, Ottéwa, ontario, Canada

bs; ’ -Dextroséésalts Agar |

IFO . =Institute for Fernentat%on; Osaka, Japan

NRRL -Northern Utilization Research pevelopnené Diiision,v

Peoria, Illinois, U.S.A.
a ’ » ‘ o -

NYBG “New York Botanical Garden Cryptogamic Herbarium,

N.Y., U.S.A.

PYE -Phytone yeast extract agar

. RSABG _-Ranchoisdnta‘Ana'Botanic Gardén,.C1arenon£,

-
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california, U.S.A. &
]
UAMH ° -University of Alberéa Mold Herbariums and Culture
Collection, Edmonton, Alberta, Canada
WFPL " —Western Forest Products Laboratory Culture
Collection of Wwood Inhabiting FPungi, Vancouver,

British Columbia, Cahada
1
'\(: ~ .\‘

C. Disposition of type stgains .

- pried colonies of the type strain of each new species
. - . . T ‘ L
are maintained in the UAMH as holotype. Subcultures of the

type strain are deposited in the cnI, CBS and ATCC.

D. Media
Media used in the study.coﬂsisted of :

1. ‘Phytone yedgi extract\agar, Baltimqre Biological
Laboratories (BBL) = deftrose 4%; phytone"1%; yeast
‘extract 9.55;‘agar é%;.and chloia-phenicol (0.05 ug/1)
ard Streptopyciﬁ (0.03 ng/1y (Carnicﬁael,»1962):

2. Pablum iixéd cerealiag&r - pPablum precobﬁéd cereél (Mead
Johnsoﬁ ﬁutritionals,'ﬁv;nsville, illinois)-16$;3agaq
1.5%. | R

3. Dextrdée;salts agar -'0.01%Lof each of dextrose, sodiﬂl
chloride, ammonium sulfate aqd dibagic~potéssiul,
vph05phate in 2% agar Solutipn,-andAbiotin~(0.1 ug/1) .

(Cariichael,'1962).

Y
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4. Oatmeal-salts agar - rolled oats 1X; magnesium sultate
0.1%; potassium dihydrogen phosphate O.WS%; sodium
nitrate 0.1%; agar 1.8%, . pH 5.6 (Weitzman and Silva-

Hutner, 1967; Padhye, Sekhon -and Carnichael, 1973)

E. Standard culture conditions
N

Detailed descriptions of each strain were charted by

-

- . L,
X¥eording the appearance under standard conditions.

1. Céllophane plates ) . :

A single sterile (62 x 62 mm) cellophane membrane
designated 300 PT (plaih, transparent) was layered over the
'surface'of‘an'agar"piate prepared in a 90 mm plastic

disposéble petri dish'(carnichael,~1%€2).

The cellulolyfic ability of the fungus vas determined-

by its cabacitf‘to digest, this membrane.either partially or

completely. = . "" T |

N o
2. Inoquldl

Two week old colonies on cereal slants prepared froms
. . . h Y

frozen or lyophilized cultures vere}-aintained at 8 C as

stock cultures.

A scarcely visible inoculum wvas transferred from the

periphery of thérstbck-pnlture to the center of the

cellophane membrane.

e



Fach strain was, in(u‘ulntewi‘ﬁlt ttiplicate to PYE, cereal

and oatmeal agar plates,

3. Temperature

A single PYE and cereal plate was i1ncubated at each
temperpture of 25 C, 37 C and 45 C for a maximum of 27 days.
A single oatmeal agar plate was incubated at 18 C, 26 C and

39 C for 35 days.

—
Thermophilic fungi can grow 4t a temperature of %0 C or

higher, while only scant growth océurs at 20-25 C (Cooney
and Emerson, 1964). Psychrophilic. fungi are capable of

growth at a minimum temperature of O C or lower andsa

maximum temperature of 20-25 C (Deverall, 1968).,

—

4. Light

Cultures for standard descriptions‘and mating tests
vere exposed to fluofescent room light on an irregular
basis, usually 8~10 hours per day, 5 days per week.

Cultures gt 18 C vere incﬁbated in darkness with exposure to

light only during examination.



Y. Incubat ton

Post culturtes werle tnsgubated 1n the 1nvarted pongtion,
The tiw that adlbered poorly to the cellophane sesbhiane ver e
teturned to an upright posnation,

Culture: on PYF and certeal wete held Cor oY daye et ore
being photographed and dried, anl those on «‘mt'ac-nl agar fa
ih days. It lerstothecial 1nitrals apoearedt. o

clelstothecia were not mature, ocatmeal platesn were kept -

weeks longer.

Colonies were dried by removing the cellophane sesbrane

to a press (Carmichael, 19613) .

6. standard descriptions

Each colony on PYE and cereal was examined weekly to
measure the diameter and record colony characters and

presence of a diffusable pigment.

The diameter, measured in two directions perpendicular

to each other, was an average of the twvo readings.

7. Microscopic preparations

~

Per‘anen; licroscobic slides vwere prepared by the slide
culture technique or by direct mounts froam the colony in

polyvinyl alcohol mounting medium (Carmichael, 1962).

W
Occasional non-permanent slides were prepared in lacto-
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fuchsin (Carmichael, 1955) but the use of a phase EOntraeﬁ‘
-microscg%e adleviated“the requirement for stained - R

preparations. - N / o 3

o 3

N

"8. Keratinolytic activity
o 8
Q
The keratlnolytlc act1v1ty of a fungus in vitro was

‘determlned by the amount of dlgestlon of the hair and the
degree'of penetrdtion of the hyphae with or without the ald
-of penetrafing bodies, when the fungus was grown omn a

hutritionallyimiﬁimél mediumu(DSA) sprinkled with hair

(Carmichael, 1962@\'

F. Photogrgphx

All photonacrogpaphy Wwas done with a 51ngle lens reflex

K

came;a mounted on an . EdﬁustaBI’_Stand Colonles were
1llum1nated v1th a 51ngle 3200 K tungsten lamp at an obllque
angle and photographed wlth Kodak Panatomlc x, a fine graln
'moderate speed fllm. Illustratlve plates were rephoto~

graphed u51ng Panatomlc X fllm and four 3200 K 1amps.

o

r

~.Colq:’tfanSpdrencies‘yere obtained using.Kodak'Hi Speed

Ektachrome‘fill,oa reversal film forftdngsten 1i§h{. Some .
color resolution was sacrificed in conversion of trans-
parencies tqurints;'

o Kodak Hi Contrast Copy flln, a fine.gfain'high

'resolutlon fllﬂ vas: used for all photonlcrography.

1



15

Illustrative plages vere rephptOgraphed with Panatomic X

film so as not tq further increase contrast.

G. Technigies_ fdr sexual crosses -
! . : ° \\ v

A

Procedures flor matlhg heterothalllc spec1es of the

Gymnoascaceae-e ecially of the genera grthroderma and
Nannizzia:are veI} established (Dawson and Gentles, 1961-
-_Padhye, 1969- Padhye and Caxm;chael, 1969, 1971, 1972,
1973). Early rep?rts indicated that soil sprlnkled with a
keratin source sugh as feathers, hair, nail, hoof, etc. was
euperior to an agar medium {Dawson and Gentles, 1961;
“Davson, Geatles a%d Broﬁn, 1964: Stockdale, 1963). However,
-more recent studles (Weitzman;'xo;ma,‘and Silva:Hutner, '

\ o ‘ . .

1969' Padhye et. dl., 1973y"indicate-that,a non-keratinous
. s : »

I

'~ agar such as the obtmeal-salts ‘agar (mediun E) 6f‘Weitzman

and Sllva—Hutner (1967) stlmulated excellent productlon of
ascocarps. : ’;j R ";ﬂ'._,' ' A ’

“The inoculumuias from the periphery of a 14 day old
' ‘calture gro#é,at 25 C on cereal agar. ‘Three different
nethods 6fiinoculatidnvto oatieal—saltsuagar'uere attempted:

K. Prenixedqconidialfsdspensiohs“vene;pnepa;ed by rehoving,
‘a snali inoeulumhfroi eachtof'tvbbteSter»strains to 1 ml

'of sterlle dlStllled water in a test tube.‘ The"

suspen51on vas nechanlcally agltated and plpetted onto

.the -edlun.
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B. A conidial suspension of a singlt tesrer strain was

. preﬁared as in A,‘and a few drops from each of two

o

strains pipetted totthe agar piate, then . mixed.
- C. Loopsful from the con;dlal suspens1on of each of two‘
tester stralns were 1noculated onto oatmeal agar in -

'separate parallel streaks.

+Tf the organlsm was known to utlllze keratin some

sterile halrs from an adult blonde woman were sprlnkled over

the agar. 5

Crosses were observed veekl; to six weeks when
cleistothecia were reported. Plates were retained up to«56

days before being discarded as negative... .
. m . .
H. single.ascospore isolatiog )
° . “ ) . -

x - B
E]

A s1ngle mature fertlle clelstothec1nm renovedrto a
welled slide contalnlng 2 -3 drops of sterlle dlStllled .
vater, vas shaken to remové conidia and transferred to a
secogd‘vell where 1t vas crnShed ) The suspen51on of
ascospores and perldlal hyphae was. plpetted onto a PYE plate‘j:
and 51ngle ascospores 1solated wlth the aid of a de Fonhrune

.mlcromanlpulqtor. After 2& hours 1ncubat10n at 25 C 'single

N~

germinating ascospores vere'transferred,to PYE or oatmeal

L’

“‘plates. .

a

L

.I. 'Pablication .
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. 4 o N - o o
This thesis is not intended to conStitute valid
publication of the nev names and combinations proposed

<herein. ’ . .
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PART T : . THE GENERA .

<
o

KEY TO THE GENERA «..covevefusesenenanansssscasess Table I

a
- Y y °

e K Afcuadendronbsigler et Carmichael gen. nov.

Diagnosis :
== \

& : -

Vegetative hyphae’ hyaline o® yellowish green, septate;
. > Byp ; ] .

COnidiophOtes.lacking, Conidiogenous cells are inteQrated,

serial, indeterminate, progressive, growing from the apical
[ e . .

eonidium. Conidia'ere‘blastic,‘or thallic,'serial
alternate, separated by short ‘branched or unbranched
hyphal segnents and released by dlssolutlon of the- -

1nterven;ng cells. Conidia are broadly e111p501da1 or .

<

triangular with truncate ends,'hyaline or yellowish in 

. S e . ' i S
color, smooth or verrucose.
- Type species: Arcuadendron ovatus Sigler et Carmichael

Sp. nOV.

 piscussicn - S - : ,

»

o Arcua&endron differs from ualbranchea in that,the B

fertlle hypha 1ncreases in length after the formatlon of

-

each cpn;d%un. Ip nalbranchea the. hypha ceases grovth

- o

before conversion to alternate arthrocqnidla occurs. In

both, however, conidium dehiscence occurs by dissolution of



TABLE I

KEY TO THE GENERA

"Genera Conidiogengusv Conidiogenous | ' Conidia
Hypha Cells "
1 Arthrographis .
. : Basipetal . .
- Zloidiodendron ? . e
Chains
o . 3 Briosia .
4 Scvtalidium
_ Random
5 Bahusakalé" ;?
. T Simultaneous
-6 Geotrichum . . , : \
: o Determinate Retrogressive
. N : Random or
7 Basidiomycotina [
R Alternate.
8 Coremiella. “
9'Malbran§hea o
' Alternate
10 Spq;ethnema' o ' Chains
: 1
11 Ovadendron .
R L ‘Alternate or-
12 Chrysosporium \ o
. ; Single
.13 Arcuadendron --Serial " Acropetal
. " : \ - . o - .
o . g Indeterminate . N ;
1 14 Ptychogaster T Progressive Cbains

#0n natural substrate but not necessarily in culturg-’/
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“ ¢ TABLE I CONTINUED
Diaveter of Color of pifferentiated
Conidiume his .
Compared to Dehiscence - 1diobhé. Figure -
: Coni Conidiophores
Fertile Hypha vonidia ) pho
Same . Light Unpigmented
. - Width R Coibred Mostly
- ' Pigmented
Broader - . quemia*
Fission
- Broader or Dark .
Sathe Width Coloréd .
. ‘Absent -~ -
. ‘ Fission® or Hyalige -
" |Practure I oo, -
Width ' Dark : — 55
. . ry * - \J .«
: Colored Coremla leg:g,‘-w o
- T ¥ .a: (Y N
v ot L] & '(. .
Absent
’ | Fracture o
‘or ,anlg@ented
Light or Absent
Lysis _ i -
-|Colored
Broa&er‘ Absent -
Sporodochia*




the intervening segments. -

<

Arcuadendron ovatum Sigler et Carmichael sp. nov.

L4 : -

Description

Colenies on éYE . (Figs. 1A, 1B) grow moderately rapidly
(37-39 mm in 21 days) and are drab violet with white or
plnklsh v1olet .center, reverse dark purple. In appearance,
thechlony is suede-llke, flat wlth raised center and;sharp'
outvard radiatingjfeldsbdeveloping cracks mear the center
(Flg. IA),Zor floccose,- flat near ‘the perlphery,'but rising
' to a central plateau, smooth (Flg. lB). Growth at 37 C is
, similar; 25-36 mm in 21 days, drab»violet, dark violet

'ireverse, downy Hlth few folds at the center or entirely

cerebrlform (Flgs.,1c,1D).m

{On cereal, colonies (Figs. 1E,1F) attain the éame
dianeter; Surface growth is violet, 'Teverse dark'violet,'
 but thé aerial growthkisApale buff, floccese,‘Slightly '
"raisedrvith flat central plateau andﬁglabrous narginv |
»(Fig; dE); or yelloa, povdery and flat, seétoring pear the
margin (fig. 1F). The violéﬁ surface pignent-does not

fuse into the agar. Colonies at 37 C‘grov sohévhat

:r (18-32.mm at 21 days) and shev less luxuriant aerial
jrowth, - | !

- < e

ThefOptinun‘tenperatnre range is 25 ¢ - 30 C.

>
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Vegetative hyphae are hyaline or greenish yéllow,
‘septate:; ‘Conidia are blastic, developing serially on

dndifferentiated hyphae'(Fig.i1G). The fertile hypha is
curved (Figs. 1H,1I),. narrow, 1.0-1.5qm in di?mefer! ariéing
as a .lateral brénch'from the brqadef yegefét%;e;&ypha.
ccsnidiégendué cells are'uﬁﬁifferentiatéd f¥o;'the feftileu .
hypha, holbblastic. A mérked increase;in volume .precedes
. Vdelimitatiqp of the cogidiun by a basal‘sepfum (Fig. 1J).;
Thre hypha continues to grow from the ;pical‘pért of the‘
conidium (Fig. 1J), often bfanchina, and the con%diﬁm is
delimitea by .an apical séptun. ‘Mature conidia (Fig. 1K);
_feleaéed‘by dissolution of the intervening hyphai segments
are tfunéage{_bfoadly ei;ipéoidal, verrucose_gt maturity,

‘hyaline at first, later greenish-yellow, 3-4,5um x 4-7(9)unm.
b N . .
No other spore state was observed and an attempt to

croSs;the isolates wvas unsuccessful. | j ) o

Holotype: soil, India,.UAMH 2737
Habitat and gctivities o

Two, strains were isolated in India, one from soil, the

. i . R .
other from an ulcer in a monkey.

o
c

‘A. oiatui7is-celluioiytic'bnt-does not attack keratin.
. Material Examined:
/UAMH 2737, soil, India, from H.C. Gugnani, Fatiomal .

i}
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Riguré-1. A-K. Arcuadendron ovatum (A,P,F,G,J-HAHH 2737;

B,C,E;H,I,K-27u6y. L-pP.. Arcuadendron triangularis (3433) .-

Figs. . 1A=1F. Colonial morphology after 21 days. _A-D on

PYE, E and F on cereal. C and D at 37 C, rest at 25 C.

Figs. 1G-fI. .Biastic cdnidia developing seriglly on cur?ed
fertile hyphae. Fig. 1J. Blastic conidihn delimited by
basal septqm.’ Fig. 1K. Mature verrucose conidia. Figs.
1L-1H;”vColonial‘morphology 9f£er 21 days at 25C. L oﬁ PYE,
M on ceréal. _Figs. 1N=10.. Chains of triangular conidia

developing serially on undifferéntiated hyphae. Pig. 1P.

Mature triangular conidia. colonies x1.0, others x 830, .

a

except J, x 2300.- o '. o ¢

=
-
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Institute of Communicable Diseases, New Delhi as S252; UAMNH

2746, ulcer in a monkey, India, from H.C. Gugnani as M5259.

Arcuadendron trianqularis Sigler et Carmichael Sp. nov.

-

Description ' -

i

Tye coloﬁy (Fig. 1L) on PYE is slow groviné, reaching a
diameter of\20 mp in 21 ﬂay§,'creaiy white, reverse 1ight
bfbwn,'réised and convqluted, dense, tough, powdery with
“tiny cracksAacross the sd}faoe. - Pale yellow droplet§ of

exudate appear omn the surface., v

On cereal {[Fig. 1M) the colony is\flétter, spreading to

a diameter of 25bnl in 21 days with deep{fdlds running

parallel across the diameter .of the colony,hvhite;.reyérse

buff, powdery.
There is no growth at 37 C; the optimunm te-perafure is -
25 c. - A . - o .

-

. The végetativé_hyphae are hjaline, septate, broad, Z.5-
= - - | -

 4um in diameter, ofteh_forling prominent racquet hyphae.
‘Conidia are.thallic, developing seriallj ithin an .

';undiﬁférentiatbd‘hypha, at first cylindrical in shape, ‘then

5 s

, _ - _— _ i .

- expanding in volume Oon bne side to become triangular in
shape (Fig. 1N). ueristenﬁtic growth continnqsfuntil_the
conidiﬁn_is_deliiited’by a éeptn.o(rig. 1,06).  The curved

~ . . ' s

" ‘ ; o



fertile hypha grows from the apex of the triangular
conidium, forming conidia at &egular intervals (Fig. 1,0).
Conidia (Fig. 1P), released by disintegrgtion of the
intervening hyphal segments, are hyaline, smooth,
triangular, more oOr less;equiLAtera} inﬂshape, measuring ob-
7um along the perpendicular from tﬁe apex to the base.

)
P
(

Holotype: hair of Clethrionoamys qlareolus, Hercegovina,

Yugbslavia, Hubalek (BH68B), 1970, UyANMH 3433 (Orr-3351)

Habitat and Activity

Only the single strain from Yugoslavia has been

examined.

A Y

A. triangularis digests cellophane but fails to attack

Arthrographis Cochet 1939 -

Diagnosis

Vegetative hyphae'septaté, branéhed, hyaline.
Cﬁnidiophdres sinple, hyaline, branched at the apex,
appearing arborescent. Fission arthroconidia formed by
disjunction and seg!gntation of hyaline fertile brancﬁes
porﬁé.at thé a?ex of the conidiophore, oOr formed by

;fraglentation of undifferentiated hyphae, are hyaline or



ellow, smooth, cylindiical, appearing t1.cord 1t end view.
Y Y P

The genus Arthpogpaphis proposed by Cochet  (1935) ftor a

single snpeciesn, A, langerony though adegquately described and

P -A

1llustrated was invalidly published sinoe Cochet d1l not

include a Latin diagnosis, . Arthroggpaphis bears l'()ll,‘.lDldl)ll‘

resemablence to both Geotrichum and Qadiodendron. Tt tters
A

from Geotrichum in foraming dry fission arthrocowidia on

S —aa

conidiophores. The conidiophgres of Arthrographis lack the

characteristic pigmentation of 0idiodendron. Host speciles

of Qidiodendron develop rough-valled conidia some ot which

are strongly pigmented. Furthecraore, Arthrographis lacks
the connectives betwveen naturiﬁq arthroconidia found 1in

oidiodendron (Barron, 1961, 1962; cCole and Kendrick, 1969).

Type_Species

L3

Arthrographis langeropi Cochet 1939, Ann. Parasit. Hue.

comp. 17:98-1Q1 and pl. 3

= oidiodendron kalrai Tewari et Macpherson 1971, fycologia

63:602-611

Id

Description

e}

Colonies on PYE (Fig. 2A) are slow growing (22-28 am at

21 days), yellow at first but characteristically buff or tan

vith tan reverse, slightly raised, dome shaped, downy or’

N
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tufted &ecomlng velvety,and tough or povdery.. The surface
remains smooth or develops radial rldges or- folds vhlch ‘may

étrack.-,, . ‘ e

om cerealvagar (Fig. 2B) colonies are flat, creamy
white or buff, povdery, occaslonally down} or Hoolly with:.
‘tufts of upright hyphae;'and reach a dlameter’of gsfuu mm in
21 days. -

Growth at 37 C is slighfly less rapid..

o

The vegetat1Ve ‘hyphae are narrow;“1 3om in dlameter
Arthroconidia, borne on short conldlophores developlng
hultiple branches'(Figs. 2C=-2E), are cylindrical, hyaline,
srooth; thln;ualled, 1. 5—2 X 2.5-6.5(5)&&. During early
growth, arthroconidia also dev?lop by fragmentatlon of

undiﬁferegtiated hyphae, but the conldla are longer and

\

narrower (Fig.%2F). In degenerare strains, this form may
B .

predominate.

AN .

‘Habitat and Activities o =

Occurrence' ' ‘langeroni has been recovered from soil,

air, and human sources and appears to have a vorld—vlde

distribution. R ' ! ]

Pathogen1c1ty° The pathogenlclty of thls species has been

studled by Cochet and by Tewari and’ Hacpherson (1968b,

1971) . Experllental 1npculat10n 1nto mice (Tew%rl and

uacpherson, 1968b) resulted in. severe nenrologlcal dlsorder,"

e

o2 .

Lo
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Eiguré 2. A=F. Arthroqraphls 1anqeron1 (A ,B=8BAMNH 3616- C- =

2617; .D-3380; 1'3—26-10;- F=2578) . G-T. Arthroqraghls cubOLdea

-L(G—3760; H-I-676); Piés. 23-23. Colonlal morphology after(
21 days at " 25 c. A on PYE, B on cereal.. Flgs.; 2C-2E.

e FlSSlon arthrocon1d1a borne ‘on branched conldlophores. Fig.

@% - 2F. Arthroconldla forned hy f1551on of undlfferentlated
'byphae. Flg. 2GL‘ Fertlle hyphae and arthroconldla of

1sotype spec1nen of Oospora cub01dea.v Flg. 2H. tatlon'

of - sporogenous hyphae. at regular 1ntervals. Fig. ~2I.
'subdivision of 1ntervals by septa (arrows). Colonies x 1;0;

&  others x 830.

0
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_more severe in mice inoculated intravenously than -

intraper}toreallf. The organism was recovered from the
spleen, kidney,'liver, lang and~brain:c Tewari and .
Macpherson (1977) also dlscussed the dlmorphlc nature of '

the fungus. However, attenpts to convert the type straln of
(o) kalra1 and Cochet's’ straln, a somewhat degenerate

G

isolate, to the Yeast phase by the 1n v1tro method outllned

by them have been largely unsuccessful.a Three morphologlcal
variants wére 1solated f;om sectors in Y—u, (ATCC 18“3&,

UAMH 3616), the type of 0. kalrgl. A1l three formed muc01d

‘colonﬁes at 37 c, but only one “(UAMH 3616c) formed few
.yeast=1like budding cells after nultlple transfers in bra;n
<

heart infusien broth (Difco)l s The predominant‘grovth

thro%ghoﬁt was hyphae and arthroconidia which often showed

-

-
) - -

germination from the terminus. °

© -
~

Antigenicity: Tevari amnd ﬁacpherson (1968a)- observed

51gn1f1cant protectlon 1n mice challenged-vith Histoplasma

o

'casgulatum after vaCC1nat10n with formallnlzed 0. kalrai

vaccine (45% -ortallty) compared to 100% m&rtallty With mice

2

immunized by living ‘0. kalrait In contrast, the non-

immunized controis had a mortality of 85%. .

o ’ - e

o
>

Further studies. conducted by_Tewari,'Aacoherson and
o \

Haltra (1969) de-onstrated cross-react1v1ty of 0. kairai

~"H1th g. cagsnlatun. ‘Guinea plgsosen51t12ed by H . ga psulatnm
pr-Q,ukalral revealed cross-reactlve hypersen51t1v1ty vhen

- the animals’ ‘Were sk1n tested ﬁy eather hlstoplasnln or

ar
<

. - o

=

)
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o

whereas antisera of

oid;Qdendrin.

32

oidiodendrin. Ip°serological tests, antisera of H

_capsulatum reacted with both_histoplasmin_and ‘oidiodendrin

0. kalrai'reactedconly with

a
]

-

©

Activity: A. langeronl does not attack cellophane, but

digests keratln sllghtly often Hlth penetratlon of the halr

- o

shaft by 81ngle hyphae.'

v
©

Material Examined

. 0 - .
From human sources:

-‘lesions, France, by

Cochet 112.38; UAMH

kalrai, from sputum

o a

UAMH 3464, TYPE strainm, chronic digital
Cochet, circa 1939, from CBS as strain .

<

3616, TYPE strain of 0Qidiodendron

15

of manrgith‘ilk:defined respiratory’

ailment, India, Tewari (Y-4), from. ATCC as 18434; UAMH 2298,

P

also received as strain Y-4, listed as soil isolate, New

Delhi, by Mohdpatra,

UAHH 2610, UAHH-2617,'isoiates from nixed culture also

from- C. Canpbeli, Harvard}University{’

contalnlng Ctenomvces serratus, received as’ Y—u, Newv Delhi,

I

° mohapatra, fron Teuarl, Columbus, 0h10' UAHH 25“6 ' gastric

w .

quh specimen, Edlonton; 1965; UAMH 3380, skin of right foot

~(isolat§d on 3 occasions), from L. Friedman, New ereansvas

192; UAHH°3715, human. source, Califormia, from Orr as O-

2556‘

Fron other sources.

4

UAHH 3279, air salpllng, Rabat, norocco,

hycj,”chabert, f:pl'N;COt, Paris as 52163 UABH 2578, from

CES as (CBS‘BQ@.&S?)'stfain von Arx of Ranq;arlq gei,

o
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possible contaminant in culture

Arthrographis cuboidea (Sacé.'e;-Ellis) Sigler comb. nov.

= Odépora'cuboidea Saccardo et E1lisr1882, Michelia
- 2:576 (Ba51onyn)
Vs

Ged%rlchum cub01deun (Sacc. et Ellls) Sumstlne 1913,

‘ﬂycologla 5:56 and pl. 83

Coremlella cub01dea (Sacc. et Ellis) Ciferri et

Carettéf1960,iﬁyc6path. et mycol. .Appl. ni2(3):249'*
and Tab. 3 ..l -
= Geotg;chuu nlcrosgqrum Smlth 1962, Trans. BrL, hycol.

Ssoc. u5(3) 388-389 and Tab. ‘8, fig. 4

‘= Briosia microspora (Snith) von Arx® 1972, Ant. v.

Leeuw. 38(3):2?3

non Stysanus ulmariae McWeeney 1895

= Coremiella ulmariae (ﬁéieeney) hason'ap.bﬂdghéé

Historz,

In’ 1882 Saccardo and Ellis dlscovered Oospora cub01dea

_groulng on rottlng oak in . Newfleld New Jersey ‘and. prov1ded

-a brlef descrlptlon but no flgnres., In 1913, Suustlne
‘exanlned the gresumea 1sotype spec1nen and transferred the
species to Geotrlchun vlth ‘a hrlef descrlptlon and

'111nstratlon.

“_In;19§0; Cafetta.e;aiihed'thé isotype specilénﬂof-g,.



cuboidea of‘Ellis:(from the ﬁYBG) and prnposed.a new

comblnatlon Corem1ell cuboidea (Sacc..et Ellis) Cif. et

Caretta. Included in his concept of thls spe01es wvere four‘
1solates from human feces, one of whlch (OUAMH 829), recelved

fron Caretta'ln 1960 as Corenlella cub01dea, has been

\;dentified as-a Trichosporin, poss;bly 2. cutageun. Indeed,

.

Caretta's figurés'strongly suggéSt'differences between the

~

four huuan isolates and 0. cuboidea. In.placing'Coreniélla

ulmariae in synonymy with 0. cub01dea Caretta mlslnterpreted

' the manper of arthroconidium_formatlon of the latter which

he described as an endogenous proceSs (see also Coremiella).

An examination of the isotype specimen of ggsgorgj
cuboidea (Fig. 2G) reveals this fdngus'to be coﬁspecific

with Geotrichunm hicrosgcrgg smith.” However, this species

bélongs neither in Geot:ichnm nor Coremiella; therefore, a

‘new combination is proposed in Arthrographis.

von Arx (1972) fransferred G,'nicroSgorug {o Bgiosia"

uhlle 51multaneously suggestlng that Coremlella cubo;dea

‘(Sacc. et Ellls) cif.. et Car. and C. ullar jae (cheeney)

Mason apua Hughes’could be conspec;flc with Br1051a >
aupeloghaga’Cavéra,ﬁthe type of which he exaulned. Hovever,'
.Briogia differs from both in fornlng lerlstem arthroconldla
(Kendrick; 197%, p. 168)'1nvcontrast to the fission -

arthroconidia of Arthrographis and the alternate

arthroconidia\of Coremie;la~(see also Briosia,vCo;ehiellaL.
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Description

Colonles on PYE grow rapldly, by 7, days reaching a
dlameter of 50—60 an and, becoming pale yellow, flocculent
and powdery_v1th tufts of °.sporogenous hyphae overAthe
cellophane hemb;ane. The révgrsé is yellow. 'Gfowth at 37 C
is almost as rapid and similar in appearance except that the

reverse becomes pink or violet by 1u days.

“On gereéliaqan at 7.days, colonies aré 6077C‘mm,
yellov, with deqse, flocculent tdffs of hypﬁaekv The revérse'
at ficst is yellow. R pink.pigmen} diffusing into the agar
lafer stains the reverse of the colony dark blue. Growfh is-
less rapid at 37 °C (25-30 nm in 7 days). | |

5

Hyphae septafe, hyaline, 2-5um in diameter.

é

Conidiophotes are'scarcely differentiated, simple, hyaline,

branching near the apex to form a tuft of sporogenous
hyphae. The sporogenous hypha, 80-150um in length,
~de11m1ted by a basal septua (Flg. 2ﬁf,'is unbranched, at
first ;¥ar1ngly, then more regularly séptatg (Fig. 2H) , *in
‘more or 1ess'basipetél succession. the SpbrogenodS hypha
forms septae ‘at regular 1ntervals, each 1nterva1 3.5=-5um

vlde,bvhlch further subdivide into uniform segnents, 2-2 Sum_

a
o

in width  (Fig. 2I)w The‘interven;ng'septae, appearing ‘at
_firsfvlessbdense,.begincto form ﬁefore iﬂitial septation of
the spo;dgenous hypha ié‘coiplete (Fig. 3a), and dé!elop h
randbnly. P1551on arthroconldla (Flg. 3B), formed by «

dlsjunctlon o% the hypha in -more or less ba51peta1 ™y



succession are square, or rectangular, often wider thén
long; discoid in end view, smbdth,ihyaline at first, later

yellow, 1.542.5um x 2-3.5um. o , c -

Habifat and Activities

A. cuboidea has been reported from mine timber (Smith,

1962- FaSsatlova, 1971) and from- southern yelggy pine tlmber

(Chldester, 19#0). It causes a plnk staln in heartwood and

o

sapwood Qf pine, birch, qyprus, hemlpck, spruce, fir, oak

and Douglas firo(chidester; 1940) .

©

A; cuboidea digests cellophane but does not attack

keratin.

* Material Examined e
From wood: Oosgora ‘caboidea,’ ISOTYPE, oak, Nevfleld, New .

\ \
Jersey, 1881, by ElllS (3536ﬂ from NYBG; UAHH 676, birch -

post, Chalk Rlver, Ontario by K. Shields, 1956, froem Hughes

DAOM 6“066;;U§HH 3101, TYPE, Geotrichum microsporum, from
rottoﬁ miné'timber, Johannesburg, south Africa, -1955, .
. recelved from CMI as 94091- : >

From mushroom bed: nana 3792, by K. Komatsu, 1964, from

Tubaki, IFO, as 9190. - ' s "

o Bahusakala Subramaﬂian*1958
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Type_species

Bahusakala olivaceonigra (Berk. et Br.) Subfamanian 1958,

J. Indian Bot. Soc. 37:61-63

= Septonema olivaceo-nigrum Begk. et Br. 1873, J. Llinn.

.90 ' )
Soc 14:90 . :

Accordlng to the descrlptlon of Ellis (1971), r -
Bahusakala is a dematlaceous Hyphomycete formlng fission
arthroconldla on 51mple, irregularly branched conldlophores.
Fission arthroconidia are brqwnf 0, 1 or many septate, |
déiicgtely f4}rbwed or striate; sometimes rough-walled,

.cylindrical or oblong, truncate or rounded at the corners.

The type species, B. olivaceopnigra occurs on members of the

family Liliaceae, including Agave and Yucca.

Muller, Harr and Sulmont (1969) described another

species,'the Bahusakala state of Aulographina ‘pinorum

" (Desm.) v. Arx et ﬁulle: which differed from the_ type

. Q . ' N . : - -
species in having smooth arthrocomidia and in groving on

Pinu§ paritima. In addition, Muller et. al. (1969)
ﬁéséribed and illustr;tbd (théif Fig. 1) arthrocohidium
development occurripg vwithin the hyphal wall, that is,
enaogenoﬁsly. ‘They noted that the wall of the maturning
‘conidium was difficult to differentiété-from the outer ;all
of the original hypha. . From their figures, mature conidia-
tappear tb.ﬂe released from the terminal end of the
enveloping hypha or by fracture of the hypha.

A single strain (UAMH 3812, CBS u99.66) isolated from.

N
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Mangifera indica was received from the CBS as Bahusakala

olivaceonigra.  However, this isolate more closely resembles

the Bahusakala state of Alhloqraphina ginoruh rather than B.

olivaceonigra as described by Ellis (1971).
o - . -

Arthroconidia'of £his strain,develop on more or less
undifferentiated‘hyphaé either terlinaiiy or in an
intercalary pésition."Hiphae are pale brown at first,
beconiné-thick yalled, yellow brown in color in the ferfil?
segments. The ﬁypﬁae are_brqad and.sparingly,septate, and

cytoplaSnic contents of~sbne éggnents éppear less dense.

uulier gﬁ. gl.,d(i969) shggeét@d that formation of
.arthroconidia in 5.‘pinorun'vas'gndogenous.  A similar mode
of development was dbgegved in° UAMH 3812. The fertile
‘segments of thé‘hyéhae, a£‘firsf.spétihgly sépfate} gleavé
into;sméller segnents’(Fig. 3C).and'nature arthroconidia"are
feleade'by dissoluiion or-fraégdre of-the-outer wall
,(Figs] 3E,3F). . .Remnants of the quer wall are bftenevisihle‘
around the released_conidia,.and.conidia occasionaliy relaiﬁ
. connected by the_duter wall (Fig.FBD) in g:;upsnof,2's or
3's. In additionm, arthrocpnidia form directlf by the
seénentation é;d disjqpctibn of segments aof the fertile
hyph; (Fig. 3G). There appears to be no outer wall

surrounding these arthroconidia.

- Rarely, within a broad hypha in“which the cytoplasmic
contents are less grannlai,.an)intra-hyphai hypha (Buller,

1933) breaking into arthroconidia (Fig. 3H) can be observed.
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Figure 3. A=-B. Arthrographis cuboideaK(A-UAnH 3101; B-

676) . C~I. Bahusakala olivaceo-nigra q3812).' Fig. . 3A.

Randém development of intervening septaj' Fig. 3B. Mature
fiséion"arthroconidia. Fig. 3C. Septation 6f'
ﬁndifférentiated fertile hypha. *Fig.- 3D. Mature conidia,
remaining connécted in groups of é‘s or 3's by sectibns bf
the outer hyphal wall. Figs. 3E-3F. Mature arthroconidié
reléaSed by dissolution or fracture of the outer hyphai

wall. Fig. 36G. Fission érthrdconfdia foried by 3

ségnentation_of undifferentiated hypha. Pig. 3H. Intra-«

. 3 R
hyphal hypha fragmenting to form arthrocomidia. . Fig-y 3r.

F:agdentation of new hy?ha} branch after fracture of the

_outer hyphal wall. All x 830, excépt H,  x 2300.

»/N\/ ,
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A similar situation was recorded by Lowry and Sussman (196b)
o ’

in a mutant of Neupospora crassa. They observed that the

hyphae invaded by intra~hyphal hyphae had Sparse‘pytoplasnicj

v

f

contents and concluded that the 1nvaded hyphae uere

moribund. They also reported that ;ntra-hyphal hyphae vere
capable of penetrating the septal: plugs of the 1nvaded hypha
as well as the outer wall. The frequency of lntca-hyphal

¥ %

hyphae in the mutant of "N. crassa was attributed to the
R

Qgriodic growth pattern of the isolate.

A similar phenomenon is evident in UAMH 3812. Many

hyphae appear moribund, at least in geglents. It is

possitle that the'endogenous'axthroconidia argif
formed by fission of the intra-hyphal hypla

segments of th original ouﬁﬁgbvall. roconidia are

released fron the outer wall, nev branches also emerge

(Flg. 31I) and thlS nev grovth ‘is probably an extension of
7 Q
the intra-hyphal hypha. The extruded endohypha;also divides

to form arthroconidia K (Fig. 3I).

Mature arthroconidia are pale brown, smooth,
cylindrical wvwith rounded corners, 0-1 'septate, 3-4.5um Xx §~

10um. No other spore state was observed.

. - ) B
I’ ] . Loc ~

.Arthroconidial states of Basi@io-ycotida
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History

Iin 1889,‘Brefeld illuetrated ﬁme con1d1a1 states of a

7 number of Hynenomycetes, in whlég the hyphae lelded ‘into
short ‘segments called 01d1a. Hughes (1953) 1n hlS A
.experlmental cla551f1cat10n of the Hyphoﬂycetes ‘discussed
the formation of 01d1a by Basidiomycotina in his Section .
VII. This‘group comprlsed fungi in which tbe developnent of

~onidia occurred by septation and disjunction of simple or

branched\hyphae.

Brodle (1936) studled 01dlal development in Collz
. velutlpes and some other Hynenonycetes. He found that the

oidia of Collybla Velutlges occurred on both dlkaryon and

-

nonokaryon mycella bnt that clamp connectlons rarely s
occurred on the fertlle branches of the dlkaryon nycellum.
‘He concluded that the 01d1a of" the dlkaryon mycellum were

haploid.
Nobles (1§48) studying the conidialdsbates of a number

o

of wood ratting fnngi.groving in agar Culture,udescribed the
oidia of>Q§a5pecies.” Coa o S

&Y ‘- : C A S .

(‘*\ ’ ’ N ~,‘:' . - e i
Haxvell (195“) in a study of Thelephoraceae observed
hht Oldla vere the most common forl of asexual reproduct10n~

in the Agarlcaceae and Polyporaceae of the Hylenonycetes.‘

In. the UAHH, a nn-ber of stralns have been accunulated

as 'Geotrlchnn sp." vhlch appear to be arthroconldlal states_
- . o o @

of Basidionycdtinaw ;Con51derable problems ar;se~1n trying

»
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/

/

. - .
to place these fung1 1n fS?m-genera5already,desCrlbed ¥hen
/

w'mmmthe arthroconldlal states of Ba51d10nycot1na ‘have ‘been more
thoroughly studled.‘sone addltlonal genera may. be requlredf
’to_acconmodate-tﬁese fungl.
. * Because the colonial morphology of the arthroconidial

. o - - - : ) » o

.

states is rather'uniform, only one“description is'previdedu

even {hough the m1crosc0p1c morphology As varlable.

a

Althoggh a nnmber of 1solates have been exanlned, no attempt
3
was made to 1nclude all the knovﬁ arthroconldlal states of

Basldlomycotlna.‘

Description o T R

Coionles on PYE (Flgs._ub~uB)'grov rapidly (35-62 mp in
7. days and almost f1111ng the petrl dish by. 14 days) and are

Anhlte.or pale tan, reverse~wh1te or yellow. Aerlal grovth

o

is dry, dense, patchy, nattéd,~90°1iY'°C downy, ralsed,_and

6ften more, dense on the cellophane than on the eraesed

]

nedlum._ When drled, the aerlal grovth flattens beconlng
felt-llke 1n textnre, turnlng nottled ye110w or tan in .
‘color. ,nost,stralns produce a dlffnSlnq yellow pigment and

~,occasionaily’copiouS'yellovieiudate énﬁthe‘eurfacef A
distihct,sieet’odorfis‘agparent. . o - " a

R S R T - .

Grovth on, cere&l is sllghtfy ‘more rapld (60 74 mm or
;;Q flillng ﬁpe petrl dlsh by 7 days) . but othervlse 51-11ar.‘
o WL ¢

f$ﬁ‘ S The dlffu81ng plglent turns the -edlul tan, in color.

“th N L L - B3
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Most stralns ‘are incapable of grovth at 37 Cc, but- someq

Y

Bshov sllght grovth. ‘mast dre strongly cellulolyxlc, -

“ llke texture of the colonles, the strong odor and_ . LT

o

% markedly veakenlng the cellophane by 7 days. L ; f: s ee

v ae

°q

Isolates whlch appear to be Ba31dlomy§ot1na monokaryone

are dlstlngulshed by the rapld growth and woollynor felt—3 °

0 -0 o - T g

cellulolytlc act1v1ty. on thé‘baSLS ©of colonlak‘ ogﬁholooy,

°© 9 Rl

the 1solates comprlse a rather unrforn group.' Howeverk

2 P <

‘ severalfwarlatlons 1n arthroconxdluu demelopgent were s
. Q- :

'12705, 2769, 2871,"

. [+

¢4

‘observ%d in the stralns exaq;ned. oo B o

°
- .o . A SN
NN . @ - o Qc, . o o
S

a) Groap 1 (Stralns QQS, 5@3,,511,'15351 1537, 2698,r2536,

I : 2

chroscop%'

¢ <

thelr arthrocon

< iz

(Flg. uD) are forled by septatlon and dlSjunctlon of & -

undlfferentlated fertlle lateral branches. Arthroconldla

Q

are hyallne, barrel shaped or cyllndglcal, 51ng1e-celled,,

‘neasnrlng 2—“(5 5)un x (2)3—10(15)un. Arthroconldla tend to

i
11e in zlg-zag {Plg. 4F) cha1ns,~and coliapse eas1ly when

exposed to air. Thlck walled 1nterca1ary or. ternlnal
2

chlalydospores (Flg. QC) are’ produced by many stralns. ‘A

<

single isolate (UAMEH 2,69)‘forued clamp conqectlons.'

‘coﬁidiaiafe ary (see Geotrichu-);

&

B .o cat .
e o

<

"developaent.’ ?iséion'artﬁrocoﬁidia, -

X
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b) Group 2 (Strains 3776,_3787)‘

) . - o

This grcup‘is.the'conidiai'state of Phlebia radiata Fr.

©

c

o
]

Colonies of these strains grow less vigorously,

"devéloping less luxurient aerial growth. ot
. , - ST :
. v 5

The conldlal state. of Phlebla radlata mlcroscoplcally

resembles’Group 1. Arthroconldla are, borne in chalns on- ° -

-

undifférentiated.lateral branches vhlch are often curved
~(Fig. 4E) . F1551on arthroconldla are hyallne, cyllndrlcal,
‘,rzks-uumix u-gug.' Clamp connectlons occur 1n both strains:

“c) Group 3 (Strains 645, 2772,'34125'

Brthreconldluw formatlon 1u this group differs from

o -

groups 1 and 2 ‘in fhe developnent of narrow: separatlng cells‘

@

,between maturlng arthroconldla (Flg ).° The dlsjunctor

,cells develop after septatlon of the fertile hypha

o Q.

(Fig. QH):» Arthroconidiur development in thls groupoaﬁpeuré

P

Sihilar to 0idiodendron. The-conuecting°cell is often

difficult to detect suégesring that it could be a gelatinous

secretion of the maturlng arthroqonldla 51n11ar to the type

[

: descrlbed for ®1d10dendrou-(see also Oldlodendron)

a). éroup.a'(Strains,51y; 3796, 3837)

Thls group contalns tvo stralns of Collybla conigena

v

(Pers; eg Fr.) Bres., one of vhlch (UAHH 3837) failed to

_spéorulate.
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-Figdre 4. Arthroconldlal states of Basidom;;otina. -A-B.
Coioniai norphology (A-CANH 3251- B-511) . D F. . Group 1
(c—1537; 042536{*P-1585)., E. .Group 2 (3776). "G-H. 'Group
3 (G-3u12- i—645). I. Group & (3796).° .Flgs. 4A-8B.
Colonlal morpholdgy on PYE after 21 days at 25 C. Fig. 4C.
Thick walled chlanYdospores. Flg‘u 4D. FlSSﬂQ2~j SRR

arthro onidia borne on undlfferentlated hyphae. -Fié); 4F.
Fissio arthroconldla borne on curved lateral branches};
éig. F.. nature flSSlOn arthfoconldla in zig=zag, ' alns. .
Figs. uo—ug. DlSjunctor cells developlng between

‘arthr conidia. Fig. 4I. uature arthroconldla separated by

collapsed disjunctor cellsti Colonies x"1.0, others X 830

'
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The oidium development described by Brodle (1936) for.

§ Collybra velutipes (Curt. ex Fr.) Que}. is 1dent1cal with
this group. Following eessetion of growth of the fertile
hypha, the protoplasm of theAhyoha becomes Eondensea in
segnents'segarated by vacooles which wfden to forr a
separating cell. Brodle (1936) reported that‘transrerse-
’septa wvere rarely formed in the fertlle hypha and speculated_

“thét ‘release of the mature conldlum vas by dlssolutlon of

the outer wall of the separating cell. = .

The terminal walls of the artﬁrocogldium are apparently
.formed de novo. Although in some respects resembling

0Oidiodendron, arfhroconidiuu development in Oidiodendron is

)

preceded by septation of the fertlle hypha. The mdture

arthroconldla‘of-group uu(Flg. uI) resenble the alternate

arthroconldla of Sporendonena but the arthroconldla of this

spec1es are also” formed by ssatat1on of the fertlle hypha.

Conidium dehlscence appears to be the same hovever.

Mature conidia (Fig- uI) are rariable‘in shape,
cyllndrlcal or ronnded at the corners, or  dumbbell soaped,

«

2.5=484um x° 5.5-13um.

Habitat . .

G

Isolated as. probable contaminants in clinical material
b % - .
fronm hulan‘and animal sources, and from soil of sheep and
‘horse .corrals, and feathers of sparrowvw, in Alberta,

Kentuoky, SOuth”Carollna, Oth, Kansas, Georgia, California-
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and Czechoslovakia.

Material Examined

" Material of Collybia conigena: UAMH 3796 (CBS 146.29) and :

UAMH 3837 (CBS 108.13); Material of Phlebia radiata: UAMH
3776 (CBS 278.29)‘aﬁd UAMH 3787 (CBS 285.73); | |
Alberta isol;tes-fron pliniCai specimens: UAMH 448, skin
f:bm perianal~region, 1?55; Uluﬁ'507; sputum,‘1956; UAMH
.511; toenail, 1956; UaMH 514, blood, j§56; UAMH 645, toes, .
1959; UAMH 2536, skin scrapings, can;né, 1965: UAMH 3251,

' .

urine, 1969; Fromiclinical'speciiens:'UAHH 1535;A5putum!
from Orr- as. KCFS 62-5241;‘UAHH’153T,“sputum, from OTr as
KCFS 62-5706; UAMH 2705, vitreous humor of eye, Ohio, from
J. .SChwarz, Univ. of Cincinpat}; Ohio; UAMH 3657, Orr-
1209; From oth?r'subsfrates} UAMH 2098, California by P.
nartin,r196{; aé 840; UAHHI2§%9,‘sheep pen, Alberta by_D.
Reﬁingtoh, 1967; UAMH 2572, horsé corral,-klberta by D.
Reniﬁgfbn, 1967; UAMH 28?1, soil of broomsedge field, é.
Carolina, 196i, from D. Colenan, Savannah River Eéology
Laboratory, S. Carolina as G8020§; UAMH 3436, feather of

house sparrow, Valtice, Cieéhoslovakia, 1970, by Hubalek,’

fro; Orf'as 0-3279

£

Briosia Cavara 1888

Type spécies
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griosia ampelophaga Cavara i888,_AttiﬁIst.n89t; Univ.
pavia, ser 2, 1:321-322, Tab. 5; Lindau 1910, in
Rabenhorst's krYQtogamen{Flora 1(9) :372; Sutton 1973,
uycoi. Papers cMI 132:84~85, fig. 40.

non ggiosid cubispora (Berk. et Curt.) von Arx 1972

= cladosporium cubisporum Berk. et Curt. ap. Berk.
1875 - - -

E"Coreuielia eubispora (Berk;'et Curt.) Ellis 1971

In the development of the arthroconidid‘of Briosia,
.uerisueu arfhroconidia of'Kendrick (1§71, p.b168), septatien
' occurs succe551vely from the apex of the hypha followed by'
»enlargenent.or expan51on i.e. merlstematlc growth of tge
eplcal and’ subsequent segments. Expansion.occurs only after
delimitation by ‘a’ septam. Mature arthroconldla are brovn,
thick~-walled, globose orzsub-globose or cylindrical and

. disarticulate by:fission, at maturity, 5-7.5um x 6-11un (5— .

gum in diameter, see Sutton, 1973).

Mofris (1963) illustrated meristenatic growth occurring
?before dellmltatron by a septum in the manner: described for

‘Ba51petospora ruhra by Cole and Kendrlck (1969) and Kendrlck

)

(1971, p. 168) .

Von Arx (1972) placed'Coremiella in synonyny.vith
Br1051a but Corellella forms alternate arthroconldla rather

v

than nerlstem,arthroconldla. (See also Arthtograghls .)

Su;ton_(1973) noted the similarity of conidium



development in Briosia and Qjibwaya Sutton. The latter
‘Qiffered in fbrming conidiophores from the basal cells of

the erect funnel-like wall of the immersed strowma. - The

conidiophores were not borne on a synnema as in Briosia.

Sutton (1973) considered Briosia ampelophaga to be closely

related to Coremium ‘luteolum Camara '‘apud Serafim collected
"from giiig'in(Portugal. Howefér‘the lack of type material

hindered positive identif;ggiion.

Habitat

Briosia ampelophaga occurs primarily on leaves of Vitis

.and Platonia causing leaf spot, and sometimes on fruits of

Vitis viniferge. It has been collected in Brazil, Italy,
Wisconsin and Illinois.

1

‘Haterigl Examined

UAMH 3822, on_leqﬁes of Vitis riparia, Daneviile,'Il;inois,
from DAOM as 137503, collected by Solheinm.
§

Other Species

.Briosia azaleae (Peck) Déarness 1941, ujcologiaA33:360

= Periconia azaleae Peck 1833, Ann. Rep. N.Y. State Mus.

25:93

W

Sporocjbe azaleae (Peck) Saccardo 1886, Syll.vrung.f

4:608

»
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-Though I have eiamined.no nateriai, Dearness in his
description notéd'few Qifferences from B. ampelophaga. The.
arthrocopidia of B. aialegg hovwever, are snallgf,'measuring
3-7.5um x 2.75-4.5um. Furthermore, B. ampelophaga o;chrsf
com,only on- grape leaves whereas B. ggg;ggg has beeé»

recovered from‘bud and twig blight of azalea (Davis, 1939) .

Excluded Spegies”

& . . .
Briosia cystopoides (Buhak et Krieger) v. Arx 1972

= Coremiella cubispora q.v.

. Briosia mlcrospora (Shith) v.. Arx 1972

= Arthrographis cubojdea gq.v.

Chrysosporiua Corda 1833

Type Speéies

chrzsosporium merdarium (Link).Carmichael 1962,

Can, J. Bot. 60:1160 and figs. 30-34

= Sporotrichum merdarium Link 1818, Jahrb. Gevachsk.
'1:176
= Chrzsospbrigg corii Corda 1833, Sturm's Deutschl. Flora

. II1 (Pilze), BAd. 3, Heft. 13:85

For further synonymy and descnipiigns of other éﬁecies
; ” )

of Chrysosporium, refer to carmichael (1962). 'ChIYSOSpOLium

diffefs from &albranChea in forming aleurioconidia borne



terminally or on short or long lateral branches og‘directly

on the sides of the hyphae. The aleurioconidia o

Qﬁrysosporiun are broader than the diameter of the
hypha. Aleurioconidia intergrade with alternate

arthroconidia which may predominate in some species.

Other Species

! | : 2 v ‘
Cchrysosporium pannorum (Link) Hughes 1958, Can. J. Bot.

'36:749 = Ovadendron panporum q.v.

Coccidioides stiles 1&96

.0
[

\;?ype Species

C09016101des immitis Stlles in Rixford and Gilchrist 1896,

Johns Hopklns Hosp1ta1 Report 1: 209-269

é. immitis is a human pathogen that occurs .in tissue in
the form of globose cells vhich divide 1nternally to produce,
- a fev to many endospores, These strnctures vere at one tlne
interpreted as asci and ascospores (see Dodge, 1935, p.a1u7)
put;no one has'denonetrated_karyogagy’or geiosis:in
conrection ﬁitﬁ ghe-. IQurrently; the endoSporulatinb‘celle
ere'referred”to as 'spheruiee', |

-~

S L
It seems likely that the"spherules represent an unusual
adaptatlon to para51t1c grovth,cxlth -nltlpllcatlon by

endosporulatlon lnstead of budding (as in lost fungal
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\k‘
-

pathogens) or fission arthroéonidia {as in the
dermatophytes). Other characters of - ;gg;g;g suggest that
it may be a heteroihallic.nelber of the Gymnoascaceae, wﬁqse

sexual state has not yet been observed.

-

In culture, C. innigig grovs a5 a mold and produces

arthroconldla typlcal of the form—genus Malbranchea. A
g

descrlptlon of the conidial state and further dlSC“SSlOD are

-

given under the Malbranchea state of coccidioides ;nnltls.
- : .'

o«
Coremiella Bubak et Krieger 1912

Type Species

Corenlellg cuplsgora (Perk. et Curt.) Ellis 1971, in

Denatlaceous Hyphonycetes p. 33, flg. ‘6

i

ggosporln- cublsporu- Berk. et Curt. apud

»

’Berk..18W5 in Grevlllea 3:107 (Ba51onyn)

:u;,Cngg!;e;la cystopo;des Bubak et Krieger 1912, Annal.

e,

aycol.. 10 52-53

‘,‘f BriOSla cystop01des (Bubak et Krieger) V. Arx 1972

p¥"Core-1ella ulmariae (MacWeeney) HNason apud Hughes 1953,

[Can. J. Bot. 31:640, fig. 94

vStzsdnns ulmariae MacWeeney 1895, Irish Naturalist
4:277 |
non Corellella cub01dea (Sacc. et Ellis) Ciferri et

—a

Caretta 1960 ) .



hecause ot the detailed account provided, by Flli:
(1971) only a hfief description is5 given h$£y.
Arthroconidia (Fig. 5A) are alternate, uva}atvd trom e¢ach
other by ohe or more empty c;lls, smooth, tkick valled,
oblong or cubical vith a siall papilla at each end, brown,
3.5-7um x 4-9 (1u)unm. Mature conidia are liberated by |
fracthre or lysis of the outer .hyphal wall ot the adjacent
empty cell often lea;;ng a frill of outer wall material
attached to the conidiun. The fertile hyphae often show
characteristic dichotomous branching (Bubak, 1912; Hughes,
1953). Conidiophores are loosely aggregated to form a
coremium, hemispherical at the tip, rarely observed in
éulture. |

i" x':h :
rnaud (1954) described and illustéﬁsed Geotrichella

altéfhata without a Latin diagnosist{ Though Kendrick and

Carmichael (1973) suggest possible synonymy with Cgoremiella

the status is not clear. Tubaki (in Kobayashi et. al.,

1967)° described Geotrichella arctica, a funqus bearing
considerable resemblance to Coremjiella. .OUnfortunately, it

--¥as mot possible to obtain the type specimen for study.

-

K The alternate arthroconidia of Coremiella distinguish

this form-genus from dematiaceous fungi forming

e

arthroconidia by fission such as Scytalidium, Briosia and

Bahusakafa.

In its conidigm development Coremiella reseables both

Sporepdonema and Malbranchea but differs from both in having
\ L “

|
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darkly plgmented cell valls and also from the 1atter in the
dlaneter of the fertlle hyphae. The hyphae and

arthroconldla of Cdremlella are much v1der 3.5=7um 1n

diameter, vhereag these_pf galbranchea rarely exceed 3. 5um.

Habitat and Activities

Thls spec1es has been recorded on: senescent and ‘living
plant materlal and appears to have a. worldvxde dlstrlbutlon. °
Lucas,_Carvalho and Barrelro.(197u) report an 1nc1dence of

-

soft rot in pears caused by C. cublsgora.

C. cubispora diqesis celloéhane but doeés not attack
keratin. It grows vigorousiy.at 30»C but fails to ¢grow at

37 ¢C.

2 -

Oon agar'the fdngus-releases a pigment which appears

grey or brown on cereal agar or .yellow on PYE.

Material -Examined

UAuﬁ 1j65,;photOliCrograph of a D;Oﬂ.specinen 3516¢C, from

Ranunculus leaf, England, determined by E.W. Mason; UAME

-

1513, from Picea abiés;'neﬁiark~b§~uason 1949, from CHI as

36938; CaMHE 3793, fron stunp of andera _!bellata Japan by

)

- Ichlnoe, 1966, recelved fron Tubakl, IFO, Japan as 8862

(REL 4583) .

T

Geotrichum Link 1869
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Type Species ' .

Geotrichum candidusm Llnk 1809, Beriin Magazin 3:17; Persoon .

1822, Hycologla Europaea 1 26-vCarm1chael 1957,
Mycologia ug(s) 820-830 . o - 5

Por full synoﬁymy :efer to Ca;michael (1957)

Perfeqtdsta{e:

Endomyces geotrichum Builer et Petetsen 1972n'uycologia
64:367
The form-genus,éeotrichug is distinguished- by formation
.of hyaline érthroconidia in chains by segﬁentation of
<undifferentiéted'hyphae: conidiophores are absent

“Arthtoc0nidia develop by septation and dlsjunctlon at a
double septul of -, late:al brénches'or the’broader*vegetatiVe
hyphae whlch may branch dlchotonously. Arthroconidia are A

thin-valled smooth, cylindrical or ellipsoidal or oblong,

sonetlnes beconlng subglobose.' B e

-The developledtal sequence_of;arthroconidiun formation

1n G. candidum and the Geotrichum state of Endomyces

lagn0511 has been recorded by time lapse photography (Cole
and Kendrick,‘1969). ’ - » 6 ' .

3

‘Nnnerons spec1es have been descrlhed in Geotrlchun:

naklno theAtaxono-y of the genns co-pllcated and confUSed
For - Geotglchgl candldnl alone, a spec1es demonstrating

con51derable variation in.culture, Carlicnaet\1$957) lists 4

f"/

¥ 2
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- over 50 synonyas.

-Farthermore, characters of lany spec1es 1ncluded in

; Geotrlchun are contrary to those attrlbuted to: the type

- o,

spec1es.. -For thlS reason, .the -following should be excluaded

fron Geotrlchun- denatlaceous species (see Séxtalldlun).

fungi with differentiated conidlophores (see Arthroqraphls" o
. : . . 4 . -

and Oidi0dendron){bspeciesblaéking fission arthroconidia

o

. . 2 N . o
(see Core-iella, Sporendonena, ualbranchea and

Oldlodendrqn), and fnngl forllng blastoconldla as well as

\
flsSlon arthr0coﬁ1d1qo(see T;lchosgo;onc uonlllella).\ -Many

-

species previously described in Qg?tfichumncan be referred.

to one of these form-genera.

o

However, a number of difficult problems remain. 1In
i ° -

cuiture,/the:type species, G. candidunm, appear§ dFY:‘Pairy
ot povdery, but the texture. is slimy. This_yeést-like
texture is also characteristic of- some other species of
Geotrlchn-. If this yeast-llke form of growth is a valld
generlc character,'then fangi hav1ng dry-spored fission
arthroconldla shonld be excluded. "However, in order to
exclude closely related fnngl from Geotrlchun, a su1table
forl-genus uust be avallable for ad11551on. As yet, no

<

other fornvgenus has been proposed to acconlodate non yeast—
N ~ - ,«r\f‘t .

llke fnnqx developing hyaline f1s51on arthroconldla on 'f*;

o

undlffe;eztlated hyphae. (Seeralso arthroconidial states of

Basidionmy otina.)
f‘f | - . : p - , .
An additional problem, in assigning fungi to Geotrichum

A

Q&
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is deflnlng the degree of speC1a11zatlon of the
conldlophore. Accoralng to the deflnltlon accepted by the

. »

-Kananaskls Conference on Pungi Inperfectl (Kendrlck, 1971,
p. 224=-228), the hypha of Geotrlchum which fraqments to form
erthroconldla is a 51mgle conrdlophore,v'mlcronematous' of
EliiS-(197f). ' However, this fertile hypha is

’
1ndlst1ngulshable from the vegetatlve hypha’before the
process of . conver51on begins (Cole and Kendrick, 1969). AS
well, intercalary. arthroconldla form in the broader
vegetative hypﬁael(Carnichael 1957). It is often
difficult tﬁerefore, to dlfferentlate betveen an
"undifferentiated fertlle hypha i.e. 'mlcronematous'
. con1d1ophore and a sllghtly dlfferentlated i.e. “‘'semi-
macronematous' (21115, 1971) conidiophore. Species with
“differentie%ed conidiophqres are excluded from Geotrichum
(see A;thrggraphis). .

‘

ﬂlthont access to herbariam spec1mens or cultures, only~

‘a . llllted number of Geotrlchn- spec1es could be reV1eved

Where p0551b1e, ‘the status of sone has been determlned frou

the available llterature, but the study 1s by no means

inclusive.

Species ' " - , , - .

ceotrichum gaycelicum Redaelli et Ciferri 1935, Archiv.
fur Mikrobiologie 6:60

vbp Arx 11912) suggested that this species, as well as
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N o

G. gracile, G. vanryiae and g.‘hirtgg may belong in

) Trichosporon; ' -

Geotriéhun fragrans (Berkhout) Morenz 1960, Taxonomie und

medizinisché Bedeutung der zur Gattung Geotrichum Link

gehorenden Arten p. 178. (= Qospora fragrans Berkh. ]

Geotrichum klebahnii (stantz) Morenz [as 'klgbhapi'],:ibid,~

p- 180 (= ggsgora"klébahni Stantz]“f

_Geotrichum qracile (Weigmann et Wolff) Windisch 1952,

Beitr. Biol. | pflanzen 29:157

‘2= Trichosporon fide vom Arx (1972)
€

' - : ' '
GeotriC$gg hirtum Windisch 1952, Beitr. Biol. Pfanzen

29:157

2= Trichosporon fide von Arx (1972)
Geotrichum state of Endomyces magnusii Ludvig 1886,

" Ber. Deut. Bot. Ges. 417

For a description} refér to von Arx (1972).
- . » ) : - ]
Geotrichum vanriiji Saez 1964, Bull. mens. Soc. limn. Lyon

33(7) :266

Von Arx (1972) suggested G. vanryiaé Saez is closely

-

6



<
related to G. gracile and G. amgcélicuj and all may belong .

in Trichospegon.

‘Excluded_Species

»

‘Geotrichun cinnamoﬂégg (Li> rt) saccardo 1886, Mmichelia-

2:636 R

» °

Though I have not seeh»maierial; $accardo's description

and the study of Quinta (1968) suggests that this species

may be identical to wallemia segi (Fr.) von ArCX. .

3

" Geotgpfchum cuboideum (Sacc. et Ellis) Sumstine =

Arthrogqraphis cuboidea gq.V.

Geotrichum dulcitum (Berkh.) Windisch 1952, "Beitr. Biol.

‘pflanz. 29:156

= protendomycopsis domschii Windisch 1965, Beitr. Biol.

- pflanz. 41:337 = Pndtendonzcbp§is'du1cita (Berkh.) Gams

et Domsch 1969, .Nova Hedvigia'18:20
. . . N

"Although proposing a new combination,'Gaus,ahd Domsch

treat this species under Trichosporon cutaneus.

Geotrichunm flavo;brunnéqn'nillérigg al. 1957 = sScytalidium
. flavo-brunneum g.v. - ke
sSE T — L ' o th”

-

Geotrichum picrosporum Smith 1962 = Arthrographig.cuboidea

q;v,r'

. RN LA
. ) .
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= »

Geotrichum purpurascens (Bon.) Sacc. - 1886 = Sporendonema

purpurascens q.Vv.

Geotrichum roseur crove. 1886 ?=

sporendonema purpurascens
q.V. ) '

Geotrichum rotundatum (Cast.): cCif. et Red. 1935,
Arch. Hikrobiol. 6:59 = Trichosporon. cytaneun flde

Lodder and Kreger van Rij according to Saez (1964)

_ Geotrlchun rugosum (Cast.) Dodge 1935, Medical nycology p

219 = Trichosporon.cutaneun

flde Lodder and Kreger van

Rij according to Saez {(1964) .

’

Geotrichum suaveolens (Lindner) Ccif.

apud Diddens et Lodder

1942, in Die anaskosporogen Hefen II:271 = Moniliella

suaveolens (Lindner) von ArCX 1972

]

Malbranchea Saccardo 1882 »

) o . i . . V
See Part IX .. . .- SO .

gidiodendron Robak 1932
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Perfect States: Myxotrichum Kunze, Byssoascus von RIX

Lectotype Species

.0idiodendron tenuissimum (Peck) Hughes 1958, can. J. Bot.

-

36:790

= Periconia tenuissima Peck 1893, N. Y. State Museum -

Report 46:113 (Basionym)

" - pidiodendron fuscum Robak 1932, Saetryk av. Nyt. Mag.
Naturvidensk 71:251
This wood and soil fungus farms arthroconidia on
'branched or unbranched hyallne fertlle hyphae borne at_the
apex of a plglented conldlophore. Occa51onally conldlophote

productlon is suppressed Hlth arthroconldla formlng dlrectly

on undifferentiaied fertile hyphae. .

The exact mode of developnent of arthroconidia is not

3

completely understood. Barron (1962) in his monograph of

nlne spec1es reported that arthroconldla were formed elther

endogenously; remaining connected within the orlglnal outer
" hyphal.wall antil’ laturlty, or nore commonly, formed, u
idlrectly by segnentatlon ‘of the hypha v1th each developlng

.conldlun draulng apart sllghtly but relalnlng connected by . a

gelatlnous secretlon betueen maturing conldla.

w

Cole and Kendrick (1969) in a time-lapse study of o.
. truncatum concurred with this latter view. They foiind that
initial‘septation, possibly by double'septa,’vag folloved by

ronnding ap and‘draving apart of'the,illatnre arthroconidia
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»

leaving A clear area betveen ad]acent .cqnidia.. The clear
,areas,'terhed connectlves, uere often traversed by a septum.
éole and kendplck (1969) agreed with Barron (1962) hat the
connectives vere either remnants of the onter hyphal vall
.left after endogenous formation of conidia, or more
probably, :iat they wvere gelatinous secretlons from the
maturing conidia. The presence of a septum within the
connectlves suggested that‘new terninal end walls distinct
from the or1g1nal septum were forned by the maturing
arthroconldlun.‘ In a further dlscu5510n, Kendrick'(1971,
p.'162)_de51gnated this type, of arthroconidiunm developnent

as type 2.

arthroconidia of oidiédendron,vsenarated‘from each

other by gelatinous connectives are ‘distinct from the

fission arthroconldla of Geotrlchnn and Arthrographis and

the alternate arthroconldla of nglhr nchea and gvadend n

oidiodepdron is further distinguished by its pigmented

conidiophores.

For a discussion of the species of oidiodendron, the

reader 1is referred'to Barrqn.(1961, 1962), Morrall (1968)[
Cole and Kendrick (1969),'Koban?si g;._g;. (1969) , ‘Kiffer,
Mangenot and Reisinger (1969) and Tokunasn (1973) . In

addition, Oidiodendron conidial states have been described

for gxxotrlchun cancellatum (= Toxotrichus cancellatul] (Oorr

~and Kuehn, 1968a; Aplnls, 1964) , racgnlotns flavoluteus

(nuller and Pacha—Aue, 1968y and By Ssoascus stnlatosporus [4
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Arachniotus striatosporus] (Barron and Booth, 1966; von Arx,

1971). However, the'Oidiodendron conidial state of A.

flavoluteus reported by Muller and Pacha—Aue (1968) appears

‘doubtful since my examination of the type straln of A.

flavoluteus (UAHH.3531, CBS 627.71,-NRRL 1243) reveals no
conldlal state. In addition, neither Kuehn and orr (1959),
Udagawva (1963), nor von Arx (1971) have reported an asexual

state -for this species. -

oidiodendron state of Myxotrichum striatosporus,

PerfgctCState:

Myxotrichum striatosporus (Barron and Booth) Sigler comb.

‘DOV.

Co= Arachnlotus str 1ato§porus Barron and Booth 1966,

Can. J. Bot.‘ 44: 1060 (Basionyn)

Byssoascus striatosporus as. tstriatisporus' (Barron

. and Booth) von Arx 1971, Persoonia 6 (3):377

Barron and Booth (1966) descrlbéd this specxes in

Arachnlotus havlng vﬂite confluent clelstothecla conposed of

narrow, hyallne per1d1a1 hyphae and fuslforn, strlate yellov
ascospores. In their prellllnary dlSCﬂSSlOD, however, they
‘noted that darkly plgnented hyphae occurred in association
with the clelstothec1a,“hut did not 1nclude their
descrlptlon in the Latin dlagn051s. Von ATrX (19712 removed.

the spec1es from Arachglotus and proposed a new genus,

Byssoascus, ‘because of.the f051forl, strlate ascospores.
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There appears.to be little justification for creating a
4 . .
.new genus for this fungus. On the basis of ascospore
morphology alone, this species does not differ from species

Corf ﬂxxotrichum>which have ellipsoidal or fusiform

ascospores. Ascospores of some species, su¢h as M. deflexum
and M. chartarum (Orr, Kuehn and Plunkett, 1963b; Apinis,
1964; yissét, 1974) also have longitudinal fugrows which are
clearly visible-vhen'the ascospore, is seen in polgr view-ét

high magnification. The ascospores of M. .striatosporus are

" more definitely striate but this character would not exclude

the -species from Myxotrichuam.

-

_ The‘prinary reason for the réuoval to Byssoascus would
seem to be the nature of the cleistotheciuﬁ, composed of
thin walled natrouphyphae,u Bxaninatipn of the type straih

| (UAME 3572 apd 3758, CBS 642.66, CHI 115998) revealed that
pro@uctibn of ascospores was conéistently associated'with
yhe formation of dark brdvn, thick walléd,“siootﬁ hybhae,
aften aggregéted_isto fbpes (Pig. 59). When cultured on
cereal aga£,'thé cqlony is deqsé and‘thevasqpsporés are
éroduCed‘bgneath the éurfaceié-oﬁg the thick ;61léd hyphaé,
No disqreté-clexstofhg;iun or peridialqvélls vere. seen.

Other Myxotrichum species have beén described in. which the-

cleiStofhecia_cOalesce and do not detach readily from the

vegetati;e hyphae (see Malbranchea circingté, Byxotrichum
setosum) . -
The transfer-tozuzxoégichgh is proposed for several

o - . ' o
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|
Figure 5. ;A. Coremiella cubispora (UAHH 3793). B-E.

gidiodendron state of Myxotrichum striatosporus (B,D,E,-

3572; €=-3578). F-H. oidiodendfon state of uyxotrichu§
setosus (3835). Fig. 5SA. Arterﬁate afthrocénidia borne on
dichotomously branched hyphae. Fig. SB. Arthroconidia
'bOthe'on.piglenfed conidiophore. Fig. 5C. Arthroconidia
borne on hyaline conidiQﬁhone. Fig. SD. :'park brown
b'péridial' hyphae agg:eéated into cTopes, and fusiform
striate asc05porés. Fig.’ SE. Aséosporés and segments of
peridial hyphée showing blunt giéped-branchest Figs. 5F-
56G. A:tthCOuidia borne on‘hyaliqe conidiqphérés. ‘Fig.
SH., Septum (arrow) traversing connective between adjacent

arthroconidia. All x 830, except H, x 2300. -
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reasons, First, the ascospore shape and surtace, the
Al
pDidiodendron conidial state and the cellulolytic activaty ot

-.~_.v R A m

the fungus are consistent with other specires ot mryxotrichum.
In addition, the dark brov¥n, thick walled, coalescing hyphae
(Pig. SD) are branched and often have blunt tips where the
terminal portion has broken off (Fig. SE). This severance
‘of the tip of branches is seen frequently in species of

Myxotrichum and is quite characteristic for the genus.

Finally, the similarity of M. striatosporus to

=
)
%)
1ad
o
()
e
-

suggests these twvo species should be retained in the same

genus.

The Oidiodendrgg”§%bte of M. striatosporus is distinct
and closely resembles the 0. state of B. setosus. In

culture on cereal agar, the conidiophores of N.

striatosporus are mostly hyaline (Fig. 5C) and narrov in
diameter, rarely becosing pigwmented at the base (Pig. 5B) .
Often arthroconidia are formed directly on'undifferentiated
hyphae. Arthroconidia are smooth or slightly rough valled,
olive green, barrel shaped 1.5-2.5a=m x 1.5-3.5um. Barron
and Booth (1966) noted that the barrel shaped arthroconi?ia
differed from arthfoaonidia of other species wvhich vere

mostly ovoid, globose or cylindric.

%?

in addltlon to the llCIOSCOplC morphology, the colonial

»

appe3§ance of H. stgiatosgo:u§ and M. setosum is very
Sllllar. H. striatosporus grovs slovly on both PYE and

" cereal. On cereal, the colony is 22 me in diameter at 14

-
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‘days, flatr slightly zornate, velvety, aark ollve green with
: 3

° A

characterlstlc brlght yellov margin, reverse b*ovn. ‘on PYE,
the.colony ‘'is pale: ollve green adherlnq poorlv to the
cellophane‘and,Lifting up -at the margin.

4

oidiodendron staté of myxotrichum setosum (Eidam) Orr and

'Plunkettj'ih Orr,g£__al.“§1963b, Can. J. Bot. 41:1857-
.. 188C | »

s -

?= gidianm mlcrosgernup Berkeley .t Broosme 1873 ig

Ann.vsag. Wat. Bist. 4, cer.<»II, 386

1886,,Sylloge’Fungorun'u:22'
S Bistory

. ‘ . . e 5;'&;; &

. w3
Berkelev' and BrOOle -(1873) descrlbed Oldlul %

llcrosgernnn fro- bark of Scotch flr v1th ‘a brief s

description but no 1llnstratlon. Saccaxdo and Voglino (in
"Saccardo,rﬂaae)'transferred c. nlcrosperlu- to éosgora based
on Berkeley and Eroome's descrlptlon. -Llndau (180

A 'descrled the fnngus fxon an 9151ccat1 sgec1nenrw

Ra?enhorst's‘ynpgl‘equpa 1571, frou Lonlceta 'zgosteum.

S1n¢e I have seen nelther illnstratiohs nof‘the‘type

spe01len of Oldlnl llcrosgerlun no nev co-blnatlon is -

)

~

L proposed for the 1lperfect state. Eotever, both spediiens

exanxned uere 1dent1f1ed by DAOB (372&3 and 146716) as

» %
{ N . T

= Qospora 1crosgerna (Berk. ék_Br.) saccardo et Voglino

4
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Oidiumwmicrospexnun. 'Therefo:e, it is listed as a probable

synonyn of the Oidiodendron staﬁe of; Myxotrichum setosum.

-

Accordlng to . Dale (%903), the perﬁect state, Gymnoascus '
setosus vas first. descrlbed by Eidam 1n 1882 at~a leetlng ofr
the thlgisisthe'Gesellschaft fur vaterlqndlsche Cultur.
- The original description (Eidam, 1882) Based on an isolate
from a vasp'slnest aéparéntly vas brief and lacked

'illustrations;

¢ s .. . . . -
In 1902, Massee and Salmon in a study ‘of coprophilous

fungi, recovered G. setosus on a bee's nest in England.
‘They provided a description and an illustration of their
" isoclate (Figs. 6D,6E). Massee and Salmon noted the

distinctive white centrunm- of the aScog:rp.

Dale (1003f studled the 1solate of Massee and Saluon in
“agarc cultn:e. Eovever, tﬁ@ 1solate falled to produce the“
:sexual state in cnlggre‘even after growth on a varlety of .
" media over a permoa of elghteen lonths. Dale reported a .
éonldlal state forned from the gerllnatlng ascospores,
»reproduCJng by budd1ng vhen grown on 2% beer wort aaar;.
Hovever,,after prolonged grovth, vegetatlve hvphae fOrled 

I\'v' whlch branched and bore conldla ‘at the nd&es. Dale-noted

tthed}ese-hlance to conldlnl develop-ent Ain ert1c1]llul.

! ‘!“i@ : DéLalatérzjj931) éo-paring,g. setosus ﬁith Ei@hielia'

. fé. osa = gz;ottiéﬁun dgflexn-]'coécluded the tvé species

vere d1st1n$t and dzsaqreed vlth Dodge's (1935; placenent of
3 , .

»:;\‘,, ' R N A - - N

o]
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E. spinosa into synonfey,with'g. setosus. Apinis (1964)
concurred with Delamater. B

_=

Crr_and Plunkett (in Orr et. al., 1963b) proposed a new

cenbinatien ﬁyxotrichni setosum (Bidam) ‘based op the
";description-and figures of passee.and Salmon (1902) and Dale
(1903) and the original description of Eidam f1882). orr
and Plunkett were unable ‘to find a type epeei-en nor any
recent isolates of g:‘setosus.v*Despite tﬁe:detaﬂied eccount
of’Dale'(1903) of ‘the cenidial state, Orr and Plunkett

.- 1 N .
2.
Y S '&; .
At ﬂassee

' reported the asexual state to be unknown.

Kpinis (1964) exélined the original drawinq

(NY) of M. setosum as vell as two spec1-ens fron ﬁee hlVeS.
. e /

In hls descrlptlon, Apinis (1964). descrlbed tke conldlal

state as oidia, "2 —,Bu- in diameter. o
- . e

Although an 01dlodendron st te has notfprevxously been

reported for H. setosnn it may have been overlooked.

i

ﬂcbnidiopqgﬁe developlent is veak and conidiophores remain
B £ ) o . ’ . -

hdﬁignented:;'Arthrpcdnidia often develop on

undifferentiated hyﬁhée.- These are ‘probably the oidia.
o : oy : Coo . ’
described by Apinis (1964) . The conidial state of A,

setoSum described ~by-?na1e (1903) - is: more ‘difficult to ’

1nterpret, though it is p0551b1e she was elther worklnq wlth

’i’“ v

a - nlxed culture. or ulslnterpretlng the lode of conldlun‘

“a,

develop-ent as blastOSpores rather than arthrospores. The

:‘fact that she falled to find the perfect ‘state in cnlture ;s

9

not snrprlslng since this species 1s.psychroph1l;c. Its
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comnon‘isolationbfrom old nests of bees or wasps suggests
that the sexual state is. formed after an overwlnterlng

period.

Description

The colony on PYE at 25 c is slow grbwing, 1? mm in
dlameter at 21 days,.pale olive, reverseltan, xeltety,
adhering poorly to the cellophane vlth the nargln of the
colony’ 1ifting .up and becomlng undulate and the center

raised. . ‘ ' - aaxn; ¢

on cereal, the colony ijs flatter, stretching - to 22 um
K 4

at 21 days wlth sllghtly raised center, éovdery, dr} and

cracked, ollve green in color with 2 am v1de pale yellow

margin, buff reverse.

fhis species is psychrophilic, growing and forming the

perfect state at 8 C. ro- : v g ' ’

vegetatlve hyphae are hyallne,vseptate, narrdv. s

-t

Conidlophores (Figs. SF, 5G) are hyallne,.narrov, 1-1.5un 1n‘

1

'dlaneter, 3C-140um 1n length, branchlng at the apex to form
fertlle hyphae of the same dlaleter.c Arthroconldla.develop

in more or 1ess ba51petal succession on the fertile branches

a

:~j(Plg. SF) oOr on nndiﬁferentiated hyphae. Arthroconidia,

a

becomihg'slightly rounded, renaln llnked by conuectlves

- E,f,

-often tragersed by a septu- (Flg..SH). 'Lrthroconldla are

olive colored vlth thickened valls (Plg. SH) , smooth, lostly

A
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;\here. In their“descrlptlon, they noted that the centrum

IEY]

N

,‘and the: fusiform shape of the ascospo

T4

cylindrical, sometimes subgldbbse or ovoid, 1.5-2um x  3=5um.

Homothallic. Cleistothecia confluent, mot discrete.
Peridial hyphae (Fig. 6A) not anastqlosed, composed of
dense, darkebrown, séptate, thick walled nyphae terninating
in long spines (Fis. 6A,6D) bearing twvo erutnree short
lateral spines, often_opposiie to each other (Pig. 6D).
Asco-atél initials'are coiled (Pig. 6B); asci are hyaline, |
evanescent, subglobose, 6-7um in diameter. -Ascospores
(Flgs. 6C, 6E 6F) are pale green at maturlty,'smooth, I >
fusiform or nav1cular in shape, wfhh one-face flangqeg '

(53 2% v;,.v
1.5=2um 1’3.5-6.0um. 'ﬂgéﬁ

giscussggg
| @%ﬁ*

vThe description and flgures (Flgs. 6D, 6E) of Massee and

g

Salmeon (1902) correspond vell, ‘'with the fungus descrlbed

centaining esci ren&inedvpernanently white. In young

cultures, this is true, but as the ascospores mature, the

céntrum becomes greenish yellow in color.
. T Sey 45 .

K3
The characterlstlc fentnre:of M. setosum noted- by Dale
sexgeil
(1903) vas the. sharply p01nted branched splnes of the
,‘
perldlal hyphae whlch dld not anastOIOSe to gorn a discrete
cleistothecinn. The. dark broun colorﬁ?f the perldlal hyphae .
es suggest.tnat this
specxes is cotrectiy placed in gzxotr;chun.

-~ . . N . : D . ;
. . .- .
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Figure 6. A-F. lnixotrichun setosum (A-C,F-UAMH 3835). G-

L. ovadendron asperulatum (G-J,L-183; K—2B1S). Fig. 6A .
" coalescing dari brown sharply>pointed gpines of ‘peridial
hyphae, x 830 BF. Fig. 6B. ‘Coiled ascomatal inmitials, x
2566. Fig.- 66. Ascéspores, ;fé700. Fig. 6D-6E. v
Illustration of Massee and Salmon (1902) showing éepidial
-hyphae (x400) and ascospores (X 1000} . éig. T 6F.
Ascbsppres, x 2300. Figs. .SG—éI. Colddial morﬁﬁolo_fgy’~
afterv21 days at725 C{ x 1.0, G and H on PYE, I on cerea}.
Fig. 6J. VertiCillately brancqed'Eonidioﬁho;es'bearing

chains of arthrdcenidia,!x 830. Figs. 6K—6L. ‘Chains of

arthrocoqidia, x 830.
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Placement of the conidial state in Qidiodendron is most
suitable for the present. Although the conidiophores are
hyalxne, the developnent of arthroconldla cannot be

‘differentiated from other 5pec1es of 01d10dendron.

esbecihllj'the 0. state of g. §t;iatosporus. However), if’

‘ other- 51n11ar fungl are dlscovered which lack the

characterlstlc plgmented conldlophores of oldlodendron then

a new form genus could be considered to accomodate these

fungi. Indeed the conldlal state of the asconycete,

T Cookenna sulcipes- (Berk ) Kuntze, was grovn in culture and

reported by Paden (1975) to form arthroconldla separated by

connectlves similar to the type desctlbed for Qidiodendr g

truncatum by Kendrlck (1971, p. 162) .’ Paden (1975) did not,

- describe the nat¥kre of the tonidiophore. .

Hebifat and Activities

‘o

Fecorded from wood of Picea glauca, soil of Alpine
- regosol, Alberta, nestslof vasps and bees, and honey—conb of

bees, England and Germany.

This species ié neither keratinolytic nor cellulolytic.

uaterlal Exallned

-

.UAHB 117“, photonlcrograph of DAON 372&3, fron Picea glauca;‘
_UAMH 3835, washed soil parthles from Alpine regosol,
‘Kananasgis, Alberta, betueenv1968 and 1972, recelved fron

‘DAON as 144716 (Bissett, JB 922) .
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Oidigg Link 1809 = Sporotrichua Link 1809
.. - . :

n

Type Species
gidium gureum (Pers.) Link 1809, Mag. Ges. Naturf. Freunde

Berlin 3:18

= Trichederma aureum persoon 18901, Syn. Meth. Fung.

p.‘é32
L= Spord%ﬁichug aupeum Link 1809, Mag. Ges. Naturf. Freunde

s

Berlin 3:13

Link proposed O. ‘aureum for a specimen which he
believed to be identical wlth Trichodérma a_;eum Persoon.
However, the fungus which Link identifleGVas‘g. greun

persoon was in fact T. dubium of Peréoon; Link, in the same

paper, descrlbed sevetal specxes of Sporotrlch !, one of

'vhich was S. aureum, and Bughes (1958) recognized that S.

aureum was identical with Persoon's ' T. augen!. Hughes

therefore considered Qjdium to be a.synonym of sporotrichum.

Although Hughes (1958) and others (Cariichaelf 1962-
von ArXx, 1970° Ellis, 1971' Kendrlck and Carulchael, 1973)
have rejected 01dlun, the name is still v1dely nsed, both
for 1ignicoloqs Hyphorycetes vhich have thelr perfect state
in'getrxobasidiun (fouzar and Jechdvag.$967;.ﬂolgbova-
Jecheva{~19é9; Etlksson and Ryvarden, 1973) ,. and fot'

 ¢oni9ial stetes of Erysiphales.. Kendrlck and Carnlchael
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(19173) referred spec1es of the first group to Alysxd;g_
Olpitrichum and Acladium and species of the-latter group to

Acrosporium. .

Fecently, Weresub (1973) discussed the Eontroversy over
Qidium and agreéd vitﬁ-ﬂughes' invalidation of Qidiﬂm.
" However, because of the widespread Qse of the name by both
.plant-pathologists, for the Eonidial states of Erysiphales,b
 and basidio-ygeteAtaxononists for the 9onidial states of -

‘

Botryobasidium, she proposed that a decision be ;made for

conservation of Oidium for one or other group. However, she’
recommended that if both proposals were rejected, the use of

Oidium should be discontinued.

Other‘Spgcies

‘ofﬁiu!:!icrosper-nl Berkeley et Broome 1873, in

Ann. #Mag. Nat. Hist., sér. 11, u:3u6

7= gidiodendron state of-uyxotriéfg! setosum q.v.

>

Oospora Wallroth 1833

Type_Species

.Eleven orlglnal spec1es, 1nclnd1ng the tvpe <=pecies of
fonr other genera were 1ncluded in 00sgora oy waliroth

(El. prypt.«GergﬂV 2:182, 1833).

'Numerous species have ‘since been added to Qospora,

‘o -



jomen illegitimum, according to Hughes (1958)  Some

Halbranchea Specres may have been descrlbed prev1ouslf in.
Qospora but in most cases, the descrlptlons, often lacking
illustrations, are inadequate for an acfarate comparison.
',Exq-inatiqn of the type spécineﬁ,Aif still available,- would

be required to determine the correct relationships.

Species

Qospora crustacea Saccgrao 1882, Michelia 2:545 2=

Sporendonema casei q.V.

Qospora cuboidea Saccardo et Ellis 1882, Michelia 2:576 =

Arthrographis cuboidea q.v.

4“.

Oosgora iicrosgefla (Berk. et Br.) Saccardo et Vvoglino

‘1886, Syll. Fung. 4:22 ?= O0idjodendron state of

pyxotrichum setosum ¢q.v.

ovadendron §iglér'et Carmichael gen. nov.

Diagnosis

Vegetative hyphae narrow, hyaline, septate.

-

Con1dlophores, it prSent, are narrow, hyﬁline, bt&ﬁched
,vert101llate1y at the apex, pt an ;cnte angle. ‘Thé”feriile
branches are narrov, at flrst sparlngl&T~then -ote regularly
septate. ‘Aleurioconidia, formed ternlnally or laﬁerally on

]
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“\poorly to fhe—cellophane, llftlng in the centet wlth few

81

short pedicels, intergrade with alternate arthroconidia.
Alternate arthroconidia, broader in diameter than the

fertile hypha, develop in long chains and predominate in '

~ some species. Mature conidia, released by lysis of .

intervening segments are smooth or roughened, hyaline or

yellow, barrel shaped, cuneiform, subglobose or pyrifors.

'Type species: ~ Qvadendron asperulatum Sigler et Carmichael

*  SPpP. .nOV.

Discussion

Ovadendrdn differs from Malbranchea in forming
arthroconidia whlch are broader than the diameter of the

fertile hypha. The conldlophores of Ovadendron dlstlnéplsh

i

" this genus frona Chrysosporium ih wvhich aleur1ocon1¢1a form
. _ : \

directly on the sides of the hypha or on short pedicels, and

rarely“develgp in chains of more than tvwo or th;ee'conidia}

ovadendron aspern;atul Sigler et Carnlchael sp. nov.

Description .

Colonies on PYE (Fig. 66G) grouing'-oderately rapidly

(35-39 na 1n 2? days) an first pale pink,'flat and éottbny,

e

radlal leds, and~cut11ng up .at the -argln vlth new grovth
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ra
appearing belov. _poorly sporulating colonies (Fig. 6H) are

flatter, pale ygllou in color with hairy ot bristly surtface.

cn cereal, colonies (Fig. 61) grow faster (55 am in 21
days) and are flat, with out;ard radiating folds, at first
vhite then mustard yellow, reverse the same, povdery. As
sporulatlon occurs, the center (Fig. 61) beco-es flatter
than the outer periphery. A brown diffusing plglent appears

belov the colony by T4 days. -

Growth is poor at 30 C and no: growth occurs at 37 C.
on oatmeal agar at 18 C and 25 C a darkkbroqn pigment .

diffuses into the agar.

The vegétatlve hyphae are hyallne or yel ow, nérrbv,
septate. Conmidiophares are narrow, 0. 5—1 Oum\in diameter,

20-150um in length, hyaline, so-etlles branchlng along the

'length; verticillately near the apex (Fig. 63),- Fertile

hyphae are parrow, 0.5-1.0um in diameter,.at first spari;gly
then more regularlyaseptate, with concegfration of cytoplasnm
in alternate seg-ents. ”fr\hrocon1d1a (Figs. 6K,6L) become
thick valled -and 1ncrease in volnle, maturing in Iong chalné
ln lore or less ba51peta1 sncce551on.  uatute'arthr0conxda
(Eig- 6L), released by lysis of the 1ntervening empty cell,
are"yellov, sllghtly ronghened, barrel shaped or cnnelforl
if" tgrllnal..l 5-2. S(3)ul x ﬁ 5*4 5(5)0!..‘

Bolotype- 5011. Barvard. ?orest, massachusetts, by F.

A

Baylond (XI1-1- 9),\0358 183
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Ovadendron asperulatum has been recorded from sorloan

Massachusetts, ontario and Costa Rica.

It is strongly cellulolytic but does not attack

keratin.

ugtegial Examined

UANH 182, soil, Harvard Forest, mass., by F. Raymond, Farlow
Berbafiul as III-Q-X; UAMH 183, TYPE, soil, rarvard Forest,
Mass., by F. Raylon&, as I1-1-9; UAMH 2169,. Puerto viehd"
Ccosta Rica, from G.L. Barraa, Univ. of Guelph as 16258; OANME
2815, white pine soil, St. William, ontario, by 6. H. Bhatt,

1967, as U.W. 316.

ovadendron sulghnrea—ochtacca (v. Beyma) Sigler comb. nov.
= Qospora § lghn;ea-gch;acea van Beyma thoe Klngla 1933,
Zentralbl. f. Bakter. u. parasitenkde, 2 Abt.,

g8g8:138 (BasionyYm)

'Desc;igtion / ) . -

The colony grows. -oderately rapidly (30 mm in 14

Es]

days) and is wvhite, teverse tan, downy in ‘he center and

sllghtly,ziised v1tb onter glabrods -argln., On cereal,
the colony is flat (35 ll in dlaleter at 1 days),

l*ihlte, teverse tan, floccose

&
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VegeVBtlve hyphaé\are hyallne, septate, narrow.

! ;

Fertile byphae arise as hqrrow “0.5=1.,0um in dlameter,

short,w001led, lateriihizanches (Figs. 7A,7B) becoming

regularly septaté, wi dncentratlon of cytoplasm ln

alternate segments. The arthreconidia'become thick

walled, and increase in volume,'maturlng in more or less

basipetal sucge551on. Released by dlssolutlon of the
= N

alternate empty segments, artHroconidia are barrel

‘.Shapedj hyallne, smooth 2-2.5um X 2.5-uum._

Habitat and‘Activitie§4

The original isolate of, van Beyma was from'sputum,.

. -Holland.

°

Q; sulphﬁrea—ochracea'is keratinolytic; producing

‘moderate dlgestlon and penetratlon of halrs by - 51ngle

Fl

hyphae. Cellophane is not attacked.

Material Examined

UAMH 181, ? TYPE strain, from CBS as strain van Beyna

received in 1954, and as CBS 233.32 received in 1975.

.

Ovadendron pannorum (Llnk) Sigler et Carmlchael comb. hov.

= Sporotrichum pannorum Link 1824, Linn. Spec. Plant
N . i ? . ,. ‘ ‘ ’
o - "1V, 6(1):13 (Basionym)

s ‘



History

= Chry50590r1um pannorum (Llnk) Hughes d§58,

can. J. Bét. -36:7u9 S S N

' I o
= Geomxces v1naceus Dal Vesco 1957 Alllonla 3:14

-

Perfect State:

: : -, - . » PR
Pseudogymnoascus roseus Raillo 1929, Zentralbl. - Bakt.

. § - '
Par351tenkde, Abt. .2, 78'520, fig. 2

~

= menoascus rhou51og_ngyllnus Wener and Ca1n 1970,

Can. J. Bot. 48:325 .

. /"\

For full synonyny and descrlptlon of 0. pannorum ref

— e e

to Carmichael (1962) . Though we have not seen the. -

. a

85

description of Geomyces vinaceus, Samson\(1972) statéd that

2 ¢

.the Chrysosporlum conldlal state of P. ros us vas,desCribedv

as Geomyces vinaceus by Dal lescq, Also, our strain (UAMH

0. pannorum. ‘ .

Description

Q.fbﬁnngggg is distinguished by narrovy 0.5=1.0um in

diameter, hyaline, 10—100um in-length conidiophores .

branching vert1c1llately near the apex at an acute angle

Kl

(Flgs. 7C,7D). Aleurioconidia formed termlnally or

laterally on” short pedlcels intergrade 'with 1nfercalary

arthpoconldla (Flg. 7D) . Hature conidia are cunelform,

i

\

\
\
|

.

1693) received from H. H. Kuehn as G. g;na eus Dal-Vesco is

3



~apparent in strains of 0. pannorum. However, -the perfect

86 -

9

subglohose or‘pyriform or barrel shaped 'if iﬁtercalary,

hyaline, smooth or roughened, 2-tum x 215um, mostly 2 x 3um.
- . P ne . ‘ ) .

- <

'Dlscu551on

O..pannorum differs‘from 0. asgerulgtgg_in forming

conldla in short chalns of 2 to u, and in‘jorming

gleurloconldla laterhlly on the- hypha. ) ' T . -

1

Considerablé .variation in colonial'morphologyfis

P ¢

state® P. roseus, is associated only with isolates having

.purplish~red colored colonies._ Cleistothecia fbrm'readily

e
I3

on ‘oatmeal agar.at 18 C.' It appears likely that Q.’Qenuoggg

is a complex composed of more than one SpeCies;-hovever) the
) .

unlform mlcroscoplc morphology precludes separatlon 1nt~or

addltlonal spec1e$ for the present

S g -

One of ‘the straine~examined (UAMH 3775,»CBS,298.Q9)‘was

' received from ‘the CBS as Onygena piligena, isolated from

"woollen slipper by R. Heim.‘yThe microscopic and colonial

-

. morphology of this etrain cohforms‘tdig. éggnorum; fhe

relatlonshlp between Q. pannorum and Onygéna piligena 4is

' uncertaln, though presumably this strain vas isolated from

’ascocarps-fouhd—on the natural éubstrate, However, mo

°

ascocarps have been produce& by thls-straln in culture. The
ascocarps of on zgena are notorlously dlfflcult to reproduce
on artlflclal med&a, though Tubak1 (1960) 1nduced ascocarp

»

v . R “ - : . .
formation in 0. corvima by growing.<4t on a medium enriched
o [ 2 . E ’ .

cow 3 ) : . ! a
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Figure 7., A*B. Ovadendron sulphurea—ochracea (UAMH ﬂ81a).

C~D. Ovadendron pannorum (3775) . E=F. Ptychogaster albus

(38]3). G-J.I-Scytalldlum llgnlcola (1502) . . .K. f

| Scytalidium album (3620). Figs. 7A-7B. Arthfoconédid~%p
: chaihs.én'coiléd‘lakerai.branchés} Flgs 7C-7D
.Aleur10c0ﬂ1d1a and arthroconldla borne on vert1c1llately
branched con1d193ho¢es.ﬁ~Flgs. 17E—7F. Chalns of conldla‘
de#eloPiﬁQ seriqllf (arrgw) and\fqrming‘élampgconnéctidnéV
betveeh eaék conidium@ Piés. 7G6-7H. Colopial morphbiogy”(
after 21 days at 25 C. G on PiE,sﬁidnicereal. Fig. 7Ii
Hyallne arthroconldla formed by fragmentatlon of ‘m__
‘undlfferentlated hypha.v‘Flg.‘ 7J;. Chalns of tthk walled
vprown_arthrocpnldla.~ Fig. S TK. Mature arthroconldla of - ."
both types. Cblopies'x 1.6,_othgrsv; 830; éxcgpt’Dt;x 2360. 

i .
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with owl's claw or human fingernail. pifficulties are also

encounteredxin inducing initial ascospore germination

(Tubaki, 1960).

The cellulolytic activity'd@“&hys strain. (UAMH 3775)

suggests that thls isolate was. probably a-contaminant as

Onygggg is strongly keratinolytic (Tubaklv 1960).

Habitat_and Aciivities

0. pannorum is ubqultOUS and has ‘a world wide

4 —l

K

distrihution iCarmlchael,_1962- Williams and Pugh, 1974) .

This species 1is cellulolytic. Q. pannorum does not

digest kerafin,‘but some strains penetrate the hair by -
single hyphae: .

naterlal Examin ed

UAHH»GSO, plate conténinant, 1959; UaMH 1561, blood
transfhsion flask, 1962; from de Vfies, CBS as 117;'UAHH
16“3, as. eonzces V1naceus, 1957, from Kueﬁn, ﬂedford, ﬁeﬁ
Jersey as 1; UAHH 1860, 5011, Duguay, from orr as 10 DN;

UAMH 3775, voollen sllpper,.Rb Helm, from CBS as 298.49

(onygena piligena);

Material of-Pseudgg mnoascus roseus: UAMH 164u;v? Tt?ﬁ

'straln of Pseudogym noascus vxnaceus, by pal Vesco, Italy,

from H. Kuehn, Medford, N.J. as 2; UAMH 1736, same strain-
as 1644 from Orr as 'P.g. Dal Vesco'y UAMH 1990, soil, -

Wisconsin, from OCCr as QM 6969; UAMH 2005, SOil,'Japan, from
. . . . . R &\e .
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Orr as NHL 2284; UAMH 2879, soil under Q;ggg ggﬂ:gE&Q'
vKanAnaskis, Alberta, by -P. -Hidden; :967, from G. Bhatt, U.
Caigary, Alberta, as 70 (=CBS 387.69); UAMH 3001 and 3002,
from I A. Mo;rall Univ. Saskatchewan,bas EM 2509 (SSF176)
and RM 2169 respectlvely, UAMH 3166, mouse dung, Claremoﬁht,

california, by E.K. Benjamin, 1965, as 1558; UAMH 3337, TYPE

‘of'Gymnoascus rﬁousioqonqylinus, forest soil, Parry Sound,
) ’ ’ . - ' ’ '

Oontario, by H.M. Wener, 1970, from Cain, U. Toronto

Herbarium, as TRTC 45536 (CBS 722.69); UAMH 3875, orr (C-

3729) : ' o | ;

—

Ptyéhojasteg torda 1838

. Type Species

Ptychogaster albus Corda 1838, Icones Fungoruam IT1:23=-24,

Taf. XII, flg. 90

= Ceriomyces albus (Corda) Ssaccardo 1888, sylloge
Fungorum 6:388 N

= .ptychogaster fuliginoides (Pers. ex Steudel) Donk 1972,

Proc. K. Ned. Akad. Wet. C 75:165-177

'Perfect state:

Tyromyces ptvchogaster (Ludvlg) Donk 1933, Hededeelingen

Botanlsch Huseun Herbarlum Rijks Unlver51te1t 22:153

Iu

;xgorus gtzchogaster Ludv1g 1880 Zeltschr. ges.

Naturwlss. IITI, S5:424-431 ' “

\
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- Qllgggggg;,gggllggiggiggg prefeld 1889, Untersuchungen

aus dem Gesammtygebiete der Mykologie, Hett B 11u=-142,

‘Taf. VvII, ftig. 23-2% and Taf. VIII, fig. 26~33

_Accordinq to von Arx (1973)., the funqus :described by

corda as Ptychogaster albus vas transterred by Saccardo

(1888) to Ceriomyces. Brefeld (1889), including it 1n

-0ligoporus as O. us&ilggigoidgg, provided excellent

_illustra+ivns.
L L R
) e ‘*z;‘ . )
I{{lustrations by Brefeld (1889) of two species Q.

ustilaginoides and 0. farinosus are similar and closely

resemble an isolate (UAMH 3813, WFPL 170ADY received as

ptychogaster albus, from Picea, Nova scotia.

pevelopment of comnidia in Ptychogaster albus resembles

Arcuadendron. . conidia are formed in chains, with the

‘conidiogenous cells occurring serially, geveloping from the

'apex’af the newly formed conidium (Figs. 7E,7F).

ptychogaster albus differs, however, in fdrming clamp
connections between eacﬁ developing cqnidium (Pi%. TR .
Mature conidia are yellov, snooth;xellipsoidal, ;;oidal or
Barfel shaped, 4-5um X 6;90m, réleaﬁed by lysis of the

intervening hypha.

Conidia of ptychogaster rubescens Boudier develop in
the same manner. For a description of P. L bescens, refer

to Fidalgo (1958) and von Arx (1973).

P. albus and other species of Ptychogaster are conidial



states ot polypores. In natute, the 1mpertect Ptychogqantern
stage gqrows as cushion shaped :;p()r<)[)h<)1¢»:, tesembling conk:.,
or small pads, componed ot hyphae (}rul powdery masses of
conidia, or 4rows within the bacidiocarp (Corda, 18 14 ;
prefeld, 1889; kea, 1922 p. €603 D()f\.k, 19 33; Davidson,
Campbell and Weber, 1942; Dbavidson, Christensen and Darley,

-

1945 ; Fidalgo, 19583 Ssingh, $ingh and Pakshi, 1961) .

Habitat

\
on wood of various types including Pinus, Abies, Picea,
and mine timber wood, south Africa, Germany, Canada, India

and the USA.

scytalidium- Pesante 1957

Generic Description

The form-genus Scytalidium is characterized by

dematiaceous intercalary or- terminal arthrocqnidia formed by
gmentation of undifferentiated hyphae. The arthroconidia
re thick—va;led, smooth, occasioﬂally verrucose in age, 0=1
septéte, pale to mid-brown, or yellowish brown, cylindrical,
‘oblong or:broadly ellipsoidal, and if septate, often
constricted at the sepﬁun. FPission arthroconidia of a
second type are ﬁyaline, thin walled, smooth, cylindrical,

single celled. (Also refer to Ellis, 1971.)

In its thallic ontogeny, Scytalidium most closely



toseable:s Geotprchum but 1 daistinguished by ate

doematiaceouns appeal abtice

KEY TC THF SPECIES OF Scytalidium (oo oo Table T1

S5cytalidium lignicola Pesante 1957, Apnali de la

sperimentazione Agraria (Roma) II, suppl. CCLXI-CCLXV;

Fllis 1971, Dematiaceous Hyphomycetes p. 28, tia. 2

©

Growth on PYE (Fig. 7G) ig\fapid reaching a diameter of
70 mm or filling the petri dish b? 14 days. At fi:st white,
the colony turns dark tan, pale grey or dark grey in color,
front and reverse, and is flat with raised radial folds,
downy or wooly, dense, matted. Brown or black p}glent is
e;creted into the agar. In addition the type culture (UAMH
1506) forms large dark brown exudate droplets on the

surface.

On cereal agar (Fig. 7H), growth is slightly more rapid
(80~90 mm in 14 days) but:the aerial growth is scant.
Colonies at first are flat, giabrous with reddish tan ’
surface growth, gradually turning black as sporulation

commences and with a loose weft of white cottony aerial

-

growth., The agar turns plum or grey in color fnon’diffdsed

pigment.. UAMH 2816 differs in growing faster than the type
f
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culture (UAMH 1906) and 10 torming dense black colonie:,

r(l:#-mk»linq a coating of thick tﬁ on the cellophano

-
mesbrane-
. _ .
There is.no growth at 37 C.
Hyphae septate, hyaline, becoming brown. Arthroconidia

of one type: formed by fragnehtation of hyaline hyphae
(Fig. 71) are éylindrical, thln—walled 2um x 4.5-8um.

Lo

Aréhroéonidia efrthe second type (Fig. 5J) arising 1in chaxn
in an intercalary or terminal position on short, lateral
branches, becone_thick walled, yellowish brown, broadly
ellipsoidal, or oblong or barrel shaped, 0-1 séptate,
constricted at the” septum, and show an increase in volume.
Artbroconldla neasure u-7um 1n width and 7.5-12unm 1n length
Lif O—septate and 12-17um if 1bseptate.; Arthroconidia are

not readily detached and may appear surrounded by a brovn

slime.

.Habitat and-ggtivities

Isolated from blue stain of wood of Platanus, Plgus,

Picea, Abies, Betula, Pogulus and g gghls,_and from soil and
roots -of Vitis, in Italy, Sweden, soathern OSA, Canada,

Japan, Cyprus, England, India, Rhodesxa (Shlelds,~1969-
Ellis, 1971; Murao, Oda and Matsushita, 19733 Xlingstrom and

Johanssen; 19?3) and also from rhizosphere of Tri ollg!

ale;andrinun, pakistan (Hussain and Malik, 1972) .

&



- . o
e o lignicola digests cellophane <lowly, bhut fails to

penetiate hair,

¥lingstrom and Johanssen (1973) testing the
antagonistic properties ot several isolates ot 6. lignicola
ddainst Poémes gunposus, Polxnoxum versigolor, Lentjipus

lepideus, and Lg;ogﬁg;d Luteg_ found L. lignicola ovurqroew

all irolates, in the process killing the decay tunqgi.

Material Examined

UAMH 385, photomicrographs of’DAOH 59090, from presunvl'
type; UAMH 1502, TYPE, from Platanus wood, Italy, by Pesante
and deronél, 1956, received from CMI as €253: (CBS 23!.57);
UAMH 2516,_fron cornfield soil,vBright, Ontayio, by G.C

Bhatt, 1967, as.U.W, 655,

Two other species, Scytalidium album Beyer and

Klingstrom and S. aurantiacam Klingstrom and Beyer having

morphological and physiolqQgical differences from 3S.

.lignicola have been;describedv Microscopically, it is
difficult to diffefentiate among. the three species, the size
of the arthroconidia of both’s. lgun (Fig. 7K) and S.

.

aurantlacnl falling within- the range for -S. ligpicola.

Scytalidium album Beyer and Klingstrom 1965, Svensk

Botanisk Tidskrift 59 (1) :

Colonies grow rapidly (50 mm on -PYE and 70 mR on cereal

at 14 days) and are wvhite, flaf, dovﬂj-or glabrous. As

< - B
A



’ - v “‘l ! )
sporulation begins, the sufface growth on cereal turns dgrey,
and a grey pigment diffuses into the medium, With an orange
dpigment ferming near the center. On DSA the pigment turns

o

‘the agar bright lemon yellow.

Klingstrom an&'Beyer.(1§65y and Klinqsﬁrom and
Johanssen (1973) dlstlnguash S. album from S. lignicola by
its moderate growth at 25 c, and its 1nab111ty to grow, at 35
C, by its whitish colored colgnies and pale yellow:

pigmentation on .malt agar, and its antagonistic properties.

Habitat and Activities
"Ooccurrence: Isolated from blue stain of wood of Betula,

Acer, Populus, Pinus,rébies, picea, and Pseudotsuga (Douglas

firy utility pdlee,'ih Sieden, Finland; eastern Canada and
vestern USA-(Klingeter and Beyer, 1965; Ricard and Bollen,
'1963; Klingstrom and Johamnssen, 1973).

Antibiotic Activity and Metabolites: Klingstrom and
Johanssen (1973) studying the action of S. album against
four decay fungl found inhibition-resulted from a soluble
substance excreted into the medlum. Production of a yelloy
pagment was associated with antagonlstlc ablllty, but ‘the
plgment itself had no antibiotic actlvlty. The active agent
was extracted from culture filtrates of S. album and foundv

to be inhibitory to Fomes annosus.

B

- one”of the S. album strains studied by Klingstrom and
- ’ It : . ’



Johanssen (1973) was the FY straln (UAMH 362@) of Ricard and
Bollen (1968). Con°1derable lnterest has been generated in
the metabolites ptoduced byﬂthis strain. Ricard and Bollen

(1968) reported inhibition of the wood decay fungus Poria

ggggonlca and some bacterla by culture flltrates.-
Stlllvell, Wall and Strunz (1973) " isolated and defined the
structure of scytalidln, a second antloblotlc comppund

active agalnst a wide variety of fungi. In additiom to

98 . -

scytalidin, other antlblotlc agents wvere present in, culture

filtrates, active against some€ fungi where scytalidin was

 not: : ' S ' ) .

Findlay and Kwan (1973 a,b) defined another major
metabolite, scytalone (3,6,8 -trihydroxytetralone) and a
minor one (6,4,8 -dlhydroxytetralone), neither of which were
inplbltory to any s;gnlflcant degree. similarly, Gelgert
‘Stermitz and schroeder “¢1973) iselated two other\compounds;

‘hexenophenones, neither inhibitory to.Porig carbopica.

Activity: S. album is cellulolytic, digesting cellophane

after prolonged growth. It does not attack hair.

Matefial-Examined a2 /’f*

‘UAMH 3611, TYPE, from Norﬁay spruce at Garpenber§; Sweden by
Klingstfom and Beyer, 1963 (PFZé), received from CBS as
372.65; URMH 3620, from heaftﬁood of Douglas fir utility
poles, western Qregon,'by Ricard and Bollen (FY), received
from Hahg;'N,Y. State Universixy, Syracuse as 1041.

et

o)
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LY ' . K
Scytalidium aurantiacum Klingstrom and Beyer 1965, Svensk.

Bot. Tidskr. 59(1):35

"Colonies grow moderately répid;y,(uo.mm on PYE aﬁawbs'
mm on cereal at 14 days). on PYE colonies are pale yellow,
flat with a woolly matted texture appeéging coarse or . N

Lo
bfis;ly. A lemon yellow pigment diffuses into the agar on

PYE-and DSA. ' . e
.

Klingstrom and Beyer (1965) and Klingstrom and-

‘Johanssen (1973) distinguish S. aurantiacum from S.

lignicola by its slower growth at 25 C.and its inability to
I . : Pl ' : .

. grow at 35 C. S. aurantiacum differs from S. album in the

yellow-red coloflof !hé colénies and visible spots apparent

on malt~agér. S. aurantiacum was found to be antagonistic v

to some human pathodenic bacteria and to a number of wood
decay fungi. Three isolates studied by. Klingstrom and

Johanssen (1973) were lethal for the decay fungi Fomes

annosus, Polyporus versicolor, Lentinus lepideus and

Cconiophora puteana.

-

Habitat and Activities

© Isolated from pulpwood of Pinus, Betula and Picea in

‘Sweden (Klingstrom and‘JdHanssen, 1973).

S. aurantiacum is cellulolytic wveakening the cellophane

membrane after proloagedlérowth.
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" The. single isolate examined penetrated hairs by single
hyphae with no visible digestion of the hair.

"Material Examlned

MH 3612, TYRE? from pulpwood of Pinus 51lvestrls at

le a

Sklnnskatteberg, Sweden, by. Kllngstrom and Beyer (FF21),

1962, pecelved from CBS as 37u 65. -

P

Scytalidium acidophilum sigler et Carmichael 1974,
Can. J. HMicrobiol. 20(2) :267-268

Arthroéonidia formed in extended chains (Fig:.BA), not
- éasily detachéd, are_browﬁ,'thick walléd, smooth 6f
verrucose’in aée;‘0-1~septate, meaénfing 4.5-6.5(8) x 7=
13(16)um if single celled angbu 5-6 5(8) x (10)11.5-23un if.
tvo celled. 1In shape,‘mature arthroconldia are broadly
eliipsoidal;chlindrical or irregulary Shape&iiand if

septate, constricted at thé_séptum,

Sporulation and’grpvth is enhanced on acid nedium.
Colonmies grow slowly (21-26 mm in .21 days on cereal aéar)V
. and are dark grey brovn, referse dark grey, furrowved, (

) : - i

‘ | 5
cracked vith a thln velvety nap. There is scant growth at

37 C.

Habitat_and Activities - Lo

-

" Isolated from acid soil nedr sulfur. stockpiles, uranium



s

‘26773), June 1972; ‘Prom liguid: UAMH 3489 (CMI 173066, CBS.

.water, Ivarson, 1972.

- , » o Y- | 101

pine drainage water, and acid solutions containing 4% copper

'

sulfate from .an industrial plant, Canada- and U.S.A. (sigler

and Carmichael, 1974; Starkey and Waksman£‘19u3f;

S. acidophilum is tolerant to_extreme acidity and high
concentrations of copper (Starkey an@ Waksman, 19u3;
starkey,. 1973; Gould, Fujikawa and Cook, 197&) Sensitivity

to copper 1ncreases as the pH approaches neutrallty

_(Starkey, 1973).

" s. acidophilum neither attacks cellophane nor digests .

hair.

uaterlal Examlned-

‘"From 5011 near’ sulfur plle, Bowden; Alberta: UAMH 3460 }CHI

183518, DAOM 145649, CES 270.74, ATCC 26772) “TYPE, November

1971, UAHH 3492, 3493,.3494 (CHI 183519, CBS 271.7&}\5?CC

™~

421.73,° ATCC 2&569) fron lndustrlal plant acid.solutions,

'Fungus D! of Starkey and Waksman (19“3). UAHH 3535 (cHx

183521, CBS 272. 7&, ATCC 2677&) from uranium mine dralnage

.

13

<

chtalidihg flavo—brnnneum (Miller, Giddens et Foster)

Sigler comb.‘ nov. e

= Geotrlchnn flavo-brunp\ﬁm miller,. Glddens, et Poster

i

1957, Hycologla 49: 792 flgs. 5-7_(Ba51onym)

|
» . a

This species forms brovwn arthroconidia in chains on
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lateral branches (Figs. 8B,8C); conidlophores are absent.
Fertile branohes focmed'on hyaline vogetatiVe hyphae, become
regularly seotatelwith a concentration of cytoplasn. At
disjuncflon the conidia (Fig. 8D) are cylindrical,wtruncnte

or"oblong; expanded in volume, brown with refractile hyaline

apices (Figs. 8D, 8E) predominately single‘célled and measure

3.5-5um X 5.5=12(22)um.

a
1S

Multiseptate conidia (Fig. 8¥) occasionally forming in

old cultures are brown with refractile septae, smooth
walled, curved with a narrow base and trunc¥®te or bointed

apex, 5-6um X 10-2%um. . Sho:t hyaline filaments often remain

e a

. attached at either end.
Colonies on PYE growing rapidly (70 mm in 14 days) are
effuse,’velvety, peach or salnon colored, becoming brovn,

reverse dark. yellov, adherlng poorly to the cellophane

membrane and developlng radlal folds or detachlng from the

membrane at the perlphery. No grovth occurs at 37 C.

On:ceroal agar:colonieé jnst filling the,petri dish by
14 days, are flat with small central umbo and few outward ~
radiating folds, effuse, velvety, wlth dark grey aerlal
hyphae and yellow surface growth. Yellov exudate droplets

form on the surface and the ‘medium turns yellov .or orange .
ffon diffusing pigment. on DSA the plgnent is bright
.yellow. Q ’

There is no growth at 37 C.
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Figureve. A. Scytalidium acidophilum (UAH&\3u60). B-F.

Scytgiidium flavo-brunneum (B,C-3u87; D,F—61iy. G-1.

Scytalidium state of Hendersonula toruloidea 13770). Fig.

3

8A. Chains of thick walled arthroconidia. FugSQ 8B-8C.

Fission arthroconidia forming on lateral brandhes. Figs.
8D-8E. Hature.brown arthroconidia with hyaline apices.
Fig. 8F. HMultiseptate conidia. "Figs. 8G-8I. Chains of

. arthroconidia forming on broad hyphae or narrover lateral

branches. All x 830.

L






gggitag_gnd Activities

Occurrencé} Reported tfrom «oil, Georgia and Wyomlng
(Miller et. al., 1957; Boeck, Hoehn, Westhead, Wwolter, and

Thomas, 1975).

Antibiotic Activity: . Boeck et. al. (1975) reported

antifungal activity of culture filtrates from an organism

which they called Geotrichunm flavo-brunneum. In qssessing

the antibiotic activity of the fungus, the authors observed
that no other Geotrichum was known to produce antifungal
agents. Because of its dematiaceous nature, G. flavo-

brunneum has been transferred. to Scx_alldlum, a genus having

several other species which also produce antibiotics.

The antibiotic agent, isaglated and characterized as an
azasteroid (Michel, Hamill, Larsen and Williams, 1975) was
found to have one méjor and six minor componenté. The major
component was active agalnst several pathogenic fungi,o

including Candida albicans and Trlchophzton nentaqrqphytes,

but minimally inhibitory “o bacteria (Gordee and Butler,

1975) .

Activity: S. flavo-brunneum digeSts cellophane after

prolonged.growth. Keratin is not attacked.

uaterial Examined

UAHH 617, recelved from Pfizer and Co., 1958, determlned by

B. Sloan; UAHH 3487, TYPE, ‘from forest soil, Clarke Co.,

-
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Georgira, by J.oi. Miller, 1956, received ftrom CHT as 160715,

scytalidium state ot Hendersenula toruloidea Nattrass 1933,

Trans. Brit. mycol. Soc. 18:197

iistory

The arthroconidial state of Hendersonula
frequently recovered from moribund tissues of fruit and
trees in warm climates. Nattrass (1933) isolated the
conidial stete from die-back disease of stone fruit trees in
Eqypt and reported development of pycnidia only after
prolonged growth on wood. . He ‘described the arthroconidial

‘state as characteristic of Torula.

Wilson (1947) comparing a fungus isolated from branch
wilt disease of Persian walnut vithqfvo others from damaged
citrus trees in California, noted the similarity of his

isolate to H. toruloidea but failed to find pycnidia. He

described a nev‘species, Exosporina fawcetti. Later Wilson

(1949) induced pyenidial formation in wood experimentally
inoculated with E. fawcetti, and concluded that E. ggwcetfg

wvas the conidial state of H. toruloidea.

Cuderans (190u)vcrea£ed the genus gggggorina for a -

single species E. laricis which he found growing on twigs

[«} - v .
and needles of the larch (Larix decidua). Oudemans (1904)

described conldla developlng 1n chains from a. stroma.
"Immature conidia at the base of the chain were cublcal

whereas mature conidia at the apex became more rounded. . The
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description and 1llustrations ot ()uds»-(m:,;‘\ (1904) suggesst

that txosporina 1s an earlier name tor Ollbvdld (sutton,

-

1973) reported op stems of juniper.

The meristem arthrocomnidia of E. laricis differ from

the fission arthroconidia of H. tgru101dea. The Scltalldlum

AN
state has been previously doscrlbod but not named by Hughes

(1952, 1953); therefore, a new combination is proposed in

scytalidium:

Scytalidiym fawcetti (Wilson) sigler comb. nov.

= Exosporina fawcetti Wilson 1947, Hilgardia 17 (12) 427,
fig. 2 (Basionym)

Description

The Scytalidium state is characterized by dark ggey—v
black effuse rapidly growing colonies often forming upright
nagrow threads of hxgpae. Chains of arthroconidia develop
oh uqdifferentiated broad (4-7um) brown hyphaq.(?ig. 8H) ,
often surrounded by a brown slime, or narrower (3-4um)
"lateral branches,(tigs.‘BG,éI). Arthroconidia (Fig. 8H) are
0-1 septate, smooth walled, brown, at first cylinmdrical ‘
truncateé, rapidly rounding up and-becgning 5arre1 shabed or
subélobose, 3.5-5um x- 6 S-15um (2.5~7um x 2. 5= 10 (15) um of
Campbell,“197u). For a more detalled descrlptlon, refer to

Campbell (1974).

Habitat and Activities

Occurrence: Reported from fruit trees’of'lany_typeé
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principally citrus and stone fruit (Nattrass, 1933; Wilson,
1947, 1949; Hughes, 1952; Calavan and Wallace, 1954) and
Persian walnut, black walnut, European chesthut (Wilson,
1949 ; Ccalavan and Wallace, 1954). All are tropical

varieties.

Pathogenicity: Recently, H. toruloidea has been recovered
from infections of the skin and nails in humans (Gentles and
Evans, 1970; Campbell, Kurwa, Abdel-Aziz and Hodgsoh, 1973;
VCampbell, 1974) . most infections. wvere reported in former

natives of tropical countries now residing in Great Britain.

, . .
Pycnidia: Nattrass (1933} and Wilson (1949) induced
pycnidial production in H. torulgidea by growing the

organism for long periods in wood.

3

Pycnidia have rarely been observed in isolates from
. .

human infections (Gentles‘and Evans, 1970; Campbell, 1974)

A

although Campbell et. al. (1973) reported 5 of 8 isolates
eventually ﬁevelopéd pycnidia. Calpbell (1974) induced
pycnidial formation in 2 of 25 isolates by exposure to

ultra-violet irradiation. | \

The single strain examined here (UANMH 3770) first

formed pycnidia aftér exposure to ultra-violet light.

puring the process of drying, colonies (see Materials and
~ .
Methods) are exposed overnight to a General Electric

gerlicidal 15 w lamp, and when dried are placed in plastic
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"
bags tor storage. However, the agar was not suftficiently
dried and the incompletely dried colony eventually tormed
pycnidia within the plastic bags, Subsequently, pycnidia
dq?e}oped on sfraw agar (chopped decomposing straw, 1%; agar
\

15%) after 49 days incubation at 25 C. 5
{

The pycnidial state has been described by Nattrass
(1933), Wilson (1949) and Hughes (1952).
Activity: H. toruloidea digests cellophane. Caapbell
(1974) reported penetration of keratid{ﬁf hair by single
hyphae, and penetration of the nail.

L4

Material Examined

UAMH 3770, from fingernail of Jamaican-born resident of

England, at Univ. of Birmingham, by C.K. Campbell (M40)
/

Sporendonema Desmazieres 1827

History ‘ s

In 1827 Desmazieres described and illustrated

Sporendonema casei which he found growing on outer crusts of

cheese. In his original analysis, Desmazieres noted the

affini}y of S. casei to Mucor crustaceus Bu}liard, Aegerita
crustacea De Candolle, and Oidium rubens Link and suggested
that none of these authors had correctly interpreted the

manner of spore formation.

&
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Demazivlre:s tecognized two difterent tolna: of npote
J1snemination, one through teleane frow the ti1p ot the
fertile hypha and the other hy destiuction ot the outer
hyphal wall. Disagreencnt among maycologrsit: on the Xt
nature ot spore formation and dehiscence has tesualted an

considerable confusion over the placesent Ot thi:s specile:

. casel was transterred to Topuld Persoon an Toocdagel

by Corda (1838) and later as T. upeLepdonema by perkeley and

.

Broome (1850). Berkeley and PBroome dl1sagreed with
Desmazi€eres' interpretation of spore tormation and noted

wCcorda's Torula Casel appears to be very ditterent™,

Ronorden (1851) followed Fries (183.) 1n accepting

Desmazieres' Sporendonema casel as the correct name tor this
fungus, and later Bainier (1907) reviewed $. cageil and

described two new species.

Berk. and Broome to Qospora Wallroth, a nomen illegitimum,

as 0. crustacea (Bulliard) (=Bucor crustaceus Bulliard }. In

1886 Saccardo placed Sporendonema casei in symonymy vwith O.

crustacea. Lindau (1907) accepted this transfer.

Sumstine (1913) further coamplicated the taxonomy of
this fungus by stating that Q. crustacea [=S. casei] was
conspecific with Qospoga lactis (Pres.) Saccardo =
Geotrichum candidum Link. Sumstine also considered Chalara

mycodersa Bonorden, another species referred to G. candjidusms,
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as a possible synonym of S. casei.

Oudemans ip 1886Jaccording‘to Lindau (1907) emended

Sporendonema to include®a new species S. terrestre.

. 4
Although Lindau (1907) accepted this species, the status is

o

unqertaln."Arnaud (1952) in descrlblng Nyctalina lignicola

noted its resemblance to S. terrektre.

o

In classifjing a fqngus”isolated from curing blue
cheese, Hammet and Gilman (1944) outlined the dilemma in
‘naming the fungus. They reviewed the:literature and

recommended reteﬂ}ion of the name Sporendonema casei based

on Desmazieres' original intg#pretation. In addition, the

authors- accurately and preciselyurecorded the conidium
" > .

development of S. casei.

More recently, von Arx (1970) also accepted

sporendonema casei Desmazieres.

@

Geheric DescriptiOn _
- - -

'ifi Hyphae septate, broad, hyaline; conldlophores lacklng.
The fertlle hyphae are hranched, often dlchotomously, at
flrst sparingly . then more regularly septate, wlth septae
forming‘flrSt near the apex of the hypha. arthroconidia are
formed by condensatlon of the cytoplasm in adjacen; or more
often alternate segments separated by one or more empty

‘cells. uaturlng arthroconldla, retalned v1th1n the or1g1na1

outer hyphal vall becone tthk walled and are released by
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fraeture’or lysis of the intervening empty cell.
Arthroconidia are hyaline or pink or yellow, broad, mostly

greater than Hum in diameter, smooth, thick walled.

. Sporendonema isAdistinguished from gggggiellg by:its

1ight colored hyphae and arthroconidia. Furthermore

coremiella may develop coremia especially on natural

substrates, though rarely in culture. coremium formation

has not *been reported in Sporendonema.

‘walbranchea differs from Sporendomema in the width of

the hyphae and arthroconidia which in Malbranchea rarely

“exceeds 4um.

Type Species

“Sporendbnema casei Desmazieres 1827, - Ann. Sci. Nat.

b

.247: Desmazieres 1827, Rec. Trav. Soc. Sci. Agric. .

e of
A

Arts, Lille p. 185-187, pl. 3

= Torula casei (Desmn.) corda- 1838, Icones Fungoruﬁ 4:8,
T fig. 36 | A

uucor crustaceus Bulliard 1782, Bull. Champ.lTeb.._160‘

P4
osgorg ‘crustacea (Bull ) Saccardo 1882, ulchella

[N
l

2.5“5

2= Aeqerlta cruftacea DeCandolle 1805, Fl. France 2{72
= Torula sgorendonena Berkeley et Broome 1850, |
~Ann.-nag. Nat. Hist. ser. 2, 5 0460
.?¥ 01dlum rubens Link 1815, in Mag. Ges. Natuff. Freunde,

Berlln 7 37
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)

1f Desmazieres? assertion that Aegerita crustacea

I

DeCandolle is the same species as %..case; can be validateg

o

then this: earller spe01f1c eplthet would take precedence.

'xslmllarly Link*'*s brief descrlptlon of Oldlﬂm rubens is

difficult to interpret with certainty but, it too may be an

earlier specific epithet for Ss. casei.

= o

Description -

S. casei ie psyehrophilic, growing aﬁd;sporuiating vefll
at 8 C. Colonies grow slowly at 25 C with scant sporuiatipn_
and fail to grow at 30 C. VAt 18 C, colonies on PYE,agar
regch.a diameter ofb30‘mm and are flat, doﬁny,rcreamy vhite
- frant and'rererse, vﬁereae on cérealjeger grovth,ie more,
luxuriant though slower, and the coleﬁy at first creamj

.4

white tnrns cimnamén veLlow in colox.‘ .as sporulatlon

-

commences. The reverSe is plnk ‘and a pink plgment dlffuses

into the medium. | - . : ) ‘;

In microscopic preparations numerous large dark brown

rod shapedycrystals-nayfbe-fdund.

Characterlstlcally the fertile hyphae, arlslng as

1ateral branches from the vegetatlve mycellum, are silghtly

broader, mostly curved or loosely c01led, ‘oT stralght s

(Flgs. 9A 9B) and the cytoplas- is more dense. Septa,

o

forming in npre or less’ regular segnents, are thlck
o
suggesting double septae (Pig . 9C). Concentratlon-of

cytoplasm occurs in alternate or adjacent.segments (Fig. 9B)

o m
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© V. W
s . - - .- . o

andcihe internaily-developing arthroconidia synthesiie_ne{
vall material. naturdng arthroconidia often become rouhded
at the corners and the orlglnal outer hyphal wall remains
_V151ble. qature arthroconldla (Plg‘ Iny , released by
ﬁraeture,ﬂsometimes reheining conhected id groups of 2's 6r'
3's , are yellow br Eyaline,\oblong, smooth (3) 4=Sum x_u.—c
8(10)um. ¥n old cultures,'cinnaion colored arthroconidia

are released not only by fracture of the hypha, but also by

extru51on from the apex of the outer hyphal tube,

" (Pigs. 9E,9F) leaVLng a sectlon of empty hypha, exactly as ° :

described by Desmazieres (1827).
!

Habitat_and Activities

Reported mostly from cheese; other records should

probably be referred to Scopulariopsis according to

. O

Wakefield and Bisby (1941).

N

S. casei attacks neither cellophane nor keratin.

De 2o2%
\ | ’ | A .
.o < . \

Material Examined

o -

UKHH 1566, from eese, England by Gallovay, 1949, received

from CHI as 37084; ULHH 1508, from wooden pheese drum,’
London, Bngland by Rorthlngton, 1957 received-fron CBIJas
’ 687u§;dUAHH 3790, 1solated at Hokkaldo Un1Ver51ty, J;pen p;
sasaki (ARO 3107) 1963, from Tubaki, IFO, Japan as 7656.

[
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rigure 9. A=F. sSporendonema casei (A,B,D-F-UAMH 3790; C=

1506) . G-K. Sporendonema purpurascens (6-1. K-u32-hJ-3791).

@

Figs. 9A—9C. Klternate arthroconldla developlng on
straight or curved fertlle hyphae._ Flg. '9D. Mature
arthroconidia. Figs. 9E-9F. Extru51on of arthroconldla

'?fromvthe apex of the outer hyphal wall. ‘Figs. 9G~9H.

Colonlal morphology after %1 days af 25 ¢c. G on PYE, H on

cereal. Fig. 9I. D chotomously branched fértile hyphde.

Fig. 9J-9K. Alternate arthroconldla. colonies x 1.0,

. [y

others x ‘830.. ' S s .
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Othef Species.

. ‘ .
Sporendonema purpurascens (Bonorden) Mason et Hughes 1953

it

Y

historz

apud Wood 1957, Nature 179:328 ;

M

Coprotrlchum purpurascens Bonorden 1851, Handbuch

allgemeinen uycologle p. 76, flg. 32 (Ba51onym)

tu

geofnichum Egrguragcens~(sonorden)'Saccardo'1886,

Syll. Fung. 4:40
Geotrichum roseum Grove 1886, Syll. Fung. - 4:40 fide

2

caretta 1959

= Kllcnema roseum Sydow 1934, Ann. Mycol. 32:283

o

Sporendoneng roseun Grove var. albul Arnaud . 1952,

Bull. Soc. nycol. France 68 192 fig. 3,C,Dl

I3
o

i

In. 1851, Bonorden described Coprotrlchun vlth two

'species, C. pufpurascens and C. g;gereu!, 111ustrat1ng both.'

Bonorden stated‘ﬁhét,the hyphae and spores of C:

e

purgurascens were purple colored whereas those of C.

cinereum Here greyish colored.

™

In 1886, Saccardo nade neu comblnatlons foxr each

:spe01es in Geotrlchun. Later, Wlndlsch (1951) listed C

——

_c1ne;eun and C. pu Qurgsgens as synonyns of Endo-yces lactls

and subsequently Carnlchael (1957) in enendlng Geotrlchum

1nc1uded all three as synonyms of G. gndidun Link.

At about the sanme, tlle, Wood (1957) in a brlef ggport.

on ajdlse&se of cultlvated mushrooas caused By a schalled‘



‘red Geotr chu or '1ips£ick-mold' cited Mason and Hughes'

1dent1f1catlon of the causal agent as Spore ndonena

- purpurascens (Bonorden) = Coprotr1chun Qurgurascens]

‘According to Wood, the fungus Bonorden descrlbed as

.Coprotrichum pufphrascens vas not identifiable with G.
candidum and shouldfbé removea from Geotrichum. Certainly
Bonorden's description of the hyphae and spores as purple

colored would indicate a difference -from G. candidum.

although Sporendomema purpurascens is the name commonly

applieq to the fungus known as the.‘libstick mold',(cdle and
Kendrick, 1969; von Arx, 1970; Kenﬂrick, 1971, p. 164),

Kendrlck and Carnlchael (1973) 1n a review of Hyphomycete

genera list Coprotrlchum purpurgscens Bonorden as synonymous

with G. candidun.

‘Caretta (1959) folloulng Redae111 and Ciferrl (TYJQ)
and leerrl (1958) in accepting Oudemans' (1886, 1n Llndau

1907) emended descrlptlon of sgorendonena besmazieres,

»retalned Coprotrichum purpurgscens for the neotype culture

of Hood (1957). However, Redaelli and Ciferri (1934)

1ncluded in Sporendonema unrelated. fungﬁ (Dodge, 1935) and

t! NS they called SQorgndonena eplzoun has béen

tra: o Walleuia as H..sebi (rries) von Arx (1970)

speciés).

#paxretta (1959) llsted a nulber df synonyns for C. -

. gurgurascens 1nc1ud1ng g_nllla l;nlata Wallr. (?= S. casei,

SeeaSaccardo, 1886, p. 20}, Qospora crustacea Sacc. [?= S.
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'ggggl Desmnm. ], Endoconidium luteolum Delacr., Qidium rubrum

Proks., Scopulariopsis casei Loubiere, ? 0Oidium aurantiacum

Henneberq, Coprotrichum crustaceum Cif. et Red. and

‘Coprotrichum lutescens Cif. et Red. I have not ‘seen the

original descriptions of these species.
' o

Description

Colonies on PYE (Fig. 9G) grow moderately rapidly (55-
68 mm in 21 days) at first scanf cottony uﬁife growth, then
turning fose'pink with a creamy white margin,.denseh cottony
Oor more ofteﬁ éovdefy; flat Hith”a central plateau, dry,

with fine surface cracks. The reverse is burnt orange in

culture But burgundy colored when dried. -

Growth on cereal agar (Fig. 9H) is slightly slower (45-

60 mm in 21 days), less luxuriant, cottony, turning from

wvhite to peach or pale pink in color. The reverse is white

and a tan or pinkish pigment diffuses into the medium below

the colony.

J

There is ho growth at 37C, but grovth'on oatmeal agar

o

-Jis faster at 30 C than at 18 C. » °
Alternate'arth:océnidi%\forl on undifferentiated hyphae

o

wvhich may braﬁch~dichotohonély (Pig. 9I). Arthroconidia
. NN . '

(Pigs. 9J,9K) are cylindrical 6} oblong, discoid in end .

) . . . . . . . :v {\ o - N .

vievw, hyaline at first, laﬁfxxpfgy, thick walled, smooth 4-

TJam x 4-12(15)um.
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The formation of arthroeconidia has been recorded by

time-lapse photography (Cole and Kendrick, 1969).

Habitat and Activities

S. purpurascens is most .commonly associated with

cultivated mushrooms.

This species is weakly cellulolytic regquiring several

weeks for digestion to occur. Keratin is not attacked.

S. purpurascens, one of several fungi tested by Komatsu

(1969) inhibited Phoiiota nameko in vitro at 25 C but failed

Material Examined .

Fros mushroonm beds: UAMH 432 and 433, received from

&

o

Kneebone, Pennsylvania State Oniversity, as isolates A and B
respectively; UAMH 1497, NEOTYPE, Cheshanm,  England, by F.C.
Wood, 1951, -from CMI as 45638; UAMH 3791, same strain as,

s : o . .

UAMH 1497, received from Tubaki, IFO as 7659 (CMI 45638).

Species of Uncertain StatusA

sporendonemra salicis Bainier 1907, Bull. Soc. Mycol.

Prance 23:24,.pl. VI, fig. 7-9; Saccardo and Trotter

1913, Syll. Fang. - 22:1240

Sporggdoneiaoa:telisiap'Bainier 1907, ibid,'pl{ vI.,

o
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fig. 10-123 Saccardo and_Trotter 1913, Syll. Fung.

22:1240

Bainier reported this species on dead stems of the

mugwort, ﬁrtemi§1g,‘forning well developed yellowish white

.or grey tufts (corenia?). It couid be Coremiella cgbisporé
(Berk. et Curt.) ElllS. Béinier‘lists the'size of the

conidia as lum12 = 1um25 and Saccardo and Trotter interpret
these measurements as 1,12 u - 1,257u.' ﬂqvever, accord;ng

to the illustrations (all at the same -agnificatioh),'the.

diameter of the conidia of Sporendonema artggisiagbexceeds

that of S. salicis which was given by Bainier as G4um2.

.

These measurements of Bainier appear to be in error.

5,

Sporendonema terrestre Oudemans 1886, Yersl. en. Med.

Konink. Ak. Wetensch. Amsterdam Afd. Natuurk. 3, ser.

2:115, pl. 1
sporendonema roseum v. albun'hrnaud 1952,
Bull. Soc. Mycol. France 68:192, fig. 3,c,D

2= Sporendonema purpurascens S

Exclnded species

Wallemia sebi (Fr.) vomn ATX

\

porendoneng sebi Fries 1849
<1970
Sporendopema epizoum (Corda) .Ciferri and Redaelli” 1934 =

Hallemia sebi . o
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PART 11X MALBRANCHEA SACCARDO 1882

History

In 1882 Saccardo established the form-genuys Malbranchea

for a single species M. pulchella Saecardo and Penzig, found
growing on damp cardboard in Rouen, France. Though
providing no iilustrations, saccardo described the
eharacteristic branched, érguate, or curved fertile hyphae.
Ho;ever, in reporting the extrusion of eonidiq from the apex
of the fertile hyphal branch, "exrapiee ramulorum continuo
exsilientibus", he failed to recegnizeithe arthric nature of
coeidium dehiscence.. Subsequently, Séccarde\(1886)

repeating his original description referred to the affinity

of Halbranchea with Oosgora Wallroth and Glycophila nont.

He provided no records of the cultural characteristics of

the organism.

o

since its original description, Malbranchea has been -

largeiy ignored by mycologists. Two other species vere

described ‘in the period 1925=-1935. fliehe (1907) described

in detail, Tﬁerloideu-isulfureu-, a fhernop ilié fungus, but _ -

Saccardo (1908) and Saccardo and Trotter (1913) con51dered
it a synony- of M. gglchella. ‘More recently, attention
agaln focused on the thermophilic isolates when Cooney and

Elerson (1964) rev1eved the history of H L ranchea and .

s

_/



provided an excellent description. The hisstory ot the

mesophilic and thermophilic species are given under n.

Generic Description

Hyphae hyaline, septate; conidiophores absent. Primary
hyphae straight, branched, mostly the same diameter, or
slightly Qfoader than the fertile hyphae, rarely exceeding
4uym in diameter. Fertile hyphae, arising as branches fronm
the primary hyphae, characteristically arcuate, in some
gpecies straight, branched, narrovw 1.5-3um or vider, rarely
exceeding 4um in diameter. Hyphae at first sparsely
septate, then reqgularly so, with concentratioh of cytoplasm
in alternate segments, separated by 1 or more empty cells;
arthroconidia released by lysis or fracture of outer hyphal
walls of intervening empty cells. Alternate arthroconidia
smooth walled, cylindrical-truncate, curved of straight,
hyaline, in age, yellow, tan, orange, dgreenishryellow, in
diameter not eiceeding the width of the hypha which bears

thenm.

Type_ Species

Malbranchea pulchella Saccardo et Penzig 1882, Michelia
2:638 ’

Discussion
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Although many other tung)r torm intetcalary

arthirocontdra, Malbranchea species tevelop exclusavely

reqgqular alternate arthroconydia, Species ot malblanchea can
be divaded 1nto two group:s, one:s having arcuatsy o curved
fertile hyphae and one:n having sore or les: strarght tertale

hyphae . However, the primary hyphae ot all specien are

stralaght, mostly slightly broader thar the tertile branche:, 1;)
otten forming i1ntercalary arthroconidia vhich may 4
predominate during early development, The t1ze 1ange ot

arthroconidia varies little among the speciesn ot
Malbranchea. For this reason, the colonial morphology and
color are important characters 1n distinguishing asong the

speciles. For color photographs of colonies, reter to the

Appendix, Pig. 21.

KEY TO THE SPECIES OF Malbranchea

Conidiophores absent ........... e e et T
Conidiophores hyaline ..........c.cccccenns . Try Ovadendron
Conidiophores pigmented ..........cc00c0.... Try Oidjodendron

1. Fertile hyphae mostly greater than Gum in diameter

cececccssecegeesceassascncceecacsassas-.Try Sporendonena
1. Fertile hyphae mOStly Darrower .........cceeseeevoesss. 2
2. Fertile hyphae arcuate or curved .......cceevecescacess 3

2. Fertile hyphae straight, branched .................... 1

3. Pertile hyphae tightly coiled, accessory conidia lacking

® ® ® ® ® 5 0 @ % ¢ ® G 4 P S O S GOV 6 G S GO SO S T O S GO S eSS NS TS AE e Nes e e u



10.

10.

1.

11.

12..

12,
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Fertile hyphae curved, arcuate, accessory conidia.

o ) o .
present t e cacsereesaecsecceces e seceec e coeessmannw cos 6

Colonies thermophilic; conidia mostly 2.5-4.5um broad.

e B e e . ]
..;.............................Q.‘......;...g. §ulfureg

-

, Colonies not thermophilic;‘conidia"mqstly'narrower .,.}5

colonies dark gold; perfect state Myxotrichum

7

i esecenesaneann preecacesensassaceansen s M. circinata

Colonies tan, white or pale brown P « I pulchell

Colonies OTARge «.ss=- .,.....;...;....,..1..;...;...,._7'

Colonies’ pale colored ..........:.;......v....; ..... cew 9

Homothallic; perfect state Auxarthron e... A. conjugatum

Notihomothallici perfect state absent «.eeecceeesca-cas B

~ ¢

Arthroconldla 1ntergrade with aleurioconidia_formed

laterally or terminally ....cececcccave- g.,chrysosporoidea

& — _

Aleurloconldla absent .;.i................ M. aurantiaca’
b i . ntiat

Colonies ;estrlcted, plnkish-buff; perfect state

nyotr;chum'..... ...... e uuuuea-... n. flavoroseus

Colonles somne other color B R R 10

’

Colonies ivory yellov, spreading, zonate; Auxarthron

~

perfect state B R R IR M. alboluteg

Colomies buff or tan, rarely white, restricted or

spreadihgl.:...,..t....¢.......;._.-;...;;... M. arcuata

Branching of ferttle -hyphae regularly'acute,Aarboreseent

>

'.......a...;..,.;,.;.}......}......,...;;; M. dendritica

Brahching‘of fertile hyphae otherwise .......;..f.l...12
Arthroconidia mostly narrow; 1.543uﬁ 2 eececeacasececeall

Atthfoconidia nostlg'broader, 2.5=-Sum .;g.l;..;...;.,¢17

]
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13. Pertile hyphae, repeatedly branched, in dense tufts

;,(.......;.........;..;......{,........ M. flocciformis -

13, Branching of fertile hyphae more restricted, ..........14
14, Cblenies buff, tan or white',....;L....fe....;........15
-14;”Colenies lemon‘yelioy..;...,;.;;a.;......;... M. flava
:151 Colqnies ghite,»restriEted...;....;,.ﬂ.....-. M. giﬁgeg
'15. Colonlesebuff or tan ..;.......;.......;....;.........16
16 E!rthrocgnldla vlth refractlle terminal walls, mostly 2-
Sum x 3. 5-8(11)um .:.,Q..};..{;................ N. fhlva
16.-Arﬁhrocon1d1a b;oader% 2.5-3.5um x 3.5f6um; uncinate
| apbendegesrﬁdstlyvpresent‘}..;.;,...,......;.. U. reesii
i?.‘AfthEOCOni&ia;bﬁoad,;B—Sun, closely speced

.....;4....;........}.¢..;...{..; g, state of C. immitis

17.-Arthroconidia narrower, 2.5-3.5um, irregularly spaced;

uhcinate appendages mostly present ........... U. reesii

Malbranchea resembles both Cbreniella and’Sporendonena

in,its COhidiun‘developlent.» Wﬁereas the.forner.also
diffefs'in'ité denatiaceoﬁs nafure,’ﬁetﬁ‘are distingdished
'?by the wlde dlaneter of the hyphae and arthroconldla.
Horeover, the perfect states of ualbrgnchea vhere known, are
3 1n»the GynnoaéﬁgéEae;: The perfect states-of Corgn;ella and
"Sgorendonela are 1arge1y unknoun but Tubakl (1960) reported
ﬂ_that onygena. corvina has a Coreglell conldlal state.__
Rebell and Taplln (1970) and Rlppon (197&) noted the

!

afflnlty of Halbranchea to sonme dernatophytes whlch -ay form'

+
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0

arthroconldla 1n culture. " The relatlonsblp of the

dermatophytés to perfect states 1in bhe Ascomycotlna, family

'Gymnoascaceae, is wellféstablxshed (Nannlzz throde_ga)
"galbranchea 1s related to the'dermatophytes and
gg;xsoqurium by its perfect. states v1th1n the .
Gfmaoascaceae, by lts arthroconldla and 1ts o%fen'
'keratiaephilic nature.e However, Halbranchea lapks the :

‘characte:ist;p’aleurioconidia'ofnthese genera. °

o

PerieCt States-

The conidial states of ‘saome Gymnoascaceae have been'

a551gned to a nunber of’ form-genera 1nc1ud1ng Chrvsosporlug

i(Carmichael,.1962- apinis, 19703 Rebell ang Taglln, 1970-“

Varsavsky and orr, 1971"1Qn Arx,.1971; samson, 19723 Orr

e

_and«xuehn, 1972-»?enne11, 1973); oidiSdéndppn-(bér:and

. “
2

_ Kuehn, 1964a; Barron and Booth, 1966' Morrall, i§68;:yu;1e£

a

and Pachaéiue,'1968;_ton Arx, 1971' Pennell, 1973-fbokuha§u,

1973) , -Geotrichue (von Arx,,ﬁ971) and ualbranchea (Kuehn,

'_Orgqand Ghoshy, 19642.Hubalek, 1§7ua). - . o

5. 7 G
2 closely related failly, the Onygenaceae, iSFaiso‘

knovn»to have arthrocon1d1a1 and aleurloCOnldlal 1mperfect

o o °

o

,fgtates (Tubakx,‘1960' Balloch and Caln, 1971‘ Sansou aﬂdrvah

sl 2 o.

_der Aa, 1973 Pennell, 1973) The 1ack of a phaal&conldlal

state dlst1ngnlshes the Gynnoascaceae fron the Enrotlaceae--

vc.«:

(Stolk and Sanson, 1972. Pennell, 1973). ??L - : ;, RS

)

o

. e - B
° Y- o <]

a R o & .

I3
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o . o . - : a 4

&5

: o | . . . 0 ’ i
»ArthOconidial inperfectbstates haye7been'descriped for

[=]
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. a numher‘of spec1es of Gymnoascaceae, referred to in'earlier-
renorts as oidia, or chlamydospores,‘or arthlospores (Kuehn,
;1955b, 1959- Benjamln, 1956- Aplnls,.1964). orr et al.
(1963b}) . deflned the term arthroaleurlospore or arthroaleur1e=

to differentiate alternate arthroconldla from,the-trne i.e.

f15510n arthroconidia“ of Geotrlchun. However, orr et al.
~ © o < ¢
(1963a b) cons;dered the arthroaleurles to be varlable and

o . o

therefore of llttle value’ 1n dlstlngulshlng among spec1es.

’ N -

o

Several nalbranéhea speciés'descrihed in this report

,Here found to have perfect states °in nvxotrlchum, Auxarthron

and a ‘newv genus of Gynnoascaceae. In most caSes the a

ualbranchea state is predomlnant and would be usgd for

EY

identlflcatlon. Although beyond’ the scope of thlS work to

study in detail all the arthroconldlal states of the -

< - a

”IGynnoascaceae, a few have been 1nc1uded 'in which the

1mperfect state may be confused vlth other spec1es of

'ualbtanchea. However, the clelstothec1al state would be -

host,often_used for identificatlon.

Species of“AnXarthron have-ﬁalbranchea conidial states,

two ‘of which are: descrlbed hereuu-It‘is possiblevthat the

[~}

ualbranchea state nay a1d in dlfferentlatlon among spec1es
40f Auxgrthron vhlch are 1dent1f1ed prlnarlly by the
_lorphology of the per1d1al hyphae and appendages (Oxr et
' al.&,1963a' Sanson, 1972). The ascosporeonorphologyiand
size is guite unlforn. ” °
_Cledstothecia; productionoin the.Gynnoascaceaedis-
- , : o S . .

< e
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.stlmulated by growth on oatmeal—salts agar (Weltzman -and

, Sllvafﬂuxner, 1967;'Padhye et al., 1973) and by the: use of

‘several incnbation‘fenperatures such as_18 C, 25 C and,30 C.
o . e *

Sfﬁaine failing to form_cleistothecia at 25 C na;cdc1$oJ
readily atdis C‘on BObC,_althcnghethe 19Qér tenperatnre more
.oftenAétinulateS’denelo@nent.viIn.additicn,lkeratinoéhilic
‘isoiaies fo:n.cleistonhecia wvhen grown on dextrcse-salts°
agar, a minimal.nnfrient mediunm, éprinkied vitnda'keratincns
'substrate Sucn aS'hair. réleistonhecial»production is “
enhanced in cellulolytlc fungl by growth on a cellophane
vmembrane on the surface of the agar (see Haterlals and
;uethods) although»the membrane tends to 11m1t clelstotnecial

-2 .
fornatlon in keratlnophlllc 1solates.o~Some, espécially

degenerate strains or ones malntalned for iong perlods 1n
A*cultnré, requlre an” addltlonal_stlmulus, usually prolonged
' grdvtﬁ, 6-10 weeks-br.more,for multiple transfers on

oatmeal-salts agar.

Ec910g1'andlpistribution

e _°ualbrancheavis a connon soil fungus having a worldwide .
distribnticn. Spec1es are nesophlllo, thermotolerant or

therlophilic and may be keratlnolytlc or cellulolytlc.

e

Tbernophlllc 1solates .of the spec1es nalbranchea

,sulfnrea are cellnlolytlc ‘and are nost connonly assoc1ated

vlth self-heatlng deconp051ng natter, or dung.,k51nce its

descriptlon by,Cooney and Enersqn (1960), fhiS'species ha's

° . . . 3 . . . °
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been frequently reported (see H. sulfurea) .

However, other recordS’of Halbranchea are rare. Few

reports of ualbranchea have occurred in surveys of

keratlnophlllc fungl (Rebell and Taplln, 1970; Orr and
Q' Kuehn, 1972; Hubalek, 1974a; Hubalek and Balat, 1974,
_Rippon, 1974; Ajello and padhys, 19.7u) . However,

R nalbranchea is a little knovn genus, and isoiates-could have

been llsted as unldentlfled Chrgsospo;lum spec1es or more
probably as 1mperfect states or as unldentlfled _ °

Gymnoascaceae (E-mons; 195“. Rees, 1967a,b- De Vroey; 1970;

u

Hubalek, 1QJua~ Caretta and Plontelll, 1975). . A number of

spe01es of nalbranchea have thelr perfect states 1n the

Gymnoascaceae. L Some keratlnolytlc thernoto;erant spec1es

are imperfect states of Auxarthron wvhereas soae mesophxllc

cellulolytic species are ‘imperfect states of Myxotrichum.
With the exception of the ualbranchea-state of

Cocc1d101des immitis vhlch 1s a human pathogen, there is

llttle evidence to suggest that. spec1es of nalbranchea are
_\pathogenlc. However, rthroconldla of nonpathogenlc specles
may be’tran51ent 1nhab1tants of -man and anlnals, thch can .
be recovered from tissues of anlnals such as rodents and can
surv1ve passage through anlmals (Ennons, 195“- Kuehn et al.,
1964- orr, 1968; Rlppon,-197u). Some spec1es of Halbranchea
have been reported as fungl resenbllng C. immitis (Enmons,
'195“,,1967; Plunkett, Halker and Huppert, 1963 Huppert, San

-and Bailey, 1967; Orr, 1968; orr and Kuehn, 1972). °
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Tehperaturé relationships and activity of isolates are

impbrtantfin-différenfiaﬁing species of Malbranchea.
Incubation at 18 C or 30 C often stimulates formation of the

perfect state. Since arthroconidium morphology in many

species of ualbrancheayis rather uniforn,'the colonial
appearance becones an 1mportant character. The morphology

and growth rate of colonles at dlfferent temperatures

provide con51derable aid in dlfferentlatlon among spec1es.

. a) Malbranchea species with arcuate fertile hyphae

Halbranchea albolutea Sigler et Carmichael sp. nov.

perfect state: Auxarthron orrc, Kuehﬁuet,Plhnkett 1963a

Descriptibn

‘Colonles on PYE (Fig. 10A) gfoviﬁg.mdderately rapidly
(50457 mer in 21 day;) ‘are pale ivory yellow,~revexse,yellow,
;poﬁderf,kd;z.aﬁd cracked. The colony is:slightly raised |
.with central umbo surroﬂnded by two or three povdery zonésf
and outer dovny periphery. The periphefy develops déep
sectors vhlch are flat, ‘Vlth scant aerial drowth;, identical
to the -arglh. uore downy colonles appear snoother with the

zonate pattern and Sectorlng less evldent-, e

on cereal,. colonles (Flg. 108) growv noderately rapidly

(u2—53 nn fn 21 days) and are pale 1vory yellov or creamy

. . ) \
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buff, reverse yellow, powdery, dry, cracked by numerous tiny
fissures, periphery downy, rarely sectoring. The surface 1is
flat, with tiny central umbqlor zone of scant aerial growth

at center.

<

Most strains failed to grow at 37 C except DAuH 1846
which showed scant grovth.“ The optimum temperature is 25-30

C.

An;hfoconidia bo;he‘on narrow,'arcuate or curved
lateral brénches (Fig%. 10¢,10D)  are cylindrical sémeﬁimés‘A
curved, hyaline; in age yellow, 1.5-2um x (2.5)3—5(6)ﬁm.
Arthroconidia formed by segmenf&tionﬁof the broader prihary
hyphaé (Fég. 10D) are hyaline,-qyiindrical 2.5+3 () um x |
xﬁf5)2-5(é.5)um.‘ In age, :acket hyphae, and enlapged, sub-
globoSe,.qr irregﬁlarly~shaped arthroconidia (Fig.  10E) aré

formed.

4

Cle}stotﬁecia"(Fig. 10G)xare‘sphetic51, discreté, 280~-
AOQun inAdianeter (excluding elongate appendagés), browh;
éomposed ot a'branchéd netvork of thick walled, delicately
asPerulate, Septate,‘3-5um in diameter, yello;-brown hyphae,
vith free apices terminating in bluntly pointed spines.
Elongatefappendages (Pig; 10G) arising from a bifurcaté bise
~afe.u00-800u- in length, smooth, thick valled and yellow -

. brown over half the>ledgth£ iapering to a‘hyaiinetapex,
straight, rarely uncihg;e. The*ﬁyéline portion is often:
broken éff; leaving‘ﬁhe.tip blunt. Asci are evahescenl,

hyaline, 6,5;8un in diameter, .8-spored. Ascospores .

»
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Figure 10. A-H. Malbranchea albolutea (2,B,F,G-UAKMH 2846;

C-1846; D-2861; E-2848; H-3651). I-L. Malbranchea arcuata
(if1865; J-1L-2519) . Figs. 10A. Coloniai morphoioéy'after
.21 days,atq25 c, x 1.0. A on PYE, B on coreall Figé. 10C-
10D. Altermnate arthrooonidia of.ﬁrcuate b;anchég and
stfaight primary hyphae, x 830. Fig.éjOE. Chains ofé; '
enlarged arthroconidia, x‘830. Fig. 10F. Globose
ascospores, x 2300. Fig. 10G. Cleistothecium with
'elonéate appendages,_xA21O; Fig. 10H. Finely asperulate
ascospore;, x.2300. Fig. 10I. Chains éf’onlarged
arthroconidia, x 830. Figs.. 10J-10K. Colonial morphology
after 21;dastat 25 ¢, x 1.0. J on PYE, K on cereal. Fig.

)

10L. Alternate arthroconidia borme on arcuate branches, x

830.

\
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(Figs. 10F,10H) are globose, delicately roughened, yellow
(2.2)2.5-3.5um.

Holotype: soil, Utah, by G. F. Orr, 1967, UAMH 2846 (0-3508)
Discussion

Malbranchea albblutea differs from other Malbranchea.

species having arcuate‘fertfie“hyphae such as M. aurantiaca
and M. arcuata in its ;reamy vhite to pale ivory yelléw
choﬁéd colonies. Moreover, the perfect state is produced
in culture if\isolates are grown on a suitable medium. .
ﬁost strains of’yhi; épecies»develoéed cleistothecia
only after prolo;ged growtp on:oafneaL agar wlthout
‘cellophane. :Even vhen cleistothecia are produced, the
colony, on oatmealvagar, remains créamy;vhite in color,
neve;'o&ange or brown. The cleistothecia arevslov to mature
réquiring 2-8 v?eks or'lonqer befo:e'ascogpores are
producéd. In some strainé, evéu af maturity cleistothecia
are formed which appear .relatively empty, cbﬁtaininé no
ascéqures,~ However, ascospores can be induced by repeated
-tranéfers on oat-éal-agér‘ahd growih at.25 C or 30 C. The
ascospores appear smooth at low magnlflcatlon and the rough

surfdce is often dlfflcnlt to detect even at hlgh

nagnification (x2700)(Figs. 10F,10H).'

The perfect state of M. albolutea is assigned .to

'Auiarthron, a genus distinguished froﬁ Other genera of the

P

Gymnoascaceae ﬁyoits net-like anastomosed,péridial'hyphae
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~

» '
bearing prominent enlarged septae, described as 'knuckle-
nnens eftargea ,

B Il ) A
joints' and by its ascospore morphology (Orr et al., 1963a).
These generic characters described for Auxarthron have not

been accepted by some others. Apinis (1964) noted that

enlarged septae also occurred in some species of Gymnoascus

and in Myxotrichum herbariense { = Tripedoiiichum

herbariensis Orr and Kuehn, 1964b]: Therefore, he retained

Auxarthron and Pseudogymnoascus Raillo as subgenera of
Gymnoascus based on # 5roader concep@‘of the genus
'igzgggggggg.‘ Apinis included in the Yubgenus Auxarthron
species having uncinate or straight,-elongate peridial
appéndages. Udagawa (1966) followed Apinis in retaining )

Gymnoascus.

Historically, the character of the peridial hyphae and
appendages has received emphasis in classificaﬁion of genera
of the Gyﬁnoascaceae. However, Samson (197%2) in a study of

Pseudogymnoascus, Gymnoascus and Auxarthron pointed to the

vafiabil?ty of these characters duriné different stages and
cultural conditions of gtbwth,_and suggested that more

‘ rel;able chargcters for differentiation wvere morphology of
the\ascdiafal initials; asci and ascospores. SamSoQ (1972)
reféiﬁed all three generé and distiﬁguished Auxafthrog fron

gimnbascus and,Pseudogxnnoaséusion the basis of its globose

£2
v -

or subglobose, roughened or echinulate ascospores and

arthroconidial or aleurioconidial imperfect. state.

Eight species have been deséribed in Auxarthron (Orr et

N
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al., 5963a; orr and Kuehn, 1971, 1972). Samson (1972)
suggestéd that a rev;ev of the number of species of
Auxarthron should be considered. Species of Auxarthron,
which have a rather unifprl ascospore size and morphology

are difficult to differentiate by the morphology of the

peridial hyphae and their appendages.

The perfect state of M. albolutea most closely

resembles Auxarthron thaxteri (Kuehn) Orr and Kuehn [ =

Myxotrichum thaxteri Kuehn, 1955b]}. Orr et al. (ﬁ963a)

described Auxarthron brunnegg based on Rostrup's description

of nyxotrlchun b;unneun and placed M. thaxteri Kuehn in

synonymy. Apinis (1964) conpared Rostrup's type spe¢imen of

M. brunneumr with the type material of Gymnoascus umbrinus

Bpudief and found the two identical. Apinis plgced [
brunneusm in synonymy with G. umbrings v. umbrlnus and
Tetained Kuehn's M. thaxteri as a variety, G. uhgrlnu§ var
thaxteri. Based on their evaluatibn of théwtype‘matefials
of Rostrup and Boudiég, orr and Kuéhn (19%1) disagreed vith

Apinist' (1964) evaluation of H. thaxteri and they proposed

3

to retain it as a separate species, Auxgrthron thaxteri.

Myxotrichum brunneum Rostrup was placed in synonymy with.A.

umbrinun\(Boudier) orr and Plunkett, but Ayxarthron brunneun

sensu Orr and RKuehn (1963a) wvas placed in synonymy with A.
thaxteri since -the description of this species was based on

the type culture of M. thaxteri.

The_perfect state of M. alquutea appears to fit the

L -
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description of Orr et al. (1963a) ot A. thaxtery | Ao 7 -

brunncumj. Indeed, the pertect state of one” ot the utﬁéldﬂ

examined by them (0-1024, UARH 1117) is identical ¥ith the

perfect state described here, However, an exalindgion off
. e

the type strain of A. thaxteri (UAHH 3912, NERRL 1714, ATCC

-~

15598, 0-532) and the description of Kuehn (1955Db) revealéd

a number of differences from H. glbolute&. First, the

-

~ascospores of the latter are globose, delicately roughengd,
(2.2)2.5-3.5um in diameter, compared to the ascosporesfef?ﬁ.
thaxterf‘which are ovoid, delicately rouéhened, 2-2,2um i:
2 8-3.2um (2.6-2.7um X 2.7-2.8um according to Kuehn, 1955b) ;
the cleistothecia af both are similar in si#e and shape but
Bhe elongate appendages of A. thaxteri are sharter, 3Q

l

40Cum in length, and mostly un01uate. the arthrocon“

. P :
state, M. albolutea, is prominent ﬁg%garly st.g

permitting recognltlou of this species, vhe:eas,the

Malbranchea state of A. thaxteri/is assoq}ateﬂ with the
£ .

appearance of ascomatal initials in culture.

At present, the primary'feason for not including the

2

perfect state of N. albolutea in A. thaxteri is the

*

~difference in size and shape of the ascogpores. Obviouslé,
this difference.in size is qnall and vould normally be part

of the fange of variation fopwtﬁis species, but the shape of
ascosporeé vithinta species should bejunifor-. Iq@eed; the
ascospores of all isolates of H. éigolutee are uniformly

globose.. The ascosporeslof aqxarthggguspecies are not only
globose or subglobose as.suggestea by Samson (1972) but also

4] . s}

<
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oblate and may be dellcately roughened to spiny or
echlnulate—retlculate. For the present the’ perfect state -

of M. albolutea has not beeﬂ a551gned to A. thaxterl nor has

U
2

it been described as a new speCLeSbeecause the spec1es of
Auxarthron should be réevaluated before add1t10na1 ones are

added. : : - _—

_gb ite~ and Activities

-, .
te covered from soilfgr dung, in the USA, from Utaﬁ;

cciorado, California and ¥yoming and in Hungary.

. zib olutea is keratlnolytlc, prodﬁcing moderafe
digestion of halrs ulthout the ald of penetratlng bodles.
Cellophane is not attacked.

s

Material Examined

From 5011- UAMH 1117, Qildale; Californié; fron-orr as 0-
102&; UAME 2632, 50117, Cache'ia‘Poudre éiver; CeloradQ,,by
W.B. Cooke, 1965, from G. Bafron; Onterioékgficultura;.r
College as 10527; UAMH 2846, TYPE, Utah, by G.F. orr, 1967,

as 0-3508; UAME nge, fabric bait technique, Hungary, . by

L e

“ 6.F. orri 1967,7as 0-3515; UANH 2861, Otah, by G.P. OTT,
1967, as 0-3509;»UAHH 3651,,§eﬁdover, q;ah, from Orr as PO~ -
.0062; UAHH-§9i1,T§rae;lands; Laranie,;iyoming,:bj»
 5. Christensen (fC—22),,fron orr as 0-1030-.‘ |
From dung: UANH 1356; rat, qercur, Utah, fron Orr as 'Merc'

(20-1089) ; _ . s o ©
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'ﬂaterial-of'Aﬁxérthtdn'thaxteri:_UAHH'39]2; TYPE, dung of

oppqsum'Shrei (§g;gnodonf, Haiti, by R. Thaxter, from Qrf'
‘as 0532 (NRRL 1714, KTCC™ 15598) s

< -

‘Malbranchea arcuata Sigler et Carmichael sp. nov.

‘Description

Colonies-oﬂ PYE (Fig;jiOJ) grdwing moderately slovly
(13-30 mm at 14 days) are sllghtly ralsed with small central
'umbo or few large smooth folds across the surface The
‘center is: tan, powdery, dry and cracked and the margln
downy, creamy vhlte and flatter, reverse yellou or yellowlsh

~tan. Colonles of some stralns, grov1ng more rapldly (HS mm -

1n 14 days) are flatter, downy, creamy-white with pale tan

o .
center, reverse yellow, smooth or Hlth few outuard radlatlng-

folds. Growth at 37 C is varlable 0f the five strains
téstéd four (OAMH 1861 25193 2570 and 3910). falled to

'growv, hut the_other (UAME 2983) showed scant growth.
: » - | -

Oon cerealﬁ colonies((Fig. 10K) grow moderately rapidly
(23—&0 mm in 14 days) and are tan, reverSe buff, vflat;“
_powdery, 1n some stralns appearlng 'slightly zomnate, in

others, patchy. Scant brown plgment appears below . tﬁe

il

colony by 2ﬁ'days.: ThlS brovn plglent xs also proéuced when
_stralns are qrovn on. oatneal agar. N
D .
P (37 .
Arthx@conldla bo:qe on narrov arcuate or curved lateral

’ braz%}es (Plg. 10L), are cyllndrlcal often curved, snooth

oL
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variation in cqlonlal,
, ; on 1n . .

among strains included

“uniform. - o - o e S

'yeilov colorgd,tolonies te§pective1y.f

-
<,

hyallne at flrst later tan, (1 5)2-3um X 3= 6um° .
Arthroconldla, formed"by seqnentatlon S the stralght
prlmary hyphae are hyallne ocylln@rlcal sllghtly broaderpn

mostly 3um in dlameter, and predomlnate in young aultures. e -

In ageq~some arthroconigla become enlarge&f‘subglobOSe or J
. . s . . . . , . i v o o - o oo o ER

o -
g

Oixregularly shaped Xfig..1blb. . ‘:‘7.“ )
. .. ¥No other spoxe staﬁe was pbserved s i‘ S,

°

Holotype:-so11, ‘Digway, Utah, UAMH 1861 (0—1094 - DPG 10

o ©ox
o °¢ o8 : - N
Q a . . )
- <
. o “ -
LI N . E o M f
R o N N Q
N R . - s 2
Discussion : , - .
S ¢ w ° >
A s c o :
G Y o o

TKe tan: powdery colonles ana arthroconldla borne on

arcuate” byphae are charactérlstlc of n.“arcuhta. Some

e

<]

'gand grovph rates is eV1dent

=

< ~

species. Hogever, there

(2
appedrs to be little’ : ‘éatioﬁvfof reoving- any to
= N 2 B 9 . . ° . C 6 .

. ’ ¥y ) 4 e
separate species since.tle micrdscopic- morphology is

o °

~—

8. aftuata is disfinbuished?ftbmpothérfualbranchea:

specxes hav1ng buff or tan colored colonles, -such. as the

=
o

Halbranchea state of Unc1nocargus ree511 apd ﬂalbranchea

fulva, by'iis arcuate hyphaé. . gu;antiacg aga ‘M.

3 . )

‘albolutea differrin having -orange colored and pale iéory

o

Habitat‘ayd.Activities“

s

o
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Recorded from §011 dung of dog and birds,.hai: of

- rodents, USA and YugoslaV1a (Hubalek% 497ua,p).

g, arcuata produced sllght to noderate dlgestlon of

hairs wlthout the a1d of penetratlng bodies. Cellophane is .

pot attacked. ' o

< . . ‘\.,

o [

bvnaterlal Examlned o

Prom soils: GAME 1861, TYPE, 5ugwaf, utah, from off as DPG
105 (0-109“) UAMH 2519, Austln,_Texas, by llexopoulas,
'1965, from Orr as Alex(SO) UAHH 3877, 7dog dung, by
ﬂhleiopoulas (50), from Orr as 0-3263; 7UAHH 2570, mixed with

plant debrls, Columbla, South Amerlca, by A. 'Rostrepo,:from

Dept. Health, Bethesda, naryland as:B 27-40; -

From pellets ot uerops aplaster 1n nest, Pesirevo,

<

Yugoslavia: -UANH 38044, by Hubalek, 1 968,‘as 2325; 20ARH
3845, ”by‘ﬁobalek;' 1968, as 236A;

From halr of - anll rodents- UAHH 38“7 Vojnik, Yuéoslavia,
by Hnbalek, 1968 as JU 1623/2; UAHH 3902, Apodemos sp.s

©

YugoslaV1a, y Hubhalek (BH 1&), from Orr as 0 34113 Prom

feathers: UAHH~38R2,.CofVus ménedula,.rurka, Yugoslav1a, by
.Hubalek 1968 kas 1535‘ From unkaown sources?: UAMH 2983, from,

- R. s- Pore, Vest V1rg1n1a oniv. HediCal'Center, Morgantown as

704 UAMH 3916 from J.- Ellls, NRRL 6089.

°

t4

Malbranchea aurantiaca Sigler et carmichael sp. nov.

"DescriptiOn;



143

Colonies.on PYE'grov.moderately-rapidiy (6u-7d nm.in 21

days) extending in sPiral zonee (Fig. 11A).' The'central

‘_zone is umbonate, dark’ yellow-gold or orange brown in color,

velvety or povdery. succeedlng zones vary from dark golad or
yellow—orange to creamy whlte and floccose at the perlphery,:
reverse dark orag;e. Contlnulng in a splral pattern, the_
-margln emerges beneath the outermost zon€ and gradually
extends around the colony,-at first white with scant. aerlal
groith‘eventually creamy white, floccose and_dense.
Sometinee thefzonate°pattern(is;not'as diétinct but the
:cnaraCteristic coior remains; | | |

° . . - .

At 37 C érowth on:PYE-(?ig.'11C) is almOSt as rapid

(44-62 nmnm, rarely up to 72 an in 21 days). flat with
;rregular_folds:iéale orange or tan; dark orange reverse,

dovny. proplets of yellow or brown exudate occasionally\"

form on the surface.

g. 11B) grow slightly slower

- N

on cereal, colonies e
(53-62 mm in 21 days)‘ fi early Stages, c016nies are dome
ehaned, floccose and vhlte and as sporulatlon commences, the
center becomes flattened, dark yellow—gold orange—brown or
tan, powdery or granular; sharply‘demarcated from a
perlpheral floccose creamy whlte ralsed outer rldge‘

(Flg. 11B). Two gradatlons can occur around the center vlth
an inner region, pale tan or creanyﬁwhlte and floccose,_v
ﬁ~sllghtly ralsed above the flat center. ‘The reverse is

yellow. a yellow plgment dlffnses 1nto the agar 1n some

. g

[v)
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strains.

At 37 C, the.colony (Fig; 11D) 1s characterlstlcally
slouer growing (“2-56 mm, 1n 521 days) flat, dark tan or
brown, povdery or granq}ar, dense or patchy, uirh crange
surface growth formlng a dlstlnct orange glabrous margin 5-8

mm wide. The reverse is llght or dark orange.

There iS'gc'grovth at'QSvC,vthe optimum range being 25-

30 c. ”
o

>a_Arthroconldla borne on narrow arcuate or curved lateral
branches (rigs. 11E 11F) are cyllndrlcal, often curved
(Flg. ilH)'hyaline at first, later_orange or tan in mass,
smooth 1. 5-2um x (2)3-5. 5(6)um. Arrhroconidi% formed on the
Straight primary hyphae (Fig._11G) are hyaline, broader,
cyllndrlcal 3-tum X (2)3-7(7 S)um and predonlnate in young

cultures. The developnent of racket hyphae s common in the

. Lo

_ primary hyphae<w1th swelllng at the septum up to 9um in

diqmeter. Rarely, intercalary chlamydospores are seen.

a) Atypical strains (UANH 1569, 1853, 1709, 2844)

Four stralns dlfferlug in several characters have not

“been sunmarlzed in- the descrlptlon ‘above. Howvever, all_four
s .
are 1ndLst1ngulshable mlcroscoplcally (Figs. 11I,113) from

M. au tlaca and they are retalned here until similar

_-—_.-—

1solates are found Uthh vould~just1fy their removal to a

separate species.
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Figure 11. Malbranchea ggraﬁtiaca (A,B-UAMH 3704; C,D,H-

17073 E,G-3599; F-3705; I,J-284l4; K-1707x3599). Figs. 11A-
11D. Colonial rorphology after 21_days. ‘A and C on PYE, B
.Qnd D on cereal; C,D at 37 Cc, others at 25 C. -Figs; :11E-
MJ. Alternate arthroconldla of curved branches and.
stralght primary hyphae. Fig. . 11K. Zone of’ 1nh1b1t10n in:
cross of 1707x3599 1noculated in separate parallel streaks.

o

colonies x 1.0, others x 830.
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.Tuo strains (UAMH 1569 and 1853) are identical to each
other.  These strains differ froﬁ typical strains in having
palef yellow orange coléred colonies and in lackinglthe‘
distincf spiral zomnate pattern. At 37 C growth is more

‘ _ A
restricted (22-33 mm on PYE and 7-14 mm On cereal in 21

days.

~UANMH 2844 is similar to strains UAMH 1569 and 1853 in
its yellow orange colored célonies. “On PYE the colony is
smooth, not zonate, domed with a éentral umbo and on cereal,
it is flat with sparse aerial growth at‘the outer geriphery
and a raised more dehseycentral zone. This strain differs
from al} others in growini more robustly and rapidly at 37 C

(75 mm on PYE and_63’mm on cereal in 21 days).

Strain 1709 differs fr&ﬁ the others in having slower
growing (ué mm on PYE and 42 mm on cereal after 21 days),
dark orangé éOibnies, velvety or downy. On cereal, the
colony is zonate with a central ambo and on PYE it is flat
with broad white margin and central orange umbo. There is>
no growth at 37 C aféef\21‘days; The arthroconidia are
slighter broader, 2-3um in diameter. Late in the study we
"received another isolate (UAMH 3878) which greétlyoresembled
UAHH>1709. These two strains may eventually reﬁuife
transfer to a separate species,'but it seems preferable to
retain them here until a larger number of isolates has been
stﬁdied. |

Holotype: lab plate contaminant, Dugway, Utahk, UAMH 3599 (0-
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1526)

Discussion

~

In its orange colored colonies, M. aurantiaca resembles

the M. state of Auxarthron conjugatum. However, A.

conjuqatum is homothallic and regularly forms the perfect
state in culture.. Furthermore, the M. state of A.

conjugatum does not develop the characteristic spiral zonate

paftern'on PYE, and growth at 37 C is much more restricted.

M. chrysosporoidea also forms orange colored colonies
but lacks arcuate fertile hyphae. The color of the colony
distinguishes M. aurantiaca from M. arcuata which forms buff

colored colonies and M. albolutea which forms pale yellow or

creamy white colonies.

3

Habitat and Activities

Occurrence: Isolated from séil or dung, India, Central
America, Australia, USA and Belgiﬁm.

]
‘Mating tests: Crosses were perforled in duplicate. by each
of the mixed suspeﬁsionu(nethod B) and parallel streak plate
(nethod’C) procedures (see Materials and uethodé) with the

addition of autoclaved human hair.

With a single eiception, no cleistothecia were seen in
" any cross after 42 days. In the mixed suspension cross of

UAMH 1707 x 3705 a single cleistothecium of the 'Aduxarthron®
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type (Orr,.1963a) bearing elongate uncinate’appendages‘and

fewv spiny oblate §scospores was seen. After a fdrthe; tvwo

veeks ;routh no othér cieistothecia vere found hor were any

discoveted‘on the streak plate. The incompétibility;of many
. : . //

of the strains was evident by a narrow or wide zone of -

inkibition on the streak plates (Fig. 11K, Table IXT).

Failure to obtain the perfect state in this species was
surprising considering the close resemblance to some species
of ggggithxon éspecially A. gonjuggggg. Indeed, several

singlée ascospore isolates were attempted from a number of

strains of A. conjugatum in the belief that M. aurantiaca -
might be the imperfect state of this species. However, all

single ascospore isolates proved to be homothallic (see

Auxarthron conjugatun) .

The occurrence of a single fertile cleistdthecium
suggeSts either latent homothallism in one of the twvo
strains tested or heterothallic incompatibility of thehtype
frequently observed in soame Gymnoascaceae. Incompatibility
reéults in infertilé croéses between F1 progeny and parent
strains and between wild-type isolates crossed with each
other or with tester'strains of the opposite mating type.

In ghe latter case: vild type isolates may only cross vith
the more fertile progeny of the parent strainS»(Kvon-Chung,‘
1971, 1972; Padhye and Carmichael, 1971, 19730

¥

Activity: - aurantiaca produces moderate to marked
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v

digestion of hairs but fails to attack cellophano:

‘Material Examined

From soil: UAMH 1569, chicken feeding ground, Tonasi,
Panama, collected H.P. Puri, isolated bf G.F. Orr, as C-
2505; UAMH 1705, garden, Tonasi, Panaﬁa, by G.F. Orr, O-
2535; UAMH 1707, chicken feeding grdﬁnd( Tonasi, Panama, by
G.F. Org, 0-2531; UAMH 17¢9, South Califérnia, by G.F. oOrr,
0-584; UAHH 171¢, pig yard, Tonasi, Panama, by G.F. O}f, 0-
2534; UAMH 1778, fro; mixed cqlture received as 288c (soil,
Guatemala)‘fron Oorr; UAMH 1853, Australia by Warcup, from
orr as 0-3598 (A 270/1); UAMH 2844, Belgium, by De Vroey,
1966, from Orr as 0-3178; UAMH 3660, from Ellice Island,
Alaska, from Orr as 0=-3035; UAMH 3818, Italy, by Varsavéky
\(136) from Orr aé 0-3437; UAﬂH 3878, Inogmar area,
'aCallfornla, from Orr as 0-683; 0-3u482, Somalia, by DeVroey,
 V(Rv 204“3) fron Orr,:0n2592, Eanala. from Orxr; From dung:
i UAMH 3“83, mouse, Indla, fron Orxwas 0- 3150- dAnH 3524, rat,

¥1nd1a, from Qtr as 0—3733 (HRRL A-19283) UAMH 3704, rat,

'“‘Indla,‘fron Orr as 0-1163' UAMH 3053, lizard, Chihauhua,

,ueXchi:by R.K, §gnjalin, 1964, RSABG, as 1468; From other

Sthdés: UAMH 3599, TYPE, plate contaminant, Dugway, Utah,
by G.F. orr as 0-1526; UAMH 3705, plate contaminant, Dugway,
" utah, by G.F. Orr as 0-3214; UAMH 3879, hair from ringworm

lesion on horse, Riverton, Utah, from orr as 0-3710

Malbranchea chrysosporoidea sigler et Carmichael sp. nov.
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Colonies on PYE (Fig. 121) qiowing rapidly (60-54 pe 1n
21 days), are characteristicaliy bright tangerine orange,
.,reverse orange. Nonsporulating floccose areass at the center
or periphery are white or pale yellor. Colonies arc dense,
powdery or velvety, slightiy raised, with a central domed
downy or floccose umbo, scaircely zonate, demarcated by 2 or
3 changes in color from dark orange at the center to a light
or white periphery, or distinctly zonate with 6 or 7
concentric zones. The margin, crenate o; entire, develops
scant aerial hyphae closely adpressed to the cellophano,
then becomes floccose, white or pale orange. NO pigment 1is
. ~ B i‘ \ I
apparent but m?gt.stfains formed yellow, orange or wk&ﬁe

exudate droplets™

At 37 C, growth on PYE is more restricted (Fig. 12C)
(25-31 mm in 21 days) adhering poorly to the cellophane,
with the center lifting up, becoming convoluted or folded,
with _new growth appearing below. The center turns dark stan,

.brovn, or tawny, powdery and with new growth, downy, orange.
If the colony xemains firmly attached to the cellophane, the
dialéter reaches to 44 mm and the colony is orange buff in

color.

Colonies on cereal (Fig.y12B) growing slightly more
slowly (61-68 mm in 21 days) axe flat, mostly with a small

central uabo, powdery-or granular, patchy or demnse, often



153

i

 sectoring, scarcely zonate with chRanges in color from dérk

orange or tawny;to.yellow at the periphery; reverse orange.
At 37 C, growth 1s slover (18-36 mm in 21 days) orange

or buff, rarely vhlte,ugranular or: dovny,.flat with a brown,

pigment appearing below the colgny (Fig. 12Dh).

Ferti;e,hyphaé béarihg érthroconidia are of two types.
Straight, slightly broader, branchéd ériméry hyphae, 2-4um
‘in diameter, which first produce intercalary artgfoconldla )
(Figs. 12E,12P) and later fors nult;plerstra}ght or curved,
deflexed létéral branchesv(Fié 12E, 12I) bearing intercalary-
'arihrOCODidia'intergrading with aleﬁrioconidia formed - |
ternlnally or dlrectly on the sides of the hypha.‘ The ﬁidth
of’ the arthroconldla and aleurloconxdla forming on the same:
hypha are identical with thé dlameter of the kypha.
Intercalary arthroc0n1d1a are- cyllndrlcal-truncate, hyaline,
later pale orange, orange in mass, (1.5) 2- UQm x (2)3-
9(13)un. Bleurioédnidia are smobth, hyallne, later pale

orange, orange in mass, cuneiform 2-3um x (2.5)3-5.5(6.5) um.

Ko other spore state-vas observed.

Holotype- soil;~Arizona by C.%. Emmons (ES5003), DAME 1032
(- 1525)

Discussion

This species is a form intermediate between malbranchea

" and ChrysospoEriusms. Thoﬁgh formation of aleurioconidia is
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Figure 12. A-F, I. Malbrﬁnchea'éhrvsosporoidea (A-D—UAHH

e,

1032; E,F,I-1031) .. G,H,J-HN. #Malbranchea circinata (G-

'H,J,H41896; K,L-358§). Figs. 12A-12D. Coloniél nor phology
after 21 days. A and C 6n éYB, B and P on cereal c and D
at 37 C, others at 25 C. Figs. 12BE-12F. Aleurioconidia
and intéréalarj ar£hroconiaia. Figs; 12G~ 12H. éélonial-
morpho{ogy after 21 days at 25 C. 'G on PYE,“H oﬂ‘cereal}"
Fig. 121., Lateral or ternlnal aleurlocouldla and

-1ntercalary arthrocqnldla. Figs. 123-12K. Coiled

7vsporogenous hyphae.‘ Colon1es X O 9,'others x 830.

#
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characteristic of chrysosporium, arthroconidia may

predomlnate in degeneraté stralns. The aleurioconidia of

Chrysosporlun are mostlv subglobose, pyriform or clavate,

and wider in diameter than the supporting hypha.- Thouéh
this distinction appears somewhat arbitrary, it isldifficult'
to assign- thlS species v1th assurance to either nalbranghea

1]
or Chrxsosporlum.. Hovever, for the monent, several

characters favor 1ts placement in nalbranchea. the dlameter3

of the aleurloconldla and 1ntercalary arthroconidia does not
exceed the dlameter of the supporting hypha; intercalary
arthroconidia predominate in the primary hyphae, consistent

with other species of ualbranchea: thendiameter of the

fertlle hyphae fits well within the:- rather narrov range for

ualbranchea. Interestlngly, too, vivid orange colored

'COlODles occur in at least three other spec1es of

c

ualbranchea, vhereas nost Chrvsosporlnm colonles are vhite
" or light colored, green,.brown, grey, buff, occa51onally
pale orange or orange~buff.

2

Habitat and Activities

Recorded'fron soil, dung or air sanples, naryland,
Utah, Havail, Ariiona, Sonth Carolina, Callfornla (orr,
1970, '19753, Janan and‘India., One strain was recovered from
OIental abscesses and the spleen after experimental intra--

perltoneal 1nocnlat10n of soil 1nto ulce>~£%

‘Keratin is’digested slightly or not)at all. Cellopbane
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is.uot sttacked.

Material Examined

From. soil:- UAMH 1031, Atizoné, Sy’énnons (ESOOZ),_from orr
as 0- 152u (same strain as UAMH 278672); UAMH 2786 Onehtai
'abscesses,ln mlcellnoculated with 5011, Bethesda, Maryland,
by Eﬁmdns (E5002) , 1958, from Kvon-Chung, National Institute'
of Healtg iBethesda; UAHH 1032, TYPE Arlzona by Emmons>
(35603), from Orr as 0-1525- GAMH 2288, bean garden,
$h5kuku, Japan, y G.F. Orr° UAﬂH~27QO, in&ia, from

H.C. Gugnanl, Natlonal Instltute of Communicable Dlsease,

) Nev Delhl, as S$536; .UAHMH 3570, S. Carolina, from oOrr. as O-
3517; UAMH 3876, Oahu, Hawvaii by Varsavsky (9) from Orr as
0-3295; Soil isolgtes fsom orr: 0-3224, Haui, Haﬁaii, by
varsavsky (7): 0-3377, Califqrnla?, by varsavsky (20) ; 0-
T3381,'Kauai, Haiaii, by varsavsky (18); 0-3398, Oahu,
.Hawaii, by Vars;vsky (21);J0—339§,~naui, Havall, by
vVarsavsky (255; From other sources: UANH 10§O, cofote dung,
Kern CO.,'célifdrnia, by‘ G.'P. orr as 0-837 (NRRL A-10663) ;
UAuH 1241, plate contamlnant, Edlonton, 1962' UAMH 2051
Hava1ian Islands, 5011?, from Varsavsky, CDC, ‘as KAVAI—18'
UAMH 2850, wind -tunnel contanlnant, Utah by G.F. Orr~1967,
" .as 9BR5; UANMH 3856, spore lass, Dugvay, Utah, from Orr as Of

~3077; NRRL 6087, from J.J. Ellis

ualbranchéa circinata Sigler et,Carmichael sp. nov.
- - N ‘\ .
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Perfect State: Myxotrichum Kunze S ‘ .

Description N
: ' s

Colonies on PYE (Fig. 126G) are slow growing (29 mm in
21 days), pale creamy yellow, with fl -cose tufts of hyphae
at the center surrounded-'by a wide (4-¢& mm) band of slimy

* -

tufted surface growth: The reyerSe is yeilov.

On ceréal, colonies (Fig. 12H) attain-the gamé
diameter, but‘grovth is more luxuriant, densé, veljéty,
smboth with a narrow sligy-margin.r The colbr(is dark gold,
.revérse yéﬁlOu. Drople;s of brown exudate appear near the
center and éxtend to the periphery;.grédually drying and
leaving the surface pitted. A reddish brovn pigment |
diffuses into the medium extending well beyond the margin of

the colony by 21 dayé.

fhere is no growth at 37 C and growth at 18 C and 30 C

is slower than at 25 C.

fhe sporogenous hyphae (Figs.’1éJ-12Lf; arising as
lateral branéhes somevhat broader in diameter than the
narrow vegetative hypha which beérs them, are tightly coiied
or_curved, ciosely spaced, éventﬁally‘forming a dense
¢Ciusteru(Fig, 12m) . Arthrocoqidia are smooth, cylindrical,aﬁ
curvgd; kidﬁéy shaped or ovate, almost discoid in end view, i

- pale yellow, or yellowish brown, in Age.purple.o: dark -

yellow-green, é°3ug X 3-Sum. No arthroconidia develop on’

. . - . LA
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the primary hyphae.

Cleistothecia (Fig. 13A) are dark brown, almost black,
discrete, 350-450um in diameter, excluding appendages,
spherical but tending té céalesce, not easily“dislodéed from
the comnidiogenous hyﬁhae. Peridial ﬁyphae'are dark bfoﬁh,
thick wglled, smooth,'continqously»branched,'terminating iﬁ
tantler—-horn' appendages (Figs. 13A,f3C-1§E) with narrow
”delicate branchlets (figs. 13¢,13p), pointed towafd the
perimeter. Appendages of a second type.are uncinate (Figs.
13A,13C), sparingly septate,‘thick, smooth walled, 100-200um
long, 5=7Tum wide at the tip and the'séme diameter or .
siightly narrower at the base. The uncinate appe;dages
arise at the center or near the periphery from a bifurcate

base with the other branch terminating in the 'antlef-horn'

appendage (Fig. 13C).

No ascospores were found. When theAcleistothecium is
crushed, yellow-green or pugple coiled conidiogenous hyphae .
in the centrﬁm give the impression of asci, apd tﬁe mature
kidhey sﬁape% or ovate comnidia can ﬁe-mistaken for
ascospores; Hovever; the éize‘should distingdish’the
arthroconidia. |

Holotype: soil, Dugway, Utah, UAMH 1890 (0-1103, DPG 111)
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'Figure.13. A-E. AgglbragcheaAcircinata (A—UAHH'3589; B-E-

1890) . F-J. ‘Malbranchea flavoroseus (F-H-1051; I,3J-1065).

Fig. 1$A. Cleistothecium bearingwuncinate appendages, X
210 BF.  Fig. 13B. Sectoring on oatmeal a@ar after 35 days -
at'30 C, x 1.0. Fig. 13 C. 'Antler-horn' and uncinate
appendages, X 660. . Fig. 13D. ‘'Antler-horn® appendéges, x
1320 BF. Fig.k 13E. Coélescing peridial hyphae appendages
of both types, x 210 BF. Figs. 1§F—13G. Colonial
morphology after 21'days at 25.C,>x.0.9. F on PYE, G on
cereal. Figs. 138-13I. Curved fertilé_hyphae bearing
alternate arthroqonidia, X 830.2 Fig. 13J. Cleistothecia
(minute blaék gpecks) formed at the center and near the

periphery after 42 days at 25 C on oatheal agar, x 0.9.
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(Pig. 13B). Indeed, cleistothecia consistently formed along
the interface of the sector, Hhich was white with sparse
aerial érowth apnd glabrous margin, compared to the remainder
of tHe colony which was yellovish brown, Qowdery and dense
with abundant conidial formation. Transfers from the sector
to frésh*oatmeai agar produced a colony degenerate‘in
appearance with scant aerial growth and paie color. Coiled
cohidiogenous hyphae were less abundant. Transfers from the
pogdery yelloﬁ brown'poftién vielded colonies’similar,in
appearance in which secfors evenfually apbeared. Asexual
éporglatign q§s profuse in the powderyfareas. A transfer of
a single gleistothecium yielded again q}sectoring colony
developing cleis£othecia along ;he interface. Formati;n of
cleistothecia in‘sectors has also been recorded for atypical

colonies of M. stipitatum {(Orr et al., 1963b) .

Attenpts to s£iﬁuldte ascospore production by mating
weﬁe unsuccessful, although only two isolates were
éfailable. 'Both_isplates required the preésence of the
cellophane membrane for cMistothecia to occur. -~ Nonhe were

found on the agar alone.

Tt is difficult to relate this species to any
Myxotrichum species already described, especially in the

absence of ascospores. Our cultures of M. carmingparum

Robak (Orr et al., 1963b) (UAMH 1597 and 1906) also have
failed to produce ascospores, but this species differs in

its conidial state, lacking the coiled conidiogenous hyphae
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of M. circinata, and in its éolonial morphology. At 25 C,
the colony of the type strain (UAMH 1597, CBS 224.31) is
sparse and restricted and the obsérvation of Orr et g;;
(1963b) of growth at 7 C #+ 2 C suggests a lower optimum

temperature for growth.

‘The peridial hyphae of g. chartaggg, ‘*witches-broonm-
like' in appearance (Orr et al., 1963b) 1is somevhat similar.
but the terminal branchlets are more spiny and less delicate
in appearance. Here again, the coiled conidibgenous hthae
are absentﬂ though M. chartarum ‘has an arthrobon;dial

imperfect state.

Habitat and Activities
Recorded only from soil, Utah (Orr and Kuehn, 1972) .-

M. circinata digests cellophane but fails to attack
keratin. . Hairs sprinkled on DSA become purple in color

"after three veeks ffom the diffused pigment.

uateriél Examined

UAMH 1890, TYPE, soil, Dugway, Utah, from Orr as 0-11C3 (DPG
111) ; UANH 3589, soil, Terra, Utah, from Orr as 0-3225 (DPG

118)

Malbranchea flavoroseus Sigler et Carmichael Sp. nov.

perfect state: Myxotrichum Kunze
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Pl B ey

i

Colonies on PYE gro%;ﬁoderately slowly (29-32 am in 21
days) adhering poorly to the cellophane so that the margin
lifts up and curls toward the center to form a distinct
petaloid pattern (Figqg. 13F). The margin is lobate with new
 grouth extending unevenly beneath ﬁhe raised periméter.

Colonies are creamy white, buff in the center, reverse dark

tan in the center, yellow at the periphery, velvety.

On cereal, colonies (Fig. 13G) are the same diameter,
flatter, pinkiéh buff in color and floccose. A dark brown

.pigment diffuses into the agar below the colony.

On oatmeal agar, colonies (Fig. 13J) become deep rose
pink.in>the center vith paler pink margin, floccose,
crateriform. Growth is optimum at 25 C with slightlv slower
growth at 18 é andVBOkC. ,Cleistothecia form most abundantly
at 18 C, developing at_fhe center and close to the periphery
(Fig. 13J). |

‘There is no growth at 37 C; the optimum range 1is 25-30

Arthroconidia developing on short, loosely curved or
arcuate lateral branches (Figs. 13H,13I) are cylindrical,
often curved, hyaline, smooth, 1.5-2um x 3-5um. In age,

arthroconidia become swollen, rounded or subglobose.
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Clé@stqthecia‘are spherical, approximately 400-60Cunm,
discretelgblac§“(Fig; 1uk)%:conposed of a network of smooth,
S g, N R Ay - !
A

ﬁéeptate dark brown peridial hfphae, 5-6um in

thick yalléﬁ¢
diaméter, hé?ing blunt tips and lateral bluntly pointé%
spines along the length deflexed at an acute anglg toward
the center (Fig. TQB). The blunt tipped ends of the

peridial appendages extend 120—200dm beyond the densely

”branched center (Fig. iﬁA); No other appendages are formed.

Asci and ascospores were not observed.
Holotype: soil, Riverside Coun.y, Califormia, by G.F. Orr,

UAMH 1051 (0-643) -y

iscussion ’ , R

Neither of the two strains studied developed ascospores

LTSN

even after prélonged growth and multiple transfers.
Attempts to cross the tvo isolates vere unsuccessful. A
third strain (UAMH 3909, NRRL 6088) received late in the

study also failed to develop ascospores. No isolation data

‘was provided with this strain, but it was deposited by .

G.F. Orr in NﬁRL. It could be the same strain as either

OAMH 1051 or 1065, ’ P

The perfect state of this specieslis assigned to

Myxotrichum primarily on the basis of its dark brown

peridial hyphae. In the absence of ascospores, a specific

epithet has not been chosen, nor can the isolates be

' assigned with certainty to any known species. Although
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(Ann. Nat. Hist. 1:260, 1838), this §p@cies differs 1in
severql respects. First, the cleistothecia are much larger,
1963b; Apinis, 1964); the appendages of M. deflexum_are
narrow 1.4-1.8um (Orr et al., 1963b) or up to 3um (Apinis,
1964) 1in diameter with lateral branches, deflexed either
upward or downward, having hyaline blunt apices, whereas
those of this species are wider, 5-6um in diameter, with
lateral bluntly pointed spines, brown in color, branched
consistently downwards (Fig. 14B); finally, a conidial state

has not been observed for M. deflexum (Orr et al., 1963b;

-y

Apinis, 1964).

Cther characters of this species are also common to

Myxotrichum. Orr et al. (1963b) reported cessation of

growth at 37 € for all Myxotrichum species, characteristic

reddish brown diffusing pigments, and pink or reddish>
colored colonies for some species,. Pink or reddish colored

colonies are notable in M. aeruginosum, M. deflex.z and K.

stipitatum. In addition, this species is cellulolytic, as

are other species of Myxotrichum.

Habitat and égtivggies

The two iscolates werq recovered in California, one from

' &
soil, the other from lung of kangaroo rat.

Both strains are cellulolytic after several weeks.
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Material Examined : S

<

UAMHE 1051, TYPE, soil, Riverside Co., Califorrnia, by G.F.
Orr as (=-643; CAME 165, 'lung, kangaroo rat, Palo Verde,

Qalifornia, from Orr as (-647; OAMY 3909 (NEEL 6088)

Malbranchea pulchella Sacéardo et Penzig 1882
Michelia 2:623¢

Synonvms

4

= Malbranchea boclogpesii=~-chiurcoi Vuillemin‘ Pollacci et
T i4
]

Nannizzi 1925, in;B@lqgnesi et Chiurco, Archivi di
— - ) ( o AT ,
Biologia 1:255-276 - . .

‘= Actinomvces bolognesii-chiumrcoi (Vuill. et al.) Dedge

1935, Medical Mycology p{ 766

‘/

) . _ , . . |
- malbranchea kambayashii Kambayashi 1924, -Archiv fur

" Dermatologie u. Syphilis 170:97-108 | f%{%ifﬁ

.

_History - » - e

Saccardo (1882) described malbranchea with a:single

13

species M. pulchella Saccardo et Penzig, Feiteratimng his . __

»

déécription.in 1886. _saccardo (1908) and& Saccardo and
: , ] v » o

Trotter (1913) reduced Miehe's (1907) thermophilic

Thermoideum sulfureumr to syﬁbuyny vith a. pulchella.
N . : . N

‘Two other species were described, HB. bolodnesii-

" chiurcoi VYoillemin, Pollacgi”and Nannizzi in Bolognesi and

N . B3

R -
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Chiurco (1925) and M. kambayvashii Kambayashi (193&). Though

we have not seen the 6riginal descriptions,‘Ealdacci,
Ciferri and Vaccari (1939) reviewed both and reduced them to
syhonymy with M. pulchella Based oi'a comparison of cultural

and microscopic characteristics of four isolates: + K.

" .pulchella of Buisman, M. bolognesii=-chiurcoi of Bolognesi

and Chiurco (1925) and Fivelloni (1938), and A. kambayashii

ofAKambayashl (19348) . with the exception of the Rivelloni
straln vhich showed scant growth, all failed to grow at 37
C. Furthermore, the ‘authors could find no reason to justify

bodge's (1935) transfer of M. bologmnesii-chiurcoi to

Actinomyvces.

Elisei (194Ca) in a similar comprehensive examination

of Malbranchea, revieged tbe literature and'als%&ftudied the
-same four isolates. “BElisei, - -revising the genus,.;oncurred
Jith Saccardo {(1908) in placing T. g%gfureug-in synonymy
Vwith m. pulchella. Elise€i 'also obse;red ; number of
microscopic features not previously recorded including
noédlar orgahs;‘spiral hyphae, and pectinate bodies.j The
latter wvere revieeeé again by Bl;sei (1940b) in cogparison
?;ngo§e dernatophyfes\ |
Fev reports of other galbranchea spec1es are c1ted in
the lrteratureiA In 1913, Sumstine transferred Rhinotrichum

gulgg ac gg Ellls to Malbranchea as M. inveracea., Linder

(1%42) dlsaggged and proposed the combination 01d1nu

pulveraceu- hecanse the conldla vere borne in chains on
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short denticles. Clamp connections on the hyphae indicate

that this species is a conidial state of the genus

- . . . - v
Botryobasidium of the Basidiomycotina or a related genus.

. Coéoney and Emerson (1964) studying a thermophilic

isolate of uélhranchea,proposed a new vérietyvg. pulchella

var sulfurea. Eowever a number of characters differentiate
the mesophilic M. pulchella from the thermophilic isolates
suggesting that the latter should be included in a ;éparate'

species. /
. i j

More recently, Wang (1965) again described and

illustrated a mesophilc Malbranchea pulchella isolate

palp sanplé.

VYon Arx (1970) stated that Malbranchea idbkuded[i/oi 4

- : v

species, but named only H. pulchella.

Description . o '(/

/

. Colonies on PYE (Fig. 14C) growing noderately?slduly
(26-33 mm in 21 days) are glat; or adhere poorlyctovthe
cellophane membrane, so.thai'the center or the margin
detaches‘ahq 1ifts'ﬁp‘vith n:tngrovth~extending beloﬁ. The
nérgin is éntire, or lobate and'nndulate;l Colonijies are
thte“¢r mostly tan_of pale'brovn, reverse tan or yellow,

doiny or velvety in texture. Creany vhite exudate droplets

occasionally form on the sarface. - v‘\J//F\;)

On cereal, colonies (Fig.. 14D) attain a similar
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diameter (20-30 am in 21 g?ys) but remain more firmly
attached to the‘cellophané; In appearance, colonies are

tan, white or buff reverse pale or dark tan Or yellow, flat

fulth a central umbo and fev outward radlatlng folds, or dome

shaped, downy or velvety. Droplets of white or brown
exudate sometimes form on the surface, and a brown pigment

diffuses into the agar below.
Good growth occurs at 30 C but there is no growth at 37

| gz ¢
Fertile hyphae, arising as short 1 eral branches from
the narrow (1-2um wide) vegetative:hyphae_form multiple >

branches which are tightly coiled, arched, or curved

(Figs. 14E-14H). Arthroconidia'afe cylindrical, curved,

‘hyaline, in mass tén,'smooth 1.5=3um x 2-6.5um, mostly 1.5-

2.5um x 2.5-%5um. Accessory arthroconidia are rarely formed

by segmentation of the primary hyp?he;

Typical strain: from pulp sample at paper tovel mill,

N. Y. State, 1959, by C.J.K. Wang, UAME 1560

Discussion

Considerable variatigQn was initiélly.evident among

1solates received as M. Eulchella. 'Based on Saccardo's

measurement of the conldla as 3 x 2 Sun as well as e

exallnatlon of photonlcrographs fro- a sllde (Dhou u131ﬂ) of

the type, so-e of ﬁfise 1solates haVe been excluded (see

"Malbranchea flocc1fornls and M. 1gvorosgus). Arthroconidia
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Figure 14. A-B. Malbranchea flavoroseus (UANH 1051) . C-H.

ﬁalbranchea pulchellé (C D,F,G,-1560; E,H-3189) . I-L.

Malbranchea state of Auxarthron conjugatum (I,J-3817; K,L-
3156) . Flg. T14R. Clelstothec1um composed of dark brown
peridial hyphae. Fig. 14B. Peridial hypha with deflexed .
lateral spines. Fig.. 14C-14D. Colonial morphology after

21 days at 25 C. C on PYE, D on cereal. Fig. 14E-14H.
af

L» .
Coiled or curved sporogenous hyphae. Fig. 14I-149.

Colonial morphology after 21 days at 25 C. I on PYE, J on

2 . . . i
cereal. Fig. 14K- 14L. Alternate arthrocopidia of curved
o

branched and stralght prlmary hyphae. Cdlopies x 1.0,

\

others x 830, except A, X 210. @R%



L
$ila
e

<»



. 173

of 5AOH 41374 measure 1.5%um x 2=-4um. Of those remaining,
_UAMH 3794 (strain Kambayashi) differs from the others 1in
forming slightly larger arthroconidia (2.5-3um X 4.5=6um)
and wider primary hyphae’(3um«wide) which fragment to form
accessory arth;oconidia;. However, “this strain resembles the

-

others in colonial morphology and failure to grow at 37 C.

Gy A R}

A' UAME 3783 (stré&ﬁ Rivelloni) failed to grow at 37 C
although Baldacci et al. (1939) repogfedugiight growth.
Also the size of,Lhe arth¥ocdnidia, 2.5-3um x 3.5-6.5um
differs slightly from the measurements given by them (3~Uum
xh6.557.5um), but variations could be eipected in- view of
the prolonged maintenance of this isolate. Indeed, Cooney
anﬁ Emerson (1964) reported no sporulation at ail. In UAMH

3907 (strain M. bolognesii-chiurcoi), production of arcuate

fertile hyphae was weak. However, this strain was initidlly
contaminated with bacteria and at first,vfailed'to sporulate

at all. when freed of contamination, sporulation occurred

.-, RN St ) : E
< A - ‘

after prolonged growth on cereal agar. However, this strain

appears to be somewhat degenerate; Baldacci et al. (i939)

:épdrted arcuate hypbae in the type strain of M. bolognesii-

chiurcoi. i =

"

‘None of these three strains corrésponds exactly with
the-typical strain. However, all three more closely

resemble M. pulchella than any other species described

herein. ' ,

a

In general, the follawing characters distinguish H.
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pulchella from other species: buff or tan slow growing

colonies, no growth at 37 C, lack of accessory arthroconidia

and presence of cellulolytic activity.

Habitat and Activities

Occurrence: Reported from cardboard (saccardo, 1882) and
pulp (Wang, 1965), USA, wallpaper, and human sources in
Italy, China, Sardinia (Baldacci et al., 1939; Cooﬁey and
Emerson, 196@). Hubalek, Balat, Touskova and Vik (l973) and |

Hubalek (1974a,b) isolated M. pulche€lla from nests and -

feafhefé of birdé in Czechoslovakia and Yugoslavia.
Pathogenicity: Cooney and Emerson (1964) in discussing the
pathogenicity of the hum%! isolates\noted that 9x§§rimental

, : .
inoculation by Vuillemin}-Pollacci and Nannizzi intc white
‘rats, énd by Kambayashi into guinea pigs reaffirmed the
pafhogeni;ity of their isolates. However, similar ‘

‘experiments by Rivelloni were unsuccessful in demonstrating

pathogénicity.

Activity: g.\puléhella digests cellophane after several

weeks: A single strain (UAMH 3189) also digested keratin

élightly vith single hyphae penetrating the hair.

Material Examined

 UAMH 643 and 1191, photomicrographs of slide (DAOM 41374) of

TYPE; vwet cardboard; UAMH 1560, from pulp samp}e at a paper
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towel mill, N.Y. State, 1959, by C.J.K. Wang, State
University ot N.Y., syracuse; UAMH 3189, card, Gravesend,
England, by P. Russell (BS421), 1954, from CML as 572Q06;
UAMH 3783,”§£S 204.38, from Ciferri as 'ceppo Rivelloni';
UANH 3794, from CBS 203.38, from C@ﬁerri as M. kawmbayashii,

1938; UAMH 3909, from CBS 202.38, from Ciferri as M.

bolognesii-chiurcoi, 1938

Malbranchea state of Auxarthron conjugatum (®uehn) Orr et

Kuehn in Orx- et al. 1963a, Can. J. Bot. 41:1452

Ccrr et al. (1963a) transferred Myxotrichum conjugatun

Kuehn (1955b) to Auxarthron. De Vroey (1970) referred to a
new spéqies of Auxarthron isolated from soil in Burundi and

his fig. 39 indicates a resemblancé to A. copiugatun.

Description

-Colonies on PYE (Fig. 14I) grow moderately rapidly (46~
S9 - mm in 21 days) and are pale yellow orange or o:ange—buff,
reverse dérk oraﬂgg, dry, powdery, cracked or povwdery near
the center with downy, creanmy vhite overgrowth and
periphery. If mostly powdery, the colony is flat with
central downy umbo, othervise zonate with 7-8 outer zones

including the margin.

on cereal, colonies (Fig. 14J) are orange-buff in

o,
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color, flat, powdery or with downy creamy white to pale
orange pleomorphic overgowth, reverse light to dark orange.

Cleistothecia form near the center‘pf the colony.

Growth at 37 C is slow (7-9 mm at 14 days); the
colonies are pale orange, heaped up, downy, ot velvety,

reverse tan or orange.

Arthroconidia borne on narrow lateral arcuate branches
(Figs; 14K, 14L) are cylindriCal, curved or straight, sméoth,
hyaline, ig,age'pale orange.'1.5-2um X 2:S¥5um. Arthro=- 4
conidia formed by segmentation of the broader, straight
hyphae (Fig. 14i) are 3‘x 3-5um in diaweter, often becoming

swollen, rounded or subglobose in age (Fig. 15A).

This sbgcies"is homothallic, and the pe t state has
FRA T .

been described in:detail by Orr and Kueti’&XQ\A r et al.,

1963a) . k//\g/

Discussion

In early stages of growth, the Malbranchea state of

Auxarthior conjugatum closely resembles M. auragntiaca. The-

Malbranchea states are difficult to differentiate, both
forming orange colored colonies, and having arcuate fertile
hyphae and arthroconidia of a similar size range. Inde«.d

in order to determine the relationship between the tw>

species, strains of M. aurantiaca wvere crossed, and sinqg: >
ascospore isolations of several A. conjugatum strains wvere
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attempted. However, single ascospore isolates from tive
. .

strains (UAMH 3130, 1156, 3%%6, 131917, and 1519) ot A,

conjugatum were consistently self-fertile. The sexual

crosses of M. aurantiaca were negative with the exception of

one cross, UAMH 1707 x 3705 (Table III) which formed a
single cleistothecium\having elongate appendages and
containing few spiny, oblate ascospores (see Malbranchea
l 4
5

aurantiaca) .

In their original descripfion of Auxarthron conjugatum
orr and Kuehn (1963a) noted that elongate appendages were
straight, hooked or coiled, rarely branched. However,
apical branching of elongate appendages (Fig. 15B) occurred
frequently in all strains of A. c¢onjugatum when cultured ‘on
a variety of hedia, including cerééi, qatmeal and DSA agar;
A single cleistothecium, in addition to branched elongate

appendages, also bore some which were unbranched, straight

or hooked at the apex.

~orr and Kﬁehn_(1963a) reported that ascospores of A.
conjugatum iereysphericaiior ovoid, asperulate, smooth when
young but becoming asperulate in age. Our examination
indicates that the éscospores are oblate (Figs. 15C,15D),
1.5-2.2um x 2.5-3.2um ahd very fiﬁely roughened. In all
-strains examined, the as;éruiate nature of the ascospores is
almost beyond the'resolution‘of the Phase contrast_light
nicroécope. Even at highvlagnificgtion (127005, t?e finely

roughened edge of the'ascospore is barely discernigié
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(F .o 1hC,15Dp) . Scanning electron microscopy wvould be
regu-red to resolve the exact nature ot the asCcos poLe
surface.

—

e e e e S D

Fecovered from soil, dung, feathers and lungs of
fodents, in the USA, from Arizona, California, Kansas, and
from Australia, Mexico, India and the Sudan (Orr et al.,

1963a).

A. conjugatum is keratinolytic, producing slight to
moderate digestion of hairs without the aid ot penetrating

bodies. Cellophane is not attacked. |

Material Examined

From soil: UAME 3156, TYPE, Arizona, by C.®¥. Fmmons (47),
from R.K. Benjamin, RSABG as 1530 (NRRL 1244, 0-520) ; UAMH
3516, sudan, received from L. Ajello, CDC as 32 b; UANMH
3517, Sudan, from L. Ajello, CDC as 32 a; UAMH 3519, sSudan,
from L. Ajello, CDC, as 28 a; UAMH 3817, India, by Ghosh,
from Orr‘as 0-1236; UAMH 387&, Kansas, from Orr as 0-3750;
From other substrates: UAMH 3?30, lizard dung, Chihuahua,‘

" Mexico, by R.K. Benjamin, 1964, RSABG as 1474; UAMH 3841,

31532 R ¢ N
N

Halbrancheafsg;fﬁrea_(uieheﬁ’Sigler et Carmichael’
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&
Figu: »%dS. A-D. Auxarthron conjugatum (A,B,D-UAMH 31565 C-

_— e A R e el

381 ¥ »-J. pMalbranchea sulfurea (E,I,J-2u85; F,G-3748; H=
20g6)p« K-M. Halbranchea dendritica (2731) . Fig. ~ 15A.

*nlaiged arthroconidia and curved sporogenous hyphae. Fiqg.
‘5k.  Apical branching of elongate peridial appendage.

Figs. 15C=15D. Oblate, finely asperuiate ascospores. Fig.
15E. Alternate aréhroconidia borne on curved or coiled
branches. Figs. 15F-15G.. Colonial morphology after 7 days
at 45cC. F on PYF, G on cereal. Fig. 15H. Curved
sporoqenous‘hyphae. Fig. 15I. Thick walled chlamydospore.
Fig. 15J. Thick walled mature arthroconidia. Figs. 15K-
15L. Colonial morpholegy after 21 days at 25 C. ‘K on PYE,
1L on cereal. Fiqg. 15K, Branching af an acute angle of
fertile hyphae. Colonies x 1.0, others x 830, except C and

D, x 2300.
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comb. nov.

. A
synonyms ' N

Thermoideum sulfureunm Miehe 1907, Deutsche Botanische

Gesellschaft 25:515 (Basionym)

il

Halbranchéa pulchella var sulfurea (Miehe) Cooney ‘et
Emerson 1964, Thermophilic' Fungi p. 102

»

. History

In 1907, Miehe createa a new gpnus and species

Thermoideum sulfureum for a fungus hewfound growing on

.

spontaneously heated compost heaps. B& étudying the fungus
in culture,.miehe not only, established the thermopbiiic

uatufe of the ofganism bt also accurately illustrated and
described the formation of conidiaf According to Miehe, the -
curved fertile hypha divided itself into short segments;

which later developed an internal thickened membrane téAform
the spore. 1In  the process, not all the cells became spores,

but only alternate ones. Saccardo (1908) and sSaccardo and

Trotter (1913) reduced Thermoideum\sulfuf%ug to synonymy
with M. Eulcﬁella without regard for the thermophilic nature

of the organism.

-

Elisei (1940a) examining four mesophilic strains,

followed Saccardo (1908) in placing T. sulfureum in synonynmny

with M. pulchella.

In 1964, Cooney and Emerson reviewed the history of



morphology of a thermophlllg strain. 1sol&@ed by Emerson in -

.1945. Their fungms corresponded in appearance to the

’

description of the thHermophilic Thermoideum sulfureum of.

o

Miehe (1967).. A comparison with the stud; of Baidacci et
al. (1939) of four mesophilic isolates indcated that ‘these
erganisms differed at least in temperature relations.

Cooney and Emérson éxépined.;vsinéle mesophilic: strain a
(strain‘%ivelloni) which failed {o sporulate ;nd they were
unable £é make a definite distinction betueen the
thermophilic and mesophilic isolates. Therefore they

proposed a new variety for the thermophilic‘isolatesk\ e

Malbranchea pulchella var sulfurea (Miehe) until §;more’

comprehensive comparison of the mesophilic and thermophilic
strains could be made. I \

+

An examination of a number of isolates indicated that
. - o

the thermophilic strains are distinct from the mesophilc M.
pulchella and therefore a new combination is proposed here.

. .

De'scription

At 45 C, colonies (Fig. 15F) on PYE grow rapidly and
robustly, almost or completely filling the petri dish by 7

days, and beé?ming dense and thick; smooth or with few

‘

outward radiating folds, velvety with coarse,'cteamy yeliow
tdfts of hyphae over the surface. The color is sulfar
yelloﬁ or yellowish tan, with yellow or pink margin, turning

182 <

=
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by 21 daysitq a dark gold or buff brown or deep reddish

brown color. 'Largé droplefs of dark' brown exudate appear on
the surface.by 7 days (Fig.!15F), gradually‘drying and

leaving the surface of the colony pitted and mealy in

appearance. The me@ium turns dark brovn'or black from ¢

diffused pigment. - At 37 C, growth is slightly slower (70478
! : . ° . -

mm in 7 days) characteristically sulfur yellow im color with

~darker tan center, and otherwise simila; in appearancé to -

-

colonies at 45 C. Pigment éroduétion is slightly reduced at

37 C.. h o,

o

o
I3

At 45 C, éolopies (Fig. -15G) on cereal attain a.

diameter of 79-81 mm by 7 days, and are sulfur-yellow, flat,

>

A

coarse, and mealy with‘tuﬁts of yellow hyphae. TInitial
yellow exudaté>d£;plets\later td;p dark brown and wheﬁ.
dried, leave the éolony‘pifteﬁ. By 21 days, the coiony
turns dark'tgn oﬁ reddish. brown, in appéarance a dense,
thick m;t; smooth often wifh few ifregula; folds, ana
velvety. Diffused pigment furns the medium dark brpvn in
color. Growth at 37 C.is slightly slover, buf otherwiéé

-

similar.. The color. at 21 days is dark reddish brown.

Pigagnt,production appears slightly reduced.

Degenerate or less robust strains (UAMH 2“81, 2486, and
CBS 423.54) are greeniéh grey or-drab grey in color,
glabrous, hairy or .leathery with scant aerial growth. The

pigment exceted into the medium is much reduced.

- °

The ,arthroconidia are borne on curved or loosely coiled
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lateral branches (Fig;. 15E,15§) arisipg from broader

vegetative hyphae (3-6um 1in diameter). The vegetative

=

hyphae are hyaline, later yellowish brown.with prohinent
racket hyphae, the enlargement at. the septum reaching a
diameter of 9uagor more. In some.stralns, thick walled
1ntercalary or terminal chlamydospores (Plg 151) formed,
lncrea51ng in abundance at 45 C. Arthroeenldiay(ﬁig. 15J)
are éy;indrica;, often curved, thick walled, often vith
attached hyaline frill from the outer hyphal wall\bf the

separatlng empty cell hyallne at flrst 1ater yellow ,tan

or yellowish greem- (2)2.5-4(4.5)um X (3)3 5 7. 5(8 Syum,

-

- mostly -3-4um x 4=-Tum. - ' o

A}

.Discussion .

»

Cooney and Emerson (196wffand Avao and Otsuka (1973).

: provide further accounts of the morphology 6f thi§ species.

. r

M. sulfurea differs from M. pulchella in its. .
thermophiliy nature, its colonial morphology, its broader
vegetative hyphae and its thick-walled broader

arthroconidia. In_its'%apacity totgrow at‘high temperature,
M. sulfurea is distihct from all other species of

: A\ - v - .
Malbranchea. Furthermore, chlamydospores are formed

©

regulariy,

“

o

the isqlates'by pairing them on oatneai agar at 37 C in 3%

C02 were unsuccessful.

-

No other spore state was observed and attempts to mate' '



- Y ~

Habitat and Activities

Occurrence: Numerous recordsof M. s ulfurea from heated

substrates 1nd1cate that thlS spec1es is ublqultous and has

&

¢ ' )
a Héjld -wide dlstrlbutlon. » T -

M. sulfﬁrea has been reported froa. plant H&aps and

LY ,

fottlng plant naterlalil guayale rets, Callfsrnla (Cooney'
anchﬁsfson»_196u); céngosting heaps, Germany, Texas (Mi€he,
'901# Rode,’Féster and Sshuhardt, 19&7);\3heat strav. .

'compost, Ehglaﬂd (C;ang'andnﬂﬁdSOn, 5967;.and stacked

‘tochco leaves, South Africa (Eicﬁer,'1972); It has béen

7 -
N .

isolated'from soil in Japan 1Avao and Otsuka, 1973); peanut

——

ikerkhls and assoc1ated 5011, Texas (Taber and Pettlt, 1975) ;
coal spdil tips, England. (Evans, 1971) fésces of Cape
sp‘ar:l:ow,v Sonﬁh pfrica (Eicker,‘1972): dung of deer, Japan
(uinoﬁra, Yokoe, Kizima,.and Behiray 1973) and cattle,

Alberta; hen-house litter, Netherlands; sanuff, USA, (Tansey,

1975) and from air sample surveys,’Ehgiand (Hudson, 1973) .

M. sulfurea*is notably absent from self-heating” wood
chip piles (skields, 1969; Tansey, 1970 (Abst;act)} 197 1b;

. : 3
smith and Ofosu-Asiedu, 1972) .7

Grovth rates: Table 1V compares naxi}un diameters o
colonies of M. sulfurea tested at five temperatures./ Growth
occurred at ZSQC, albeit siowly, and at 55 C for all

9 :

isolates tested.
<«
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TABLE IV R
DIAMETER (MM) OF AGAR PLATE COLONIES OF NAIBPA!;&,Q N
SULFUREA AFTER GROWTH AT DIFFERENT TEMPFPA"LQ S

y s
=
3 AN
’ ".' -

P R e

| S T Al T T LA B |
. { | 1 | ] |
Temperature | 251 | 301 | 372 | us52 552 1
(°C) | ! i v I |
} + ~+ —+ - —~—
oo | . | { 1 “
Time (days) | 28 | 35 | 7 | 7 -7 {
) | ] 1 { | |
—— e + - ) | 3 1 . 1 __{
. i ' 1
zu81 | + 75 78 S0 N [
1 |
2485 { + 30 73 50 42 t
| |
2486 | + 66 72 90 N |
i ° ]
3747 { + 23 T4 80 26 ]
i . . } - .
3748 i + 16 R 80 10
| ' ’ |
3761 | N N N N 32 1
| !
- 3788 o N N N N 42 1
1 i
3789 | N N N N 25 |
| ) !
2 -
Legend:

Scant growth (dlameter of colony < 5 mm)
.Not tested: . -
Growth tested on oatmeal agar only
‘Growth tested on PYE agar

N =2 ¢

[y
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)
"he mipimum temperature is close to 25 €, the maximum

55=-57 C (Cooney and Fmerson, 1964} . Chdpman (1914,
x
studying the eftects ot temperature opn growth rates of

several the}mophiles,.concluded the optimum for M. sulfurea

“ " B
wvas 4C-45 C, with no growth =t 30 'C or 55 C after 8 days.

2

. ‘. - : . . - n
Cellulof}tic Activ;ty: u. §gl£g£§g attacks cellophane

vigofously, markedlyiweakening the mewbrane by 21 days.
- S . : \ ’

‘Cchang (1967) reported growth on xylan, the major ,

hemicellulose of. straw, -wvhen provided as the sole éarbon
source, but no utilization of cellulose in the form of
filter paper, a finding“confirnéd by Fergus (1969). Fergus

(1969) demonstrated th:t use of carboxymethyl cellulose by H.

]

ulfurea. Tansey (1971a) measured the zone of cl?aring of

acid swollen cglldlose in an, agar medium. Though g.i

]

ulfurea produced a definite clearing,-indicating
- - P
cellulolytic activity, the zonal front was indistinct and

diff}pult to measure. Tansey suggested that a portion of
the system of enzymes réquired for digestion of#cellulose
could be lacking, thereby rendering the organism incapable

of attacking insoluble.cellulose;

o

Metabolités: Rode et al., (1947) identified an antibiotic
from g._suifurea as comparable in activity to authentic
penicillin.

0 . -
o

‘ong and Gaucher (1973), examining a nupmber of

. .
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thermophiles, characterized intracellular and extracellalat
proteases, one ot which, the extracellular alkaline proteasse
ot M. sulfurea ha:s been detined by Voordouw, Gaucher and

Koche (1974) ass thermomycolase, a thermostable protease,

protein in nature.

Lipids: Mumma, Fergus and Sekura (1970), studyling the
lipid composition of some thermophilic and mesophilic fungi,

xwg%g&ﬁﬁ 3 difference in the degree of saturation ot tatty

a Ta

3

-aciqs, measured by the number of double bonds per mole of
fatty acid. The thermophiles, in comparison to mesophiles
of the same genus, were found to be more saturated l.e.
have fewer double bonds per mole. Crisan (1¢73) pointed to
the' higher melting point of the saturated fatty acids as a
factor in'the thermostability of these organisms; and
discussed lipid stability as one of four hypotheses
explaining thersophilism in fungi. However, Ccrisan
considered the best explanation of thermostability resided

in the basic ultrastructure of the organism, possibly in the

B

integral genetic make-up, the cell structure or the

ribosomes.

-Mumma et al. (1970) finding a higher lipid composition
for M. sulfurea than some other thermophiles suggested the
difference was due to extraction of the soluble pigment.

[

Material Examined

UAMH 3761, NEOTYPE, from retting Parthenium argentatum,




1y g

Salitnas, Calitornia, by Feacrson (27), 1945, trom CAT o

1,637 From ensaalang altalta hay fortage: UAMH BTN
rholated 19973, 1eceived trom “Semeniuk, South Dakota State
Universiity, FL(H)kinfﬂ, A WO UAMH 24d5%, 1954, trom Semeniuk
a5 WSl UAME Jdbe, 105;, from Semenink gan 4549 From lunazs
HAMH 1747, manure 1n-cattle teedlot, I,vt,’h!midqu, Alberta, by
Y.G. Rell, 1974, Fesearch Station, Lethbridge ac 19 UAHQ
3748, manure in cattle feedlot, Lethbridge, by k.o Rell,
1974, as 2; UAME 3789, deer dung, Hiroshima, Japan, by
K. Minoura, 197¢, from Tubaki, IFO, as 9739; From other

.

substrates: UAME 3827, soil, hen-house litter, by

A.H.M. Grimbergen, from CBS as 343.55; yaMH 3857, seed of

10

ryza sativa, China, from CBS as 115.68; UaMH 3858, trom CES

s 960.72; CBS 423,54

o]

b) Halbraﬁchea species with straight fertile hyphae

Malbranchea dendritica Sigler et Carmichael sp. nov.

History

During a search for Coccidioides immitis in California

soil, Plunketf, Walker and Hueppert (1963) isolated three
fungi'which produced arthroconidia from acutely branched
hyphae, giving a “pine-tree appearance" tovthe sporulation

- in slide culture. Théy inoculated three mice
intraperitoneally with each strain and killed thes after 10,

15 and 20 .days. small nodules were found in all mice, but
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no endonporulating wphetuler were oo "When planted on
medra, theoe nu(iTu]:-:, yrelded colontes that were pdentaoal to
the orrginal culture, Isolates trom tiaiue Wwoepe pretated
tor 1noculation 1nto a cecond aroup ot tive mice, onthe

Jth day atter 1noculation all mice revesled vndosporalating
spherules gt autopsy and establaished the pdentaitacation as
C. 1mamlitis. The cultures recovered from the @ice wepe again
1dentical to the original one." Desprte the dlocrepancy
between the results of the first and second sets of mouse
inoculations, they 1dentified thelr 1solates as atypircoal

~

Coccloides immitls.

Huppert, Sun and Péiley (1967) studied a collection ot
301 Sttains of fungi which would grow on media contalining
cyclohexamide. They stated that for each strain
endosporulating spherules had been demonstrated in mice
inoculated intraperitoneally, and the fungus recovered 1in

culture. Thus, they identified all their strains as C.

immitis, regardless of their colonial and microscopic
morphology. Details of the animal inoculations were not
given. Some of their isolates (strain numbers not given)
had acutely branched fertile hyphae and their Figure 6 shows
the microscopic morphology which we nowv consider to be

characteristic of M. dendritica. Their Figure 7 shows a

Malbranchea similar to M. gypsea (q.v.).

Orr (1968) isolated a dendroid Malbranchea from soil.

Later (Orr, 1972) he compared the pathogenicity of this



Lholate (MAME 2741, DPG=1ul) with everal other tholate ot

Malbranchea, tocluding ctrains ot . qypea apd with .
Coccrdiorde: 1mmptys.. Pasnage ot each organicm thougl myoe
feculted an lewian: tn the spleen and liver but o no
endonjporulating sphetule:r were Obcegved 110 Broe otherp than
the ones 1noculated with 0 1asltis, In widation,

hi: topatbhologrical examination revealed no funaal clesenty,
althongl the arthtoaleurionporse tormers could he ptecoveped
in culture trom the tisisue. Balbrancheq depdritica wa:
recovered from the lungs 1n addition to the spleen and liver
and survived four serial passages thouah mice, control mic:
inoculated with physioloaglcal salime vere negatyve,

Tt appears probable that the three 1s0lates of Plunkett

- .

"t al. (195€3) and some of the atypircal Coccidiolrdes r1mmity

et al. (19€3) and some OL the altyploeal L2LLlull 2r2 1 Lz
strains of Huppert <t al. (1967) should be 1ncludedl an

malbranchea dendritica.

The colony on PYE (Fig. 15K) is moderately slow
growing, reaching a diameter of 31 mm in 21 davs, creamy
buff, reverse buff, rising to a central plateau, velvety.

on cefeal (Fig. 1SL), the colony reaches a diameter of 37 am
in 21 days and is white, reverse white, slightly raised with

scarcely distinct zonate pattern, velvety.

Growth at 37 C is slow. On PYE, the colony is 23 mm in

diameter, white, heaped up and convoluted, velvety. The



vabage ot the coteny fiuY<1x’l:“*“.&\‘lﬂ the el loyhane meabl 1he .
nooereal the oty 1 S0 mmoan cbyameten t 1yt At the

1

jertptory tut Cerelr1torm 1t cepnter, Waxy, parte gttt

yngle trom YT

-
-
-
pr
-
-
-

tor tertile hypha, traneh

prtamary hypla (b YoMy 3 s traraht, teatire an gty ch!

a1 Lotg lateral e boe - Pranchatier ot o antay s te it by v
AT rotte argle grvynhio the teptale ?.1‘{;‘?41 v ot lee= 11k
appeatance (Fia. 1e Ay Arthioconadia e TR Y LR
the ap1oal part ot the marn axic ot the tertrle hyihaoocpton
the loateral bPranches (Fra.o Yeb). Later, tone Tacae ot i

hyiha atd the ;1imar ¥ hypha become teequl.

-
=
—
<
-
-
~
~

tollovwed by separation 1nto Arthiocotidla. AT thpoc oy b

[
—
[

are separated by one or Bone vEptY emEent:
Legment often shorter than the lenagth ot an atthioconi liam,
Arthroconidia 21+« hyaline, smooth, cvlinlroical 1. (0 um X
i=Sum.

dolotype: sorl, Dugway, Utah ty G.¥F. Orp, uraw ST (Drae

161)

The regularly acute angle of branching of the tertile
hyphae distinguishes M. dendritica from all cther species of

Malbranchea.

Habitat and Activities
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in the specimens of Szathmarny and Plunkett. Several fungi

were isolated from Plunkett's hair bait sample (all

A

designated OAP- 19-317), two of which had arthroaleuriospore

states. Orr and Kuehn (1963) suggested that a keratin
- source such as hair may be required for cleistothecial

N
~

"development. ) ’

o~

Apihis (1964) reviewing Actinodendron verticillatum,
.examined several specimens, including Smith's type material,
Stockdale's sﬁecimgg from sheeg's wool (HERB IMI 100,300),
an isolate of his own from a dead bird, and ?pe from
feather; placed in a damp cﬂamben (HERB~K) . ‘én the latter
paterial, Apinis observed asci and ascoséores as yel} as thes
characteristic appéndages in older brown g;usters forﬁed on
the feathers. Also aéébciated was a conidial state

consisting of conidia resembling the aleurioconidia of

Chrysosporium merdarium and the arthroconidia of Geotrichum

and also endogenous microconidia. Apparently, Apinis did

not attespf to make pure cultures from the feath¥rs.

Subsequently, Huéhes (1968) comparing the type Specimen

of Oncocladium flavum Wallroth, a Hyphomycete, with the type

specimen, HEPB'BM, of Actinodendron verticillatum, concluded

theé verticillate hyphae in both were identical. 1In the

specimen of 0. flavum, Hughes observed neither asci nor

[ ¢

ascospores, nor any conidia of the Chrysosporium type, but

reported an arthroconidial state resembling oidiodendron.

According to Hughes, the verticillate hyphae vwere
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s . . P .
characteristic of oncocladium. Since Wallroth's original
description did not refer to ascosporesf Hughes considered

Oncocladium flavﬁm to be the'conidial state of Actinodendron

verticillatum. He also’suggested that Oncocladium could

prove to be an earlier name for Qidiodendron.

The taxonomlc p051t10n of Actlnodendron vert1c1llatum

was complicated by Oorr and Kuehn (1971 “who accepted Hughes*
appraisal of 0. flavum as a Hyphomycete, amrd proposed

rejection of A. verticillatum‘Since ascospores had not been,

observed in any but Smith's type specimen. Apparently, they
falled to0 examine the two specimens reported by Apinis
(1964) to have ascospores. OIT and Kuehn (1971)'Eoncluded

that the verticillate hyphae were structures of the

Hyphomycere oncocladium and that the ascospores present in.

"smith's type material were not-part of the same fungus.

Eased on these conflicting reports, it‘is difffcult to
assese the true nature of Oncocladiég. on the one hand,
there is Apinis' assertion that ascospores are present in
clusters bearing verticillate hyphae, and on the other,

there is Orr and Kuehnts (1971) rejectlon of Actlnodendron.

While both Orr and Kuehn (1963) and Szathmary (1967b)
reported verticillate hyphae in keratin-baited Lanples, to
our knowledge,_neither has induced their formation in
culture. However, the list of cultures of oncocladium
flavum examined by orr .and Kuehn (1971) includes isolates

from Plunkett's hair bait sample (OAP=-19-317, miscitation

< RS
- . . -
L
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OEP=-19-1317) (Oorr and Kuehn, 1963) as well as-several

arthroaleuriospore formers corresponding in appearance to

isolates described as Gymnoascus verticillatus by'Szathmaty .

(1967a,b) -

In specimens we have examined,hﬂERB IMI 100,300 of
Stockdale, and HERB IMI 100,445, a few spiny, oblate

ascosp®res vere observed in the latter. The label Qn the

specimen‘indicated Anixiopsis stercoraria [ = Aphanoascus

o .
fulvescens) to be presé%&l Conidia of the Chrysosporium

type and the appearance of the ascospores agree with A.

o

stercoraria, although no cleistothecia were observed. In
any case, the appearance of the ascospores did not agree
, s :

vlth the descrltwlon of Smith (1900) and Apinis (196u4). No

ascospores vere observed in the two slldes of IMI 100 300.

In both specimens, hovever, an arthrocoﬁidial sState is
present within the clusters bearing.verticillate. hyphae
(Figs. 16C,16D) . pseudocleistothecia or’peridial appendages

have been observed in culture in some heterothallﬁc

Gymnoascaceae, notably Ctenomyces serratus (Benjamin, 1956),

Uncinocarpns'reesiiL»and some Myxotrichum and Arthroderma

species (Varsavsky and Ajello, 1964 ; pPadhye and, Carmlchael

1973; Sekhon, Padhye and Carmichael, 1973). The perldlal

hyphaé of the pseudoclgistothecium resemble those of the

A

fértile cleistothecium, but the structure, devoid of asci

and ascospores, contains only conidia. According to

Benjamin (1956), the presence of infertile cleistothecié &
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confused the taxonomy of Ctenomyces serratus Eidam‘for“many
years. Eldam descrlbed ét nomyces as having two stages,' a
fertile cleistothecial state and a sclerotlal or resting
state. Houevei, Benjamin (1956) shoued that the specimen

examined by Eidam-. contalned-tvo different fungl, the- first,

Arthroderma curreyi and the second Ctenomyces serratus. No

ascospores were repqrted by Eldam for the sclerotial state

but - Ben]amln (1956) retalned the name Ctenomgces serratus

for the fungus dlstlngylshed by the characteristic comb-

. like appendages.

The infrequent occurrence of ascospores in Oncoé&adium

suggests that the fungus méy be heterbtﬁallic reqdirin§
mating of coﬁpatible strains before fertile cleistothecia
are formed. It seems pfobable that the vertiéilldi? hyphae
arise as thick walled extensqpns of the vegetatlve hyphae,
formlng clusters ‘on the natural substrate, but remaining-

‘o

1nfert11e unless compatlble mating .types are present. In

the Malbranchea state of Unc1nocargus reesii unc1nate

appendades, arlslng as extensions of the vegetatlve hyphae //

Fn

also intertwine to form a cleistothecium vhenfcdmpatible_

strains are mated.
) |
!

The #erticillate hypﬁa'ofloncbcladium flavum is narrow

[

at the base, but becomes wider at the apical or éistalﬂend,
terminating in a blunt tip and occasionally extending into a

hyaline 'septate hyphal appendage which gradually natrovws to
) : . £/

a diameter of 2-3um!(Fig. 16C)a\ The branchlets forming the



\ﬁ\ 198
verticils are pointed at first then become blunt tipped as

the apical segment detagbes;' In this respect, the hyphae

resemble the peridial hyphae of some Myxotrichum species
which often terminate in blunt spines;'the terminal portion

having broken off.

For the present the true nature of the association of
the appendages with the arthroconldlal state is not
deflnltely tstablished. Though Hughes«(1968) has suggested

oncocladium flavum 1s a Hyphomycete characterlzed by

-

vert1c1llate hyphae, it appears to us more llkely that these

hyphae are peridial appendages of the perfect state. If sos,

‘the’nameAOncocladium'could_be*retained'for'the perfect state

since the key feature of Oncocladiug,‘as Hughes (1968)

noted, 1Is the vert1c1llate hyphae. The arthroconldlal

state, clearly dlStlDCt fron 01dlodendron 1s\a551gned to
\

galbranchea. - o L -~

Description

Growth on PYE (Fig. 16F) is moderately rapid with the
‘diameter at 21 days varying from 39-61 am. Colohies are
lewmon yellow with darker gold center, occa51onally sulfur
yellou,‘greenlsh yellov, or creany whlte, povdery, rarely
woolly, dense,'dry, separatrng and llftlng fron the
cellophane in the center and\beconlng undulate with folds
extendlng to the margin. The center and outer folds deVelOp

o

deep cracks or sp}itsvas the co;ouy.ages. The colony N
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(Fig. 16E) appears zohate at first as the advancing margin

a

extending 1-3 mm beyond the perimeter turns from white to

yellow and beéomes floccose.

Growth on cereal is moreg restricted (26=-39 mm in 21
daYsi, appearing (Fig. 16G) flat, straw yellow in color with
a darker gold center, rgrely white, coarse, ppudery, or
wvoolly. A wrinkled, waxy small unﬁo with tiny sqprqunding
cracked furrows, develops at the center in some sﬁraihs. A
sliéht amount of yellow pignent diffuses into the?agar below

the colony.

4

30 C is close the maximum for growvth, with only a
singleé strain (UAMH 1879) showing growth after S5 weeks (1€

mm) .. The optimum range is 18=25 C.

Arthrocdnidia developing on stréight, branched fertile
' hypﬁae (Figs. 16H-16J), are separated from each other by one
or more empty segments (Plg. 16H) which are dlv1ded by
thickened septae~suggest1ng doubleaseptae (Figs. 16H,16I) .
The arthréconidia are'cyliﬁdrical Cnneiforu if terminal,
dlSCOId in end v1ew, hyallne, later greenlsh yellow, often
with refractlle end valls (Flg. 16K), 2-3u; x 2-6unm, mostly

2-3um x 2.5-5.5um. Clamydospores are rare.

No other spore state.wvas observed.
Holotjpe: soil, South Célifornia, by O.A. Plunkett, 1962,

UAMH 1589 (OAP, 19-317)
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\

Figure 16. A-B. Malbranchea-dendritica (UﬂPH 2731). C-D.

oncocladium flavum (InIX 100300) . F-K. _glbganchea glayab

(E,J,K-2864; F,G-1589; H-1956; I-1879) . »Figsb: 16A=16B.
rree-1ikKe appearance of “bfanched fertile hypha. Fig. 16C.
Blunt tipbed verticillate hypha with hyaline t;rﬁina;
appendage . (arrowvws) . ‘Fig. . 16D. Verticillate appendage and
associated érthroconidial state. Figs. 16E—16G.' Colonial
/mdrﬁhology at 25 C. E and P on PYE, G on cereal. E at 1u.
days, F.and G at 21 days} Figs. 16H=-16J. Alternaté
arthrocpnidié>of branched fertile hyphae.  Fig; 16K. +

Arthroconidia with refractile end valls(u Colonies x 1.0,

others x 830.
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Recorded from soil, California, Hungary and France

(Szathmary, 1967a,b; Orr and Kuehn, 1963, 1971).

Most isolates of M. flava showed only slight digestion
of hairs without éenetration of the hair By hyphae. Two
strains (UAMH 1879 and 1956) 'did not attack hair at all.
This limited capaci£y to digest hair in vitro ' is interesting
since most were isolated by keratin-bait techniques. In
addition, the requirement for a keratin source has been

suggestéd-as a prerequigite for cleistothecial formation

(Orr and Kuehn, 1963).

Material Examini}

Soil isolates received from Orr: . UAMHB 1589, TYPE,

California, by O.A; Pluhkett, 1962, OAP-19~217; UAﬂé 1879,
Califormnia, by C.A. Plunkett, 0&2-19—317(6); UAMH 1956,
Argentina, varsavsky, EV 5V (0-3596); UAMH 2859, Tunis, By
De Vroey, RV 19535a (0-3496); UAMNH 2860, Tunis, sector of RV

L

19535a, by Orr, as RV 19535b; UAMH 2864, fabric-bait,
Hungary, Szathmary, 1967, 0-3512; UAMH 2865, fabric-bait,
Hungary, Szathmary, 1967, 0-3514;

Material of Oncocladium flavum: HERB IMI 100,300, sheep's ®

wool on dung, Wales, by P.M. Stockdale, 1962 (UAMH 3920);
HERB INI 100,445, wool, associated with Anixiopsis

stercoraria (UAMH 3921) |




Malbranchea flocciformis Sigler ot Carmichael sp. nov.

\

Colonies on PYE (Fig. 17A) grow moderatelf slowly (22-
42 mm in 21 days) adhering poorly to the cellophane, and
'lifting off the membrane at. the margin or at the center with
the margin depressing the medium. In appearance, colonies
are domed with deep folds or convolutions, or petaloid, pale
or tangerine orange, reverse tan, and downy or velvety.

Exudate droplets occasiomnally form near the center.

Oon cereal agar, colonies (Fig. 17B) are somewhat
flatter, (24-38 mm in 21 days) either dome shaped with the
margin depressing/ghe pedium and downy, or crateriform,
zonate ané powdery. The color is gi%e or tangerine orange
or pale yellow. A single strain (UAMH 675) formed yellow

exudate droplets on the surface and a brown pigment below

the colony.

With the exception of UAMH 3273, vhich showed scant:
grovfh (5 mm in 21 days on PYE) the isolates did not grow at

37 C.

Arthroconidia are borne on the primary hyphae
(Fig. 17C) and on short or long lateral brancheé
(figs. 17C,17D) which often branch repeatedly to form.a
dense tuft (Fig. 17E). The fertile hyphae are

characteristically straight, occ;sionally curved (Fig. 17F).
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Atthroconidia atre cylindr ical, hyalipe or pale yellow,
orange in mass, smooth (1.5)2-2.%um x 2=-5.%um.
Holotype: trom briny soil, Chateau-saline, Lorraine,

France, UAMH 32713

Discussion Moy

Two of the strains included here were 1nitially
determined to be M. pulchella. Of the two, UAMH 675
resemnbles M. pulchella in its curved fertile hyphae
(Pig. 17F) but differs in forming accessory arthroconidia on
the primary hyphae and in having orange colored colonies.
Although UAMH 675 may not be suitably placed in this

species, it is retained here until further isolates are

reported.

Habitat énd Actiyities

Recovered from briny soil, Prance and wood of a lemon

bin, California.

M. flocciformis digests cellophéne after prolonged

growth and is slightly keratinolytic.

- Material Examined

UAMH 675,-voodén lemon storage bin, California, by
P.R. Harding, 1959, from DAOE as 64000 (CMI 96741); UARMH’
3273, TYPE, briny soil, Chateau~Saline€, Lorraine, France,

from J. Nicot, Labofatoire de Guffbogaurie, Paris; UAMH
- . : ~
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Figure 17. A-E. Malbrapchea tloccitormis (A-E- 3273, F-

67%) . G-1. Malbranchea tulva (G,H=-2851; 1-1708; J=2HGY;
K,L=-3729). Fig-. 17A-178. Colonial morphology atte: N
days at 25 C. A on PYF, B on cereal, Fiqgs. 17¢-170.

Alternate arthroconidia borne on stralght primary hyphae and
lateral bragches. Fig. 17F. Repeated branching ot fertile
hyphae. Fig. 17F. Slightly curved sporogenous branches.
Figs. 17G;17H. Colonial morphology at 21 days at 25 C. G
on PYE, H on cereal. Figs. 171-17J. Intercalary
arthroconidia of straight, branched fertile hypha. Fig.
17K. Mature arthroconidia with refractile terminal walls.
Fig. 17L. drange brown slime surrounding vegetative

hyphae. Colonies x 1.0, others x 830.
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. . ( .
(FPigs. 171,17J) septate 2-4um wide. Racket hyphae appear

during early growth swelling to s-gum in diameter. Septae
9 : ! '

formed in the fertile hyphae are thick (Figs. 17I,17J)

suggesfing double septae, and at méturity arthroconidia A

develop refractile termlnal end walls (Fig. 17K).

Arthroconldla are cyllndrlcal or parrel shaped, hyallne,

Q

pale yellow, in mass yellow, smooth, 2=-3(3. S)um x 3.5-
8(11)um, sometimes remaining connected in 2's. Orange brown

slime, occurring infrequently, surrounds some hthae
(Fig. 17L).

o

&

No other spore stal

pr
&L
Cross the isolates was unsuccessful

was observed and an attempt to

Holotype: air sample, Dugvay, utah, by G.F. Orr; 1967,. UAMH

2851 (DPG=167, 0-3042, NRRL 5160)

D%§cussion

M. fulva differs from the M. state of Uncinocarpus

reesii in its slower growing tan ¥olonies and restricted
growth at 37 c. g;;fulva lacks the arcuate fertile hyphae
of M. arcuata. S A

]

Habitat and Activities

This species has been recovered from air (Orr and

Kuehn, 1972), soil and dung, California, Utah and Colorado.
: . L ]

[= I N

H. fulva is strongly keratinolytic, producing.marked
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-

digestion of hairs with some penetration of the hair by
single'pyphae. Cellophane is not attackéd.

v

Material Examined

From seil: UAMH 1050, Riverside Co., California, by
G.F. Orr, as 0-759; UAME 1708, Palo Verde, California, by

G.F. orr, 1957, as 0-630; From air sample: UAMH 2849, wind

.

tunnel contaminant, Utah, by G.F. Orr,b1967, as 4TL3; UAMH
2851, TYPE, Dugway, Utah, by G.F. Orr, 1967, as DPG-167 (0-

3042, NRRL 5160); From dung: UAMH 3889, mouse, Fruita, .
Colorado, from Orr as 0-1508; UAMH 3901, lizard, Palo Verde,

California, from Orr as 0-1319; From other sources: UAMH

3729, unknown, from Orr as DPG=45,

Malbranchea gypsea Sigle¥ et Carmichael sp. nov.

‘Description

Colonies on PYE vary somewhat ih growth rate, reaching
a dianéter of 17-39 mm in 21 days, but mostly 27-30 mm.
-Colonies (Fig. 18R) are chalky white or creamy white,
reversejbuff, downy or vélvety, slightly raised; dome shaped
vith the surfa?§ deeply,folded or convoluteé, sbmetimes with
promingnt central umbo. The colony (Fig. 18B) of ‘“two
strains (UAMH 1842 and 1843) vﬁs smoother with a hairy or

. . <@
coarsely woolly matted texture and glabrous margin,

Oon cereai, colonies (Fig. 18C) are slow growing (15=u42

S



mm in 21 days, but mostly 27-32 ﬁM)‘aqﬂ appear vwhite,
reverse white or tan, powdery, downy, or floccose, almost
flat or domed with small central umbo and small irregular

folds. Tan pigment appeared below the colony of a single

strain (UAMH 1975) by 21 days.

Most straiﬁsufailed tqﬁgrd& at 37 C except UAHH.TSM1
and 1843 which showed scant 'growth. One strain kUAﬁH 1734)
grewv poofly a§5§0 C.. The optimum temperathre is 25=30.C.

Arth:océnidia (Figs. 18D,18F), borme in an intercalary”
or terminal position on the\sfraightxprimary.lyphae OTr ©On
'short'or long lateral branches, are separated by omne or -more
alternate empty cells, or rarely, forﬁed immediately
adjacent to each other (Fig. 18E). Arthrqcoﬁidia_aré.
cylindrical or slightly barrel shapéd with the diameter

slightly broader than the diameter ‘of the interconnecting

hypha (Figs. 18E,18F), hyaline, smooth, 2-2.5um x (2.5)3-

6 (9) um.

No other spore state was ;bserveq. " An éttempt'to_cross
three isolates (UANMH 1841, 1843 and 1975) with each'othér
was unsuccessful.

- Holotype: soii, Bakersfield, éalifornia, by G.F. Ogr,v196u;

UAMH 1975 _(VJC 4, 0-2565)

Discussion

a

’ o . "
The white colored colonies and lack of arcuate fertile

23
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Figuréf18.‘ A-F. Malbranchea gypsea (A,C-UAMH 1975; B—1au3;

D=-F-1841) . .G-I. ualbranched state of Coccidioides immitis
. , S .
(3624) . Pigs. 18A-18C. - Colonial morphology after 21 days

at 25 C. A and B on PYE, C on cereal. Figs. 180=18F.

<
o

Arthroconidfa borne on primary hyphae and s%;aight lateral
brénches. Figs. 18G-18I. Closely spaced, barrel - shaped
arthroconidia borne on straight lateral branches. Colonies

x 1.0, others x 830. - .






hyphae distinguish M. glpsea from most other spe01es of

Malbranchea. Durlng early developnent, Hr gypsea may be

confused wlth ‘the Malbranchea state of Unc1nocarpus reesii,

espec1ally if the characterlstlc uncinate appendages of the
lat;er are lacking. Hovever, the M. state of g.»ggg§;;
differs in forming entﬁroconidia which are slightly broader,
2.5-3ﬁm in dianeter compared to 2-2.5um for g.lgzpseajlin
growing more vigorously at both 25‘C and 37 C; and iﬁ being
merkedly keratinolytic in contnast to M. gypsea nhich‘is

cellulolytic.

Habitat and Ac¢tivities

Isolated from s01l and cat hair, and‘recovered-from.

lesions on the spleen and llver after passage through *

experimental animals, Utah and Callfornla:(Orr,v1972).

M. QXESea is cellulolytlc, weakenlng the cellophane

membrane after prolonged grovth._ Keratln 1s not attacked.

uaterialbﬁxalined» »

_Isolates from soil passnged through experimental animals:
~UAHH°18Q1, California, from Orr as SFVH 129 (0-3226), UANMH
1842, Celifornia,'fron orr as SFVH 130 (0-3283) ; UAMEH 1843,
Callfornla, from Orr as SPVH 149 (70—1088). Erom other
substrates: UAEH 173“, cat hair, by C.W.'Enlons} from,Ogrlas
'cat.hair‘PBSF}; UAE 1975, TYPE, soil, Bakersfield,

califormnia, by G.F. Orr, 196& as VJC 4 (0-2565) . e
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Malbranched state of Coccidioides immitis Stiles
in Rixford and Gilchrist 1896, Johns Hopkins Hospitai Report

1:209-269

Description e

The cultural gorphology ‘and pathology of C. inmiiig‘are
'descrlbed in medical mycology textbooks (see Rlppon, 19?&).
{Slnce central Alberta is not an endenmic zone, the following
”description is based on two locally isolated straips (UAMH
3624 and 3667) from infected travellers. ' Slide cuitures of
thesevétrains were kindiy suppiied by Dr. A.'S. Sékhon
‘(Provincial iéboratoryvof Public Health, Ednohtoh}. .

%
/ NN

o . . N . .
The- arthroconidia are borne in an intercalary or

bfanches; arising ét’rightbanglés_fron the vegetativg hfpha
(Fig. 18G). The veéetativeibyphae are narrowé;”than the
'fertile branches,.septate;-hYaliné, 2-4.5um in diameter,
often iith'enlargenenfs at the septae to 9um in diametef,
and do ﬁot divide into‘arthroconidia. Arthroconidia

»(Figs. 18H, 18I) are closely spaced, separated by short
segneﬁts, hyaline, barrel shaped, cuneifornm if terpinél, 3=
5(6)ul x 3-8um, nostly 3.5-4. Sun x 3-8um. The dié;etet of
the arthroconldla is the same as the vldtﬁ of the fertile

,hypha, or only sllghtly larger." . ‘> ,nk
o ; : , R O

f
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Discussion

In its arthroconidium formation, C. immitis is close to

‘the borderline between Malbranchea (couidiavmostly less than

yum in diameter) and Sporendonema (conidia mostly more than

4um 3in dianetér);‘ However, the general appearance of the
‘ ’ : ' ? '
fertile hyphae and arthroconidia most closely resembles the

other species of Malbranchea. Indeed, Huppert €t al.

o

(1967) apparently confused soke isolates of. other

Malbranchea species with C. immitis and described them as

variants of Q. immitis. They reported thét these unusual
isolates produced qoccidioidomycosis in mice, but made nb
mention of controls to rule out the)possibility~6f
\accideﬁtal infectién of their mice with C. immitis. Their
figure 6 displays the distinctive arthroéonidial morphology

of Malbranchea dendritica. The type strain of M. dendritica

"(UAME 2731)-studied by Orr (1972) survived for long periods

H]

'~ in mice and could be recovered from the spleen, liver and
lung. However, no endosporulating spherules or other fungal

7 ) - -
elements were found in any tissue.

In the same %gudy, orr (1972f included three othe# .
?broalepriOspore forming isolates (UAMH 1841, SFVH 1293
*, SPVH 130; UAMH 1843, SFVH 149), none of which

sccidioidomycosis in mice. These three strainms,

~F ‘+e been included in the species Malbranchea gypsea,
%. not so distinctive in their licrosqépic morphology.

However, Figure 7Vo£ Huppert'gg'gil'.(1367).sug§ests .



gypsea and may be a photomicrograph of one of the above

strains having SFVH numbers.

Three isolates were received from the CDC as C. immitis
from Russia (UAMH 3595, 40-73-48553; UANH 3596, uo-73-u8555§
"UAMH 3602, 40-73-48554). They form chains of budding
conidia and have been aSsigned to the form—genus Fusidium
(Lechevalier, Lechevalier, Handley, Ghosh and}CarmiEhael,

"1975) . :

The arthroconidia of the Malbranchea state of C.

immitis are brgader than all cther species of Malbranchea
- which are'mostly‘less.than 4um in diameter. Arthroconidia
of M. sulfurea measure 2.5-4um but this. species is

thermophilic and forms arcuate fertile’hyﬁhae. The

arthroconidia of the g.' state of U. reesii are slightly

narrower, 2.5-3.5um occasionally Bum im diameter and are

©

v‘separated'by‘intervals of irregular length. In addition,
the M. state of U. reesii regularly forms uncinate
appendages'in culture.

Malbranchea state of Uncinocarpus reesii

o

Sigler et Orr sSp. nov.

Perfect State:

Uncinocarpus Sigler et Orr gen. nov.

Diagnosis
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Ascocarps more or less spherical, reddish brown.
Ascomatal initials on short stalks, bulbous. Peridial
hyphae, smooth, aseptate, consisting of elongate appendages
loosely intertwined. Free ends extending beyond the core of
the ascocarp, uncinate, sometimes spiral. Aéci subglqbose,
evanescent, 8-sppred. Ascospores oblate, smooth, yellow to

reddish brown. Malbranchea conidial state.

Type species: Uncinocarpus reesii Sigler et Orr sp. nov.

A

History

This fungus has been frequently isolated during surveys

of soil and keratinous substrates. The imperfect state,

most often encountered, has been ascribed to Chrysosporium,

. malbranchea or various imperfect forms of Gymnoascaceae.

The pérfect state has beem reported by various vorkers as a
o o .
probable new genus of the Gymnoascaceae, but not yet

described (see below).

[~

Considerable attention has focused on the imperfect

: .
state because of its resemblance to the pathogenic

1

Coccidioides immitis. Emaons (1954) studied several

‘Gymnoascaceae isolated from oxgans of rodents and other’

anpimals. Some of these, which he calied Myxotrichum formed

the perféct stafe, whereas others, seemingly degenerate,
M . N : ' . G o o
produced -only peridial appendages. This loss of fertility

Emmons noted, ﬁas-related-to a change in colony color from



orange to white,

Examining two of Emmons' ascosporic isolates, Kuehn

(1955a) described Myxotrichum énmonsii, later reduced to N

synonymy with Auxarthron.umbrinum (Boudier) by Orr and

Plunkett (in Orr gi al., 1963a) . Both Kuehn, and Orr and
Plunkett descrdbed an artﬂroconidial state, though neither
reported the persistence of peridial appendages in
degenerate strains.

However, Kuehn'gg al. (1964) discovered several
occurrences of\appéndages in isolates similar to Auxarthron
gggigggg. In a later report, Emmons (1567) confirmed that

"his isolates earlier desigaated Myxotrichum were M. emmonsii

Kuehn and again reiterated his observations of peridial

appendages persisting in infertile strains. Emmons

discerned little difference between Auxarthron umbrinum and

X. brunneum and noted arthroconidia of both resembled

-

Coccidioides immitis. -Furthermore, Emmons found no evidence

to suggest. that appendages persisted in any other

Gymnoascaceae maintained in cultare.

Rees (1967a), surveying keratinophilic fungi from
Australia isolated the imperfect state of ? Gymnoascus

ncinatus from Rattus rattons. In a subsequent study Rees

(1957b) listed Genus A and noted its similarity to the,_
previously isolated.? G.. uncinatus ﬁhich formed only

érth:ocbhidia and trichomes in culture. He concluded ;he 
relationship of Genus A and the earlier réported ? G.
. . e | -: . : . * i . Jr
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uncinatus to Gymnoascus uncinatus appeared doubttul. Two of

Rees' isolates (F143, UAMH 2845 and F122, UAMH 3484) called
Genus A, studied by us, presented the first indication that
the perfect state of the arthrosporic fungus forming
appendages was not in fact'Agggrthron as suggested by

Emmons.

De Vroey (1970) reported the perfect sfate as a new
genus of‘Gymnoascaceae from soil in Sulawesi (Celebes

Islandé). Caretta and Piontelli (1975) discovered an

unidentified Gymnoascaceae and its imperfect Chrysosporium

stage from woods in Italy. !

Hubalek (1974a) reported several isolates of the
imperfect state as a probable new species of Auxarthron from

birds in Yugoslavia and Czechoslovakia. _ -

Description

Colonies oh PYE (Pig; 19A) growing moderately r%pidly
(51-64 mm in 51 days) are creamy white or buff, never
orange, reverse‘dirtybyellov, domed and convaluted, or-
flatter with outward radiating folds, sénetimés umbonafe,
‘"downy or powvdery. It péwdery, cracks often'ap?ear near tgé

\
center and along the folds. l

. At 37 C,,colonféﬁsqisggélowly (6~24 mm at 271 days),
adkering pbquy'to:the ce%l phane hecdling'heaped up éud
convoluted, dovny, vaxy otkglabrous, or growing more rapidly

}

e
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(F1ig. 19B) (28-46 mm at 1 day:y) slightly tarned, with

numerous toldﬁ, white ot tan, downy. Dark brown cxudate

dFOplvts appear on the surtace and a yellow pigment dittuses
\

into the medium. This pi‘qm-nt can be detected with

difficultv in some strains at 29 €, but is mostly nbxruxQd

by the yellow color of the PYF.

Colonies on cereal (Fig. 19C) growiung moderately
rapidly (3%—53 mm in 21 days) are creamy white, buft or tan,
never orange, vitﬂ white periphery, reverse the same. The
texture is powdery or ganular, rarely dovﬁy, dense or patchy
appearing mottled, occasionally zonate, flat ui}h small

central umbo and numerous tiny cracks or fissures on the
‘ o (

»

surface.

-
~

At 37 ¢, growth at 21 days 1is scant (5=10 mm) or
‘restricted (14-26 mm). Colonies of the latter (Fig. 19D)
. . \
are downy, floccose and white, or tan and granular, ¥with a

brown pigment diffusing into the medium below (Fig. 19D).

This brown pigment is rarely observed at 25 C.

Hetérothallic. (Cleistotﬂecia (Pigs. 19E,19H) are
discrete, reddish brown, globose, compacted in the center,
200-1000un, vith appendages extending beyond 100-250um.
Ascomatal 1n1t1als, hyaline, arising as short branches,
septate at flrst, "with a bulbous enlarged tlp,ﬂéften
>conpletely lnrolled (Pigs. 19F,19G). Cleistothecium

composed of a 1oose assoc1atlon of intertvined- appendages,

uncinate at each end; often forllng one or more lateral

b}
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,uncinate branches (fig. 191) , émooth, thick walled,

' aseptate, reddish brown in color. The appendages are mostly
uncinate, but occasionally spiral, vide at the tip, 5-8um,
narroﬁing'tovard the .center. No differeniiated géridial
hyphae aré‘formed; though imﬁat@re cleistothecia are often
surrounded by aaloose veft,qf hyaline hfphae bearing - i

arthroconidia. ASci are evanescent, hyaline, arising on

» Short stalks, subglobose, 7-9um in diameter (FPigs. 193, 19K),

S

< . ’ ‘
we8~spored. Ascospores are yellow brown, reddish brown in
mass, smooth, oblate, sometimes with a depression.in one
face (Figs. 20A,208),y2.5-3um X 4=5Sum, mostly 2.5-2.8um x U4-

4.5um.

Arthroéonidia (Figs.IZOD,ZOE), borne ih an intercalary .
position along the broader (2-5um) primary hyphae, or
intercalarly or terminally on short or long lateral
branches, are cylindricél, sometimes barrel shaped or
cuneiform if terminal (Figs. 20F,20I). Separated by one or
more segments of irreqular length, arthroconidia are
hyaline, lateritan, smooth, 2-4um x 3-6(8)um, mostly 2.5-
3.5um x 3.5-6um. Enlarged subglobose or broadly barrel
shaped arfhroconidia’(Fig. 20C) are found in o1d’§ulturés
and in thaQIicinity of fertile cléistothecié. They are 5- i,

Ly

*L . i -
8um in diameter, hyaline, mostly single celled. Racket
(-3 .

«

hyphae may be present. .

Uncinate_aé£endages (Fig. 206G) ‘are characteristic of

the imperfect state, appearing in culture after 7-14 days.

{
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Figure 20. UOncinocarpis reesii (A-C-1704x2050; D-2845; E-

2991;: F-3257; G-1704; H-3485; I-3703; J-2847). Figs. 20A-

20B. Smooth oblate ascospores with a depression in one
i . . X . |
face. Fig.  20C. Ascospores and enlarged, 0 or 1 septate

arthroconidia. Figs. 20D-20F. Arthroconidia borne on the

primary hyphag'or on straight Lateral’branches.° Fig. 206G.
Upcinate appendage of the Malbranchea state. 'FPig. 20H.
B ° ‘:;/bo

Uncinate appendage arising as a thick walled extension from

N

the vegetative hypha. Fig. - 20I. Mature arthroconidia.‘g

I

v

Fig. 203. Branched uncinate appendage of the Malbranchea

<]

state. B x 2300, H and J x 330, others Xx 830ﬁ

@ . - o 7. o

224
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o

The appendage,.a:ising mostly as a tﬁick valled, qore‘denée
exten51on from the prlpaiy hypha (Flg.‘2OH)’or from a thick

o

1valled segment of the -hypha resembllng a foot cell becones
nuncinatelat each end, often formln; one or more lateral
branches _(Fig. 20J). -The hypha bearing appendages'cqatinues
to exteud-fbrhing arthroconigia along its length. The
appendages are mostly unc;nate, 6ccasi%nally spiral,
aseptate,-pale brown, inwcolor, usually paler in color and

S1lightly narrowver in diameter at the tlp (3-5um) than the

appendages forming the cleistotheciun.

©

‘_éolotype:'dried colonies of cross Qf_singleuasc05pofe
isolates UAMH 3880x388; UAMH 3882
uatlhg types* UAUH 3880 *'-*', single ascosbor% isolate 'A' of
. UANH 2845 | '

N

UAMH 3881 '+', singleeascospore“isolateb'E' of UAMH 2845

Discussion

Fornatlon aof clelstothecla in culture has been observed
in gvocst;alns, UAMH 2845 and,3ﬂ84. Slngle ascospore
isolates of both were self-sterile, however (se€ results of

mating tests). °

K3

The nalbranchea state of Uhcinocarpus reesii is ea51ly

‘ideptlfled by its uncinate appendages. These appendages are’

lacking in all other mMalbranchea species and have not been

observed in any other conidial state of Gymnoascaceae
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examined by us. Some strains'lack appehdages.(UAﬂH 3257 and

3258), but mevertheless can bedrecognized by their

‘arthroconidia and whkite or buff colonies.

M. arcuata differs in forming arcdate fertile-hyphae.

¥. fulva grovs more slowly at both 25 C and 37 C and 1ts
arthroconldla are sllghtly narrower and: often refractlle at
the terminal ends. In addition, the arthroconldla of M.
fulva are separated by relatlvely short segments, equlvalent‘
to or less ‘than the 1ength of an arthroconldlun vhereas the -
intervals between arthrocon}dla in U. reesii are longer and
mote irregﬁgar,

>

The genera of Gymndascaceae are differentiated by the
perldlal hyphae, the shape and surface’ ornanentatlon of the
ascospores and the ascomatal 1n1t1als (Samson, 1972) . on

this ba51s, Un01nocarpus is ‘most: closely related to -

zmnoascus Baranetzky, which also has oblate smooth

‘ascospores. gxmnoascus, howvever, is dlfferentlated by the

net-1like struoture.of its peridial hyphae uh;ch sometimes

‘terminate in uncinate or elongate appendages, by its .

ascomatal initials which are coiled, and by its

Chrysosporium conidial state (orr ét gl.,°1963c;‘5am50n;

1972) .  The pergdial hyppae and retlculate or splny,‘ 1obose
or oblate ascospores dlSt1n901Sh the genus Auxarthron. ‘

Auxarthron however, is related to Uncinocarpus 1n its

keratinolytic activity, its formation of elomngate uncinate

appendages, and its Malbranchea conidial states. °?
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Petalosporus (Ghosh, oOrr and- Kuehn, 1963) and
Shanorellg'(henjanin,k1956),,tvo‘closely'related genera,

also form-oblate ascospores, but differ from Uncinocarpus in

thelr rudlmentary per1d1al hyphae and c01led ascomatal
ipitials. In addltlon, species of both genera are

cellulolytic. ' : /

i

Furthernore, although heterothalllc species are conmon

in Nann1221a, Arthroderna and Ctenonzces, none have been

reported so far in the other genera of Gyunoascaceae.
However, there are several reports of loss of fertlllty in

some species (Orr et al., 1963b; Apinis, 1964; von Axrx,

1971; Samson, 1972) . The gqutrichnm states of Malbranchea

flavoroseus and M. circinata_reported herein lacked

ascospores, suggesting possiblefheter6thallism.

Results'of uatinq Tests

A. Notes on techniques

" The presence of fertile clelstothec1a in tvo isolates
of ? Gymmnoascus. species, assoc1ated wlth a aalbranchea
conldlal state, proupted initial 1nvest1gat10n of
conpatlblllty among several 51m11ar nalbranchea stralns.

Fertile crosses confirmed the perfect state .to be

-

Uncinocarpus reesii. ’ ’ - .

Two methods. of inoculation were first tested, the

P
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’prenixed conidial suspénsion~(method A) and the streak-plate
.qethdd (method C) . néthq@ A, similar to éhat,prbposea by -
Padhye gl'él- ‘(1973) had two disadvantages. If a largelb
hhmber of strains,weré to be;tested, it was extremely fime
-cqnsuming; and the possiblity ‘of error increaéed;'either in
labelling of the large‘hunber of tubés,-or‘iﬁ transférriné.
Hove#er, the resuits éf fertile crosses were similar in both
methods (Table V) varying slightly in the number of
éleistotgeCia‘formed. A single éxcepfion vasvfhe.cross‘of"i
UANMH 3703 x 2002 which failed to develop.cleistothééia by

method A.

3]
-
¢

Because of the disadvantages of method A subsequent
studies utilized primarily methdd”C and sometimes B, a more

simplée procedure for mixed suspensions (TébleIV).

The strea*-plate/method (C) overall had several
;dvantages. Cleistothecia formed most commonly in the
central region betﬁeén the iuo étrains. Tﬁis easilykfound.
location with less dense vegetative growth increases the
ease of dﬁéenvation. Cleistothecia were néver formed in
great abundance and Qhén small vere-difficultiﬁo
différentiﬁté from ciunps of conidia. Fnrther, if strains
were in fﬁct inhibitory, a readily apparent‘denarcation'zoné

o

.could be observed betveenrthe_tester_strains. One of the

problems associated with sexual ctos§es is‘the'fdrnation»of
profuse pleqnorphic pvergrowth ihich obséures cleistothépia.
This‘degeneration occnrréd less rapidl} in the streak-blaﬁe

A
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cultures. s ) .

B. Results of crosses

‘The compatibility among. 1solates of the nalbranchea

state of g. reesii is summarlzed in Table VI. Of the 19
wild type isolates tested, six were found to be 1ncompat1ble,

with all.other strains and with each other. The

incompatible strains, UAMH 160, 1273, 1706, 1955, é@gz and

~35?3 resenmnbled the'others in mlcroscbplc morphology

although UAHH 3573 .also formed ascomatal initials in

‘abundance. All vlld type isolates vwere self-sterile.

C. F1 progeny

- o Do
single ascospore isolates of Uncinocarpus reesii

required 30-32 hours at 30 C and up to 48 hours at 25 C

before germination occurred. \

§

Two single ascospore progeny of the self-fertile UAMNH
2845, deternlned to be opp051te mating types by back °
crossing with each other, were deslgnated + (UAHH 3881) andCDU
- (UAnMEH 3880{ mating types. All F1 progeny wvere self-
sterile. These tester. stralns vhen back crossed with four
wild con1d1a1 isolates known to be fertile, resulted in twvo

fertlle crosses, UAMH 2002 x 3881 and UABH 28&7 x 3880

y(iable vI) . - OAMH 2854 and 3Q85 falled to cross vlth either

mating tybe (Table VI).

53
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ild type isolates incompatible with all other

. solates failed to cross with either of these two
tester strains. In additioh,\£WO 31'progeny from the cross
of UAMH 2%2'11(‘28“7, found to be + (UAMH 3915) and - (UANH

3916) mating types by back croseing with the parent strains,

ere also ioconpatible with all six wild type isolates.

Increased fertility of mating strains, f;od‘the progeny
of fertile crosses has been reported for other Gynnoascaceae
Q(Kvon-chung,.1971, 1972; Padhye and carmichael, 1971,/ 1973).
More work is required to determine if the failure of the six

wild type isolaies to cross is due to incompatibility or

vhether the Malbranchea state is a complex similar to that

of Microsporusm gypseum (Stockdale, 1963) or Trichophyton

terrestre (Padhye and Carmlchael, 1973).

pathogenicity

Though the pathogenicity-of g. feesii has not been
firmly esteblished, it appears to be a transient inhabitant
of hen and animalS, and can survive for eitended periods in
the tissue. Emmons (1954) recovered the organism from
organs of rodents and other animals and from smali omental
abscesses at the site of 1ntraper1toneal 1noculatlon into

mice.

species of Malbranchea resenbling'g. impitis in
appearance bive been recovered from animal tissues, human

sources and the spleen and liver of mice after
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intraperitoneal inoculation (Kuehn et-al., 1964; Fmmons,

1967; orr, 1968, 1970) . Orr (1972) reported that species of

Malbranchea could be recovered from tissues of mice even

when no gross lesions were apparent, and that fungal

elements were not observed in any lesion.

,

Habitat and Activities . ’

I3
A

*U. reesii has been fecorded from soil of desert and
iooded.areas,/bat guano, keratinous substates such as
featherg of wild birds and domestic fowl, organs of rodents
and hunan'sourcesf It appears to have a wvorldwvide . 1

distribution.

*
\ ' Y =
This species attacks hair vigorously, digesting it vi%g

the aid of penetrating bodies. Celloph&ﬁiuis not attacked.

Material Examined

Single4ascospores isolates, Alberta, 1975: UAMH 3882,:TYPE,
dried colonies of cross of UAMH 3880 x 38871; UAMH 3880, -
léting type, single ascospore isolate 'A' of UAMH 2845; UAMH
3881, + mating type, single ascospo;énisolate.'E; of UAMH
2845; UAMH 3883, - mating type, s;ngle agcospore iéolate *B
of UABHEZSQS: UAMH 3884, ~ mating tfpé, single ascospore
isolate *C' of GAHH 28ug;»UAuH 3915, "+ lating type, gingle
| ascospore isolape '*E' of cross df UAMH 2002 x 2847; UAMH
3916, - mating type, single-ascospore.isolate 'A"of Cross

of UAMH 2002 x 2847; From keratinous material (self-fertile

LN



1s0latesy: UAMH 284%, teathers, Australia, hy Fee: (gjgﬂx,
1967, trom Ory as 0-34C6 (NRRL A=Y4871, Oon 93135) 3 U“"AHH-;.‘J“H“.
teathers, Australia, by kees (F122), tros orc au}Q;ywuu
(NPRL A-14870); From keratinouﬁ’latorxal: UAMH ?GUQ,Vf

. F.
feathers, Australia, by Rees (F122), 21965, trom Orr as

ey

F122: UAMH 3485, feathers, Australia, from Orr as 0-308'7;

UAMH 3843, feathers of Corvus monedyla, Krivogastani,

Yugoslavia, by Hubalek, 1968, as 193D (0-1296) ; UARH 38u6,

nest of Carduelis cannabina, Valtice, Czechoslovakid“by

Huba 14k, 1970, as S39A (0-1304) ; 0-3367, feather of Jackdaw,
Yugoslav;a, by Hubalek, (766A), from Orr; Froa rodent 1ung:

UAMH 160, Sylvilagus auduboni, Texas, by K.E. Femons, 1949

&

as”C 3716; From unknown sources: UAMH 2991, from R.

H.‘Tﬁrginia Medical Center, Morgantown as 707; U
from F.S.:Pore as 7]8; From hu-agéieuréés: 0. i“J _:

hisSouri, by Bran§ﬁ;rg (118), frdQ‘Orr; 0-5225, child's
hair, Argentina by Negroni (274), from Orry 0-3718, child's

hair, Argentina by Negroni (276), from Orr; B-782, child's

hair, Ardentina by Negroni(255), from Orr; Froa soil,
dalifornia isolatgs:‘UAHH 1704, by oOrr 1960, as 0-2080; UAMH
1706, by Orr, 1957, as 0-u482a; 0-216, by orr; 0-2569, by
Oorr; Hungarian isolates: UAMH 2847, fabric bait, by Orr,
1967 as 0-3513; UAMH 2854, fabric bait, by Orr, 1967, as SZ
284 ; UANH 2855, fabric bait, by 6rr; 1967 as SZ 303; Italian
isolates: ‘UANH 2002, by Varsavsky, 1964, from Orr, EV 1-14;
Uéﬂﬂ 2050, from varsavsky as I-79; UAMH 2852, by varsavsky,

1964, from Orr as I126; UANMH 3573, by Varsavsky, from Orr as
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0-3407; UAMH 3819, by varsavsky (I5), from Orr as 0-33u44;
UAME 3826, by Varsavsky (115), from Orr as 0;3253;,UAHH_
3918, P;;ia, by Caretta (€?§1 +), from orr as 0-1322; 0~
1323, Pavia, by Caretta (E 25), fr%y grr; 6f132Q, pavia, by
Caretta, (E 9 I+), from Orr; Ssouth Americén‘isolates: UAMH
1955, Argemntina, by Varsa%éky, from Orr as EV-SUI(O*3597)E
D-3451, Argentina by Negroni (408), f;om;Or;; UAnH-1273}
yenezuela, by ‘Pollak (5770) from L. Aj%llo, CDC as 45-36-
0-2%58, Mexico, Plunkett (767), from Orr;w.Indian

1sc_ates: UAMH 3257, fro;kH.C. Gugnani, National Institute

of‘Communicable Diseases, Delhi, as S5S673; UAMH 3258, fron

Gucnani as.S1038; 0-2081, by Garg (1045), from Orr.
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con-jugatum after 21 daYs at 25 C; except K at

37 c. .Fig. 21A. M. a;boiutgg (VAMH 1846 on PYE). Fig.
21B. M. arcuata (2983 on PYE). Fig. 21C. M. arcuata
(3877 on cereal). Fig. 21D. M. circinata (3589 on
c;real). Fig. 21E. M. aurpntiggg (3705 oﬁ PYE) . lFig.;
21F. M. aurantiaca (3660 on cereéi). Fig. 21G6. M. fulva

(28u9fdn_PYE). Fig. 21H. M. chrysosporoidea (2288 on

PYE) . Pig. 21I. M. chrysosporoidea (2288 on cereal).

Fig. 21J. Auxarthron conjugatum (3817 on PYE). Fig. 21K.

‘M. sulfurea (3747 on PYE). Fig. 27L. M. flava (2865 on

PYE) . Fig. 21M. M. state of Unéinocarpus reesii (2847 oa

PYE) .. Fig. 21N. M. flavoroseus (1051 on cereal). Figqg.
210. H. pulchella (1560 on cereal). Fig. 21P. M.

flocciformis (3273 on PYE). Fig. 21Q. M. gypsea (1841 on

cereal). All x 0.60.



255




INDEX OF GENERA AND ‘SPECIFES

A pagé number followed by an asterisk'(*)

illustration.

"Actinodendron verticillatum 193

Actinomyces bolognesii-chiurcoi 167
Aegerita crustacea 112
Allonema roseum 117
Arachniotus 65
flavoluteus €4 3
striatosporus 65
Arcuadendron 18-26,91
ovatum 18, 21-25,24=*
triangularis 24%,25-26

-Arthrographis 26-36

langeroni 27-33,30%

'cuboidea 3C*,33-36,40%,52,61,80
Aulographina pinorum 37
Auxarthron 125,131,136,175,227

brunneum 137,218

conjugatum 148,172%,175-178, 180*

thaxteri 137 ’

usbrinums 137,218
Bahusakala ollvaceonlgra 36~ u1 40*
Basidiomycotina 41-U49,47%*
Basipetospora rubra 50
Botryobasidium 78,169

Briosia 49-52

ampelophaga 50-52
azaleae 51
cubispora 50
cystopoides 52
microspora 33
Byssoascus 63,65
striatosporus 64,65
Ceriomyces albus S0
Chrysosporlum *52-53,81,127,153,219, 227
corii 52
merdarium 52
pannorum 53,85
Cladosporium cubisporum 50,54
Coccidioides 53=54
immitis 53,54, 189,212* 214-216, 217
Collybla 942
conigena 45,47%
velutipes 42,48
F\eina SUlClpES 17

indicates an
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Coremiella 50,54~-56,112,126
cubispora 50,52,54,68%
cuboidea 33,54
cystopoides 54
ulmariae 33,54

Corepium luteolum 51

Endoconidium luteolum 119

Endomyces- 57 : .
geotrichum 57 <5
magnusii 57

Exosporina 106
fawcetti 106,107
laricis 106

.Fusidium 216

Geomyces vinaceus 85

Geotrichella 55 !
alternata 55
arctica 55

Geotrichum 27,42,44,56-62,118,127
amycelicum 59
candidum 57
-cinnamoneum 61
cuboideum 33,61
dulcitum 61
flavo-brunneum 61, 101
fragrans 60 ‘
gracile 60
hirtum 60
klebahnii 60
microsporum 33,61
purpurascens 117

roseqg~o2, 117
ro agum 62
- rugo 62

state of Endomyces magnusii 60
suaveolens 62
vanriji 60
Glycophila - 122
Gynnoascus 13§, 227
rhousiogongylinus 85
setosus 71 .
umbrinus 137
uncinatus 212
verticllatus 193
Hendersonula toruloidea 106-109
Malbranchea 18,52,54,62,79,81,112,122=131
albolutea 131=-140,134%
,arcuata 134%,140-142
aurantiaca 142-151,146%*,176
bolognesii-chiurcoi 167
chrysosporoidea 151-157, 155=*
circinata 155%, 157=-163,161*>
dendritica 180*, 189=-193,201%,215
-flava 193-202,201%
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flavoroseus 161%*,163~167,171%

flocciformis 203-207,206% 4

fulva 206*,207-209

gypsea 190,209-213,212%,21%

kambayashll 167

pulchella 122,123,167-175, 172* 181,204

pulchella var sulfurea 169,181,182

pulveracea 168

state of Auxarthromn conjugatum 172%, 175- 178,180%*
state of Coccidioides immitis 54,189,212%, 21&-216
state of Uncinocarpus reesii 216-236,222*,225*
sulfurea 123,178-189,180%*

Monilia miniata 118

Moniliella suaveolens 62

Mucor crustaceus 112

Myxotrichum 63,65,128,158,163,217

aeruginosum 166
brunneum 137
cancellatum 64
carminoparum 162
chartarum 163
conjugatum 175

‘deflexum 166

emmonsii 218

-herbariense 136

setosum 68%,70,76%,79,80
stlpltatum 162,166
striatosporus 65 68*
thaxteri 137

Neurospora crassa 41
Oidiodendron 27,45,48,62-77,127

fuscum 63

kalrai 27

State of Myxotrichum setosum 68* 70,76%,79,80
state of Myxotrichum striatosporus 65,68%
tenuissimum 63

truncatum 63

fﬂoldlum 78-79

aurantiacum 119
aureum 78
microspermum 70,79
pulveraceum 168
rubens 112

rubrum 119

Ojibwaya 51,107
Oligoporus 91

farinosus 91 -
ustilaginoides 91

Ooncocladium flavaum 193,201%*
onygena 86

corvina 86,126
piligena 86 :

" Qospora 79-80, 122

crustacea 80,110,112,118
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cuboidea 33,80
fragrans 60
klebahnii 60
microsperma 70
sulphurea-ochracea 84
Ovadendron .80-90
asperulatum 76*,81-83
pannorum S3,84-90,88%
sulphurea-ochracea 83,88%
Periconia 51,63
azaleae 51
tenuissima 63
Petalosporus 228
Phlebia radiata 45
Polyporus ptychogaster 90
Protendomycopsis 61 '
ddmschii 61
dulcita 61
Pseudogymnoascus 85, 136
roseus 85
Ptychogaster 90
albus §8%*,90
.fuliginoides 90
rubescens 91 o
Rhinotrichum pilveraceum 168
Scopulariopsis casei 119
Scytalidium  92-109
“acidophilum 100-1C1, 104%
album 88%*,96-98
aurantiacum 99-100 ,
fawcetti 107 .
flavobrunneum 61, 101=106, 104%*
- lignicola 88%,93-96
state of Hendersonula toruloidea 104x*,106-109
Septonema olivaceo-nigra 37
Shanorella 228 _
Sporendonema 48,109-121, 126
artemisiae 120
casei 80,112-114, 116%
epizoum 118,121
purpurascens 62, 116*,117-120-
roseum 117
roseum var album 121
salicis 120
sebi 121
terrestre 111,121
Sporocybe azaleae 51
Sporotrichum 78
aureum
nerdarium 52 .
pannorum 84
Stysanus ulmariae 33,54
Thermoideum sulfureum 122,167,181
Torula 110,112
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casei 110,112
sporendonema 110,112
Toxotrichum cancellatum 64
Trichoderma 78
aureum 78 o
adeium 78
Trichosporon 34,60
cutaneum 61,62
Tyromyces ptychogaster 90 .
Uncinocarpus reesiil 216—236,222*,225*
Wallemia sebi 61,118,121



