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NOTES CONCERNING A NEW DISTRI BUTI ON RECORD 
FOR GEOPORA (PEZIZALES) FROM ALASKAN TUNDRA 

GARY A. LAURSEN 

Department of Biology 
Virginia Polytechnic Institute and Sta~e University 

Blacksburg, Virginia 24061 

and 

HAROLD H. BURDSALL, JR. 

Center for Forest Mycology Research 
Forest Products Laboratory, Forest Service 

United States Department of Agriculture 
Madison, Wisconsin 53705 

It has been documented (Trappe , 1976) that certain 
mammals, particularly Sciuridae and Cricetidae (Rodentia), 
and Talpidae and Soricidae (Insectivora), are important 
in the dispersal of spores of certain hypogeous ascomycetes 
for they use these fungi as a food source. During the 1973 
Alaskan summer field season, Mr. Herbert Helchoir brought 
in for identification a f ungus collection tha t had been 
excavated by a sciurid rodent. The fungus, Geopora cooperi 
Harkness forma gilkeyae Burdsall (1968, p. 518) , occasion
ally encountered by Melchoir, was found partially eaten at 
burrow entrances of the "Parka" or "Arctic Ground Squirrel; ' 
Citellus undula tus Poll. The r etrieving of ascocarps from 
below ground l evel and opening them to the air above may 
be responsible for the maintaining of the forcible asco
spore discharge mechanism found in t his hypogeous species. 

Geopora cooperi £. gilkeyae has been collected in Idaho, 
Colorado, California, and Alaska, usually in association 
wich conifers (Pinus sp . , Abies sp ., Picea sp.) and occa
sionall y with aspen (Populus sp.) . The only reported Alas
kan collection (V . Wells 310) is from a spruce stand 180 
miles east of Anchorage. Our collection (OKM/GAL 11292, 
VPI) comes from a sand dune axea at the base of Mt . Ang
makrok and along the Kukpuk River . This collection site 
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is 685 miles nor thwes t of Anchorage, 150 mil es north of 
the a r c tic cir cle a t 68° 16 ' N Lat . , 165° 36 'W Long, and at 
an elevation of 150 feet. The collec tion r epresents a new 
Alaskan Arctic tundra r ecor d and is particula rly i nte res t
ing because of its association with Salix alaxensis 
(Anderss.) Cov., the feltleaf willow with which it is most 
likely ectomycorrhizal. Salix alaxensis is scrubby, 
reaching only 50- 150 em in height, but it is the only 
woody s pecies with which the fungus could be assoc i ated . 

Our collection fits the description of Burdsall (1968, 
p. 518), except that we f ound: (1) a sli ghtly larger 
globose to subglobose ascospore havi ng a size r ange of 
(17-)19-27(-30) X 17-19 ~ ; and (2) poo rly developed ectal 
excipular hairs, arranged not in conspicuous tufts, but 
rather i nto a very loosely interwoven manta! up to 250 ~ 
thick. 

This range extension indicates that Q. cooperi and its 
varieties may be important mycorrhizal associates over a 
much wider distribution and with more tree s pecies than 
previously considered. 

1. Burdsall, R. H., Jr. 1968 . A r evision o f the genus 
Hydnocystis (Tuberales) and of the hypogeous s pecies 
of Geopora (Pezizales). Mycol. 60 (3): 496- 525. 

2. Trappe, J. M. 1976. Spore dispersal of hypogeous 
fungi, 27th Annual AIBS, Tulane University, New 
Orleans, Louisiana. 
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CONTRIBUTION TO THE LICHEN FLORA OF ARGENTINA. 

IX . Some Lichens from the Provinces of Santa Fe 
and Santiago del Estero 

HECTOR S. OSORIO (1) and LIDIA I. FERRARO (2) 

Among the specimens recently collec ted by member s of 
the Departamento de Botanica, Facul tad de Agronom{a , 
Universidad del Nordeste, Corrientes , Argentina (CTES), we 
have identified some from the Pr ovinces of Santa Fe and 
Santiago del Estero . 

Although the number of samples is rather small , we 
consider i t a matter of interest to make them known, inas
much as neither province has been studied from the point 
of view of their lichen flora. 

All of the species mentioned are corticolous and have 
been preserved in CTES and MV}t (Depar tamento de Botanica , 
Museo Nacional de Historia Natural, Mont evideo , Uruguay) . 

Ca~op~aca ho~ocarpa (Hoffm.) \4ade 

SANTA FE : Depto. de San Jeronimo: Arroyo Colast ine 
(liighway 11 , 15 km S from Coronda) . Kl"apovickas & Irigoyen 
27 Jan. 1971. First report for North Argentina. Previously 
reported f r om Tierra del Fuego (Cengia Sambo, 1926), Islas 
~~lvinas (Dumont D'Urville, 1826) and Rio Negro Province 
(MUll. Arg . , 1889) . 

Candelaria fibrosa (Fr .) MUll . Arg. 

(1) Departamento de Botanica, Museo Naciona1 de Historia 
Natural, Casilla de Correo 399, Montevideo, Uruguay 

(2) Departamento de Botanica, Facultad de Ciencias Agrarias, 
Casi l l a de Correo 209 , Corrientes, Argentina 
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SANTA FE : Depto. San Jer onimo. Arroyo Colastin~ (High
way 11, 15 km S from Coronda). Krapovickas & Irigoyen 27 
Jan. 1971. 

Panne~ia microsticta Mull. Arg. 

SANTA FE: Depto . Gral. Obligado, Villa Ana. Quar~n 
26 Dec. 1972 . 

SANTIAGO DEL ESTERO: Depto . Copo, 6 km SE of Los Pir
pintos . On Aspidosperma quebracho-blanco . Ferraro & 
Schinini 600 . 

Parmotrema austrosinense (Zahlbr .) Hale 

SANTIAGO DEL ESTERO: Depto. Moreno, Highway 6 , 40 km 
W of Quimil{. On ~osopis. Krapovickas & Cristoba~ 24 Dec. 
1971. Its distribution area, known at pr esent in Argentina, 
is primarily in the northeastern r egion : Chaco (Hale, 1965) 
and Corrientes (Osorio & Ferraro , 1975). 

Parmotrema praesorediosum (Nyl.) Hale 

SANTIAGO DEL ESTERO: Depto . Copo , 6 km SE of Los Pir
pintos . On Aspidosperma quebracho- blanco . Ferraro & 
Schinini 598. Previously known from Tucuman (Hale , 1965) . 

Parmotrema reticulatwn (Tayl.) Chois y 

SANTIAGO DEL ESTERO: Depto. Copo , 6 km SE of Los Pir
pintos . On Aspidosperma quebracho- blanco . Ferraro & Schi
nini 594 . New to North Argentina. The northernmost pre
viously known locality was Mendoza (Rasanen, 1941). 

Parmotrema subcaperatwn (Kremp.) Hale 

SANTIAGO DEL ESTERO : Depto . Copo, 6 km SE of Los Pir
pintos . On Aspidosperma quebracho- blanco . Ferraro & Schi
nini 599. 

Parmotrema uruguense (Kremp.) Hale 

SANTIAGO DEL ESTERO : 
of Quimil {. On ~osopis. 
1971. 

Depto . Moreno, Highway 6 , 40 km W 
K:t>apovickas & Cristoba~ 24 Dec. 
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Rama'Lina ecklonii (Spreng.) Ney. & Flot. 

SANTIAGO DEL ESTERO : Depto. Hor eno , Highway 6, 40 km W 
of Quimil:! . On Prosopis . Krapovickas & Crtistobal 24 Dec. 
1971. 

SANTA FE: Depto . Gral. Obligado, Villa Ana. Quar{,n 26 
Dec. 1972 . 

Ramalina usnea (L.) Howe 

SANTA FE: Depto. Gral. Obligado, Villa Ana. Quar£n 26 
Dec . 1972 . Previously known f rom Corrientes (Osorio, 1970). 

Teloschistes c~ysophthaUnus (L.) Th. Fr. var . cinereus 
Mull. Arg . 

SANTA FE : Depto . San Jeronimo , Arroyo Colastine (High
way 11, 15 km S from Coronda). Krapovickas & Irigoyen 27 
Jan . 1971. 

Teloschistes e:cilis (Hichx . ) Vain . 

SANTA FE: Depto. San Jer6nimo, Arroyo Colastine (High
way 11, 15 km S from Coronda). Krapovickas & Irigoyen 27 
Jan . 1971. 

Teloschistes flavicans (Sw.) Norm. var . acrome~s 
(Pers . ) Hull . Arg. 

SANTA FE: Depto. Gral. Obligado, Villa Ana. Quar{.n 
26 Dec. 1972. Pr eviousl y known from Corrientes (Osor io & 
Ferraro , 1975). 

Usnea sulcata Not. 

SANTA FE: Depto. Gral. Obligado, Villa Ana . Quar{,n 
26 Dec. 1972 . 

The authors thank Dr . Hason E. Hal e , Jr. for help in 
many ways . 
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STUDIES ON THE SPORES O F MYXOMYCETES . II . 

PHYSARUM STRAMINIPES 1, 2 

RAYMOND W . SCHEETZ 

Deportment of B iolo~y 
Univers1ty of Southern M 1ssissippi 
Hatt iesburg, Miss issippi 39401 

and 

CONSTANT IN E J. ALEXOPOULOS 
Cell Research Institute end Deportment of Botany 

University of Texas at Austin 
Aust in, Texas 78712 U. S.A. 

INTRO DUCTION 

Physorum stromin ioes A . Lister is one of the less common 
species of Myxomycetes which , in North Amer ica, is known only 
from Oregon (Hogelste in, 1944; lv\ort in, 1949; lv\ortin and 
Alexopoulos, 1969) . In the orig inal description A . Lister (1898) 
sta tes: " ... the spores as seen w ith moderate magnification, ore 
dark purple - brown, with o mottled appearance; high magn if ication 
shows the spore -wall to be o l ive-brown beset w ith crowded dark 
worts occupying brood irregular pa tches; these ore separated from 
each othe r by nearly smooth intervening spaces, having the effect 
of po le bonds ." N\ocbride ( 1922), Macbride and Martin (1934) and 
later lv\ortin (1949) a ll soy "spores .• • warted, the papi llae in 
definite pa tches . " Hogelstein (1944), in his monograph patterned 
after Lister's The Mycetozoa (1925), describes the spores os "marked 
with brood patches of worts separa ted by smoother tracts ... " Final ly, 
Martin and Alexopoulos ( 1969) describe the spores of Physorum 
stromin ipes as " • .. prominently warted w ith larger worts grouped in 
cl usters ... " The il lustra tions of the spores in Lister's orig ina l 
description ( 1898); in the third edit ion ( 1925) of the Lister monogr~h; 
and in lv\ortin and Alexopou los (1969) a ll show prominent , smooth, 
wide bonds separating the groups of worts , giving the spores a 
re t icula te appearance . 

1The firs t arti c le of this ser ies in Tra ns . Am. Microsc. Soc . 90: 
2 473 - 475 . 

Pa rtia lly supported by N SF gra n t HDMR-7504020 toR. W . Scheetz. 
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In view of our results (Scheetz and Alexopoulos, 1971) w ith 
the spores of Badhomia gracilis (tv'lacbr .) M.ocbride and Reticulario 
Iycoperdon Bull. bOth of which exhibit ridgel ike areas on their 
surfaces, we thought it interesting to elucidate the nature of the 
"bands" separating the wart groupings on the spores of P. 
stramin iees, despite the fac t tha t neither the origina l description , 
nor any of the later monographs describes them as ridges . 

MATERIALS AND METHODS 

New York Botanical Garden specimen No. 10931 of P. 
strominipes marked type material , was borrowed through the 
courtesy of Dr. Clark Rogerson. Another specimen, was borrowed 
from the University of Iowa through the courtesy of Dr. R. L. 
Hulbary. Both specimens were collected in England. 

For both bright field and phose contrast I ight microscopy, 
spores were mounted in Ammon's medium (~rt in and Alexopoulos, 
1969, p. 15), on a slide, covered wi th a 0 square cover sl ip, 
and hea ted gently over a small flame for examination w ith the high 
dry (40X) and the oil immersion (IOOX} objectives. For scanning 
electron microscopy (SEM) , spores were fixed in 2% glutaraldehyde, 
0.1 M cacodylate, pH 7 .2, dehydrated, a nd dried in a c rit ical 
pointdrying apparatus. They were then coa ted with carbon followed 
by palladium (40%) and gold (60%) prior to examination in an AMR 
lOOOA scanning e lectron microscope. 

For transmission electron microscopy (TEM), spores were 
coated wi th 2% agar a nd fixed at room temperature in 2% glutar
a/edhyde, O.l M cacodytate, pH 7.2. They were then post f ixed 
in 2% osmium tetrox ide in the some buffer and then bulk stained 
with 0.5% uranyl acetate. Following dehydration, spores were 
embedded in a hard formulation of Spurr's low v iscosi ty plast ic. 
Sections were cut with a diamond knife using a Porter Blum MT 2-B 
ultramicrotome. Thin sections were stained with uranyl acetate 
followed by lead citrate and viewed in a Siemens Elmiscope lA 
e I ectron microscope • 

RESULTS AND DIS CUSS ION 
Examination of the spores of.£'. straminipes with a bright fie ld, 

high dry (40X) objective shows (Fig. 1) the w ide smooth bands be
tween the groups of worts as described by all previous investigators. 
The IOOX o il immersion objective, however, both with bright field 
and phase contrast optics shows them to be reticulate ly ridged (Figs. 
2, 3). SE M micrographs (Figs. 4, 5) confirm the presence of ridges 
between the warted areas of the spores and show them to be virtua ll y 
devoid of warts . As in Badhamia grac ilis, however, these ridges do 
not appear to be homologous with whot might be called true ridges 
I ike those of Reticula ria I ycoperdon spores 1 but rather pointed 
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Figs . 1-7 . Spores of Physarum straminipes A. Lister 

N.Y.B.G. #]093 1 (Type material}. Figs. 1-2 . Bright f ield. 
Fig . 1. 40X objective, XlOOO. Fig. 2, oil immersion , 
X1500 . Fig. 3 . Phose contrast , oil immersion, X1500. 
Figs. 4- 5. SEM X3500 and 8700 respectively. Figs. 6-7. 
TEM X6400 and 8000 respectively. (Magn ificat ions 
approximate}. 
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extens ions of the entire spore woll which ore duplicated inside the 
spore by the protoplast itse lf (Figs . 6, 7). True ridges ore ornamen
tations which ore on in tegral port of the outer, electron dense wal l 
Ioyer (See Scheetz and Alexopoulos, 1971). The study of both 
spec imens cited above, yielded ident ical results . 

Thus , we hove a nother myxomycete spore which appears to be 
re t iculately r idged but in which the ridges ore not formed in the 
some way as worts o r spines, but rather represen t a permanent 
wr ink l ing of the spore itself. This is not due to loss of turgidity 
but is o n inherent character of the mature spore as shown by the 
presence o f the ridges on spores moun ted in Ammon 's medium a nd 
expanded by heating, as wel l as in critically dried spec imens. The 
spores of f.. strominipes then should be descr ibed as "bearing 
clusters of prominent worts separated b y nearly smooth ridges ." 

The results descr ibed a bove once more il lustrate the va lue of 
the SEM in examining the surface markings of myxomyce te spores . 
Direct obse rvat ions w i th the h igh power, bright fie ld objective of 
the light microscope sometimes foil to revea l the true na ture of 
spore markings (Fig . 1). Even phose contrast optics ore sometimes 
inadequa te, but ore admit tedly much better than bright f ie ld (Fig . 
3), as shown by the fail ure o f careful observers (lister, 1898; 
Hogelstein , 1944; Mart in, 1949) to de tect the ridges on the spores 
o f ..P . stromin ipes, so clea rl y il lus trated by SEM . 

We do not know whether good qua l ity oil immers ion objectives 
were ava ilable to Arthur Lister and Hogelste in . We do know that 
tv'lortin did use an apochromatic oil immersion lens for observing 
surface markings and for drawing them, as reported on the page just 
preceding the i llustra tions in Macbr ide and Martin {1934). 
Unfortunate ly , ..P. st rominipes is not among the species il lustra ted in 
that monograph. We a re at a loss, consequen tly to understand how 
a careful observer like Martin fa i led to see the r idges on these 
spores . 
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CALLORIOPSIS AND MICROPYXIS: TWO DISCO~~CETE GENERA 
IN THE CALLORIOPSIDEAE TRIB. NOV. 

DONALD H. PFISTER 

Department of Biology and Farlow RefePence Lib~ary 
and He~barium of CpYptogamic Botany, 

Harva~d Unive~sity, Camb~idge, MA 02138 

A study of two monotypic genera of Discomycetes, 
Cal Zoriopsis Sydow and Mic~opyxis Seel er, has l ed me t o 
conclude that the two genera are closely r el a ted and de
s erve to be placed t ogether in a new tribe of the Leoti
aceae. The Discomycetes referred to these genera are 
parasitic on other f ungi, have gelatinous, r el a tively 
simply constructed sessile apothecia, and have small i odine 
negative, i noperculate asci. Coincidently, both species 
either have been described as members of the Hypocreales 
or have been confused with Hypocrealean f ungi . 

Calloriopsi s Sydow 

The genus CaZZoriopsis is based upon a paras1t1c i n
operculate discomycete which occurs on Meliola and rela ted 
black mildews . First collected and described f rom Florida 
as Peziza gelatinosa Elli s and Martin, i t is known through
out t he tropical regions . 

The re has been a great deal of nomencl a tural and 
taxonomic confusion over this fungus . The name Peziza 
gelatinosa Ell i s and Martin i s a late r homonym of P. geZat
inosa Bull. ex Merat. According to Articl e 72 of the 
Inte~tionaZ Code of Botanical NomenclatuPe the Ell is and 
Martin name has no status. Saccardo (1899) first combined 
this epithet under another genus, O~biZia . In so doing 
he became the publishing author . The first valid name f or 
thi s s pecies is OrbiZia geZatinosa Sacc . By reason o f its 
parasitism of MelioZa it has often been confused with 
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Peziza ~eucorr>hodina Z.1ont . which is properly placed in 
the genus Nectr'ia (Samuels 1976) . Although t his had been 
stated earlier by von Hohnel (1909) and o thers , Seaver 
(1951) nonetheless used the name Trichobe~onium·~eucorrho
dinum for this discomycete . Earlier the Montagne name had 
been used by Spegazzini (1888) under Scutu~ for this 
f ungus . Be~onidiwn ~euco:r:rhodinwn (Nont. ) Sacc. was used 
by Seymour (1929) and Seaver (1925). 

I have examined several ,collections of CaZloriopsis 
ge~atinosa~ i ncludi ng the type. The description below is 
based upon these coll ections . I consider CaZlo:ria meUo
~ico~ P. Hennings a synonym. 

Ca~~or>iopsis ge~tinosa (Sacc .) Sydow , Ann . Mycol . 
15: 254 . 1917. FIG. 1 

: [Peziza ge~tinosa Ell. & Hart., Ame r. Nat. 17: 
1283 . 1883, later homonym, non Peziza ge~tinosa 
Bull. ex Z.1era t, nee Peziza ge ~tinosa Haller]. 

:O:rbi~ia ge~atinosa Sacc . , Syll. ' Fung. 8: 624 . 
1889, (attributed to Ell is & ~~rtin) fi rst valid 
publication of epithe t, Art. 72. 

:Co:ryne ge~tinosa (Sacc . ) Rehm, Ann. t-lycol. 5 : 
518. 1907. 

=Ca~~oria me~iolico~ P. Henn., Botanisch. Jahrb . 25: 
509. 1898. 

:Coryne me~io~ico~ (P . Henn.) v. Hohnel , Sitzungs
ber. Kaiser!. Akad . l~iss., Hath . -Naturwiss . Kl. , 
Abt. 1. 118: 106. 1909. 

Ascocarps 0. 4-0.6 mm in diam, with a free margin, when 
dried trans lucent yellowish t o orange to pinkish, sometimes 
situated upon an i nconspicuous subiculum. The gelatinous 
material in the sterile tissue is found throughout the sub
hymeni um, ectal excipul um and medullary excipulum. The 
subhymenium is composed of small tightly interwoven hyphae . 
The cortical l ayer is composed of parallel hyphae which are 
imbedded in gel . Lactophenol cotton- blue s t ains only the 
cytoplasm , in what appear to be thin l umenal cavities . 
\fuen mounted i n congo r ed in ammonia , the gel appears to 
dissolve and t he cortical layer, composed of septate , thin
walled hyphae which are swollen at the tip , can be seen. 
The medullary zone is composed of interwoven hyphae with 
occasional swol l en cells. These swoll en cells may represent 
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FIG . 1. 
Ca llor>iopsis 
The scale is 
Bartholomew 
text .) 

Hedian section t hrough a n apothecium of 
gelatinosa situated on mycelium of a Meliola. 
equivalen t to 25 urn . (Dr awn f r om the J . R. 

collection in FH f rom Florida cited i n t he 
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remnants of the ascogonial system. Asci are short clavate , 
thick- walled (particularly in young asci), 8-spored , 40-52 
x 11-15 pm. Paraphyses are filamentous , unbranched 1.5-
2 .5 pm in diam, sometimes swollen at the tip to 3. 5 pm . 
The par aphyses sometimes ar ch over the asci but do not form 
a true epithecium . The hymenium is filled with gel which 
extends well above the hymenium. The a scopores ar e ellip
soid to almost fusoid , sometimes curved, one or two sep
tate , (10- )12- 16 x 3- 6 pm. The asci and apothecial tissues 
are J- . The subiculum, when present, is composed of inter
woven hyphae which ar e sometimes swollen to produce occas
ional moniliform hyphae . 

Occurring i n gr oups on t he mycelium of MeZio~ spp . 
and related foliicolous ascomycetes . 

Specimens exami ned - Java : auf Phragmites sp . an 
MelioZa substenospora v. H. , Buit:enzorg, von Hohnel , 1907-
08 , FR . This collection was also issued i n Rehm, Asco
myceten as number 1851 and was i dentified as CaZZoria 
meZioZico~. Puerto Rico: [on MeZio~] on l eaves of herbs , 
~~yaguez, Fink number 938 , Dec . 17, 1915 , FH. Guadel oupe : 
s ur les feuil les, citr omier vivant, Camp Jacob, Duss 766 , 
~i 1903, Patouillard Herbarium, FH. U. S.A.: Florida, on 
Meliolina?, on black gum (Nyssa), \-linter Park, 1939, Jas . 
R. Bartholomew, FH; Holotype : on living leaves of Persea 
paZust ris , on patches of sterile mycelium of some MeZio~ , 
Ellis coll. , NY. 

Micropy:r:is Seel e r 

Seeler (1943) ve ry preci sely described the only s pecies 
pl aced i n Micropyxis , M. geogZossi (Ell . & Ev . ) Seel er . 
Seel er' s descr iption of it is quoted below. He consider ed 
it as a very reduced member of the Helotiaceae , with which 
opinion I agree . I have reexamined his material on deposit 
at the Farlow Herbarium. Micropyxis has been t reated by 
Kor f (1973) i n the tribe Hniaeci eae . Save for their small 
sessile apothecia, few traits are shared by M1:cropyxis and 
the other, primarily bryophilous , members of the ~lniaecieae . 

f.ncTopy~~s geogZossi (Ell. & Ev . ) Seeler, Farlowia 1 : 
126 . 1943 . 

:Hypomyces geog Zossi Ell. & Ev . , J . Hycol. 23 : 7 3 . 
1972 . 
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:PeckieZ~ geogZossi (Ell . & Ev . ) Sacc . , Syll . 
Fung . 9 : 944 . 1891 . 

:EZeuthePomyces geogZossi (Ell . & Ev . ) Seaver 
Hycologia 1: 48 . 1909 . 

"Ascocar ps s uperfi cial, par asi t ic on hymenial surface 
of members of the Geogl ossaceae, growi ng close together, 
mos t ly dist inct, r arely anas t omosing, pale yellow- brown , 
translucent and gelat inous when wet , shrunken and brittle 
when dry , r esembling microscopic dr oplets of dark resin, at 
fi r s t spherical , finally up to thr ee t imes as broad as high , 
60- 150 ll diam x 60- 70 ll high, ascus layer 25-45 ll deep ; base 
(hypothecium) shor t, of thick- walled gel atinous hyphae, 
pseudoparenchyma t ous , lower part composed of hyphae which 
spr ead out, s urroundi ng the tops of host paraphyses and asci 
and wedging between them and connecting to the bases of 
neighboring apothecia ; excipulum formed of a single layer 
of branching filaments i n an amber-color ed gel atinous sub
stance; t hese arch over the tops of t he asc~ 1n young apo
t hecia almost completely cove r i ng them; no t r ue epi thecium 
of f used tips of paraphyses ; pale amber gelatinous material 
covers the tops of the asci . Asci eight- spored , clavate, 
s hort- stiped, stipes mos t ly broad, t hi ckened , obtuse apex, 
28- 45 x 6 . 4- 8 . 3ll r arely a lit t l e l onger . Paraphyses hyaline, 
f i l amen tous , simple or once- branched near base , 1.2-1. 6 ll 
diam, tips never branched , swollen , 1. 9- 3 . 2 lJ diam, s l ightl y 
overtopping the asci and abou t as numer ous as they . Spores 
one- celled , hyaline , long elliptical or taper ing toward 
base, ends rounded , irr egularly distichous , 7 . 7-10 . 5 x 2 . 5-
3. 2 ll . No parts bl ue wi t h iod i ne . 

Besides t he collections on TrichogZossum farlowii~ T. 
WaZtePi~ and GeogZossum spp. mentioned by Seeler f r om 
~wssachusetts , New J er sey , Tennessee, and Nor th Carol ina, 
I have also seen a col lec t ion f r om Jamaica (CUP-~U-3 1 1) on 
TrichogZossum l'asum gathered and determi ned by Dr. R. P. 
Korf . No doub t the fungus is widely dis t r i buted through 
temperate and t ropical regions . I t s diminutive sta ture and 
near disappearance upon drying make i t a particularly 
difficult fungus to discern . 

DISCUSSION 

The Tribe CaZZoriopsideae 

Ca'lZoriopsideae trib. nov . ~ family Leotiaceae~ sub
family Leotioideae . 
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Apotheaia parva vel minuta~ sessiZia~ aomposita 
hypharwn aomparate simpZiaiwn. Hyphae in gelatina inaZusae. 
Asaosporae hyaZinae~ 1- 3 septatae~ asci J- . Parasitiai in 
fungis . Typus : Cal loriopsis Syd. 

The two genera i ncluded, CaZZoriopsis and Micropyxis~ 
should pose no probl ems for identifications . The obvious 
differences i n host preferences aside, the amber gel , 
simpler apothecial cons truc t ion, one- cel led ascospores and 
smaller asci of Miaropyxis easily distinguish i t from 
Ca Z Zoriopsis . 

CaZZoriopsis gelatinosa has certain simi l arities t o 
some of the species now pl aced in the genus Scutula Tul . 
of the Patellar iaceae . These lichen parasites, as a gr oup, 
agree in apothecial construction with C. gelatinosa. 
Species placed in Scutula shoul d be exami ned i n light of 
their possible alliance with C. gelatinosa. 

The presence of gel atinous material i n the apothecia 
of t hese fungi and their parasitic habit ar e major feat ures 
which distinguish t hem f r om most o ther members of the 
Leotioideae . Possessi on of gel is not unique to t hese 
fungi , but the dependence upon gel for apothecial i ntegrity 
is of impor tance . Gel i s found i n the apo thecia of both 
CaUoriopsis gelatinosa and Miaropyxis geogZossi in all 
zones , including the hymenium.. Such abundance of gel has 
probably served a twofold f unc t ion. On t he one hand it may 
serve as a wa t er storage material and on the other hand, it 
must serve as a protective barrier against excessive wa ter 
loss. By vir tue of the position o f these fungi on thei r 
s ubstrates t hey are exposed i n their entirety , including 
their s uper ficial mycelium, to the desiccating effects of 
wind and excessive l ight and hea t . The gel which surrounds 
all of the thin- wal l ed hyphal e lements of the apothecium 
undoubtedly retards the i nevitable evaporation. 
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ABSTRACT 

The re l ationship of Malbran£h~l! to other Hyphoaycete 
form-genera i s di scussed and a tabula r key to morphol
ogically related genera is provided . 

I n Part I , gener ic names whi c h are linked i n some wa y 
to Kalbranchea a r e treated in alphabet ical or de r . They a r e 
Arc uadendron (ne w gen us ) , Arthrographis (newly valida t ed), 
eahusakala , a rthroconidi a l states of Basidiomycot i na 
(without for111- generi c names) , BriQ§!~, J;hr:ts osporiu!! , 

Coccidioides , Coreaiella , Qeomyc~§ {lectotype chosen , 1 ne w 
species , 1 ne w combLnation) , Geotrichum, Kauginiellj! , 
Oidiodendron , Qidium, Oospora (r ejected) , Ovadendro~ (new, 
for Oospora sulQhJ!r£Q.;:Q£!:l.U£~), Ptychogaster , scyt!!!dium 
(ke y to speci es , 1 new combination) and Sporendonell!- In 
the t reatment of Oidiodendron, Myxotrichu! stri at ospotum is 
proposed as a nev combi na tion for Arachoiot us s triatosporus 
a nd ~- setos!!_l! is described as having an Oidi odendron 
coni.di a l s t ate. 

In Part II, the speci es of Halbranch~ are descri bed 
a nd illus trated . The type species, ~- ~lchella saccardo & 
Penzig , is r edefined a nd ~- 2Y!che!l a var s ul furea (Kie he) 
Cooney & Eoerson is rd i sed to specific rank. El e ve n new 
species are described a nd illustr ated : n- albolutea , n
!~.1. !'1· auranti!£J! , .!1 · chrysosporoidea , .!1· circin!!:!• 
it· dendritica , .!1· fls.Y2. • .!!· f!a.YQ!Q~. ~- floccifor!!!!§ , !1· 
f!!!~ a nd !1· g~~- A ne v heterothallic genus of the 
Gymnoascaceae (Ascomycotina) i s proposed fo r a s ingle 
species , UncinQ~.Pl!.§ feesi! ,· having a lla l bra nchea conidial 
s tate . The per fec t s t ates of some species of ~~~n£h~~ 
belong in the gene ra Auxarthron and Hyxot r ichum of the 
Gymnoascaceae . 
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ItiTROOUCTIO!I 

ln our s tudies of kerat i oolytic and othe r soi l fungi , 
we accu mulated many cultures forming arthroconidia. These 
were at first fi l ed in our col lection under Qeotrichum ~
or ~albranch~ 22· Th i s paper i s a r esul t of our a t tempts 
to identify or classify these strai ns . 

It has l ong been kno wn that a vari et y of fungi can 
form spores by fragmentation of their hyphae i nt o seg ments . 
No w often called arthroconidia , these segments were 
formerl y call ed oidia or arthrospores. The f ungi which 
pr oduced them were us ua lly assigned t o t he form- genera 
O idiu~ or Oosp~, both of which bec ame dumping grounds for 
a wide variety of a rthroconidial a nd othe r f ungi. The 
rel a t i ve l y undi ffer entiated s tructure of t he hyphae which 
prod uce arthroconidia , a nd t he s imple cylindrical form of 
the conidi a have hindered attempts to sort thee out. 

I n 1953 , Hughes drew at t ention to the ontogeny of 
me ristem ar throconidia , which are fo rced ~n basipetal 
s uccession on a continuous ly elongating conidiogenous cell. 
This allowed a c lear separation of t he conidial s tates of 
the Erys i phaceae from the rest of the ' Oidiums •, a nd t he 
genus name Oi d i,!!!! has now been conserved for t his group 
(see Ta xon 2U: 53U , 197 5) . The fungi with s l imy, f i ssion 
a rt hroconidia (arthroconidia vhi ch separa t e from each o t her 
by fiss i on of thei r common septum) were clearly establis hed 
in Trichosporon by Lodder and Krege r van Rij (1 952) a nd in 
Geot r ichu! by Caraichael (1 957) . In 1957 , Pesante created 
Scytal i diu! for demat i aceous f ung i wi t h fiss i on 
a rthroconidia. Howeve r, f ungi wi th hyal ine, dry , f i ssion 
arthroconidia are still not we l l provided with form-genera . 
We will validate Arthi2S£~phis for o ne group of them (v ide 
infra) , but the arthrocon i di al states of Basi dio111 ycotina 
need f urther work . 

The fung i with alternate arthoconidia (arth r oconidia 
wh i ch are s paced apart from each other by sepa rating cells) 
are a l so not well sor t d into for m- genera . Ba rron (1 962) 
redescri bed Oid1od~~g~Q i n mode rn terms , but Sporendonema 
a nd Coremiella are poorly known to mos~ mycol ogists . We 
wil l describe and illustrate some of their soecies . 
saccardo created ~albranchea i n 1882 for fu ngi with 
alterna t e arthroconidi a for med on curved branches , bu t the 
genus was sel dom men t ioned until Cooney a nd Emerson 
described d thermophilic var i ety in 1964 . We fou nd t hat 
most of our pr e vi ously undescribed species could be 
accommodated in ~!!Q£ench~e by s lightly r e vi s ing its 
circumscription t o include fu~gi wit h s ma ll, a lternate 
arthroconidi a borne on e it her s t ra i ght or c ur ved branc hes. 
For s imilar-appearing fu ngi whose conidiogenous hy phae 
cont inue t o grow a fter the initiation of each conidium, ve 
describe tile ne w genus Aq;;uaden9_£Q!l · For a species similar 



t o ~tanch~~ . but ha ving s voll en art hroconidia , we 
describe the new gen us Ovadendron. 
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Part I of this paper starts with a key to the genera, 
followed by a t reataent (in alphabeti cal or der ) , of the 
generi c names vhich are l1nked to arthroconidial fungi. 
Ne w speci es a nd some c l assical species are descr1oed and 
il lustrated for aany of the genera . Part II 1s a treatment 
of Malbra nchea, V1th descri ptions a nd i llustrations of all 
t he speci es. We 1nclude in the form - genus tta.!branch~i! bo h 
celluloly t 1c a nd keratinolytic speci es. These are prouably 
not closel y rel ated phyl ogene t1call y. Indeed , soae 
cellul olyti c speci es are known to ha ve ~~ichu~ perfect 
s t a t es , whereas some kera i no~ytic speci es ha ve Auxarthron 
perfect s t ates. For one speci es , we descr ibe t he nev 
Gymnoascaceous genus U ncinocarEY~ · 

MATERI ALS AND METHODS 

SPECIM ENS AND CULTURES : At the begi nning of t h1s s t udy , t he 
Universi t y of Albert a Hol d Herbar1ua a nd Culture collection 
co ntained approx1matel y 100 s t r a ins of tta l branchea that had 
be e n col l ec t ed over a peri od of 10- 12 years . Many of t hese 
we re ori ginally isolated by Dr. G. P. Orr (Deseret Test 
center , Dugway , Utah) d uring his s tudi es on Gymnoascaceae . 
Addi t 1ona l c ul tu res were obt a i ned f r om Dr . z. Hubal ek 
(I ns ti t ute f or Paras1tol og y, Prague) vho sent some isolates 
collect ed during hi s studi es of bir ds (Hubal ek , Bal a t , 
Tousko va and Yi lt , 197 3 ; Hubal ek and Bal at , 197o; Hubal elt , 
1 9 7 ~ a , 1974b) , and from Dr . K. Tubaki ( Ins ~it u te for 
Pe r aenta t i on , Osaka ) (IFO) who exchanged a nuraber of 
cultu res. Mrs . c . A. Joha nsen (Western ?orest Pr oduct s 
Laborator y c ulture Col l ection of Wood Inhabi t1ng Fungi , 
Va ncou ve r ) (WFP L) 1t.1.ndly sen t several c ultures of 
Ptycho gas t e r . Furt he r refer ence c ul t ures were obt ain d 
f r om t he Centraal burcau voor Schimmel c ultures (CBS) , Baarn ; 
t he Commonwealth Mycol ogi cal Institute (CMI ) , Kew; and t he 
Depar tment of AgrLculture (DAOM), Ot t a wa . Her bar ium 
specimens were received from t he Ne w York Botanical Garden 
Cryptogami c Heroa 1ua (UYBG ) , and t he He: batiua of the 
Common weal t h Mycol ogi cal I nstitute (~HI) , Kew. 

Abbreviati ons for other cult ure collections or 
herba:ia cit~d i n the e xt are : 
ATCC -Ame r i can Type Culture Col lection , Roc kv1lle, 

Karyl and 
CDC - center f or Di sease Control , At l a nta , Georg4a 
NRRL - Nort hern Ut.1. l1za ion Research Deve l opment 

Divis ion, Peori a , I l l i noi s 
RS ABG - Ra ncho santa Ana Botanic Garden , Cl areaont , 

california 
UAMH - uni vers1t y ot Alberta Hold He:bar ium a nd Culture 

Collection , Edoont on , Alberta 
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Dried coloni es of the t ype strain of each new species 
are maintained in the UAMH as holotype. Subcultures of the 
type st rain are deposited in che CMI , CBS and ATCC. 

CULTURE METHODS: Media used in the study consisted of 
phyt.one yeast extract agar (PYE) (Carmichael , 1962) , pabluc 
mixed cereal agar (Carcichael , 1962) , dextrose- s alts a gar 
(DSA) (Carmichael , 1962 ) , and oat mea 1- sal t s agar (11edi um E) 
(We i tzman a nd Sil va - Hutner , 1967; Padhye , Sekhon a nd 
Carmi chael , 197 3) . PYE i s a vailable in dehydrated form 
from Baltimore Bi ol og i cal Labora t ories, Cockeys ville , Md. 
Pablum mixed cereal i s 11arketed as baby food by Mead 
J ohnson Nutritionals, Evansville , Ill. 

Cellophane plates were prepared by laying a single 
sterile (62 x 62 mm ) cellophane membrane designated 300 PT 
(plain , transparent) over the s urface of an aga r pla t e 
prepared in a 90 mm plastic disposable petri dish 
(Carmichael , 1962) . The cellulolytic ability of the fungus 
was determined by its capacity to digest this membrane 
either partially or cocpl etely. 

Cellophane plates were inoculated from t he periphery 
of t wo week old colonies on cereal s l ants whi ch were then 
maintai ned at 8 c as stock cul tures . Each s train was 
inoculated in tripl i cate to PYE, cereal and oatmeal agar 
pla tes . The effects of t emperature were recorded by 
incubation of a single PYE a nd cereal plate at each 
t emperature of 25 c , 37 c and ~5 c for a maximum of 2 1 
days. A s ingle oatmeal agar plate was incubated at 18 C, 
25 C a nd 30 c for 35 days. Cultures at 25 C were exposed 
to fluorescent rooa l i ght on an irregular basis, usually 8-
10 hours per day , 5 days per wee k. Cultures at other 
t emperatures were incubated in darkness with e xposure to 
l i ght only during examination . 

Each colony on PYE and cereal was examined weekly to 
measure t he diameter and record col ony charact ers a nd 
presence of a diffusible pigment . The diameter recorded 
was the average of t wo measurements taken a t rig ht angles 
to each other. Cultures on PYE and cereal were incu~ated 
for 2 1 days before being photogr aphed and dried . Colonies 
were dried by removi ng the cell ophane cembra ne to a press 
(Carmi chael, 1963) . colonies on oatmeal agar were examined 
at 35 days. If c l eis to thecial initials appeared or 
c l eistothecia were not =ature , oatmeal plates were kept 2- 4 
weeks l onger . 

The keratinolytic activity of a f ungus ill ~itrQ was 
determined by the a=oun t of digestion of the hair vhen the 
fungu s was grown on a nutrit i onal ly minimal medi um (D SA ) 
sprinkled with hair (Carmichael, 19 6 2). After two \leek s 
growth , hairs were e xacined microscopically to record the 
extent of visio l e digesti o n and the degree of penetrat~on 



of the hyphae v ith or without t he aid of penetr a t ing 
bod ies . 
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TECHNIQUES FOR SEXUA L CROSSES : Procedures for mating 
he~erothallic species of the Gymnoascaceae , especially of 
the genera !!!h~oder!e a nd ~izzi~, are well es t abli shed 
(Da wson a nd Gentles, 196 1; Padhye , 1969 ; Padhye and 
Carmichael , 1969, 19 71, 197 2 , 197 3) . Early r epo rts 
indicated that soil sprinkled vith a kera~in source such as 
feat he r s , hair , nail , hoof , e tc. was s uperior t o an aga r 
cedium (Oa vs on and Gen~les , 1961; oa vson , Gentles a nd 
Brovn, 19611 ; St ockdale , 19 6 3 ). Ho ve ver , lilore recent 
s tudies (We itzman , Kozma , a nd Sil va-Hutner , 1969 ; Padhye 
et . al., 19 7 3 ) indicate t hat a non- keratino us agar such as 
the oatmeal- salts agar (medium E) of Weitzman and Silva
Hutner (1 967) s t imulates e xce lle nt produc~ion of ascocarps. 

Conidi al suspensions were prepared by transferring a 
small i noculum f r om the periphery of a 111 day old c ulture 
grovn at 25 c on cereal agar t o 1 ml of sterile dis t i l led 
water in a test tube . Two methods of inoculation to 
oatmeal- salt s agar were used : A) mixed conidial 
suspensions , a nd B) paral lel inocul ati on of separate 
conidial s uspensions . If the organism was known to utilize 
keratin some sterile hairs from a n adul t blonde woman were 
spri nkled o ver the agar . Crosses vere observed veekly t o 
si x weeks when gymnotheci a vere reported. Pl ates vere 
retained up t o 56 days befor e being discarded as negative . 

Singl e ascospore isolati ons were made from 
gymnotheci al s trains vith the aid of a de Fonbr une 
micr omanipu l ator . After 24-48 hours incubation a t 25 c , 
single germinating ascospores vere t ra nsferr ed to PYE or 
oatmeal pl ates. 

TERMINOLOGY FOR CONIDI A AND CONIDI OPHORES : The terms used 
in this report are primarily those r ecommended by the 
pr oceedings of t he Ka na naski s conference o n Fungi 
Icperfec~i (Kendrick, 197 1) . llove ver , a l eurioconidium is 
retai ned here , i n Vuillemin •s (1 9 11 ) original sense , for a 
co nidium borne l aterally or terminal ly on an 
undifferentiated hypha or on short pedi cel s and released by 
lys i s of the s u pporting c e l l . Although aleurioconi dium vas 
re jected as a confused term , no other vas proposed to 
repl ace it . The t e r m specifies a particular method of 
conidium deh i scence (see Car michael in Ke ndrick, 197 1, p. 
24 5) . 

Aleurioconidia a r e simil a r to a lternate a r throconidia 
and often i n tergr ade. We p: efer the term •alternate 
arthrocon i dia • over t he older •endoarthroconidia • for 
arthr oconidia separa~ed by one or more relatively empty 
segments , and rel eased by lys i s of the outer wal l of the 
interve ning seyment. Another s uitable term i s 
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arthroaleurie defined by Orr (1 963b). 

The term conidiophore i s us ed here for a 
di ff erentiated hypha! s tructure which s up ports the conidi a 
or conidiogenous cells a wa y from the vege tati ve mycelium 
(see Car 111ichael , in Kendrick , 197 1, p. q7). The 
definitio n accepted by the Conf erence (see Kendrick , 197 1, 
p. 22 7) was "a conid iophore i s a s ys te11 of conidiogenous 
cell s , or a single conidi ogenous cell, with or without 
differentia ted s upporting st ructures. " A conidiophore 
without a d ifferentiated s upporting struct ure is called 
111icronemat ous by Ellis (1 97 1) . A micronema tous 
conidiophore cannot be di stinguished from the vegetative 
hypha before the process of conidium formation begins . 
According to the definition used in this r epor t , f ungi 
devel oping coni di a on undiffer e ntia t ed hy phae lack 
conidiophores . 

TAXONOHIC NAMES A~D CROSS-REFERENCE NAMES : The genera of 
the llyphomycetes are form - genera , based on the asexual 
reprod uctive pa rt of the life- cycl e of f ungi . Ma ny fo rm
gene r a contain s pecies that are known to ha ve perfect 
states in the Basi diomycotina or Ascomycotina . 
Unfortunately , the conidi al form- gener a do not correla te 
e xactly vith the cl assi fication of the per iect states, 
s in ce morphologically similar conidial s tates may have 
di stan tly related perfect s t at es , and vice versa . 

When the perfect state of a fu ngus is kno wn, the 
Linnaea n binomial {binary combination of genus name a nd 
speci fic epi thet) applied to it i s the taxonomic name fo r 
the species . Si nce t he main advantage of t axonoaic names 
is that they pr ovide unigue a nd exclus ive indexing terms 
fo r species , it seems undesirable t o c rea te or mainta in 
additi onal binomials for conidial s t a tes of spec i es . In 
order to refer to conidial states f or purposes of 
identif i ca tion or indexing , i t is more appropriate to have 
a s ystem of c ross- reference names that indicate the 
connec tion be ween t he conidia l fo r m- genus a nd the Linnaean 
name for the species (see Carmi chael , 1962 ; Hennebert , 
1971; Kendrick and carmichael , 1973 ; weresub , Malloch and 
Pir ozy ns ki , 197U ; !lag Raj a nd Kendrick , 1976). The 
conidia l sta t e may be c ross- referenced by refe r r ing to i t 
as the (form-genus na me ) state of (Linnaean binomial) . The 
use of c ross-r eference naaes does not co ntra ve ne any of the 
provi s i ons of the Internationa l Cod e of Botanical 
Nomenc lature , but does provide an additiona l system o f 
names . For uniforo international index ing of c ross
r efe rence names , i t would be better to use the Lat in 
abbreviation fo r the connection , i · ~·· (for m- genus na~e ) 
s t a t. (Li nnaean bino•ial) . The reverse order, (Linnaea n 
binomial) s tat . (f o rm- genus name) , i s a pp ropriate t o 
indica te the conidial sta te , but i ndex it under the s peci es 
na me . Pre vious ly publis hed Linnaean binomials for conidial 
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states can be red uc~d to synony my under the appropriate 
cross- refere nce name when the perfect state connec+;ion has 
been established . 

-hen the perfect state i s not known, a nd a fungus is 
poly morphic , having conidial states belonging t o more than 
one form- genus, then a Linnaean bino•ial can be proposed 
for the most prominent or most f r equently encountered sta te 
(see Hughes , 1953 , p. 650, 651 ; car::aichael , 1962, p. 
1138 ; Hennebert , 1971, p. 215). The other conidial s t ates 
can be referred to by cross-reference nam es. I n this way , 
the creation of form- genera based on more than one type of 
conidium can be avoided . When a polymor phic imperfect 
fung us has already received one or cor e Linnaean names , 
then the oldest val i d one would be give n priorit y, and the 
later ones reduced to synonymy under the appropriate cross
reference names. 

Following Hughes ( 1959), 180 1 i s taken as the starting 
point date for nomenclature of Hyphomycetes. This action 
contra ve nes Article 13f o( th e current code. In this 
paper, two pr e- 1821 names are accepted by us for current 
use and a ttributed to their original author . These nam es 
are Geotrichum Link 1809 , and Chrysosporium merdarium (Link 
18 18) car111ichael 1962 . 

PART I TilE GENERA 

KEY TO THE GENERA Table 

A£~f!~nd~!! Sig ler & Carmichael gen. nov. 

D1.agnosis 
Deuteromycotina , Hyphomycetes . 
Hyphae hyalinae vel clarae , septatae. Conidi ophorae 
absunt . Cellulae conidi ogenae hyalinae, initio laterales, 
dein ex apicibus conidior um apicalium in ordinem 
excrescunt , frequenter arcuatae , al i guando ramosae , demum 
deliqu escunt . Conidia hyalina vel flava , 0-septata , in 
catenulatis brevibus, per cellul as vacuas disjuncta. Per 
deliquescere cellularum vacuarum deh i scunt . 
Typus : Arcuadendron .Q.YE!:!!! Si gler & carlllichae1 s p. nov. 

I 

vegetative hypha e hyaline or yellowish green, septate; 
diffe~ent iated conidiophores lacking . Conidiogenous cells 
are integrat ed , serial , inde t e rminate, progressive , growing 
from the apical conidium. Conidia formed in acropetal 
succession , are seri al , alternate , separated by short , 
branched or unbrancned hyphal segments which di~sol ve to 
release t he conidia. Conidia broadl y el lipsoidal or 
triangular with truncate ends , hyaline or yellowish , smooth 
or verrucose . 
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TABLE 

Elongat ion ol Septa t ion of 

Conld log enous ConldlogGnou s 

Hyphae Hyphae 

Determinate -

Hypha I 

Elongation 

Ceaou AIUt 

Firat Conidium 

Init i al I t 

Ollferent l ated 

Indeter minate-

E longatlon 

Continue• 

Random 

or 

Slmol13neou t 

Random 

Retrogreu lve-

From Apex 
to Base 

Progres s iv11 -

Behind 

Growing ApGX 

(Acropetal) 

Maturat ion 

of 

Conidia 

Random 

or 

Slmullane ous 

R•trogresslva -

From Apex 

to B:ue 

( Bulpet&l) 

Slrnulunoous 

KEY TO THE 

Separation Width of 

Bot ween 
Ml\tur e 

Conidia 

Separati ng 

Cell 

None 

Connective 

Separat ing 

Cell 

Connoctlvo 

None 

Separating 

Cell 

Conidium 

Compared to 

Fer t ile Hyph• 

Same 

W i d t h 

Broader 

Same 

Width 

Broilder 

Same 

Wid I h 

Color 

ot 

Con idia 

Dark 

L i ght 

O ar k 

L lg h I 



FORM - G E NERA 

E reel Form-
f I D u r e 

Con ldiophores C e ne r a 

Coremhi I Corernlolla ·f)=~ 
1 Bahusn kala ,~ern mo 

JSeytalld l um ,~C(lX)=cO= ==o 
• Goo 1 rlehum lA~o 
S~?Mnuglnle l ln j~ooo 

~k b?M~ug l nlal l" 

c Not named 
Ab sonl H: :1 hO:D d Not named 

0 Sporendonem n ·-fPD~ 
• 

·~ 7 M.albrnnc hea 

8 Chrysosporlurn 

·~ "~ 
9 Ov aclendron 

.. ~ 
Unpigment ed 10 Geon•ye e s 

~f?E Mostly 
11 Oidlodendron 

P igmented r r 
Unpignlonle d 11 A r I hroo r aphis 

~~~ ~ Cor e ml ;a• tJBrlosla " I - 1 l -

Ab•en I )4 Arc:uncie nd r on 

j'~ -·~ • 
~ Spor od oehia I~ Ptychogas ler 

• On nat u ral s ubslrnto but not usunll y found In culture 
vOeserlbed niter Bahunk•la In llllphabolielll troalmon l of genera 
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Sex u a I 

S 1 ares 

l Aulognphlnn 

• Endomyces 

sv 
a ?Hymenomycetea 

b Phlebl :a 

c ?Hyme nonwcetes 

d Collyb l a 

7 V;orlous 

Gyrnnoucaceae 

8 Various 

Gymnoa.ScRc eae 

10 
Pseudooymno:ucoa 

II Myxotrlchum 

1.5 Tyromy e c s 
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Di scussion 

ArcuadendtQn differs from Halbranch~~ i n tha the 
fertil e hyph a cont1nues to g ~ow vhile foraing conidia 
e ndogenous ly . In ~alb;arr£hea the hypha ceases growth 
before convers~on to a lternate arthrocooidia occurs. In 
both , howe ve r , conidium de h1sce nce occurs by d i ssolution of 
th ~n te r vening segments . 

!rcuadendron 2~1~ Sig l er & Carm~chael sp. no v. 

co1on1ae ~n agaro ad 25 C velut~nae , v~olasce~ s , e xtensae. 
Cellulae conidi ogenae in modo generis. con1dia o voidea , 
truncata, flavo-vir1d1a , verrucosa, l-4. 5 x 4-7 (9)uc . 
Ty pus : UAIIII 2737, e x solo , I ndia , H. c. Gu g nan~ , 5252 

Colonies on PrE (Figs . 1A, 1 B) a t 25 - 30 c (opt illlu 
range) ar 37-39 mm in diaa . in 2 1 days , drao violet wi th 
white or pinkis h- violet cen ter , r e vPrse dark pu r pl e . The 
s urface 1s s uede-like , flat with raised center and s harp 
outward rad iati ng folds developing cracks nea r the center 
(Fig . 1A); o r floccose , f l a t near the periphe ry , but r~sing 
to a cent ral pla teau , smoot h (Fi g . 1B). Growth a~ 37 Cis 
s i mil a r , 25-36 mm diam . in 2 1 days , drab violet , da rk 
violet r e verse , downy with fe w fo l ds at th e center or 
e n i rel y ceLebnfora (Fi gs . 1C, 10) . Colonies (Fi gs. 1E, 1F) 
on cereal (diam. as on PYE ) are viol t , reve r se dark 
vLolet , aer1al growt h pale buff , f l occose , s ligh tly raised 
vLth flat cen ral pla tea u a nd gl abr ous margin (Fi g. 1E) , or 
yellow , powder y a nd flat , sectoring nea r the marg~n 
(Fi g . 1F). The vi olet s urfa c e p1gaent does not diffuse 
in to the agar . Colo nies a t J7 c grov somewha s l ower (1 8-
32 mm at 2 1 days) a nd show l ess luxuria nt aer1al growt h . 

Vegetat~ve hyphae are hyaline or gre e nish- yellow, 
sept ate . The fert~le hypha i s curved (Figs . 1G- 1I), 
narrow, 1. 0-1. 5um WLde, a ris ing as a l a t eral br a nch fro m 
the broader veget a tive hypha; conidiogenous cells are 
undifferentiated. Conidia are alte rna t e a nd deve l op 
se rially in acropetal succession on the fer tile hypha 
(Pi g . 1G) . The hypha cont i nues to g r ov froa the apical 
part of the conid1u11 (Fig . 1J) 1 o f • cn branchi ng , dod he 
conid iua i s del ~~ited by a n apical sep ua . Ma ure conidia 
(Fig . 1K) 1 r e l eased oy d1sso1ut1on of the inte r ven1ng 
hypha! segments are t runca te , broadly elli psoidal , 
verrucose a t maturit y, hyaline at f i rst , later gLcenis h
yell ow, J-4 . 5 x U-7 ( 9) um . The de vel opment of conid~a in!· 
QY~ appears to be t hallic , i · ~·~ enlargement of the 
coni di um in1tia l occurs ~fter del 1m1tation by a septull . 
Ho wever , septUQ formation ~s no t al ways discernible before 
enlargement occurs . 

No other spore s tate Vd S observ d a nd an a ttempt to 
c ross t he i sol ates was un s uccessful . ! · Qvatu! i s 
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cellulolytic bu~ no t kera tinolytic. 

Hater1al Exa mined 
UAMH 2737 , soi l, India , from Gugnani , National Institute of 
communicable Diseases , New Delhi as S252 ; UAHH 2746, from 
ulcer in a mo nkey , Indi a , froc Gugnani as 115259 . 

!I~dend~ !£!~gulari~ Si g l e r & Carmichael sp. nov . 

Coloniae in agaro ad 25 C cre~eae , densa e , durae , 
pulveraceae , l ente crescun t . 
Cel l ulae conidiogenae i n modo gene ris . Conidia 
triang ularia , eguilateralia , hyalina , laevia, in 
altitudine , 6-7um. 
Typus : UAHH 31133 , e x pilis , Clethrionocys glareolu;!, 

Yu gosl a vi a , 1970 , Huba l elc BH 68 (Orr- 335 1) 

The colony (Fi g. 11) on PYE is 20 11111 diam . in 2 1 
days , creamy white , reverse light brown. The s urface i s 
rai se d and convoluted , dense, tough , powdery with tiny 
c r acks , and pale yellow e xudat e dr oplets. on cer eal 
(Fi g . 111) t he colony i s f l atter , 25 mm diam. in 21 days , 
with deep fol ds running paral lel across t he diamet er of the 
colony , white , rever se buff , powder y. Optim um t emper a ture 
25 C; no growth at 37 c . ! · t ri~QQulari~ diges t s 
cel lophane but not keratin . 

The veget a t i ve hyphae a r e hyaline , septate, broad , 
2. 5-uum wi de , oft en for a ing promine nt racq uet hyphae. 
Conidia are tha llic , developing serially within a n 
undifferentia t ed hy pha ; each conidium initial at first 
cyliodr1cal, then expanding on one s i de to become 
triangular (Fig . 1!1) . Meristematic growth continues until 
the conidium i s delimited by a s e pt um (Fig . 1,0 ). The 
curved fert i le hy pha grows from the apex of t he triangular 
conidium, f orming conidia at regular inte rvals (Pi g. 1, 0). 
conidia (Pi g . 1P), re lea sed by di s integr ation of the 
in terve ning hyphal s egments , are hyaline , smooth , 
t riangula r , more or l ess egui1ateral in shape , measuring 6-
7um along the perpendicula r from the apex to the base. 

!rtnrogra phi§ Cochet 193'9 e x Sigl e r & car michael 
gen. ,nov. 

Diagnosis 
Deuteromycot ina , Hyphomycetes . 
Hyphae hyalinae , s eptatae , a ngustae , 1- 3um. Conidiophora 
hyalina , arboroidea , br e via . Hyphae fertiles ramosae, per 
f i ssiones in septis ad arthrospor as disarticulant. 
Conidia hyalina vel c lara , cylindrica , l aevia , s i cca . 
Geotrichi simile , sed conidia non mucosa e t conidiophora 
adsuut~--Oidiodend£Qni~ s i mile sed di sjunc t ores absunt . 
Typus : Ar throg~his ~alrai (Tewari & Mac pherson) S i gl e r & 

Ca r~ichael comb. nov. 
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Vegetati ve hyphae sep ate, branched , hyaline. 
Coni di ophores s~mple , hya l ine , branched at the apex , 
appearing arborescent. Fission ar t hroconidia formed by 
disjunction a nd segmentat ion of hyaline f ertile branches 
borne a t the apex of the conidio phore, or by fragmentation 
of undifferentiated hyphae. Arthroconidia hyaline or 
yellow , smooth , cylindrical , appearing discoid in e nd view. 

Di scussion 

The genu s Arthr~~hi~ vas proposed by Cochet (1 939) 
for a singl e species , A· lan~Qn!· Although adequa t e l y 
described and illustrated , it vas not validly published 
since Cochet did not incl ude a La tin diagnosis . 
~.!:!..£2graphis resembl es both Geotri ch.!!!!! and Oi di odendt..2n· 
It differs fro• Geol~kfh U! in formin g dry fission 
arthroconidia on conidiophores . The conidiophores of 
~thiQgraphi§ l ack the character i stic pigaenta ion of 
O&diodendron . Furt hermor e , t he arthroconidia of 
~hrographi§ are smooth-walled and lack t he connectives 
be twee n maturing coni dia that are prominent in Qidiod~~dron 
(Barr on , 196 1, 1962 ; Cole and Kendrick , 1969). 

~hrographis kalra! (Tewari & Kacphe rson) Si gl er & 
Carmichael coab. nov. 
~ Qidiodendron !!lrai Tewar~ & Kacpberson 1971, 

Hycologia 63 : 602- 611 (basio n ym ) 
= Art hrog~his la n~Qn! Coche t 1939 , Ann. Parasit. Hum . 

Comp. 17 : 98- 101 a nd pl. J (no La tin diagnos i s ) 

Description 

Colonies on PYE (Fig . 2A) are 22- 28 •• diaa . in 21 
days , ye llow becom4ng buff or an with tan reverse , 
slig htly ra4sed , dome- s haped, downy or tufted becoming 
velve ty and tough , or powdery. The surface reaains saoot h 
or develops radi a l r i dges or fol ds whi ch aay c rack . On 
cereal aga r (Fig . 2B) col o nies are 36-UU mm diam . i n 21 
days , flat , creamy whi t e or buff , powdery , occas ionally 

Figure 1. A- K. Arcuadendron ovat ua (A, D, F, G,J- UAMH 2737; 
B, C, E, H, I , K- 2746). L- P. Arcuadeodr~ triangularis (3433). 
Fi gs . 1A-1 F. Colon ial morphology after 21 days . A- D on 
PYE, E and F on cereal. c a nd D at 37 c , rest at 25 c . 
Pigs . 1G-1I. Con~dia de velopi ng se rially on curved 
f erti le hyphae. Fig . l J . Conidium delimited by basal 
septum. Fi g . 1K. Mature verrucose conidia . Pigs. 1L-
1H. Co l onial morphology after 21 days at 25C. L on PYE , K 
on cereal. F~gs . 1 N- 1 o. Chains of riangular coni d i a 
developing serial ly on undifferent1ated hyphae . Fi g. 1P. 
Mature t riangular con1dia . colonies x 0 . 7 , others x 600 , 
e xcept J , x 1680. 
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down y or woolly with tufts of upright hy phae. Growth at 37 
C is slower. 

Vege tative hy phae narrow , 1- 3um vide. Arthroconidia , 
borne on short , branched conidiophores (Pi gs. 2C- 2E) , are 
cylindrical, hyal ine , R. P. Southby , CHI 3U813 . smooth , 
thin -wall ed , 1. 5- 2 x 2 . 5-4 . 5 (5)u lll . Longer , na rrower 
arthroconidia a l so develop by fragmentatio n of young 
undifferentiated hyphae (Fig. 2F) . I n degenerate str ains, 
this form ma y predominate . 

Habitat and activity: worldwide f r oa soil , air , skin 
lesions and sputum. Keratinol ytic with pene t ration of the 
ha i r s haf by s ingle hyphae. 

Pathogenicity: The pathogenicity of this species has been 
s tudied by Cochet (1 939) and by Tevari and Macpherson 
(1 968b , 197 1). Experi mental inoculation into mice (Te wa ri 
a nd Kacpherson, 1968b ; s ve nberg , Koestne r a nd Te wari , 1969) 
resulted i n seve r e ne urological disorder , mor e seve re in 
mice inoculated intra venous ly than i ntcaperitoneally. The 
organis m was recovered f rom the spl een , kidney, liver , l ung 
a nd bra i n . Tewari and Macpherson (1971) also discussed the 
dimorphic nature of the f ungus . However , ve have been 
unable to convert the t ype strain of Q. kalrai a nd cochet • s 
s t rain , a s omewhat degenerate i solate , to the yeast phase 
by t he i n vit,£Q method outlin,ed by them. Three 
mor phological variants were isolated from sect or s in y- u, 
(ATCC 18434 , UAHH 3616) , the ty p~ of Q. ~ale~!- All three 
f ormed mucoid colonies a t 37 C, but only one ( UA~H 36 16c) 
formed a fe v yeast- like buddi ng cells after multiple 
transfers in brain hea r t in f usion broth (Difco). The 
predominant gr owth throughout was hyphae a nd art hroconidia . 
Artbroconidia vere often s een to be germinating. 

Antige nicity : Tewari a nd Hacpher son (1 968a) observed 
s i gnif ica nt protection i n mi ce c hallenged with His:opla~~ 
capsulatum af t er vaccination with f ormalinized Q. ~~~! 
vaccine. Later, Tevari , Macpherson and ~aitra (1969) 
demons trated cross-reacti ve hypersensiti vity bet ween 
His t opl asma £g2Sula!~~ and Oi d i odendron kalrai . 

Materi al Examined 
From human s ources: UA MH JU64 , from chronic digit al 
les i ons, Fra nce , by Coche t, circa 1938, CBS strain cochet 
11 2. 38 ; UAM H 36 16 , T~PE strai n of Oidiodendron kalrai , from 
s putum of man ~ith ill- defined respiratory a ilment , -rndia , 
Te wari (Y-U) , ATCC 18 U3U; UAM~ 2298 , al so rec. as st=ain 
Y-4, lis t ed as soi l 4Solate , Ne w Delhi , by Mohapatra , from 
Campbell, Harvard Uni v.; UAMH 26 10 & UAM H 26 17, i solates 
from mixed c ulture also cont aining ctenom ~ ce2 se rra~y2, 
rec . as Y-4, New Delhi, by Mohapatr a , from Tewa ri , 
Columb us , Ohio ; UAMH 2546 , gast ric vash spec4men , Edmonton, 
1965; UAM H 3380 , s kin o f right foot (isola ted on 3 



363 

occasions ) , frog ?rled~an , Nev Orleans as 192 ; UAHH 37 15 , 
hu~an source , Calif., f rom o rr as 0- 2556 ; From other 
sour ces: UAH H 3279 , air sampling , Ra bat , Morocco , by 
Chabert, fro~ Nicot , Paris a s 52 16 ; UAHH 2578 , CBS s train 
von Arx (CBS 344. 49?) of RaEularia gei , possible 
contaminant in cul~ure 

Arthrographis cubol~~ (Sacc. & Ellis) Sigler comb. no v. 
- Oospor a cuboi~~! Sacca r do & Ellis 1882, Kiche lia 

2 : 576 (Basi onym) 
- Geotrichum ~QQidey~ (Sacc . & Ellis) Sums tine 1913, 

Hycologi a 5 : 56 a nd pl . 83 
_ Cor emiella cubQid£! (Sacc. & Ellis ) Ciferrl & Caretta 

1960 , Mycopa th. et Mycol . Appl. 12 (3) : 249 and 
Tab . 3 

= Geotrichu m aic£Q§poru~ Smith 1962 , Tra ns . Bri t . mycol. 
Soc. 45 (3) :388- 389 a nd Tab. 8 , fig . 4 
.= Briosia microspQ£! (Smith) von Arx 1972 , An~ . v. 

Leeuv. 38 (3) : 293 
Excluded spec~es : ~Q~~~iella ula~rla~ (KcWeeney) Kason ap. 

Hughe s .= £Q.remiella c ubis.PQg q . v. 

History 

In 1882 Saccardo and Ell is di scove r ed Oospora £!!!?oidea 
q roving on rotting oa k in Newf i eld , Nev J e r sey and provided 
a brief description but no f i gures . In 19 13 , Suastine 
e xamined the pres umed i sot ype speci men a nd transferred the 
species t o ~~Qtrichu! vith a brief description a nd 
illustration. 

I n 1960, caret ~a e xamined t he isotype of Q. cuboidea 
of Ell i s (from NYBG) and proposed a ne v combination 
Coremiell~ cu boid~! (Sacc . & Ellis) Cif. & Care tta . 
Included ~n his concept of this speci es were four i sol a tes 
f r om human feces , one of whi ch (UAl'IH 829) , received from 
Ca ret~a in 1960 as Coremi e lla cuboidea , has been identified 
as a Trichos por on , possi bly !· cutan~. Indeed , c aretta ' s 
f~gures s trongly s ugges t differences between the four human 
isolates and Q. cubo!g~. In placing Coremiella ulmariae 
i n synony my with Q. gyboig~!, Caretta misinterpreted 
arthroconidium f orma tion in the l atter as endogenous (see 
also ~Qie mie!l!l · The i sot ype spec icen of QQ§.PQIA c u boidea 
(Fig . 2G) is conspecific wi th ~Qtrich~ microseo r um Smith . 
Ho we ver , this species belongs nei~her in ~eotrichum nor 
co~m~ella ; therefore, a ne w combination is proposed in 
A r thrographi~. 

Von Arx (1 972) ~ransferred g. microsporum to Brios ia 
vhile simul~aneously s uggesting that Cor em iella cuboid~! 
(Sacc. & Ell is) C~ f . & car . and £. ulmariae ( McWeene y) 
Kason a pud Hughes could be conspecific with !tb,iosia 
ampelo~~ Cava ra , the ty pe of which he examined . 
Ho we ver , Brio~!! di ffers fro m both in forming thallic 



meri stem conidi a (Kendrick , 1971, p. 168 & 25 1) in contrast 
to the fiss i on arthroconidia of ~hhoqraphis a nd the 
a l terna t e arthroconidia of Coremiella (see also Bri osia , 
corem~ella ) . -------- -- -------

Description 

Colonies on PYE , 50-60 mm di am . ~n 7 days , are pale 
yellow , r e ve r se yello w, flocculent and powde ry with tufts 
of conidiogenous hyphae o ver the cell ophane memb~ane . 
Gr owth at 37 c ~s r apid and s i milar in a ppea r ance except 
that the reverse becomes pink or violet by 14 days. o n 
cereal agar at 7 days , colonies are 60-7 0 ma diam., yellow, 
dense with f loccul e nt tuft s of hyphae. The r e ve r se , a t 
f i rst yellow, l a t er stains dark bl ue. A pink pigment 
diffuses into the aqar. At 3 7 c , t he col ony i s 25- 30 mm 
d i am. in 7 days. 

Hyphae septate, oya l ine~ 2- 5um diam . conidiophores 
are sca rcely differ entia t ed , s i mpl e , hyaline , branching 
near the apex to form a tuft of coni diogeoous hyphae. The 
conidiogenous hypha , delimited by a basal septum (Fig. 2H) , 
i s 80-1 50um long , un br a nched 1 at firs t spa ringly , then more 
regularl y septate (Pi g . 2H) , i n mo r e or less basipetal 
s uccession. The conidiogenous hypha for as sep t a a t r eg ular 
interval s , each inter val 3 . 5- 5um wide , whi ch further 
s ubdivide into uniforo , 2-2 . Sum , segments (Fi g . 21). The 
inte rvening septa , appearing at firs t less dens e , begin to 
form before init~al septation o f the conidiogenous hypha i s 
complete (Fig . J A), and de velop r a ndoaly . Fi ssion 
a rthroconidia (Fig. JB) , fo rmed in more o r l ess basi pe tal 
s uccession by d~sjunction of t he hypha , appear sq uare or 
r ectangul ar , of t en wider tha n l ong , discoid in e nd view , 
smooth , hyaline at fi r st, l a t e r yellow, 1. 5- 2 . 5 x 2-3 . 5um . 

Habita and activi ~es : Reported froc mine timber ( Sm~th , 
1962 ; Fassat~ova , 197 1) a nd souther n ye llow pine (Piny§ 
~st~lis Michx . ) t i mber (Chidest er, 1940) . causes pink 
sta~n i n heartwood a nd sapwood of pine , birch , cyprus , 
hemloc k, spruce , f 4r , oak a nd Dougl as fir (Chi des t er, 

F~gure 2 . A-F . Arthf:Q~his !21!2.! (A, B- UAIIII 3616 ; C-
26 17; D- 3380 ; E- 26 10 ; P- 2578). G- I. !£1nrographis 
cuboidea (G-376 0 ; H, I-6 76). Figs. 2A-2B. Colo nial 
morphology af t er 2 1 days a t 25 c . A on P'iE, B on cereal. 
F~gs. 2C-2E . Fi ssion ar throconidi a borne on br a nched 
coni diophores . Pig . 2f . Arthroconid ia formed by fissio n 
of undifferentiated hy phae . Fig . 2G. Fertile hyphae and 
artbroconidia of i s oty pe specimen of Oospora c uboide2. 
Fig . 2H. Regular sept ati on of conidi ogenous hyphae. Fig . 
2I . Subdiv ision of i nter vals by s epta (arrows ). colonies 
x 0 . 7 , other s x 600 . 



3<>5 



366 

1940). ! · cu boid~ is s trongly cel l ulolytic . 

Material Examined 
Oospora ~id~~. I SOTYPE , Quer£~2· Ne wfield , N. J. , 188 1, 
by Ellis (3536) f rom NYBG ; UAIIH 676 , birch post , Chalk 
River , Ontario by Shields , 1956 , OAOH 64066 ; UA IIH 310 1, 
TYPE s t rain of Geotrichum •icroseorum, rotten mine timber , 
Johannesburg , S. Af:ica , 1955 , Cal 9409 1; UAIIH 3792 , 
mushroo111 bed , by Komatsu, 196U , froa Tubak1, IFO 9 190 . 

Bahusaxal a Subr aaanian 1958 

Type Species 
.!! .. ~JH!.§llila oliv~~!..s£! (Be..rk . & Br. ) Subramanian 1958 , 

J . I ndian Bot . soc. 37 : 6 1- 63 
~ ~eptonema olivaceo-nig ru~ Berk . & Br . 1673, J. Linn. 

soc. 1 u: 90 

The following descri ption is based mainly on CBS 
s train U99. 66 (UA HH 3812) , the only available cultu~:e of 
this species. Ar tb rocon i di a develop on more o r less 
undifferentiated hyphae either t er•inal ly or in a n 
intercalary position . Hyphae are pale brown at f1rst , 
l ater becoming thick-walled and ye l low-brown Ln the ferti l e 
segcents . The nyphae are broad and sparLngly septa e , and 
s o•e segQen t s appear t o have lost their cytoplasmic 
conteuts. Arthrocon1dia us ually deve l op endogenousl y, like 
those of ~PQ!~~ ~2g!, bu t without separating cel ls. 
The f e J:tile segments of the hyphae , at first sparingly 
sept ate, cleave into saal ler segments (Fig . JC) and aa t ure 
arthroconidia are released by d i ssolution or fracture of 
the ou t e r vall (Figs. JE, JP) . Remnants of the outer wall 
are often vis i ble a~ound the released conid1a , and conidia 
occasionally reaa1n connect ed by the ou t er wall (Pig. 30) 
in groups of 2 or 3 . These arthrocon1dia often appear 
somewhat verrucose . Mature arthroconidia are pale brown, 
smooth to verrucose , cylindrical wi t h rounded corners, 0- 1 
septate, 3-6 x 5- 12 (16)um . 

Figure 3 . A- B. !l;thJ:oqraphi s cuboidea ( A-UA!tll 3 101 ; B-
676) . C- I. Bahusa.<~la olivaceougr! (3812) . Pig. JA . 
Randoc development of intervening septa . Pig . lB. Mature 
f1ss ion arthroconLdia . Fig . Jc . Septation of 
un di ffer entiated fer tile hypha. Pig . 30. ~atu re conidia , 
remaining connect d in g:oups of 2 o r J by sect1ons of the 
outer byphal vall . Figs. JE-JP. Mature arthroconid i a 
r eleased by di ssolution or fracture of the outer hyphal 
wall. Pig . 3C. Fission arthroconi dia foraed by 
seg11en t ation of undifferentia t ed hy pha . Pig . JH . Intra
hypha! hypha fragmen t ing to form arthroconidi a . F1g . JI. 
Fragme ntation o f ne w hyphal branch afte• frac; ure of the 
ou t e r hyphal vall . All x 600 , except H, x 1680. 
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In additio n to che endogenous conidia , arthroconid~a 
also form directly oy the segcent ation and disjunction o f 
segme nts of the fertile hypha ( Pig . 3C) , j ust as i n 
~alidiug. There appears to be no outer wall s urrounding 
these a cthroconidia . Rarely , within a broad hypha i n which 
the cytoplasmic contenls a ce less gran ular , a n intra- hyphal 
hypha (Bul ler , 1933) can be observed breaking into 
arthroconidid ( Pi g . 3H) . It is possibl e tha t all the 
endogenous arthroconid1a are accual l y for med by fission of 
intra-hyphal hyphae growing within segaent s of the original 
ou ter wall. As arthroconidia are rel eased from the outer 
wall , new branches also emerge ( F1g . 3I) a nd this new 
growth is probably an extension of the intra-hyphal hypha. 
The extruded endohypha also divides to form arthroconidia 
(Fig . JI). No ocher spor e s t a te vas observed . 

In the t wo herbarium specimens on pla nt mater ial , th e 
artnroconidia often remain connected by po rtions of the 
ou t er wall , and generally agree with the c ulture descri bed 
above . The drawing labelled ~- olivaceonigra by Ellis 
( 197 1, Pig . 3) shows prominen t septa and other fea t ures 
vhich s uggest Scytal~dium fla vo- brunneua (q. v) . 

Muller, Ha r e and Sulmont (1969 ) described the 
Bahu~kala s t ate of Aulographina £!A2£~ (Desa. ) Arx & 
Muller which differed from t he ty pe spec~es in for ming a 
sexua l s t at e and in growing o n PiUY§ ~!~!~· They 
described and illus trated (their Pig. 1 ) endogenous 
arthroconidium development a nd noted that the vall of the 
maturing conidium was difficult to differentiate fro• the 
ou ter va l l of t he ori ginal hypha. From their figures , the 
~husa kala state of A· pi n~ is very siailar to our 
culture of ~ - oli vaceonigr~ . 

Material examined : UAMH 38 12, Mansifera indica , CBS U99.66; 
UAMH 3959, photos from Herb. Iai 135080 , ex type 
coll ecti on, se~12n~ 2!!~~is£Y~, Herb. Beck . 1879 , 
on ' Aga ve •, Ceylon; UAM H 3974 , s lides from HUB L 1750 on 
~~~ glo,io~ , Madras , India , c .v . Subramanian , 1956 . 

Arthroconidial states of Basi diomycotina 

In 1889 , Brefeld 1llustrated the conidial s t ates of a 
number of Hycenomycetes , in which the hyphae divided i nto 
s hort segment s called ' oidi a '. Hughes (1 953) 1n his 
experimental class~f~cation of the Hyphoaycet es discussed 
the formati o n of •oi dia • b y Basidioa ycotina in hi s Sect ion 
VII. This grou p included fun9i in vh i ch the developae nt of 
conidia occurred by sept ation and disjunc t ion of s i mpl e or 
br anched hyphae . 

Brodie (1 936) st udied •oidial ' development in collybia 
velutiees and some other Hymenoaycetes . lie found tbat the 
•oidia • of Col !1Eia vel~i~ occurred on both d ikaryoo a nd 
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monokaryon mycelia but that clamp connections rarely 
occurred on the fertile bra nches of t he dikaryon mycel i um. 
He concl uded that t he •oidia • of the dika ryon mycelium were 
haploid . 

Nobles ( 19 48 ) studying 126 species of wood r ot t&ng 
fu ng1 growi ng in agar c ulture , described be ' oidia • of 13 
species . Ma xwell (1 95U) in a s tudy of Thelephoraceae 
observed that •oid4a ' were the most coaaon for• of asexual 
reprod uction i n the Agar&caceae a nd Polyporaceae of he 
Hymeno•yce t es. 

In the UAM H , a number of strains, a~ first filed as 
' Geotrichum §E.', appear to be a r t hroconidial s t a t es o f 
Basi dio mycotina . They do not f it our c urrent concept of 
Geotric hum, since they ha ve dry rather than s l imy 
arthroconidia . These strains a r e c haracterized by rapid 
growth , woolly or f e lt- like textu re , str ong odor , a nd 
cellulolytic ac:iv4ty . Although they have not been 
identifi ed , we s uspect that t hese strains a r e mostly 
Hymenomycete monocaryons . We provide a brief descri ption 
of the • here to a l ert the us er o f this •onograph t o the 
existence of a~throconidial f ungi which do not f i t well 
into e x&sting form - genera of the Hyphomyce tes. Their 
colon&al morpholo~y i s ra the r uniform and a combined 
descr1ption i s prov&ded for the coloni es . Ho we ver, they 
s howed s uff i c i e nt vari a tion in the manner of arthroconidium 
formation o descrioe Lour d i fferent groups of s trains . 
Although we have separated these groups in the key (as Sa 
to d) , and ha ve tentatively assigned the f irs t t wo t o 
nAuginiells , we have not studied hea suffici en l y o 
assign thea defini t e ly, or to propose names for t he other 
g r ou ps . The distinc tive conidial state of IYromyce~ 
~hogaster (Polyporaceae) is described under the for•
genus Ptychogastg~. When t he arthroconidial states of 
Basidi o•yco tina ha ve been mo r e thoroughl y s tudied , soae 
additiona l fo rm - genera will l4kel y be required . 

Descripti on 

Colonies on PYE (Figs. 4A , UB) gr ow r apidly (35- 62 am 
in 7 da ys and alaost f&lling the petri d4sh by 14 days ) a nd 
are white or pa le tan , re verse wn i e or yellow. Ae~ial 
growth i s dry , dense, patchy, mat t ed , woolly or downy , 
raised , and often more dense on cellophane t ha n on t he 
e xposed aediua. When dried , the aerial growt h f l a ttens 
becoming felt- like a nd mottled yellow or an in col or . 
Host s tra i ns produce a d&ffusing yel low p1gment and 
occasiona lly copi ous yellow e xu da t e . A dist 4nct s weet odor 
is often a pparent . Gro wth on cereal is s light l y ~ore rapid 
(60- 90 111 11 i n 7 da ys ) but otherwise similar . The diffus ing 
pigment turns the medi um tan . Most s trains do not grow at 
37 c , but soae show s light growth . Host are s trongly 
ceUulol ytic . 
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a ) Group 1 (Strains 1148 , 507 , 5 11, 1535, 1537 , 2098 , 2536 , 
2705. 2769, 287 1, 325 1, 31136 , 3657) 

Developmentall y , these strains resemble Geotri£hY! • 
but differ in having dry artbroconi di a . Arthroconidia 
(Pig . 40), fo r med by septation and disjunction of 
undifferentiated fertile lateral branches , are hyal ine, 
barrel- s haped or cylindrical , singl e - celled , measuring 2-
11 (5. 5) x (2) 3- 10 ( 15) um . They tend to lie in zig- zag chains 
(Pig . UP) , and col lapse easily when exposed to a i r . Thick
walled intercalary or t erm inal chlamydospores (Fig . IIC) are 
produced by many strains . One isolate (UA MH 2769) f ormed 
clamp con nections . I n most res pects, these strains 
r esemble the type spec1es of ~yginiella , ~ · ~et~~~ 
Ca vara . Ho we ve r in ~- scaettae , th e fertile hyphae a r e 
wider than t he vegeta tive mycelium and br eak up 
reluctantly. 

b) Croup 2 (Strains 3 77 6, 3787) 

Both isol a t es were r e ceived as Phlebia radiata Fr . 
Colonies gr o w less luxuriantly. Arthroconidia are borne in 
chains on undifferentiated , often c urved , lateral branches 
(Fig . liE). Fission arthroconi dia are hyaline , cylindrical, 
2. 5-q x 4- 9um. Clamp connections a r e present on some of 
the hyphae whic h do not break u p into arthroconidia . This 
group differs from group 1 main l y in ha ving curved fe rt ile 
hyphae . 

c ) Group 3 (Strai ns 611 5 , 2772 , 3412) 

Narrow separat 1ng cells devel op be t ween maturing 
arthrocooi di a (Pig. UG) af t er septation of t he fertile 
hypha (Pig. IIH). The connecting cell is often diff icult to 
detect suggesting that it could be a gel atinous secretion 
of the mat uring artorocooidia simil ar to tha t described for 
Oidiodendron ('.l . v.). 

Fi gure 4. Arthroconidial states of Basi domycotina . A-B. 
Colonial morphology (A-UAilH 3 25 1; B- 511). c , o, P. Group 1 
(C-1537 ; D- 2536 ; P-1535). E. Grou p 2 (3776) . G- H. Group 
3 (G-3 11 12 ; H-645). I. Group II (3796) . Pigs . UA-118 . 
Colonial morphology on PYE after 21 days at 25 c . Fig . 
IIC. Thick-walled chl amydospor es. Fi g. 40 . Fi ssion 
arthroconidia borne on undifferentiated hyphae . Pig. 4E. 
Fission arthroconidia borne o n cur ved lateral branches . 
Pig. liP . Mature fiss ion a rthroconidia i n zig-zag chains . 
Figs . 4G- 4H . Disjunctor cells developing between 
artb r oconidia . Fi g . 4I. Mature ar throconidi a separat ed 
by coll apsed di sjunctor cells. Colonies x 0. 7, other s x 
600. 
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d) Gro up 4 (Strains 5 111 , 3796 , 3837) 

Of the two strains received as Collybia cqnigena 
(Per s . e x Fr . ) ares ., one (Ul\IIH 3837) failed to sporulate . 
The oidium developcent described by Brodie (1936) for 
Collybi a velutiEe§ (Curt. ex Fr .) Quel . i s identical vith 
this group. After growth of the fertile hypha ceases , the 
protoplasm of the hypha becomes condensed in segme nt s 
separated by vacuoles . Then the condensed portions de ve l op 
a sept um at each end to beco~e conidia . Brodie (1936) 
reported t hat transverse septa vere rarely formed in the 
fertile hypha before condensation occurred . 

This process differs from that found in Qidiod~~£2n 
and ~Q~~!~ where concentration of the protoplasm is 
preceded by septation of the fertile hypha. Ho vever, the 
partly mature arthroconidia of group u (Fig. UI) resemble 
the al t ernate a rthroconidia of seorendonem~, until the 
va l l s of the separating c ells col lapse. At t his stage the 
chains of arthroconidia rese~ble strings of s ausages 
(Pig. 41). Conidia are cylindrical or rounded at the 
corners , or dumb-bell s haped , 2.5-4 x 5. 5- 13um . 

Habitat : Probable contaminants in clinical aaterial from 
human a nd animal sources ; soil of sheep a nd horse corrals ; 
feathers of sparrov; in Alberta , Kentucky , S. Carolina , 
Ohio, Kansas , Georgia , California and Czechoslovakia . 

Material Examined 
Collybi~ conig~: UAIIH 3796 (CBS 146 . 29) and UAIIH 3837 
(CBS 108. 13); Phlebia radill~ : UAMH 3776 (CBS 278. 29) a nd 
UAI'!H 3787 (CBS 285. 73) ; 
Alberta isolates from clinical specimens : UAII H 448, skin 
.from pecianal cegion, 1955 ; UAMH 507, sputum, 1956 ; UAI'IH 
511, toenail, 1956 ; UAMH 5 14 , blood , 1956 ; UA11H 645 , toes , 
1959 ; UAMH 2536 , skin s crapings, cani ne , 1965 ; UAMH 325 1, 
urine , 1969 ; From clinical specimens : UAMH 1535 , sputum , 
(Orr KCFS 62- 524 1) ; UAtiH 1537 , sputum, (Ocr KCPS 62- 5706) ; 
UAMH 2705, vitreous humor of eye , Ohio, from Sch varz , Univ. 
of Cincinnati, Ohio ; UAMH 3657 , Orr-1 209; From other 
s ubstrates : UA:!H 2098 , Calif., Martin, 196 1, as 840 ; UAM H 
2769 , sheep pen, Alber t a , o. Re11ing t on , 1967 ; UAMH 277 2, 
horse corral, Alberta , D. Reming t on , 1967 ; UAIIH 287 1, soil 
of broomsedge f ield , s. carolina , 1967, frotll colema n, 
Savannah Ecology Laboratory , s. c . as G80209 ; UAIIH JU36 , 
feather of house sparrow, Valtice, Czech . , 1970 , z. 
Hubalek, (Orr 0- 3279 ) 

~riosia cavara 1888 

Type Species 
~ia ~opelophag~ ca vara 1&88, Atti Ist . Bot . Univ . 

Pclvia , ser 2, 1: 3 21-32 2, Tab. 5 



373 

In the development of thal l i c meristea conidia of 
Briosi2 (Kendc:ick 197 1, p. 168 & 251) , septation occurs 
successive ly f r om the apex of t he hypha folloved by 
enla rgement or expans1on of the apical and subseguent 
segments. Expansion occurs only after del i mitation by a 
sept ua~ . Mat11re conidia {Fig . SA) are brown, thick-walled, 
gl obose or sub- globose or cylindrical and disarticulate by 
fi ss1on, at maturl.t y, 5- 7 . 5 x 6- 11 ulll (5-8ulll in dialleter , 
fide su t ton , 1973). 

In describin g ~ - ampe lophag~ , Morris (1963) 
i l l us trated expansion occurring bef ore delimitation by a 
septulll i n the 111anner described for ~ipetospo~ ~bra 
(Col e and Ke ndr ick. 1969 ; Kendrick. 1971, p. 168) . Von Arx 
(1 972) pl aced ~Q£emiella in syno ny my with Bri osia but 
~Q~miella differs in for• ing alterna te ar throconidia . 
(See also Arthf.~llBlli· ) 

Sutton (1 973) noted the s imilarity of conidium 
deve l opment in Briosia and Ojibw~y~ Sutton . The latter 
differs in for ming conidi ophores from the basal cells of 
the erect fu nne l - like vall of the i mmer sed s tc:oma . The 
conidiophores are not borne on a sy nnema as in ~rio~~~
Sutton (1 973) cons ider d Bri osia ampel ophaga s imilar t o 
coremium ,luteol!:!..!!! Camara apud Seraf i~:~ collected from Vitis 
in Portugal . However he vas una bl e to obtain type ma t e rial 
of s;; . luteolum. 

Habi t a t: Primarily on lea ves of Yil!~ and Pla tonia caus ing 
l eaf spot , a nd sometimes on fruits o f Vitis vini fer a Michx . 
Collect ed in Braz1l, Italy, ~isconsin and-rllinois.-

Material e xamined : UAMH 3822, ex DAOM 137503 , on l eaves of 
Vit l.§ riparia , Danevl.l le , Ill1nois, by Sol heim . 

Othe r species 
Bri osi a ~£~g~~ (Peck) Dea r ness 1941, Kycologia 33 : 360 

- Periconia 2zalg2g Peck 1833 , Ann . Rep. N.Y . St a t e 
llus . 25 : 93 

~ Sporocybe ~zal~ ( Peck) Saccardo 1886, Syll. Fung . 
1! : 608 

According to Dea rness , t he arthroconidia of ~- a~~le~ 
are smalle r, measurin g 3-7. 5 x 2. 75-U. 5um . Fu rtheraor e , ~· 
~~lophag~ occ urs commonly on grape lea ves , whe r eas ~ 
~al~~ has been recovered f rom bud and tvig blight of 
azalea (Davis , 1939). 

Excluded Speci es 
B.rios i a s:ubisp~ (Be ck. & c urt.) v. Arx 197 2 = toremiell a ~ispor~ q . v. 
Brios ia CYStQEO~de§ (Bubak & Krieger) v. Arx 1972 

= Coremiell~ cubispo~~ q. v. 
~riosia micro~QL~ (Smi t h) v. Arx 1972 
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= Arthroqraphi s c uboidea ~ .v . 

Chr ys os poriu= Corda 1 833 

Type Species 
Chrysosporium ~~da~Y! (Link) Carmichael 196 2 , 

can . J . Bot. 40: 11 60 a nd figs. J 0- 34 = ~egrot richum aerdari~ Link 18 18 , Jahrb . Ge wachsk . 
1:176 

~ysosporiua corii Corda 1833 , Sturm ' s Deuts ch! . Flora 
III (Pilze), Bd . 3 , Heft. 13: 85 

For f urther synonymy and descriptions of othe r s peci es 
o f Chrvsospori~, refer to carmichael (1962). Chrysosporia 
form aleurioconidia terminal ly, at the ends of s hort or 
long lateral branches , or directly o n t he sides of t he 
hyphae. Inte rcalary aleurioconidia occur in some speci es , 
a nd these intergrade with alternate arthroconidia. The 
a l eurioconidia of Chrvsosporium are broader t han the 
diamete r of t he fe rtile hypha . Malbranche~ differs in 
ha ving non- s wollen a rthroconidia. Geomy£~§ has 
distinctive , acutely branched fertile hy phae borne on erect 
conidiophores . 

Excluded species: Chrys osporiua pan~ (Link) Hughes 
1958, Can. J. Bot . 36 : 749 _ Geoayces pannorus q. v. 

Type Speci es 
~2ccidioides ! mmiti2 Stiles in Rixford and Gilchrist 1896 , 

Johns Hopki ns Hospital Report 1: 209- 269 

~ - iamiti2 is a human pathogen tha t occurs i n tiss ue 
in t he form of globose cells vhich divide i nte rnally t o 
produce a f e w to many endos pores . These st ructures were a t 
one time int erpre t ed as as ci a nd ascospores (see Dodge , 
1935 , p. 147) but no one has de~onstrated karyogamy or 
meios i s i n connection vith thei r forma tion. c urrently , the 
e ndosporulating cells are referred to as •spherules•. 

It seems likely that the s pherules represent a n 
unusual a dap t a tion to parasitic growth, wi t h multiplica tion 
by endosporulation instead of budding (as in most human 
pathogens ) or fission a rthroconidia (as in the 
de rmatophytes ). Othe r cha racters of~- i mmiti2 s uggest 
that i t may be a heterotha llic member of the Gymnoascaceae , 
whose sexual s t a t e has not ye~ been observed (Kwon-Chun g, 
1969 ) • 

In c ulture , ~- immitis grows as a mold and produces 
a rthr oconi di a typi cal of the fo r m- genus Malbranchea . A 
description of the coni di al s t ate and further discussion 



are given under ~he Halbranchea state of foccidioid~ 
immiti.§ . 

cor~!!~lla Bubak & Krieger 1912 

Type Species 
cokemi ella cubispo~ (Berk. & curt . ) Ellis 

oeaati aceous Hyphomyce tes p. 33 , f4g . 
_ Cladosporium cubisporum Beck. & c urt . 

Berk . 187 5, in Grevillea 3:1 07 

1971, in 
6 
apud 

- Bdosia £UbillQ£~ (Beck . & curt .) v. Arx 1972 , 
Ant . v. Leeuv. 38:293 

= Coremi e lla £Y§topo!de2 Bubak & Kri eger 1912, Annal . 
Mycol. 10:52-53 
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= Bciosia cystoeoides (Bubak & Krieger) v. Arx 1972 
Coremi ella yloariae (Macweeney) Mason apud Hughes 1953 , 

ca n. J. Bot. 31: 64 0 , f i g . 94 = jtysanus ulmariae Macweeney 1895, I r i s h Naturalist 
4: 277 

Excluded species : £Q£!!!!iella c ub.Qidea (Sacc. & Ell. ) Cif . & 
ca r. 1960 = Ar thcoqcaphis £YB.Qide~ q . v. 

Because of the det ailed accou nt pro vided by Ellis 
(1 971) only a brief descripti on i s given he re. 
Arthroconidi a (Pi g. 6A) a re alternate, s eparated by one or 
sore empty c e lts , saooth, thick-walled, oblong or cubical 
vith a small papilla a t each end , brown , 3.5-7 x 4- 9 (14)um. 
Mature conidia are l iberated by fracture or lysis of the 
outer hypha! vall of the adjacent empt y cell, often leaving 
a f rill of outer vall material attached to the conidium . 
The fe rtile hy phae often s how cha racteris tic dichot omous 
branchi ng (Bubak, 1912 ; Hughes , 1953) . Conidiophores a ce 
loosely aggregated to form a cocemium, hemispherical a t the 
tip , rarely observed in culture. 

Arnaud (1 954) described and illustrated Geotcichella 
al~rna ta without a La tin d i agnosi s . Though Kendrick and 
Carmichael ( 1973) s uggest possible s ynonymy with coremiella 
the status of Geotrichell a i s not clea r . Tubak i (in 
Kobdyashi ~- sl·• 1967) described Geotriche lla ~~' a 
fungus bearing cons iderable resembl a nce to co~eaiella , but 
d i d not va lidate ~eotrichella. we requested Tubaki ' s type 
s pecimen of 2· arcti£~ from the Institute for Fermentation , 
Osaka , but did not receive it . 

The a lterna te arth roconidia of CQremi ella d i stinguish 
this form-genu s from dematiaceous fung i forminq conidia by 
fission s uch as Scyt~lidi~, ~£ios!~ and Bahusakal~ . 
Devel opmental l y , ~oremiella r esembles §Eorendo nema and 
Kalbra nchea but differs fro~ both in ha vi ng darkly 
pigmented cell va l l s . Fur thermore, the hy phae and 
acthroconidia of ~.QJ;:~miell~ are 3. 5-7um vide whereas those 
o f lla lbra nchea rarely exceed J . 5um . 
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Habitat and activities : Recorded worldwide on se nescen t a nd 
living pl ant ma t e rial ; may ca use soft rot in pears {Lucas , 
Cat:valho and Bac:reiro , 1974). Digests cellophan e but not 
keratin. Gr ows vi gorously a t 30 C, but not at 37 C. On 
agar , releases a pigment which appears gre y o r brown o n 
cereal or ye llow on PYE. 

Material Examined 
UAHH 11 65, photomicrograph , ex DAOM 35 160 , f c:om Ranuncu!us 
leaf , England, det . E. W. Mas on ; UAM H 15 13 , from Pi~e 
abie~, Denmark , E. \1 . Mason , 19119 , CHI 36938 ; UA11H 3793 , 
from stump of 1i!!S~ll umb!itllata J apan, K. Ichinoe, 1966 , 
rec . Tubaki , IFO , Japan as 8862 (~HL U58J) . 

2~Q~£g~ Traaen 1914 

Lectotype speci es 
Geomyces aura~~ Traaen 19 14 , llyt . Mag. Naturvidens k . 

52 :28-3 1 a nd pl. IV 

History 

In 19 14, Traaen inc luded four species in his 
description o f GeQ£Y£g~, but failed to designate a ty pe 
species . caroichael (1 962) placed a ll four species into 
s ynony my wi th £hrysos porium panno~! {Link) Hughes. The 
four s pecies of ~eo01yces differ priDiarily in color, but 
Carmichael (196 2) noted that the col or of £ . pannorym can 
be extremely vari able . 

Since Traaen •s culture of Geomyces auratus i s st ill 
a va ilabl e , this speci es i s chosen as l ecto type . 2gQ!yces 
differs from £hrys~poriy~ in formi ng chains of conidia on 
acutely bra nched hyphae on erect conidiophores . In 
Chrysosporiu! , ale ur ioconidia form direct l y on the s ides of 
the hy pha or on s hort pedicels a nd rarely deve l op i n chains 
of two or three conidia . 

Generi c Descri ption 

Veget a t1ve hyphae na rrow, hyaline, septate. 
c onidiopbores narrow , hyaline, branched acute ly at the 
apex , sometimes verticillately. Fert1le branc hes na rrow, 
at f irs t sparingly , then more regula rly sept ate. 
Aleurioconidia , formed t erminally or latera lly o n s hor t 
pe dice l s , inte rgrade with alternate arthroconidia. 
Alternate a rthroconidia , broader tha n the fertile hy pha , 
develop in s hor t or long chains and may predominate . 
Mature coni dia , released b y lys is of intervening segments , 
are smooth or roughened , hyaline or yellow, barrel-s haped , 
cuneifo r m, s ubglobose or py riform. 

~eomy~~ asQe£ule!Y~ Sigler & Ca r mi chael sp. nov . 
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Coloniae in agaro ad 25 c moderatim rapide cresc unt , initio 
roseae , pos t erius fl avae. 
Conidiophora augusta , 0. 5- l. Oum in diametro , ad 150um in 
l ongitudine , a l iguando r amosa . Arthroconidia in catenis 
longi s , s ubasperata , doliiformia , 1. 5- 2. 5 (3) x 2. 5-
4. 5 {5) um. 
Typus : UAMH 183 , e x solo, Harvard Forest , Walthaa , 

Massachusetts , P. Raymond II- 1- 9 

Colonies on PYE (Fig . 58) are 35-39 mm in diam. in 21 
days , first pale pink , flat a nd cotton y, becoming vivid 
mustard- yellow, with pink and white pa tches at the 
periphery , powdery , reverse tan. The colony lifts in t he 
center with few radial folds , and curls up at the margin 
with ne w growth appea ring below. Poorly sporulati ng 
colon ies (Fig. SC) are f l at t er , pal e yellow, hairy or 
bris tly. On cereal , colonies (Pig . 50) are 55 mm in 21 
days , f l at , wi th outwa r d radiating folds , at fir st whi te 
then m~stard- yellow , reve rse the same , powdery . During 
sporulation , the centet fla t tens (Fig. 50) . Brown pigmen~ 
diffuses from the col ony by 14 da ys . Poor growth at 30 c 
a nd no growth a t 37 c . 

The vegetati ve hyphae are hyaline or yellow, nar r ow, 
septate . Conidiophores are narrow, 0. 5- 1. 0um vide , 20-
150um long , hyaline , s omet i mes branching a long the len gth , 
aost ly near the apex (Figs. SE-5G) at an acute a ngle. 
Fertile branches are narro w, 0. 5-1 . 0um vi de , at fi r s t 
sparing l y then more regularly septa t e , with concentration 
of cytopl asm in alter na t e segcents. Arthroconidia 
(Figs. 5F, 5G) become thick-walled , i ncrease in volume , a nd 
mature i n l o ng chains in core or less basipetal s uccessi on . 
Arthroconidi a , r e leas e d by lysis of the intervening empty 
cell, are yellow, slightly roughe ned , barrel- s haped or 
c uneiform if t e rminal , 1. 5- 2. 5 {3) x 2. 5- 4. 5 (5) um. 

Habit at and activities : Soil, Massachusett s , Ontario and 
Costa Rica. Stro ngly c e l lulolytic but not kerat inolytic . 

Mater i a l Examined 
UAI:IH 182, soil , Harvard Forest , Mass ., P. Raymond , Parlow 
Herbarium as III-4- 1; UAMH 183, TYP E, soil , Harvard Forest , 
Mass . , F . Ra ymond , as II- 1- 9 ; UAIIH 2169, Puerto Vieho , 
costa Rica , from Ba rron, Univ. of Guel ph as 10258 ; UAIIH 
28 15 , soil under Pinus st robus , St . Willia~s , Ont . , 
G. C. Bhatt, 1 96 7, -as-uw~16:--

Geomycg§ pannorus (Link) Si qle r & Carmi chael comb. nov . 
- ~E2£2!Ci£hY~ Eannor um Link 182Q, Linn . Spec . Plant. 

IV , 6 (1): 13 (BasionyaJ 
- Chrysospgrium pannorum (Link) Huqhes 1958, 

Can . J . ·Bot. 36:749 
= Geom yces aurat!!2 Traaen 19 1U, llyt. Nag . Nat ur vi dens k. 

52:30 
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Geomvces vulgaris Traaen 19 14 , ibid. P~ 29 
§eom yces §Ul Ehl!l:~l!~ Traaen 191 II, i bid . p. 30 
Geo~~ c r e tace us Traae n 19111, ibid. p. 3 1 

For f ull synonymy and description of g. pannorus refer 
to carmichael (1 962). g. pannorus i s di s tinguished by 
narr o w, hyaline conidiophores (Figs . 5R , 5I), 0 . 5- 1.0um wide 
a nd 10-100u m long , which branch acutely near the apex 
sometimes verticil lately.. Aleurioconi dia for me d terminally 
o r l ater a lly on short pedicels intergrade with intercalary 
a rt hroconidia (Fig . 5R). Mature conidia a r e c une iform, 
s ubglo bose or pyriform or barrel- s haped i f i ntercal a ry , 
hyaline , smooth or roughened , 2-4 x 2- 5um , mostly 2 x 3um . 

Discussion 

§ . ~nnoru§ differs from g. ~~~~ i n forming 
conidia in s horter chains of 2 to II, and in forming 
a l eurioconidi a l a tera lly on the hypha. 

One of the str ains examined (UA~H 377 5, CBS 298.119) 
was received from the CBS as Onyqen~ piliqena , isol a t ed 
from woollen sli pper by R. Heim. The microscopic (Fig. 51) 
a nd col onia l aorpnclogy of this strain conforms wit h t ha t 
of Q. pannorus. Whe ther Q. pannQru~ is t he ilperfect sta t e 
of onyqena ~~ is uncer tai n , although this s train vas 
pr es umably i sol a ced from ascocarps found o n the natuxal 
subs trate. Howe ver , no ascocar ps ha ve been produced by 
this s train in culture. The ascocarps of onygen~ a re 
notor1ously difficult to obtain on artificia l media, though 
Tubaki (1 960 ) induced ascocarp f ormation in Q. corvina by 
growing it on a medium enr i c hed wi t h owl ' s claw or hu•an 
fi ngernail. Furthermore, the cel l ulolytic activity of this 
strain (UAK H 3775) sugges~s that i t was probably a 
contaminant because mos t species of Onygena are strongly 
keratinolytic (Tuoaki, 1960) . 

Habita t and activi ties : ubiguitous , growin g we ll at 5- 20 C 
(Caroichae l , 1962 ; Williams a nd Pugh , 19711). Ce llulolytic 
but not kera tinolytic . Some stra ins pene tra te the hair by 
s ingl e hyphae . 

Figure 5. A. Briosi a am pelooh~Jl~ ( UA11H 3822) . B- G. 
~1£~~ ~J!lsiY~ ( B-D, F, G- 183 ; E-2815) . H-I. Geom yces 
~!!!!QIJ!§ (R- 2883 ; I-3775) . Fig . SA. Tha llic meris t eca 
conidia borne on a synnema . Fi gs . 5B- 5D . Colonial 
morphology aft e r 2 1 days at 25 c . B and C on PYE, D on 
cereal . Fig . SE. Branc hed conidiophores bea ring c hains 
of arthrocon4d1a. Fi gs. 5F-5G. Chains of arthroconidia . 
Figs . SR-51 . Aleurioconidia and arthroconidi a borne on 
acutely br anched conidiophoces. Colonies x 0.7, others x 
600, e xce pt I , x 1680 . 



319 

• I~ 

,- i 
• r.·' 
·'· ~~ I ... ' . ,) • . .-.\ ' • 

H 
. :-· • 

' • ••• • 
( 

.. , , 
' • 



:>80 

Material Examined 
UAHH 650, plate contamina nt , 1959 ; UAHH 7 23 , Geo~ 
auiatu~. CBS s t rain Traaen , TYPE or AU TH ENTIC strain (COC 
B-326) ; UA II H 11 73, ~2QIQi~ichuQ Eannorum , photo~icrograph 
of TYPE s pecimen, ex OAOH 43320 ; UAHH 156 1, blood 
transfusion flask , 1962 , CBS 117; UAHH 1860 , soil , Dugwa y, 
(Orr 10 OH); UANH 2883 , 2884, 2885 , s oil , Matador , Sasl<. , 
G. C. Bhatt , 1967; UAHH 3775 , woollen s lipper , R. Heim , c as 
298 . 49 (Onyge na piligena) ; 

g~!U£~ state of gseudogunoa§£~ roseus Raillo 1929 , 
Zentralbl . BaKt. Parasit ., Abt . ~78:520 , fig . 2 

= Geomyc~~ vini!.£~!!2 Oal Vesco 1957 , Allionia 3 : 14 

Por a fu ll descr i pti o n and synonymy of ~- £~2· 
refer to samson ( 1972) . 

Although cons~derable variation in colonial morphology 
i s appar ent among s trains of g. oannorus , the sexual state , 
g . fOS~us, is associa t ed onl y wi t h isolates having 
purplish-red colonies. The ,Geon£~2 sta t e of ~ - f.Q2~!!2 i s 
indistinguishable froo g. pa nnorus microscopical l y. 
Ho we ve r , the purplis h-red co~ony a nd presence of the sexual 
state, which forms readily on oatmeal agar at 18 c , 
distinguishes thi s s pecies. 

Ma t erial Examined 
UAHH 16QU , ~!!• Torino, Italy , Oa l Vesco , from Kuehn, 
Medford , N. J . as 2; UAH H 1736, same strain as 164U from 
Orr as ' P. g . Dal Ves co •; UAHH 1990 , soil , Wise ., (Orr Qtl 
6969) ; UAMH 2005, soil , Ja pan , (Orr NHL 2284); UAMH 2879 , 
soil under Pin!!§ ~f!A, Kananaskis, Alta., P. Widden , 
1967 , from Bhat t , u. Cal gary , Alta ., as 70 (:;CBS 387. 69) ; 
UAM H 3001 and 3002 , from Morrall, Univ . Sask., as RM 2509 
(SSF176) and RM 2169 r espectively ; UAHH 3166, mouse dung , 
Claremount , Calif. , R. K. Benjamin , 1965 , as 1558 ; UAIIH 
3337 , TYPE of g~~2£!!§ rhousioggngylinus , forest soil , 
Parry Sound , Ontario, H.ll . Wener , 1970 , from cain, u. 
Toronto Herbarium , as TRTC 45536 (CBS 722 . 69) UAII H 38 75, 
G. P. Orr (0- 3729) ; 

Geotrichum Link 180 9 

Type species 
g~ichu! s t ate of EndomY£~ geotrichua Butler & Petersen 

1972 , Mycologia 64 : 367 
= Geotfichu! ~~n~!~!!! Link 1809 , Mag . Ges . Naturf . 

fre unde, Berlin 3 :17 
{For f ull description a nd addit i onal synony~s , refer to 
Carmi chael , 1957.) 

The form-genus geotrichum i s d i stingu i s hed by 
formation of chains of hyali ne , s limy arthroconi dia by 
segmentation of undi ffere ntiated hyphae. Arthroconidia 



381 

develop by more or l ess rando~ septation and di sjunc tion at 
a double septu~ of l a t e ra l branches or t he broader 
vegetati ve hyphae which may branch dichotomously . 
Ar t hroconidia are thin- walled , smooth, cylind rical or 
elli psoi dal or oblong , sometiaes becoming s ubglobose. 

The developaental sequence of a rthroconidium for ma t ion 
in 2 · candidum and the Gegtrichyg state of Endoayces 
magnus ii has been recorded by tine l apse phot ography (Cole 
and Kendrick , 1969) . Cole (1 975) described some of t he 
ultras tructural aspect s of a rthroconidium formation. 

Numerous species ha ve been described in g~~~chum , 
ma king t he ta xonocy of t he ge nus complicated a nd confused. 
for Geotrich~ £ADd!~~! alone , a species demons t r a ting 
considerable varia tio n in culture , caraichael (1 957 ) lists 
o ver 50 synony~s . furt hermore, c haracters of ma ny species 
i ncluded in Geotrichum are co ntrary to those attributed to 
the type species. For this reason , the follo wing shoul d be 
excluded f rom g~trichy~ : deaati aceous species (see 
~£Y1alidiu~); f ungi with di ffere ntia t ed conidiopho r es (see 
Arthrogr aphis a nd Oidiodend ro n) ; species l acking fission 
arthroconidia (see coremiell~ , ~pgrend~~. ~albr2~hea 
a nd OidiodendrQ~I , and fungi foraing blastoconidia as wel l 
as fiss i on a rth roconidia ( Trichospor o n, Honiliella) . 

Ho we ver , a number of di fficult pr obl ems remain . In 
culture , the type species, g. £A~did~, appears dry , hairy 
or powdery , but whe n disturbed the t extur e is sli~y . This 
yeast-like texture i s also characte ris tic of some other 
species of Geo1~!£~Y! · I f this yeast- l i ke form of gr owth 
is a va l id generic character , then f ungi ha ving dry- spored 
fissio n ar throconidia s hould be excluded. Ho we ve r , in 
order to e xclude morphologi cally s i milar f ung i (s uch as 
t hose described as arthroconi di a l s t a t es of 
Basi diomycotina) f r om 2~~huo , a suLtable form- genu s 
must be available for their adaission. ~s yet , no other 
form-genus has been proposed to accommodate non yeas t - like 
f ungi developing hyaline f i ssion ar throconi d i a o n 
undifferent i ated hyphae. 

~n additional p~oblem , in assi gning f ungi to 
Geo trichum i s defini ng the degree of speci a l izat i on of the 
conidiophore . ~ccording to t he definitio n accepted by the 
Kananaski s. Confe r ence on Fungi Imperfecti (Kendrick, 19 7 1, 
p. 22U - 228 ), the hypha of geotri£~ which fragments to 
form ar t hroconidia 15 a s imple conidiophore , 
' Qicronematous • of Ellis (1 97 1) . Ho ve ver , this fer~ile 
hypha i s indistingui s hable f rom the vegetative hypha befor e 
~he process of conversion begins (Col e and Kendrick , 19 69) . 
In add i t i on , i nt ercal a ry a rth roconidia fo~~ in the broader 
vegetati ve hyphae (CarGichael , 1957). It is often 
di ff i c ult , therefore, to differentiate bet ween an 
undifferentia t ed f ertile hypha , i · 2·• ' micronema t ous • 
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conidiophor e and a s lightly di ffe rentia t ed , i· ~·· •sem i 
macronema tous • (El l is , 197 1) conidiophore . species with 
differentiated coni diophores are excl uded f r om Geot richum 
(see li.ll~.Qhis) . 

Soae species that have been tra nsferred i nto or ou t of 
Geotrichua s ince 1957 are listed together here for 
conv enience. 

~ichum fragrans (Berkbout) Korenz 1960 , Taxonomie und 
medi zinische Bedeutung der zur Gat tun g ~ich~ Link 
gehorenden Arten p. 17 8 (::_ Oospora fragrans Berkh. ) 

Geo tricbua tlgbahnii (St a.utz) !lorenz (as ' lcl ebhani • ) , 
i bid, p. 180 [=.Oospora Jslebah!li Stautz) 

~i£hum ~~£!~ (Weigmann & Wol ff) Windi sch 1952 , 
Beitr . Biol . Pflanzen 29 : 15 7 ?= TrichospQIQn fide von 
Arx (1 972) 

geotrichum ludwigii (Hansen ) Sin- Pang , Tzu- cheng & Jing
chu 1966 , Acta Microbiol. Sin. 12 : 69 ( ,:: Oospora 
ludwigii Ha nsen] 

Geot richum robustum Sin- Pang . Tzu- cheng & Jing- chu 1966 , 
--Actatsi crobior:- sin. 1 2:73 

Geot richum state of Endomyc~ ~~nusii Ludwig 1886 , 
Ber . Oeut . Bo t . Ges. 4 :17 
For a descri ption , refer to von Arx ( 19 7 2) . 

Excluded Speci es 
Geot ricbum ~.!£~lie~ Red aelli & Ciferri 1935 , Arch. f ur 

Hikrooiol . 6 : 60 = Trichosporon c utaneum fide Lodde r 
( 1970) 

Geotrichum ci~!2!eum (Li bert) Saccardo 1886 , Hichelia 
2 : 636 
Saccardo •s descript i on and the s tudy of Quinta (1 968) 
suggest that th i s speci es ma y be i dentical to Wallemi a 
sebi (Fr . ) von Arx. 

Geo~rich~ £Y~2!deu! (Sacc . & Ellis ) Sumstine 
.:: ll1.!!rographis £!!boidea q . v. 

Geotrichua dulcitum (Berk.h.) Wi ndisch 1952 , Beit r . Biol. 
- --pflanz. 29 :1~= Proten domycopsis dooschi! Windisch 

1965, Beitr. Biol . Pflanz . 41: 337 = Protendom ycopsis 
dulcita (Berlch. ) Gams & Domsch 1969, Nova Hed vigia 
18 : 20 
Although proposin g a ne w combinat i on , Gams and Doasch 
treat th i s specLes under Tric hosporon c utaneum. Lodder 
(1 970) lis t s f . dom2£hi! as a synony m of Trich02PQ£Qll 
c utane um. 



g eotrichum fl~Y2.=brunneuJ! Ki~lec et al. 1957 = Scytali diu3 f lavo- brunneum q. v. 

Geotci chum hictu m Windisch 1952 , Beitr . Biol. Pfanzen 
29 : 157 = "TCTCh"ospgron cu t aneua fide Ladder (1 970) 
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Geo trichum micro§£2~ Smith 196 2 = Arthrograehi2 £yboid~ 
q .v. 

~ichum .E.\!,!;;.Jllirascens (Bon.) Sacc. 1886 - Sporend~ 
purpurascen2 q.v. 

Geotrich~ £Q2eu~ Gro ve 1886 ?= Sporendoneaa .Jllirpurascen~ 
q . v. 

Geott i chum ~~da~um (Cast . ) Cif. & Red. 1929 
TrichospQ~Q~ cut~ fide Ladder (1970) 

Geotr i ch um ~~ (Cast . ) Dodge 1935 , Medical Mycology p. 
219- TrichOSQQ~Qn cutaneum fide Ladder (1 970). 

Geotrichum sua~ol~~ (Lindner ) Cif . apud Didde ns & Ladder 
1942, in Die anaskosporogen Hefen II: 27 1 _ Honiliella 
s ua veolens (L~nd ner ) von Arx 1972 

Geot cich um ~Q~!i! Saez 1964 , Bull . aens . Soc. linn . Lyon 
33 (7):266 = Trichos~Q £!!!~l!~ fid.e Lodder (1 970) 

Malbranchea saccardo 1882 See Part II 

Mauginiella Cavara 1925 

Type Species 
~g_iniella 2£2.~~~~ cavara 1925 , Atti della R. Ace. dei 

Lincei 322 , ser. 6, p. 67 = g~trich!H!. ~.et t!!_~ (Cavara) Hai re 1937 , in Maire & 
Werner , Mea . Soc . Sc. Nat. Maroc 45 , p. 133 

A s ingle strain was examined. The colony on PYE i s 60 
mm diam . in 14 days , creamy , f l at , dense and down y or 
felt- like when dried. The re verse is yellowish- tao , with 
some areas of darker pigment . Growth is slightly s lower a t 
30 C and consider aoly s lower a~ 18 C (40 mm in 2 1 da ys ). 
Colon~es on cereal are si~ilar, but vith distinct yellow 
pigmen t in the aerial growth at 18 c . 

The vegetative mycelium consists of a few straig ht 
regular hyphae , 3-5ua wide, and many narrow, curved , 
irreg ular bra nches 2- 3um vide. The fertile hyphae are 
regular , branched and 4-7um vide. They quickly become 
filled with dense cytoplasm and closely septate, but break 
u p only s lowly i nto fragments (sometimes branched) with 



384 

z ero to many septa. The indivi dual cell s a re 6-1 5um l o ng. 
we received t his stra i n too la te to i nclude it in the 
pla tes , but drawings of t he a rthr oconidia a r e provided by 
Nicot (1 972). 

The colonies of ~· §£A~ res emble those described 
under Arthroconidial s t a t es of easidio~ycotina . 
Microscopically , ~· scaettae is c los e to group 1, but 
differs in its wider ferti l e hyphae and i ncomplete 
disart i c ulati on . 

Habit a t and activities : Causes a r o t of date palm 
inflorescences (Nicot , 1972). Cellulolytic, not 
kera tinoly tic. 

Ha ter i a l e xa~ined : UAMH 3098 , f r om Phoenix dactylifera , 
I rag , 1949 , CMI 348 13 

Oidiodendron Robak 1932 

Perfect States : 

Lectoty pe Species 
Oidiodendron t enuissiQum (Peck) Hug hes 1958 , Ca n . J . Bot . 

36 :790 = Periconia ~enuissiza Peck 1893 , N. Y. State Mu s eum 
Report 46 : 11 3 (8asionym) 

Qidiodend rou !~£~! Robak 1932 , Saetry k a v . Nyt . Mag . 
Naturvidensk 71: 25 1 

This wood- and soil-inhabi ting fungus forms 
arthroconidia o n branched or unbra nched , hyaline fertil e 
hyphae borne at the apex of a pigme nt ed coni diophore. 
occasionally, conidiophore produc tion i s s uppressed a nd 
ar~hroconidia fo rm direc tly on undi ffe r entiated f ertile 
hyphae. 

The exact mode of development of its arth roconidi a i s 
not complete ly understood . Barron ( 1962) , i n his monogr aph 
of nin e s pec ies , r eported that arthroconidia were f ormed 
either endogenously, r emaining conn ect ed wi th i n the 
origina l oute r h yphal vall until ma turity , or more 
commonly, by segmenta tion of the hypha with each deve l oping 
c o nidium dra wing sligntly apa rt froQ its ne i ghbors, but 
remaini ng connected to the m by a gelatinous secr e tion . 

Cole a nd Kendric k (1 969) , in a time-lapse s tud y of Q. 
tr~£A~ , concurred wi t h t he latter view. They foun d t ha 
initia l septati on , possibly by doubl e septa , vas followed 
by round ing u p and drawing a part of t he i mmature 
art hroconidia l eaving a clear area between a djacent 
coni dia. The clear areas , t ermed co nnecti ves, we re often 
t ra ve r s ed by a septum. Col e and Kendrick ( 1969) agreed 
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with Barron (1 962) tha t t he connectives vere either 
remnants of tAe ou t e r hy phal va ll l eft after e ndogeno us 
f ormati on of conidia , or more pr oba bly , that they vere 
gelat~nous s ecretions from the mat uring conidia. The 
presenc e of a septum within the con nectives suggested that 
ne v terminal end valls dis t~nct from the origina l sept um 
were f ormed by the maturing arthroconidium . ro a further 
discussion , Ken dric~ (1 97 1, p . 16 2) designa t ed this type of 
art hrocooi dium development as type 2 . Recently , Cole 
(1975) s uggested that the connectives betveen conidia ma y 
be deposits of ne v vall material f o rced around the s e ptum. 

Arthroconidia of Oi diodendron , sepa rated from each 
other by gela t inous connecti ves , a r e dis tinct from t he 
f i ssi on arthroconidia of Geocrich~ a nd Arthrographis and 
the al ternate arthroconidia of Malbra nchea and Ovadendron. 
Oidiodendron i s f urther distingui s hed by-rts pi gmen ted 
conidiophores. 

Por d i scussion s of the species of Oidiodend ron, the 
reader .1.s r eferred t o Ba rron (1 96 1, 1962), Morrall (1 96 8) , 
Cole and Ke ndr i ck (1 969) , Kobayasi ~- ~!· (1 969), Kiffer , 
llangenot a nd Reisinger (1969) a nd Tokumasu (1 973). In 
addition , OidiQdend•Qn conidial states ha ve been des cribed 
for M1 xotrichum ~S2112!~ (= !gxotrichu! cancellatum] 
(Orr a nd Kue hn, 1964a: A pin i s , 1964) , Arachn iotys 
flavoluteus (Mul ler and Pacha-Aue , 1968) a nd Byssoascus 
striatospQ~§ (= ~cbniotus stri~ospo•~2J ( Barron a nd 
Booth , 1966; von Arx , 197 1) . Howe ver, i n our examination 
of the type st rain of ~ · flavolus~2 (UAIIII 353 1, CBS 
627 .71, NR RL 1243) , ve vere unable to conf irm t he presence 
o f an Oidiodendron conidia l state . Nor ha ve Kuehn a nd Orr 
(1 959) , Udagava (1963 ), or von Arx (1 97 1) reported an 
asexual s tate for this speci es. 

Q~diodendroB s t a t e of ~otrich u~ s tria £os porum 

Perfect St ate: 
Myxotr ic hum stg~tOSE.Q£!!!!! (Barron & Booth) Sigler coeb. 

nov. 
- .A kachniosY§ striglQ§£2£Y§ Barron & Booth 1966 , 

Can. J. Bot . 11 4 :1060 (Basi o oym) 
_ Byssoa s cus st[i~t isporus (Barron & Boot h) von Arx 

197 1, Per soonia 6(3) : 377 

Barron and Booth (1 966) descr ibed this species in 
Arachnio t us a s having white conf luen t gymnothecia composed 
of narrow, hyal ine peridi a l hyphae a nd fu s iform, striate 
yellow ascos por es . In t he ir preliminary di scussion, 
however , t hey not ed that darkly piqgented hyphae occurred 
i n a ssociation wi t h the gymnothecia , but d i d no include 
thei r description in the Latin di aqnos i s . Von Arx (1 971 ) 
remo ved t he spec ies froiD !.tl!£hniotus and proposed a nev 
qenus , Byssoascus , be cause of the f us i for m, s triat e 
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ascospores. 

There appears t o be little justification for the 
crea t ion of a new genus for this f ungus. On t he basis of 
ascospore morphology alone , this species does not differ 
fro• species o f nnotrichum llhich have ellipsoidal or 
fusiform ascospores. Ascospores of some species , s uch as 
11· ~eflexum and 11· chartaru~ (Orr , Kueh n and Plunkett , 
1963b; Apinis , 1964; Visset , 1974 ) a l s o have l ongitudinal 
f urrows which are clearly visible when the ascospore i s 
seen in polar view at high ~agni fica tion . The ascospores 
of 11· s triatoseorum a r e aore definitely striate but th i s 
char acter would not e xclude the species from 1'!.yxotrichum. 

The primary reas on for the r eaoval to ~Y£!!.~ would 
seem to have been the nat ure of the gymnothecium , which is 
composed of thin-walled , narrow hyphae. Examination of t he 
type s train (UAMH 357 2 and 37 58 , CBS 642 . 66 , Ct!I 11 5998) 
revealed tha t production of ascospor es was cons i s t e ntly 
assoc~ated vi t h the fo rma tion of dark bro wn, thick- walled , 
smooth hyphae , often aggregated into ropes ( Pi g. 60) . on 
cereal agar , ascospores are produced beneath the surface of 
the colony among the thick-walled hyphae . No discrete 
g ymnothecium or peridial vall vas seen. Species of 
Mvxotrichum have been describ~d in which the gymnothecia 
coalesce a nd do not detach readi ly from the vegetative 
hyphae (see Mal b;anchea circi nata , ~Ql!ichum ~~!) . 

The tra nster to ~yxotrichum i s proposed fo r several 
reasons. Pirst , the ascospore shape a nd surface , the 
Qidiodendron conidia l state and the cellulolytic activity 
of the fungus are cons i s tent with those of other speci es of 
Hyxotr ichum. In addi tion , the dark brown , thick- walled , 
coalescing hy phae (Fig. 60) are branched and often ha ve 
blunt tips where the teraina l portion has broken off 
(Pig . SE) . This severance of t he tip of branches is seen 
freq ue ntly i n species of Myxotr!chum. Fi nally , the 
s i milarity of 11· §£.~ia~£2~ to 11· setQsum s ugges ~s tha t 

Fi gure 6. A. Coremiella cubiSEQ£~ (UAMH 3793) . B-E. 
Oidiodendron state o f My xotrichum s tria tosporum (B, D, E,-
3572; C- 3578) . F-H. Oidiodendron state of Myxotri££um 
setosu! (3835). Pig. 6A. Alte rna te ar throconidia borne 
on dichotomous ly ora nched hyphae . Fig . 6B. Arthroconidia 
borne on pi gmented conidiophore. Pig . 6C . Arthroconidia 
borne on hyaline conidiophore. Pig. 60. Dark brown 
• peridia1' hyphae aggrega t ed into ropes , a nd fusiform 
ascospores . Pig . 6E . Ascospor es and segment s of per idial 
hyphae s howi ng blunt tipped branches. Figs. 6P-5G . 
Arthroconidia bor ne on hyaline conidiophores . Pig. 6H . 
Septum (arrow) tra versing connective be tween adjacent 
a r throconidia . All x 600 , e xcept H, x 168 0. 
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these t wo species should be placed in the same genus. 

The OidiodendtO!l sta te of Jl . striatg§.poru! i s similar 
to the QidiodendrQn s t ate of ~- §.gl~!· On cereal agar , 
the conidiophor es of Jl. s triatos2orum a r e narrow , mostly 
hyaline (Fig . 6C) , rarely beco2ing pi gmen ted at the base 
(Pig. 6B) . Arthroconidia are often formed direc t ly o n 
undifferentiated hyphae. Arthroconidia are smooth or 
slig htly rough- wall ed , olive-~reen , barrel-shaped 1. 5-2 . 5 x 
1. 5- 3. Su111 . Barron and Booth (1 966) noted that. the barrel
shaped arthroconidia dif fered from those of other species 
which were mostly ovoid , globose o r cylindri c . 

The colon4al morphology of 11 · s triat.osporum also 
resembles that of ~- seto~. Jl . striatos por um grows 
s l o wly on both PYE an d cereal . On cereal, the colony is 22 
mm in diam. at 1 ~ days , f lat. , slightly zonate, velvety , 
dark olive -green with characteristic bright yellow margin , 
reverse brown. On PYE , the colony i s pale olive , adhering 
poorly to the cell ophane and lifting up a t t he margin . 

Oidiodendron s t ate of Myxotrichum 2etos~! (Eidam) orr t 
Plunkett, in Orr ~· al . 1963b, Can. J . Bot . 4 1:1457-
1480 

?= Oidiu! microsper mum Berkeley & 
An n . Mag. !lat . Kist . u , ser . 
_ OOSEOra !iC£2§,~~ (Berk. & 

1886, Syll. Pung . 4: 22 

History 

Broome 1873 , i n 
II , JU6 
Br . ) Sacca rdo & Voglino 

Berkeley a nd Broome (1 873) described Oidium 
microspermu! f rom bark of Sco t ch fir (Abi es) with a brief 
description but no illus tration. s accardo and Voglino (in 
saccardo , 1886 ) transferred Q. E!£!E~~!~ to OospQ£~ . 
Lindau (1 907 ) described the fung us fro~ a n exsiccatum, 
No. 1577 of Rabenborsc • s Fungi europae , from Lonic~£~ 
xylosteum. Since we have seen neither i l lustrations nor 
t he type specimen of Oidi~ mictos~~~ no nev combination 
i s proposed for the conidiol state. Howe ver , both 
specimens that were examined had been identified as Qi dium 
micros permu! by Hughes (DAOI'I 37 243) and Pirozynski (DAOM 
14 4716). one of these (DAOH 144716) for111ed a perfect s tate 
in culture which agreed with previous descriptions of tt· 
seto~~ · Therefore , Oidiu m micrgspermu~ i s l isted as a 
probabl e synony~ of the Oidiodendron state of ~- setosum. 

Eidam first r eported § y~no~~~ §~2~ in 1882 fro~ 
a n iso l ate on a wasp ' s nest , with a brief description and 
no ill us tra tion . In 1902 , Massee and Sal~on found ~ 
~to~2 on a bee ' s nest in England. They noted the 
distinctive whi te centru~ of t he ascocar p , and provided a n 
excellent illustration (See Pigs. 70 , 7E) . Dale (1903 ) 
reported germinating the ascospor es from Massee and 
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Salmon ' s specimen, buc s he observed only a fe w hyphae and 
masses of blastoconid~a in culcure on a variety of media . 
Perhaps she vas dealing with a contaminant . 

DeLamacer (1937), comparing Q. seto~y~ with Eida!~ 
spinosa [= ~yxotrichum def l exum) , concluded t hat t he t wo 
species we r e dis~inct , di sagreeing wi th Dodge ' s (1 935) 
placemenc of ~ - sp~no~ in to s ynonym y v~th Q. setosus . 
Apinis (1 964) concur red vi~h DeLamater. 

orr a nd Plunkett (in Orr ~- ~!·· 1963b) proposed a 
new co mbination , Kyxotrichum setos um (Eidam) , based on the 
description and f i gures of Kassee and SalMon (1902) and 
Dale (1903) and the ori ginal description of Eidam (1 882) . 
Orr and Plu nkett were unable to find a type specimen or a ny 
recent i sol ates of Q. setosus . Despite Dale ' s detailed 
account of the conidial state, t hey r eported the asexual 
sta~e t o be unknown . Apinis (196U) exami ned Massee •s 
original dra wings ( NY ) of ~- setQ~~~ as well as t wo 
specimens from bee hives. He described the conidial sta t e 
as •oidi a •, 2 - 3um v~de . 

The conidi al sta te of ~- ~~22Y£ has not previously 
been referred t o oidiodendron, pr obabl y beca use 
conidiophore de ve l opment i s weak a nd conidiopbores remain 
unpigmented. Arthroconidia often develop on 
undifferentia t ed hyphae. These a r e probably the ' oidia ' 
described by Apinis (1964) . The co nidia l stat e of tl · 
~tosu! descr i bed by Dal e (1903) is more di f fic ult to 
interpre·t . 

Description 

The colony on PYE at 25 c is 17 mm i n diam. at 2 1 
days , pal e olive , reverse tan , ve lvety , adhering poorly t o 
the cel lopha ne . The marg i n becomes undulate a nd the center 
lifts . on cereal , the colony is f l atter , stretching to 22 
mm a t 2 1 days wi th s l ightly raised center , powdery, d ry a nd 
cracked, olive - green wi th 1- 2 mm wide pale yellow margin, 
buff r e verse. Psychr ophi lic , produc ing t he sexual s t ate a t 
8 c. 

Vegetati ve hyphae are hyali ne , sept ate, narrow. 
coni diophores (Fi gs. 6F, 6G) are hyaline , nar r o w, 1- 1. 5ulll 
wide and 30-1 U0um l ong, branching at the apex to form 
fertile hyphae. Arthroconi di a develop in more or l ess 
basipetal s uccession on the fer ti le branches (Fig. 6F) or 
on undifferentiat ed hypbae. Ar t hroconidia , becoming 
slighc ly rounded , rema in linked by connectives often 
t ea versed by a septum (F'ig . 6H) . Arthcoconi dia a r e oli ve 
wi th th i ckened walls (Fig . 6H), smooth , mostly c ylindri cal, 
s ometimes s ubglobose or o void , 1. 5-2 x 3- 5um . 

Aomothallic. Gymno thecia confluent, not discrete. 



390 

Peridial hyphae (Fig. 7A) not anas t omosed, co~posed of 
dense , dark br own , septate , thick-wall~d hy phae termina ting 
in long spines (Pis . 7A, 7D) bear ing t wo or three short 
later al spines , o fte n opposite t o each o her ( Fig . 70). 
As coaa ta1 i nitia l s a re coiled (Fi g. 78); asci are hyaline, 
e vanescent, s ubglobose , 6-7um in di ameter. Ascospores 
(Pigs . 7C , 7 E, 7P) are pa l e green, soooth , fusi f orm or 
navicular , with one f ace flatte ned, 1. 5- 2 x 3. 5- 6. 0um. 

Di scussion 

Massee a nd Sal~on • s descripti on ( 1902) and figures 
(r eproduced her e as Figs . 7D, 7E) co rrespond well with t he 
fung us described here . These autho r s noted tha t t he 
cent rum containing asci r eoai ned permanently white. In 
young c ultures, this is true, but as t he ascos pores mature , 
the ce ntrum becomes g r eenis h-ye llo w in color. 

The characteristic fea ture of ~· se1~! noted by Dale 
(1 903) was the shar ply pointed, branched spines of the 
peridia l hy phae , whi c h di d no t anas tomose to fora a 
discrete g ymnothecium . The dark brown peridial hyphae and 
fusifo r m ascospor es s ugge s t that t his species is correctly 
placed in Myxot richua . 

Pl acement of t he conidial s tate in Oidiodendron i s 
mos t s ui t able for t he present . Although t he conidiophores 
a ce hyaline , t he de velopme nt of a rt hrocon i dia resembl es 
that of other s pecies o f Oidiodendr on, e s pec ially the 
Oid iodendron s tate of n. s t ria t OSEQrus . If s i milar 
conidia l f ungi are di scovered whi ch lack the pigmented 
conidiophores of Oi~!odend~n then e rectio n of a ne w form 
genus could be j usti fied. Indeed , Pade n (1 975) r epor ed 
that t he coni dial s tate of the ascomyce t e , Cookeina 
2ulcipe2 (Berk .) Kuntze , formed arthroconi di a separa t ed by 
connect i ves s imila r to the ty pe descri bed f or Oid~odeng~ 
t ru ncatum by Kendri ck (1 97 1, p. 162 ) . Howe ve r , Paden d i d 
not describe t he nature of t he conidiophore. 

Habita t a nd act~v~ties : Wood of Picea ql a uca , soil of 
Alpine regosol , Alberta , nests of wasps a nd bees, a nd 
hone y- comb of bees , Engl a nd a nd Ger ma ny. Neither 
ke r a tinolytic nor ce llulolytic. 

Material Examined 
UA~H 117q, pho t omicrograph ex DAOH 372q3, fro m Pice~ gla uco 
det . Hughes ; UA~H 3835, washed soil particles from Alpine 
r egosol , Ka na naski s , Alt a ., 1968- 197 2, de t . Pi rozyns ki , 
DA011 111471 6 (Bisset t , J B 922); UAMH 3939 , ex IIU 471, 
beehive com b, Kev, 19U5, H.A . Dade. 

Oidi um Li nk 182 11 nom. cons . 1975 
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The compl icated and controversial history o f the use 
of t he na me Oidium was reviewed by Wer esub (1 973) who made 
t wo proposals for its cons ervation. Her f i rst proposal 
(371), to conserve the name Oidi~! for the conidi al states 
of Erys i pbaceae , was approved by the Special Committee for 
Fungi and Liche ns (Taxon 2q : 5311 , 1975) reporting t o the XII 
I nterna tional Bot a nica l Cong ress, Leningr ad . The conidia 
of Oidium are meristea arthroconidia , formed i n basipetal 
succession on a continuously e l o ngating conidiogenous cell 
(see Kendrick, 197 1, p . 168). 

Excluded speci es : Oidium microsperm um Berkeley & Broome 
1873, in Ann. !lag. Nat . Hi st . , sec . II , 11 : 346 ?= 
OidiodendrQQ state of Hvxot~ichum ~~Q~~ q . v. 

OOSQOr~ Wall roth 1833 

Ele ven origi nal species , i nclu ding the type speci es of 
four ot her genera , were included in oospo£! by Wall roth 
( Pl. c rypt. Ge r m. 2: 182, 1B33) . Nu111erous species have 
s ince been added t o Oospora , a nomen ill egitim um (Hughes , 
1958). Correct i den tificatio n of ma ny species of Qospora 
i s i mpeded by i nadequa te descriptions which of t en lack 
illustrations. Examination o£ type specimens woul d be the 
onl y way of determini ng the correct piaceaent for many 
names in Oospo~~ -

Oospora £rUSt~~~ saccardo 1882 , ll i chelia 2: 545 
?= Sporendonema £asei, q .v. 

Oospora cuboi dea s accardo & El lis 1882, Michelia 2: 576 = Ar thrographis cuboidea g. v. 

Oospo~ microsper ma (Berk . & Br.) Saccardo & Vogl i no 1886 , 
Syl l . Puny. q: 22 ?= Oi diodendron s t a t e of ~£,ichum 
setos um q .v . 

Qos por~ s ulphureo- ochracea va n Beyma 1933 , Zentralbl . 
Baxter. Paras it . 88 :1 34 _ Ovagendr on sul phureQ= 
ochra ce u_ lJ • v. 

ovadendron Si gl er & Car•ichael gen. nov . 

Diagnos i s 
oeuteromycotina , Hyphomycetes . Hyphae byalinae, septatae, 
a ngustae. Coni di ophora absunt . Ar throconidia pluria , 
alternata , conspi c ue crassiora guam hyphas conidiogenas , 0-
s e ptata , in catenis longi s , hyalina , l aevia . Per 
d i ssolutiones cell ularum s epara ntium liberant ur . 
Ab llalbranchea per arthroconidia crassiora quam hyphas 
differ a t . 
Typu s : Ov;~dt!n d ron s utehureo-ochcac(:u~ (va n Oe y:.a ) Sl. JltH "' ' 

carmichael comb. nov. 
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veget ati ve hyphae narrow, hyaline, sept ate. Fertile 
branches narrow, a t f irs t sparingly , t hen mor e regula rly 
septate in more or less basipetal s uccessi on. Alternate 
a r throconidia a r e broader than t he fer tile hy pha a nd 
de ve lop in long chains . ~a ture conidi a , released by l ysis 
of intervening segments , a re smooth , hyal ine , barrel
shaped . 

De velopmentally , ova~~ndiQQ resembles Halbranchea . 
Ho we ver , the species of ~al~nchea compose a r a t her 
homogeneous group in which tbe widt h of t he arthroconidi um 
rare l y exceeds that of the ferti l e hypha . In contras t , t he 
ar throconidia of Ovadendron s how a definite increase in 
volume, reachin g a diamete~ of 2 or 2- 5 t i mes that of the 
fertile hypha . The s we lling of t he arthroconidi um as it 
matures dis ti nguishes the genus fro • Halb£~~-

Ovdo~nd ron sulphuro::o-ocht•• C~< !!_! (v . Be yma ) S~ ')l e r: & 
ca r michael com b. no v. 
- Oospora sulphureo-o£hrac~ va n Beyma thoe Kingma 

1933 , Zentral bl. f . Bakt . u. Parasi t., 2 Abt ., 
88 :1 34 (Basionym) 

The colony on PYE i s 30 mm in diam. in 14 days , 
white, r e ve r se tan , center down y a nd slightly r a i sed , 
ma r gin fla t , g l abrous . On cereal , f l at (35 mm diam . i n 1U 
da ys ) , white , f loccose, r e verse t an . 

Vegetative h yphae are hyaline, sept ate, narrow. 
?ertile hy phae are narrow, 0 . 5-1. 0um vi de, s hort , coi l ed , 
lateral br anches (Figs . 7G-7J ) whi ch become r egula rly 
sept ate, with concen trat i on of c ytoplasm in a l ternate 
segments . The ar t hroconidi a ma ture in more or less 
basi petal succession, becoming thick-walled, a nd enlarg ing 
in volume . The ma t ure , bar rel- s ha ped a rt hroconi dia 
(Pig . 7G), released by dissolution of the alternate empty 
segment s , a r e hyaline , smooth 2- 2. 5 x 2. 5-Uum. No 
arthroconidi a develop by seg~entation of the vegeta tive 
hy phae. 

The s ingl e st r a in e xa alined (UAIIH 18 1) corresponds t o 

Fi gu r e 7. A-F. I'IYXOt r ichUill set O§_JliD (A-C . F-U A/1 H 3835). G
J . ov~.!! ·~ ndr£.1! ..; ul.(hUI:eo-oc l• t:dc~ u~ ( 1 ~ 1.•1 · l' i ·J · 7 11 . 
Coal escing dark brown s harply poin~ed s pines of per i dia l 
hy phae , x 600 BF. Pig . 78. coiled ascoma t a l initial s , x 
1680 . Fig. 7C. Ascospores, x 1970 . Fig . 7D-7 E. 
Illust r a tion of Massee a nd Sa liDon (1 902) shoving peridia l 
hyphae (x 300) a nd ascos pores {x 730 ). Pig. 7P. 
As cospores , x 1680. Fig . 7G. Developing arthroconidia 
showing marked increase in volume , x 1680 . Figs. 7H- 7J . 
Arth r oconidid i n chains on coiled lateral branc hes, x 600. 
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van Bey~a • s original d e scri pt ion , except that UAM H 18 1 
re~ains white , whereas va n Beyma noted that t he colon y 
became yellowish in age. 

Activity: keratinolytic , penetrating hairs by single 
hyphae . 

~aterial exami ned : UAHH 18 1, ? TYPE strain , ex cas s t rain 
va n Be yu , r ec. 1954 , and C BS 233 . 32 rec . 1975. 

Ty pe Species 
P~ychggaster s tate o f Ty romyces ptychogaste r (Lud wi g) oonk 

1933 , Heded . Bo~ . Mus . Herb. Rijks Univ. 22:1 53 
fi1chogaste£ fu!!ginoide~ (Per s . ex St eudel) Donk 19 7 2 , 

Proc. K. Ned . Akad. Wet. c 7 5 :165-177 = Trichoderma fuliginoi des Pers . 180 1, Syn. Met.h . 
Fung . , p. 23 1 

Ptychogabte~ ~!QY§ Corda 1838 , Icon . Fung . II: 23- 24, 
Taf. XII , fig . 90 = ~iomyc~§ al~Y2 (Corda) Saccardo 1888 , Sy l l . Funq. 

6 : 388 

Perfect State : 
!1~yces ~cho~§£~! ( Lud wig) Oonk 1933 , Heded. Bo~ . 

Hus . Her b . Ri j ks Uni v. 222 :1 53 = Pol12g~§ ~hogaste£ Lud wig 1880 , Zeitsc br. ges. 
Naturwiss. I II , 5 : U2U- 43 1 

Oligo po ru s us tjj,{l_ginoide§ Brefel d 1889 , Un tersuc h . aus 
dem Gesa mmtgeb. der Hykol ., Heft 8 :11 4- 14 2 , Taf . VI I , 
fig . 23- 25 and Taf . VIII , f i g . 26-33 

According to von Arx (1 973) , the f un g us described by 
Corda as f11£hogas t er ~lbus was tra ns f e rred by Sacca r do 
(1 888) to Ceil,QJU~§- Brefeld (1 889) , i ncluding it i n 
Ol igoporus as Q. usti laginoides , pro vided e xcellen';. 
illustrat ion s of the Ptychogast e r state. These 
i l lustrations appear identical to an isolate ( UAKH 38 13, 
WFPL 17 0AO) receiv~d as Ptychogas~ albus , from Picea, 
tl o va Scotia . 

Developmen t of conidia in t he Ptychogaster s t ate of ! · 
£1Y£h2gaster resembles that of Arcuadendron . conidia a re 
formed rn-chains , wi~h the conid i oqenous cells occurring 
serially , de ve loping from t he apex of t he newly formed 
conidium (Figs . 8 A, 8B). Th e former differs , ho we ver , i n 
forming c l amp connecti o ns bet ween t he de velop1 ng conidia 
(Fig . 88). Ma ture conid i a a r e ye llo w, smooth, e llipsoidal , 

o voida l or barrel- shaped , 4- 5 x 6 -9ua , released by l ysis of 
the i n tervening hyp ha . 

Conidia of Ptychogas t er ru~~~Q§ Boudier de vel op i n 
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the sa•e ma nner . For a description of f . rubescens , refer 
to Fidalgo (1 958) a nd von Ar x ( 1973). 

gtvchogast~ species a r e conidial states o f speci es of 
t he Polyporaceae. In nature, the Ptyc ho_gas ter stage grows 
as cushi on shaped s po.r odoch i a , or smal l pads, composed of 
hyphae and powdery ma sses of coni di a , or g r ows within the 
basl.diocar p (Corda , 1838 ; Brefeld, 1889 ; Rea , 1922 p. 660 ; 
Donk, 1933 ; Da vi dson, Ca111pbell and IIeber , 19t1 2 ; Davidso n, 
Christe nsen a nd Darl e y, 19 4 5 ; Fidalgo, 1958 ; Si ngh, Singh 
and Baksbi, 196 1). 

Habitat : On wood of various types i ncl udi ng Pinu§, Abie~ , 
Picea , and mine ti~ber wood , south Af rica , Geraany, canada , 
India and the USA. 

ScytalidiUJ! Pesante 1957 

The form-genus i£Y!~!idium is characterized by 
dematiaceous in tercala r y or terminal arthroconidia foraed 
by fragmentation of undifferentiated hyphae. The 
a r th r oconidia are thick-walled , s mooth , occasionally 
verrucose in age, 0- 1 septate , pa le to mid-brown , or 
ye llowish brown , c ylindr i cal , obl ong or broadly 
e llipsoi dal , and if septate , often constr icted a t the 
septum. Fission a rthroconidia of a second type are 
hyaline , thin-vall d, s mooth , cylindrical, s ingl e-celled . 
(Also refe r to Ellis , 1971.) In its thallic ontogeny, 
sc~talidium res eQbles Geotrichum and ~~iniella but 
di ffers in being demati aceous . 

KEY TO THE SPECI ES OF Scy tal idium 

1. Bo t h hyaline and deaatiaceous arthroconidia present • 2 
1. Only dematiaceous arthroconidia presen t • • • •. ••••••• • t1 
2. coloni e s tan, grey or black •• . • . •••••••.• ~ · !iqni£21E 
2 . colonies pa l e r • • ••••••••• • • •.••.• .. ••••• . ••• ••• •• • • • 3 
3 . Col onies white, tur ning gr e y .. ••. • • •. • • •••••. ~- album 
3 . Colonies yellowi sh •••• • ••••• •• • •• .• • ••• ~ - auran tiacum 
4 . Colonies slow-growing, dark grey-brown ~ - ~2hilum 
u. Co lonies g r owing r apidly ..• •••• • •.••• . •. •. . .. •••• • . • 5 
5 . Colonies peach- brown or pale grey; arthroconidia brown 

wit h ref racti l e hyaline apices ; pycnidia absent 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ~. f l a vo~£.!!!1.!!~! 

5. Colonies grey- black ; ar thcocon idia brown; pycnid i a 
so metimes presen t 
••• ••• •••••• .. • •••• • • ~- state of Henderson ul a ~£.!!!Qidea 

Rec e ntly , Ku hlman, Carmi chael a nd Hiller (1976) 
desc ribed §cytalidium uredinicola which differs from other 
speci es of scytalidiuc in g roving in aecia of Cronartius 
f usiforae and in the r egula r s welling of its arthroconidi a 
in c ulture . 



396 

Type Species 
Scytalidium ],i,gnl.CQll Pesan·te 1957 , Ann . sper . Agr . 

(Roma) 11, s u ppl. CCLXI-CCLXV 

Growth on PIE (Fi g . 8C ) is rapid , 70- 90 mm diam . i n 
10 days , at f1.rst wnite, then da r k t an , pal e or dark grey, 
front and reverse; flat with r a i sed radia l folds , down y or 
woolly, dense , sa~~ .d . Brown or black pigment is excreted 
into the agar. The type culture (UAHH 1506) fo r ms large 
dark br own e xudate droplets. On cereal a gar (Pig . 80) , 
colonies are 80-90 mm in 14 days , flat , at first gl abrous 
w1.th redd1.sh-tan surface growth , gradually turning black as 
sporulation commences and forming a loose weft of whi te 
cottony aeria l growth . Ae rial growth is scant. The 
diff used pigment i s plum or 9re y. UAK H 28 16 grows faster 
than the t ype culture (UAMH 1506 ) a nd fo r ms dense blac k 
colonies resembling a coating of thick tar on the 
cell ophane membrane. tlo g rowth a~ 3 7 c . 

Hyphae septa te, hyaline, becoming brown . 
Arthroconidia of one type , fo r med by fragmenta tion of 
hyaline hyphae (Pigs. 8E, 8G ) are cylindrical , thin- walled 2 
x u . s-Bum . Arthroconidl.a of the second ty pe ( Pigs. 8 P, 8G) 
arising in chains in an intercalary or t erminal positio n on 
s hort , lateral branches , become hick- wall~d , ye llowish
brown, broadly el l i psoidal , o blo ng , o r barrel- shaped , 0-1-
septa~e . cons tricted at the septum , a nd show a n increase in 
volume . Arthroconidia measure U- 7 x 7 . 5-1 2um if 0-se ptate , 
a nd 12- 17um l o ng if 1- septate. Arth roconidia are no t 
readily detached a nd may appear s urrounded by a brown 
s lime . (See also El lis , 1971). 

Habitat and activi t i es : Isolated from blue s t a i n of wood of 
Pl!lliU!..!!~· Pi!ll!~ · Pis;~~ . Abie~ , Betul..~. Poeulus a nd fit:a.c his , 
a nd from soil and roots of Vitis , in I taly , s weden , 
sou~hern USA , Cana da , Japan , Cyprus , Engla nd , Indi a , 
Rhodesia (Shi elds , 1969 ; Ellis , 197 1; Ku rao. Oda and 
Mats ushita, 1973 ; Klingstrom and Johanssen , 1973) and also 
from rhizosphere of Tr i fo l1.um alexandriny_!! , Pakis t an 
(Hussa in a nd Halik , 1972) . Sligh tly cellulolytic , not 

Figur e 8 . A- B. Pqchoga21~£ s~a e o.f Tyromyc~ 
~:tchogast.er (UAiiH 3813). C- G. Sc yta lidium l..ign.i£Ql! 
(1 502) . H- I. scy ~alidiy!! a l bu! (H- 3611 ; r - 3620). Pigs . 
6A-88. Chains of coni di a developing serially (arro w) and 
for~iog clamp connections between each conidiu~ . Fi gs . 
8C- 8D. Colonia l morphology aft er 21 days at 25 C. C on 
PYE, o on cereal . Fig . BE. Hyaline arthroconidia formed 
by fragmentation of und1.ffe rentiated hypha . Pi g . 8P. 
Chain s of thick-walled brown arthrocooi dia . Pi gs . 8G- 8I . 
Mature arthroconi dia of both types. colonies x 0. 7 , others 
X 600. 
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kera tinolytic . 

Klingstrom and Johanssen ( 1973) , ~esting the 
antagonistic properties of se veral isol ates o f ~ - liqnicola 
agains t !Q!~~ annosus , Pol yporus versicolor , Lentin~~ 
!epide~~. and ~Qnioph~~ ~tean~, found that ~- ligaicola 
o vergre w all isol ates, killing the decay fung~ in ~he 
process . 

Matetial Examined 
UAMH 385 , photomicrographs e x DAOM 59090 , from pr esuQed 
type ; UAHH 1502 , TYPE , f~oa Platany§ wood , Italy , by 
Pesante and Peyrone l , 1956 , CHI 62532 (CBS 233 . 5 7); UAHH 
28 16 , fro111 cornfield soil , Bright , Ontario, G. c . Bhatt , 
1967 , as uw . 655. 

Scvtalidium a l bug Beyer & Klingstroo 1965 , s v. Bot . 
Tidskr . 59 (1 ) : 35 

Colon~es grow rapidly (50 mm on PYE and 70 ~m on 
cereal at 14 days) a nd are white, flat , do wny or gla orous . 
During sporulation, surface growth o n cereal turns grey , 
grey pigment diffuses into the medium, and orange pigment 
forms near the center . On DSA, the diffused pigment is 
bright lemon-yellow. The artbroconiuia (rigs . SH, SI) a re 
di fficult to distinguish from those of ~ - lignicol~ 
(Pigs. 8E- 8G) and ~- aurantiacum. 

Klingstrom and Beyer (1965) and Klingstrom and 
Johanssen (1 973) distinguish ~- ~!bum from a- ligni£01~ by 
its modera t e growth dt 25 C, and its inability to grow at 
35 C, by its whLtish colored colonies a nd pa l e yellow 
pigmentat1on on malt agar , and itE a ntagonLstic properties . 

Habita t and act ivLty: I solated from blue sta in of wood of 
Be1.!! la , Acer , Populus, PiJl~li · Abi~. Pic~~ . and f§g_UdQtsuga 
(Douglas fir ) u~ility poles , in Sweden , Finland, eastern 
canada and western USA (Klingstrom and Beyer , 1965 ; Ricard 
and Bollen , 1968 ; Klin gst~:om and J o hanssen , 1973) . 
Moderately cellulolytic , not keratinolytLC . 

Antibiotic activity a nd metabolites: Klingstrom and 
Johanssen (1 973) , studying the action of ~ - albu! against 
four decay fung1 , fou nd that i nhibition r esulted from a 
solu ble substance excreted into the medium. Pr oduct ion of 
a yellow pig~ent was associa t ed w1th an t agonis tic ability, 
but the pigment itsel f had no antib10tic activity . The 
active agent was extracted from cul t ure fi lt ra es of ~ 
albu~ a nd found ~o be inhibitory to Pom~ ann.Q§.!!~-

One of the ~ - ~~~Y~ strains s tudied by KlingstroM a nd 
Johanssen (1 97 3 ) was the PY strain (UAi1H 3620) of Ricard 
and Bollen (1 96 8). considerable interes~ has been 
generated in the metaoolites produced by t his s train. 
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Ricard and Bol len (1 968) repor ted inhibition of t he wood 
decay f ungus Pori a carbon~~ and some bacteria by c ulture 
filtrates. Stillwell , Wall and Strunz (1 973) isolated and 
defined the s t r uc t ure of scyta lidin , a second antiobiot ic 
compound act i ve a gainst a wide variety of fungi. In 
addi t ion t o scytalidin , o ther a ntibiotic agents were 
present in culture fil trates , active against some fu ngi 
whe r e scy tal1din was not . 

Findlay and Kwan (1 9 73 a , b) defined ano her major 
metabolit e , s cytalone (3 , 6 , 8 -trihydroxyte tra lone) a nd a 
minor one (6 , 4 , 8 - dlhydroxytetralone) , nei t he r of which 
vere i n hibito=y to ny signifi cant degree. Similarly , 
Geiger t, St e r mitz a nd Schroeder ( 19 73) i solated t wo o t her 
co mpounds , hexenophenones , neit her inhibitory to Por!!!. 
carbo nica. 

Ma t eria l Examined 
UAaH 3611, TYP E, from Norway spru ce , Garpenberg , s weden by 
Klingstrom a nd Beyer , 1963 ( PF28), CBS 37 2 . 65 ; UA MH 3620 , 
f r om heartwood of Ps~dOt§gg!!. utility poles, west ern 
Oregon , by Ri card a nd Bolle n (FY ) , f rom Wa ng , IL Y. St ate 
Univ., Syracuse as 1041. 

~cytal idium ~urantiacum Klingstrom & Beyer 1965 , Sv. Bot. 
Tidskr . 59 ( 1) : 35 

Colonies grow moderately rapidl y (~0 mm o n PYE and 65 
mm on cereal a t 14 days ). On PYE, c oloni es are pale 
yellow , f l at , wooll y, coarsely mat t e d or bris tly . A l emon 
yellow pi g me nt diffuses into t he a gar on PYE a nd DSA . 
Micros copically s i mil ar t o ~ - ligu!col!!, a nd ~ - albu~ . 

Klingstrom and Beyer (1 965) a nd Klingstrom a nd 
Johanssen (1 9 73) di sti ngu ish § . a urantiacum fro m ~· 
lignicol a by its s l owe r g rowth a t 25 c a nd i ts inabili ty t o 
g r ow a t 35 c . ~ · aurantiacum differs f rom ~- album in t he 
yel l ow-re d col or of the colonies and vi si ble spots apparent 
on mal t aga r. ~ - ~L!!.Utia£YB is a nt agonistic t o some human 
pathoq eni c bact eria (Klingstrom and Beyer , 1965}, and t o a 
number of wood decay f ungi (Klingstrom a nd Johansseo , 
1973 ). 

Habit a t and act1V~t~es : pulpwood of Pinus , Betul~, Pi~, 
s weden (Klingstrom and Johanssen, 19 73) . Celluloly tic bu 
no t ke ra t i nolytic . Penetrates hairs by s ingle hy phae . 

Ma t e ria l e xa ained : UAMH 36 12, TY PE, from pulpwood of Rinu2 
s ilvestris at Skinnskatteberg , Sweden, by Klingstr om and 
Beyer ( PP2 1), 1962 , CBS 3711 . 6 5 . 

Scyta lidi um ~cidQQh!lu! Si gl er & Ca r michael 197 4 , Ca n. J. 
l'!icrobi ol. 20 (2 ): 267 - 268 
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Sporulat~on and gr o wth i s e nhanced o n aci d ~edia . 
Colonies grow s l owly (2 1- 26 mm i n 2 1 days on cereal aqar) 
and are dark grey-brown , reve rse dark grey , f urrowed , 
cracked with a ~hin vel ve t y nap. scant growt h a~ 37 c. 

Arthroconidia formed i n ex t e nded chains (Fig . 9A) , no t 
easily de ached , brown , thick- wa lled , smooth or verrucose 
in age, 0-1-sep~ate , measur i ng 11.5-6 . 5 (8 ) x 7-13 (16) um i f 
singl e - cel l ed a nd u. S-6. 5 (8) x (1 0) 11 . 5- 23um i f t wo-celled . 
Arthroconidia are broadly ellipsoi dal , cylindr~cal or 
i rregularly s haped , a nd i f sep~ate , cons tricted at the 
septua . 

Habitat a nd activi~ies : I solated from acid soil nea r su l f ur 
s t ockpil es , ura ni uQ gi ne drainag e water, and aci d sol utions 
containing II% copper sulfate froa an indust ria l pla n ~ . 
Canaaa a nd U. S. A. (Si gl er a nd Ca r mi chael , 19711 ; Starkey 
a nd Wa ksoa n, 19113) . Tole r a nt ~o ext reme aci dity a nd high 
co ncen trations of copper (Starke y and Waksman, 19 11 3 ; 
Sta r ke y, 1973 ; Gould , Fujikawa a nd Coo!t , 197 11). 
Sensitivity to copper increases as the pH approaches 
ne utra lity (St a r key, 1973). Neither cellulolytic or 
keratinolytic . 

scyta l idium Ela vo- brunneum (Miller , Gi ddens t foste r) 
Sigler co~b . nov . = ~eotrichy~ flavo- brunneum Hiller , Gi dde ns , t Foster 

1957 , Mycologia 119:792, figs . 5- 7 (Basiony m) 

Colonies on PYE, growing r api dl y (70 mm i n 111 days) , 
a re effuse, velve~y . peach or s almon becom~ng brown, 
r e ve r se dark yell o w, adherin g poor l y to the cellophane 
de veloping radial folds , or l i fti ng at t he periphery . No 
g r owt h a~ 37 C. On c e r eal agar , colonies f ill t he petri 
d i s h by 111 days a nd a re flat with small centra l umbo and 
fe w out wa r d radiating folds , eff use, velve ~y . wi th dark 
g r e y aerial hy pha e , yell o w s urface growt h and dr oplet s of 
ye l low exudate. The m d ium turns yellow or ora nge from 
diffus i ng pig~ent . On DS A, the p~gmen t i s bright yel low. 

Arthroconi diu torm in c hains on laterdl bra nc hes 
(Fi gs. 98, 9C) ; con~diophores a r e absent . Fert i l e bra nches 
fo rQed on hyaline vege t ati ve hyphae , become r egul a rly 
sep~ate with a concentra tion of cytopl asQ . The septa are 
s trongly r ef r actile. At dis junction , the conidia (Fig. 90) 
are cylindrical , truncate or obl o ng , s wollen, bro wn wi th 
prooinent refract i le apices (Figs . 9D, 9E), predominately 
s i ngl e - celled and measure 3 . 5- 5 x 5 . 5- 1 2 ( 22)u~ . Elli s ' 
( 197 1) Pi gure 3 , label led ~§akal~ oliv~~igra, a ppears 
t o be ~ - fla vo~~g~~ or a si~ilar species . 

rn old c ultures , Monochaet i a-li ke conidia we re 
occas ionally formed on sma ll coipac~ masses of hy phae . 
These con~dia are fusifor~-curved , smooth , 3- t o 5-septa~e . 
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5- 6 x 15- 20 (25) uM (Pig. 9F). The center cells are brown; 
the apical and basal cel l s a r e pal e , each with a s ingl e 
hyaline appendage 0. 5 x 7-Sum. It ~s interesting ~ bat the 
other species of ~£ll!!.lidiu!J! with proEJine nt , refractile 
septa (the Scy1alid!y!J! st a ~ e of fi . toruloide~ ) also has a 
second conidial s tate with f us iform phragmoconi dia. 

Habitat and act~v~ ty : soi l, Georgia and wyoming (Killer 
~1.· al., 1957; Boeck ~£· ~!·, 1975) . Moderately 
cellulol ytic but not kera t inolytic. 

Antibiot i c actiuty: Boeck e t. ~!- (1 975) reported 
a ntifu ngal acti vity of c ulture filtrates from a n organism 
which they called Geo t richum ~vo- brunneum . In assessing 
the antibiotic dCt1vity o f t he fung us , the a uthor s obse rved 
tha no other ~eotrichY!J! was known to produce ant i fu ngal 
agents . Because of its dema t iaceous nature, ~ - f l ayg= 
brunne ua has been tra ns ferred to Scy talidium, a gen us 
hav1ng several ot her species whi ch also produce 
antibiotics . 

The ant ibiot~c agent , ~solated and character1zed as an 
azasteroid {Kiebel et . al ., 1975 ) was f ound t o have one 
maJor and six minor-components. The oajor component was 
ac tive against several pathogeni c fungi , including £~~gidd 
albi~~ and ! r ichQ2hyton mentagrophytes , but minimally 
inhibi t ory to bacteria (Gordee and Butler , 1975). 

Ma t e rial Examined 
UAI'IH 6 17 , fro~:~ Pfizer a nd Co. , 1958 , ( ? 
UAMH 3U87); UA!1H 3U87 , TYPE, from forest 
Ga . , J . H. Miller , 1956 , CMI 1007 15. 

same strain as 
soil , Clarke co. , 

Scyta lid~u lll state of Hendersonula !OCUl~!~~ Nattrass 
1933 , Trans. Br1t . mycol . Soc. 18: 197 
~ ~xosporina iaw£~!i! Wilson 1947 , Hilgardia 

17 {1 2) :1127 , fig. 2 

The arthroconidial sta te of Henderson ula t orulo1dea is 
freque n tly recover d from monbundtisSiies of fruit -a;d
trees i n warm cli mates. Nattrass {1 933) isol ated ~ he 
arth roconidial s tate from d ie-Lack d1sease of s t one fr ui t 
trees in Egypt and r epor ted development of pycni dia only 
af t er prolonged growth on vood. He descr1b d t he 
ar th roconidia l stat e as chac:acteristic of Torula. 

~ilson {1 947 ), compari ng a fu ng us isolated from branch 
wilt di sease of Pers~ an wa lnu t with two others from damaged 
citrus trees in Cal1forni a , noted the si~~la rity of h1s 
i solate t o fi . torulo1dea but fa iled to find pycni dia . He 
desc r~bed a new speci es , ex~sporina fa wce!!i i . Later 
Wilson (1 9U9) 1nduced pycnidial fo r mation i n wood 
experimental l y in~culated vith ~ - !~!!~· a nd concluded 
that ~ - fawc~_;ii was he conidial s t ate of .!i· !.Q!J!J£id~ . 
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Oudeaa us (1904) c rea ~ed ~he genus Exosporina for a singl e 
speci es, _g. larici~ , whic h he f ound on twigs a nd nee dles of 
k ahix decid u~ . He descri bed coni dia de ve l oping in c hains 
from a s~roma . Imca~ ure conidia at the base of the chain 
were c ubical , whe r eas ma~ure coni d i a at the apex were more 
rounded. His description and illustrations s uggest t hat 
~he conidia may be thallic mer i s t elll conid~a . ~Q.22QJ::i!l! 
resembles Q.Jibw a.Y~ (Sut t o n , 1973) , reported ou s tems of 
j uni per. The Scy ta lidium state has been pre viously 
described but not named by Hug hes ( 1952 , 1953) . 

Recently , li· ~orulo~dea has been recovered fro~ 
infecti ons o f the skin and nails in huma ns (Gentles a nd 
Evans , 1970 ; Cam pbell , Kurwa , Abdel-Aziz and Hodgson , 1 973 ; 
ca mpbe ll , 1974 ). Mos~ in fections we re reported in fo r mer 
na tives of tropica l countries now r esiding in Grea t 
Britain. Pyc nidi a ha ve rarely been observed in i sol ates 
f rom human infections (Gen~les a n d Eva ns , 1970 ; cacpbell , 
1974) a l t hou gh Ca mpbell tl · a l. (1 973) r eported t ha t 5 of 
8 i sol ates e ventually dev eloped p yc nidia . campbell (1 974 ) 
induced pycn i dial foraation in 2 o f 25 i solates by e x posing 
t hem to ul t ra-v i olet irrad i a t ion . 

Descript1.o n 

The ~talidiu111 s tate is cha r ac t e rized by da r k grey
black , effus e , rapidly gro wing colonies o ften forming thin , 
uprignt ropes of hyphae. Chains of a r throconidia de velop 
on undifferent~at d , br oad (U -7um), brown hyphae (Pig . 9H ) , 
often s urrou nded by a b:own s lime, or narrower (3-4ua) 
late ral branches (Fi gs . 9G , 9I) . The s epta are almost as 
st rongly r efr actile as those of ~- f l avo- brunneum . 
Arthroconi dia ( Fig . 9 H) are 0-1 - septate , s mooth -wa lled, 
brovn , a t fi rs~ cylindrical -truncate , r apid l y ro u nd i ng up 
and beco mi ng barrel-s haped or s u bgl obose , 3 . 5-5 x 6 . 5- 15um 
(2 . 5- 7 x 2 . 5- l O(l S)um of campbell , 197U) . For a 111o re 
detailed descrip~ion , refer ~o campbell ( 1974) . 

The pycnidial sta~e has been d e scribed by Natt rass 
(1 933), Wilson (1 94 9) and Hughes (1 952) . The s ingle 
isol a te examined by us (UAMH 3 770 ) firs~ fo r med pycnid ia 
after exposure to ultra-violet lig ht . Du r ing l he process 

Fi gure 9 . A. 5C.Yl.21idiuo !cidoehilum (UA IUI 3 460). B- F. 
Scytalidi~ fla vo-bruQ~Ya (B, C-3487 : D, F-6 17 ) . G-I . 
Scytalidium s t ate of Heng~onu1~ toru1oiQea (3770). Fig . 
9A. Chains o f thick-wal led a rthroco nidia . Figs . 9B- 9C. 
Fissi on arthroconidia for ~ing on lateral branches. Pi gs. 
9D-9 E. Ma tu r e br o wn a r throcon i d i a with hyaline apices. 
Fi g . 9F . Multi-sep~ate conidia . Pi gs . 9G-9I. Chains of 
ar throcon~dia f orming on b : oad hyphae o r na rro ver l a tera l 
branches. All x 600 . 
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of d~ying , colonies (see Materials a nd Methods) a:e exposed 
overnight to a Ge neral Elect~ic germi cidal 15 w l amp, and 
when dried are pl aced in plasti c bags for storage. 
Ho we ve r , the agar was not compl etely dry a nd t he col ony 
e ve ntuall y for~ed pycni dia within the pl astic bag . 
Subsequently , pyc oidia de ve l oped on s t ra w agar (chopped 
decompos ing straw, J~; agar 1. 5,) after 09 days i ncubation 
at 25 c . 

Habitat a nd activities : Repor ted from fruit trees of many 
types principally citrus a nd s t one f ruits (Nattrass , 1933 ; 
Wilson , 19q7, 1949 ; Hughes , 1952 ; Cal avan and Wallace , 
1950) a nd Per sian walnut , black walnut, European chestnut 
(Wilson, 1949 ; Cal a van and Wallace , 195q). Cellulolytic. 
Modera t ely kera tinolytic (Campbel l , 1974 ; Evans a nd Hose, 
1975) . 

Material examined : UAMH 3770 , from fingernail of J amaican
born resident of England , at Univ. of Bi rmingham, c . K. 
Campbell (M4 0) 

~~~~do~~~ De smazi e res 1827 

Histor y 

I n 1827 Desmaz~eres descri bed and illus tra t ed 
~endonema £!Ullti: vnich he found growing on out er crusts 
of c heese. lie noted t he affinity of ~- casei to MU£QI. 
£~taC!ll!§ Bullia r d , Aegerit~ £r.!!§~~~ De Candolle , a nd 
Oidi~ ~§ Lin k a nd s uggest ed that none of these a uthors 
had correctly ~nterpreted the ma nne r of spore forma t ion . 
Desmazi eres recogniz d two differen t forms of spore 
dissemina ion , one through : elease from the tip of he 
fert i le hypha a nd the other by destructi o n of the outer 
hyphal vall . Disagreement among mycologists on the exact 
na ture of spore forma tion and dehiscence has r esulted in 
considerable conf us i on over t he pl acement of this species. 
At our reques t , Mme. J . Nicot sear c hed foe ty pe ma t eri al 
o f s . casei in :he e xsicca ti of Desmazieces located at the 
Mu seum~atu:al Hi story , Pari s , but was unable to f ind 
any . 

s. casei vas tcansferr d to Torula Pe csoon as T. case~ 
by corda-c18J8J a nd l a t e r as T· ~grendo~~~ by Berkel ey--
and Brooae (1 850). Berkele y a nd Broome di sagreed vith 
Des~azieres • i nterpre t a t ion of spore formation a nd noted 
"Corda ' s TO£.!!.la ca~i appears t.o be very differen t ". 
Bo norden (1851) followed Pries (1 832 ) in acc epting 
Oesmazieres • ~Q£~!l!!Q.!!~!!~ ~ as the correct naGie for 
t hi s f ungus , a nd later Ba inier (1 907) revie wed ~- ~~! and 
described two nev species. 

Ho we ver , Saccardo in 1882 refe rred To rula §EOrendonema 
Berk . & Be . to Oospora Wallr. , a nomen illeq~t icum , as Q. 
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££~~ (Bul l iard) l= MUCQI ~~~Y§ Bull . ) . In 188o 
saccardo pl aced Spor~~QQ~!~ £~§~! i n synonymy vich Q. 
~~~~· Lindau (1 907) accepced th i s ransfer . 

Sumst~ne ( 19 13) complica ed che taxonomy of this 
fungus by stating that Q. f£&2!~£g~ was congeneric vi th 
OosEor~ lac1is (P res . ) saccardo (no w Geotrich.Y!! £~di!!Y.!!! ) . 
Sums tine also con s~dered Cha~ara £Y£Od~!~ Bonorden, 
anothe r sp c~es rererred o ~ · £AuQiduJ!! (Carmichael , 1g57 ) , 
as a possi ble s ynony g of ~ · ca~! · 

Oudema ns in 1886 , according to Lindau (1 907 ) , enended 
SEQtendonem~ t o incl ude a ne v species, ~ · ~~!£~, whose 
sca cus .LS no w uncertaln . Arnaud ( 1952) , 1.n describing 
~ycta lina li~uicola , stated that i t resembled ~· ~~r~~§~g. 

I n c l assify.Lng a fungus isol ated from curing blue 
cheese , Hammer and Gi lman ( 1944) ou tlined the pr obl ems i n 
naming t he f ungus . After :eviewing the li terature , chey 
recommended r e tention of the name s porendonema ~! 
ag reeing with oesma zieres • original interpreta t ion. I n 
addition, the a uthors accuratel y a nd pr eci sel y r ecor ded the 
conid1. um devel opment of ~ · ~!· More recently , von Arx 
(1 970) also accepted SQorendonema ca~! oes mazieres. 

Ge neric Descri ption 

Hyphae sepcace, broad , hyaline : conid iophores lacking. 
The ferti l e hyphae a r e branched, of t e n dichotomous ly ; at 
first spari ngly then mor e r egularly sept a t e , with sept a 
for mi ng f irst neaz che ape x of t he hypha. Arthroconidia 
a r e fo r med by condensa tion of the c ytopl asm in a dJace nt or 
more often alternate segment s separated by one or more 
empt y cel ls. Ma t uring ar t hroconidi a , retained within t he 
origin a l oute r hyphal vall, become thick-walled a nd a r e 
re l eased by f r acture or lys i s of the inter vening empty 
cell . Artht ocon~dia a r e hyaline or pi nk or yel low, ~ostly 
more than 4u m broad , smooth , thick -w alled . 

Sporendon~~ i s d1s tinguished from co :e~ iella oy i t s 
ligh t col ored hy pnae a nd a rthroconidia . Furthermore, 
Cor~~ella ~ay de velop coremia on natural s ubstra tes , 
though rarely in c ulture . Coremiu ~ formation has not been 
reported i n ~Q~Qdon~Q~. ~~lb£~nshea differs f r om 
~porendonema i n che width of the hyphae and a rthroconidia, 
which i n ~albr~U£h~~ rarely exceeds aum. 

Type Speci es 
~.QdOJl~ s;:asei Desmazie res 1827, Ann . Sci . tlat . 

XI : 247 ; Desmaz~eres 1827, Rec. Tra v. Soc. Sci. Agric . 
Arts , Lille p. 185- 187, pl. J 
=Torul a ~g! (Desm.) Corda 1838 , I con. Fung . 11 ; 8 , 

fig. 36 
?= Mus;or f.k:~~~~Y§ Bulliard 1782 , Bull. Cha11p . Tab . 100 
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= Q~~ crustacea (Bull. ) Saccardo 1882 , Michel~a 
2: 545 

?= Aeqerita £~~~~ OeCa odolle 1805, Fl . France 2: 72 
= 12fula ~Q£~~2n~!~ Berkeley & Broo~e 1850, 

Ann. llag. Nat . Hist. ser. 2 , 5 : U60 
?= Oidium £U Pens Link 18 15, i n Mag . Ges . Naturf . Preunde , 

Berlin 7: 37 

If oesmazieres • assertion that ~ita ~~ce~ 
DeCa ndolle i s ~he sa~e species as s . casei can be 
corroborated t hen thi s earlier specifrc-epithet would take 
precedence. S~~ilarly , Link ' s brief descr i ption of Qigium 
rubens is difficult to inter pret with certainty , but it ~ay 
also be an earlier specific epithet for ~- casei . 

Oescriptl.on 

~ - £!~~ is psychrophilic , gr owing and sporul a ting 
we l l at 8 c . Colonies gro w slowly at 25 c with scant 
spor ulation, a nd fai l to grow at JO c. At 18 c , colonies 
on PYE agar are 30 mm i n diam., flat , do wny, c r eamy white 
front a nd reverse . On cereal agar, growt h is s l o wer but 
more l uxurian t, at f irst creamy vhite , then cinnamon yellow 
as sporulation co~mences . The reverse i s pink and a p1.nk 
pigment diffuses ~nto the medium . In mi croscopic 
preparations nu merous large dark bro wn rod- s ha ped crys als 
may be found. 

Characteristically t he fertile hy phae , arising as 
l ateral branches from the vegetative mycel ium, are s lightly 
broader , mostl y curved or loosely coiled, or s raight 
(Figs. l OA , 108) a nd the cytoplasm is more dense. Sept a , 
forming in more or less regular segments , are thick 
suggesting doub l e septa (Fig . l OC) . concentra ion of 
cytoplasm occur s in a lterna t e or adjacent segments 
(Fig . 108) a nd the internally developing a rthroconidia 
synthesize new wall material. Maturing arthr oconidia often 
become rounded at the corners a nd the original outer hy phal 
va ll reuins vi s ible . Mature a :::hroconidia ( Pig. 100) , 
released by fract ure , sometimes remaining connected in a 
chain of 2 or 3 , are yellow or hyaline , oblong , smooth 
(3)4- 5 x 4-8 (10) um. In ol d cul t ures , cinnamon colored 
arthroconidl.a are released not only by fracture of t he 
hypha , but also by extrus ion from the apex of the outer 
hyphal t ube (Pigs. 10 E, 10f) , l eavin g a section of empty 
hypha , e xactly as described by Des~azieres (1827). 

Habitat and activit~es: Report d mostl y from c heese ; other 
records s hould probably be =eferred to scopulariQQ§is , 
accordin9 to Wakefield and Bi sby ( 1941). Neither 
cellulolytic nor kerat~nolytic . 

aaterial Examined 
UAKH 1506, from cheese , Eng l and by Galloway , 1949 , CH I 
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37084 ; UAHH 1508 , from wooden cheese dru ~ , London , England 
by Worthington , 1957 , CMI 687 48 ; UAHH 3790 , isolated a t 
Hokkai do Un1v. , Japan by Sasaki (AHU 9 107), 1963, from 
Tubaki , IFO , J apan as 7656 . 

Spor e ndoneoa ~~~££~see~~ (Bonorden) Mason & Hughes 1953 
apud wood 1957 , Nature 179 : 328 
_ £QErotrichu~ ~~scens Bonorden 185 1, Handbuch 

allgemeinen Mycologie p. 76 , fig . 32 (Basionylll) = Geotrich~! ~urpura~~~ (Bonorden) Saccardo 1886 , 
Syll. Fung. II;UO 

?= Geotrich~ £Qse~! Grove 1 886 , Syll . Fung . 4 : 40 fide 
Caretta 1959 
;: ollonema £Q~!Ll!~ (Gr o ve) Sydo w 1934, Ann . Mycol. 

32: 283 
?= ~orend~!~ ~~~ Grove var . ~~ Arnaud 1952 , 

Bul l. Soc. Mycol . France 68 :1 92 , fig . J , C, D 

History 

In 1851 , Bonorden described a nd i llustrated 
CO.e.£Otrichu! with r. wo species, £. ll£2Y£~~~ a nd £. 
ci nereum. The hyphae and spores of £. ~££EY~~§ were 
described as purple whereas t hose of £. ~inereum were 
greyish . In 1886 , saccardo transferred both species to 
Ge2.!,li~hum . Later, Windisch (1 95 1) listed both species as 
sy nony ms ot Endom yces lactis and s ubsequently Carmi c hael 
(1 957) , 1n emending ~gQtri~h~, included all t hree as 
s ynonyms of ~ - £~ndidy! L1nk. 

At about r.he same time , Wood (1 957) in a brief report 
o n a disease of cultiva t ed musnrooms caused by a so- ca lled 
• red ,g~ichu!! • or ' lipstick mold ' cited Mason and Hughes ' 
i dent1fication of th e causal agent as Sporendonem~ 
pur ourascen~ (Bonorden) ( .=. coprotrichu11 pyrpur~§ ]. 
According t o ~ood , the f ungus Bonorden described as 
Copro trichum ~££~Yf~~~ was not identi f 1abl e w1th ~ 
candid um a nd should be removed from Geotrichum. Certainly 
aonorden •s descr i pt i on of the hyphae~spores as purple 
wouid ind1cate a d1fference from g. cand idu!. Although 
~eorgndo~ ~~rpurasc~~ i s the name commonly applied t o 
t he f ungus known as the ' lipstic~ mold ' (Cole and Kendrick , 
1969 ; von Arx , 1970 ; Kendri ck , 197 1, p. 16 4), Kendrick and 
carmichael (197 3 ), in a r e view of Hypho•ycete genera , l ise 
Coprot richum as a s yn onym of Geotrichum. 

ca retta (1 959) , follo wing Redaelli and Cifern ( 193 11) 
and <:1ferri (1 958) 1n accepting Oudemans • (1 886 , in Lindau 
1907 ) emended descr i ption of ~orend~i! Des11azieres , 
re ta ~ned £QE£21£ich~ ~~!QYr~~§ !or the neotype culture 
of Wood (1 957) . Howe ver , Redaell i a nd Ciferri (1934) 
included in ~endQJl!H!!.i! unrelated fungi (Dodge, 1935) and 
the f un gus r.hey called ~.PQ!.endO!!!i!!!i! epizoy_! has been 
t ra nsferred t o wall!~ia as~- §eb~ ( Fr i es) von Arx (1 970) 
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(see e xcl uded species). 

Car e t a (1 959) l i s t ed a number of synonyms for~
purpu rascens i ncludJ.ng Moni lia J!H,nia ta Wallr . ( ?= ~- £1tsei, 
see saccardo , 1886 , p . 20) , OO§E~~ crustacea sacc . ( ?= ~ 
~ei Oesm . J, EndoconJ.dium l uteolum Oelacr ., Oi dium ,tUbL!!JI! 
Proks . , $copul~i~si~ ca~ei Loubiere, ? Oidi~ !Y£Arrli~ 
ReLneoerg , Copro~rich um crustaceu! Cif . & Red . a nd 
Coprot r i c hum 1u t~~~~§ Ci f . & Red . We ha ve not seen the 
o riginal descr iptions of t hese species . 

Oeser i ption 

Coloni es o n !lYE (Fl.g . l OG) are 55- 68 mm in diam. in 
21 days. Aeri 1 yrowth at first scant , cotton y, white , 
t hen r ose-pink wi th whi te margin , dense, cot tony or more 
o f ten powdery , f l a t with cent r al pl a t eau, dry , c r ac ked. 
The r e ve rse i s bur nt oranqe i n c ul tu re but burgund y when 
dried . Growth on cereal agar (?1g . l OH) 1s less luxuriant 
(4 5- 60 mm diam . in 21 days ) , cot tony, at fi r st vhite t hen 
peach or pale p1nk, re verse v hite Wl th an or plnk 
dJ. f fusing pi gment. No growt h a t 3 7 C; optimum 25-30 c . 

Al terna t e arthroconld i a form o n undifferentiated 
hyphae which may branch di c ho t omously (Pi g . 101) . 
Ar throcon J.dia (Figs. IOJ , 10K) a r e cyl i ndrical or oblong , 
discoid i n end vie w, hyaline at first , la:er pink , t hick 
wal led , smooth , u-7 x U- 12 (15 ) um. The f o rma ion of 
a r t hroconi dia has been r e c or ded by time- lapse photography 
(Cole a nd Kendrick , 1969 ). 

Habita t and ac t iv J.t ies : Commo nly associa t ed with c ulti vated 
~a u sh rooms . ~ - EY£ru!.£Y£~~ . one of several f ung i tested by 
Komatsu (1 969} i nhib i t d P hQlio~~ ~ko in vitrQ a t 25 C 
bu~ failed to do $0 at 12 c . Weakl y cellulol ytic after 
prolonged grow h, not keratinol ytic . 

Mater ial Examined 
from mus hLoom beds : UAMH U32 and 433, 
Penn. Stat e UnJ. v. , as isol ates A and 
1497 , NEOTYPE, C:hesham , England , f . C. 

rec . from Kneebone, 
a respec t~ vely ; UAMH 

Wood , 195 1, CIII 

figuce 10. A- f . ~2QrendQn~ £A~~! (A, B, D-P- UAMH 3790 ; C-
1506). G-K . Sporendonema ~£ascen§ (G-I , K- U32 ; J -
379 1) . P1gs . 10A-1 0C . Alternate arth: oconidia deve l opi ng 
on str a 1.9h t or cu rv~d fer ~ile hy phae . Fig . 100 . Mature 
arthroconidi a . Figs . 10E-1 0F. Ext rusion of a r throconidi a 
f r om the apex oi t he o uter hypha l wa l l . P i gs . 10G- 10H. 
Colonial morphol og y a u .er 2 1 days at 25 c. G o n PYE , II on 
cer eal. fJ.g . 101. D.icho t o!lllous l y br a nched fe r t i le hyphae . 
Pig . 10J-1 UK . Alternate arthroconi dia. col onies x 0 . 7, 
o t he r s x 600 . 
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45638 : UAH H 379 1, same s tra in as UAM H 1497 , rec. f roa 
Tubaki , IPO as 7659 (ex CHI 45638 ) . 

Species of Uncer~ain St a t us 
2£orendonema sal.ici§ Ba inier 1907 , Bull . Soc . Mycol. 

Fra nce 23: 24 , pl . VI, fig . 7- 9 : saccardo a nd Tro~ ter 
19 13 , Syl l. Fung . 22 :1 2ao 

No au thentic material of s . salicis could be located 
(Nicot , pers . comm.). - -------

Sporendo nema arte•~sia~ Bainier 1907 , i bid , pl . VI , 
fig . 10-1 2 ; saccardo and Trotter 1913 , Syll . Fung . 
22 :1 2110 

Bainie r r eported t his species on dead stems of the 
mug wort , ~~i~~. f ormin g we l l developed yel l o wish-white 
or gr e y tufts (cored a?). I t could be foJ;emiell~ £!!.~is.eQg 
(Berk . & curt.) Ellis . Bainier l ists the size of the 
coni dia as "1 um 12 - l um 25" a nd saccardo and Trot t er 
inter pre~ these measurements as "1, 12 - 1, 25" u . Ho wever , 
accordi ng t o the i llu s tra t ions (all at t he s ame 
magni f i cation), the di ame t er of the conidia of ~EQ£end~ 
arte m1s~ae exceeds tna t of ~ - salici s wh ich was given by 
Ba in ier as "llum2". These measuremen t s of Bain ier a ppear o 
be i n error . No auth en ~ic material of s . artemi s i ae c ould 
be located (Nicot , pers . comm.). - ------

Seorendonem~ terrg§f£~ Oudemans 1886 , versl . en. Hed. 
Konink. Alt. Wetensch . Amsterdam Afd . Na tuurk. 3 , 
ser . 2:11 5 , pl. I 

The descripti on and dr a wing in L1ndau (1 907 , pp. 22-
23) vag uely s ugges t Sc yta lidium !la vo- b;.- unneum , but oo one 
since Oudemans seems to ha ve examined t he type . 

Sporendone~ ~oseum v. album Arna ud 1952 , 
Bull . Soc. ~ycol . France 68 :1 92 , f i g . 3 , c , o 

Perhaps ~l!.Qil.!! !l.Q.!!~M 2.!!£.ill!£~2S:il~ · but there i s no 
specimen preser ved wi th Arna ud ' s mater i al (Nico t and 
Charpent i e , 197 1) . 

Exclude d Specii!2 
~~ndonema sebi Pries 1849 = ~~lem~a seb! (FJ:: .) von Arx 

19 70 
S porendone~~ ~pizoy! (Cocda ) Ciferri and Redaelli 193 4 = 

Wallemia §~oi fide von Arx 1972 



PART II HALBRANCHE! SACCARDO 1882 

Type Species 
Malbranchea ~ulchella saccardo & Penzig 1882 , Michelia 

2 : 638 

History 

tlll 

I n 1882 Saccardo es~ablished the form-genus 
Malb~nchea for a single species , ~ - pulchella saccardo and 
Penzi g , found growi ng on damp cardboar d in Rouen , Pr ance. 
Al though providin g no illustrations , saccardo described the 
cha rac teris~ic branc hed , arcua~e , or c urved fer tile hyphae. 
In reporting t he extrus i on of conidia from the apex of the 
fer~ile hypha l bra nch , "e x api ce ramulorum continuo 
e xsilientibus", he fa iled to recognize the arthric natu re 
of conidium deh i scence. La~er repeating his original 
description , he (1886 ) refe rred t o the affinity of 
l'lalbunchea vi~b oo~.e!lll! llal l rot h a nd Gli'_£ophila Mont . He 
di d not describe the cultural characteristics of th e 
organisa~ . 

Si nce its original descriptio n, Malbranchea has been 
largely ignored by myco log i s t s . Two other species, ~ 
bo!Qgnesii-chiur~oi Yuill., Poll. & Nann . and~
kambay~shi! Kamb., vere described i n the period 1925-1 935 , 
but l a ter r educed to synony my with ~- pulchelll! - Hiehe 
(1 907) described in detail , ThermQ!Q~ sulfureum , a 
thermophi~ic f ungus , but Saccardo (1 908) a nd Saccardo a nd 
Trotter (19 13) cons i d.ered it a s ynonym of 11· pulchelll!· 
More recently, a ttention focus~d on the r moph ilic isol a t es 
of Malbranch ea , when Cooney a nd Emerson (1 96U) reviewed the 
history o f the genus and provided a n excellen t descri ption . 
The history of the mesophilic a nd thermophilic s pecies are 
di scussed under 11· pulch~lla and 11· sul f urea (Miehe) Sigl e r 
& Carmichael respectively . 

Ge ne ric Descri ption 

Hyphae hyaline, sep~ate; conidiophores absent . 
Primary hyphae str aig ht , br a nched , mostly the same 
diameter , o r slightly broader than the fertile hy phae , 
r arely e xcee din g 4um in diameter. Fertile hy phae , ari s ing 
as bra nches from the prima cy hyphae, charact eristically 
arcua te , in so~e speci es st=aight , branched, narrow, 1. 5-
J um, rarely e xceeding uum in width . Hyphae at f irs t 
sparingly septate, t he n regu~arly so , wi th concentration of 
cy~oplas~ i n alterna~e segments, separ a t ed by 1 or more 
empty cells ; arthroconidia released by lys i s or f racture of 
ou t er hyphal va ll s of interve ning empty cells . Alterna te 
art hroconidia smooth- wall ed , cyli ndrical- truncate , c urved 
or s tra i ght , hyaline , later becoming yellow, tan , orange , 
or greenis h-yellow, not wider i n di ameter than the hypha 
whi ch bears th em. 
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I n brief , t he for m- genus Malbranchea is character~zed 
by re9ula r , narrow, a l ternate arth toconid~a . I res embles 
~oremiella a nd ~ndQ~~~, but both of the latter ha ve 
wider hy phae a nd ar t hroconidia . In addi t ion , Corem!~!!~ i s 
dematiaceous . Ov adendron differs f rom Halbranchea ~n 
ha ving s woll e n arthroconldia . -----------

comments on the Ke y a nd DescrLptions 

Species of Mal~~fh~ can be di vided ~nto tvo groups : 
thos ha ving a rcua t e o r curved fertile hyphae and hose 
having more or less s tra i ght f ertile hy phae. In the 
descriptions of t he species , the ones wi t h arcuate fer i l e 
hyphae are give n in alphabetic order in Pa rt A, and th e 
ones with s traight iertile hy phae i n Patt B. In some 
species, ar throconidia may a l so for m ~n the wider, stra~gh t 
primary hayphae . These are referred t o i n the key as 
accessory conidia . The size range of arthroconidia varies 
little among t he spec ies of Malbr~hed . Po r this reas on , 
the colonial morphology and color a r e i•portant characters 
in di s tinguis hing a Doog the speci es . For color photogr aphs 
of colonies , s ee Fi g. 22 . 

KEY TO TnE SPECIES OF Malbranch~~ 

coni diophores absent •.•••. • ...•••.•••. . .•..•• • ••. . ••••.. 
conidio phores hyaline • . • .. • . • • • • • • • • • • • • • • . • Try GeQ~yces 
conidiophores pigmented · ···- ····· · -···· · · - Tr y Qi£iod~ndron 

1. Fertile hyphde ~ostly mor e th a n uua wide 
••••••.•• •...• • .••••••. •••• ••••••.. .. . •. Try Sporendo nema 

1. Fer tile nyphae mostly narrower •.••. • •• • ••. . •. • ••••• • 2 
2. Fe rtile hyphae a rcuate o r curved (Part A) .. .. .. ...... 3 
2. Ferti l e hyphae st raight , branched (Pa r t B) ••.•.•...• 11 
J . Fertil e hypha e t i ghtly coiled , accessory conidi a 

l acking •••.•••..•••• • .• • ••.•• • .••. .•• ..•. •. •.•.••••• u 
J . Fertile hyphae c urved , arcuate, accessory co nidi a 

present • • • • • • • . • • • • • . • • • • • • . . • . . • • • • • . • • . • . • . • • • • • • • 6 
u. Colonies thermophilic ; conidi a 2. 5-o. Sum wi de 

. ..... ..... . ........... . ..... ... ............. !! . s ulf u:ea 
U. Col onies not thermoph il~c ; coni dLa mos tly nar:o; er-::-s 
5. col oni es dark yold; se xual s t ate Myxotrich~ 

.............. . ............... .. ..... . .. . ... 11 . ci.::cinata 
5. Col onies tan , whi te or pale brown ... •.••. ~ - ~lchella 
6. Colon~es o.::ange .. • . • ...••••..••....... .. .••.•..•.•••. 7 
6 . Colonies pale colo.::ed • • • •.. • • • •.•..•...•••••.••... • . 9 
7. Ho mothdll i c ; sexual s tate AU!~!h:Qll ·· · · A· conjug~£~~ 
7. Not homothallic ; sexua l s t ate a bsen ··"· ·· · -··-~· · · · 8 
8 . A r throconid~a intergrade with aleurioconi d i a formed 

l aterally or t era inally • • •• •••• •... . f1. £hryso2.e2r2i!!~ 
8. Aleurioconidi ci aosent .•••..•••..•.. .. ..• 11· ~~r2nti2~ 
9 . Col onies restric t~d , pink~sh- buff ; sexua l s t a te 

liH~.rich U! ~ •.••• • •••.• • ••• • ••• .• - •••••• 1!- flayQ£2_§~~ 
9 . Colonies s ome other color •.••••••••...•••. • •• . •• •• • • 10 

10 . Colonies i vory ye llow, spr eading , zona e ; AU~Lth=on 



sexual state •.• • • •• . •••• •. • " •••••••••• •.•• H. albolu ea 
10. colonies buff or tan , rarely whi te , rest.ric~edor __ _ 

spr ead ing •.• • • . .. • ••• • • . • •.• • • • ••••••.• .. .• • . • !:!.· !!££.ll2._!! 
11 . Bra nching of fer tile hyphae regularly acute , 

arborescent ···· · ······ ·- ··· · ···· · · ···· " ·· M· dendritica 
11. Branching of fertile hyphae otherwise . ~ •. -: ••. . . .•.•. 12 
12 . Arthroconidia mostly narrow, 1. 5- Jum •..•.•• • •..••• • • 13 
12 . Ar t hroconidia MOStly broader , 2. 5- 5um ••• •• •• ••• •••.• 17 
13 . Fertile hyphae , repeatedly br anched , in dense tufts 

· · · · ·· ··· ·· ······ ·· · ···· · ····· · ·· ··· · ·· · 11 · flOC£ifora~is 
13 . Branching of fer ile hy phae more restric ed • •.• •• .•. 14 
14 . colonies buff , tan or white - · · ····· ·· ···· · ···· · · ·· - -1 5 
14 . col onies l e mon- yellow ••••• . •••.• • ••..•.•• •••• !:!. · flay!! 
15. Colon~es white , res t r i c t ed • • . . • • ••• • • • • • .• •. ~ - ~§~!! 
15. Colonies buff or t an ••••••• • •••••• .• • • • • • • .. •• • • .••• 16 
16. Arthroconidi a w~t.h refractile era~inal wal ls , mostly 2-

3 X 3. 5-8 (11) UIII • ···· ·· • • •• • •• • ••••• • •• • •• • • • ••• •!:!. • f u l v~ 
16. Art hroconidi a broader , 2. 5- 3. 5 x 3 . 5- 6um ; uncinate 

appendages mostly present •••• • • ••• QQ£inocarpu§ I~§ii 
17. Ar t hroconidia broad , 3- 5um, c l osely spaced 

•••..•.•••.• • • • • • ••.• • ~- sta te of Coccidioides im~i tis 
17. Arthroconidia narrower , 2. 5- 3 . 5um , irregularly spaced; 

uncinate a ppendages mostly present Uncinocarpu§ r£~ii 

Per fec t States 

The perfect states of nalbr~nfhea , where known, bel ong 
in the Gonoascaceae (Kuehn , orr and Ghosh, 196LI; Hu balek , 
1974a) . Thi s famil y of the Euro tial es is a l so reported t o 
ha ve conidial states in the form-gener a Trichophl!2ll and 
MicrosporuM (Re uell a nd Taplin, 1970), Chrysosporiu! 
(Carmichael , 1962 ; Apinis , 1970 ; Varsa vsky and Orr , 197 1; 
von Arx , 1971; Sa 111son , 1972 ; Orr and Kuehn, 1972 ; Fennell , 
1973) , Oi di odendrQn (Orr a nd Kuehn , 196 L& a ; Ba rro n and 
Booth, 1966 ; !torrall , 1968 ; Muller a nd Pacha- Aue, 1968 ; von 
Arx , 1971; Fennell , 197 3; To!<umasu , 1973) , and Geotri£huca 
(von Ar x, 1971) . 

A closely related fam il y, t he Onygenaceae , is a l so 
known to have ar throconidial a nd aleurioconi dia l s~ates 
(Tubak~ , 1960; Malloch and cain , 1971; Samson a nd van dec 
Aa , 1973 ; Fennell , 1973). The l ac k of a phial oconidi al 
state dis~inguishes t he Gym noascaceae from the Eurotiaceae 
(Stol l< a nd samson , 19 72 ; Fenne ll, 1973). 

Atthroconidial s tates ha ve been described for a number 
o f speci es of Gym noas caceae , a~though t hey have been 
freq uently refe rred to i n earli e r r eports as •oi dia • , or 
ch l amydospor es, or artbrospor es (Kue hn , 1955b , 1959 ; 
Ben jamin , 1956 ; Apinis , 1964). Orr et !!1 · ( 1963b) 
introd uced the terc •a rthroal eu r iospor e ' or •arthroal eur i e ' 
to d i ffe rentiate alternate a rthroconidia from the • true •, 
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i. e ., fission arthroconidia of GeQSrichu~. Ho wever , Orr et 
~1:- (1 963a, b) cons idered the arthroaleuries to be va riable 
and therefore of little value in di s tinguishing among 
speci es . 

Some Kalbranchea species de scribed here were found to 
ha ve sexua~states-in ~xotrichum , Auxa rthron and 
Uncinocarpus . For the species we ha ve described , the 
Malbranchea state ~s the one usua lly produced in culture , 
and thus would be used for ~denti fication . It s houl d be 
noted that the re are a number of homo hallie Gymnoascaceae, 
not described her e , wh~ch produce a Malbran£h~ s t ate i n 
cult ure along with the gymnothecia. Since the perfect 
s :ate would normally be used for i de ntification , a nd since 
we have not made a thorough study of this group, these 
species are not descr i bed or included in the key . 

Gymnothecium prod uction in the Gymnoascaceae i s 
s timulated by growth on oa t~eal-salt s agar (~eit zma n a nd 
Silva-Hutne r , 1967; Padhye gJ: al. , 1973) a nd by incuba tion 
at differ ent t emperat ures s uch as 18 c , 25 C a nd 30 c . 
Stra ins failing to for~ gymnothecia a t 25 C may do so 
readily a t 18 c or 30 c , a lthough he l over temperature 
more of t en stimulates development. In additio n, 
keratinoph~lic ~solates form gymnothecia when grown on 
dextrose-sa~ts agar, a • inimal nutrient medium, sprinkled 
wit h a kera tinous s ubs trate such as ha i r . Gym nothecium 
prod uc tion i s enhanced in cellulolytic f un gi by growt h on a 
cellophane mem bra ne on the s urface of the agar (see 
Materia l s a nd Ket nods) although the membrane tends to limi t 
gymnot hecium fo rmation in ke ratinop hilic isol a t es. so~e . 
especially degenerate stra ins or ones maintained for l ong 
periods in culture , require an additional stimulus, us ually 
pr olonged growth, 6- 10 weeks or more , or multi pl e tra nsfers 
on oa tmeal -salts agar. 

acolog y a nd Dis tribution 

Ma lbrancnea l S a common so~l f ungus ha ving a worl dwide 
d~stribution . Spec~es a re mesophilic, th ermotol erant or 
th ermo philic a nd may be ker atinolytic or cellulolytic . 

Thermophilic i solates of Malb~n£h!!~ §..!!J.f urea a re 
celluloly~ic , and commonly associa ted with s el f -heating 
decompos~ng matter , or d ung . Si nce it s descri pt ion by 
Cooney a nd Emer s on (1 964 ) , this speci es has been f r eque ntly 
reported (s e ~ - §U lf ur~) . 

Ho we ver , oth e r records of ~alb~£h!!~ are ra r e . Few 
repor~s of n!lbra ncn!!! ha ve occurred in s urveys of 
kera tinophilic fu ngi (Rebe11 and Taplin, 1970 ; Orr and 
Kuehn , 1972; Hubalek , 1974a ; Huba lek and Balat, 197 4 ; 
Rippon , 1974; Ajello and Padhye , 1974). Malb;: a nche i! i s a 
little known genus , a nd i sol a t es ma y well have been lis ted 
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as uniden~ified Chrysos£Qriu~ species or mor e probably as 
unident i f i ed Gymnoascaceae or as asexual sta tes of 
Gymnoascaceae (Em mons , 1954 ; Rees , 1967a , b ; De V.roey , 1970; 
Hubal ek, 197Ua ; Care~~a a nd Piontelli, 197 5) . A number of 
species of l'lalbranch~i!, ha ve tltei r sexual sta t es in the 
Gymnoascaceae. Some keratinolytic theraotol e r a nt species 
are asexual s t ates of Au~thron whereas some mesophilic 
cell ulolytic speci es are asexual sta t e s of ttYKotri~hY~ · 

With t he exception of the l'lalbranch~i!. s t a t e of 
Cocci dioides immi~1s , a human pat hogen, the r e is little 
e vi dence t o s ugges t that species of Malbranchea are 
pathogenic . Howe ver , arthroconidia of nonpa t hogenic 
spec i es may be trans ient inhabit a nts o f ma n a nd animals , 
=eco verable from tissues of ani ma l s such as rodents , a nd 
s ur vivi ng passage through a nimal s ( Ezmons , 195U; Kueh n ~1 
i!!·• 1964 ; Orr , 1968 ; Ri ppo n, 197U ). Some speci es of 
Malbranchei! have been pre vious ly r eported as f ungi which 
r esemble £. immiti~ (Emmons, 195U, 1967; Plunkett , Wal ker 
and Huppert , 1963 ; Huppert , Sun a nd Ba iley , 1967; Orr , 
1968; Orr a nd Kuehn , 197 2). 

Tempe r a ture rela~ionships and acti v1 t y of i s olates are 
important in differentia t ing species of Malbranchea. 
Incuba tion a t 18 c or 30 C often s timulates formation o f 
~he se xual sta te. Since arthr oconidium mo r phology in ma ny 
species of Hal_l!ra ru:h~i! i s rather uniform , col ony appearance 
becomes an impor tant charact er. The mor pholog y and growth 
rate of co l o nies a t different te~ peratures a r e valuable 
ta xonomic charac~ers for differentiation among species . 
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A) ~Eranche~ species with arcuate fertile hyphae 

Malbranchea albo!Q!~ Sigler & carmi chael sp . nov. 

Sexual s t ate: AU2@£!;h r Q.!l Ocr, Kuehn & Plunke t 1963a 

Coloniae i n a ga ro ad 25- 30 c rapide c rescunt , alboluteae, 
pulveraceae , rimosae. In cremen tum nu llum ad 37 c . 
Arthroconidia cylind:ica, aliquando curva , laevia , hyalina 
vel f l a va , 1. 5-2 x (2. 5 ) 3-5 (6)um . Arthrocon~dia ex hyphis 
princi palibus crassior a , aliquando inflata , 2. 5-3 (4) x 
(1. 5) 2-5 (6. 5 ) um . 

St a tus perfectos : Au!arth£2ll• sed speci es i ncerta est . 
Typus: UAI1H 2846 , e x sol o , Utah , 19 67, C. F. Orr , 0- 3508 

Co lonies on PYE (Pig. 11 A) at 25-30 C (optimum range) 
a r e 50-57 mm diam . ~n 21 days , pale Lvor y-ye llow, re verse 
yell ow , powdery , dry and cracked . The surface is s lightly 
raised wi th central u~bo, t wo or three powdery 40nes and 
downy periphery . The periphery develops broad , flat 
sectors , ha ving scant aerial g:owth , i dentLca l o the 
margin . The zonate pa ttern and sec toring ~s l ess e vi den t 
on downy colonies. On ce r eal, colonies (Fig . 11 8) a:e 42-
53 a~ di am. i n 2 1 days , pal e ivory-yello w or c r eamy buff , 
rever se yellow, powdery , dry , c r acked by numerous tiny 
f i ssures , periphery downy , rarely sector~ng . The surface 
is flat , with tiny c entral umbo or zone of sca nt aer i al 
growt n at cente r . No growth at 37 C except scant growt h by 
UA I'I H 1846. 

Ar thr ocon4di a , borne on nar r ow, arcuate or c ur v d 
la t eral branches (Figs. 11C,11 0) , are cyl indrical sometimes 
c urved , hyaline , ~n age ye llow, 1. 5-2 x (2 . 5) 3- 5 (6) um. 
Ar throconi dia fo rm d by segmentation of the broader primacy 
hyphae (Pig . 11 0) are hyaline . c ylindrical , 2. 5-J(U) x 
(1. 5) 2- 5 (6.5) um . In age , racke t hyphde, a nd e nlarged , s ub
globose , or i r reg ularly s haped arthroconidia (Fig. 11E) ace 

Fi gure 11 . A-H. Ma l bra nchea a .tbolutea (A , B, F, G- UAKH 2846 ; 
C-1 846 ; D-286 1; E-28 48 ; H-365 1). 1- L. tl~lbran££ea ~cua+a 
(I -1 86 1 ; J - L- 2519). Figs . 11A. Col onial morphology af t er 
2 1 days at 25 c , x 0 . 7. A on P'lE , B on cereal . Figs . 
11C-1 10. Alt~c nate ar t hcoco nidia of a rcuate branches a nd 
s traight primary hyphae, x 600 . Fig . 11 E. c hains of 
e nlarged a rthroconidia , x 600 . Fig . 11 P. Globose 
ascospores, x 1680. Pig . 11G. Cyrn notheciulll with elongate 
appendages , x 150 . Pi g . 1 1H. Finely asperulate 
ascospores, x l b80. Fig . 1 H. Cha ins of enlar ged 
arthroconidia , x 600. Pigs . 11J- 11 K. Colonial ~norphology 
after 2 1 days at 25 c , x 0 .7. Jon PYE, K o n cer eal. Fi g. 
11 1 . Al terna t e arthroconidia borne on a r cuate br anches , x 
600. 
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formed . 

Gym no t hecia (Pi g . 11 G) are spheri cal, discret e , 280-
400um i n diacet e r (excl uding e l ongate appendages) , brown, 
composed of a bra nched net wor k of thick- wall ed , del i c ately 
asperulate , septa te, 3- Sum w~de , yellow- br own hyphae, with 
free apices terMinat i ng i n bluntly pointed spines. 
Elonga t e appendages (Fig. 11G) a rising from a bifurcate 
base are 400- 800um l o ng , smooth , t hi c k- walled and yel low
brown over ha l f the l ength , taperin g to a hyal ine apex, 
straight , r arely uncina t e . The hyaline po r tion i s oft en 
broken off , l ea vi ng the t i p blunt . Asci are e va nescent , 
hyaline , 6. 5- 8um in diamet e r , 8- spoced . Ascos por es 
(Fi gs . 11 F,1 1H) are globose , deli cately roughe ned, yellow 
(2. 2) 2 . 5- 3 . 5ua. The ascospores appea r smooth a t l ow 
magnific a tio n and t he cough s urfa ce i s of t en difficult t o 
detect even at high magnification (x2700) ( Figs. 11 F, 11H). 

Discussi on 

~!~~ch~~ ~lbolu1~~ di ffers from other Mal branca~ 
species having arcua t e fert i l e hyphae, s uch as ~
~~~iaca a nd ~- ~~~~ . i n its creamy whi te to pal e 
i vory- yel l ow colored colonies . Moreover , it fo r ms a sexual 
s t ate i n c ulture. 

Mos t i solates devel oped gymnotheci a o nly af t e r 
prolonged growth on oatmeal aga r without cellophane . Eve n 
when gymnotheci a a r e pr od uced, t he colony remains c r ea My 
white in col or , neve r orange or bro wn. The gymnothec ia 
Mature s l o wl y, requi r i ng 6- 8 weeks or l onger bef ore 
ascospores are produced . I n some strains , e ve n a ppar ent ly 
aatur e gymnot hecia of ten con tain no ascospores . Howe ver, 
ascospoces c an be ~nd uced by repeated t r a nsfer s on oa t Meal 
agar a nd gro wt h a t 25 C o r 30 c . 

The sexual state of ~- albo!~~ i s a$Sig ned to 
Auxarthron, a genus distinguished from other genera of t he 
Gymnoascaceae by i ts net-like a nastomosed peridia l hyphae 
bea= i ng pr ominent enlarged septa , described as ' knuckle 
joints • , a nd by i t s ascospor e morphology (Orr e t al . , 
1963a) . These gener ic character s ha ve no t been accep t ed by 
some o t hers. Apinis (1 96 4) noted t ha t e nla r ged septa a l so 
occurred in sollle species o f ~Y!!!!!Q!HH!.\!2 a nd in 11yxotd,Ch.!!.J! 
her b2£!~ (= Tri pedot r ichum he£bari en§!§ Or r & Kue hn, 
1964b). Ther efor e , he re t ain.ed A ux~iliQ!!. a nd 
Pseudogymnoascus Raillo as s ubgenera of Gyonoascus . He 
inc l uded i n t he subgenus A u x~h£Q!J. , speci es ha ving 
u nci nate or straight , e l ongate per i dia l appendages. 
Udaga va {1 966) fol lo wed Apinis i n retain i ng Gymn~~us . 

His~orically , the c haracter of t he per i di a l hy phae a nd 
appendages has received eMphasis in c l assi f i cation of 
genera of the Gymnoascaceae. Ho we ver , Samson {1 972) in a 



study of PseudQ9Y!n~Y§, Gymn?ascu§ and Au~r~hrou 
poin ted to the variability of these characters during 
different stages and c ultJ ral conditions of growth, and 
suggest ed that more reliable characters for diff e r entiation 
vere ~orphology of the asco~atal initials , asci and 
ascospores . Samson (1972 ) retained all three genera a nd 
distinguished Auxacthion fro~ Gvmno~ a nd 
~~~.!!~ on t he basi s of its globose or s ubglo bose , 
roughened or echLnulate ascospores and arthroconidial or 
aleurioconidial asexual state. 

E1gh t species ha ve been described in Auxarthro~ (Orr 
et !!_!,.., 196Ja ; orr a nd Kuehn, 1971, 1972) . Samson (1 972) 
s ugges t ed t hat a r eview of th e num ber of species of 
Auxarthron should be considered . Species of Auxart~n , 
which have a r ather uniform ascospo r e s ize a nd morphology , 
are difficult to di fferentiate by he morpholog y of the 
peridial hyphae and their appendages . 

The sexual state of ~- albQ!..!!!~ cost closely 
resembl es Auxarthr on thaxteri (Kueh n) Orr & Kuehn (~ 
Kyxotrichum thaxte£! Kuehn , 1955b). Orr~!: al. (1963a) 
described Auxar t hron br~~~~ based on Rostrup •s 
description of Ji.Y!.Q!.£ich~9. bru!l.!l~!!!! and placed !1· .S!!i!!.tlli 
Kuehn in synony my . Apinis (1964 ) compared Ros tru p•s t ype 
spec iQen of ~- brunneum with t he t ype ma t e ria l of 
Gymnoascus umbrinus Boudier and found the t wo to be 
identical. Apinis placed !1· ~l:!!l~! in s ynon ymy vith Q. 
umbrinus v. ymbrinu§ a nd retained Kuehn ' s .1:!.· thaX~"tl! a s a 
varie~ y , Q. umb£!~~ var thaxt~[! · After e valuating t he 
type ma~erials of Rostrup a nd Doudi er , Or r a nd Kuehn ( 197 1) 
di sagreed with Apinis ' (1 96 4) placement of .!:!· thaxt~£! and 
they proposed to retain it as a separate species , 
A~rthf:Q!l tha.JS.!.!H:i· .!:!,y xotr.ich~ brun ne u!! Ros tru p was 
pl ac ed ~n synony my wi th A· u ~brinu m (Boudier) Orr & 
Plunke tt , but Auxar t hron brunneum sensu Orr & Kuehn (1963a) 
vas placed in synon ymy with A· tha xteri since t he 
descr~ption of this species was bas ed on the type culture 
of .1:!. · thaxt.eri. 

The sexua.l st.a te of M. albo!.~ appears to fit t he 
description of or:~! ~!.- ( 1963a ) of A· thaxteri (= A· 
brunne us sensu Orr & Kueh n ) . Indeed , t he sexual state of 
one of the s trains e xamined by theta (0-1 024, UAKH 1 117) is 
i dentical wi th that described here. Howe ve r , our 
e xamination of th e type s train of A· thax~i (UAMH 39 12 , 
NRRL 17 14, ATCC 15598 , 0-532 ) r e vealed that ascos pores are 
o void, delica t e ly roughened, 2- 2. 2 x 2. 8- J . 2um , compa r ed t o 
t he ascos pores of tt· a l bolutea wh{ch are g lobose, 
delicately rougnened (2 . 2) 2.5- J um in diameter . Secondly, 
the gymnot hecia of bo t h are similar in s ize and shape but 
the elongate appendages of A· th~xte ri are shorte r , 300-
uOOum in l eng th , and mostly uncinat e . Finally , the 
arthroconidial s t ate , ~ - albolut~i! · is promi ne nt in ea rly 
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stages of growth, perzitting recognition of this species , 
whereas the nalbranch~~ state of A· thaxteri is associated 
with the appearance of ascomatal initials in c ultu re. 

At present , the pri~ary reas on for not including t he 
sexual state of H. albolutea in A. thaxteri is the 
difference in size an~shape of the-a5cospores . Obvious ly , 
this difference in size is small and would normally be part 
of the range of variation for this species, but the shape 
of ascospores within a species should be uniform . I ndeed , 
the ascospores of all isolates of ~- ~lbo1ute~ a r e 
uniformly gl obose . The ascospores of Auxarth r on s~ecies 
are not only globose or subg lobose as s ugg es t ed by Samson 
(1 972) but also oblate and ~ay b delicately roughen d to 

s piny or echinula te- ret i c ulate. For the presen , the 
sexual state of ~ - a lbolutea has not been assigned to A· 
t haxteri nor has it been described as a ne w species , 
because the already named species of A~£th£Q~ need 
reevaluation before addi t ional ones are added . 

Habitat and activ it~es : Reco vered from s oil or dung , in t he 
US A, f rom u ab , Colorado , ca lifornia and Wyoming and in 
Hungary . Moderately kera tinolytic , no penetrating bodies ; 
not c e l l ulolytic. 

Material Examined 
From s oil : UAMH 1117 , Oildale, Ca lif. , (Orr 0- 10 211); UAMH 
2632 , soil ? , cache la Poudre Ri ve r , Col., V. B. Cooke, 1965, 
from Barr on , Ont. Agric. College as 10527; UAI1H 28116 , 
TYPE, Utah , G. F. Orr , 1967 , (0- 3508) ; UAI1 H 28118 , fanric 
bai t t echnique, Hunga r y, G. P. Orr , 1967 , (0-35 15 ); UAHH 
286 1, Utah , G. F. Orr, 1967 , (0-3509) ; UAIIH 3651, We ndover , 
Utah , (Orr P0-0062) ; UAMH 39 11, g rass l ands , Larazie, Wy . , 
M. Chris t e nsen (TC- 22 ) , (Orr 0-1 030); From dung : UAMH 18U6 , 
rat , !lercur , Utah , (Orr ' Here •; ?0-1 089); Material of 
Auxauh_ron thaxte~J:: UA!:IH 39 12, TYPE , dung of opossum s hre11 
(~el~odon) , Hait i , R. Thaxtet , (Or:: U-532 ; NR RL 171U; 
ATCC 15598) 

Coloniae in agaro ad 25- 30 C mode ratim ve l l e nte crescunt , 
al utaceae, pulveraceae , rimosae, aliquando plicatae. 
Incre=entum nullu~ vel paulu= ad 37 C. 
Arthroconidia cylindrica , freque nter c ur va , laevia , hyalina 
vel alutacea , (I. 5) 2- 3 x 3- 6um, in s enectute a l i guando 
amplificata , subglobosa vel i rreg ularia. 
Ty pus : UAI1H 186 1, ex solo, Utah , G. P. Orr , 0- 10911 (DPG 105) 

Colonies on PYE (Fig . 11J) are 13-30 mm diam . ~n 1u 
da ys ) s lightly r aised with small centra l umbo , or smoothe r 
with fe w folds. The center i s tan, powdery, dry a nd 
cracke d and the margin downy , creamy white and fl at t er , 



reverse yellow or yello wi sh t a n. Colonies of some strains , 
growing more ra pidly (US mm in 14 days) are flat ter , downy , 
creamy- white with pale ta n center, reverse yellow, smooth 
or wi th few outward ~adia ting fol ds . Growth at 37 c i s 
va r iable . Of f ive stra 1ns tes t ed, four (UAMH 186 1, 2519 , 
2570 a nd 3910) fa iled to g rov , but t he other (UAMH 2983) 
sho ved sca nt g rowth. On cereal , col onies (Fi g . 11 K) are 
23- 110 mm diam. in 111 days , tan , reve r se buf f , flat , 
powdery , eit he r slightly zonate , or patch y. Scan brown 
pi gme nt dif f uses 1nto the m d iu m on cereal a nd oatmeal . 

Arthroconidia borne on nar row a rcuate o r curved 
lateral bra nches (Pi g . 11 L) , are cylindrical , often curved , 
smooth , hyaline at fi r s t, l a t e r t an , ( 1. 5 ) 2- 3 x 3- 6um. 
Arth=oconidia , formed by s egme ntation of the s tra i g ht 
prima ry hy phae are hyaline, cyl1ndrical, s l ig ht ly broader , 
~ostly 3um wide , and predominate 1n young c ultures. In 
a ge , s ome arthroconi d i a become enlarged, s ubglobose or 
irregularly s ha ped (f i g . 11 1). No other spore state vas 
observed . 

Di scussion 

The t an powdery colonies a nd arthroconidia borne on 
arcuate hyphae are characterist1C o f ~- arcuata . Some 
var1at ion in co lonial morphology and gro wth r ates 1s 
e vident among st r a 1ns included in t hi s species . Ho we ver , 
the re appears to be l ittle justification for r emoving any 
to separate speci es since the microscopic mor phology is 
uniforc . 

~ - arcuata i s di s tinguished from other Malbranch!A 
spec1es having buff O L tan colored co lonies , s uc h as t he 
~albranchea s t ate of Uncinocarpu~ rees!! and Mal bran~he2 
fulv~ , by its arcua te hyphae . ~ - aurantiaca and ~
albolu~!A d1ffer in ha ving orange , a nd pale ivory-yellow 
colonies respectively. 

Ha bi ta t a nd activit1es : Recorded fr om soil , d ung of dog and 
bird s , hair of rodents , USA and Yugoslavia (Hubalek, 
19711a , b) . s c a rcely to moderate ly kerati nolytic , no 
penetrating bodies ; not cellulolytic. 

Material Examined 
From s oil: UAMH 186 1, TYPE, Dug way , Utah , G. F. Orr (DPG 
105 ; U-1 094); UAMH 25 19 , Aus tin , Texas , C. J . Alexopoulas , 
1965 , (Orr as Ale x (SO ): UAIIH 3877 , ?dog dung, C. J . 
Ale xopoulas (50) , (Orr 0- 3263J: ?UAIHI 2570, plant debris , 
from Columbia , s. Am . , A. Rostrepo , from Emmons , 
Dept . Health , Bethesda , Md. , as B 27-UO; FroiD pelle t s of 
11erops a piasgf in nest , l?esire vo , Yug., z. Hubalek , 1968: 
UAM H 38114 , as 232B ; ?UAMH 38 11 5, as 236A; From ha i r of small 
;;:odents , Yug . , z. H\lbalek , 1968 : UAIIH 3 8 117, a s JU 1623 2 ; 
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UAI1H 3902 , AQO~Q§ sp . {BH 10) , (Ocr 0- JU ll ) ; f'COII other 
sources : UAHH 38U2 , fea ther s of Corvus monedula , Purka , 
Yug . , z. Hubalek , 1968 , as 1 5JA ;-UA11~298~rom a. s. Pore, 
w. Virginia Univ . Me dical Center , Mor ga ntown as 704 ; UAM H 
39 10, from Ellis, NRR L 6089 . 

11a~hranchea aurantiaca Si g l e r & Carmichael sp: no v. 

Coloniae in agaro ad 25- 30 C 110de catim rapide crescunc, 
f r eque nte r c u 11 zonis spiral ibus ve l concen tcicis, 
centra li er atro-a ureae, aurantiae ve l a urant i o-br unneae, 
in peripheria creaeae . Inc r ementum bonum ad 37 c , nulluo 
ad u 5 c. 
Ar thr oconidia C!lindcica , freque n ter c ur va , laevia , initio 
hyalina , de in auran tia vel f ulva , 1. 5-2 x (2)3-5. 5 {6)um . 
Arthroconidi a ex ny phis principali bus crassior a , 3- 4 x 
( 2 ) 3-7 (7 . 5) um. 
Status pe r fectu s : 

incerta es t . 
Typus: UAHH 3599 , 

con t a11ina t a ) , 

probalitec Auxa cth£Qu, s d speci es 
As cosporae seme l visae s un t . 
ex aere laboratorii? (cultura 
Uta h, G. P . Ocr, 0- 1526 

Coloni es on PYE are 64 -70 011 diam . i n 2 1 da ys , 
spirally zonate (Fl.<j . 12A) , at center um bonate, da rk 
yellow-gol d or or a nge- br o wn, vel ve t y or powdery ; oute r 
zones varying from dark gold or yellow- orange o creamy 
whit e a nd f loccose a t the periphery , r e ve r se dark or ange. 
The marg1.n grad ually ex ~ends in a sp1.ra l pattern a round the 
colony , at firs t white with sca nt aerial growth e ve ntua l l y 
cream y white , f loccose and dense . Someti11es the zona t e 
pattern i s not a s di stinc t bu t t he c harac eris tic color 
rema ins . At 37 c growth on PYE (fig . 12C) is almost as 
rapid (44- 62 mm , rarely up o 72 mm in 21 days ), fla wit h 
irreg ular fol ds , pale ora nge or tan , dark ora nge reverse, 
do wn y with drople t s of yello~ or brown e xuda t e . No growth 
at us C; o ptimum r ange 25-30 c. 

On cereal , colonies {Fi g . 128) a re 53-62 mm diam . in 
21 days , at f irs t , domed , f loccose a nd white ; as 
s porulation commences , beco ming fla~tened , dark ye llow
gol d , orange- brown or tan , powd~ry or gran ular , and s harply 
demarcated from a floccose , creamy vhi :e , raised peripheral 
ridge {Fl.g . 128). Tvo gr adaLio ns can occur arou nd the 
center wi th a n inner reg ion , pale tan or crea~y wnite and 
floccose , sli ght ly ra1.s ed a bove t he f l at cente r . The 
reverse i s yel low a nd yello w pigment occas i ona lly diffuses 
int o t he agar. At J7 c , the colony (F1g. 12D) is 
charac terl.s tica l1y s l o wer g r o wing (U2- 56 mm in 21 days ) 
f la t , dark tan or brown , powder y o r gr an ula r , dense or 
patchy , with orange su rfac~ growth form ing a di stinct 
o r ange gl abrous margLn , 5- 8 •m w1.de , and light or da r k 
orange r e verse. 

Arthroconidi a oorne o n narrow a rcua te or curved 
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lateral branches (Figs. 12E, 12F) are cylindrical , often 
curved (Fi g. 12H) hyaline , later orange or tan in mass , 
smooth , 1. 5- 2 x (2)3- 5 . 5 (6 )ull . Acthroconidi a focaed on the 
straight primary hyphae (Fi g . 12G) are hyaline , broader , 
cylindrical, 3- U x (2)3-7(7 . 5)ua and predomina t e i n young 
c ultures. The deve l opment of cacket hyphae ~s co~~on in 
the primary hyphae with s we lling at the septum up to 9um in 
di ameter. Rare ly , intercal ary chl amydospo res are seen. 

a) Atypi cal strains (UAHH 1569, 1853 , 1709 , 2844 ) 

Pour s trains di ffer in several characters from hose 
s ummarized in the description above. All four a r e 
indisting uis habl e microsc opically (Figs . 121 , 12J) from !!.· 
autarrsiac~ a nd they are retained here unt i l s imilar 
isolates are found which show the differences to be 
constant. 

Two strains (UAMH 1569 and 1853) are ideo ical to each 
othe r , and differ from t ypical s t ra ins in ha ving paler 
yellow-~range colonies , a nd in lacking the distinct spiral 
zonate patte rn . At 37 c g rowth i s mor e res tricted (22- 33 
ma on PYE a nd 7-1 U mm on ce real i n 2 1 da ys . 

UAHH 2804 i s si~ila r to s t rains OAKH 1569 a nd 1853 in 
the color of its colonies . On PYE ~he colon y i s smooth , 
not zo nate , domed with a central umbo; on cereal , it i s 
a l mos t fla t with sparse aerial growth at peri phery and 
de nser , rais e d center . This s train diffe rs f rom al l others 
in growing more robus tly a nd r apidly at 37 C (75 am on PYE 
a nd 63 ma on cereal in 21 days ) . 

Strain 17 09 differs in having s lower growing (4 6 mm on 
PYE a nd 42 mm on cereal af t er 21 days ) , dark ora nge, 
velvety or downy colonies . on cereal , the colony i s zonate 
with a central umbo and on PYE it is f lat with broad white 
margin and central orange umbo . There i s no growth at 37 C 
after 2 1 days. The arthroconidi a a r e s lig hte r broader , 2-
3um in diameter. Late in the study we recei ve d another 
isolate (UAHH 38 78) which grea tly resembl ed UAHH 1709 . 
These t wo st rains ~a y eventually require tra ns fer to a 
s eparate speci es , but it seems pr eferable t o r e tain them 
here until a l a r ger number of isolates has been studied . 

Di scus s ion 

The orange colonies of n- ~~ntiac~ resemble t hos e of 
t he n. s t a t e of !~~n £2nJygat~!· Ho we ver , A· 
conjyg~ is homot hallic and regularly forms the sexual 
s tate in culture. Furthermore , the M. s t a t e of A. 
con j ugatu~ l acks the spiral zonate pat tern on PYE, a nd 
growth at 37 c i s much core res t r icted . ~ - chtYSOS£Ot oidea 
also f o r ms orange colonies but l acks arcuate fertile 
hyphae . The color of the colon y distinguis hes A· 
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Hab1~at a nd ac~ivities : I solated fro~ soil or dung , I ndia , 
Central Ameri ca , Australia, USA and Belgium . ~oderately or 
u r:ked1 y keratiuoly tic , not cell.ulolytic. 

Ma~ing tests : crosses were performed in dupl icate by 
preparing mixed conidial s uspensions (method A) a nd by 
paral lel inoculation of separate conidial suspensions 
(method B) (see Maten.als and Methods} , wi th the addi tion 
of a utocl a ved human hair . 

With a s in gl e e xception, no gymnothecia were seen 10 
a ny cross after 4 2 days (Taole II). In the mixed conidial 
s uspension of UAKH 1707 x 3705, a single g ymnothecium of 
the ' Auxarthron • type (Orr, 1963a) bearing elongate 
uncinate appendages a nd fe w spiny oblate ascospores vas 
seen. After a f urther t vo veeks growth no other 
gymnothecia were f ound nor were any discovered on he 
pa rallel streak plate . Incompatibility between s trains vas 
freq uently i ndicated by a narrow or vide zone of inhibition 
between s trains inoculated i n par allel (Pig. 12K , Table 
II) . 

f a ilure to obta in the sexual state in this species vas 
s urprising considering the c l ose r eseabl a nce to some 
species of ~I~hro~ , especially !- conj uqatum. Indeed , 
se veral sing l e ascospore isola~es we re attempted from a 
number of strains of A· conj~~~! in the belief t hat ~ 
aurantiaca mi ght he the asexual state of this species . 
Ho we ver , a l l si ngl e ascospore isolates proved t o be 
homothallic (see auxanhron conjuqatum) . 

The occurrence of a single fert1 l e gymnothecium 
suggests either latent homothall i sm i n one of t he two 
s tra ins t ested or heterothall i c inco~pa t ibility of the t ype 
f reque ntly observed 1n some Gymnoascaceae . I ncompatibility 
results in 1nfertile crosses between ? 1 progeny a nd parent 
strains and between V1ld-type isolates crossed with each 
other or with tester strains of the opposite mat ing type. 
In the la t ter case , wild ty pe 1sol ates ~ay only cross wi th 
the more fertile pro9eny of t he pa r ent s trains (Kvon-Chung , 
197 1, 1972 ; Padhye a nd Ca r michael , 197 1, 1973) . 

Figure 12. Ma£~an£hg~ ~urant i~£~ (A , B-U AM H 3704 ; C, O, H-
1707 ; E, G- 3599 ; P- 3705 ; I , J -2844; K- 1707x3599) . Figs . 
12A-1 2D. Colonial morphology after 2 1 days. A a nd con 
PYE, B and D on cereal ; C, D a t 37 c , others a t 25 c . Figs. 
12E- 12J . Al~e=nate artnroconidia of cur ved br anches and 
s tra i ght primary ny hae. Fig .. 12K . Zone of inhibi t i on i n 
cross of 1707x359 9 noculated 1n separate par allel s treaks. 
Colonies x 0 . 7, oth rs x 600. 
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TABLE II 
lNCO~ PAT I BILl!Y AHOUG CROSSES OP MALBR ANCHE A AURANTIACA 

--r-------r·-------r-------r-------r-- r-----~-------~-----T-·----~ 
1 I l I I l 
. sTnAIN 1 11 0 1 • 1709 17 7 8 11}53 I 281111 J52U I 3599 I 3660 I 37 0U I 37 05 
l I i I I I __ ....__ 

.L - ---L-

l :n - - NI NI 

I I - III I NI 

Nl - - - NI I 

- - - - -
III -

s 

NI -
I 

-------------------
No gym nothec~a fo:med on d uplicat~ crosses 
Sing le fertile gyanothec~ um f ormed on ~ixed s uspension plate 
Na:row zone of inhibi t i on (<3 mm) a nd no qy~notbecia 
~ode:ate zone o f inhib~ti on (>3 mm ) a nd no gymnothecia 
lone of s tiMul at ion a t i nterface of eating s t r ains 

- !II 

s Nl 

s NI 

I Nl 

III 

~ .... 
~ 



Mater~a1 Examined 
Prom soil : UAHH 1569 , chicken feed~ng ground , Tonasi , 
Panaaa , col l. H. P. Puri , isol. G. P. Orr (0- 2505); UAHH 
1705 , ga r den , Tonasi , Panaaa, G. F. Orr (0-2535) ; UAHH 1707 , 
chicken feeding ground , Tonasi , Panacaa , G. F. orr (0-2531) ; 
UAitH 1709 , Calif. , G. F. Orr (0- 5811) ; UAMH 1710 , pig yard, 
Tonasi, Panama , G. F. Orr (0-25311) ; UA!1H 1778 , from a ixed 
culture rec. as 288c (soil , Guatemala) from Orr ; UA~H 
1853 , Aust . , Warcup, (OJ:r 0- 3598 ; A 270 1); UA~ H 28 1111 , 
Belgi um , C. De Vroey , 1966 , (Or!: 0-3 178); UAMH 3660, 
Ellice I sland, Alaska , (Orr 0-3035); UAHH 3818 , Italy , r; . 
Varsa vsk y (!36) from orr (0-31137); UAMH 38 78, Inogur aJ:ea , 
Calif. , (OLJ: 0-683); 0-34 82 , Somalia , c. DeV~:oey (RV 
20443) from Or~: ; 0- 2592, Panama , f~:om Orr ; From dung : UAHH 
3483 , mouse , In dia , (Orr 0- 3 150); UAHH 352u, rat , Ind ia , 
(Orr 0-3733 ; NRRL A- 19283) ; UAMH 3704, C'a t, Indi a , (Orr 0-
11 63 ); UAMH 3053 , l~zard , Ch~hauhua , Mexico, R.K. Benjamin , 
1964, RSABG , as 11168 ; From other sources : UAM H 3599 , TYPE, 
air? (plate contaainant) , Dugvay , Utah , G. F. Orr (0- 1526); 
UAHH 3705, plate contaminant , Dugway, Utah , G. P. Orr (0-
32 14); UAM H 3879, hair froca ring worm l es i on on horse , 
Ri ve r ton , Utah , (Orr 0- 3710) 

Coloniae in agaro ad 25 c rap~de crescunt, t ange r inae , 
densae , pulveraceae vel velutinae , cum zonis conceotricis. 
Incre~entu~ restr ictum ad 37 c . 
Aleurioconidia copiosa , truncata in bas i bus , pa ula 
cC'ass iora quam hyphae , 2-3 x (2. 5) 3 -3 . 5 (6 . 5) um. 
A r~hroconidia cylind rico- truoca ta , hyalina , laevia denique 
aurantia, (1. 5) 2-u x ( 2 ) 3-9 ( 1 3 ) ua~ . 
Typus : UAHH 1032, ex solo , Ar izona , C. ll . Em1110 ns , E5003 

Col onies on PYE (Fig . 13A) are 66- 83 mm di am . in 21 
days , cha racterist i cally br i ght tangerine orange , c enter 
a nd periphery often vhite or pale yellow, reverse ora nge. 
The s urface i s dense , povdery or ve lvety, vith a dovny or 
floccose centra l um bo , s l i ghtly raised, scarcely zonate , 
showing color changes from dark orange center to light 
periphery , or d i stinctly zonate vith 6 or 7 concentric 
zones, and thin , f l occose, vhi te or pal e orange margin . No 
pigment is apparent but most strains formed yell ov, orange 
or white exudate droplets. At 37 c , growth on ~YE i s more 
restric t ed (Fig . 13C) (25-3 1 mm diam . in 21 days ) adhering 
poorly to the cellophane, center lifting u p, becoming 
con voluted or folded , dark ta n, brovn, or ta vny, powdery, 
a nd ne w s urface growth dovny, ora nge . Colonies remaining 
firml y a t tached to ~he cellophane are orange- buff , 411 mQ in 
diam . 

Col onies on cereal (Fi g . 13B) are 61-68 11111 diam. 1.n 
21 days , flat , ! small central umbo, powdery or granular , 
patchy or dense , often sectoring , scarcely zona te, dark 
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orange cen~er , ~a vny ~o yel l ow at periphery , revers e 
orange. At J 7 C, gro w~h i s slower ( 18- 36 111111 diam. in 21 
da ys ) , orange or buff , rarel y white , granular or do wny , 
flat , wi th a brown diffusing pl.gment (Fig . 130) . 

Fer~ile hyphae nearing archroconidia are of t vo t ypes. 
St raight , slightly oroader , bra nched pri ma ry hyphae , 2-U ua 
wide , develop incercalary artbroconidi a (Figs . 13E, 13 F) , 
a nd later for~ mult1ple straigh~ or curved , deflected 
lateral branches. rhe fertile br anches (Fig 13E ,1 3I) bea r 
interca l ary arthrocon i dia which intergrade vi · h 
a l eurioconidi a form~d terminally or directl y o n the sides 
of the hypha . The • i dth of the arthroconidia and 
aleurioconidi a forming on a hypha i s identical with that of 
~ he hypha . Inte=cala ry arthroconidia are cylindrica l
truncate, hyaline, later pale orange, ora nge l.n mass , 
(1. 5) 2-U x (2) 3- 9 ( 13) um. Aleurioconidia are smoo~h, 
hya l i ne , l ater pdl e orange, oran ge in aass, c uneiform 2-J x 
(2. 5) 3- 5. 5 (6. 5)um. NO other spore state vas observed . 

Discussion 

Th1s speci es i s intermed1ate between Malbr anchea and 
C hrysoseor1u~ . Though formation o f a l eurioconid i a i s 
c haracteris tic or Cnrys os .E!.Qf:!.!!J! , ar throconidia may 
predomi na t e i n degenera t e s trai ns . The a l e urioconidia of 
ChrY§Qspor!Q! are ~os tly s ubglobose, py r i form or c l a vate, 
a nd wider than the d i ameter of the s uppor ting hypha . 
Thoug h this di sti nction appears somewhat arbitrary , it i s 
di ffic ult to ass1gn th1s spec1es with assurance to eithe r 
Malbt:anchea or CnrysospQ.Iium. s e veral characters fa vor i s 
pl acemen t i n Malbranch~: the wid th of the a l eurioconidia 
a nd inte r ca l a ry artnrocon1d1a does not exceed t hat of t he 
s upport1ng hypha ; intercalary a r throconidia predominate i n 
the primary hyphae , cons 1sten t wi t h other s pecies of 
Malbra nchea ; the diamet er of the fe rtile hyphae f its wel l 
wi thin the ra t her nar r o w range f or Xalbra nche~ . 
lnterest1ngly , vi v1d orange colonies occur in a least 
three othe r spec4es of Ka1bra££he~ , whereas most 
Chrysosporium colon1es are wh i e o= ligh colored , green, 

Figure 13 . A-? , I. ~albr~nch~i! chrysosJ:oroig~ (A-D-U A111i 
1032 ; E, P, I -1 031 ) . G , H, J- 11 • .!Hlbr~hea circinata (G-
!I , J , M- 1890 ; K, L-3589 ) . Pigs. 13A- 13D. Col o nia l 
morphology after 21 days. A and c on PYE , B and D on 
ce real. C and D at 37 C, other.:; a 25 c. .Fi gs. 13E- 13P . 
Ale ur.1.oconi dia a nd i ntercal ary arthroconidia . f'.igs . 13G-
13H. Colonial moz.pnol ogy after 2 1 da ys at 25 C. G on PYE , 
H on cer eal. F'i g . lJI. Lateral or termina l 
a l e ur.1.oconid1a a nd 1ntercalary arthroconl.dia . F'l.gs. 13J-
13M . Coiled con1di ogenous hy phae . Colonies x O. b5, others 
X 600. 
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brown, grey, buff , occasionally pale orange or o ra nge-buff . 

Habitat and activities: Recorded from soil , dung or a1r 
samples , Maryland , Utah , Havai1, Arizona , South carolina , 
Ca li forni a (Or : , 1970, 197 2), Japan a nd India . One strai n 
vas recovered f ro~ omental abscesses a nd the spleen after 
e xperimental intra-peritoneal inoculation of soil into 
mi ce . Sligh~ or no digestion of keratin , not cellulolytic . 

Mater1al Examined 
From s oil : UAI1 H 103 1, A:iz. , C. li . Emmons ( E5002), (Orr 0-
1524 ; same s tra1n as UAMH 2786?) ; UAMH 2786 , ooental 
absceeses in mice 1noculated with s oil, Be thesda , Md ., 
c . w. Emmons (E5002) , 1958, from Kwon- Chung , N. I. H., 
Bethesda ; UAMH 1032 , TYPE, Ariz., C. W. Emmons ( E5003 ) , 
from Orr (0- 1525) ; UA11H 2288 , bean garden , Shokuku , Japan, 
G. F. Orr ; UAM H 2711 0 , I ndia , f~om H. C. Gug nani , National 
Ins t itute of Com•unicable Disease , New Delhi , a s S536; UAMH 
3570 , s . carolina , from Orr (0-35 17); UAII U 3876, Oahu , 
Ha vaiL , E. Varsa vsky (9) , from Orr (0-3295); Soil Lsola es 
from Orr : 0-322u , Maui , Ha waii, E. Varsa vsky (7 ) ; 0-3377 , 
Cali£ . ? E. Vac.savsk y (20) ; 0-338 1, Kauai , Ha 11aii , E. 
Va r sa vsky (18); 0- 3398, Oahu , Ha waii , E. Varsavsky (2 1) ; 
0- 3399 , Maui , Ha vaii , E. Varsavsky (25); From other 
sources : UAI1!1 1060 , coyo e dung, Ker n co. , calif . , G. f . Or; 
(0-837 ; IIRRL A- 10663 ); UAIIH 1211 1, plate con t ami nant , 
Edmonton, 1962; UAI!H 2051 , Ha va i ian Islands , soil? , from 
varsa vsky, CDC , a s KAV AI-1 8 ; UAIIH 2850 , vind tunnel 
contam.i.n,w t , Utah , G. F . Orr , 1967 , (9BR5); UAM H 3856 , spore 
mass , Dugway , Utah , from Ore (0-3 077) ; NRRL 6087 , fcoa 
Ellis 

llalbranchea s:!rcinata Si gler & Carmichael sp. nov . 
Perfect St ate : ttY!otr1chum Kunze 

Colonia e i n agaro ad 25 c lente crescun t , c r emeae ve l 
au r ant i ae , floccosae ve l velutinae , ad ma rginem mucosae. 
Increment um minus ad 18 c vel 30 C, nullum ad 37 c . 
Atthrocon1dia cylindrica , cu rva , 1aevi a , i nitio hyalina , 
dein f lava , fla vo- bru nnea , ch l orina vel purpurea , 2- 3 x 3-
S ull . 
Status perfectus : ttYXOtc1chum , sed spec1es i ncerta est . 

Ascosporae non visae s unt. 
Typus: UAIIH 1890, e x solo, ouqway , Utah , G. f . orr , 0-1 103 

(DPG 111 ) 

Colonies on PYE (Fig . 13G) are 29 11111 diam . in 21 
days , pa l e creamy yellov , re vecse yellow , f l occose ~uf s of 
hyphae a t cente r, a nd wide (11 -8 om) ma r g in of slimy ~ufted 
s urface growth . On cereal, colonies (Fig . lJH) (diaa . as 
on PYE) are mo ce l uxuriant , dense , velvety , s mooth wi th a 
narrow s l imy mdrgin, dark gold, reve r s e yellow . Brovn 
exudate droplets on s urface dry and leave s urface pLt t ed; 
redd i s h brown p1 gment diffuses in o the med1um. No growth 
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at 37 C; opt i mum 25 c . 

The conidiogenous hyphae (Figs . 13J- 12L), arising as 
lateral branches wider than t he nar row vegetative hypha , 
ace t ightl y coiled o r cur ved , c losel y spac d , e ventually 
for~in g a dense clus t e r (Pi g . 13H). Arthcoconidia a =e 
s mooth , cyli ndrical , c urved , kidney - s haped or ovate , almost 
discoi d in e nd v~ew , pa l e yellow, or yellowish-brown , in 
age purple or dark yellow-green, 2- 3 x 3- 5um. No 
acthroconidia develop on the primary nyphae . 

Gyanothecia ( F~g . 14A) are dark brown , almost bl ack , 
discrete, 350-U50um in di ameter , e xcluding appendages , 
spherical but tend~ng t o coalesce , not easA1y di slodged 
from the conidiogenous hyphae. Per i dial hyphae ace dark 
br own , th i ck-walled , smooth , continuous ly branch~d , 
terminat~ng in •a ntler-like • appendages (Figs. 14A, 14C-14 E) 
with narro w delicat e br a nchlets (Figs. l UC, lU D), poin t ed 
to ward the perimeter . Appendages of a second type are 
uncinate (Fi gs. 1UA , l4 C) , spar ingly septate , th i ck , smooth 
walled , 100- 200um l ong , 5-7um wi de a t the tip and the same 
diamete r or s l ightl y na rro we r at t he base. he uncina t e 
appendages arise at the center or near the periphery from a 
bifurc ate base with the ot he r bra nch term~na ting in the 
•a ntler-like • appendage (Fig. 14C) . No a scospoces were 
fo und. When t he gym nothecium i s crushed , yel low-gr een or 
purpl e , coiled coni di ogenous hyphae in the cent r um give the 
i mpression of asci , a nd t he mature kidney-shaped or o va t e 
conidAa c an be mi s t aken init ially for ascospores . 

Disc ussion 

The for ma tion of gymno theci a corresponded to sec t o ring 
of the co lonies on oatmeal agar at 25 c ( Fi g. 148) . 
Indee d , gymnothecia c ons i s tently for~ed along t he i nterface 
of the sector , which was white with sparse aerial growth 
and gla brous margin , compared to the remainder of t he 
colony which was yel l o wis h- br own, powdery a nd de nse wi th 
abunda nt ~onidial fo r ma tion . Tra nsfers from the sector to 
fresh oat mea l agar pr oduced a degenerate colon y wi t h sca nt 
aerial growth , pale color, a nd scant sporula AOn. 
Tr a ns f e r s from the powder y yellow- b r own portio n yiel ded 
s i milar , profusely sporulating colonies which e ve ntual ly 
sectored . A tra nsfer of a s ingl e gym nothecium yi~lded 
again a sectoring c olon y developing gym not hecia along t he 
in t erface. Focmat40n o f gysnothecia in sectors has also 
been recor ded for atypica l colonies of fi. s tipita tu! (Orr 
et al., 1963b) . At tempt s to s timula t e ascospore producti on 
by mating were uns uccessful , only two i solates being 
availabl e . Gymnothec~a occurred only when colonies were 
grown on a cellopnane membrane , not on oa t meal agar a l one . 

I n t he absence of ascospoces, it i s difficult to 
relate t his species to any descr i bed Hyxot richu~ species. 
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Although our c~ltures of~- ~lnoparua Robak (Orr et ~-· 
1963b) {UAI1H 1597 a nd 1906) also ha ve failed to produce 
ascospores , th i s spec1es differs in it s conidial state, 
which lacks th e coiled conid4ogenous hyphae of ~ - £ircinas~ 
a nd in i t s colonial morpho l ogy. At 25 c , the colony of t he 
type strain ( UA~H 1597 , CBS 224 . 3 1) i s sparse and 
restr .L cr.ea a nd the observation of Or: !ll ~J:. . ( 1963b) of 
grow h a: 7 c ~ 2 c suggests a l o wer optim um tempera t ure 
for growth. The perid1al hyphae of ~- £hartar ua , ' w.Ltches
brooa-like ' {Or r !il! !!1: ·, 1963b) are so11evhat. s iail ar bu t 
the terminal branchlels are more spiny and less delica e . 
Al t hough ~ · cha~! has an a r throcon .Ldial asexual s a e , 
t he co nidiogenous nyphae are not co1led. 

Habitat and act1vit1es : Recorded only fro~ so11 , Ut ah (Orr 
a nd Kuehn , 1972) . Cel l ulo lyt ic , not keratinolyt i c . Hairs 
on DSA become purpl e .Ln col or af t er three weeks from t he 
diffused pigment . 

Ka~eria l examined: UAMH 1890, TYPE, soil , Dugvay , U:ah , 
G. f . Orr (0-11 03; DPG 11 1); UA MH 3589 , soil , Terra , Utah , 
from Orr (0- 3225; DPG 118) 

Malbranchea flavo~~ Sigler & Cara.Lchael sp. nov. 
Perfect state : !!.1,!o tric.h!!.! Kunze 

Coloniae in aga r o ad 25-30 C moderatim l en t e c r escunt , 
c r emeae , in cen tro f ulvae vel roseo-fulvae , f l occosae ve l 
velutinae . I nc r emen t um n ulluc ad 37 c . 
Arthrocon.Ldid cylindri ca, freque nte r cur va , laevia , 
hyal ina , 1. 5- 2 x J - 5ua , in senect ute i nf l a t a , subglobosa . 
s atus perfectus: Kyxot r ichum , sed speci es incerta est . 

Ascosporae non v.Lsae sunt . 
Typu s : UAI1H 1051, ex sol o , Riversi de county, cal i fo :nia , 

G. P. · Or r , 0- 643 

Colonies on PYE are 29- 32 •• diam . in 21 days , 
adhec.L ng poorl y to the cel lop hane, l ifting up at t he ma r gin 

Figu r e 14. A-E . Ma l branchea £ircin~ (A- UAMH 3589 ; B- E-
1890) . F- J . Kal branc hea fla vor osea (F-H- 105 1; I ,J-1065). 
Pi g . 14A. Gyanothecium bear ing unc.Lnate appendages , x 150 
BF. Pig . 148. Sector1ng on oatmeal agar aft er 35 days at 
30 c , x 0.7. ?lg . 13 c . ' Antler- like ' a nd unci nate 
appendages , x ll80 . F.Lg . 140 . • Antler -li ke ' appendages, x 
960 BP . Fig . 14 E. coalesci ng peridial hyphal appendages 
Ol: bo t h types, X 150 BP. Pigs. 1Uf- 1UG. Col o nial 
morphology a f te r 21 days a t 25 C, x 0. 65 . P on PYE , G on 
cereal . Figs . 14H- 14I . curved f ertil e hyphae bear ing 
a lterna t e ar t hroconidia , x 600. Fig . 14J . Gymnotheciil 
{minute blac k specks) for med at the center a nd near the 
per~phery after 42 days at 25 C on oa t meal agar , x 0. 65 . 
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and curling toward ~he center to for~ a d~st inct pe t a l oid 
pattern (fig . l i4 F). !lew growth ex tends uneve nl y belov 
margin . The su r face is creamy white , buff in center , 
re verse dark ~a n in center , yellov at he periphery , 
ve lvety . on cereal , colonies (Fig . 14G) (diam . as on PYE) 
are flatter , pinkLsn- buff , f loccose , wit h diffusing da: k 
brown pigmen t . No growt h at 37 C; optimum range 25- 30 c . 

o n oatmeal aga r , colonies (Pig . IUJ) (optimum 25 C) 
becoma deep rose pink in center with pal e : margin , 
f l occose, crateriform . Gym nothec1a form most abundantly at 
18 c , developing at the cen t e r a nd close to the periphery 
(Fig . 14J) . 

Arthrocon1dia de velo?ing on short , loosely curved o r 
a r cuate lateral bra nches (Figs . 14H ,1 4I) a re c yl i ndrical , 
of e n curved , hyal1ne , smooth, 1. 5- 2 x 3- 5um. In age, 
arthroconidia become s wolle n, r ounded or s ubglobose. 

Gymnothecia are spherical, approximately U00- 600u m, 
discrete, black ( Fi g . 15A) , composed of a net work of 
smooth , thick-wall d, septat e , dark- br own peridial hyphae, 
5- 6um w1de , having blunt tips a nd lateral bluntly pointed 
spines along the length reflexed a t an acute angle toward 
the ce nter (Fi g . 15B) . The blu nt tipped e nds of the 
peridial appendages extend 120-200um beyond the densel y 
branched ce nte r (Fi g. 15A) . No other appendages are 
for med . Asci and ascospores were no t ooserved . 

Di scussion 

Neither of t he t wo st rains s tudied devel oped 
ascospo res e ven aLter prol onged gro wth a nd mu l tiple 
transfers. Att empts t o cross the two isolates were 
uns ucc essful . A th1rd s t rain (UAHH 3909 , NRRL 6088) 
received late in t he study a l so fa1led to deve lop 
ascospor es. No isolation data vas provided with this 
s tra in . Since it vas deposited by G.!' . 0:: i n NR RL , i 
could be the same strai n as either UAHH 1051 o r 1065. 

The sexual s t ate of this species is assi gned to 
~xotrichum pr i ~aril y on t he morphology of its dark bro wn 
per id1a1 hyphae . In the absence of ascospor es , a specific 
epithe t has not beeu chosen , nor can the isol ates be 
assigned with cer tain ty t o any known speci es. Although 
s uperfic1ally resemoling Hyxotri chu! ~eflex um Ber keley 
(Ann . Nat . Hi s t. 1: 260 , 1838 ), this spec ies differs Ln 
se veral respect s . First , the g y~nothecia ace much larger, 
U00-600um, c ompared to 10 0-UOOum for ~- ~eflex um (Orr ~ 
~]:: ., 1963b ; Apinis , 1964); the appendages of 11 · deflexu m 
are narrow , 1. 4- 1. 8 u~ (Or r ~!: g_J: ., 1963b) or up t o 3um 
(Apini s , 196U) , with lateral branches , defl ected either 
upward or do wnward , ha ving hyaline blun t apices , vhereas 
th ose of this species are wi der , 5- 6um in diameter , vith 
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la~eral blun~ly pointed spines , brown , branched 
consistently downwards (Pig . 158) : fina lly, a con~dial 
s tate has not been observed for tt - defle~y~ (Orr~ ~1. , 
1963 b; Apinis , 19611). 

Ot her characters of this species are a l so co•mon t o 
~~trichum. Orr 21 al . (1 96Jb) report~d cessation of 
growth at 37 C for all Myxotrichu! species , c haracteristic 
reddish-brown diffus~ng pigments, and pink or reddi s h 
co~onies in s pecies s uch as ~ - ~~~Q§Y!• ~- gefle!~ a nd 
~- ~tipitatu~. Io addition , this species i s cellulolytic , 
as are other species of Myxot r~~h~! · 

11a erial exa101ined : UAMH 105 1, TYPE, soil, Ri verside co., 
ca lif. , G. F. Orr (0- 6113) ; UAIIH 1065 , lun g , kangaroo rat , 
Palo Ve rde, Calif., from Orr (0- 610 ) ; UAMH 3909 (!I RR L 6088) 

Malbranchea pulche ll~ Sacc ardo & Penzig 1882 
l'lichelia 2:638 

Synonyms 
Malb£anche~ bolognesii- chi urcQi Vuillemin, Pollacci & 

Nannizzi 1925 , in Bolog nes~ & Chiurco, Archivi di 
Biologia 1: 255- 276 = Actinolilyces bologn~sii-chiyrcoi (Yuill. ~ ~l-l 

Dodge 1935, Medical Mycology p . 76 6 
Malbrancbea kacb2~ashii Kambayas hi 193 11 , Arch iv f ur 

De rmatologie u. s yphilis 170 : 97-106 

History 

Saccardo (1 882) described ~~lbranch~~ wi h a single 
species ~- pulchella Sacc . ~ Pe nz . , reiterating his 
description in 1886 . Saccardo (1 908) a nd Saccardo a nd 
Trotter (1 913) reduced Mie he ' s (1 907) thermophilic 
Iher l!loi de um ~Ylli£~\!.!! to s ynonyoy with 11· _EUlchella. 

Two other species were described, ~- hologoesii~ 
~££Q! Vuill., Poll . & Nann. in Bolognesi and Chiurco 
(1925) and tl· Ji~bayashii Kamb. (1934). Baldacci, Cifern 
and Vaccari (1 939) reviewed both and reduced them to 
synony my with 11· £Yl£hell~ aft er comparing the c ultural and 
microscopic characteristics of four isolates : ~
.Eulchel la froc Buisman , ~ - bolognes!i- c hiurcoi fro• 
Bol ognesi a nd Chiurco (1925) and Rivelloni (1 938) , a nd ~
kamb~ashii fro~ Kaabayashi (193q ) . With ~he exception of 
the Ri velloni strain which showed scant growth , a ll f a iled 
to grow at 3 7 c. Furthe~~ore , the a u~hor s could fin d no 
reason to justify Dodge ' s (1 935) transfer of tl · bologn~sii~ 
chiurcoi to Actinomyces. 

Elisei (1 940a), in a similar e xamination of 
Malbranchea , review~d the literature and studi ed the saae 
four-rsolates. He re vised the genus , concurring with 
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Saccardo (1 908) in placing I · s u!.!J!£eu! in s ynony my with 11· 
eulchell~. ElLse~ also observed a number of microscopic 
fea tures not pr eviou s ly r ecorded , including nodular organs , 
spir a l hy phae , a nd pectinate bodi es . These we re l a ter 
reviewed (Elisei , 19U0b) i n comparison to s ome der ma t o
phytes . 

Fe w reports of other Ma l branc hea spe cie s a r e cited in 
the literature. In 19 13, Sums tine transferred Rhinotrichum 
!U!lV~!!£.!illB Ellis t o Malbranchea as _11. EJ!lve race!! . -i:Iiider 
(1 942) di sagreed and proposed the combination Oidium 
~1era~ because he conidia we re borne in chains on 
shor t denticles . Clamp con nections on he hy phae indica te 
that th i s spe cies i s a conidi a l s tate of a Basidiomycete 
genus. 

Cooney a nd Eme rson ( 1964), s tudying a thermophilic 
1.solate of ~al~ll!!£h~!!• pro pos ed a ne v va r iP.ty 11· e~lchell~ 
var sulfurea . Ho wever a numbe r o f character s differentiate 
the mesophilic .11· pulchell~ f rom the thermophil ic isolates, 
s ugges ting that the l a tter s hould be distinguished as a 
s e para t e species. 

More recently , wang (1965) a gain described and 
ill ust rated a mesophilJ.c Malbf:AJ.!!;;h e~ e ulchella isola te from 
a pul p s ample. Von Arx (1970) s tated that Malbranch~~ 
1.ncluded 3 or u species , but named only ~- pulchell~. 

Descri p tion 

Colonies on PYE (Fig . 15C) are 26- 33 mm diam . in 2 1 
da ys , e ithe r flat, ma r gin entire , o r convoluted , l l.ft ing a t 
t he cen t er or at the margin with ne w growth below , lobate 
and undula e . Colonies are tan or pal e bro wn, occa s iona lly 
white, r e verse tan or yell o w, down y or velve ty , 
occasionally wi th white exudate droplets . On cereal , 
colon1.es (Fig . 150) (d iam . as on PYE) are do wny or 
velvety , tan, buff o r white , r e verse pale o r dark t a n or 
ye llow, a nd ad here gore firgl y to the cello pha ne , remaini ng 
fla t with cen tral uobo and fev outward ra di a ting fol ds , or 
dome-shap~d . Drople t s of white or brown e xuda t e sooetimes 
for m on the s ur f ace, and a brown pigment diffuses into he 
agar . Good growth occurs at J O C; no gr o wth a t 37 c. 

Fertile hy phae, ar~sing as short la eral branches fro• 
the na rro~ (1- 2um vide) vegetacive hy phae , form gul i pl e 
br a nc hes which a re tightly coiled , arched , or curved 
(F.1.gs . 15E-1 5H ) . Ar th toconidia are cyll.nd t.ical , cur ved , 
hya l i ne , J.n mass t an , smooth 1. 5-3 x 2-6. 5um , mostly 1. 5-
2. 5 x 2. 5-5uo . Accessory arthroconidi a are r a re l y fo rmed 
by seg men ~atLOD of the primdr y hy pha e . 

Typi ca l s t rain: from pul p saapl e at pdper towel mill , 
!L Y. State , 1959 , C.J. K. Wa ng , UA:'!fl 1560 
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Discussion 

Considerable va riation was initially evident among 
~solates received as ~- pulchell~ . A comparison of 
saccardo ' s descri ption with photomicrographs fro~ a s l1de 
(ex DAOM ~ 1 37U ) of the type , i ndicated to us ba some of 
these isolates should be excl uded (see Malbranchea 
f locc1formis and~- f lavorosea) . Arthroconidia of DAOM 
U137U measure 1. 5 x 2-4u~ . Of the rema1ning i sol ates , UAMH 
3794 (strain Kambayashi) differs from the others in forming 
larger arthrocoHdia (2 . 5- J x u. 5-6ulll) and vider pruaary 
hyphae (J ua) wh ich fragment t o form accessory 
arthrocon1di a . Ho we ve r , th1s s:rain resembles t he others 
in colonial morphology and inabili y to grow a 37 c . 

UAMH 3783 (straln Ri velloni ) fail d t o gr o w at 37 c 
altbougn Baldacci ~~ al. ( 1939) reported slight growth . 
Also t he s i ze of the arthroco nidia , 2. 5-3 x 3. 5- 6. 5um 
diffe=s slight ly from toe measuremen s g~ven by the~ (3-U x 
6 . 5- 7. Suz) , but va r Latlons could be e xpected i n view of the 
prolonged mai ntenance of t his isolate. Indeed , Cooney and 
E~erson (1964) report d no sporulation at all. In UAKH 
3907 (s train ~· bo!Qsn~sii-chiurcoi ) , product1on of arcua t e 
fer t ile hypha was weak . Ho we ver , this s t rain was 
initial l y contam1 nated wit h bacteria and fai l ed t o 
sporu late. Whe n it was freed from contami nation , i~ 
sporul ated after prolonged growth o n c e r eal agar . Ho we ve r , 
the culture appears to be somewhat degenerate . Baldacci ~
al. (1939) reported arcuate hyphae in the type strain of 
l:! · bolognesii-ch.L!!££2!· !lone of these thr e s tcains 
corresponds exactly vi h the typical s train . Ho wever , a l l 
three moce closely resemble ~ · pulchella han an y ot her 
species described nerein. 

In genecdl , the rollo wing chacactc:s dist inguish ~ · 
py! chell a f tom other speci es : bu ff o r tan slow gtoving 
colonies, no gcowth a t 37 C, lack of accessor y 
acthroconidia a nd presence of cell ulolytic ac tivi ty . 

Habitat and activi t1es : Reported from cardboard (Saccardo , 
1882) , Ft dnce ; pulp (Wa ng , 19t5), USA ; wal lpaper : human 
sources in I t a l y, Ch1na, sa r ini a (Ba l dacc1 ~ ~1· • 1939 ; 
Cooney and Emer on , 1964) ; nes t s a nd fedthecs of bicds , 
c zec hoslovakia and Yugoslavi a (Hubalek , Balat , Touskova a nd 
Vik , 1973 ; Huba le~t , 197Ua , b). Sli ghtl y cellulolytic. A 
singl e stcain ( UA~H 3 189) al so di ges t ed keratin slightl y 
with s ingle hyphae penetrati ng the hair:. 

Pathogen i c it y : Cooney a nd Emerson (1 964) noted t hat 
experimen t a l inocul tion by Yuill ~1n , Pollacci and 
Nannizzi 1nto ~bite ra s , and by Kac bayasbi into guinea 
pigs , rea ftirmed the pathogen1city of tneir i solates from 
human sources. Howe ver , s imila= experi men s by Rive l loni 
we re unsuccessful 1n demo ns t r at1ng pathogeniclty. 
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Mater i al Exaoined 
UAMH 643 & 1 19 1, photomicrographs o f s lide (ex DAOM U1374) 
of TYP E, wet cardboard, Roue n , Pr . ; UAMH 1560 , ft:om pulp 
sample at a papet: towel mi l l , !I. Y. State , 1959 , 
C. J . K. Wang , State Univ. o f II. Y. , Syt:acuse ; UAI'IIi 3 189 , 
ca r d , Gra vesend , Engl a nd , P. Russell (BS42 1) , 1954 , (CIH 
57206) ; UAMH 3783 , cas 204 . 38 , ft:om cifeni as • ceppo 
Rivelloni ' ; UAHH 3794 , CBS 203. 38 , ft:om Cifert:i as 1'1 . 
kambaYashii , 1938 ; UAHH 3909 , CBS 202. 38 , ft:om Cifert:i as 
~ - holgsnesii-chiurcoi, 1938 

Halbt:anch~~ state of ~grthron fOniugatum 
(Kue hn) Ot:r & Kuehn ~n Orr , Kue hn & Plunke tt 1963a , 

can. J . Bot . 41 :1452 

Hi stot:y 

Orr e t 2.! · ( 1963a ) trans f erred 11llOt,lj,£h~ £Q!li1!Sll~ 
Kuehn (1 955b) t o !Q~~rthrQn. De Vt:oey (1 970) referred to 
an undescri bed species of Auxarthron i sol a t d ft:o~ soil in 
Burundi and his f i g . 39 ~ndicates a t:esembl ance t o A· 
coni!UJ~ill · 

Description 

Colonies on PH: (Fig. l SI) are 46-59 1:1111 diaa. in 21 
days , pal e yellow- orange or ot:ange-buff, revet:se dark 
o r a nge , dry , powde ry , cracked or powdery near ~ he center 
wi t h downy , creamy whi te o ve r growth a nd peripher y. If 
mostly powdery , the colony i s f lat with centr a l downy uobo, 
otherwi se zonate with 7-8 outer zones including the margin . 
On cereal , c olonies ( Fig . 15J) are orange-buff , flat , 
powdery or with down y ct:eamy white to pa l e orange 
pleomorphic overgovth , reverse light to dark orange. 
Gymnothecia form near t he center of the colony. Growth at 
37 c is s l ow (7-9 c1111 at 14 days ) ; col onies a re pale o r ange, 
heaped up, downy, or vel ve ty , :everse tan or orange . 

Arthroconidi a oorne on nar r ow, late rdl , a rcuate 

Figu r e 15 . A- B. >1albr anchea flavorosea {UAM H 1051 ) . C-11. 
Malb£.!.!\Chea ~lchel!~ (C, D, F, G, - 1560; E, H-3 189) . I-L. 
Halbranchea s t ate of Au~rthron conj uga tu~ (I , J -38 17 ; K, L-
3 156) . Fig . 15A. Gymno thecium composed of da rk b:ovn 
peridial hyphae. Fig . 158 . Peridial hy pha with def l e cted 
l a teral spines . Fi g . 15C-1 5D. Colonia l mot phol ogy af t er 
21 days at 25 C. C on PYE , Don cereal. Fig . 15E-1 5H . 
Coiled or c urved conidiogenous hyphae. F.tg . 15I- 15J . 
Col o nia l morphology after 21 days at 25 c . I on PYE, J on 
cereal . Fig . 15K- 15L . Alterna t e arthroconi d i a of curved 
branched and stra~ght primary hypha e . Colonies x 0.7 , 
others x 600 , except A, x 150. 
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branches (Pigs. 15K , 15L) a rc cylind rical , c urved or 
s traig ht , smootn , hyaline , in age pale orange , 1. 5-2 x 2. 5-
5um . Arthroconid~a for m d by segmentation of the broader , 
s traight hy phae (Fi g. 15L) a r e 3 x 3-5um in d i ameter , often 
becom~ng s wolle n, rounded or s u bglooose in age (Pig . 16A) . 

This speci es i s homothallic, a nd the sexua l s t a t e has 
b en described in detail by orr a nd Kuehn (in Orr ~ al ., 
1963a) • 

Discussion 

I n ea rly stages of growth , the Halb~nche~ s t a te of 
!~rtnron £QnJugat~~ closely resembles ~- ~~tia~~· 
Bot h have orange colonies , a rcuate fertile hyphae a nd 
arthroconidia of a similar size range. Indeed , i n order to 
determine the relations hi p between the tvo s pecies , s trains 
of ~ - aurantiaca we re crossed , a nd s ingl e ascospore 
isolations of se vera l !· con iugatum st ra in s were attea pted . 
Ho wever , s ingle a scospore i solates from f ive strains (UAM H 
3130 , 3 156, 35 16, 35 17, a nd 35 19 ) of Ji . coniugatu! we r e 
cons istently sel f - fer t i le. The sexu al crosses of tt· 
~ntiac~ were nega tive with the except ion of o ne c r oss, 
UAMH 1707 x 3705 (Ta ble I I ) , which for med a s ingle 
gy mnothecium having elongate appendages a nd containing fe w 
spi ny , oblate a scospores (s ee Malbranchea aura ntiaca) . 

In descrio~ng Auxarthr o n conjuqatum , Orr a nd Kuehn 
(1963a ) noted that e l o ngate appendages were stra i ght , 
booked or coiled, rarely branched . Ho we ver, we obser ved 
that apica l branching of elonga te appendages (Fi g . 168) 
occ urred freq uently in a ll strains of ! · coniu~tum when 
cultured on a variety of medi a , inc luding cereal , oat~eal 
and DS A agar. A s ingle gymnothec iuc , in addition to 
branched elongate a ppendages , also bore some which were 
unbranched , s traight or hooked at the apex . 

Orr and Kue hn ( 1963a) reported that ascospores of A. 
£~at~ were spher~cal or o voi d , asperulate , s mooth when 
youn g but becoming asperula te in age . o ur exa~ination 
indica tes that the ascospores are oblate ( Fi gs . 16C, 16D) , 
1. 5- 2. 2 x 2 . 5-3 . 2 u~ and very fi nely roughened . In al l 
s trains exam~ned, t he asperul ate nature of the as cospores 
i s a l mos t beyon d the resolution of the phase contrast l i ght 
micros cope. Eve n a~ high ~agoification (x2700), the finely 
roughe ned edge of the ascospore i s barely discer nibl e 
(Figs . 16C,1 6D ). sca nning electron microscopy would be 
required to r esolve the exact. nature of the ascospor e 
s urface . 

Habita t and activi ties : Recovered from soil , dung , feathers 
an d lungs of rodents , US A, Aus tralia , Mexico , India a nd the 
Sudan (Orr ~~~!- , 1963a) . Hoderat ely keratinolytic , with 
no penetrating bodies , no t cellulolytic . 
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Material Examined 
From soil : UAI'I H 3 156 , TYPE , Ariz . , c . w. Emmons (U7) , from 
Benjamin, RS ABC as 1530 (NI\RL 12114 ; 0-520) ; UAtiH 35 16 , 
Sudan, rec. from Ajello, CDC 32 b ; UAMH 3517 , Sudan , tro111 
Ajello, CDC 32 a ; UAMH 35 19, Sudan , from Ajello , CDC 28 a ; 
UAMH 38 17 , India , G. Ghosh , from Orr (0- 1236); UAMH 3874 , 
Kansas , from Ore (0-3750) ; !'com other s ubstrates : UAMH 
3 130 , lizard dung , Chihuahua , Mexico , R.K. Benjamin , 1964 , 
RSABG as 147U; UAI'IU 3811 1, feathe~ s (domestic fowl), 
Australia , R. G. Rees ( F9 1) , from Orr (0-3 15 3) 

~~lbcanch~ sulf~ (11iehe) Sigl er & Carm~chael 
comb. no v. 

Synonyllls 
- Thermoideum sulfureum Miebe 1907 , Deutsche Botanische 

Gesellschaft-25 :S~ (Basionym) 
= /ialbranche~ ~l£h~ll~ vac sul!~~ (Miehe) Cooney & 

Emerson 19611 , Thermophilic Fungi p . 102 

History 

In 1907 , /iiehe created a ne w genus and species 
Thermoideum ~!!~~~! fo r a fungus he fou nd grow~ng on 
sponta neous ly heated compost heaps . By studying the fu ngus 
i n c ulture , he not only establis hed the the rmoph i lic nature 
of t he ocganism but also accurately i l l us tra t ed and 
described the formation of conidia . Accord i ng to Hiehe , 
the c ur ved fertile hypha di vided i tsel f in t o s hort 
segments, which later developed an interna l thicken d 
memb rane to form t he spoce . In t he pcocess, no t a l l the 
cel l s became spores, but only alternate ones . Saccardo 
(1908) and saccar do and Tro t ter (19 13) reduced Thermoideum 
s u1fureum to synonymy with n- oulche lla w i t hout-regac~for 
the thecmophilic na ture of tl:le o r ga ni s11 . Elisei (19U0a ) 
examin i ng fo ur ~esophilic strai ns , follo wed Saccacdo ( 1908) 
in plac~ng ! · s ulfuceu~ in s ynonymy wi th ~ - pul chel la . 

I n 1964 , Cooney and EMecson reviewed he his tory of 
Ma l bra nche~ and pr ovided a n excell e nt account of he 
mocphol ogy of a t he r mophi l ic strain isolat~d by Emerson 1n 
1945. Their fungus corresponded i n appearance to the 
description of the t hercophil ic Thermoi deum g l fure!!_! of 
Miehe (1907) . A co11parison wi:h the s t udy of Baldacci ~ 
~1- C 1939) of four mesophilic isol ates indi cated that 
t hese organisms dif rered at leas~ i n temperature re l ations . 
Cooney and Emerson examined a singl e mesophilic strain 
(strain Ri vell oni ) which fa~1ed to sporulate a nd they were 
unable to ma~e a defin i te distinction bet ween the 
thermophilic and mesophilic isol ates . Therefore they 
proposed a new variety for the thermophi lic isolates , 
~albra nchea pulche1la va c §Ulfu£~ (11i ehe ) until a ~ore 
comprehens i ve compa r ison of the mesophilic nd thermophilic 
s t rains could be aade . 
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An exa~ination of a nus ber of i solates i ndicated that 
the thermophilic strains are specif1cally d i stinct from the 
mesophilic ~- ~ch~lla a nd t herefore a new combi na tion i s 
propos ed here. 

Descri ption 

At 45 C, col onies (Pig . 16F) o n PYE are r obust , almost 
or completely f i lling the petri di s h by 7 days , dense , 
thick , smooth or vith few outvard radi a tin g folds , ve lvety 
with coar se , c reamy ye llow tufts of hyphae . The color is 
sul f ur -yellov or yellowish-ta n , vith yello w or pi nk margin, 
by 2 1 days dark gol d , buff-brown or deep reddish-brown. 
Large drople t s of da r k brown e xuda t e , vh i ch appear on the 
su r face by 7 days ( f' i g . 16f') , gradually dry a nd lea ve the 
s urface pitted a nd mealy . The med ium turn s dark brown o r 
blac ; from d i f f used pigment . At 37 c , growth is s l ig htly 
slower (70-78 am i n 7 days) , s ulfur-ye llow vith dar ke r tan 
center , otherwise s i milar to col o nies a t 45 c . Pigme nt 
prod uction i s s l ightly reduced . 

At us C, col onies (Pi g . 16G) on cer eal a re 79· 8 1 mm 
dia m. in 7 days , sul f ur- yellow, fla t , coarse, a nd mea ly 
with t ufts of yel low hyphae , a nd yellow to dark b=own 
exudate dropl e t s which dry a nd l eave the col o ny pit t ed . By 
2 1 days , the col ony i s da rk tan or reddish- brown , with 
diffusing dark brow n pigment, dense, ve lve ty , thick , smooth 
often with few irregula r folds . Grovth at 37 c i s s ligh tly 
slo ver , but otherwise s imilar. 

Degenerate or l ess robust s trains (UAHH 2U8 1, 2U86 , 
a nd CBS 423. 54) are greenish- grey or d rab-grey, gl abrous, 
ha iry or lea the ry vit h scan t aerial grovt b. Diffusing 
pigment i s s c a nt. 

The arthrocooidia are borne on curved or loosely 

Figure 16 . A-D. Auxarthroo co njugatum ( A, B, D-UAHH 3 156 ; 
C-3817). E-J . Malbrancbea s ul f urea (E, I , J- 2485 ; F, G- 374 8 ; 
H-2486) . K-11. Malbranchei dendriti~ (273 1). Pig . 16A . 
Enlarged arthroconidia a nd curved conidi ogenous hyphae . 
Fi g. 16B. Apical branching of elongate peridia l 
a ppendage . Pigs. 16C- 16D . Obl ate , f ine l y asperula t e 
ascospores. Pig" 16E. Alternate arthroconidia bor-ne on 
curved or coil ed branches . Pigs . 16P-1 6G. Colonial 
aorphology after 7 da ys at 45C . F on PYE, G on c ereal . 
Fig. 16H . c ur ved cooi diogenous hy phae. Pig . 16I. 
Thick..- valled chlamydospore. Fig. 16J. Thi c k-walled 
ma ture arthroconi dia . Pigs. 16K- 16L . colonial mor phol ogy 
after 21 days at 25 c . K on PYE , L on cereal . Pig . 16M . 
Branching at a n acute a ngl e of fe rtile hy phae. Coloni es x 
0.7 , ot hers x 600 , e xcept cando, x 1680. 
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coiled la~eral branches ( Pigs. 16E ,1 6H) arising from 
broader vegetative hyphae (3- 6um in diameter ). The 
vegeta t i ve hyphae a r e hyaline , later ye llowish-br own with 
promine nt racke~ hy phae, s we lling at the sept um to a 
di ameter of 9u~ or ~ore . I n some strains , t hi ck-walled 
intercalary or terminal chlamydospores (Fi g. 16I) occur , 
especi ally a t us c . Arthcoconidia {Pig . 16J) a r e 
cylindrical , ofte n c ucved , thick-walled , often wi t h 
at~ached hyaline fril l from the ou~ec hypha! wall of the 
sepa ca ting empt y cel l , hya line at f~rst , l a t ec yellow, tan 
or yel lowi sh- green {2)2 . 5-4 (4 . 5) x (3) 3. S- 7. 5 (8. 5)um, 
mostly 3- 11 x 4- 7um . 

Discussion 

Cooney a nd EmeLson {1964) and Awao and Ot su ka {1 973) 
also descr ibe the mocphol ogy of t his speci es. 

~ - sulfu~~! di ffers from ~- ~lchell! i n its 
thecmophilic natuce, its colonial morphol ogy , its broader 
vegetative hyphae and its t hick -walled , broadec 
arth roconidia. In its capacity t o g r o w a t high 
temperat ure , ~- § Ulf ur e! is distinc from all other species 
of ~al~anch~!· Furthecmore, chlamydospores a r e fo r med 
regula rly. No ot her spore state was obser ved and attempts 
t o mate t he isolates by pa i ring the m on oatmeal agar at 37 
c in 3~ C02 we r e unsuccessful . 

Occurrence : Report ed f r om plant heaps a nd rotting pl a nt 
ma~etial : guayale rets , Califor nia (Cooney and Emerson , 
1964 ) ; composting heaps , Ger •any , Texas {l'l i ehe, 190 7 ; Rode , 
Fos er and Schu ha::dt , 1947) ; wheat s traw compost , Engl a nd 
(Chang a nd Hudson, 1967) and stacked tobacco lea ves , Sout h 
Africa {Eickec , 1972) . It has been i solatEd from soil in 
J apa n (Avao and Otsuka , 1973 ; Tuba ki , Ito , Mat s uda and 
Yano , 1975) ; peanut kernals and associated soi l , Texas 
(Tab r and Pettit, 1975); coal spoil tips , Engla nd (Eva ns , 
197 1); faeces of cape sparrov, south Af rica ( Eicker , 1972) ; 
dung of deer , Japan (Minou r a , Yokoe , Kizi ma, a nd Nehi=a , 
1973 ) a nd cattle , Al bect a ; hen-house l i tter , Net herld nds ; 
snuff , USA , (Ta nsey , 1975) and from a i r sampl e s ur ve ys , 
En91and (Hudson , 1973). fi · sulf~~ i s notably absent fro~ 
self-hea ting wood chip piles (Shiel ds , 1969 ; Tansey , 1970 
(Abs t ract) , 1971 b ; Smith a nd Ofosu- Asiedu , 1972). 

Grovt h rates : Table III compares maximu~ di ameters of 
colonies of ~- s ulfurea t ested at five t emperatures. 
Grovth occurred a t 25 c , a l bei t s l o wly . a nd at 55 c for a l l 
isolates tested. The minimu m t ecperature is close to 25 c , 
t he ma ximum 55-57 C (Cooney and Emerson , 1964) . Chapman 
(1974), studying the effects of t emperatu re on growth r a tes 
of seve r a l t hermophiles, conc l uded t he opt i a um for D· 
~u lf ur~! vas uo-u 5 c , wi t h no growth at 30 c oc 55 c a fter 
8 days . 



TABLE I II 
DI AMETER ( MH) OP AG AR PLATE COLONI ES OP MAL BRANCHEA 

SULPUREA AFTER GRO WTH AT DI PPERENT TEMPERATURES 

Tem ?er at.ure 
( OC) 

Ti me (days ) 

2 48 1 

2 485 

J 7U7 

37U8 

3761 

3 788 

37 89 

25 • 

26 

+ 

+ 

+ 

N 

JO t 

35 

7 5 

JO 

66 

23 

16 

N 

N 

J 7 Z 

7 

78 

1 3 

7 2 

711 

77 

N 

7 

90 

90 

90 

80 

80 

N 

55Z 

1 

26 

10 

32 

25 

Legend : + Scant gr o wth (di ameter of colony < 5 mm ) 
N Not t es t ed 
1 Gr ovt.h tested on oa~meal aga r onl y 
2 Growth t es t ed on PYE agar 

cel lulolytic Act~V4t y : ~- ~lfu£~ attacks ce llopha ne 
vigor o us l y, ma rkedly weake n4ng the mem br an e by 2 1 days. 

44S 

Chang ( 1967) repor t ed growth on xylan , t he major 
hemi cel l ulose of stra w, vhen pr ovi ded as t he sol e carbon 
source , but no u~il4Zat4on of cel l ul ose in t he f ore of 
fi lte r paper , a n observa tion confi rmed by Fer gus (1969). 
Fer gus (1 9b9) demonstra t d t he use of carboxymet hyl 
cellulose . Tansey (1 97 1a ) measur d the zone of c learing of 
acid s vollen cel lulose i n an agar medium. Although ~
~lf u re~ pr oduc d a definite c l earing, indi ca ting 
cellulol ytic activi ty , the zonal f r ont vas indi s t i nc t and 
dirf i c ult to measure. Tansey s ugges t ed t ha t a portion of 
the system of e nz ymes req u4red fo: di gest i on of cel l ulose 
c oul d be l acking , the r e by r e ndering the organism i ncapa ble 
of a t. tacking i nsoluble cell ulose. 

Me t abolites : Rode e t al . (1 947) identifi d an anti bi o tic 
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fro~ ~- sulfur~ as compa rable in ac tivi ty to authe ntic 
penic illin. Ong a nd Ga uche r (1 973 ) , e xaminin g a nu mber of 
the rmophiles , characterized intracellular and extracellular 
proteases, one of vhich, the extracellular alkaline 
prot ease of ~- s ulfurea , has bee n def i ned by Voordo uw, 
Gaucher and Roche ( 19 74) as t hermomycolase , a thermostabl e 
protein protease . 

Lipi ds : Mu ama , fer gus a nd Seku r a ( 19 70) , s tudying the 
lipid composition of some thermoph1lic and mesophilic 
f ungi, reveale d a difference in t he degree o f saturation of 
fa tty acids , measured by the numbe r of doubl e bonds per 
mole of fatty acid. The ther ~o philes , in c om parison o 
meso philes of t he same gen us , we r e found to be more 
saturated , i - ~·· ha ve fever double bonds per mol e . crisan 
(1 9 7 3 ) pointed t o the higher aelting point of t he sa turated 
f atty acids as a factor in the thermostability of these 
organis•s, a nd di scussed li pi a s tability as one of four 
hypotheses e xpl a ining tbermophili s a in f ungi . However, he 
considered t he best explanation of ther~os tability r esi ded 
in t he basic ultrastructure of t he organism , possibl y i n 
the integral genet i c ~a ke- up , the cell str ucture or t he 
ribosomes . Mumma et al. (1 9 7 0) , find i ng a higher lipid 
co mposit ion for n. ~!fy£~ t ha n some other thermophiles, 
s ugges t ed the d1ffer ence may be due t o e xtraction of 
soluble pig~ent . 

Material Exa~ined 
UAM H 3 7 6 1, NEOTIPE, from retting ~rthenium ~rgenta tum, 
Salinas , Calif. , l!. Emerson (27) , 19 4 5 , CM I 1 26327 ; Prom 
e ns iling a l fa lfa hay for:age : UAM H 2 48 1, isol. 1953 , r e c. 
from Semeniuk , s. Da kota St a t e Uni v. , Brookin gs as 401 ; 
UAI:IH 2485, 1953 , f rom SemeniuJI as 11 22 ; UAMH 2 11 86 , 1 953 , 
from Seme niuk as 459 ; Prom dung : UAI:I H 37 4 7 , manure i n 
cattle feedlot , Lethbtidge, A.lta ., R. G. Bell , 19 711 , 
i'!esearch Station , Lethbridge a s 1; UAM H 3 7 48 , manur:e in 
c a ttle feedlot , Le~hbridge , R.G . Bell, 1974 , as 2 ; UAMH 
3 789 , deer dung , Hi roshi ma , J apan , K. Hinoura , 1970, f~om 
Tubaki , IPO 9739 ; from o t her s ubstra t es : UAHH 3 827 , soil , 
hen-hous~ litter, A. H. n. Gri mbergen , CBS 343. 55 : UA MH 3857 , 
seed of Or~ §ativ~, China , CBS 11 5 . 68 ; UAMH 3858, CBS 
960. 7 2 ; CBS 1123 . 54 

B) ~albr:anchea speci es with straigh t fertile hy phae 

Malbran~h~ ~~ll~[~ti~ Sigler & Carmichael sp . nov. 

History 

During a sea rch for Coccidioides i11 m1U§ i n Cali for nia 
soil , Plunkett , Walker and Huppert (1963 ) isola t ed t hree 
fu ng i which produced arthroconidia from acutely branched 
hy phae , giving a " pi ne - tree atppearance" t o t he sporul at i on 
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in s l ide cult J re. They inoc ulated three mi ce i ntra
peritoneally wi t h each s train and killed t hem aft er 10 , 15 
a nd 20 days . Sma ll nodules were f ound in all mice, but no 
endos porulating spherules were seen . "Whe n planted on 
media , these nodules yie l ded col onies t hat were identical 
to the original c ulture. I sol ates from tissue were 
prepared for inoculation i nto a second group of fi ve mice. 
On t he 7th day after inocu l a tion all mice r e vealed 
endosporu1ating spherules a t autopsy and established t he 
identification a s c . immi i s . The cultures recovered from 
the mice vere agai~ identicil to t he origina l one." 
Despite the discrepancy between t he res ults of the first 
and second s et s of • ouse inocula ions, they identified 
their i solates as atypi cal coccioides immi tis . 

Huppert , Sun a nd Bailey (1967 ) s tudied a collection of 
30 1 strain s of f ungi vhich vould gr ov on media containing 
cyclohexamide. They s tated that for each s train endo
sporulating spherules had been demons trated in mice 
inoculated intra peritooeally , a nd the fungus recover~d in 
culture. Th us , they i dentif ied all their s trains as £· 
immi tis , regardless of the ir colonial and microscopic 
morphology. Detail s of t he a nimal i noculati ons were not 
g~ven . Some of the ir i solates (strain number s not given) 
had acutely branched fertile hy phae a nd their Figure 6 
shows the m~croscopic morpholog y which ve nov co nsider to 
be characterist~c of ~- den driti£~· Their Figure 7 s hows a 
Halbra nchea s i milar to tl· gyesea (g.v.). (See a l so di s 
cussion under ~~l.Q£g!l£l!~ s t ate of Coccigoides iami~!~l· 

Orr (1 968) i sol a ted a dendroid Halb~h~ fro m soil. 
Later (Orr , 197 2) , he compared th e pathogenicity of this 
isolate (UAHH 2731, DPG- 141) v1 t h s evera l other isola tes of 
Malbranchea , includin g strain.s of H· s:iJl~~~ , a nd vith 
Coccidi oi des ! mmitis . Passage of each organism though mice 
produced l esions io the spl een an d liver but no 
e ndosporulating spherules were obse r ved in mice other than 
the ones inoculated vith c. i mmitis . In addition, 
his topa thological examination-re veal ed no fungal e l ements, 
although t he arthroaleuriospor e- formers could be recovered 
in culture f rom the tissue. Malbranchea dendritica vas 
recove red from the lungs in addi:ion to t~e spleen- a nd 
liver and survived four serial passages though mice. 
Control mice inoculated vith physiological saline ve re 
negative . 

It appears proba ble t ha t the three i solates of 
l.'lunkett g al. (1 963) and some of the atypical 
cocgidioide§ immiti§ strains of Huppert ~ a l . (1 967) 
should be included in ~albra!l:£!!~~ dendri1.!.~· 

Coloniae in agaro ad 25 c =oderatim l ente crescunt, cremeo
ful vae, velutinae . Incremeotum l e otuc ad 37 c. 
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Hyphae fec tiles in a ngulo acuti camosae, dendroideae. 
Arthcoconidia c ylindrica, non curva , hyalina , laevia , 1.5-
2 (3) x 3- Sum. 
Ty pus : UAitH 273 1, ex solo, Dugway , Utah , 1967 , G. P. Orr , 

DPG 141 

The colony on PYE (fig. 16K) is 31 1111 diam . in 21 
days , creamy buff , re verse buff, ris ing to a central 
platea u, vel vety. on cereal (Fig . 16L) , the col ony i s 37 
mm diam . i n 21 da ys , white , reverse white , sligh t ly 
raised , scarcely zonate , velvety . At 37 c , the colony on 
PIE i s 23 mm diam . in 2 1 days, white, heap d up a nd 
convoluted , velvet y, de t aching from the cellopha ne at 
periphery ; on cereal (diam . as on PYE), flat at periphery , 
cerebriform in center, waxy , pale buff . 

The fertile hypha , bra nched at an acute angl e fcom the 
primary hypha (Pi g. 1611) is straight , bearing multiple 
shoct or long lateral branches. Branching is consistently 
acute , giving ~he fer~ile hypha a tree-like appearance 
(Fig . 17A). At f ir s t , arthroconidia develop apically on 
the main axis of the fertile hypha and on the lateral 
branches (Fig. 178). Later , the base of he hypha and the 
primary hy pha beco•e regulacly septate, follo wed by 
separa tion into arthroconid~a . Arthroconidia are separated 
by one or core eQpty segments , a ~~ngle segment often 
shor t e r tha n the length of a n a rthcoconidium . 
Arthroconidia re hyaline , SllOOth , cylindrical 1. 5- 2 (3 ) x 
3-Sum. 

The r egularly acute angle of branchin g of the ferti l e 
hyphae dis tingui shes ~ - dendrit~c~ from all other s pecies 
of .!ialbran£!!.~5!. · 

Habitat and activi:~es : Reco vered from s oil , Utah , ca ve 
f loor , Malayas ia (Ea mons , 1967) . Moderately keratinolytic, 
no penetrating oodies . 

xater~al examined: UAMH 273 1, TYPE, soil , Dug way , Utah, 
G.P. Orr, 196 7 (DPG 141) ; UAIIIH 3953 , soil, Dug way , (Occ 0-
3230 ; NRRL 5 131; ?same strain as UAMH 2731 ) ; UAMH 3956 , 
cave floor , Kuala Lumpur , Malayasia , from Kwon- Chung , 
N. I.H. , Bethesda (8-3056 ; I - 7528) 

Malbr~rrghea fl~ Si gler & Carmichael sp. nov . 
?= Ma l branch~~ s tate of Oncocladium fla~~ Wall coth 1833 , 

Plor. Crypt. German. p. 289 

Hl.s tory 

In 1900 , A. L. Smith des cribed Qy!nQ~~~ 
v er ticillatu~ , as ha ving brown, thick-wall d vertic i l l a tely 
branched peridial hyphae a nd globose (2. 5um diam. ) 
ascos poces, occurring s eparately , or in ascus-like gcoups . 
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In 1963 , Or r and Kuehn transferred this species to a ne w 
genus, Actinodendron , redesc ribing i t fro~ S~ith ' s . 
description a nd information supplied by Stockdale and 
Balfour- Browne , who exa~ine d Smith ' s type specimen , HERB 
BK . Because of i ts verticillately branc hed peridi al 
hyphae , the f ungus wa s consi dered distinct from ~~~~ 
Baranetzky. Sa ith (1 90 0 , 190 1) apparen tly did not attempt 
pu re cultures , but Orr and Kuehn (1 963) reported sever a l 
recent i solations of the f ungus , by Sza t bmary in Hungary , 
Plunkett in Ca li f orni a , and Stockdal e in Wales . Howe ver , 
t he verticillately branched hyphae obser ved in the original 
specimens could not be reproduced in culture . Also , 
neither asci nor ascospores were observed in t he specime ns 
of Szathmary a nd Plunkett. Several fungi were i sol a ed 
f rom Plunkett's hair ba it sa mple (all designated OAP- 19-
3 17), t wo of wbich had arthroaleuriospore sta t es . Orr and 
Kuehn (1 963 ) s uggested that a keratin so urce s uch as hair 
may be reguired for gymnotheci al de vel opment. 

~pinis (1 96U) examined severa l speci mens of 
Actinodendron verticill a tu! , including Smith ' s type 
aaterial, Stockdale ' s specimen f r om s heep ' s wool (HERB IHI 
100 , 300) , his own isola te fro m a dead bi rd , a nd one f rom 
f eathers pl aced in a damp chamber (HERB K). I n the l at t er 
~aterial , Apini s obse rve d asci and ascospores as well as 
the character~stic appendages in ol der brown clus t e=s 
formed on the feathers . I n add~tion, he reported 
aleurioconidi a resembling tnose o f ~~seoriu! merd~ium , 
arthroconid~a res e mbl ing those of §~rich~, and 
endogenous microconi dia . Apparently , Apin i s did not 
atte~pt t o ~ake pure cultures fro~ the fea her s . 

Hughes (1 968) , co~paring the ty pe speci me n of 
Oncocladi um fla_yu~ Wall roth , a Hy phomyce t e , with the type 
specimen , HERB BH , of Actinodend!Qn verticill~SY~ , 
concluded hat tne verti c illately branched hy phae i n both 
were identical . In the specimen of Q. flavu~ . Hughes 
obse rved neither asci nor ascospores , nor any conidia of 
the Ch rvsoseorium type , but reported an ar throconidial 
s tate r esembling Qi di odendron. Hughes considered the 
vertici11ate l y br a nched hyphae to be characteris tic of 
Oncocladiu! . Since Wallroth' s original description di d not 
refer to ascos pores, Hughes suggested Qn£ocladiu ~ f!~Y! 
~ay be the conidial state of Actinodendro~ verticillatuQ. 
He a l so noted that Oncocladiuc cou l d be a n earlier name for 
Oidi Qde ndtQn· -----------

The taxonomic position of Actinodendron ~tici!!!~ 
was complicated by Or r a nd Kuehn (1 971) , who agreed wi:h 
Hughes , and rejected t heir own transfer o~ the fungus to a 
perfect state genus , s ince ascospores had not been obser ved 
i n any but Smith ' s type speci~en . They concluded t hat t he 
ascospores pr esent in Smit h ' s type materia l were not pa rt 
of the s ame fungus . Apparently , they failed to examine the 
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t vo specimens repor t ed by Apinis (1 96U) t o ha ve ascospo res. 

Fr om these conflic ting r epor ts , i t is di fficul t t o 
assess the true nature of Oncocl adiu! . On t he o ne ha nd , 
there is Api nis ' observation of ascospores and o n t he 
other , t he r e is orr a nd Kue hn ' s (1 97 1) rejection of 
Ac t i nodendr on . Wh i l e both Or r a nd Kue hn (1 963) a nd 
s zathmary (1967b) repor t ed verti c illa t ely branc hed hyphae 
in ker a tin- ba i ted sam ples , t o our knowledge, neithe r has 
i nduced t hei r formation i n c ul t ure . Howe ver, the lis t of 
c ul t ur e s of Oncocladiu• fl~! examined by Orr a nd Kuehn 
(1 97 1) i ncludes isol ates f r om Pl unket t ' s hai r ba i t sa~ple 
(OAP-19-317, incorrec tly cited as OAP- 19-1 317) (Orr a nd 
Kuehn, 1963) , as vell as se veral ar throal euriospore- formers 
cor responding i n appearance t o i sola t es de scribed as 
~~~~ ~ticLll~~ by Szathma r y (1 967a , b). 

In specimens ve ha ve e xamined , HERB I HI 100 , 300 of 
Stockdale, and HERB I MI 100, 4U5, a few spi ny , oblate 
ascospores vere observed i n t he l at t er. The l abel on t he 
speci me n indicated An ixiopsis stercQhari~ (= Aphanoascus 
f ulves cens) to be present . Conidia of the ChrysospO£i~ 
type and t he appearance of the ascospores agr ee wi t h ! · 
s t ercoraria , althou~h no c l e i stothecia vere observed . I n 
a ny case , the ascospo r e appearanc e does not ag ree vith the 
descript ions of Smit h (1 900) and Apinis ( 196U) . No 
ascospores vere obser ved in t vo slides of IHI 100 , 300. 

I n bot h speci mens , ho ve ver , an arthroconidi a l s t a t e i s 
present within c l usters bearing verticillatel y branched 
hyphae (.Figs. 17C, 170). Pseudogy11no th ecia o r peridi a l 
appendages have been obser ved i n culture i n some 
he t erotha llic Gym noascaceae , no t ably ~1.!JlQm yces ~ra!;l!.~ 
(Ben jamin , 1956) , U nci~£~~£~~!!, a nd some nY!Q!f!ChU! 

a nd Ar throderm~ speci es (Va r sa vsky a nd Ajello , 196U; Padhye 
a nd ca r mi chael , 1973; Sekhon , Padhye and car 111 i chael , 1973) . 
The peridial hyphae of t he pseudogymnothecium r esemble 
those of the fertLl e gym nothecium, but the struc ture 
contai ns o nly conidia . The presence of in fer til e 
gymnothecia con fused the taxonomy of Ctenomyces ser~~ 
Eidam until Ben jamin (1 956) shoved t hat Ei dac •s speci11en 
actual l y contaLned two di ffer e nt fu ngi . Eidam had 
or1gi na l l y descri bed Ctenom yces as hav i ng two stages , a 
fer tile gym nochecial s t a t e and a scl erotia ! or r esting 
state. Althougn no ascospores vere reporc£d by Ei dam for 
t he scl erotia! s t ate, Ben jami n (1 956) re t a i ned the na11e 
Ctenomyces ~~~§ for the fung us distingui shed by the 
c haracteristic comb-like appendages . 

Tne in freq uen t occurrence of ascospores 1 n Oncocl ad i u! 
s uggescs that the f ung us ma y be heterot ha llic . It seems 
pr obaol e t hat t he ve r tic i l l a t e l y branc hed hyphae a rise as 
th i ck-walled extens ions of t he vegetati ve hy phae , fo r ming 
cl usters o n the na tural substrate , but remaining i o fertLle 
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unless compatible ~at1nq ty pes are pr esen t . In th~ 
Malbranchea state of UncinQ£ar~u~ reesii , uncinate 
appendages occur in the conidial state as e xtensions of t he 
vegetati ve hyphae , out only inter wine to form a 
gymnothecium when compatible strains are mated . 

The verticil lately branched hypha of Oncocladi~ 
flavum is narro w at tte base , becoming wider at the apical 
or dis tal e nd , te=minating i n a blunt tip and occasionally 
extending into a hyaline, septate hypnal arpendage, which 
gradually narro ws t o a diameter of 2-3ull (Pi g . 17C) . The 
branchlets form ing the verticils are pointed at fir s t , 
becoming blunt-tippe d as the apical segmen detaches. In 
this respect , the hyphae resemble t he per1d i al hyphae of 
s ome ~1xotrichum spec~es wh1ch often t erminate in blu nt 
spines , the ter~inal portion having br oken off . 

we have not yet been abl e to determine the true nature 
of the association of the appendages with the 
arthroconidial stat e. It app a r s probable to us that the 
verticillately branched hyphae are peridial appendages. If 
s o , the na me Oncocladium coul d be reta1ned for the sexual 
sta te since t he ~ey fea ture of Q~clad!Y! · as Hughes 
(1 968) noted , ~s the verticillately branched hyphae . The 
arthroconidial sta te, clearly distinct from Oigiodendr~n. is 
assigned to Malbrd~h~-

Coloniae in agaro a 20-25 c moderatic rapide crescun ~ . 
sulphureae , citreae vel alboluteae, pulveraceae vel 
f loccosae , dens de , s i ccae , planae ve l undatae, rimosae . 
Incremuntum paulum ad 30 C, nullum ad 37 c. 
Arthroconidia cyl indrica , direct a , laevia , hya lina , 
pos~eriorus chlorina , 2-3 x 2-6um , pleru~gue 2-3 x 2. 5-
5. 5u~ . 
Typus : UAI1H 1589, ex solo , Cal~fornia , 1962 , O. A. Plunkett , 

OAP 19- 3 17 

Coloni es o n Pi'~ (fig . 17P) a r e 39-6 1 c11a dia~ . in 21 
days , lemon- yello w with darker gold center , sulfur- yellow , 
greenish- yell ow , r arely creamy white. The surface is 
powdery , rarely wooll y, dense , dry , separa~ing from ~he 
cellophane and lif~iu g in ~he center , undulate, often 
cracked or split w1th folds ex t ending to the marg1n , 
scarcely zonate (P1g . 17E). Grovth on cereal (.Pig . 17G) is 
26-39 ~m d1am. in 2 1 days , flat , strav-yel low , with darker 
gold center , rarely vh ite , coarse, powdery or woolly , w1th 
scan~ di ffusing yellow pi gment . In soMe s trains , a 
wrinkled , wa xy small umbo with tiny cracked furrows , 
deve lops a ~ ceu~er . The optimum tempera ure i s 18-25 C; 30 
C is close to t he ma ximum . One st rain (UAMA 1879) s hoved 
scant growth at 5 weeks (1 0 mm). 

Arthroconidia de ve loping on strai ght , branched ferti le 
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hyphae (Pigs . 17H- 17J) , sepa rated from each other by one or 
more empt y s egments (Fi g . 17H), are divided by 

Habitat and ac t i vities : Recorded from soil, cal ifornia , 
Hungary and Prance (Sz a thma cy, 1967a , b ; Ore and Kuehn , 
1963 , 1971). Mos t i sol ates we=e only s lightly 
kerat1nolytic . Two stra ins (UAMH 1879 a nd 1956) did not 
attack hair a t a l l . This limited capacity t o digest hai r 
in vit~ i s interesting s ince nos t i solations were made 
from keratin- bait techniq ues . In addition, it has been 
s uggested that deve lo pmen t of gymnothecia of Acti node ndcon 
vertic illatum may depend upon a source of kera tin (Ore and 
Kuehn, 1963 ) .. 

Katerial Examined 
Soil i sol a t es from Orr : UAMH 1589 , TYPE, Calif ., 
O. A. Plun kett , 1962 , (OAP-1 9-317); UAI'I H 18 79 , Calif. , 
O.A . Plu nkett , (OAP- 19-317(6)); UAM il 1956 , Acg., 
E. Varsavsky , (EV 5 V; 0-3 596) ; UAIIH 2859 , Tunis , C. De 
Vroey , (RV 19535a ; 0-311 96); UAI:IIl 2860, sec t or of RV 19535a , 
G.F. Orr , (RV 19535b); UAI!H 2861l , fa br i c - bait , Hungary , 
s zathraa ry , 1967 , (0- 35 12) ; UA!1 H 2865 , fab ric-ba it , Hungary , 
szathma~:y , 1967 , (0-35 14) ; Mate rial of o ncocl adi um flg~.!J.! : 

HERB IMI 100 ,300 , s heep ' s woo1 on du ng , Wales , 
P. M. Stoc J.:da l e , 1962 (UAMH 3920) ; HERB IMI 100 , 11 115 , wool , 
associated with !Dixiops i§ s t ercQll!:ia ( UAM II 3921) 

Halb~anch~ flocciformi§ Si gler & carmichael sp. nov . 

Coloniae in aga~o ad 25 c moderatim len t e crescu nt, 
tangerinae vel fla va , c umulae, convolutae , l an ugi nosae vel 
velutinae . Inccementum nul l ua vel exiguum ad 37 C. 
Arthroconidia cylindrica , di recta , in fascicula densa , 
hyalina vellutea , laeV1a , (1. 5)2- 2. 5 x 2- 5. 5um . 
Ty pus : UAIIH 3273 , e x solo sal i oo , Chateau- Saline , Lorr a ine , 

France 

Colonies on PYE (Fig . 1811 ) are 22-0 2 m11 d i a111 . in 21 
days , adhering poorly to the cellophane, l1fting at margin , 

Fi gure 17. A- B. 11albranchea de.udritica ( UAM II 2731). C- D. 
Q.ucocladium fl~YYB ( IMI 100300) . F-K . Malbra nchea !!~ 
( E, J, K-2864 ; F, G- 158 9 ; H-1 956 ; I- 1879) . Pigs. 17A- 17 B. 
Tree- like appeara nce of b ~:anch d fe~:tile hypha . Fig. 17C. 
Bl unt t ipped verti cill ately branched hypha with hyaline 
terminal appendage (arrows ) . Fig . 17D. Ver tic illately 
branched appendage and associated acthroconidia l s tate . 
Pigs. 17 E-17G. Col o nial mor phology at 25 c . E and F on 
PY E, G on cereal . E at 14 days , P a nd G at 21 days . Figs . 
17 H-17J . Al t e rna t e ar t hroconidia of branc h d fe rti l e 
hyphae . Fig . 17 K. Arth roconidia with refr actile end 
wa ll s . colo ni~s x 0. 7, others x 600. 
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or at center vitn mdrg~n depressing the ~edium . Colonies 
are domed with deep folds or con volut1ons , or petaloid , 
pa l e or tangerine orange , reverse tan , do wny or velvety , 
some imes with exudate drople s at center. On cereal agar , 
colonies (Pig . 18B) are f l a tter (2U-J8 am diam . in 21 
days) , either downy , dome- s ha ped with margin depressing the 
cedium , or crateriform , zonate and powdery , pale or 
tangerine orange or pale yellow. One str ain (UAKH 675) 
formed ye llow exudate droplets and brown d~ffusinq pigment . 
No gro wth at J7 c , except sca nt gro wth by UAMH 3273 (5 mm 
1n 2 1 days on PYE). 

Arthroconidia are bo= ne on the prima=y hyphae 
(fig . 18C) and on s hort or l ong lateral branches 
(Figs . 18C, 180) which often branch repeatedl y to for11 a 
dense tuft (Fig . 18E) The fertile hyphae are 
characteristically straight , occasionally curved 
(Pig . 18F). Acthroconidia are cyl indcical , hyal ine o= pale 
yellow , orange in mass , smooth (1. 5)2-2. 5 x 2- 5. 5um. 

~- floccifor!!§ di gests cellophane after prolonged 
growth a nd i s s lightly keratinoly ic. 

Discussion 

Two of the strains incl uded here were ini t i ally 
determined to be ~ - pulche l la. Of the two , UAMH 675 
resembles ~ - ~~lchell~ in its curved fertile hy phae 
(Pig . 18P) but differs in forming accessory arthroconidia 
on the primary hyphae a nd in having orange colonies. 
Al t hough UAMH 675 may not be suit ably placed i n this 
species, it is reta1ned here unt il further isolates ha ve 
been exa•ined . 

Hater1al Examined 
UAHH 675 , wooden lemon s torage bin , Calif ., P. R. Hard i ng , 
1959 , ex DAOII 64000 (CHI 9674 1) ; UAI1H 3273 , TYPE , bri ny 
soil , Chateau- Saline, Lorcaine, Pra nce, from J. Nicot , 
Labora t oire de Guffbogaurie , Paris ; UAI1H 3785 , salty soil , 
france , J . Villoutceix, CBS 36 1. 69 

Malbranchea fYl~ Sigler & Carmi chael sp. nov . 

Coloniae in agaro ad 25-30 c modera tim rapide ccescunt , cue 
zonis concentr~cis , ala t aceae vel brunneae vel fla vae , 
pulvecaceae vel granulatae . IncremenLum nullum ve l paulum 
ad 37 c. 
Arthroconidia cylindrica vel doliformia , s ubflava, laevia , 
2- 3 (3 . 5) x 3. 5-8 {11 )um. 
'l'ypus: UA MH 285 1, ex aere , Dugway , Utah, 196 7 , G. P. Ocr , o-

3042 (DPG 167; NRRL 5160 ) 

Coloni es on PYE (Fi9 . 18G) are 38-44 mm diam . in 21 
days , powdery , occasional ly downy a t center . The sucface 
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is zonate , sl~ghtly ra~sed with central t a o or yellow umbo, 
tao or pale brown or yellow near cen t er, and white or 
hyaline at periphery, reverse dark tan or reddish- brown 
with diffusing t a n pigment . The zonate pa tte rn is more 
dis tinct on half of the colony, wi th umbo often posi ioned 
s lightly off center. On cereal agar ( F~g . 18H) , col onies 
(diam. as on PYE) are flatter , vi h a small r1dge 
s urrounding a zone ot less de nse aerial growth at center, 
tan or buff-brown, re ve r se t an , ~owdery or gr anu l ar , with 
diffus1ng tan or brown pigme nt . Op t i mum range 25-30 C; 
gr owth at 37 C va r~a ole {scant growth by some strains, 2- 8 
mm in 2 1 days ) . 

Hyphae bea ring a=throconidia are stra~ght , branched 
{Fi gs. l SI , l 8J) , septate , 2-4um wid e . Racke t hyphae appear 
during early g=owth , s welling to 5-6um in diameter. Septa 
formed i n the fertile hyphae are thick {Figs. 18I,1 8J ) 
suggesting double septa , a nd at matu r ity arthroconidia 
de velop refractile t erminal walls ( Fig. 18K) . 
Ar throconidia a re cylindr1cal or barrel- shaped , hyali ne , 
pale yellow, i n mass yel l o w, smooth , 2- 3 (3 . 5) x 3 . 5-
8 (11) um , sometimes rema~ning connected i n pairs. Ora nge
brown slime occasionall y s urrounds s ome hy phae {Fig . 18L). 
No o ther spore state was observed and an attempt to cross 
the i solates vas unsuccessful. 

Discussion 

K. fulv~ lacks the uncinate appendages of the 
~alQranche~ sta t e of Uncinocar~~ ~ii a nd has s l o wer 
grov~ng t an colonies a nd restric t ed gr owt h at 37 c. ~
£ylv~ lacks t he arcuate fertile hy phae of ~- arcuat~. 

Ha bitat a nd activ~ties : Recovered from air (Orr and Kue hn , 
197 2), soil a nd dung , Cal ifor nia , Ut ah a nd Colorado . 
Strongly kerati n lytic , prod ucing mark d digest ion of hairs 
wi t h penetra t ion of hai r by s ingl e hyphae ; not 
ce llulol yt i c . 

Materi a l Examined 
From soi l : UAI1H 1050 , Ri verside Co., Cal~f. , G. P. Orr , (0-
759); UAMH 17 08 , Palo Ve r de , Cal1 f ., G. F. Orr, 1957, (0-
630); From air sample : UAHH 2849 , wind tun nel contamina nt , 
Utah , G. F. Orr, 1967, (UT1.3); UA/1H 285 1, T'!PE, Dugvay , 
Utah , G. F. Orr, 196 7, (DPG- 16 7; 0- 3042 ; NRRL 5160) ; Fr om 
dung : UAMH 3889, mouse , Fruiea , Col o r., (Orr 0-1508) ; UAIIH 
390 1, lizard , Pal o Verde , Calif. , (Orr 0-1 319); Pro11 
unknown s ource : UAMH 3729 , (Orr DPG- U5 ) . 

~albranchea ~2~~ Sigler & Ca r mi chael sp . nov . 

c oloniae ~n agaro ad 25-30 C len~e vel aoderatim crescunt , 
gypseae vel cremeae, cumulae, con volutae, velutinae vel 
f loccosae. Incrementum nullum ve l paulum ad 37 c . 
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Arthroconidia cylindrica vel subdol iform ~a , hyalina , 
laevia , 2- 2 . 5 x (2. 5)3-6 (9)um . 
Typus : UAI1 H 1975 , ex solo , Bakersfiel d, Cali fo rn ia, 196u , 

G. F. Orr , 0-2565 

Growth on PYE variable , 17-39 mm diam . in 21 days , 
mos t ly 27-30 am diam . Colonies (Fig . 19A) are chal ky-whi te 
or creamy white, =everse buff, do wny or v~l vety , slign~ly 
r aised , domed with fo l ded or convolu ed surface, somet imes 
with prominent central uobo . The colony ( Pig . 19B) of two 
strains (UAMH 1942 and 1943) was smoother wit h hairy or 
coarsely woolly matted texture and glabrous margin . on 
cereal , colonies (Pig. 19C) are 15-112 m11 diam. in 21 days 
(mostly 27-32 om) , white, reverse white or tan , powdery , 
downy , or floccose , a l most fla t or domed with small central 
umbo a nd small irreg ul ar folds. One stra in (UAMH 1975) 
excreted tan pigment by 2 1 days. Optimum range 25- 30 C; 
growth a t 37 C variable (sca nt growth by UAHH 19 4 1 and 
1943). One s train (UAMH 1734) g rew poorly at 30 c. 

Arthroconidia (Figs . 19D1 19P) , borne in an intercalary 
or terminal position on the straight prima ry hyphae or on 
short or long l a teral bra nches , are separa ted by one or 
more alternate empty cells, or rarel y, formed immediately 
adjacent to each o t her (Fig . 19E). Arthroconidia are 
cylindrical or slightly barrel-shaped , s lightly broader 
t han the width of the interconnecting hypha 
(figs. 19E,1 9P), hyaline, SIIOOth , 2- 2. 5 X (2. 5) 3- 6 (9)um . 
«o other &pore state was observed . An attempt o cross 
three isolates (UAMH 1811 1, 19ll3 and 1975) with each o t her 
was uns uccessful. 

Discussion 

The white colonies and lack of arcuate fertile hyphae 
distinguish ~- gy~~ from most other specLes of 
Malbranchea . During early de velopment , ~- ~~ may be 
confused with the Malbra nchg~ s t ate of Uncino£~2~ t~gsi!, 

Figure 18 . A-F. Malbranchea floccifO£!!!..!§ ( l\- E- 3273 ; F-
675) . G-L. Malbranchea fulva (G, H- 2851; I -17 08 ; J - 2849 ; 
K, L- 3729). Figs. 1SA=l8B.Colonial morphology after 21 
days a t 25 c . A on PYE , B o n cereal. Figs . 18C-1 8D. 
Alternate ar t hrocooidi a borne on straigh t priQary hyphae 
and lateral branches. Fig. 18E. Repeated branching of 
fertile hyphae. fig . 18F . Slightl y curved conidiogenous 
branches. figs . 18G- 18H . Colon~al morphol ogy at 21 days 
at 25 c . G on PYE, H on cereal. Fi gs. 18I- 18J . 
Intercal ary arthroconidi a of straight , bra nched f ertile 
hypha . F~g . 18K . Mat ure arthrocon~dia with refractile 
teroina 1 walls . fig . 181. Orange- brown s lime s urroun ding 
veget a t i ve hyphae. Colonies x 0 . 7 , othe r s x 600 . 
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espe ci all y if t he cha r ac t e r i s t i c unc i na t e appendages of the 
la tt er a r e lacking . Ho we ve r , t he ~ - s tate of !!· £MSii 
di ffers i n form~n g a r t hr oconi dia whi c h are s l ight ly 
broade r , 2. 5-3ua in d~amete r compared to 2- 2. 5um for ~ 
gypsea ; in growing mo r e vigorous ly at bo~h 25 c a nd 37 C; 
and i n being markedl y keratinolytic in con cas t t o ~ 
gy~ whi ch i s cel l ulol yt ic. 

Habi tat and act~vities : Can be recover~d from l esions on 
the sp l een a nd liver after passage throug h e xperime nta l 
anima l s (Orr, 197 2) . (See di scussi on under Halb.£2.!!£h~~ 
s ·t ate of Cocci dioides i u itis ) . Cel l ul ol ytic after 
pr ol onged gr owth; no t ker a tinol yt i c . 

Ma t eri a l Examined 
Isolates from soil passaged through experimenta l ani mals 
(from Orr) : UA!IH 1941 , Calif •• Huppert (S!' VH 129) I (Or r o-
3226); UAMH 19 '1 2, Cal i f. , Huppert (SFVH 1 30), (Or r 0- 3283) ; 
UAKH 19UJ , Calif. , Hupper t (SFVH 1U9) , (Or r ?0-1 088); From 
o t her s ubstrates: UA!tH 1734, ca t hair , c . w. Eamons , (Orr 
• cat hair PBSF ' ) ; UAMH 197 5, T'lPE , soil , Bakersfi el d, 
Ca l if., G. F. Orr, 196 U, (VJC U; 0-2565) 

~albranche~ s t ate of Coccid1oides immitis Stiles 
in Rixford & Gilchr1st 1996 , J ohns Hopki ns Hospi t al Report 

1: 209- 269 

The c ultural morphology a nd pa t hol ogy of £. imaiti§ 
are described i n medica l mycology t ex t books (see Ri ppon , 
197U) . Since Alberta is no~ a n e ndemic zone , the follo wi ng 
descripti on is based on t wo l ocally isola t ed strains (UA!I H 
3624 and J667 ) from i nfec t ed t rave lle r s . Sl i de c ultures of 
these strai ns vere kindl y supplied by Dr . A. s . Sekhon 
(Pr o vinc i al Laoor a t o r y of Public Heal th , Edmonton) . 

The a r throconidia are borne in a n i nte r cal a r y or 
termi nal posit1on on shor t or long , straight, l a tera l 
branches, arising at r i gh t a ngles f r om t he veget a tive hy pha 
(Fig . 19G ) . The vegetati ve hyphae are narrover t ha n t he 
fer tile branc hes, sep t a t e , hyaline, 2-u. sum vide, of t en 
s ve l l ing at the sept a t o 9um , and do no t divide into 
arthroconidia . A=t hroconidi a (Pi gs . 19H , 191) are closely 
spaced , separa t ed by s hor t seg~ents , hyal4ne, ba r rel-

Figu r e 19. A- f . Malbranchea gyp§~~ (A, C-U AMH 1975 ; B-
18UJ ; O-F- 1841) . G- 1 . Mal bra nchg~ s t a t e of Coccid!_Qidg§ 
i11miti§ (3624 ) . Fi gs . 19A- 19C. Col oni al morphol ogy aft er 
2 1 days a t 25 c . A a nd a on PYE, c on cereal. Pigs . 19D-
19F. Arthrocon4dia bor ne on pri mary hypha e and straigh t 
lateral branches. Figs. 19G- 19I. Closely spaced, barrel 
shaped dr t hroconidi a bor ne on straight la t e r al branches . 
Colonies x 0 .7 , o~hers x 600 . 
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shaped , c uneiform if t e rminal, 3-5 (6) x 3- Sum , ~ostly 3 . 5-
4. 5 x 3- Sua . r n width , arthcoconidia are the sa me or o nly 
s light ly larger than the wid~h of t he fertile hypha . 

Di scussion 

I n its arthrocon~d~um tor~at~on , c. i mmitis is close 
to the borderline bet ween Malbranch~ (con~dia mostly less 
tha n 4um in diaaeter) a nd ~..egrend~ (conidia mos:ly ~:~ore 
than 4um in diameter) . Ho we ver , the gene~al appearance of 
t he fertile hyphae a nd arthroconidi a mos: closely resembles 
the other species of ~J.b ra,!!cheii!, . I ndeed , Huppert ~! i!l· 
(1967) apparently confused some isolates of other 
Malbra nc nea species with £. im~!!,is and descr~bed them as 
vari a nts of £. i mmi!!§ · The y reported that these unus ua l 
isol ates produced coccidioi domycosis in mice, but made no 
men • ion of controls to rule out the possibili y o f 
accidental infection of theic mice with c . immitis . Their 
fig ure 6 displays t he distinct i ve a rthroconi dial mor phology 
of MalB£i!E£hea dendritlca . The type s train o f ~· 
dendritica (UA MH 273 1) studied by Orr (1 97 2) s urvivPd for 
long peri ods in mi ce a nd could be recovered f r om the 
spleen , liver a nd lung. Ho wever , no endosporulat~ng 
spherules or o t her f ungal e l ements were found in any tissue 
by Orr . 

In the same stud y, Orr ( 1972) included three other 
ar hroaleur~ospore- forming isolates (UAitH 1941, SF VH 129 ; 
UAi'IH 1942, SFVH 130 ; UAM H 19U3 , SFVII 149), none of which 
produced cocc~dioidomycosis in mi ce . These t hree st rains , 
whi ch have been i ncl uded in the species Malb£i!J!£W .9U~i! · 
are not so d~stinct~ve i n their microscopic morphology . 
Ho we ver , Figure 7 of Hupper t !ll 2.1- ( 1967) s uggests !1· 
gvpsea and may oe a pho t omiccogr aph of one of the aoove 
st rdins having SF VH numbers . 

Th ree i s olates we r e rece~ved f r om the CDC as C. 
im mi t is f r om Russia (UAMH 3595, U0-73-U8553 ; UAMH 5596 , U0-
73- 11 6555 ; UAl1H 3602, uo-7J -U855U) . They form c hains of 
oudding conidi a and have been assigned t o t he for m-genus 
fusidi u~ (Lechevalier , L~cheval~er , Handley , Ghosh a nd 
Carmichael , 1976 ). 

Tht! arthroconidi a of t he 11albrancnea s a~e of c . 
immiti2 a re broader than a ll other-speCies of .fu!lbr~nch~ 
which are mostly less than ~um in diameter. Arthroconidi a 
of~ - aulfut~ measure 2. 5- 4um but t his species i s 
thermophilic and forms arc ua t e fer tile hyphae . The 
arth rocon~d~a of the Mal branchea sta te o f U. reesi~ are 
s lig htly narro wer , 2. 5-3. 5uiiioccasiona ll y iiu111 in diamet er 
an d are separated by inter vals of irregula r l ength. In 
add ition, t his spec~es r eg ula rly forms uncinate appendages 
i n cultu~:e. 
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Malbranch~~ state of Uncin~rpus ~si! 
Sigler & Orr sp. nov. 

?erfec t State : uncinocaray~ Si gl er & Orr gen . nov. 

Ascomycotina , Gymnoascaceae. Gym no thecia eperidiata. Asci 
inter appendices. Appendices l ae ves, asepta tae , brunneae , 
inter~extae , uncina~ae . Asci s ubglobosi , e va nescens , 
oc tospori . Ascosporae oblatae , l aeves, f lavo-brunneae ve l 
rufo- brunoeae. 
Typus: UnclnOca£E~ ~ii Sigler et Orr sp. nov. 

Gy mnothec i a more or less spheri cal, reddish brown . 
Ascoma tal i nitial s on shor t s talks , bulbous . Per1dia l 
hyphae, smooth , asep~ate , consis :ing of elongate appendages 
loosely inter t wined . Free ends ex t e nding be yond the co re 
of the ascocarp , uncina~e . so me times spiral. Asci 
subglobose, e vanescent , a- spo red . Ascospores oblate, 
s moo th , ye llow to redd i sh- brown . ~albra ncbe~ conidial 
s t a t e . 

History 

This fungus has bee n frequently isola~ed during 
s urvey s of soil and keratinous s ubstra tes. The coni di a l 
s t a te, most of~en encoun~ered , has been ascribed to 
Chry~_.P.Q£ium , _l!!l br~ru:h.~ or vanous conidia l for ms of 
Gym noasc aceae. The pe rfect s t ate bas been r eported by 
various workers as a probable ne w genus of the 
Gym noascaceae , but not given a name (see bel o w) . 

Attention focused on t he conidi a l s t ate because of its 
r esemblance to the pathogenic £2££idioide~ i m!itis . Emmons 
(1 954) studied several Gymnoascaceae isolated f r om orga ns 
of rodent s a nd othe r a nima l s . Some of t hese, which he 
call ed Myxo trichgm, foroed t he s exual state , whe r eas 
ot he r s , seeaingly degenerate , produced only peridial 
appendage s . The loss o f fertility appeared to be related 
to a change i n col ony col o r from orange t o white. 

Exaaining t wo of Emmo ns ' ascos poric 1sola tes , Kuehn 
(1 955a ) described _!!yxotrich~ ~mon~ii , la t er r e duced to 
s ynonymy with Auxarth~!l Ul!lbCl.JU!.!I! (Boudi er ) by Orr & 
Pl unke t t (in orr et a l. , 1963a). Both Kuehn, and orr a nd 
Plunkett described a n arthroconidial sta t e , though ne ither 
r eported the pers1stence o f peridial appendages i n 
degenerate s t r ains . 

Ho we ver , Kuehn g£ a l . (1 96 U) reported pe r s i s t ence of 
appendages but no ascocarps i n i solates bel ieved to be 
s 1mila r to Au~~~hrgn B£Y~.!I! · In a l a ter r eport , Emmons 
( 1967) confirmed that his as cocarpic i sol a t es earl ier 
designa~ed ~!Qtric~~! we re ~- g~sii Kueh n and again 
reitera t ed his obser va tions of peri di a l appendages 
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persisting ~n infertile s t rai ns. Emmons discerned l ittle 
difference between !~!h£2n ~~Bri~ a nd !· brYnQ~~S a nd 
noted t hat ar t hroconidi a of both r esembl ed coccidioide~ 
im~~- Furt nermore , he found no e vidence t o s ugges t that 
appendages per sis t ed in any other Gymnoascaceae main t ained 
in cul t ur e . 

Rees (1967a) , s urveying keratinophilic fung i from 
Australi a i solated the conidi a l s t ate of " ? §..:imnoascu§ 
uncina t us" fro111 Rattus llll.!!~ · Later , he (1967b) isol ated 
" Genus A" and noted its simila rity to the previously 
r eported " ? ~ - y_ncing_tu§" whi,ch formed only arthroconidia 
and trichomes in c ul ture . He concl uded tha t t he 
rel ationship of "Genus A" a nd " ? G. uocina tus " to 
fu:mnoascus ~!!.£!!!.!.~~ appeared doubt f ur:---The type specimen 
o f Q. reesii was derived fro m one of Rees • str ains (F143). 

De Vroey (1 970) r eported the f ungus f r om soil in 
Sulawesi , Celebes Isl a nds . Catetta and Piontelli (1975) 
i l lustrated the conidia and a ppendages of a s train they 
i s olated from soil i n Italy. Hubalek (1 974a) reporte d 
se vera l isola t es o f the conidia l s t a t e as a probabl e new 
speci es of ~~~~~fQQ f r om birds in Yugosla via a nd 
Czechoslovakia . 

uncinocar pus fees~! Sigl er & orr sp. nov. 

Hetero t hallicus . Gymnothecia , e t cet e r a in modo generis. 
As cospora 2. 5-J x 4-5um , pl e rumque 2 . 5-2 . 8 x 4-4 .5um . 
Colon~a e in agaro ad 25-3 0 c moderatim rapide crescunt , 
cremeae , vel f ulva , nu mquam aurantia e , c umulae , con volutae , 
rimosae , lanug inosae vel pulveraceae . Incrementum tard um 
ad 37 c . 
Arthroconidia (~~~uch~) c opiosa , c yl iodrica vel 
doliformi a , hyalina , posteriorus fu lva , l aevia , 2- 4 x 3-
6 (8)um, plerumque 2. 5- 3 . 5 x 3.5- 6um. 
Ty pus : UAMH 3882, ex cruce UAM H 3880 x UAMA 388 1. 

Hi ex UAMH 2845 lecto. 
UAHH 2845, ex pennis , Australia , 1967 , Rees , F.1 4J 

Colonies on PYE (Pi g . 20A) a r e 51-64 mm diam . in 2 1 
da ys , c r eamy whi te o r buff , ne ve r orange , reverse dirty 
ye llow, domed and c onvoluted , or flatter with outward 
radiating fol ds , somet imes umbona t e , downy or powdery. I f 
powdery , cracks appear near center and a long fol ds. At 3 7 
c , colonies gr o w slowly (6- 24 mm dia m. at 21 days ), 
adhering poorly t o the cellop ha ne , heape d up , convoluted , 
dovny, wa xy or glabr o us . or g r ow more rapidl y (Fi g. 206) 
(28- 46 Qlll di am . a t 21 days ) sligh tly rai s d , with nume rous 
fold s , downy , white or t an , with da r k brown e xudate 
d roplets, and yellow diffusing pi gment . This pigment c a n 
be det ected only with di ff i cult y in some s trains a t 25 C, 
s i nce i t ~s usually obscured by the yellov color o f the 
t>YE. 
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Colonies on cereal (Fig . 20C) are 39-53 am d~aa . in 
2 1 days , creamy white , buff or tan, never orange, vnite 
per~phery, reverse the same . The s urface i s powdery or 
granula r , rarely downy , dense or patchy, appearing mottled, 
occasionally zonate, flat with small central umbo and 
numerous tiny c racks or fissures. At 37 c , growth a t 21 
days is sca n t (5- 10 mm ) or resuicted (14-26 11m) . Colonies 
of the l atter (Fig. 20D) are downy, f loccose and white, or 
tan and gtanul ar , with a bro wn diffusing pigment 
(Pig . 20D) . This brown pigment is d ifficult to detect at 
25 c . 

Heterothallic. Gymnothecia {Figs. 20E, 20H) discrete, 
reddish-brown , gl o bose, compacted in t he center, 200-
1000 um , with appendages exte nding beyond 100- 250um. 
Ascomatal initials , hyaline , arising as short branches, 
septate at firs t , wit h a bulbous enlarged tip, oft en 
completel y i nrolled {Fi gs. 20F, 20G). Gym nothecium composed 
of a loose associat ion of intertwi ned appendages , uncinate 
at each end , often form i ng one or more lateral uncinate 
brancnes (Fig . 20I) , smooth , thick-walled, aseptate, 
reddis h-brown. Appendages most ly uncinate , occasionally 
spiral, wide at the tip, 5- Sum, narrowing a t center. No 
differentiated peridial hyphae but iamature gymnothecia 
often surrounded by a loos e weft of hyaline hyphae bearing 
arthrocooidia . Asc~ e vanescent , hyaline, on s hort stalks , 
s ubglobose, 7- 9um in diameter (Figs. 20J , 20K) I a- spored . 
Ascospores yellow-brown , reddish - brown in mass , smooth , 
oblate, sometimes vit o depression in one face (Figs. 
2 1A, 21B) , 2.5-3 x 4-Sum , mos tly 2.5- 2. 8 x u- u. 5um. 

Arthroconidi a (Figs . 2 1D, 21E) , borne ~n a n intercalary 
posi tion along the broader {2- 5um ) primary hyphae, or 
intercalarly or terminally on s hort or l ong lateral 
br anches, are cyl~ndrical , somet imes barrel-shaped or 
cuneiform if t e r11ina l {Figs . 21F, 2 1I ) . Separated by one or 
more segment s of irregular leng th , arthtoconidia are 
hyaline , later tan , smooth, 2- u x J - 6 {8) um , mostly 2. 5- 3. 5 
x 3. 5-6um. Enlarged subglobose or broadly barrel- shaped 
a rthroconidia {Pi g . 21C) , found in old cultures and near 
fertile gymnothec~a , are 5- Sum wide , hyaline, mostly 
single- celled. Racke t hyphae sometimes present . 

characteristic uncinate appendages {Fig . 21G) of the 
conidial stat e appear after 7-1 4 days. The appendage , 
a rising mostly as a thick-walled, more dense ex t ension from 
the primary hypha (Fig . 21H), or from a thick-walled. 
segment of the hypha resemb~ing a foot cell , beco3es 
uncinate at each end , often forming one or aore lateral 
branches {Fig . 2 1J) . The hypha bea ring appendages 
continues t o extend forming art hr oconi dia along i t s length. 
Appe ndages are uncinate , occasionally spiral, aseptate , 
pale brown , paler and s light l y narrover (3-Sum at the tip) 
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than the appendages for•ing the gyanothecium . 

Holotype: UAHH 3882 , dri ed colonies of cross of single 
ascospore isolates UAKH J880 x3881 

Hating t ypes : UAMH 3880 •-•, single ascospor e isolate ' A' 
of UAI1H 28U5 

Di scussion 

UA11 H 388 1 ' +', single ascospore isolate ' E' 
of UAI1H 2845 

The ~lbran£hea s t a t e of Qn£inO£a£E~~ f~2!! 4S easily 
identified by its uncinate appendages. These appendages 
have not been seen in any other conidial state of 
Gy~noascaceae exa~4ned by us - Some s~rains l ack appe ndages 
(UAHH 3257 and 3258) , but ne vertheless can be recognized by 
the ir arthroconidia a nd vhite or buff col onies . ~- ~~~ 
differs in forming arcua~e fertil e hyphae . tt· f ulva grovs 
~ore s lovly at both 25 c a nd 37 C; its arthroconidia are 
s lightl y narrower and often have refract ile e nds ; and 
arthroconidia are separated by shorter segments , equivalent 
to or less than ~he length of a n arthroconidium, compared 
to the inte rvals be t ween a r throconidi a in u. reesii vhich 
are l onger and aore ~rregulac . - ------

The genera of Gymnoascaceae are d4fferen tiat~d by the 
peridia l hyphae , the shape and surface ornamentation of the 
ascospores a nd the ascona t a l initia l s (Samson , 1972). on 
~his basis , Un£inoc~~2 i s similar to ~~2 Baranet
zky, wh i ch a l so has oblate , smooth ascospores. §vmnoascus 
differs in ~he net- like structure of i s peridia l hyphae, 
in its ascomatal 4nitials vhich are coiled , and in its 
Chryso~.eoriu .!!! conidial state (Orr g !;_ ~,! ., 1963c ; Sa~son , 
1972). The peridial hy phae a nd reticulate or spiny , 
globose or oblate ascospores dist ingui s h the genus 
Auxarthron . Auxa~th!Qn is s imil ar to uncinocarpus in its 
kerat 1nolytic activity , its formation of elongate uncinate 
appendages, and its Kal branchea conidial states . 
~etalosp~ (Ghosh, Orr a nd Kuehn , 1963) and sh~£~!!~ 
(Benja min, 1956) , tvo c l osely r e l a t ed genera , a l so fo r m 

?igure 20. Un£inocarpu 2 reesi! (A-0-28U7 ; E- 2002 x28U7 ; P-
3U8U; G-3573 ; H- 28U5 ; I - 2855x3257; J , K- 388 1x2002). Figs. 
20A- 20D. Col onial mor phology after 21 days, x 0. 7. A and 
8 on ~YE, c and 0 on cereal. B and o a~ 37 c , others at 25 
c. Fig. 20E. Fertile gymnothecium composed of l oose 
association of uncinate appendages . x 150 Bl' . Pigs. 20 t' -
20G. Ascoaatal initials , x 600. Pi g . 20H . Gy~notheciuiD , 

x 150. Fig. 20I. Intertwined branch d uncinate 
appendages from a fertile gy~nothecium , x 150 BP. Pi g . 
20J . Asci , x 600. Fig . 20K. Asci and ascomatal initial , 
X 600 . 
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oblate ascospores , but differ f rom Qncino~E~§ in their 
rudi=entary peridial hyphae and coiled asco~atal initials . 
In addition , species of both genera are cellulolytic. 

Furthermore, although heterotballic species are common 
in Nannizzia, Arthroderma a nd Ctenomy~es, none bas been 
repo rted so far in t he other genera of Gym noascaceae. 
Ho ve ver , there are s evera l reports of loss of fertility in 
some species (Orr !Ho a l. , '1963b; Apinis, 19611 ; von Arx , 
197 1; Samson, 197 2) . The MYX2£Iich~ states of Malbranchea 
flavorosea and ~- circi~1~ reported herein lacked 
ascospores, s uggesting possible heterot hallism. 

Pathogenici ty: Though the pa~hogenicity of Q. reesii ha s 
not been firmly est ablished , it appears to be a transient 
inhabitant of ma n and animals , and can s urvive for extended 
periods .1.. 11 tissue. Emmons ( 119511) recovered t-.he organism 
from organs of rodents and other a nimals and from smal l 
oGental abscesses at t he site of intraperitone~l 
inoculation into mice . 

Spec~es of Halbra~£hea cons idered to resemble £. 
1mmitis ha ve been recovered from ~nimal tissues, human 
sources and the spleen and liver of oice after 
i n traper itoneal inoculation (Kuehn ~1 al. , 19611 ; Emmo ns , 
1967; Orr , 1968 , 1970) . Orr (1 972) reported that species 
of Malbranchea could be recove r ed from tissues of mice e ven 
when no gross lesJ..ons were apparent , and that fu ngal 
elem~nts were not obser ved in a ny lesion . 

Habita t and activities; Recorded vorldvi de from soil of 
desert and wooded area, ta t guano, kera tinous substrates 
s uch as feathers of wild birds and domestic fo vl, organs of 
rodents and hu man sources . Strongly keratinolytic, 
digesting hair vith t he aid o f penetrating bodies ; not 
cellulolytic. 

Results of Mat~ng Tests 

A. Notes on techniques 

rigure 2 1. ~ino~EY§ rees~~ (A-C- 1 70~x2050 ; D-2845 ; E-
299 1; F'-3257; G-17 0~; H- 31185 ; 1-3703 ; J- 28~7) . Figs . 21A-
2 18. Smooth oblate ascospores vith a depression in one 
face . Pig . 21C. Ascospores and enl arged , 0- or !-septate 
arthroconi dia . F~gs . 21D- 21F. Arthroconidia borne on t he 
primary hyphae or on s t raight lateral branches . Fig . 21G. 
uncinate appendage of the Nalbrg~~he~ s tate. Fig . 2 1H. 
Uncinate appendage arising as a thick-walled ext ension from 
the vegetative hypha . Fig . 2 11. Mature ar t hrocon i dia . 
Fig . 21J. B~anched uncinate appendage of the Malbranchea 
state. B x 1680 , H and J x 240 , others x 600. 



467 

1 

• ... - • - • , 
• • ' # • E 
' • I 

~. 

~ I 
# e· . -



468 

Th~ presence of fer t~lc gy~noth~cia i n : wo isolates 
(UAnH 284 5 a nd 3484) of ? g~Q~~f~~ species , as~ociated 
Vl th a Malbranchea conid i a l state , pro=p ed initial 
in ves i gatiou of compatibili~y among several si~ilar 
Malb;a~e strains . Fertile crosses conf iroed the sexual 
s t ate t o o~ Unf !EOca r pus r eesii. 

The two methods of 1nocula tions used vere ~ixed 
con~d1al s uspens1ons (me thod A) a nd parallel i nocu l a tions 
of separate con1d1a l s uspensi ons (Qethod 8) . Parallel 
inoculation of separ ate conidial suspensi ons (B) had the 
ad vantage t hat fert ile g y mno~hecia could be easily located 
in the region between the t es t er s trai ns , which had l ess 
dense vegetative g:ovth. One of t he p:oble=s associated 
with se xual crosses of Gygnoascaceae i s th~ formation of 
prof use pleomorphic overgro wth wh ich obscures gymno~hecia . 
This degeneration occurr d less rap1dl y 1n the s treak- plate 
c ultures . Gymnoth eci a were ne ver formed in grea t abu nda nce 
a nd whe n small were difficult to differentiate from c lumps 
of conidia . Furtnermore, 1f st rains were in fact 
.1.nhibitory, a readily apparen t demarcation zone could be 
observed betwee n the tester strains . 

B. Resul ts of crosses 

The compatibility among 1sol a tes of the ~a1R~ll£h2~ 
s t ate of u. r eesi1 1s su~ma rizPd in Tabl e IV . Of the 19 
wild type-is olates tested , six we re fou nd to be 
1ncompa tibl e with all o the r str~i ns and with each other . 
The incompatible s tra in s , UA!!!H 160 , 1273, 17 06 , 1955, 2992 
and 35 73 , r esembled the others in mi c roscop1c morphology 
although UA MH 3 573 a l so for~ed asco~atal initia l s in 
abunda nce. All wild type i solates were self- sterile . 

c . P 1 progeny 

Two s 1ngl e ascospore progeny of the self- fertile UAHH 
28U5 , de t e rmined t o be opposite aating types by Lack 
c rossing with each other , we re designated + (UAM H 388 1) a nd 
- (UAHH 3 880) eating t ypes . All P1 progeny were self
s t e rile . These t es t e r s trains when back crossed vi b (our 
v1ld conidi a l LSola t~s known to be fert~le , rtsult~d in two 
fert i le crosses, UAMH 2002 x 388 1 a nd UAHH 2847 x 38BO 
(Table IV). UAHH 285U a nd 3 U85 fail~d to cross vith 
either matiny type (Taole IV) . 

Six wild type isolates i ncompatible vi h all o~he: 
conidial i s olates (s ee Res ul t s o f c rosses) fail e d to c ross 
wi th e ithe r of th~se two ~ester s trains . I n sddit1on , t vo 
P I progeny from t he cross of UAMH 2002 x 28 U7 , found t o be 
+ (UAt1H 39 15) and - (UAMH 3916) 11a ting types by back 
c=ossing with the parent st rains , we re also incompatible 
wi th al l six wild type ~soldtes . 



TABLe! IV 
SUMMA RY Of THE FERTILE CROSSES OF UNCINOCARPUS REESII 

---, 
I 

+ Plus mating s :raios I 
I 

- - i 
I j I 
1 - Minus 1 1704 28117 28511 2855 299 1 37 03 3881 I 
! Strains 1 I 

--i 
I 

2002 j + ++ +++ +++ ++ ++ +++ +++ I 
I I 

2050 I •• +++ - + ++ - - N 
I 

2852 I + - - +++ - - II 

2862 I - - - ++ - - II 

3251 I - - - .... - - II 
I 

3258 I + - - +++ - - II 

3485 • • +++ ++ .. 
3880 ' II ++ + - H II N +++ 

I I I 
I -J 

+ < 10 gymno~hec~a 
++ 10- 20 gymnothecia 

+++ > 20 gya~otbecia 
II No~ tested ... 

0\ 
~ 
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Increased fert~lity of mati ng strains from the progeny 
of fert~le crosses has been reported for other 
Gymooascaceae ( Kwon-chung , 1971 , 197 2 ; Padhye a nd 
Carmichael , 1971 , 1973) . More work is r equired to 
determ~ne if the failure of the six wild type isolates to 
c=oss is due to incompatibility or wnether the nalbranchea 
state i s a complex sim~lar to hat of Mic[Q~~! g~~um 
( S-.ockd al e , 1963) or Tris;ho_ehyl.Q!! ~~rrAsq~ (Padhye and 
carmi chael , 1973) . 

Material Examined 
Single ascospor e ~sola tes , Alberta , L . Sigler , 1975 : UAHH 
3882 , TYPE , dried colo nies of cross of UAMH 3880 x 388 1; 
UAMH 3880 , - mati ng ty pe , isolate ' A ' of UAHH 28 11 5 ; UAMH 
3d8 1, • 11ating type , isolate ' E ' of UAMH 284 5 ; UAHII 3883 , -
mating t y pe , (' B' of UAMH 2845) ; UAt!H 38811 , - mating type, 
( ' C ' of UAIIH 28115) ; UAtiH 39 15 , • mating type , (' E ' of c::oss 
of UAIIH 2002x2847) ; UAMH 39 16 , - mating type , (' A' of cross 
of UAMH 2002x2847) ; ?rom keratinous material (self-fertile 
isolates): UAMH 2845 , feathers , Aust. , R. G. Rees ( F1113 ), 
1967, (Or r 0-31106 ; IIRRL A- 148 71; Qlt 9335) ; UAMH 3484 , 
feathers , Aust . , R. G. Rees (P1 22), (Or:: 0-3 11111 ; tiRRL A-
14870) ; Prom keratinous mater ial : UAMH 2862 , f eathers , 
Aust ., R. G. Rees (P 122), ?1965 , from Orr ; UAMH 3485 , 
fea the rs, Aus t., (Orr 0-30117) ; UAIHI 38 11 3 , feathers of 
£Qf.!!J!2 monedula , Kruogastani , 'l'ug ., z . Hubaleit , 1968 , as 
1930 (0- 1296); UAMH 3846 , nest of £Ard~lis f2nnabin~ . 
Valtice , czech . , z. Hubalek. 1970 , as 539 A (0- 13011 ) ; o-
3367, feather of Jack da w, 't uq. , z. Hubalek , (766 A) , fro11 
Orr ; From rodent luns : UAMH 160 , Sylvilagu ~ audubon!, 
Texas , C. E. Ecuaon s , 19 49 (C 3716); Fro111 unknown sources : 
UAKH 299 1, from R. S. Pore , ~ . Vi rginia Medical cen t e r , 
Morgan t own as 707; UAMH 2992 , f r om Por e as 7 18 ; Prom human 
sources (from Orr) : 0-2559 , sputum , Mo., Bransberg ( 1 18); 
0- 3222 , child ' s ha i r , A::g. , !legroni (27UJ; 0-371 8 , child ' s 
hair , Arg., Negroni (276); 0-782 , child ' s hair, Arg., 
Negcooi (255) , from Orr ; From soil, Californi a i sol ates : 
UAMH 1704 , G. P. Orr , 1960 , (0- 2080) ; UAI!H 1706 , G. F. Orr , 
1957 , (0-482a); 0-216 , G. ?. Or r ; 0- 2569 , G. F. Orr; 
Hungarian isolates, Szathmary , 1967 ( fro• Orr): UAMH 2847 , 
faoric ba i t (0-35 13) ; UAI'IH 28511 , fabri c bait ( SZ 2811) ; UAl'IH 
2855 , fabric bait (SZ 303); Ital~an isola t es : UAMH 2002 , · 
E. varsavsky , 19611 , from Orr~ (EV 1- 111 ): UAMH 2050, from 
Varsavsky (I - 79) ; UA MH 2852 , E. Varsa vsk y , 196U , (Orr I-
26); UAMH 3573 , E. Varsavsky , (Orr 0- 3407); UAIIH 38 19 , 
E. Varsavsky (I-5), (Orr 0- 3311ll) ; U AMH 3 820 , E. Varsa vsky 
(I-15) , (Orr 0-32J3) ; UAMH 39 18 , Pavia , G. caretta (E 2 1 
+), (Orr 0-1 322) : 0-1 323 , Pavia , G. Ca r ettcl ( E 25) , fro11 
Orr ; 0-1 32U, Pavia , G. Caretta, ( E 9 1 +) , from Orr ; south 
America n i solates : UAI1H 1955 ,, Arg., E. varsa vsk y , (Orr EV-
5U ; 0- 3597); 0- 3115 1, Arg., Negroni (4ll8), fro11 Orr ; UAI11:i 
1273 , Ve oez., Pollak (5770 ) from Ajello, CDC 45-36-62 ; 0-
2558 , Mexico , Plunket t (707 )~ from orr : Indian isola tes : 
UAMII 3257, from II . C . Gugnani, National I nst i tute of 



Communicable Diseases , Delh i, as S673 ; UAMH 3258, from 
Gugnan i as S10J8 ; 0-2081, Garg ( 10115 ) , fro111 Orr . 
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s tate of Ps eudogyanoascus cose us 360 



s ulphure us 378 
vinaceus 380 
vulgar is 378 

Geotrichell a 375 
alterna ta 375 
arct i ca 37 5 

Geo tric hua 360 , J o9 , 370, 380-383# 3 85 , 3 95 , 40 1 , 40 7 , 4 13 
am ycelicum 382 
candidum 380, 38 1, 405 , 40 7 
cin naliOIIC UII 382 
cuboi deu11 J63, 382 
d ulcitua J 82 
fl a vo-brunne ua 38 3 , 400 
frag~:ans 382 
gracile 3 82 
hi rtu11 383 
It l e bahnii 38 2 
1 ud wig ii 382 
aic ~:osporum 363, 366, 3 83 
purpurascens 383, 407 
r obu s tuca 382 
roseua 383 , 407 
r otundatu11 383 
CUgOSUII 383 
sca ettae J8J 
state of Endoayccs geo t ric hum 380 
s tate o f Endomyces •agnusji 382 
s ua veol e ns 383 
van ri ji 3 83 

Glycoph ila 4 11 
Gya noascus 4 18 , 4 19 , 4 49 , 464 

rhous i ogon9 yli nus 380 
set osus Jij8 
uebrinus 4 19 
uocinatus 462 
vertic illatus 448 , 450 

He ndersonul a toruloidea 40 1-404 
Le nt i nus l epi deus 398 
~albranchea 35 8 , 374 , 375,, 383 , 385 , 405 ,411 -4 15 , 416,446 

a l bol utea 4 16 -420 , 4 16•, 42 1, 4 23 , 488• 
arcuatd 4 16•, 4 18 , 4 20- 422 , 4 23 , 455 , 464 , 4 88• 
a ur a nt~aca 4 18 , 42 1 , 42l-427 , 4 24 •, u38 , 440 , 488 • 
boloqn esi i-chiurcoi 411,435,4 3 7 
chrysospo ~:oidea 4 23 , 427-U3 0, 428. , 4R8 • 
c ircinata 38 6 , 430 -432 , 432•, 466 , 488. 
dendr itica 44 2•,446-44 8 , 452., 460 
flava 448-45 2, 452•, 488• 
fla vo r osea 43 2-435 ,43 2• , 436, 438 ., 466 , 48 8• 
f l occiforais 4)7 , 452- 4 54 , 456• , 48R• 
f ul va 42 1,4 54-455 , 45 6., 464 , 4 88 • 
gypsea 447 , 455-4 58, 458•,460 , 488• 
ka•bayash ii 4 1 1, 43 5 
pulchella 4 1 1, 435-4 38, 438 •,441,44 4 ,4 54 , 488 • 
pu l c he lla var s ulfurea 436 ,4 4 1 
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pul veracea 4 36 
sta t e of Auxarthron conjuga t~~ 423, 438-44 1, 438•, 4112• 
state of Coccidio~des i •mi tis 374 , 4 58-460 , 4 58 ~ 
s t ate of Oncoc tauiu• flavum 44 8 
st~te o f Unc inoca r pus reesii 421, 455, 456,4 6 1-471 , 
464 •,488. 
s ulfurea 411 , 441-446 , 442 • , 460 , 488. 

Ha uginie lla 369 , J8J-J84 , 395 
scaett ac 370 , 383-384 

11icrospo ru • qypsau~ 470 
11onilia miniata 408 
11 o niliella 380 

s ua veol ens 383 
11onoc baetia 40 1 
11ucor c rustace us 404,40 5 
11 yxotrichum 384 , 413, 4 14, 4 15, 430, 43 2, 434, 450 , 46 1, 466 

aeruginosu11 435 
brunn~u11 41 9 
cance.llatum J85 
car•inoparum 4 31 
c harta ru• 386, 43 1 
con juga tu 111 1lJ8 
defle xu• 386 , 38 J,434,435 
e••onsii 46 1 
herbarienso 418 
se tos u• 386 , J86 . ,J88- 39 1, 392• 
stipitatua 43 1, 435 
stri tosporu~ J85- J88, J86 • 
thaxteri 41 9 

Nannizzia 353, 466 
Ny c t a lina lignicol a 405 
Oidiodendron 360 , 370 , 372, 38 1, 384- Jq 1, 41J 

fuscu ~a 384 
kalrai 360 
state of 11yxotri c hum set osu11 386•,388- 391 , 392 • 
state of 11yxotric hu m s triatospo rum 385- 388 , 386 • 
t e n uissim um 384 
truncatum 384 , 390 

Oidiua 350 , 390-39 1 
a ura ntiacum 40d 
mic ros pe rmum 388, 39 1 
pulve raceum 436 
ru bens 404,4 06 
ru brum uoo 

OJibwaya 373 , 402 
Oliqopo ru s us tilag i noidcs 394 
oncoclad~um fla vum 44 6-4 52 , 452• 
On yq e na 37 8 

cor vina 318 
piti9ena J78 

Oospora 39 1, 41 1 
crustacea 391 , 405 , 406 , 408 
cuboidea 363,364• , 366, 391 
fraqrans 382 



ltlebahnii 382 
l actis uos 
lud viqii 382 
a i c r osper aa 388 , 39 1 
sulp hureo-ochracea 39 1, 392 

Ovadendron 385, 39 1-394 
sulp hu r eo-ochraceua 39 1-392, 392+ 

Peciconia 373 
aza l eae 373 
t enuissima 384 

Pet alosporus 464 
Phl e bia r adia t a 370 
Pholiota namelto 408 
Pol ypor us ptychogaster 394 

versicol o r 398 
Protendo~ycopsis 382 

doaschii 382 
du l cita 382 

Pse udogyanoascus 380 , 4 18 
r oseus 380 

Pt ycbogast e r 369 , 394-395 
a l bus 394 
f ul i gi noi des 394 
r ubesceos 395 
s t ate of Tyroayces ptyc hogaster 394-395 , 396 • 

Rhioot cic h ua pulveraceua 436 
Sco pula ciopsis 406 

casei 408 
Scytali diua 3 7 5 , 38 1,395- 404 

acidopbi l ua 399-400 , 402 • 
albua 396•,398-399 
a urant iacua 399-400 
fla vobr uoneum ~68 , 383 , 4 00-40 1 , 402• ,41 0 
l ignicol a 396- 398 , 396• 
s t a t e of Hende r sonul a t or u l oi dea 40 1- 404, 402• 
uredinicol a 396 

septone •a olivaceo-n i qr a 366 , 3 68 
Sba no r ella 464 
Spor e ndone aa 37 2 , 37 5 , 38 1,404-4 10 , 41 3 , 460 

a r teai s i ae 41 0 
casei 36 5 , 3 9 1 , 406-4 07 , 408 • 
epizoua 4 0 7 , 4 10 
pucpur ascens 383, 407-41 0 , 408• 
roseu11 40 7 
r oseua va c albua 407 , 4 10 
s alic i s 4 10 
sebi 4 10 
t ec rest re 405 , 410 

Spococybe a zaleae 37 3 
Spocotrichua 

me rdar i ua 374 
pannor ua 37 7 

Stysanus u l aa r i ae 37 5 
Tbe r aoideua s ul fuc eua 4 11,435, 44 1 
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Torula 404 ,4 05 
casei 404, 14 0b 
spor endonema 40 4, 405, 406 

Toxot r ich um cancella tu• 385 
Trichoderma ful ig inoi des 394 
Trichophyto n 

•entagrophyt es 40 1 
terrestre 47 0 

Tric hospor on 350 , 38 1 
c utaneum 363 , 3 82, 383 

Tripedotcich uc hec barie nsis 4 18 
Tycom yces ptychogaster 369 , 394-395, 396 • 
Uncinocarpus ceesii 41 3 , 450 , 46 1-47 1, 464•,466• 
Wall emia sebi 382 ,4 07,41 0 

Figure 22 . Colonies oi Malbranchea species and Auxarthron 
£QnjQg~~ after 2 1 days at 25 c , except K a 
37 c. Fi g. 2 1A • .1:!. - albolut~!!_ (UAMH 1846 on PYE) . Pig . 2 1 B • 
.1:!. - arcu~ (29 83 on PYE) . Fi g . 2 1c . ~. arcu~!! ( 3877 on 
cereal) . fig . 2 10. Ji . £ircinag (3589 on cereal). Fig. 2 1E • 
.11 . aurantiaca (3705 on PYE) . Pig . 21?' . 1:1 . aurantiaca (3660 on 
ce teal). Fig . 2 1G. Ji • .f ul v~ (284 9 on PYE). fig . 2 1H. !!· 
cbrysosoorQ!gg~ ( 2288 on PY£) . Pig . 2 11 . !i-Ch[~2§Eoro!dea 
( 2288 o n cer~al) . Fig . 21J . Aux~thron con~tu~ (3817 on 
PY£). Pi g . 2 1K • .!i- m!lfure~ (3747 on PYE). fig . 2 1L. !l. flava 
( 2865 on PYE). Fi g. 2 1H. tl · state of UncinocarB~ ree~i! 
( 2847 on PYE). Fig . 2 1N. Ji.fla.l!..Qros~ (1 05 1 o n cereal). 
Fi g . 2 10 . J'11..2.!!J:.ch~lli! (1 560 on cereal) . Fi g. 2 1P. !1· 
flocc~formis (3273 on PYE) . Pig . 2 10 . !i - 9.Y~.~ (1~ 14 1 on 
cereal ) • All x 0. 55 . 
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NOTES ON HYPHOMYCETES . XI I. 
A NEW SPEC iES OF CHALARA . 

G. Morgan-Jone s and Edwin G. Ingram 

Department of Botany and Microbiology 
Auburn Universi t y Agricultu r al Experiment Station 

Auburn, Alabama 36830, U.S.A. 

ABSTRACT 

ChaZa ra aZabamensis Morgan-Jones and Ingram is 
described and illustrated from leaves of Quercus nigra in 
Al abama. It is compared ~<>•ith C. hughesii .Nag Raj and 
Kendrick. 

11\TRODUCTJON 

A survey of microfungi associated with leaf litter of 
Quercus nigra L. , in Alabama, has yielded a number of 
interes ting and novel dematiaceous hyphomyce tes. Among 
these is a fungus belongi ng t o the genus ChaZara (Corda) 
Rabenh . A comparison of two col l ections of it with species 
described by Nag Raj and Kendrick (1975) in their recent 
monograph of the genus indicates a broadly similar 
morphology to ChaZa ra hughesii . It cannot, however , be 
considered to be conspecific with it. 

TAXONO~HC PART 

Chalara aZabamensis sp . nov . (Fig. 1). 

Coloniae hypophyllae, effusae , pal l ide brunneae, 
velutinae . Myce lium partim superficiale , pa r tim in 
subs trato immer sae . Conidiophora macr onemata, mononemata , 
so l itaria , simplicia , r ecta , l aevia , 46 - 87um longa. 
Phialic.les lageniformes , 40 - 82 X 3 - 111 m, pallide brunneae, 
laeves , venter subcylind raceus , 14 - 17 X 6 - 7um , collum 
cyli ndraceum, 30 - 53 X 3 - 4um . Phialospora endogena in 
catenis sporidiis maturis apice , cyl i ndracea , l-septata, 
hyalina , laevia , 15 - 18 X 2 - Z. Sum . 

In fo liis emortuis Quercus nigrae , Chewacla Sta te 
Park, Lee County , Alabama, April 1976 , E. G. Ingram, BPI , 
hol otypus. 
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FIGURE 1 . ChaZal'a al.abamensis . Conidia a nd 
conidiophorc s . 

I 
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FIGURE 2. Chala~a hughcoii . Con idia and 
conidiophores . 
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Colonies hypophy ll ous , effused , da r k brown , 
veluti nous . ~tycelium partly supe r ficial , partly immersed 
in the s ubst1·atum. Immersed myceli um composed of branched, 
septate , subhyal ine hyphae , 1 . 5 - 2um wide , superficial 
mycelium composed of swollen , pale br own, some1vhat t hick
walled hyphal cells . Conidiophores macronematous , monone
ma tous , phia l idic, solitary, scatter ed or gregar ious , 
simple , erect, smooth , ari sing directly from cells of the 
superficia l mycelium or from short basal cells , 46 - 87um 
l ong . Phialides lageniform , 40 - 82 X 3 - 7um, pale 
brown , 1-.'ith a subcylind1· ic venter, 14 - 17 X 6 - 7um , and 
a long cylindric col larette whi ch attenuates very gr adual l y 
towards the apex , 30 - 53 X 3 - 4um , transi tion f r om 
venter to collarette gradual . Phialoconidia endogenous , 
produced in basipetal chains , cyl i ndrical, 1 -septate , 
hyal ine , smooth , t runca te at each end , l acking a basal 
marginal frill , 15 - 18 X 2 - 2 . Sum . 

On dead l eaves of Quel'cus nigra ; No r th America. 

Collecti ons examined : on Q. nigra , Chewacla State 
Park , Lee Co ., Alabama , Apr i l 1976 , E. G. Ingram, BPJ, AUA, 
type ; on Q. nigra , Auburn University Fores try Pl ots, 
Auburn , Lee Co., Alabama , April 1976 , E. G. Ingram , AUA . 

~ . atabGmo1aie belongs t on gr oup of speci es possessing 
1-septate coni dia and conidiophores consisting of phialides 
borne directly from superficial mycel ium or f r om a singl e 
short s talk cel l . I t resemb l es c. agatllidio Nag Raj and 
Kendrick and C. angionacea Nag Raj and Kendrick, a s well as 
C. hugheaii , i n these respects . It differ s from the former 
two species , as does c. hughesii , in the absence of a basal 
ci rcumjacent fri l l on the conid i a , as well as in conidium 
dimensions and co lora tion of the phialides . Its conidia 
are closely simil a r to those of C. hughesii but are 
consistentl y slightly longer. Mor eover the phialides are 
much longer than t hose of c. hughesii (Fig. 2, on wood , 
Lloyd-Cornell Preserve , Ri ngwood , New York, September S, 
1952 , S. J . Hughes , DAON 29354, type) , and i n that species 
the transition from vente r to col l aret te is regularly 
abrupt and the phialides are frequently distinctly curved. 
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NOTES ON HYP!IOMYCETES . XI II . 
CONCERNING TWO SPECIES OF PHABOISARIOPSIS . 

G. Morgan-Jones and Lawrence G. Br own 

Department of Botany and t>licrobiology 
Auburn University Agricultur al Experiment Sta t ion 

Auburn, Al abama 36830, U. S .A . 

ABSTRACT 

Ce rcospora li r iodendr i i s r eclassified in 
Phaeoisariopsis a nd t oge the r with Phaeoisariopsis magnoliae 
is r edescribed and illustra t ed . 

INTRODUCTION 

Study of a fresh coll ecti on of Cercospora liriodendri 
Ell. and llarkn. , made in Alabama on l eaves of Liriodend1•on 
t ulipifer a L. , and of its type s pecimen has i nd icated t hat 
thi s speci es has c loser af f inity with Phaeoisar iopsie 
Ferraris than with Cercospora Fresenius . Ce rcospora 
magnolias Ell. and Harkn., a closely related fungus 
consider ed by Chupp (1953) to be conspecific with 
C. Ziriodendr i , was transferred by Jong and Morr is (1968) 
t o Phaeoisariopsis . Hodges and Hassis (1962) had previous l y 
correctly r ecognized C. magnoliae to be distinct from 
C. li r ioderrdr-i and to be congeneric with I sa1•iopsis 
gr-iseola Sacc ., the type species of Phaeoisariopsis. 

c. Ziriodendr-i and P. magnoliae , the cause of l eaf 
spot diseases of their respective magnoliaceous hosts , 
produce conidia which differ but s l ightly in shape , 
dimension and septa tion and both produce fasculate 
conidiophores character istic of the genus Phaeoisariopsis . 
P. magnoliae is herein redescribed and illustra ted f r om 
its type ; c. Ziriodendr i is illustrated, redescribed and 
reclassified in Phaeoisar-iopsis . 

TAXONOmC PART 

Phaeoisa r-iopsie Ziriodendr i (Ell . and Harkn.) comb . 
nov. (Fig . 1) . 
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: CePcoapoPa Liriodendri Ellis and Harkness , Bull . 
Torrey Bot. Club 8 : 27 , 1881 . 

Leaf spots mostly angular , bordered by leaf veins , 
olive green , 2 - 3mm in diameter. Col onies limited, br own . 
Mycelium immersed in the substratum , composed of branched , 
septate, pale brown hyphae , 3 - 5vm wide . Stromata 
prosenchymatous , immersed , occas i onally partially exposed , 
up t o 70vm wide . Conidiophores hypophyllous , macronematous, 
mononematous , densely fascicula te, arising from the uppe r 
cells of the stromata , straigh t to somewhat flexuous , 
smooth- wa lled , simple , cylindrical , slightly wider distally, 
geniculate above , scars t hin but distinct , pale brown , 
paler t owa rd s the tip, 3 - 5-septate , 55 - 150 X 3 - 4vm . 
Conidiogenous cells polyb l asti c , inde t ermina t e , ter minal , 
integrated . Conidia holoblastic , so litary , dry, acrogenou~ 
s traight , pyri form to broadly fusifor m, pale br own , 
del icate l y verruculose, 1 - 3-septate , mostly !-septate , 
apex obtuse, base subtrunca t e , scar s thin , 20 - 29 X 6vm 
at 1"idest part . 

On l eaves of Liriodendron tulipifera L.; N. America . 
Specimens exami ned: on L. tuZipifera , Vineland, New Jersey, 
U.S .A., Octobe r 1880 , J . B. Ellis and H. W. Ha r kness , North 
American Fungi No . 645 , type, NY ; on L. tuZipifera , Auburn , 
Lee County , Alabama , U.S . A., April 1976 , L. G. Brown , AUA. 

Phaeoisariopsis magnoZiae (Ell . and Harkn . ) J ong and 
Morris , Mycopathol. et Mycol. Appl. 34:271 , 1958 (Fig . 2) . 

- Cercos pora magno Ziae Ellis and Harkness, Bull . 
Torr ey Bot . Club 8 : 27 , 1881. 

- Isariopsis magno Zi ae Plakidas, Mycologia 52:258 , 
1960. 

Leaf spots suborbicular to angular, some times 
bordered by l eaf veins , center gr ayish with r aised dark 
brown to black margin , up to 3mm in diameter . Colonies 
l imited , even l y spaced , deep o livaceous t o dark brown . 
f>lycelium imme r sed i n the s ubstratum, composed of branched, 
septate , pa l e br own , 3 - 5vm wide hyphae . Stromata largely 
immersed , prosenchymatous to pseudoparenchymatous , disc
shaped , up to 70vm wide. Conidiophores hypophyllous , 
macronema t ous , mononematous , densely fasciculate, aris ing 
f r om the upper cells of the str omata , simp l e , straight or 
fl exuous , somewhat genicu l a t e dis t a lly , smoo t h-walled , 
pale brown, relatively thick-walled , multisepta t e , scars 
distinct but thin , 100 - 225 X 2 . 5 - 4vm . Conidiogenous 
cell s polyblastic , cylind r ical , integra ted , terminal or 
i ntercalary , sympodial . Conidia holoblastic , soli tary , 
dry, acropleurogenous , str aigh t t o s l ightly curved , 
verruculose,obclavate, 1 to 3-septate, mostly 2-septate , 
apex obtuse . base conico-truncate , sca r s thin, 23 - 42 . 5 X 
5 - 6.5\Jm . 
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FIGURE 1. Phaooisa'l'iopsis Zi 'l'iodend~·i . Conidj a 
and conidiophorcs . 
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FIGURE 2. Phaeoisariopsia magnoliae . Conidia 
and c onidiopho r es . 
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On leave s of Magnolia species; N. America. 
Specimens examined : on M. uir giniana L. (M . glauca L. ), 
Newfield , New Jersey, U. S .A., November 1880 , J . B. Ellis 
and H. 1'1 . Harkness, North AmeTican Fungi No . 643 type , NY; 
on M. virginiana , Newfield , New Jersey , U.S. A., Sept ember 
23 , 1883 , J. B. El l is , NY (Ellis placed the name Cercospora 
g l auca Ell. and Everh., on th is collection but the name 
was never pub lished . ) . 

In some r espects these two f ungi bear r esembl ance t o 
species of Pusicladium Bonorden . The shape of t he conid ia 
and the minute l y verruculose nature of the conidium wall 
a r e similar ities . 
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NOTES ON HYPHO~IYCETES . XIV. 
THE GENUS HETEROCONIUM. 

G. ~!organ -Jones 

Department of Botany and Microbiology 
Auburn University Agricultural Experiment Station 

Auburn, Alabama 36830 , U. S .A. 

ABSTRACT 

HeZminthosporium soZaninum Sacca rdo and Sydow is 
transfe rred to the genus Heteroaonium Petrak and, together 
with Heteroconium cithare~yZi Petrak, the type species of 
this genus , is redescribed and i l l ustrated . 

INTRODUCT ION 

The genus Heteroconium was e~tablished by Pe t rak (1949) 
to accommoda t e a dematiaceous hyphomycete possessing 
cylindrical, septat e conidia borne i n unbranched c ha i ns on 
well differentiated but short conidiophores formed from a 
largely superficial mycelium. The fungus occurred on 
living leaves of Cithal'G~yZum Hicifo?.ium in Ecuador. 
Petrak considered Heteroconium in relati on to Dendryphion 
Wallroth noting the very short, simple conidiophores of t he 
former to be a point of difference. A more fundamental 
distinction between these two genera l i es i n the fact that 
the conidiogenous cells of Dendryphion are t r etic whereas 
those of Heterooonium are blas tic , a rel atively wide 
wall area at the coni diophore and conidium apex being 
involved in conidiogenesis . 

Morgan-Jones (1975) , in a discussion of t he aff inities 
of LyZea catenuZata Morgan-Jones restated the unique 
characteris tics of Heteroconium . 

Examination of the type col lection of HeZminthosporium 
so?.aninum Saccardo and Sydow made on living leaves of 
Solanum ar genteum in Bra zi l has r evealed it to be a second 
species of Jleteroconi14m , Since its establi shment thi s 
species has been reclassified in Spor oheZminthium 
Spegazzi ni and Septonema Cor da. but ~e~ther of. these genera 
provide a fu l ly sa tisfactory d~spos1t1on for Jt. 
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Spo~ohetminthium is now recognized as a synonym of 
C~aste~osporium Schweinitz , its type species s . anomatum 
(Speg.) Speg. , which had originally been classified in 
NapicZad ium ThUmen , being clearly congener ic with 
C~asterosporium caricinum Schweinitz on which the latter 
genus is based. The catenate nature of the conidia and 
the absence of hyphopodia precludes the classification of 
H. so Zan inum in Clas t erosporium . 

H. solaninum has more affinity with Heter oconium than 
with Septonema~ as exemplified by its type S . secsdens 
Corda, on a number of accounts particularly i ts superficial 
habi t on leaves in the tropics, its monoblastic 
con i diogenous cells and its simple conidium chains . 

Hughes (1958) listed Dendryphion ~oranthi Hansford 
as a synonym of H. so~ani1tum . l!e had previously (Hughes , 
1952) transfer red this to Septonema as Septonema Zoranthi 
(Hans£.) Hughes . Although the type mater ial on which this 
name is based has not been examined during the present 
study this s ynonymy is accepted here . 

HeZminthospor i um soZaninum is transferred t o 
Heter ooonium and both it and H. citha1•ex y Zi are redescribed 
and illustrated. 

TAXONOI>IJC PART 

Heteroconium cithar exy Zi Petrak , Sydowia 3 : 265 , 1959 
(Fig . 1). 

Col oni es effuse , olivaceous to dark brown , 
hypophyllous , abundant , 1-lycelium superficial , composed of 
flexuous, branched, pale oUve brown to olive bro1m , 
smooth -walled , 3-5\Jm 1dde hyphae . Conidiophores macro
ne.atous, mononematou s , simple, arising as lateral 
branches of the supe r ficial hyphae , erect , straight or 
slightly curved , cyl i ndrical, brown , smooth-walled , 
multiseptate , septa relatively closely spaced , sometimes 
somewha t bulbous at the base when a r ising from narrower 
hyphae , 10 -32 X 4-7um . Conid iogenous cells monoblas t ic, 
integrated, determinate or percurrent , terminal on the 
conidiophore or as an apical cell of the conidium. 
Conidi a catenate, dry, aerogenous , simple , smoo~h -walled, 
pale brown to brown, straight, cy l indrical, formed in 
short unbranched acropetal chains , obtuse at the apex , 
truncate at the base , 1 to 7- septate , slightly constricted 
at the septa, 10-40 X 3-7u. 

On l eaves o f Citha :rexyh(m iZicifoZium H.B. and K. ; 
Sou th Ame r ica. 

Specimen examined: on c . iZicifoZium, Pichincha , 
Qu i to , Ecuador , September 29 , 1937 , H. Sydow , type , S. 
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FiGURE 1. 1/eteroconit~m cithar-exyl.i . Conidia and 
conidiophores . 
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FIGURE Z. lleteroconiun soLaninum . Conidia and 
conidiophor es (conidiophores on 
Astorina sp . ) . 

SOl 
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Heterooonium soLani num (Sacc. and Syd . ) comb . nov. 
(Fig . 2). 

_ Helminthoaporium aolaninum Saccardo and Sydow , 
Atti Congr. bot . Palermo 58, 1902 . 

- Spo rohelminthium aolaninum (Sacc . and Syd. ) 
Spegazzini , Physis. 4:292 , 1918 . 

- Septonema aolaninum (Sacc. and Syd . ) Hughes , 
Can. J . Bot . 36:804, 1958. 

Dendryphion l oranthi Hansford, Proc. Linn . 
Soc . Lond., 155:46 , 1943 [fide Hughes, 1958] . 

~ Septonema loranthi (Hansf.) Hughes, 
Naturalist , Lond . , 12, 1952 . 

Colonies effuse or somewhat orbicular, dark brown, 
epiphyllous . Mycelium superfici al , composed of f l exuous , 
branched, septate , pale brown t o bro1-m, smooth-walled, 
3-4vm wide hyphae . Conidiophores macr onematous , 
mononematous , s imple, arising as lateral branches of the 
superficial hyphae, erect , straight or s lightly curved , 
smooth-walled, 1 to 4-septate , f requently somewhat bulbous 
at the extreme base , brown , paler dista l ly , S0-78 X 3-Sum. 
Conidiogenous cells monoblastic, integrated, determinate, 
terminal on the conjd) ophore or as an apical cel l of the 
conidium . Conidia catenate , dry , aerogenous , simple , 
smooth-walled , fo rmed in unbranched acropetal chains , 
seceding readily , straight, cylind rical , obtus e a t the 
apex, truncate a t the base , or truncate at each end , 0 to 
3-septa te, sep ta appreciably thinner t han the periclinal 
wal l, pale brown , 16-24 X 4-4 . Sum 

On living l eaves associ ated w) t h Meliola spp ., 
Aaterina spp ., and other f ungi; Africa and South America . 

Specimens examined : on Solanum argenteum Dun. ex 
Poir., Rio de Janeiro , Brazil, September 1887 , E. Ul e 
(1461), type , S , PAD; on Gar>cina hui'Hensie \"elw., Kahama , 
Kigoma , Tanzania , February 7 , 1974 , K. A. Pirozynski, 
JM I 106494b, AUA. 

Hughes (1 952) reported the occurrence of this s pecies 
in Uganda, Ghana and Sierra Leone (as Septonema loranthi) . 
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NOTES ON HYPHO~lYCETES . XV. 
Th'O Nell' SPECTES OF CODI!IAEA . 

G. Mor gan-Jones and Edwin G. Ingr am 

Department of Botany and Microbiology 
Auburn University Agriculture Experiment Station 

Auburn , Alabama 36830 , U. S.A . 

ABSTRACT 

Codinaea cyZindrospora Morgan -Jones and Ingr am and 
Codinaea unisetu Za Mo rgan-Jones and Ingram are described 
and i l l us t rated from leaves of Quercus nigra in Alabama. 

INTRODUCTION 

Among new hyphomycetes collected from leaf litter of 
Quercus nigra L. in Alabama , in addition to ChaZara 
alabamensis Mor gan-Jones and Ingram described in a previous 
paper (Morgan-Jones and Ingram 1976) , are two species of 
Codinaea Maire . Both are strikingly different in their 
respective morphologies from species of this genus known 
hitherto . Hughes and Kendrick (1968) provided a review of 
Codi naea adding nine new species , transferring to it two 
species from Meniapora and describing three as states of 
new species of Chaetoaphaeria Tulasne . Since the two fungi 
which for m the subject of this paper cannot be assigned to 
any previously documented species, names are es tablished 
for them herein. 

TAXONOmC PART 

Codi na ea cylindrospora sp . nov. (Fig . 1) . 

Colonise hypophyllac, effusae , atro-br unneae vel 
atrae . Mycelium ex hyphis immersis , semimme rsis vel super
ficialibus, subhyalinis vel brunneis , in stromata basibus 
setarum et conidiophorarum aggregatis, composltium . Setae 
erectae, rectae, leaves , usque ad 12S~m l ongae , usque ad 
6-septata~ ex celluli s bas ila r ibus , inflatis oriundae , 
basi 5 - 8~m la tae , at r ob runneae e t c ra ss i tunica tae, su perne 
pal lidiore s , apicem pallide brunneae vel subhya linae . 
Setae in phialide singula termi nante s . Con ldi ophora 
singulariter oriunda vel 2 - 4 aggregata , simpli cia , 
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FIGURE 1. Codinaea cy"lindrooepol'a. Conidjophorcs 
and conidja , 

sos 
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erecta , cylind rica vel anguste clavata , basi brunnea , 
apicem ve r sus pallidiora , usque ad 3- septata , 30 - 60 X 
2. 5 - 4um . Conidiophor a in phialide singula te rminan t ia. 
Phialides rectae , pal l ide brunneae vel subhyal inae , col la 
infundibul iformia. Coni di a (phial oconidia) continua , 
hyalina , cylindracea , recta , 8 - 11 X 2 - 2. Sum , in 
capitulum mucosum incoloratum aggrega t a . 

In fo l iis dejectis Quercus nigrae , Aubu r n Univer sity , 
Lee County , Alabama , April 1976 , E. G. Ingr am , BPI, 
holotypus . 

Coloni es hypophyl lous , effused , da r k brown t o almost 
black . Mycelium composed of imme r sed, semi- immersed or 
superfi cia l, branched , septate , subhyaline to pa le brown 
hyphae , 1. 5 - 2. Sum wide, aggregated to form small 
stromata at the bases of se t ae and coni di ophores . 
Str omatic cells globose or angular , thick-walled , brown , 
up to 7um wide . Setae arising from dark br own , swollen 
basa l ce l l s , e r ect, str aigh t , smooth , up to 6-septate , 
dark brown and thick-walled in the lower part, pa l er above , 
fertile , terminating in a sing l e , narrowly clava te 
phia l i de, 105 - 125 X 3 - 4um , 6 - 7um wide at the bul bous 
base . Conidiophores macronematous , mononematous , ari sing 
in groups of up to four near the base of each se t a , 
cylindrical, wi th a somewhat swollen basal cell , simple, 
septate, smooth , 30 - 60 X 2 . 5 - 4um, t er minating in a 
single , pale brown to subhya l i ne , narrowly clavate 
phial i de , each phialide bearing a single apical , funne l 
shaped, stalked ce llarette. Conidia (phialoconidia ) 
extruded in s limy colorless d r oplet s , continuous, hyaline , 
cyl indrical , s t r aight or ver y s lightly curved , obtuse at 
each end , 8 - 11 X 2 - 2. Svm . 

On fal l en leaves of QuePcus nigra ; N. Amer i ca . 

Co l lection examined: On Q. nigra , Auburn Uni ver si t y 
Fore s try Plots , Auburn, Lee County, Alabama , Apr il 1 976 , 
E. G. Ing ram, BPI, AUA, t ype . 

C. oyZindrospor a is not entire l y typica l of Codinaea 
as defined by llughes and Kendl ri ck (1968) on account of the 
absence of phialidic pr ol i feration to produce polyphialides . 
However , in overall morphology, it i s so s imilar to species 
of this genus as t o dictate its inclusion in it. Moreover 
the conidiophore of the t ype spec i es of Codinaea, 
c. aristata Maire, the location of whose type speci men is 
unknown, was descri bed and il lustrated by Maire (1937) as 
monophia l idic ("apex of fertile hypha forming spor es ") . 
In the absence of sympodia l pro l iferation C. cyZindrospora 
resembles Cyphe ZZophora de Vries . This species cannot be 
accommodated in thi s genus for s everal reasons , however. 
In CypheZiophora Zaciniata de Vr i es , the t ype species , the 
hyphae have very little pigment , the cellarettes are 
predominatel y sessile and the conidia , which be come brown 



when mature , are distinctl y constr i cted at a central 
septum. None of these peculiarities are exhibited by 
C. cyli ndros pora . 
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Apart from other morphological detail s c. cy Zindr o 
spo ra differs from c. ar ista t a by the absence of conidial 
appendages. In this respect it resembles the Codinaaa 
states of Chaet oaphaer ia callimor pha (Mont.) Sacc ., and 
Chaetosphae ria ta Zboti i Hughes , Kendrick and Shoemaker, 
Codinaea botu Zispor a Hughes and Kendric k, c. maharash 
t r enaia Pirozyns ki and Patil and C. setoea e Hughes and 
1\endrick. 

C. c y Zindr oapora i s di s tinguis hed f r om other spec i es 
of Codi naea by its narrowly club -shaped phialides bear ing 
relatively long , stalked cellarettes , and by its straight 
or a l mos t straight conidia . 

Codi naea uniae tu Za sp . nov . (Fig. 2) . 

Co l onise hypophyllae , effusae , griseo-brunneae vel 
atrae . Mycel i um ex hyphis i mmersis vel semii mmersis , 
ramosis, subhyalinis vel brunneis, compositum . Setae 
desunt. Conid i ophora singulariter orJ unda vel 2 - 3 
agg r egata, simplicia , recta , cylindrica , basi brunnea , 
apicem versus pal l idiora , usque ad 3-septa t a , 28 - 76 X 
2 - 3um . Conidiophora in pol yphialide singula terminantia . 
Polyphialides r ec t ae vel flexae, pallide brunneae vel 
subhyalinae , sympodia lter per usque ad 3 proliferationes 
successivas elongascentes , usque ad 3 reliquias l aterales 
collorum ferentes , colla in fund i buliformia . Conidia 
(phialoconidia) continua , hyalina , fusiformia , recta ve l 
leniter curvata , 6 - 7 X l um, ad apicem setula singula 
13 - 15um longa praedita , in capitulum mucosum incoloratum 
aggregata . 

rn folis dejectis QuB~C U8 nig rae , Chewacla State 
Park , Lee County , Alabama, April 1976 , E. G. Ingram, BPI, 
holotypus. 

Colonies hypophyllous, effused, gray -bro"·n to black . 
~lycelium composed of immersed or semi-immersed , branched , 
septate , subhyaline to pale brown hyphae, 1 . 5 - 2~m wide . 
Hyphae giv ing rise to a few pal e brown to brown , subglobose 
cells , up to 6pm wide associated with conidiophores. 
Setae absent. Conidiophores macroncmatous , mononematou s , 
a ri s ing s ing l y or in groups of up t o three, cylindrical , 
usual l y attenuating sligh t ly distall y , wi t h a swollen 
basal ce ll, simple , sep tate , smooth, s traight or somewhat 
f lexuous , 28 - 76 X 2 - 3um , up to 6pm wide at the base , 
terminating in a s ingle pale brown t o subhya l ine phialide 
or polyphialide bearing funnel-shaped cellarettes . Conidia 
(ph ialoconidia) extruded in slimy colorl ess droplets , 
continuous , hyaline , fusi for m, str aight or very slightly 
curved , 6 - 7 X lum , bearing a single apical filiform 
appendage , 13 - 15um l ong. 
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FIGURE 2. Codinaea unisetuLa . Conidi ophores and 
conidia . 
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On fallen leaves of Querc·us nigra; N. America. 

Collection examined: On Q. nigra , Chewacla State 
Park , Lee County, Alabama, April , 1976 , E. G. Ingram, BPI , 
AUA, t ype. 

C. unisetuZa is dis tinguishable from al l other species 
of Codi naea by it s smal l fusiform conidia which bear single 
undulate appendages up to twice their l ength . 
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NOTES ON HYPHOMYCETES . XVI . 
A NEIY SPECIES OF STACHYBOTRYS . 

G. ~!organ-Jones , and G. II'. Karr , Jr. 
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Auburn, Alabama 36830 , U.S.A. 

ABSTRACT 

Stachybot~ya aeae Morgan -Jones and Karr , a new 
s pecies , is described and i llu s trated from cor n in Alabama. 
It is compared with Stachybot Pya charta~um (Ehrenb. ex 
U n k) Hughes . 

INTRODUCTION 

A fungus tentatively identified as Stachybotrya 
cha~tarum during a preliminary survey of hyphomyce tes 
occurring on corn in Alabama appears upon detailed 
exami nation to be sufficiently different in a number of key 
characters to be considered as an undescribed taxon . 

TAXONO~IlC PART 

Stachybotrye zeae s p. nov . (Fi g. J) . 

Coloniac effusae , grisea . Mycel ium in 'subs trato 
immersum , ex hyphi s r amos is, septa b s , hyal i ni s , ! evibus , 
2 - 3um crassis compositum. Conidiophor a solitaria vel 
laxe aggregata, e recta, recta vel flexuosa , septa ta, 
cylindrica , laevia , hyalina , 48 - 8S X 3 - Sum . Phialides 
termina1es , 2 - S in verticillo dispositae , obovatae, 
leviae, sa l monicolores, 9 - 11 X 4 - Sum . Phialosporae 
in muco accumulatae , ellipsoideae , brunncae ve l atro
brunneae , verrucosae, 7 - 9 X 3 . S · 4 . Sum . 

In folis Zea maya L. , Camden , Wilcox County , Alabama , 
VII 1975, G. W. Karr, Jr., BPI, hoJotypus . 

Colonies effuse , gray . Mycelium immersed in the 
substratum , composed or branched, septate, smooth , hyaline 
to subhyaUne hyphae , 2 - 3um 1dde. Conidiophores macr o
nematous , mononematous , so li tary or aggregated in loose 
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FI GURE 1 . Stachybotrys near . Coni diophorcs and conidia . 
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groups of a few , erect , straight or somewhat flexuous , un
br anched , cyliPdrical, attenuating slightly but gradually 
towards the upper part, septate , smooth, hyaline, 48 - 8S 
X 3 - Sum , te r mi nating in a verticil of phialides. 
Phialides formed in groups of up to five ar ound the base 
of a central phialide, obovate , the outer ones somewhat 
curved, smooth , pa l e salmon-colored , producing conidia 
successively at the apex, 9 - 11 X 4 - Sum. Phialospores 
ellipsoidal , unicellular, brown to dark brown, verruculose, 
7 - 9 X 3 . S - 4.Sum. 

On l eaves of Zea mays; North America. 

Specimen exam~ned: On z. mays , Auburn University 
Agricultural Experiment Station, Lower Coastal Plain 
Substation, Camden , Wilcox County, Alabama, July 1975, 
G. W. Karr, Jr., BPI, type. 

Of the known species of Stachybotrye Corda, S . zeae 
most closely resembles S . chartarum . Tt differs from it 
however in a number of significant respects. The 
conidiophores are unbranched and their s tipes are hyaline 
and smooth-walled whereas those of S . chartarum a r e usually 
branched and their stipes are dark olivaceous in color and 
roughened in the upper part . The phialides of s . chartarum 
are also dark olivaceous and have conspicuous collarettes . 
Those of s. zeae have no discernible collarettes and are 
distinctly salmon -colored. In addition the outer phialides 
of a whorl are generally more noticeably curved in s . aeae 
than are those occupying a similar position in 
S . chartarum. The conidia of S . zeae are smal ler than is 
normal i n s . chartarum although they fall almost within 
the range given for that species by Jong and Davis (1976). 
They do not howeve r ex hibit the very c haracteristic banded 
or ridged sur face ornamentation seen in s . chartarum . 
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NOTES ON COLORADO FUNGI II. 
SPECIES OF AR!I.ILLARIA (FR. ) KlJtvMER . (AGAR I CALES) 

D. 1!. t-1ITCHEL 

Denver Botanic Gardens~ 909 York Street 
Denver~ Colorado 80206 

ALEXANDER H. SMITH 

The University Herbarium~ University of Michigan 
Ann Arbor~ Michigan 48Z04 

SUt-1NARY 

The s tatus of A~llaria and the tribe Biannulariae of 
the AgaricaZes i s revie1"ed and revised . A key to the spe
cies of A~illaria section Armillaria is presented. A. 
pitkinensis sp. nov., A. fusca sp. nov ., A. straminea var . 
americana f. alba comb. nov . are pr esented along 1"i th A. 
alboZanaripes f. alba f. nov. The taxonomic value of diver
gent gil l trama as a generic character in tribe Biannular
iae and in genus Armill-aria is ques tioned . The possibi l
ity that A. straminea var. americana~ A. fusca~ and A. 
aZboZanaripea i n the central Rocky ~lountain area hybridize 
to produce a "hybrid swarm" of variants is postulated. 

INTRODUCTION 

The abundant f rui t i ngs of the striking fungus kno~~ i n 
our 1"estern s tates as "ArorniUaria luteovirena (Fr.) Saccar 
do" have at tracted both the amateur and profess ional mycol
ogist . The basidiocarps ar e conspicuous , have excellent 
flavor and are frequently collected for the table . In Co
l orado the specjes is clear ly associated wi th aspen and in 
this habitat often occurs as a mushroom "1"eed." Several 
amateur collectors have for years been aware of variations 
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i n this species, but since all were found edible, little 
attention was paid to basidiocarp anatomy, and all were 
simply referred to as "Shaggy Stems ." Our interest 1~as 
stimulated by the changing status of Armil~a luteovi
rens i n Europe and the pl acing of Armillaria straminea 
(Krombholz) Kummer in synonymy with it . In addition to 
our concern over the identity of A. luteovirens , we soon 
became i nter es t ed in the related species as they were 
found her e in the state . The pr esent r eport consists of 
the r esults of our studies to date . 

In working with this group it was tempting to postu
late that we have three basic species i n Color ado--A. aZbo
lanaripes, A. fusca, and A. straminea var. americana, and 
that the long series of variants discovered, including A. 
pitkinensis, represent hybr i ds between any two of the 
t hree basic species. It is this series t hat requires fur
t her critical s tudy . 

We have s tudied about 300 collections, but these were 
not all made i n Colorado. Smith's col lections at the Uni
versity of ~1ichigan Herbarium are from the '"estern United 
St ates genera lly , and Charles Barrows encountered t he 
genus frequently i n t he mountains of New Mexico and Arizo
na . 

Color terms withi n quotation marks in our descriptions 
aTe taken from R. Ridgway (1912). Specimens are on de
posit at t he Denver Bot anic Gardens (DBG), and the Univer
sity of Mi chigan Herbarium (MI CH) at Ann Arbor. 

THE STATUS OF ARMILLARIA LUTEOVIRENS 
(ALB. & SCHW. EX FR.) KUMr.lER. 

Singer, in his c l assification of the Agarica l es (1951, 
1962, 1975) , made an att empt to save the genus ArmiZZaria 
f r om obscurity by restricting t he concept to species with 
amyloid spores. Agaricus luteovirens Al bertini & Schwein
itz was selected as t he type (1951); in later works (1962 , 
1975) Armillaria straminea Krombholz was substituted , but 
it was i ndicat ed as a synonym of A. Zuteovirens . The situ
ation was complicated by Pouzar (1957) who de scribed the 
genus PZoccuZaria based on A. straminea Krombh. The genus 
was p l aced in the Amanitaceae because of the bilateral 
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hymenophor al t r ama . Singer (1975) incorporated t he fea
t ure of bi l ater al gi l l trama in his tribe Biannul ar iae 
1vhich includes, among other genera , his restricted concept 
of ArmiUal"ia. In other 1•ords , he accepted Pouzar ' s data 
of hyphal ar rangement of t he gill trama but did not agree 
'"ith hi m as t o the family i n '"hich t he species bel onged . 
He continued t o maintain that A. Zuteovirens and A. stra
rrrinea were synonyms . Since we first identified our Col o
rado col l ections as Ar.miZZaria Zuteovirens , and since 
Smith described the gi l l t r ama of North Amer ican collec
t ions as par al lel (p . 355, 1949) , and t he same for form 
aZba ( 1947), we were inter est ed first in a r estudy of the 
hypha l arrangement of the gi ll trama . Pil at (1969) repor
t ed f . aZba (A . H. Smith) Pilat , and mentioned t he bi l ater
a l l amellar trama. lve could not be sure '"hether Pi l at' s 
observat ions were based on dried specimens of Smith ' s col
lections or on fresh material he collected . He studied 
both. We felt it very desirable to r estudy the who l e pr ob
lem part icularly on fresh material t o c l ar ify this feature 
r elat ive t o these species and their var iants. 

THE HYMENOPHORAL TRAMA OF "ARMILLARIA WTEOVIRENS" 

None of the col lections we studied showed any t race of 
a bilateral arrangement of l amellar hyphae . Our detai l ed 
s tudy l¥as made on free -hand sections of fres h material 
moun t ed i n water. We used l ame llae from basidiocar ps i n 
all stages of development f r om unopened buttons in ~o.•hich 
t he gills weTe i ncomplete l y for med t o caps past mat:urity . 
Some speci mens wer e dried and t hen r evived and re-examined 
i n mounts made i n both t-1e l zer ' s solution and in 3% KOH . 
Dried specimens from herbat·ia were similarl y r evived and 
exami ned . In al l of these s tudies , the hyphae of the gi l l 
t rama were par alle l or practically so . We t hen i nvest i
gated r e l ated species (all those i n the key) and found the 
hypha l arrangement i n t he gil l trama exact l y comparabl e 
'"i t h t hat found for "A . Zuteo-virens ": no i ndication of 
bi l at er a l ity was observed . Fortunatel y, when Pouzar er ec
t ed PZoccuZaria he desigated as the t ype Agaricus stramin
eus Krombh . This t hen mus t be the species 1Yit h t he bi lat
eral hymenophoral trama . It has not yet been discovered 
i n either its t ypical or albi no form in North America . 
Since Singer (1951) list ed Agaricus Zuteovirens as the 
t ype of Arnri"LZaria, in an at tempt to compar e the ori ginal 
concept of t his species ,.,.i t h t hat of A. straminea~ we 
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consulted the original description by Albert i ni & Schwein
itz--\•hich we quote in part as follows : 

"483 . A. G. luteo-virens nobis 
"A. G. subcaespitosus, pileo carnoso duro subfl exuosa 
pulverulento sordide lutescenti- viridi , lamellis con
fertis angustis s ubliberis pallentibus, stipite solido 
crasso brevi s urs um incrassato squamuloso toto albo." 

A more detailed account follows i n which the habitat 
is stated as "Amat sylvas acerosas sicciusculus sed parum 
frequens occurrit ." 

In the North American collections the pileus was in 
no \._ray pulverulent (dusted), the consistency was not hard 
(duro), in no \"ay can "sordide lutescente-viridi" be con
sidered the equiva.lent of lemon to chr ome yello\.., , and 
lamellae up to 12 mm broad cannot be interpreted as narrow 
(angus tis). In short, h'e are forced to conclude that the 
original description of A. Zuteo- virens cannot, within 
r eason, apply to our Colorado mushroom. Fr ies ' (1821) de
scription, \~hich validates the name, in geneta l follows 
the diagnos1s of Albertini & Schweinitz, but is not the 
concept of current authors. It seems that the only way to 
settle the concept of this species is by designating a type 
according to the procedure proposed by Smith (1976, i n 
press) . 

Romagnesi ( 1967, pl. 243 , f. 4), under the name TJ"ich
oZoma Zuteo- virens, gives a good illustration of our Colo
rado fungus, and one \o/hich passes rather we 11 for Agal"icus 
strwnineus Krombhol z (see the origina l p late of the latt er 
author). Romagnesi' s observations are especially pertinent 
to our problem: " . . . Peu d ' especes ont provoque au t ant d' 
erreurs, certaines meme enormes, quant a sa position dans 
la classification . " He comments further that the bilater
ality of the hymenophoral trama does not resemble that of 
Amanita but is more like that of CatatheZasma. I n regard 
to CatatheZasma , we have been able to easily and regularly 
demonstrate a transient stage of bilaterality in the trama 
of some of the North American coJ 1 ections. 1'/e conclude 
from Romagnesi ' s commen t s that his concept of "TrichoZoma 
Zuteo-vir•ens" is ·that of the same species fo1· which Pouzar 
used t he name FZoccuZaria straminea. Obvious l y, he did not 
believe the hyphal arrangement he observed in the gil l tra
ma of this species to be a val id generic character of this 
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group . We agree with this eva luation, and l ike Romagnesi, 
do not use it as Singer ( 1975) did, as the diagnostic fea
ture of a tribe. The feature is not consistent in Cata
theZasma, and, 1ve think, obvious ly an unreliable one as a 
unifying feature in A~iZ~a. On this basis , it is logi
cal to cite Ag~icus stramineus Krombholz as the type of 
t he genus Ar>mill~ia and to remove Agru•icus Zuteovi'l'ens 
from synonymy . We describe t h'e North American collections 
of A. st'l'aminea as a variety differing from the type vari
ety i n l acking bilateral gi ll trama at any stage in the de
ve l opment of the l amellae . This may seem to be a naive 
solution but in our estimation is closer t o reali t y than 
descr ibing the American material as an autonomous species . 
If we 1vere to fo llow the pattern of Singer' s c lassifica
tion (1975), it woul d be necessary to describe a new genus 
for t he Nor th American taxa . h'e have not been able to 
study fresh material of A. straminea var. strQJrrinea and we 
accept the stat ements of t hose who have . \Ve fee 1 t hat the 
r esults obtai ned from the s tudy of dried material would be 
i nconclusive . 

THE VEILS 

l n A. straminea var. americana , we found the veil to 
be composed of t i•'O different types of ce ll s . On the upper 
canescent sur face the cells were l arge, oval (inflat ed), 
thin-walled, and 50-70 x 25-30 u (Fig . 1) . On the inferior 
floccose surface they were l ong, s lender, tubular and 80-
100 x 6- 10 ~ (Fig. 2) . Detai l s on the other speci es are 
not as compl ete, but i n A. albolanaripes , data from studies 
of dried material showed the bu lk of the veil t o be made up 
of t ubular hyphae with l ittle or no constr iction at the 
septa . Cl amps were regular ly present, the cel ls wer e 
greatl y el ongated to over t en times as l ong as wide, and 
the walls '"ere thin and smooth. In the other species stu
died to date, the hyphae wer e 75-200 x 4-1 2 u , t ubul ar and 
smooth-walled. In some variants as yet unclassified, we 
hazar d t he prediction that both singl e and "double" veil s 
wi I I be found i n the North American species of Armillaria 
sect. Anmillaria. 
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rig . 1. Inflated cel ls f r om upper sur face of veil 
of A. straminea var. americana x2000 I-Ii tchel 5950 

rig . 2. Slender cell s from lower surface of veil 
of A. s t raminea var. americana x2000 Mitchel 5950 
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PI LEAR CUTICLE 

In A. straminea var. americana and A. fusca the cuticle 
is of appressed ± radial hyphae which at intervals give off 
fascicles of similar hyphae that form the scal es on t he 
cap . In A. f usca a trichoderm is at f i r st presen t and as 
it collapses a more or l ess glabrous surface with pat ches 
of appressed fibrils results. To say the least, the cu
ticle appears to be i n a rather primitive st age of devel
opment . Characters of t he cuticular hyphae of possible 
taxonomic significance are the degree to which the hyphae 
are narrowed at the c1.·oss-1•alls and the shape of the end
cells. The ratio of c lamps per 100 septa (as a samp l e) 
may be found to be of limited va l ue . The narrowing of the 
cells at the cross-walls , we believe, has some phylogeneti c 
significance in reviewing the relationships of Cystoderma 
to other genera in tribe Biannulariae . 

SYSTEMATIC CONSIDERATIONS 

In view of our estimates of the value of some of the 
characters, and since these differ from the evaluations 
Singer employed in his system of classi fication, we present 
a tentative r evision of the tribe Biannulariae and, in par
ticular, the genus A~ZLaria. 

The tribe Biannulariae : In Singer ' s (1975) c lassifi
cation this tribe is defined and keyed out primarily on the 
presence of bilateral gill trama. ArmiZZaria is included 
with A. straminea as the type. In view of the questions 
we have raised r elative to bilaterality of the gill trama 
i n this group, we omit this feature as a major character. 
We i nc lude , in the present tentative revision of the tribe , 
t he genera Cystodenna~ CatatheZasma~ AnmiZZaria~ and mar
ginally ArmiUarieUa. 

For CatatheZasma we emphasize the amyloid spor es , 
l arge, heavy, persistent basidiocarps wi th hard whi te flesh 
at first, a distinct, usually double veil , and i n most spe
cies, some divergence of hyphae near the subhymenium. The 
population of this genus in Col or ado is relatively diver se 
and wi 11 be the subject of a forthcomi ng paper by us. 

ArmiUa:ria: We define as a genus of white to whitish
spored species with stipe confluent with the pileus and 
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gi lls attached (in various ways) to the St i pe. A veil 
l eaving a double annulus , or i f annulus single or arachnoid 
( ± a cortina) the spor es amyloid. The pileus is never pow
dery or granulose as i n Cystoderma. This definition ex
c ludes a number , but not all, of t he species once p laced 
in AnmiZZaria but now placed i n TrichoZoma by some authors. 

Cystoderma: Spor es amyl oid or not, veil basically 
double, outer layer granulose to powdery f rom sphaerocys t s, 
stipe t)rpically s l ender (in a few 12- 20 mm thick) but con
t i nuous with pi l eus, cuticle of pileus usually reactive in 
KOH (turning cinnamon or olive). This genus is now placed 
i n the Agaricaceae by Singer but its r el ationships appear 
to us t o be her e . 

ArmiZZarieZZa: We do not i nsist upon this genus being 
a member of t he tribe Biannulariae, but since Smith has 
observed some semblance of bilaterality in the hymenophore 
of AnmiZZarieZZa meZZea ss . lato, and since t he floccose 
veil appears i n many collections to be double , in at least 
a :rudimentary sense, 1.-e col!Ullent on it her e . Its pattern 
of specializat i on r elative t o habitat, pr oduct ion of rhizo
morphs , etc ., certainly i ndicat e a trend away from the 
other genera. 

ARMILLARIA (FR. ) KU~~R 

Spor e deposi t white to whitish; pileus and stipe con
fluent; stipe centr al ly attached, lamel lae adnate, adnexed 
or decurrent; annulus present as a membranous ring or floc
cose band; spores amyloid , or if i namyloid then annulus 
double; t)'Pically t errestrial and assumed to be mycorrhi za 
formers . 

l)rpe species ArmiZZaria straminea (Krombh. ) Kummer . 

KEY TO SECTIONS 

1. Spores amyl oid, veil floccose , annulus not t)'Pically 
membranous . ............ Sect. ArmiZZaria 
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1. Spores inamyloid, annulus membranous and double .. 
. . . . . . . . . . . . . . . . . . Sect.CaZigate* 

SECTION ArmiZlaria 

KEY 

1. Pileus conspicuous l y s caly "'ith ± rusty brown scales ; 
growing on hard1.,rood logs, e t c . . ..... .. . . . 

A. decorosa (Pk . ) Smith & \~alters (extr alimital) 

l. Not as above. . 2 

2. Basidiocarps lvhite ,,,hen young . 3 

2 . Basidioca1~s colored when young. 4 

3 . Pileus at fi r st with recurved l arge sca les . 
. . . . . A. straminea var. americana f. alba 

3 . Pileus ± g labrous or 1d th appressed fibrils . . 

s. 

s . 

. . . . . . . . . A. aZ.boZana'l'ipes £. alba 

4. Pileus wi.th conspicuous recuxved bright yell ow 
sea I es , chrome ye 1 low lvhen fresh, fading to 
lvhitish, evenly colored; under aspen ..... 

A. strcurrinea var. americana f. americana 

4 . Not as above 

Pileus 1vhen fresh f uscous to gray; no yellow tints 
present A. fusca 

Ycllo1v tints present on some part of basidiocarp by 
maturity. 

5 

6 

6 . Pileus mar gin bright yel low at maturity; cuticle 
of hyphae 4-10 ~ 1d.de, tubular and the cells not, 
or scarcely, constricted at septa ; end- cel l s of 
elements tubular with blunt apices . ... . . . 

. . . . . . A. aZbol.ana.r>ipes f . aZ.boZ.ana'l'ipes 

*Sect . Cal.igate sec. nov. A typo differ: annulus 
dup l ex : sporac inamyloidae . Typus: ArrmiUa'l'ia cal.igata Viv. 
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6 . Pileus margin weakl y colored (not bright' yellow); 
cuticular hyphae 1~ith cells constricted at the 
septa and end-cells cystidioid or tapered to a 
subacute apex . . . . . . . . .. A. pi t kinensis 

1. ArmiZZaria straminea (Krombhol z) Kummer, 
var . americana var. nov . f. americana 

Agaricus stramineus Krombholz, Naturgetreue Abbildungen 
und Beschreibungen der essbaren, sch~dlichen und verd~ch
tigen Schwamme; pl . 25 , figs. 8- 14, 1836. Illust rations: 
Fig . 3 : Smith (1949) ree l 32, no . 222, ( 1975) p . 143 . 

Pileus 4-18 em l atus , demum late umbonatus vel convexus 
siccus , sapor mitis; lamellae latae , adnatae , confertae , 
vel s ubdistan tes , pall ide l utae ; stipes 5-12 em longus, 
1 . 2- 2. 5 em crassus, saepe bulbosus (3 em latus) ; vellum 
copiosum, floccosum; sporae i n cumulo albae , (5) 6-8 x 
(3 .7) 4-5 ~ leviter amyl oideae; trama lamellorum hyphis 
par allelis. Speci men t ypicum i n Her barium Denver Botanic 
Gardens conservatum est; legit prope lo/est Village , Aspen, 
Colorado, 9 August 1975 , Smith 85661 (DBG--6254) . 

Pil eus 4-18 em broad, obtusely conic to convex , becom
i ng br oadl y umbonat e to p l ane , sur face dr y , 1~ith conspicu
ous triangul ar scales, appressed-fibrillose at f irs t but 
scal es becoming tufted and recurved in age (up to 1 em 
broad 1~i th r ecurved t ips to 0. 5 em l ong) , imbricate, ar
r anged in concentric cir c l es, surface of cap gl abrescent i n 
age; ground color "straw yel lolv" and scal es varying f rom 
" l emon chrome" to "mustard yellow" and final ly at times 
with orange-bro1vn tips , fadi ng in sun to lvhitish; margin 
i n curved at first , becoming str aight, appendicul ate with 
remnants of yel1 01v floccose vei l. Cont ext ~-.•hi te except 
s t ained bright yello1• to depth of 3-4 mm under cuticle, 
finn, up to 3 em t hick , odor and taste mild , KOH and FeS04 
both negative . 

Lamellae adnate to si nuate, moder atel y close, broad 
(to 12 mm), margins crisped and soon eroded to serrate, 
l ight yellOh' lvhen young becomi ng pale lemon ye llow i n age, 
a11vays lighter co l oTed than pi l eus, not s tai ning . 
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Stipe 5-12 em long, 1 . 5-2.5 em thick, equal to expan
ding up,~ard but often '"i th a bulb up to 3 em thick; smooth 
and '"hi te above the thick floccose veil, soon shaggy squa
mulose below from veil remnants; the scales concolorous 
with pi leus and up to 5 mm l ong, arranged in concentric 
zones below annular zone; base not discolori ng, solid to 
l oose ly stuffed with a white pith; cortex stained yel Jo''' 
to depth of 1 mm in area belo'" annulus. 

Spore depos it white. Spores (5) 6-8 x (3 . 7) 4-5 u. 
Cystidia none. A few dextrinoid basidioles scattered i n 
hymenium. Lamellar trama parallel, hyphae thin-walled, 
t ubular, the cell s 30-45 x 10-15 u and rectangular in op
tical section . Clamps present . Cuticle of pi l eus of long 
filamentous hyphae united in p l aces i nto semi-erect fascj
c les, cells 80-150 x 8- 15 u. very little constriction at 
cross-walls, clamps i nfrequent. Yellow pigment solubl e in 
alcohol, water, and KOH and soon breaking dO\in where ex
posed to sunl ight . 

Habit, habitat and distribution : In aspen groves with 
scattered alder and maple, common most year s at elevations 
of 7,000 to 9,000 feet during the summer rainy period . 

Observations: No collections \vere found that sho,~ed 
any i ntergradation \vith A. aZboLana:ripes but Miller ' s 
(1972) pl. 107 may be such a variant. 

Materia l cited : COLORADO: 
f.li t chel 1307 (A) , 2430, 2803, 
5950, 5974, 5975, 6129, 6130 ; 
TON: Smith 31216. WYOMING: 

Barri l! 18; Hesler 12684; 
3794, 4116, 5111, 5300, 5949, 
Smith 85140, 85847 . IVJ\SHING
Solheim 3522, 3558 . 

2. ArmiZlaria straminea var. americana f. aZba comb . nov. 

At'miZZa.r>ia Zuteovirens f. aZba Smith, Mycologia 39 :625, 
1947, FloccuZa:ria Zuteovirens (Al b. & Schw. ex Fr . ) Pouzar 
f. aZba (A. H. Smith) Pi l at . 

This variant is similar to var. an~ricana f . americana 
in all features with the exception that it is white through
out. 
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Illustrations Fig. 4. Smith, 1975, pl . 145; and 1949 , 
ree l 15, no . 104. 

Pileus 4-12 em broad , convex to obtuse, expanded to 
broadl y umbonate-convex, p lane or the margin turned up 
s l ightly, surface slightly tacky, soon dry, dis c innately 
fibril l ose with patches of appressed fibri l s or squamu l es 
toward the margin, distinctly scaly in age at times; edge 
deco1.·ated 1.,ri th loose patches from the broken veil; color 
at first bright yellow ("yellOI" chrome") over disc, margin 
paler to ,.,hi.tish, disc gradually becoming cinnamon bro1m 
to bister or bl ackish as do t he squamules, ground colol· 
over margin becoming bright yellow in age if whitish at 
first . Cont ext about 2 em thick on disc, tapered even ly 
to margin, 1d th a narrow ye llow band under the cuticle, 
1.·emainder 1.,rhi te , firm; odor none, taste none. 

Lame llae close, deepl y depressed-adnate to nearly free, 
close, ,,•hite, mode1·ately broad , edges uneven to eroded, not 
staining where injured . 

Stipe 2-8 em long, 9-25 rrun thick, equal or either en
larged or narr01.,red dowm<ard, stuffed by a compact white 
pith ; lower ha l f sheathed by the torn, somewhat fibrillose, 
scal y r emains of an outer veil, squamules white with ye1-
lo,.,rish or bro1mish tips, at times squamules in concentric 
zones; annulus membranous to fibrillose, lax; stipe above 
annulus smooth and white at first, flushed ye l lowish in 
age. 

Spore deposit white. Spores 6-8 x 4- 5 p, ellipsoid, 
smooth, thin-walled, weakly amyloid (best seen on spores 
from prints ± 40 years old). Basidia 4-spored, cl avate, 
23-34 x 5. 5-8 . 5 ~ · Pl euro- and cheilocystidia not observe~ 
Gill trama of a centt·aJ interwoven strand of ce ll s someNhat 
inflated, this region flanked by bands of par alle l t ubular 
hyphae t o the i ndistinct subhymenium (no sign of diverging 
hyphae). Pileus trama of intricately i nterwoven hyphae 
1dth cells ± enlarged and 10-18 p in diameter, '"alls thin 
and smooth . Pi l eus cutic l e of ± radial, tubular, long 
s l ender hyphae (150-200 x 8-10 u), the layer co l ored dif
f usel y (under microscope), the cell '"alls at mos t fai ntly 
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ochraceous, not constricted at the septa . Clamps present 
but i nfrequent . 

Habit, habitat and dis tribution: Scattered to gr e
garious under conifers, Nestern USA , summer and fall, not 
uncommon. 

Observations: This i s a variable species but the 
pi l eus cut icle is constant in its characters--the hyphae 
are l oosely r adi a lly arranged, long, straight and tubular, 
5- 12 u in diameter , with clamps at the cross-1~alls, and 
no s ignificant pigmen t in the cel l walls . The spores arc 
weak l y amyloid i n most col lections , and there i s no sign of 
diver gence in the gill trama. The species featur es bright 
ye l low pigments in the pileus, especial l y the margin at 
maturity. 

Material cited : 
Smith 76160 , 76552 . 
Smith 2840, 17036 . 

COLORADO : Mitchel 6155, 6164. IDAHO: 
NEN MEXICO: Barro1~s 152 . NASHINGTON: 

4. Ar>miUa:t'ia aZbolanaripes f. aZba f. nov . 

A t ypo differ t : pileus albus t a rde demum pallide ar
gil laceus ; vellum spars um, albidum. Specimen typicum in 
Herbarium Denver Botanic Gardens conservatum est; legit 
August 1961 , prope Bull Cr eek, New l-1exico , Barrows 1299. 

The status of this variant is not entirel y clear as yet 
since the basidiocarps s l owl y became alutaceous as t hey 
dried and the veil is thin. ~~e take t his occasion to place 
the variant on recor d. \\'e have an additiona l recor d f r om 
Colorado, Mitchel 6132 . 

5. ArmiZtaria fusca sp. nov. 

Illustration. Fi~ 5. 

Pi l eus 4- 7 em l a tus , obtusus , demum convexus , glaber, 
udus , s ubhygr ophanus , f uscus vel pallidior , ad mar ginem 
albo- appendiculatus ; odor oullus , sapor mitis ; l amellae 
confer tae, latae, anguste adnatae, sordide al bae ; sporae 
6-8 x 4-5 u, leves , amyloideae . Specimen typicum in Her
barium Denver Botanic Gardens; legit pr ope Eagle, Colorado, 
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2 Augus t 1967, ~u tche1 1307 B. 

Pi l eus 4-7 em broad , obtuse to convex becomi ng plane 
or nearly so , surface moist, subhygr ophanous , gl abrous 
lvhen young but wi t h streaks of appressed fibri l s in age as 
ground color becomes pal er, "oli ve br own" to "wood brown" 
(more or l ess f uscous over all) ; mar gin opaque at all times 
and usually appendicul ate wi th white vei l remnants, i n age 
becoming s l ight l y squamulous as the fas cicles of fibri l s 
recurve slight ly at t heir tip . Context ~o.•hite , soon rid
dl ed by l arvae, not darkening around t unnel s, odor s l ight , 
taste mild; KOH on cuticle not dis t i ncti ve; FeS04 no r eac
tion. 

Lamellae cl ose, broad, adnexed (deeply so at times) , 
dul l white t o flus hed with gray i n age (lacking yellow 
tints) , edges even to serrulate, not s t aini ng where in
jur ed . 

Stipe 6-7 em l ong, 10- 15 nun thick, equal, solid but 
soft '"i thin ; sur face floccose below the 1.·agged annular 
zone, t he veil r emnants pa ll id or finally grayi sh buff, 
silky and pall i d near apex . 

Spore pr i nt white; spores (5 . 5) 6-8 (9) x (3.7) 4- 5 ~ . 
smooth, t hi n-walled, hyal i ne, e l lipsoi d, often wi th central 
oil dr op , strongl y amy l oid . 

Basidia 23- 30 x 6-8 ~ . usual ly 4-spored . Cyst i dia 
lacking . Dextrinoid basidioles scat ter ed i n the hymeni um. 
Lamellar trama parallel , cel ls 20-30 x 8-15 ~. not i nfl a
ted except in r egion of central core . Cuticl e of pil eus 
of t ubular hyphae becoming appr essed, ce lls of hyphae of 
var iab l e l e ngth in the epicutis , mostly medium-l ong (100-
150 x 8-12 ~) . '"ith numerous cr oss- wa lls, c l amps present 
but r ar e . 

Habit , habitat and distribution: Sol i t ar y to scatt er ed 
under spruce , Col orado , summer rainy season. 

Obser vations : This species features a f uscous to 
cinereous pileus '"hich i s gl abr ous t o inconspicuous ly 
squamu l ose f rom appr essed squamul es , and a l ack of ye llow 
tints i n the basidiocarps . The intensit y of t he co l or may 
vary from dark (in some co llections t he but tons ar e nearly 
b l ack) to l ight (two collecti ons ar e nearly whi te) but the 
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hue stays the same-- a smoky gray without yel l ow tints . 
These features dis t i nguish it from A. pitkinensis . Both 
appear to be distinctive features of the agaric flora of 
the central and southern Rocky Mountains. 

~1aterial cited: COLORADO : Mi tchel 2101 , 3972, 5777, 
5966, 6133; Smith 51601, 85888, 85915, 85916 . 

6. Ar-mil laria pitkinensis sp. nov . 

Illus trations . Fig . 6. 

Pil eus 4-1 0 em latus, demum subplanus, viscidulus , 
pallide s ubochraceus ad; centrum avellaneo- virgatulus, 
ad marginem appendicu l atus ; sapor mitis, odor nullus ; 
lamellae luteolae, latae, confertae , sinuatae ; stipes 
3- 7 em longus, 0 . 5-2 em cr assus , s ursum albidus deor sum 
squamul os us, squamulae parvae, griseoluteolae ; annulus 
membr anaceus , sursum albus, s ubtus squamis cinereoluteolis; 
spor ae in cumulo albae, 6- 8 x 4- 5 ~ . amyloideae . Specimen 
typicum in Herbarium Denver Botanic Gardens conservatum 
est; legit prope \~est Village, Aspen, Pitkin County, Colo
rado, 20 August 1975, Smith 85889. 

Pi l eus 4-1 0 em broad, obtuse to convex, finally plane, 
when young slightly viscid, smooth at first, shi ny lvhen 
dry, cuti cl e breaking up i nto appressed imbricate f ibril
l ose squamul es , ground color pale dingy yellow to ivory
ye l I 01• or browni sh, squamules pinkish-gray ("avellaneous") 
to "wood bro1m" (slightly dar ker) on disc ; margin in
curved at fir st , becoming straight in age, t ypically ap
pendicul ate with r agged r emnants of the veil. Context 
whi t e , no discolorat i on around 1vorm tunne l s , odor and 
taste not di s tinctive , no color change where brui sed, 
FeS04 more or l ess cinnamon ; l-'i t h KOH no distinct r eaction . 

Lame llae '"hi te , becoming dingy yello1•ish and drying 
yellowish , not staini ng wher e bruised, c lose , moder atel y 
broad , adnexed, edges eroded. 

Stipe 3-7 em long, 0 . 5- 2 (2 .5) em thick , equal to 
s l ightly c l avate, bulb smal l , loose l y stuffed with a 
white pith; surface smooth and white above the veil, more 
or l ess cover ed below with di ngy pale ye llow t o grayish
yellow squamules or zones of vei L tissue , bas al myce lium 
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white . 

Spore deposit white; spores 6-8 x 4-5 p, smooth , thin-
1-Jalled, hyaline , ellipsoid, amyloid. 

Basidi a c l avate, 4-spored, (20) 23- 28 x 6- 8 p . Dex
t rinoid basidioles scatter ed in hymenium. Cystidia none. 
Lamellar trama of parallel hyphae, the cel ls 40-50 x 15-20 
p , tubular. Cuticle of pileus an i nte:rmi ttent trichode:rm , 
t he elements of ,.,.hich soon become appressed to the cap 
surface as fibrils, the ce l ls of the e lements constricted 
at the septa, cells 90-125 x 12-15 p . Clamps present . 

Habit, habitat and distribution : Scattered under con
ifers (spruce and fir), Co lorado, after summer rains, not 
common. 

Observat ions : The habitat appears to be specialized . 
Near As hcroft in a grove of aspen with scattered old 
spruce trees , this speci es was found onl y on the piles of 
old cones and needles. In the pileus considerable color 
variation was noted--olive buff, dull pale yellowish, pale 
buff to vinaceous buff , and often gray tones devel oping i n 
age or on drying--either on cap or stipe or both. This 
species appears to be the near est to Agaricus Zuteo-virens, 
as the l atter was origina lly described, of any North Amer
ican material seen . The manner i n which t he cells of the 
cuticular elements are constr icted at the cross-walls re
minds one , to a degr ee , of Gystode~a . 

Material dted : COLORADO: ?>titche l 2856, 5938, 6126, 
6128, 6135, 6138, 6156, 6275. 6276, 6300, 6301, 6439; 
Smith 525 13, 85772, 85839. IDAHO: Mc Knight F887; Neber 
3414. NEIY ~1EXICO : Barrows 241, 261 , 556 , 575, 1293 , 
1504, 1731; Isaacs 2650 . 
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NOTICES 

SECOND INTERNATIONAL ~IYCOLOGICAL CONGRESS 1977 

The Second and Final Circular describing the Second Interna
tional Mycological Congress has been distributed to those 
persons responding to the first circular. The circular de
scribes the symposium portion of the program , t he format for 
contributed papers, events to occur during the Congress, and 
accommodations at or near the University of South Florida . 
Anyone interested in learning more of, or participating i n 
the Congress should write: 

• 

Dr . Melvin S . Fuller 
Secretary HfC2 
Department of Botany 
University of Georgia 
Athens, GA 30602 USA 

AUGUST 27 to SSPTEHBER 3, 1977 

UNIVERSITY OF SOUTH PLORIDA 
TAMPA, FLORIDA 

BELTSV I LLE SYMPOSIUM It: 
BIOSYSTE~IATJCS IN AGRICULTURE 

In 5 symposium sessions leading investigators will lecture 
or engage in panel discussions on the role that biosystema
tics has in agriculture . Main t opics will include new 
techniques , taxonomic theories, uses of taxonomic and bio
systematic data, especially predictive applications, and 
the planning and direction of blosystematic research. In 
addition, a poster session and mixer is scheduled (or the 
evening of May 9. Manned displays at the mixer should 
generate valuable discussion . 

For further information send your name and address to: 
Dr. James A. Duke 
Publicity Committee, BARC Symposium II 
Plant Taxonomy Laboratory 
Room 117 , Bldg. 001, BARC West , USDA 
Beltsville, Maryland 20705 USA 

NAY 9-ll, 1977 
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A NEW SPECIES OF EMERICELLA 

SHUN-ICHI UDAGAWA AND YOSHIKAZU HORIE 

National Institute of Hygienic Sciences , Kamiyoga 
1-chome , Setagaya-ku, Tokyo 158 , Japan & Research 
Institute for Chemobiodynamics, Chiba University, 
Izumi- cho 3- chome, Narashino-shi, Chiba-ken 275, 
Japan 

In 1974, one of us (S.O. ) had the opportunity t o 
study t.he natural occurrence of mycotoxin-producing fungi 
in various parts of Malaysia and Thailand. On this occa
sion we found an Emericella which differed in several 
microscopic character~st~cs from E. rugulosa (Thorn & 
Raper) C.R. Benjamin and also from all other species of 
Emericella described so far ( Raper & Fennell , 1965; \-Iiley 
& S~mmons , 1973; Samson & Mouchacca, 1974, 1975). There
fore, it is described below as new. 

Specimens cited are deposited as follows : No. 2763 
(holotype) in the Mycological Herbarium, National Insti
tute of Hygienic Sciences (NHL) , Tokyo, Japan , and No. 
4522 (isotype) in the Myco log ical Herbarium, Research 
Institute for Chemobiodynamics (IFH), Chiba University , 
Narashino-shi, Chiba , Japan . 

Emericella corrugata Odagawa & Borie sp.nov. (Figs. 
1- 2) 

Status conidialis : Aspergillus corrugatus Udagawa & 
Horie st.nov. 

Coloniae in agaro Czapekii fere celeriter crescentes , 
basi coactae, floccosae, dilute fulvae vel obscure flavo
virides; cleistothecia abundanter producentia; fructifi
cationes conidiorum limitatae; reversum valde rubro-brun
neum. Coloniae in agaro maltoso effusae, planae, obscure 
flavae vel olivaceae vel griseo- olivaceae, cum mycelio 
aerio limitatae sed cleistotheciis abundanter producentes; 
fructificationes conidiorum aliquantum numerosae ; r eversum 
valde f lavo-aurantiacum. 

Cleistothecia valde purpurea , globosa vel subglobosa , 
plerumque 100-240 lll'll diam., cum numerosis cellulis "hUlle" 
incrustata. Asci octospori, globosi vel ovati, 9-12 x 9-
9.5 ~. catenulati, evanescentes. Ascosporae purpureo
rubrae , lenticulares , duabus cristis praeditae, 3 . 5-4.5 x 
3 . 5-4 . 0 lll'll (sine cristis) , paginis convexis irregulariter 
rugosis (canaliculatis). Cellulae "hUlle" hyalinae, glo
bosae vel subglobosae , 12- 30 pro diam. Capitula conidiorum 
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radiantia vel columnaria. Conidiophora vulgo e aer11s 
hyphis exorientia , (20- ) 4 5-140 (- 200) x 3 . 5- 5 . 5 pm, sinuo
sa, interdum septata , rubro-brunnea, glabra, satis eras
sa . Vesiculae lageniformes, 9 - 12( - 14) pm diam., in summa 
parte f e rtiles . Metulae 5-8 x 2.5-4 pm. Phialides ampul
liformes , 6-7(-8) x 2.5-3.5 pm. Conidia globosa vel sub
globosa , 2.5- 3 . 5 ~ diam., echinulata , dilute f lavo
virentia. 

Typus No . 2763 , NHL, isolatus e solo in thailanden-
sis . 

Cleistothecia dark purple , globose to subglobose , 
mos tly 100- 240 prn i n diam., produced within dense masses 
of thick- walled hUlle cells; peridium thin, consisting of 
several layers of yellowish encrusted hyphae, at maturity 
darkened and somewhat coriaceous . Asci a-spored, globose 
t o ovate, 9-1 2 x 9-9.5 pm, produced in chains from cro
ziers, early deliquescent. Ascospores purple- r ed , lenti
cular, with two conspicuously pleated equatorial crests , 
3 . 5- 4 . 5 x 3 . 5- 4.0 ~ (crests 0.5- 1.0 pm excluded) . with 
convex surfaces irregularly wr i nkled (with numerous g r oov
es scattered whe n observed by scanning electron micro
scope) . HUll e cells hyaline , globose to subglobose , 12- 30 
pm i n diam. Conidial heads radiate t o columnar. Conidio
phores mostly arising from aerial hyphae as short side 
branches, (20- )45-140(-200) ~in length and 3 .5-5.5 pm in 
d iam. at middle , sinuous , sometimes septate , reddish 
brown, with wal l s smooth , fairly thick. Vesicles flask
shaped, 9- 12(-1 4) pm in diam., fertile over the upper one
half t o two-thirds. Me tul ae 5 - 8 X 2 . 5- 4 pm. Phialides 
flask- shaped , 6- 7(-8 ) x 2.5- 3 . 5 ~. with a dis tinct cel
larette . Conidia globose to subglobose, 2 . 5-3. 5 pro in 
diarn . , echinulate , yellowish green in masses. 

At 37 C, growth better than at 25 C and with increased 
production of cleistothecia and conidial structures. 

Holotype - No . 2763 , NIIL, isolated from soil sample in 
sugar- cane field, Nakorn Pathorn, Thailand , December 15 , 
1974 . Isotype - No. 4521, IFM. 

Other material examined - No . 4522, IFM, isolated from 
soil from the same cultivated site, December 15 , 1974 . 

The new species superficially resembles ~ · rugulosa 
(Thorn & Raper) C. R. Benjamin (Raper & Fennell, 1965) but 
differs in its ascospore ornamentation . The convex walls 
of the ascospores a re irregularly wrinkled by scat tered 
gr ooves , in contrast to the c l osely reticulate walls in ~· 
rugulosa (Locci , 1972; Fig. 2). E. nidulans var . echinu
lata Godeas (1972), the only other spec1es o f Emer1cella 
with similar ascospore color and markings , is differentiat
ed f r om our species in having the convex surfaces echinu
late rather than wrinkled (Fig . 2) . 

Figure l . Emericella corrugata . A. Ascus. B. Ascospores . 
c . HUlle cells . D. Ascocarp initial . E. Conidial struc
t ures . F. Conidia. 
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Figure 2 . SEM p hotographs of ascospores of Emericella spp . 
A. ~· corrugata . x 23 , 000 . B . ~ · nidulans var . n~dulans . 
X 2 0 , 000 . c . E. n idul ans var . echinulata . X 20 , 000 . D. 
E. rugulosa . X- 2 3 , 000 . 
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UN CORDYCEPS NOUVEAU DES PYRENEES FRANCAISES: 
CORDYCEPS ROUXII SP . NOV. 

FRANCOISE CANDOUSSAU 1 

8 Rue Fran~ois Villon, TOUWUSE - BLAGNAC 31700, France 

... ... 
RESUME 

Ce Cordyceps parasite d'Elaphomyces variegatus 
Vitt. est recol te depuis 1974 en Juin-Juillet, 
SOUS Fagus, a 1000 m d'altitude, dans la region 
de Pau (Pyrenees Atlantiques) par le Docteur 
Guy ROUX a qui nous dedions; il appartient aux 
"Directae-Valliformes-Mediae." 

SUMMARY 

This Cordyceps parasitic on Elaphomyces variega
tus Vitt. has been collected since 1974 in the 
months of June and July, under Fagus, at 1000 m 
el evation, in the Pau region of France (Pyrenees 
Atlantiques) by Dr . Guy ROUX to \vhom '"e dedicate 
it; it belongs to the "Directae-Valliformes
Mediae" group . 

Dans un travail precedent publie dans le Bul letin de l a 
Societe Mycologique du Bearn (Candoussau, 1975) nous avons 
identifie la recolte de Juillet 1974 a Cordyceps japonica 
Lloyd pensant a des carpophores mal developpes, mais deux 
nouvelles recoltes en 1975 et 1976 nous ont fa i t r evenir sur 
cette determination ainsi que des etudes complementaires, en 
particulier de la structure des carpophores ont confirmes 
qu ' il s'agissait bien d'une nouvelle espece. 

CARACT~RES 11ACROSCOPIQUES 

Stroma solitaire ou rarement par deux, dis tinctement 
capite, s ' elevant directement de l ' hote, 3 a 6 ern de hauteur. 
Partie fertile du carpophore ronde ou semi globuleuse brun
noir (Seguy 706) brillante et visqueuse d'un diametTe de 
1 A cooperating scientist of the Plant Patholog y Herbarium, 

Cornell University, Ithaca , NY 14853, USA . 
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0,6 a 1,2 em; ostioles legerement proerninentes sous la 
couche gelifiee . Stipe cylindrique droit ou flexueux, sil
lonne longitudinalement, blanc teinte de gris vers le haut 
et parfois d ' ol ivace dans l a partie infcrieure, 0,2-0,8 em 
de diamet re (FIGS . 1, 2) . 

CARACT~RES MICROSCOPIQUES 

Sous le microscope en coupe verticale (FIG . 3) le cor
tex 1aisse parai tre un peridium sombre et pseudoparenchyma
teux couvert d ' une couche superficielle de 20 ~m environ 
d ' epaisseur , de t einte plus claire et nettement differentiee: 
structure caracteristique du groupe "Valliformes ." Peri
t heces ovoides (FIG . 4) , 400-500 x 200-280 ~m . Theques 
(FIG. 5) 250-320 x 7-10 ~m . Fragments sporaux fusoides (FIG. 
6), (13-) 16 (-21) X 2,5-3 }Jffi . 

HABITAT 

Sur Elaphomyces vari egatus Vitt . Recoltes Guy ROUX: 
Jui1lct 1974 - 22 Juin 1975 - 3 Juillct 1976. Station: 
Bois de llaouquere pres du Plas des Asphodeles, altitude 
1000 m, exposition Sud. Region PAU, Pyrenees Atlantiques, 
France . 

Il est a notcr que l ' apparjtion de ce Cordyceps ce situc 
depuis trois ans toujours a 1a meme pcriode et coincjdc 
avec la croissance au mcmc cndroit sous Fagus des charnpignons 

B 

FIG . 1. Cordyceps roux~~ . A. Recolte Dr. Guy ROUX -
Jui l let 1974 (Candoussau, 1975). Bois de Haouquere. 
(CUP 54948) . B. Rccolte Dr . Guy ROUX- 22 Juin 1975 . 
Bois de Haouqucrc, /s Fagus , 1000 m alt . (CUP 54934). 
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FIG . 2 . Cordyceps rouxii . Recolte Dr. Guy ROUX - 3 
Juillet 1976, meme station que Fig . 1. (CUP 54937 , 
HOLOTYPE). Photographies x 2 . 

FIG . 3. Cordyceps couxii . 
Coupe verticale du cortex 
de la partie fertile du 
carpophore , x 500. (CUP 
54934 ) . 

lOOf.-Lm 

FIG . 4. Cordyceps rouxii. 
Coupe mediane de la partie 
fer tile du carpophore (mag
nification indiquee). (CUP 
54934) . 
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suivants: Pleurotus ostreatus Jacq ., Russula cyanoxantha 
Sch., Marasmius aliaceus Jacq., Mycena alcalina Rick, Agrocy
be praecox Pers. 

POSITION TAXONOMIQUE 

Depuis que la structure des Cordyceps parasites d ' Ela
phomyces a ete etudiee par Y. Kobayasi et D. Shimizu (1960) 
nous considerons qu ' il existe deux groupes bien distincts: 
l es Vall iformes et lcs Evalliformes seton que l a partie fer
tile des carpophores possede un cortex differentie ou non. 

De ce fait notre recolte se situe dans les Valliformes. 
~ . 

De plus les carpophores ne possedant pas de rh1somorphes 
abondants et superficiel s tels que ceux de c. ophioglosso1des 
par exemple, mais naissant directement de l'Elaphomyces 
notre Cordyceps sera classe dans l es Directae-Valliformes et 
enfin considerant l es mesures sporales qui se situent dans 
les moyennes 10-16 x 2,5-3 ~m donnees par les auteur s Japon
ais, il prendra place dans l es Mediae . Parmi les onze 
especes decrites dans l a monographie de Kobayasi et Shimizu 
aucune encore n'a ete faite dans les "Directae- Valliformes-

~ ' Mediae ," la notre est done la premiere . 

No~s eouvons c;pendant comp~rer notre recolte a~x deux 
autres a tete capitee comme la notr e, du groupe Vall1formes: 

c . intermedia Imai, spores 3- 6 x 1,5-2 vm, section 
Minutae , SUT E. subvariegatus et E. cervinus, 
Sept. 

c. canadensis Ell. et Everh., spor es (21-) 30-50 (-60) x 
3-5 ~m, section Magnae , sur E. granulatus et E. :eti-
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culatus, Juin et Sept., r'gions subalpines . 
Si le stipe de ces deux Cordyceps est sensiblement plus 
long : 10-11 em, la tete des carpophores est de meme taille: 
0,6- 1 em env. elle differe par sa couleur soit brun rouge
atre chez intermedia et orangee chez canadensis . 

c . canadensis semble avoir un habitat et une date 
d ' apparition proches de notre espece. 

Quant ~ la couch gelifi'e du cortex elle est d ' une 
'paisseur de 21-27 ~m chez c. intermedia Imai 

de 8-12 ~m chez c. canadensis Ell. & Everh. 
de 20 ~m chez c. rouxii F. Cand . 

Les mesures sporales separent l es 3 nettement. 
Aucune des especes decrites par Mains (1957) ne corre

spond a l a notre . 
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DIAGNOSE LATINE 

Cordyceps roux i i Fran~oise Candoussau, species nova 

Stromata solitaria ve l caespitosa duo 2-4 em alta directe 
fructificatione Elaphomycetis variegatis. Pars fertilis glo
bularis 3-8(-10) mm, peridio fusco atro nitente viscose, val
liformi . Perithecia medium imrnersa, minuta, ovoidea collis 
plusve minusve elongatis 400-500 x 200-280 ~m . Asci 250-320 
x 7-10 ~m capitibus circa 8- 10 ~m diam. Articuli ascospor
arurn cylindracei (13-) 16 (-21) x 2,5-3 ~m utrinque fusiformi. 
IIOLOTYPUS, CUP 54937; ISOTYPUS , Herbier F. Candoussau 4789-1. 
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COPROTIELLA, A NEW CLEISTOCARPOUS GENUS OF THE 
PYRONEMATACEAE WITH ASCOSPORES POSSESSING de BARY BUBBLES1 

R. S. JENG and J.C. KRUG 

Department of Botany, University of Toronto 
Toronto , canada 

SUMMARY 

Coprotiella gongylospora gen . et sp. nov. is described 
and illustrated from horse dung collected in Argentina. The 
genus is compared with Coprotus, its operculate counterpart . 
Cleistothelebolus, Eoterfezia, Lasiobolidium, Microeurotium, 
Orbicula, warcupia and Xeromyces are transferred to the 
Pyronemataceae . 

H1.I'RODUCTION 

In the course of a continuing study of coprophil ous 
fungi, one apparently undescribed cleistocarpous genus was 
found growing on horse dung, collected in Argentina and 
maintained in moist chamber at room temperature. This 
taxon is characterized by possessing light coloured cleis
tothecia; broadly clavate asci; and hyaline, smooth, thin
walled ascospores possessing de Bary bubbles. Since no 
other cleistocarpous genus is known with this combination 
of characteristics, the taxon is described here as a new 
genus . 

TAXONOMY 

Coprotiella Jeng & Krug gen. nov. 

Ascocarpia dispersa vel gregaria , sine stromate nee 
ostio l o, subglobosa vel globosa, primum hyalina, deinde 
cremea vel flavida, glabra; peridiurn membranaceurn, pseudo 
parenchymatosurn, cremeurn vel flavidum. Asci unitunicati, 

1 supported by grants from the National Research council 
of canada. 
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iodo non caerulescentes, late clavati, evanescentes. non 
uncinati neque apparato apicali praediti. Paraphyses 
nullae. Ascosporae unicellulares, leves, hyalinae, tenui
tunicatae, plerurnque bullulas conspicuas exhibentes , sine 
for amine vel fissura germinationis; vagina gelatinosa nulla. 
Conidia incognita. 

TYPUS GENERIS: Coprotiella gongylospora Jeng et Krug. 

ETYMOLOGY: Derived from the generic name coprotus and 
the diminutive suffix -ellus, referring to the similarity 
to the genus Coprotus. 

Ascocarps scattered or gregarious. non-stromatic, non
ostiolate, subglobose to g lobose , hyaline at first, be
coming c r eamy or yellowish, glabrous; peridium membrana
ceous, pseudoparenchymatous in surface view, creamy or 
yellowish. Asci unitunicate, n o n-amyloid, broadly clavate, 
evanescent , without croziers or apical apparatus. Para
physes lacking. Ascospores one- celled, smooth. hyaline. 
thin-walled, at maturity usually possessing a conspicuous 
de Bary bubble; germ pores or germ slits lacking; gela
tinous sheath absent. conidial state unknown. 

Coprotiella gongylospora Jeng & Krug sp. nov. Figs. 1-5. 

Ascocarpia dispersa vel gregaria, non ostiolata, sub
globosa vel globosa, 140-290~ diametro crassa, primum 
hyalina. deinde cremea vel f l avida, glabra; peridium mem
branaceum, pseudoparenchymatosum, 9-12~m crassum, textura 
angulari vel textura globulosa in uno strato compositum, 
cellulis 3-14 x 3-6~ magnis. Asci unitunicati, iodo non 
caerulescentes, octospori. subglobosi vel late clavati, 
basin versus in stipitem brevem contracti, 24-31 x 13-21~ 
magni, evanescentes. Ascosporae unice1lu1ares, globosae, 
5.6-6.3~m diametro crassae, hya1inae, 1eves, tenuituni
catae, plerumque bullu1as conspicuas exhibentes. 

HOLOTYPUS: in equorum fimo 1ectus est, in l oco a c afa 
yete 40 km meridionali remote, in via 40 vocata, in Tucuman 
provincia reipublicae Argentinensis, 31 Mart. 1974, Mares 
Cl387b. In Torontoensis universitatis Cryptogamarum her
baric. 

ETYMOLOGY: Greek, gongylos "" ball, and spora = seed, 
referring to the globose shape of the ascospores. 

Ascocarps scattered or gregarious. non-ostiolate, sub
globose to globose, 140-290~ in diameter, hyaline at first, 
becoming creamy o r yellowish, glabrous; peridium membra-



Figs . 1-5 . coprotiella gongylospora . l . Habit view 
of the ascocarps . x36. 2 . Longitudinal section of an 
ascocarp . x295 . 3 . Ascocarp in optical view. xl76. 
4 . Young asci and ascospores . x590. 5 . Mature asci 
and ascospores, showing the de Bary bubbles . x590. 
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naceous, pseudoparenchymatous in surface view, occasionally 
intertwined with filamentous hyphae,9-12~m thick, creamy 
or yellowish, one-layered in section, consisting of textura 
angularis to textura globulosa, with cells measuring 3-14 x 
3-6~ . Asci unitunicate, non-amyloid, 8-spored, subglobose 
to broadly clavate, short stipitate, 24-31 x 13-21 ~. eva
nescent, without croziers or apical apparatus. Paraphyses 
lacking. Ascospores one-celled, globose, 5 . 6-6.3~ in di
meter, hyaline, smooth, thin-walled, at maturity usually 
possessing a conspicuous de Bary bubble ; gelatinous sheath 
absent; germ pores or germ slits lacking . Conidial state 
unknown . 

HABITAT : on horse dung. 
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SPECIMEN EXAMINED: ARGENTINA: Tucuman Prov .: along 
Hwy . 40, 40 km S of Cafayete, horse dung, 31 Mar. 1974, 
Mares Cl387b (TRTC) . 

DISCUSSION 

Coprotiella is similar in many ways to coprotus Korf 
et Kimbrough. The ascocarps are likewise slightly coloured, 
the peridium is composed of textura globulosa to textura 
angularis like the excipulum in species of Coprotus, and 
the ascospores at maturity are mainly hyaline with a con
spicuous de Bary bubble. On the contrary Coprotiella dif
fers from coprotus in possessing ascocarps which remain 
closed at all stages of development and asci which are sub
globose to clavate, evanescent, and probably i rregularly 
disposed. Copro tiella is also similarto Cleisto thel ebolus 
Malloch et cain and Lasiobolidium Malloch et Cain but dif
fers primarily from both genera in having ascospores p os 
sessing de Bary bubbles. 

Malloch and Cain (1971) erected two new genera, Cleis
tothelebolus and Lasiobolidium, which were considered as 
the respective cleistothecial counterparts of the disco
mycetes Thelebolus Tode ex Fr. and Lasiobolus Sacc . Both 
Cleistothelebolus and Lasiobolidiurn were placed along with 
Eo terfezia Atki nson , Microeurotium Ghatak, Orbicula Cooke 
and Xeromyces Fraser in the Eoterfezi aceae . Undoubtedly 
warcupia Paden et cameron (1972) and p e rha ps even Monascus 
van Tiegham are also related, although at present it seems 
a ppropriate to retain Monascus i n a separate family. 

It has been accepted by a number of workers (Ma lloch, 
1970; Lundqvist , 1972 ; MUller a nd von Arx, 1973) that 
close l y related ostiolate and cleistothecial genera a re 
better accommodated in one rather than in separate fami
lies as originally suggested b y cain ( 1956) who was follow
ed in this respect by various other workers. Accordingly, 
it would seem appropriate to place Cleistothelebolus and 
Las iobolidium a long with Thelebolus and Lasiobolus in the 
same family . Similarly Coprotus and Co protiella would 
belong in one family. In his recent concept of t he 
Pezizales, Korf ( 1972) placed those operculate discomycetes 
that are fimicolous, with ascocarps reduced in size a nd 
complexity. possessing non-a myloi d asci, with s mooth , 
hya l i ne ascospores in t he Pyr o nema t aceae tribe Thelebo leae 
while Eckbla d (1968) would trea t this taxon at the family 
l evel . We are following Korf and placing Cleistothelebolus, 
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Coprotiella, and Lasiobolidium along with their discomy 
cetous counterparts in the tribe Theleboleae . Except for 
its terricolous habit, warcupia also seems to possess mor
phologica l and developmental features characteristic of 
this taxon. Although discomycetous connections have not 
yet been established, the remaining genera in the Eoter
feziaceae are obviously closely related to those in this 
tribe . Accordingly Eoterfezia, Microeuroti um, Orbicula, 
Warcupia and xeromyces are transfer red to the tribe 
Theleboleae of the Pyronemataceae . 
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REVUE DES LIVRES 

G. L. HENNEBERT 

Book Revi e w Edito r, Huttelaan 36 , B- 3030 He v e rlee , Belgi um 

GUIDE TO AQUATIC HYPHOMYCETES . AN ILLUSTRATED GUIDE TO AQUA
TIC AND WATER- BORNE HYPHOMYCETES (FUHGI IMPERFECT!) WITH 
NOTES ON THEIR BIOLOGY , par G. I . INGOLD . Freshwater Biol o
gi cal Association , Sci enti fic Publ i cation no . 30 , 96 p., 39 
f i gs., br oche , 1975. Freshwater Biological Association , The 
Ferry House , Amblesi de nr . Win,!rmere , Cumbri a LA22 8LP , UK . 
Pr ix : .f l. oo . 

Ce peti t livre est bien un guide . Il vous donne l ' envie d ' 
a l ler recolter et examiner les feuilles mor tes submergees au bord 
dee ruieeeaux avant que l a polluti on n ' en detruise l a r i chesee de 
l a f onge a quati que . 

Dans ! ' i ntroduction , on apprendr a que , pour E! t r e "aquat i que11 , 

un champignon doit e tre capabl e de devel opper l ' enti erete de son 
cycl e - croissance , r eproduction , l i beration , dispersion - sous 
l ' eau . La conidiogenese des Hypnomycetes , meme exogene , aura lieu 
sous 1 1 eau . C' est l a uno capacito qui n ' en exclut pas d ' a utres , 
comme cellc de se devel opper aussi dans des s i t uations terrestres , 
telles que les l iti er es humid~s . 11 s ' agit d ' un groupe "biologique" 
pl ut8t qu ' un gr oupe "natur cl 11 d 1 or ganismea par l eurs affi nites 
taxonomiques ou phyl ogeneti ques . Par example , deux especes d ' An 
gui l l osnor a seraient les stades coni diens d ' ascomycetes de genres 
diff~rents , Massari na ot Mol l i a i a . I l faut copendant admettre que 
ce groupe "biologique" d ' organismes est bien naturel par l a con
vergence de sea adaptations au mili eu dans la forme et l ea 
besoins . 126 especes , classoes dans 46 genres , sont dec r i tea ot 
illuetrees . El les comprennent 121 Hyphomycetes , l l evure i mparfai
te , 2 Spaer opsidales , 1 Basidi omycete imparfait et 1 Zoopagacee . 
ces cinq derniers e tan t donne s comme 11 non-hyphomyc~Hes11 • Les 
Dyphomycetee hyal ine sont repartie en trois groupes sui vant leur 
c oni diogenese : 24 genres produisent des thall oconi di es , 5 genres 
ont des phial oconi dies et 2 des blastoconi di oa . Cepcndant los 
genres a conidies filiformes (2 phi a l ospores et 3 thallospores) 
sont curieusement classes separ ement de mE!me que 5 genres d ' Hypho
mycetos dematies . Dans cette classi f ication plut 8 t pragmati quo 
que taxonomi que , les genres a " thal loconidies" dominant . Cel les- ci 
sont sur tout des conidiee terminal es a septum de base du di ametre 
de l ' hyphe conidiogene et different certainement des blastoconidies 
du genr e Drecbsl era que l ' auteur (p. 9) prend en exampl e pour elles . 

Le fait que 19 especes d ' Hyphomycetes et 14 types despores 
restent sans nom , montre combien ce groupe de champignons 
meri tent l ' attenti on . 

HIPORTANT DISEASES OF FOREST TREES . CONTRIBUTIONS TO MYCOLOGY 
AND PHYTOPATHOLOGY FOR BOTANISTS AND FORESTERS , par R. HARTIG . 
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Phytopathological Classics no . 12 , traduit de l ' allemand par 
vi. HERRILL , D. H. LAMBERT et 'W . LIESE , 22 + 120 p. , 1 photo , 
160 figs . en 6 plQ . 1 Bo , r elie , (1874) 1975 . The American 
Phytopathological Society , 3340 Pilot Knob Road, St Paul , 
lo\inn . 55121. Pri x: US S 4. 5o . 

La Societe Americaine de Phytopathologie a tres heureusement 
choisi de publier , comme Cl assi que de la Phytopathologie , la tra 
duction de l ' ouvrage de Robert Hartig , considere comme l a base de 
la pathologi e forestiere . La t r aduction r eproduisant de pres l c 
fond et la forme du t exte original et la reproduction fidele des 
l i thographies originales nous permettent d ' a precier toute la minu
tia et l ' objectivite de Hartig dans s on obs ervati on , il y a 100 
ana , des grandee maladies de nos forets dues a Armillaria mellea , 
Trametes pini , Trametes radiciperda , Aecidium pini, Caeoma pinitor
guum, Caeoma laricis , Peziza willkommii , Hysterium macrosporum , 
Hysterium nerviseguium et Melam~aora salicina . Un r etour aux sour
ces qui vaut la pei oe . 

ANNUAL REVIEW OF PHYTOPATHOLOGY , VOL. 13 , edite par K. F. 
BAKER, G. A. ZENTMYER et E. B. COWLING , 12 + 412 p. , ill . , 
8° , rel i e toile , 1975 . Annual Reviews I nc . 4139 El Camino Way, 
Palo Alto , California 94306 . Prix : US S 17 . 5o. 

Chacun conna1t la qualite des 12 premiers volumes des Annual 
Reviews of Phytopathol ogy et leur i mpact dans l ' a vancement de cette 
discipl ine . Cependant on apreciera , dans ce l 3e volume , l a publica
tion de 5 articles plus mycologiques . 

Dana Vari ation and Speciation in the Fusaria , T. A. Tousson 
et P. E. Nel son comparent fort objectivement l es systemes de 
Snyder et Hansen , de Messiaen et Cassini et de Booth , r.lais sans 
y inclure celui de Wollenweber et Reinking , la base des autres . 
Dans The present status of Fusarium taxonomy , C. Booth demontre 
la necessite de stabiliser l a nomenclature de ce genre par l e 
choix d ' un materiel type nouveau (neotypes) vivant . 

La nature , l a mor phogenese et l e r8le des appr essoria d ' une 
part et des s clerotes d ' autres par t sont r evues de mani ere i nteres
sante par L. w. Emmet et D. G. Par bery et par J . Chet et Y. Henis . 

Mais on ne peut taire l a remarquable refl exion que nous pro
pose J . Walker sur l ea Mutual Responsibilities of Taxonomic Mycolo
gy and Plant Pathology . Si d ' une par t se manifeste une uor te de 
retraite monas tique , on constate d ' au t re part una apathie certaine . 
Dans une analyse sincere de cet etat de choses , l ' auteur entr a ine 
l e lecteur a une Prise de cons cience des remedes. Cer tainement 
l ' a uteur appelle ~ plus de coopera t i on mutuelle . Tant de poubelles 
de l abora t oires phytopathologiques regorgent de beaux specimens 
de plantas malades por teurs du champignon pathogene tandis que 
l ' herbier mycologi que vois in n ' a pas de specimen de ce champignon 
ou n ' a que quelques specimens obt enu en echange d ' un pays etr anger . 
Il ser ait cependant s i mpl e et pr ofitabl e de confier ces echantillons 
au taxonomiste en y adjoi gnant l es inf ormations i ndispensables 
d 1 h8te , de locali te de coll ecteur et de dat e . Dans d ' autres cas , 
au contraire , le taxonomis t e est mis a contribution presque sans 
considera t i on , dans l ' i denti ficat i on de nombreux " i sol ements" de 
champi gnons de plantes malades ou du sol. Il arrive si souvent 
que ces 11 i s olements" presentent des associations itr •mges de 
ca racter es ou de sporulation qui en feraient de nouvelles especes 
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ou sont au con traire steri1es : mai s ce sont des cultures mixtes 
de plusicurs especca fongiquea ou encore de champignons , de bac
teries , et meme encore d ' amibes, de nema todes ou d ' acariens . 
Ainsi cet Humicola sp., presume mycorhizique, qui devait se reveler 
comme nouvelle espece , si son mycelium blanc abondant n ' avait ete 
celui d ' un Mortierella ne sporul ant plus par suite de la presence 
de bactcriea et sea chlamydoepores cel1ee d ' un Phialophora dont 
la conidiogene se etait inhibee au sein de l ' associatinn. Si 
le taxonomiste doit commencer ! ' i dentification d ' une souche de 
Penicillium par l a separation des deux taxa voisins qu ' elle con
tient par voi e de cultures monogermes , il ne faut pas s ' etonner de 
devoir attendre l e r esultat . Que J . Halker soit remercie pour l a 
sincerite de son appel a plus de consideration mutuelle . 

BI OLOGICAL TRANSFORMATION OF \vOOD BY tHCROORGANI SI-IS , edite par 
Walter LIESE, 203 p., 53 figs., 8° , broche , 1975. Springer 
Verlag , Heidelberger Platz 3 , D- 4023 Berlin- Wes t . Prix : DM 
32 . oo, US S 13 . 8o. 

Communications a la Session "Wood Products Pathology" du 2e 
Congres I nternationa l de Phytopathologie de 1-linneapolis , l es 10- 12 
septembre 1973 par 18 specialistes de l a biodegradation du bois. 
Ce rapport fait etat des r echerches r ecentea sur la colonisation 
du boi s par lea champignon s , l a succession des f1ore s , l eurs rela
tions avec l a nature du boi s et sa res i s tance apecifique , 1a pos i 
t ion du bois par rapport a ! ' inoculum {sol) , la profondeur de pene
tra t ion , lea antagonismes e t synergies, les effete et l es mecanismes 
physiques et chimiques de l a degradation . Correlat ivemen t , on trou
vera aussi des don ne es critiques sur lea methodes d ' inves tigation 
et de "testing" du bois en vie de sa protection. 

~tuLTILINGUAL COI-IPENDIUM OF PLANT DISEASES. COMPENDIU!-1 POLY
GLOTTE DES MALADIES DES PLANTES , par Paul R. ~liLLER et Hazel 
L. POLLARD, 457 p., 325 col . figs. in 36 pls., 4° relie , l976. 
The American Phytopathological Soci ety , 3340 Pilot Knob Road , 
St Paul , Ninn . 55121- Prix : US $ 36 . oo . 

Ce Compendium a pour but de faciliter 1a communica tion a tra
vers le nonde dans le domaine de la protection des cultures en 
cataloguant et clarifiant l a denomination des mal~dies dans 21 
langues differ entes et en fournissant une description synthetique 
de chacune des 325 maladies en 4 langues, anglais , fran~ais , espa
gnol et "interlingua" . L ' enquete a ate l imitee aux maladies dues 
aux champignons et aux bacte ries . Chaque maladie est denommee et 
classee alphabe t iquement par le nom latin de l ' h8te principal+ le 
nom du pathogene . Chaque maladie , sauf 43 , es t illustre e par photo
gra phic en couleurs de peti tes dimensions (5 x 5 em) ma i s de bonne 
qualite . Des index dos h8tes , doe pathogenes et des maladies , sur 
plus de 120 pages , completent utilement l ' ouvrage . 

THE CHEHOTAXONOHY OF PLANTS, par P. M. SMITH , in coll . Contem
porary Biology , edite par E. J . W. BARRINGTON et A. J . WILLIS, 
313 p ., ill . , broche , 19?6. Edward Arnold , 25 Hill Street , 
London W1X 8LL. Prix : relie f 13 . oo , broche £ 6 . 5o . 
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L' auteur tente d ' explorer l ' immense champ de rencontre entre 
taxonomiates et chi mi stes , de mani ere a mi eux servir l a taxonomi e 
des pl antas (seuls quelques exempl es concernant lea champi gnons et 
lea bacteries) . Dans une premiere partie , l ' auteur definit tres 
bien l a place de l a chimiotaxonomi e et analyse sa demarche : 
partant d ' une taxonomie cl ass i que des organi smes d ' une part et des 
possibilite s offer tes d ' analyses chimi ques d ' autr e part , l e chimio
taxonomi s tc accumul e des donnees qu 'il interpreters en vue d ' une 
confirmation ou d ' une modi fication de la t axonomi e preetablie et 
eventuellement en vue d ' une construction phylogeneti que. Dans une 
seconde parti e , l es divorses sources d ' information chimique sont 
a1ors eval uees , sur l a base d ' exemples , pour leur ut ilite en t axo
nomic ; amino- acides , phenols, betalal nes, huil es, cires, hydrates 
do carbone , a lkaloides , terpenoi des , steroides , protei nes et acides 
nucl e6ques. Dans une derni ere partie , lea promesses et l ee l imita
t i ons de l a chimiotaxonomi e sont formulees a vec lucidite . Ce livre 
d ' unc l ectur e faci de , aider a l e taxonomiste et le chimi s t c a se 
rencontrer . 

BIOLOGICAL IDENTIFICATION WITH COMPUTERS , edi te par R. J . 
PANKHURST, The Systematic s Associ ation Special Vol ume no . 7, 
333 p., 33 figs . , 8° , relie , 1975. Academic Press Inc . , 
24-28 Oval Road , London NWl , 111 Fifth Ave , New York , NY 
10003 . Prix : £ ll. oo. 

Ce l ivre oublie l ea 16 communicat ions offertes a l a conferen
ce organi see pa~ la Systemati cs Ass ociation a Cambridge l ee 27-28 
septembr e 1973 , dans l e but de definir l es possibili tes et l ea 
limites de l' ordinateur dans ! ' identi ficat i on des organi smes 
vivants . Il appara1t que l' ordinateur ne se s ubati t ue pas encore 
au biologiste dans l ' observation de depar t . Son r8le se l imite a 
r eproduire et peut- etre standardi ser (ou "model er") la procedure 
de decision . Beaucoup de t r avaux ont ete r ealises s ur l ' usage de 
l ' ordinateur pour la classification (voir taxonomie numerique) , 
mai s peu encore pour ! ' i denti fication , endehors du domaine du dia
gnos tic medica l dont il n ' eat pas ici question . Cette synthcae des 
connaiseancee commence par une analyse conceptuelle des mecani emee 
essential s de ! 'ident i fi cation et ensuite detaille l es divers 
proccdcs offerts par l ' ordinatcur: l a construction de clcs dioho
tomiques, de olea a en t r ees multipl es , ! ' identification par appro
che global e , par tests multiples et dependants , par cles binai res 
et coeffi cient de s imili t ude , l ' i dent i f i cation par l a probabilitc , 
par l ee distances euclidiennes ou lea coefficients de correlation , 
et meme ! ' identification par r econnaissance des characterea des 
specimens ( "Pat tern Recogni tion" ) et meme ! ' i dentification par 
conversation en l igne (procede question- reponse ). Ces techniques 
presuppose une observation or donnee des caracteres salon un pr o
gr amme qui peut etre cl abor e par ordinatcur. Ces recherches f inis 
sent par fa ire appel a une nouvel le forme de perfection des descrip
tions taxonomiquea . Elles amenent aussi l e taxonomiste traditionnel 
a repenser l ea principes de son a ctivitc , d ' cn dcoouvrir l ea meca 
nismes profonds, de l ee experimenter et lea modi f i er en vue de les 
r endr e oommunicabl es et r eproducti bl es. Cet ouvrage , techni que 
sans doute mais d ' un st~le clai r , est uno hcurouoc r eflexion sur 
une phase essentiell e du t r avail taxonomique . 
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LICHENOLOGY : PROGRESS AND PROBLEMS, edite par D. H. BROWN , 
D. L. HAWKSWORTH et R. H. BAILEY . The Systematics Association 
Speci a l Vol ume no . 8 , xii + 554 p., i ll., So relie , 1976. 
Academic Pr ess , London , Now York. Pri x £ 19. oo . 

La lichenologie fait de grand progres durant ces recentes 
annees , gr ace aux nouvelles techni ques d ' approohe a+. stimulo par 
l es pr obl emas d ' environnement et de pollution . Ce livre resulte 
du Symposium international tenu a l ' Universite de Bristol l es 8-10 
avril 1974. Ses 20 contributions refletent bien lee orientations 
de recherche actuell es : l ' ultraHtr ucture des lichens par SEM et TEM , 
l ' itude morphologique du divel oppement ot de l a fructificetion , 
l ' e tude t axonomi que du phycobionte , les facteurs ecologiques de l a 
di stribution des l i chens, l e taux de croi ssance des lichens et 1 ' 
age des supports , lea adaptations des lichens a des mi l i eux parti
cul ier s tel a que les matiriaux ou l e mi lieu marin, l ' absorption de 
S02 et de miner aux dans lee mi l i eu-x pollues, l a physiologie et l e 
metaboli sme des lichens et enf in la nature profonde de l a symbi os o 
l i chenique anal ysee dans see pri ncipes ou dans son entite comme 
ecosyst eme. Ce l ivre montr e combien lea l ichens , par les myeteree 
de leur "vie a deux" meritent l ' attent:i on d ' un t r es large publ i c . 

ENDOMYCORRH I ZAS, edi te par F . E. SANDERS , Barbar a ~IOSSE et 
P. B. TINKER , xiv + 626 p., i ll., 8o , rel ie ,(l975) March 1976, 
Academi c Press , I.ondon , Ne•,.r York . Prix : £ 9 . 6o . 

Proceedi ngs of a Symposi um hel d at the University of Leeds , 
22- 25 July 1974. Cet ouvrage complete tree bien cet autre odite 

par G. C. 11arks et T. T. Kozl ows ki sur l es "Ec tomycorrhizae , their 
ecology and phys i ol ogy" (Academi c Pr eas 1 1973 ) . La plupart dee 41 
communications se concentrent sur lea endomycrhizes vesiculair es 
e t a r bus cul a i r es , sana negliger l es aut.res endomycor hizes, on par
t i cul i er des Orchi deeH et des Ericacees. On y parlc de l ' evolution 
de la classification e t de l a culture des endophytes, de leur phy
aiologie , do leur ul t r astructure , des relat ions et i nteractions 
entr e le champignon , l 1 h8te et le mi l i eu (carbohydr ates, phosphore) 
et enf in de l' i nt erf er ence des f ertilisants et des fongi c i des sur 
l a symbi ose . Ce livr e , le pl us r ecent sur lea endomycorhi zes, ser a 
une base de r efer ence dans t oute nouvel le invest igation . 

DE NEDERLANDSE MYXOMYCETEN , par tl . E. NAimroA- BREMERKAMP , 
Publicati~n no. 18 , 440 p., 1000 f igs., r elie t oi l e , 1974 . 
Koninklijke Nederl andse Natuurhistoris che Vereni ging , 
B. Hoogenbooml aan 24 , Hoogwoud 1743 , Nederland. Pr ix : DFl 
70 . oo , OS S 2l. oo . 

Hadame Nannega- Bremerkamp dedi cace son l ivre a son pare , son 
epoux et soa enfants et l ' adr esse aux l ecteurs en ces termes : 
"Zoekt , vindt en geniet" (cherche , trouve et jouis) . L ' auteur ex
prime la l a pati ence de sa recherche , le dynami sme de sa decouverte 
et 1 1 ent housi asme de GOD admiration de l a nature . En 25 annces 1 
ell e est a r r ivee a decouvrir au Pays- Bas 266 especes de Myxomycetes 
qu ' elle decri t avec soin et i llustre de beaux dessins a l a pl ume 
aux grossisaements de 10 a 1000 X. Dans 13 pl anches bora toxte , 
el le compare encore en de t a il (2000 X) lee spores de 182 especes . 
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Des notes taxonomi ques f ournissent l a di s tinc t i on d 1 a vec les especes 
qui n ' ont pas ete trouvees aux Pay s - Bas . El les pousser ont sans 
doute vera de nouvelles decouvertes . 

Bien qu •ecrit en neer l andais, ce l ivre aura une audience beau
coup plus large du fait de sea qualites ecien tif iques et de l' im
portance de sa contribution pour l a mycoflore d ' Europe . Il f aut 
en f eliciter l ' auteur et venir appr endre a vec elle l ' a r t de cul
tiver l es Myxomyce tes dans son pr opre jardin , de lea y observer 
chaque jour et l ea admirer . 

I NTRODUCTI ON TO THE HISTORY OF MYCOLOGY . par G. C. AINSWORTH , 
xi+ 359 p., 106 figs ., 8° , relie , 1976. Cambridge Univers ity 
Press, Tr umpi ngton Street , Cambridge CB2 l RP , or 32 East 57th 
Street , New York , NY 10022 . Prix : £ 11. 00. 

Quel pl a i s ir l a l ec ture de ce livre r a f f ine par son s tyl e et 
le choix de son i llustrat ion ne donner a - t-elle pas a tout mycologue , 
a tout botani ste et a quiconque est curieux de r egarder vera ceux 
qui furent a l a source de nos connaissances . En fronti spice , une 
pl anche coloriee de Bulliard (1791) et en couver ture , l e medaill on 
gr ave du Sel ecta fungorum carpologia des freres Tulasne montrent 
d ' emblee l ' appr eciation esthetique et l e bon jugement scientif i que 
et bi s torique de l ' auteur . 

La mycologi e a de multiples aspects , s on histoire de m8me . 
L ' auteur l ee coneider era scpar cment . D1 a bord co qu ' ont ete les 
champi gnons et leur s tatut en science naturelle , ens uite leurs 
formes et leurs structures telles qu ' elles furent obs ervees a vec 
les instrument s de chaque epoque , pui s l eur nutrition et l eur 
cul ture . La decouverte de leur polymor phi sme , de l eur s exuali t e , 
de l eur genetique f ur ent des etapes passionnante . Mais aussi 1 

depui s l ongtemps, l ' alarme a ate l anoee sur l eur pathogenecite , 
leur toxicite , leurs effete hallucinogenique et allergenique , 
mal ge un usage plus que millenaire . L ' explor ation d.u monde eu t s es 
epoque~ , de me~e ~a decouverte des champi gnons et de leur distribu
tion . Avec l ' a ccumulation des donnees , l a classification aussi 
evolua beaucoup , ma rquee par les syntheses d 1 bommes fameux . La 
mycologi e est enfin affaire d ' hommvs qui seuls ou groupes en socie 
tas en ont fait une s cience et l 1 activite humaine que nous connai s 
sons . 

Non seul ement agr eabl e a l ire , ce livre est a ussi un document 
scienti f ique , rigoureux et critiq~e . C' est aussi un liv~e stimula~t 
la r eflexion sur les poss ibilites futures de l a mycologi e . 

MORE DEHATIACEOUS HYPH011YCETES , par Martin Bo ELLI S, 507 p . , 
383 figs , 8° 1 r e l i c , 1976 , Commonwealth Mycol ogica l Institute , 
Kew . Central Sal e Br anch , Commonwealth Agricult ura l Bureaux , 
Farnham Royal9 Slough SL2 3Bti , UK . Prix : £ 18 . oo . 

Aprea l e premi er vol ume " Demati a ceous Hyphomycetes" publ i e par 
l'auteur en 1971 1 on accueiller a a vec pl a i sir ce nouveau volume 
d 1a illeurs aussi important pui s qu ' il contient l a description de 
732 autres especes d ' Hyphomyce t es. Alors que le premi er volume 
abondai t en champi gnons lignicoles, on t r ouvera dans cel ui- c i une 
revue plus l a r ge des genres commune tela que Al terna ria , Cl a dos 
porium , Cercospora , Drechsl era , Phia l ophor a , Stachybotrys , On y 
trouvPra a ussi 10 genr es nouveaux, 61 nouvelles especes et 119 
noms et combinaisons nouvel les . 
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Une rois de plus l ' auteur est i feliciter pour l a technicite de ses 
see descriptions et l 1 oxccJlonco dee deseine qu 1il fourni t pour 
chaque espece . Sans au cut' rloute , ce travail magi~tral sera conRul te 
par tous ceux qui etudi enl l ee HyphomyceteB. 

REVISI ON OF THE SUBSECTION FASCICULATA OF PENICILLIU~I AND 
SONE ALLIED SPECIES , par R. A. SMISON , Ameli a C. STOLK et 
R. HADLOK . Studies in Hycology , no . 11 , 4?p., 15 figs . , 
19?6 . Centraalbureau voor Schimmelculturee , Baarn , Pays- Bas . 
Prix Dfl 15. oo . 

L ' ctude d ' un grand nombre de souches de Penicillium aaymetri 
ques des sous- sections Fasciculata , Lanata et Funiculosa de Thom 
et Raper conduit les auteurs a reevaluer lee caracteree diagnosti
ques et n ' accepter comme critere fondamental que la morphologic de 
l ' appar eil conidien . Les caracteres de couleur , de texture et de 
croissance , utilises par Thom et Raper commo di agnootiqucs do se
ri es ou de sous- sections , sent consideres ici comme variables et 
de valeur secondaire . 

Il en r esulte des modifications taxonomiques importantes . 
Les especes Penicillium Puberulum , martensii , aurantiovirens , 
crustosum , l anoeocoeruleum 1 biforme, lanosogrieeum , terrestre , 
aurantiocandidum et solitum deviennent synonymes de P. verrucosum 
var . cycloPium (f . cyclopium) , -
f · lanoaoviride et psittacinum oynonymcs do f · verrucosum var . 
verrucosum ( P. viridicatum) , 
P. ca rneolute s c ens synonyme de P . verrucosum var . ochraceum (f. 
ochraceum) , et ~ · r esticulosum synonyme de f · expansum . 
P. griseofulvum reprend sa priorite sur P. urticae . f. cycloPium var . album devient ~· verrucosum var . album . 
f · corymbiferum et hirsutum deviennent P. verrucosum var . corymbi
ferum. 
Les ospecos ! · expansum , ! · italicum , ~· granul atum , ~- claviformo , 
f · clavigerum, ~· isariiforme, ~· l anosum e t f · commune sont main
tenues , auxquelles s ' ajoutent E· hordei Stolk et ~· echinulatum 
Fassatiova et 1 espece , P. concentricum, et 2 variates nouvelles 
P . italicum var . avellaneum et P. ver rucosum var. melanochlorum 
que decrivent lee auteuro . -

Il est difficile de mettre en question l a precision de la me
thode el la quali te de l ' observali on a la base de ce travail . Cepen
dant il faut admettre quo l o loctour qui , depuis 20 ou 30 ans, a 
reconnu avec Thom et Raper tant d ' especes proches comme distinctes 
par l a couleur ou la fasciculation sera d ' abord etonne , puis dcqu 
parce que voulant comprendre il ne trouvera pas l a demonstration 
convaincante de l ' identite des especes mises en synonymi c . Il aut 
fallu plua qu ' une simple affirmation d ' i dcntite , plus qu ' une figure 
de 3 conidiophores sans indication d ' origine pour prouver et f a ire 
accepter l ' identite de 1? BOuches types d ' especes differentes a une 
seulc, ~· vorrucosum var . cyclopium . Sur quols caracteres trompeurs 
chacune de ces 17 especes synonymes ont- elles pu atre reconnues 
comme distinctes, pour ne plus l ' e tre aujourd ' hui . C1 ost cette 
analyse de cas particuliernque le lecteur desireux de comprendre 
ne trouve pas . 

Il est certain que dans ce t r avail transparatt une optique 
nouvelle sur l a systematique des Penicillium , qui merite toute 
l ' attent i on des mycologues et microbiologistes . 
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INDEX TO FUNGOUS AND LI CHEN TA~A 

This index i nc ludes gene ra, infragene r ic taxa , species , and 
infraspccific taxa . New t axa a r e in CAP I TALS , and the pages 
where they a r e published are in itaLics . Gi l li am ' s monogr aph 
of Maraamiua i s separ a tely indexed (pp . 140- 144) , Peter sen' s 
index to Schaeffer' s " Bavarian Fungi" is itself an index (pp. 
14 7-153) , and Si gler & Carmichael' s monograph of MaZbranchea 
and a llied gen e r a i s also separately i nd exed . References to 
these indices a r e i ndica t ed by the notati on ua een . The list 
of epithets on pp . 191-209 is a l so not indexed here. 

Actinodendron vert icillat um 449 
Actinomyces bolognesii-chiurcoi 

435 
Aegerita crustacea 404, 406 
Agaricus see 140-144, 147-150 ; 

1achnophy1lus 64 ; l ut eovirens 
514- 517, 532; stramineus 516 , 
517, 522 

Agrocybe praecox 543 
Ajellomyces 175 
Aleurodiscus 309; amorphus 309 
Al1onema roseum 407 
Alpova cinnamomeus 281; diplo

phloeus f diplophloeus 281 , 285 ; 
f europaeus 283; luteus 283; pa
chyph1oeus 286 

Amanita 516 
Amauroascus aureus 175 
Apinisia 175 
Arachniotus 171 , 1 7 5, see 483; 

candidus 175; str iatosporus 385 
Arachnotheca 176 
Archangeliella africana 289 
ARCUADENDRON 355~ see 483; OVATtJr.l 

358~ see 483; TRIANGULARIS 359~ 
see 483 

Armillaria 513-515, 517, 519, 520; 
sect Armillaria 513, 517, 520, 
521; sect CALIGATE 521; al bo1a
nar ipes 513, 514,517, 524; f ALBA 
513, 52 1, 527; £ al bolanaripes 
521, 525, 526 ; caligat a 521; de
corosa 521; FUSCA 51 3, 514, 521, 
520 528; luteovir ens 513-515; f 
alba 515, 524; PITKINENSIS 513, 
514, 522, 530~ 531; str aminea 
514 , 515 , 517, 519, 520; var A
~reRICANA 513 , 514, 517-519, 522; 
f ALBA 513, 521, 524; f A.\IERICA
NA 521, 522- 524; var straminea 
517 

Armi11ariella 519, 520; mel1ea 520 
Arthroderma 175, see 483 
ARTHROGRAPHIS 359~ see 483; CU-

BOIDEA 363, see 483; KALRAI 360, 

see 483; 1angeroni 360 
Aspergillus CORRUGATUS 535 
Ast erina 501, 502 
Au1ographina pinorum 368 
Auxarthron see 483 

Badhamia gracilis 336 
Bahusakala see 483 
Barssia oregonensis 211 
Basipetospora rubra 373 
Be1oni dium 1eucorrhodinum 341 
Boletus see 150; bovinus 146 
Briosia see 484 
Byssoascus str iatisporus 385 

Calloria me1iolicola 341, 343 
CALWRIOPSIDEAE 344 
Calloriopsis 340 , 345; gelatinosa 

341 ' 34 2' 34 5 
Cal oplaca holocarpa 331 
Ca1varula excavata 294 
Candida a1bicans 401 
Candel aria fibrosa 331 
Catathelasma 516, 517, 519 
Cer cospora 299, 303, 493; cassiocar-

pa 299, 301; equadoriana 299, 301; 
glauca 497; iponemensis 303, 306; 
liriodendri 493, 494; magno1iae 
493, 494; nodosa 299 , 303; occi
dentalis var cassiocarpa 299 ; 
psora leae 301 ; sphaeroidea 299, 
303 

Cercosporidium 299 , 301; CASSIOCAR
PIDI 299~ 300; ECUADOR1ANUf.1 301~ 
302 

Ccriomyces albus 394 
Chaetosphaor ia 504; ca l1imorpha 501; 

dingleyae 169; talbotii 507 
Chalar a 489; agathidis 492; ALABA.\1-

ENSIS 489, 490, 492, 504; angiona
cea 492; hughesii 489, 491, 492; 
mycoderma 405 

Chamaeceras see 140-144 
Choiromyces al veol a t us 211; compac

t us 280 



Chrysosporium see 484 
Cladosporium cubisporum 375 
C1as terosporium 499; caricinum 499 
Clathrus cancel1atus 151 
C1avaria see 151 
Cleistothe1ebolus 545, 548 
Coccidioides see 484; immitis 176, 

see 484 
Codinaea 166, 169, 170, 504, 506, 

507, 509; apicalis 169; aristata 
506, 507; botu1ispora 507; CY
LINDROSPORA 504-507; glauco-ni
gra 169; gon~richoides 166, 
167, 169 , 170; maharashtrensis 
169, 507; obesispora 110; seto
sae 507; UNISETULA 504, 507- 509 

CODINAEOPSIS 166~ 169; GONYTRICH
OIDES 167 ~ 168 

Col1ybia see 140- 144; see 484; 
cys tidiosa 47; OICHROUS 1, 130~ 
131, 135; PRAEACUTA 1, 134; SUB
NUDA 1, 135, 136 

Coniophora puteana 398 
Cookeina su1cipes 390 
Coprinus 233-236 , 247 ; sect Comati 

235; sect Coprinus 233-236, 241, 
248; sect Lanatu1i 236, 24 1, 
245; sect Pe11icu1osi 235; ALNI
VORUS 233 , 236, 241, 242; ARACH
NOIDEUS 233, 236, 238, 239, 241, 
245; ASTEROPHOROIDES 233, 237, 
252, 253, 255 , 259; asterophorus 
255, 259 ; COLOSSEUS 233, 237, 
248, 265, 267; comatus 236, 251, 
272, 274; var comatus 233, 236, 
237, 269, 270, 272 , 274; var CA
PRHIAMl-1ILLATUS 233, 238, 273, 
274; var EXCENTRICUS 233, 238, 
273, 274; var PARVUS 233, 237, 
272~ 273; PALNERANUS 233 , 236, 
248, 249; ROSEISTIPITATUS 233, 
237, 262, 263; SPADICEISPORUS 
233, 236, 245~ 246; sterqui1inus 
248, 265, 269; umbrinus 233, 
237, 259, 260; XEROPHILUS 233, 
237, 255, 256, 259 

COPROTIELLA 545, 548, 549 ; GONGLY-
OSPORA 545, 546~ 547 

Coprotrichum see 484 
Coprotus 545 , 546, 548 
Cora11oides a1bida 153; flava 153 
Cordyceps 540, 541, 543; canaden-

sis 543, 544; intermedia 543, 
544; japonica 540; ophioglossoi
des 543; ROUXII 540- 544 

Coremiella see 484 
Coremi um luteo1um 373 
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Coryne gelatinosa 341; me1io1ico1a 
341 

Cremeogaster levisporus 281 
Crinipe11is see 140-144 
Ctenomyces serratus see 484 
Cyphe11ophora 506; 1aciniata 506 
Cystoderma 519, 520, 532 

Dendrogaster e l asmomycetoides 288; 
major 288; radiatus 288 

Dendryphion 498; 1oranthi 499 
Dictyoarthrinium sacchari 276 
Disciseda brandegeei 283 

Eidamella spinosa 389 
E1aphomyces 543; asperulus 213; 

cervinus 543; granu1atus 213, 
543; var asperu1us 211, 212; var 
granulatus 212; r eticulatus 211, 
213, 214, 543-544; subvariegatus 
543 ; subviscidus 211, 213; varie
gatus 540, 541, 544 

Elasmomyces alpinus 291 
Eleutheromyces geoglossi 344 
Elvela see 151-152 
Emericel1a 535, 537, 538; CORRUGATA 

535~ 537 , 538; nidulans var echi
nu1ata 537, 538; var nidulans 
538; rugulosa 535, 537, 538 

Emmons iella 175 
Endoconidi um luteolum 408 
Endogone gigantea 155; tozziana 282 
Endomyces see 484 
Eoterfezia 545, 548, 549 
Exosporina see 484 

F1occu1aria 514, 515; 1uteovirens 
524 ; straminea 516 

Fomes annosus 398 
Fusic1adium 497 
Fusidium 460 

Gastrella 1utophi1a 281 
Gastrellopsis si l vico1a 281 
Gautier ia 295; a 1bida 288; caudata 

288; gautierioides 289; monticola 
289; parksiana 291; p1umbea 291 

Genabea tasmanica 280 
Geoglossum 344 
Geomyces see 484; ASPERULATUS 376, 

see 484; PANNORUS 377, see 484 
Geopora 329; cooperi 330; f cooperi 

21 1, 214; f gilkeyae 211, 215, 
329 

Geotrichicl1a see 485 
Geotrichum see 485 
Gigaspora 155, 158; ca lospora 157, 
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158; coral1oidea 157 , 158; gigan
t ea ISS, 157, 1S8 ; gi l morci 1S7, 
1S8 ; hc t crogama 157, 158 ; t-tARGA
RITA 155, 1S7 , lSS 

G1obulic1um hiemale 309 
Gloeocystidie1lum 307 , 309; f urf ur-

aceum 309 
Gl oioccpha1a see 140- 144 
Gl ycophila 411 
Gonytri chum 166, 169, 170 
Gymnoascus 171, see 485; r acovitzae 

172 
Gymnoglossum e l asmomycetoides 288; 

majus 288; r adia tum 288; s t ipit a
tum 288 

Gymnomyccs ves icu1osus 290 
Gymnopus see 140- 144 

Hel minthosporium solani num 498, 
499, 502 

He1vcl1a see El ve1a 
Hendersonula toruloidea 401-404 
Het eroconium 498, 499; citharexyl i 

498-SOO; SOLANINUN 501 , 502 
Ho1ocotyl on anomalum 283 
Hydnn soe 152; imbricatum 147; r o

pandum 147 
Hydnangium aurantium 289; carneum 

290; el l ipsosporum 289; gi1keyae 
290; nigrescens 290; nigricans 
290; or cgonense 290 ; sctigcr um 
290; soehneri 290 ; vesicul osum 
290 

Hydnotrya cerebrifor rois 211 , 215; 
nrichae! is 211 , 215 ; variiformis 
211, 216 

Hydnotryopsis compacta 280 
Hydnum sao Hydna 
Hymenogaster a l bidus 288; anomalus 

281; caudatus 288; gautierioides 
289; monticol a 289; radiatus 
288 ; trabuti 289 

Hypomyccs gcogl ossi 343 
Hys t erangium affine 292; a l bum 

292; aurcum 292; cerebr inum 292; 
crassirhachis 292 ; darkeri 292 ; 
inflatum 293; lobatum 294; ne
gloctum 293; neoc1edonicum 293; 
niger 286; obtusum 293; pumi 1um 
293; purpuroum 293 ; sc1erodermum 
293; separabile 293 ; s t o lonifer
um var brcvisporum 293; s t robi
l us 294 

Isariopsis griseola 493; magno liac 
494 

KUEHNTELLA 171, 172; RACOVJTZAE 171, 
172, 173 , 175, 176 

Lasiobol i dium 545, 548, 549 
Lasi obo lus 548 
Lent i nus l epi deus 398 
Leucangium rcaderi 280 
Leucogaster anomalus 281; araneosus 

282; columcll atus 282; fu1vimacu-
1osus 282; Jevisporus 282; l ongi
ster igmatus 282; 1uteomacu1a t us 
282; rotundisporus 281; rubescens 
282 ; t ozziana 282 

Lycoperdon see 152 
Lyl ea cat cnu!at a 498 

~lncO\~ania agaricina 291 
~lacowani t es agaricinus 291; a l pinus 

291 
l>la1branchea see 485; ALBOLIJTEA 416, 

see 485; ARCUATA 420, see 485; AU
~~IACA 422, see 485; CHRYSOSPOR
OlDEA 427, see 485; CIRCl NATA 430, 
see 485; DENDRJTICA 446, see 485; 
FLAVA 448, see 485; FLAVOROSEA 
432, see 485; FLOCCHORI-IIS 452, 
see 485; FULVA 4541 see 485; GYP
SEA 455, see 485; SULFUREA 441, 
see 486 

Marasmicl lus see 140-144 
r•larasmius see 140-144; a1biccps 127; 

a l iaccus 543; cohaercns var LACH
NOPHYLLUS l , 13, 20, 61, 64, 67-
69 ; CYSTl DlOSUS 1, 20, 47, 49, SO; 
FULVOFERRUGINEUS 1, 21, 82- 85 , 89, 
90 ; praeacutus 134; ROBINJ~~US 1, 
22 , 103, 105-107 ; subnudus 136 

Mauginiclln aoe 486 
Mel ampsor a betul inn 297 , 298 
l>le1ampsoridium 297; betu1inum 296-

298 
~lelanogas t er ambi guus var euryspcr

mus 283; curyspcrmus 283; 1utcus 
283; macrocarpus 283; microsporus 
283 ; moll is 283; parksii 283 

Mcl io1a 340, 342, 343; substenospor a 
34 3 

l·leliolina 343 
~lcni spora 504 
Meni sporops is 169, 170 
1>1eru I i us degcner I 53 
~fi croeurotium 545, 548, 549 
mcrompha l e see 140-144 
Micropyxis 340, 343, 345; gcog1ossi 

343, 345 
Microsphaera betul ae 296 
~licrosporum &Yl>Seum 4 70 



~iicrothecium gcoporac 280 
Mollisia betulina 296 
Monascus 548 
Monilia miniata 408 
~~ni1iella see 486 
~1onochaetia 401 
~ion tagnea 259 
Mucor see 152, 218 , 225, 228, 229; 

sect Hiema1is 218, 219; adventi
tius 220; circinel loides 219; 
crustaceus 404, 405; hiemalis 
218- 222, 228, 230; f hlemalis 
220, 228; f l uteus 220, 228; f 
silvaticus 220, 228; humico1us 
220; lutcus 220; mucedo 219; o
doratus 220, 228; r acemosus 218; 
silvaticus 220; vallesiacus 220; 
varians 220, 224 

Hycena see 140-144; ALBlCEPS 1 , 
127; a1cal ina 543 

~iycenitis see 140-14 4 
Myxotrichum 171, see 486; racovit

zac 172, 174; STRIATOSPORUl-1 385, 
see 486 

Nannizzia 175, 353 , 466 
Napicladium 499 
Nectria 341 
Neosecotium africanum 289 
Neurospora i ntermedia 230 
Nyctalina lignicol a 405 

Oct aviania africana 289 ; mutabilis 
291 

Octavianina nigrescens 290 
Oidiodendron seo 486 ; ka1rai 360 
Oidium see 486 
Ojibwaya 373 , 402 
Oligoporus usti laginoides 394 
Onocladium flavum see 486 
Onygena see 486 
Oospora see 486 ; cuboidea 363 
Orbicu1a 545, 548 , 549 
Orbi l ia 340; gelatinosa 340, 341 
OVADENDRON 391, see 487; SULPHUR-

EO-OCHRACEUM 392, see 487 

Parmelia micros t icta 332 
Parmotrema austrosinense 332; 

praesorediosum 332; reticulatum 
332; subcaperatum 332; uruguense 
332 

Passa lor a 299 , 303; a1ni 303; NO-
DOSA 303, 304 

Peckie1la geoglossi 344 
Periconia see 487 
Perisporium betul inum 297 
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Petalosporus 464 
Petchiomyces kraspedostoma 280 
Peziza see 153; betulina 296-298; 

gelatinosa 340, 341; leucorrhodina 
341 

Phaeoisariopsis 299, 493; LIRIODEN
DRI 493, 495; magnoliae 493, 494 , 
496 ; SPHAEROIDEA 303, 305 

Phal1obata albida 294 
Phallus see 153 
Phlobia Tadiata 370 
Pholiota nameko 408 
Phyllactinia guttata 296 
Physarum straminipes 335-338 
Piersonia alveolata 211 
Pl eurotus ostrcatus 543 
Polyporus see 487 
Protendomycopsis see 487 
Protophallus brunneus 294; jamai can-

sis 294 
Protubera brunnoa 294; jamaicensis 

294 
Pseudogymnoascus see 487 
Pseudohiatula see 140-144 
PSEUDOXENASMA 30? j VERRUCISPORln-1 

307, 308 , 310 
Pt ychogaster see 487 

Ramalina ecklonii 333; usnea 333 
Reticularia Iycoper don 336 
Rhinotrichum pulveraceum 436 
Rhizopogon angus t iseptata 284; ano-

malus 284 ; arctostaphyl i 284; au
rantius 289; baxteri 284; bro~~ii 
284 ; brunnescens 284; burlinghamii 
284; cer cbr i num 292; diploph loeus 
285; exiguus 285; gi l keyae 285 ; 
kauffmanii 285; libocedri 285; ma
cu1atus 285; niger 285; occidenta
lis 286; pachyphl oeus 286 , 287 ; 
pannosus 286; parksii 286; ro
gersii 286; separabilis 286; sepe
libilis 286; sipei 287; tsugae 
287 ; vi llosulus 287; vi ridis 287 ; 
zelleri 287 

Russula cyanoxantha 543 

Sclerogast er pacificus 291 
Scler otium betul inum 297, 298 
Scopulariopsis 406; casei 408 
Scorteus see 140-144 
Scutula 345 
Scytalidium see 48 7; FLAVO- BRUNNEW.I 

400, see 487 
Septonema 498, 499; loranthi 499; o

livaceo-nigra 366, 368; secedens 
499; solaninum 502 
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Shanore1la 175 , 464 
Spiromastix 175 
Sporendonema see 487 
Sporocybe azaleae 373 
Sporohelminthium 498, 499; anoma-

lurn 499; sol aninum 502 
Spor otrichwn see 487; pannorum 377 
Stachybotrys 510, 512; chartarum 

510, 512 ; nephrospora 161; oe
nanthes 162; reniformis 161; RE
NISPORA 161, 162; sinuatophora 
161; ZEAE 510- 512 

Strobilurus see 140-144 
Stysanus ulmariae 375 

Teloschis t es chrysophthalmus var 
cinereus 333; exilis 333; f1avi
cans var acrome1as 333 

Ter fezia leonis 280; 1ongii 280 ; 
spinosa 280 

Tctracoccosporium 276; cupulatum 
276 ; AERJUM 276, 277; paxianum 
276; quadratum 276 ; sacchari 276 

Thamnomyccs 179 
Thelebo1us 548 
Thermoideurn sulfureum 441 
Torula see 488 
Toxotrichum cance1latum 385 
Treme1la 163, 165; D~~NTII 163-

165; fibulifer a 165; volcanagua 
165 

Trichobelonium leucorrhodinum 341 
Trichoderma fuliginoide~ 394 

Tricholoma 520; luteovirens 516 
Trichog1ossum farlowii 344; rasum 

344 ; wa1ter i 344 
Trichophyton see 488; mentagrophy-

t es 175, 176 
Trichosporon see 488 
Tripedotrichum herbariensis 418 
Truncocolume11a citrina 287; rubra 

287 
Tuber ca1ifornicum 211 ; indicum 

281 
Tyromyces ptychogaster see 488 

UNCINOCARPUS 461, see 488; REESII 
462, see 488 

Uredo betulina 298; popu1ina (ssp) 
B betulina 296 , 297 

Usnea su1cat a 333 

Valsa fragiformis 154 , mini atus 
154; tuberosa 154 

Venturia ditricha 296, 297 

Wallemia sebi eee 488 
Warcupia 545, 548, 549 

Xenasma 309; amylosporum 311 
Xeromphalina see 140-144 
Xeromyces 545, 548 , 549 
Xylaria 182 
Xylobotryum 179, 182 ; andi num 179-

182; dussii 180; portentosum 
182; r ickii 182 
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