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PREFACE 

The concept for this volume in honor of Daniel E. Stuntz 
was initiated during discussions at the AIBS meetings in Cor
vallis in 1975. Basically we felt that every one of Dan's 
students have had their lives personally and professionally 
enriched by Daniel. Therefore, we felt some expression of 
our gratitude should be presented to him and hopefully this 
volume which contains articles by his students as well as his 
professional colleagues serves such a purpose . 

Our function in this endeavor was simply to initiate and 
coordinate this project . We hasten to point out that we did 
not act as editors but were responsible for compiling the 
finished papers, numbering the pages of the volume and com
pl eting the index . Contextual or edi t orial errors are the 
responsibility of each contributing author. 

We would like to acknowledge our appreciation for the 
numerous ideas and suggestions from Dan Stuntz's many stu
dents, particularly in the formative stage of this project. 
We would also like to thank Dr. Richard P. Korf for his 
assistance and his cooperation in allowing Myco taxon to 
function as the publishing outlet for this commemorative 
volume. 

Finally, we would like to thank you, Dan Stuntz, for 
your encouragement, guidance and kindness. Stand proud, Dan, 
you have every right to do so. 

DAVID LARGENT 
Arcata, California 

DAVID HOSFORD 
Ellensburg, Washington 
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DANIEL E. STUNTZ--A DISTINGUISHED PROFESSOR 
A!ID FRIEND 

An Apology: 

by 
David Ramon Hosford 

Department of Biological Sciences 
Central Was hington University 

Ellensburg, WA 98926 

I would like to confess that I gathered much of the 
following from Dr. Stuntz without his appr oval or knowledge 
Several means were used, but the most productive and, 
perhaps, most subve r sive were the wi ne sessions we shared 
sporadical ly o ver the lasL thirtepn years. I sincerely 
hope memory of what was said during those occasions was not 
influenced too greatly by the exquisite wines imbibed. I! 
so, my apologies, Dr. Stuntz, but let me assure you t hat I 
will ne ver forget the friends hip and details of vintages we 
shared. 

Daniel E. Stuntz was born in Milford, Ohio, but moved 
at a n early age to Seattle, a move neve r r egretted l argely 
because of the hot , muggy summers wh ich adversely effected 
his health as a c hild. The family lived in t he beautiful 
Magnolia district overlooking the Puget Sound, a place 
which offer ed nearby woods and chilly , sparkling waters in 
which to play. Surviving a normal c hildhood, o ne tale of 
his youth particularly gives us a glimpse of his inventive
ness . He and his cousin loved to experime nt in the kitche n 
(likely, in secrecy) . On one occasion t hey developed a 
most unusual co ncoction which he still gladly shares. It 
is calle d "Stuntz's All Service Spice" with t he following 
r ecipe : take one tsp. of celery seed, one tsp. ( ±) of 
baking soda, and mix liberally with an adequate amount of 
vanilla ext ract to produce a " drinkable" slurry ; serve, if 
you dare! Having tried this, you'll find that it is 
particularly useful as an emetic. In hindsight . these 
trial and e rror experiments must have helped "mould" him 
i nto the connoisseur we know today. 

Daniel's interest in botany was influenced by his 
father's business in s ugar cane . His fat her spent much 
time o n plantations in Cuba and the southe rn United States 
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and , at l east once, took him to Cuba. Daniel vividly 
recalls t his experie nce, particularly t he processing of the 
canes and the f utile attempts of rats trying to escape from 
the hopper of the sugar cane press . Today , he is mildly 
amused at t he mentioning of "pure," unrefined cane sugar so 
popular with the "organic" gene r ation. While his fat her 
was away during the school year, Daniel often stayed with 
his aunt in Seattle. In later years, his parents moved t o 
Pateros in nort h cent ral Washington where his fat her 
establis hed a business processing apples i nto concent r ate. 

In 1931, Daniel enrolled at t he University of Washing
ton. His choice of forestry was apparently influenced to 
some degree by a family friend and occul ist . He advised 
Danie l to consider forestr y, presumably fo r reasons relat
i ng to Daniel's near- sightedness (repor tedly, equivalent to 
40X hand lens) and the supposed non-eyest rain i ng, outdoor 
life-style of the forester. Although his f r eshman cour ses 
i n forestry, physical sciences, math, and engineering 
design were fa r from an o utdoor experience, he excelled i n 
them . It was later in t hat year or t he next t hat be took 
his first botany course on the f ungi (as we all know, 
pronounced f un-gee) . The course in gener al mycology, 
taught by Dr. J. w. Hotson , convinced him that he had 
chosen the wrong major. Seeking to correct his mistake, be 
met with Dr. Fr ye , t he stern c hairman of t he botany depart
ment. Dr . Frye's first r eply to his request to enter 
botany was, "Young man, I do not seem to r emember what your 
aspi rat ions are . " Daniel cautiously ma de his aspirations 
clear and was accordingly accepted into the program . Need
less to say, he bad found his nic he and , in 1935, received 
a Bachelor of Science degree in botany. Afterwards he 
commenced work on a Masters degree under t he s upervision of 
Dr. Hotson. 

His interest in the taxonomy of agarics was sparked by 
Hotson, a rust specialist, who l oved agarics but apparently 
had little time to do r esearch on them. As an undergradu
ate, Daniel began collecting mushrooms a nd occasional ly had 
Lhe opportuni ty to meet visiting mycologists . One of t he 
most memorable meetings was in 1 935 with Alexander Smith. 
They collected i n the Olympic Mountains together and became 
lifelong friends. 

His c hoice of graduate thesis came about t hrough an 
i nnocent attempt to key out a mushroom, with angular
nodulose spor es, to t he genus Cortina~ius . Mildly 
frustrated, Dr . Hotson came to hi s rescue and gently 
suggested that he try I nocybe . Becoming awar e of t he 
horrendous number of unidentifiable Inocybe species, he 
bravely began a flo r istic sur vey. However, just before 
completing his thesis, he received an opportun ity wh ich 
abruptly changed his immediate plans. In 1937, Dr. Frye 
approac hed him witb t he possibility (he stressed 'possibil
ity') t hat, if he would get a Ph.D . at Yale under thefamous 
forest pathologist , John S . Boyce, he might be considered 
as a replacement fo r Dr. Hotson , whose health was rapidly 
fai ling . Fully aware of t he s ho r tage of academic positions 
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In spite of New Haven , he quickly adjusted to Yale a nd 
a course of study in for est pathology under Boyce . For his 
doctoral thesis , he proposed to expand his work o n Inocybe, 
particularly since he now had better access to Nort h 
Ame rican types i n eastern he rbaria. Dr. Boyce received t he 
i dea e n t hus iast i cally but quickly proclaimed , "I don't 
know a n agaric from a battleship . " Unda unted, however , he 
began the monographic work. He gratefully r ecall s r eceiv
ing taxonomic help f r om Alexander Smith who ex tended an 
invitation to visit and use the herbarium and mycological 
libr a ry at the University of Michigan . He accepted the 
offer and "slithere d" by auto to Ann Arbor one Christmas 
recess . He completed his thesis and Ph . D. in 1940 and, in 
t he same ye a r , accepted Dr . Hotson' s vacated position at 
the University of Washi ngton. 

Hired as an instructor in botany, he i nitially taught 
Forest Pathology, General Mycology, and a plethora of 
bread 'n' butter courses s uch as Economic Botany. His 
earlier apprenticeship as a graduat e teaching assistant 
appar e n tly prepared him well. In 1959, he was promoted to 
full professor and in 1974 received the honorary title of 
Distinguished Professor, an immense honor. conside r i n g the 
number of f a c ulty h e was c hosen f r om and t he numbe r of 
stude nt s attending t he University (approximately 2 , 400 a nd 
35,00~ respective ly). His cour ses were always of the 
highest quality, providing a thorough background in histori
cal and current developments and literature, and un iquely 
organized with original illustrations and taxonomic keys. 
Lectures were never flamboyant o r pretentious, but i nstead 
e loquent presentations sprinkled with humorous comment s 
(seemin~ly missed by all but the most attentive) and 
beautiful color drawings in chalk . 

During his years at the University, he e nl a r ged t he 
mycology offerings to include: Basidiomycetes (excluding 
the Rusts and Smuts); Ascomycetes (excluding the Yeasts); 
Yeasts and Related Forms; and Rusts, Smuts . a nd Pu ngi 
Imper fecti. During his tenure, Dr. Howard Wisler joined 
the staff and a cou r se i n Phycomycetes was added. There
fore, due LO Daniel's presence, t he University of Washington 
became a major cente r fo r mycological training an d r esear ch. 

The assessment of the total influence of s uc h a man 
js impos~ible, parLicularly while he js still actively 
working . Leaving the impossible undone, I will mention 
o nly some of hi s more obvious accomplishments . Notable js 
his legacy or mycologists (Fig. 1), many of whom are 
active i n teac h ing and resear c h. Those aL universities are 
like wise p r oducing a second generation o f mycologists . 
Another impo rtant contribution that s hould be noted is his 
extensive work with the amateur. For years, he has taught 
eveni ng and weekend mushroom identification courses 
(grat is) . He revised a nd e nlarged the popular fi e ld g uide 
to northwes t species, Th o Savol"y 1-li'ld f.1ueh1•oom. In 1963. 
he he lpe d organize, a nd st ill advises, the hugP Puget 
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Sound Mycological Society. This organization has spawned 
at leas t a dozen smaller groups around the no r t hwest . 

In t he 1967 edition of Amer ican Men o f Science , he 
listed his specialties as morphol ogy a nd taxonomy of 
Basidiomycetes and Ascomycetes. His published work in 
these areas, often co-author ed, is extensive and covers a 
wide r ange of f ungi. Over t he years, he has steadfastly 
worked on I nocybe . Although he would be the last to admit 
it , progress on the monograph has been impeded by rela
tively heavy teaching r esponsibilities and large numbers 
of graduat e students (Table I) . Yet, be bas published 
new s pecies and bas compl et ed a manuscript (unpublis he d) 
on Sect. I nocybium (s en s u Stuntz) of Subg. I nocybium 
(Earle) Singer . This section, at last count , i ncludes 
455 species, 29 varieties, and 18 fo rms, and contains only 
the smooth spor e d s pecies with pleurocystidia . In the 
near f uture, he hopes t o finish the " r ough" s pored section 
of Subg. Inocybe and publish the complete monograph . 

Finally, I would like t o list a few personal memories, 
many of whic h his s tudents will certainly remember. I 
r ecal l : his unse l fis h s haring of time and unbelievable 
patience ; his incredible mycologic al library and facility 
with the literature; his occasional catnaps late at night 
or during seminars ; his Louisiana coffee breaks ; his 
legendary supply of exotic pastries (thanks for those 
scrumptuous maple bars, Dr . Stuntz!) , luscious fruit , 
cheeses, breads, a nd beverages; bis s hopping excurs i ons 
for pastries to s upply the day's lab; his s urprise gifts of 
expe nsive books , autographed i n hi s unforgeable style (see 
cover) ; his occasiona l expressions of f rustrat ion (like 
" ... 40,000 tons of inspissated Emeu .... ") ; his 
evenings at the symphony; the incessant ringi ng of his 
t e l ephone dur i ng the mushroom season ; his Friday Ha rbor 
excurs ions and t he Stuntz Foray; and Friday evening wine 
sessions. Best , t hough , is the memory of havi ng e xperi
enced the stimulating inte l lect of this gent le and kind 
man. 

It is for these r easons, a nd many more, that his 
stude nts and colle agues wish to dedicate this issue of 
Myco t ax on to Daniel E. Stuntz , now Professor Emeritus . 

Figu r e l . D. E. Stuntz' s mycological descendants, 
restricted to those teaching in col leges and 
univers i t ies a nd /o r acti ve in r esearch . For a 
mor e complete l isting of gr aduate stude nts 
r efer t o Tabl e I . 
*deceased 
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Left - Daniel, about 4 years old. 
Right - Daniel, about 10 years old. 

Seattle. 

Photo taken in Ohio. 
Photo taken in 

Dr. Stuntz and a roosting friend. Daniel has always 
been fond of pets. Many will remember Midge, his Boston 
terrier, and the many stray cats who wisely adopted him 
(his "cat" food is reportedly the best in Seattle). He 
has also been the recipient of a number of unusual pets: 
Calir,ula the Iguana (may he rest in Peace:); a nest of 
orayin~ mantes; and an assortment of snakes and turtles. 



Fr om Zeft to right~ L. R. Hesler, A. H. Smith, R. 
Singer, and D. E. Stuntz. Photo was taken in the early 
1950 ' s at the University of Michigan Biological Station. 

Left 
Right 

v 

- Dr. Stuntz collecting in the field, 1950. 
- Dr. Stuntz and friends arriving at Friday Harbor 

(San Juan Island) for a to~eekend of gourmet meals 
and mushroom collecting . About Nov. 1974. 

9 
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Daniel Stuntz and his friend Albert Pilat, together 
in Seattle during the 1969 International Botanical 
Congress. 

Dr. Stuntz examining an Inocybe at (typical) close 
range. 



Dr. Stuntz relaxing in Oneonta, N. Y., just after the 
1977 Peck Foray. Swinging with Gloria Hosford and Currie 
Marr. 

Dr. Stuntz in his Johnson Hall laboratory, U.W., 
1978. 

11 
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Table I 

GRADUATE DEGREES COMPLETED UNDER THE SUPERVISION OF 

DANIEL E. STUNTZ 

1951 M.S . 

1951 

Robert Lewis Gilbertson 
Department of Plant 
Pathology 
University of Arizona 
Tucson, AZ 85721 

M.S., Forestry 

John Runt 
Pacific Northwest 

Polyporaceae of Flathead 
Lake r egion of western 
Montana 

An investigation of two 
species o f f ungi associated 
with Bark--Beetles on 
Pacific Silver Fir 

Regional Experiment Station, 

1957 

1957 

For est Service 
Portland, OR 
( Die d 1959 e n r o uL e 
assume Dr. Boyce's 
position at Yale) 

M.S. 

Harvard Lyman 

address unknown 

Ph.D., Forestry 

James Martin Trappe 

Forest ry Science 
Laboratory 
3200 Jeffer son Way 
Corvallis, OR 97331 

to 

1962 M.S. 

Darryl William Gru nd 

Department of Bio logy 
Acadia University 
Wolfvi lle, N. S. Canada 

1962 M.S . 

Hubert Cliffort Klett 

Departme nt of Biology 
Olympic College 
Br emerton, WA 98310 
( Di ed l 976 ) 

The o ntogeny of the 
laticiferous system of 
Lactarius aurantiacus (Fr.) 
Fries 

~enococcum aranifor me - its 
distribution, ecology , 
mycorrhiza formation, and 
inherent variation 

PhoZiota of Was hi ngton State 

A s urvey o f t he Tremellales 
of the Pacific Northwest 



1963 M.S. 

Dennis Melvin Hall 

A survey of the pileate 
Hydnaceae o f western 
Washington 

Department of Biology 
Northeastern Ill. Univer sity 
Dryo Mawr at St. Louis 
Chicago, IL 60625 

1963 M.S. 

Theodore Charles Hoffman 

Mason Lake, WA 
(deceased) 

1963 M. S . 

Bill Forgust Isaacs 

Tewa Enterprises 
Sante Fe, N. M. 87501 

1964 Ph.D. 

Hurbe r t Clifford Kle tt 

Department of Biology 
Olympic College 
Bremerton, WA 98310 
(Died 1976) 

1964 M.S. 

J ohn Lewis Maas 

Fruit Laborato ry 
BARC- W 
Beltsville, AlD 20705 

1965 Ph.D. 

Darryl William Grund 
Depart me nt of Biology 
Acadia Universi ty 
Wolfville, N. S . Canada 

1965 M.S. 

A survey o f Bo l etaceae of 
Was hin gton 

A survey of Aga~icus i n 
Was hington, Oregon, and 
California 

North Amer ican Species o.r 
E:z:idia 

A survey of the macrofungi 
o n serpentine and non
serpe ntine soils in the 
upper Teanaway River 
Valley, Washington 

A s ur vey of RuoouZa 
occurring in Washington 
State 

A taxonomic s urvey of 

13 

Peziaa in wester n Wa shington 
Phylli s Margaret Hicks 

College Biological Supply 
Bothell, WA 
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1965 ~!. s . 

Naoshi Nakamura 

Okinawa 

1967 M. S . 

Betty Ann Alde r 

Breme r ton , WA 98310 

1967 M.S. 

Jo hn H. Haines , Ph.D. 

New York State Museum 
Alba ny , N.Y. 12234 

1968 Ph .D. 

Denn is Melvin Hall 

A su r vey of Amani t a in 
western Was hi ngt on 

A s urvey oi genus 
Guepiniopsis with comparison 
of genera Guepiniops i s and 
Dac:roymyces 

A survey of t he genus 
Dasyscyphus and r e lated 
genera i n western Washington 

A s urvey of t he pileate 
Hydnaceae of west ern 
Was bingtou 

Department of Bi ology 
Nort heastern Illinois University 
Bryn Mawr a t St. Lo uis 
Chicago, IL 60625 

1968 Ph.D . 

David Lee Largent 

De par t me nt of Biology 
Humboldt State Uni versity 
Arcata, CA 95521 

1968 Ph .D. 

1971 

1971 

Currie Daniel Marr 

Science-Biology Department 
State Unive r sity College 
Oneonta, N. Y. 13820 

Non- t hesis Master s 

R. L. Holman 

Seat tle, WA 

Non- t hesis Mast er s 

Fred Van De Bogar t , Jr. 

Seattle, WA 98133 

Leptonia and r elated genera 
of the west coast with a 
pre liminary r evision of t he 
Rhodopbylloid fungi 

Rama:roia of western 
Was hington 

'' A study of Hi s top tasma i n 
~be Paci fic Northwest" 

A taxo nomic s urvey of t he 
coprophilous taxa of 
Cop:roinus (Agaricales ) i n 
western Wash i ngton 



1972 Ph.D. 

David Ramon Hosford 

Rhi z opogon of t he nort h
western United States 
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Department of Biological Sciences 
Central Washington University 
Ellensburg , WA 98926 

1974 M.S . 

Gustavo A. Escobar 

Apar t ado Postal #05-50 
San Salvado r , El Salvador 
Central America 

1975 Non- t hesis Mas t e r s 

Car ol Sue Davis 

Ever ett , WA 

1975 Ph.D. 

1975 

1978 

Fred Van De Bogar t 

Seattle, WA 98133 

Ph . D. 

Joanne He len Williams 
(Le nnox) 

I ssaquah , WA 98027 

Ph.D. 

Gustavo A. Escobar 

Apartado Postal #05-50 
San Salvador, El Salvador 
Central Ame r ica 

1979 Ph.D. (to be completed) 

Susan D. Libonati 
(Barnes ) 

De partme nt of Botany 
Uni versity of Washington 
Seattle, WA 98195 

Algunos Hongos de El 
Salvador Tremellales, 
Tbe l ephorales y Discomycetes 

Studies on t he Bird' s Nest 
Fungi of Washington State 

The genus Coprinus i n 
Washington and adjacent 
western states 

Th e Collybioid f ung i of 
west e rn Washi ngton 

Contribution towards a 
monograph of neotr opi cal 
species of Hymenochaete 

"Selected Pleurotoid 
gener a of western Was hi ng
t on" 
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ON THE NASSARIACEAE IN NORTH AMERICA 

MARGARET E . BARR 

Department of Botany, University of Massachusetts 
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SUMMARY 

The fami l y Massariaceae of the Nela nommatales 
comprises taxa with medium to large ascocarps, a 
peridium composed of numerous la yers of sma ll com
pressed cell s , thick- walled bitunicate asci, trab
eculate pseudopa raph yses, and large , symmet r ic , 
distosepta te ascospores . Six genera are recognized 
in t he family and a r e distinguished by ascospo r e 
septation, perithecjoid or cleistothecioid ascocarps 
or presence of stromatic tissues . Dothivalsaria 
megalospora lvith one-septate ascospores and Aglao
spora p r oEusa with three-septate ascospor es have 
ascocarps gr ouped beneath stromatic tissues that 
form coarse s ulcations at the substrate surface . 
Species of caryospo~a and zopfia produce one- septate 
ascospo r es that develop th i n secondar y septa near 
the tips. Cl eistothecioid ascocarps are fo rmed by 
species of Zopfia . The species of Massaria have 
three -septa t e ascospores; ascoca r ps ar e separate 
with or wi thout clypea l ti ssues . Species of Titan
ella form many transverse a nd vertical septa in 
the ascospor es . 

In a fort hcoming article , expa nd ed fr om a poster pres 
entation prepared fo r TMC2 in 1 977 ~ Barr (1979) presents a 
classification of t he Loculoascomycetes. The fami lies of 
Pleospo rales i n the clossifica ti on of Luttrell (1973) or the 
suborde r Pseudosphaeriineae of the Dothideales accor di ng to 
vo n Arx and MUller (1975) are r earranged a nd expanded into 
two orders ( Barr~ 1976) ; a key to families and notes on 
r epres e ntative genera are given. It is my intention to 
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enl~rgc on the outline with desc r i ptions of genera and 
species of the va rious fa mil ies known from t emper a te North 
Ame r ica , even t hough the numbers of spec i es and detail s of 
thei r distr ibution arc incompl ete at presen t. Thi s contri
bu ti on presents info r mation on the f am i l y Massa riaceae of 
the order Mela nommatales . 

The d ist inguis hing fea ture s of members of the Massar
i aceac a r c: ascocar ps large (500 urn or mo re diam), pe rid i um 
of numero us compact l ayers of s mall ce ll s , asci thic k wa ll ed , 
pseudoparaphyses trabeculate, bra nched and ana s tomosing , 
embedded i n a gela t i nous matrix, a scospo res large , symmetr ic , 
distoseptate, and us uall y surrounded by a gela tinous coa t i ng . 
Somewhat similar species whose peridia a r e coarse l y pse udo 
parenchymatous , pseudoparaphyses cellu l a r, and ascospor es 
asymme tri c a r e seg r egated i nto a parallel family belonging 
i n the Pleosporales a nd wi l l not be disc ussed her e . 

~lassal"iaccac Wi nte r in Rabcnh. Kr ypt. - FL. 1 (2): 534 . 1886 . 
Zop fi aceae Ar naud, Bull. Soc . Mycol. Fr ance 29 : 259 . 

19 1 3 . 

Ascocarps med ium to large , per i t hec i oid or clei s t othcc 
ioid , globose or depr essed or bases flattened and applanate, 
immersed , erumpent o r almos t en tirely s upe r ficial ; apex 
s hort papil l a t e, rounded or some times comp r essed, a t times 
papilla dehiscen t leaving an excav a ted rounded por e , or 
enti r e l y c l osed ; peridium composed of compressed laye r s of 
small cel l s , us ually broad but na rrow and fo rming cephalo
theco id plates i n some taxa, with dark redd i s h o r vinaceous 
br own pigment e ncrus t ed on walls of oute rmos t cells ; s trom
atic tissue s s parse or well developed , forming a t times a 
coar se l y sul ca te s urface above ascocarps, grown t ogether 
with s ubs trate cells as ps eudos troma at times , the n often 
delimited by a dark marginal zone, clypea l in mos t species. 
Asci bitunlcate, ari s ing from base of locu l e, wall thic k, 
o ften with broad blunt apical region s urround ed by refrac t 
ive ring , of t en less tha n eight spo red ; ps eudoparaphyses 
trabeculate, na rrow, d i s tantly and i nco nspicuously septate , 
conspicuous l y br a nched a nd anastomos ing above the asci , 
embedded in a gelatinous matrix . Ascosporcs La r ge , symmet 
r i c , e llipso id or f usoid, distosepta t e i n the majo r ity of 
species , hyaline or b r own , pigmen t in cell contents and/or 
in cell walls , contents of t en fo r ming th ic k- walled endosp
or es , one or thr-ee sep tate or muri fo rm; \va ll s mooth or 
r oughened, usually s urrounded by a ge l ati nous coa t i ng, a t 
times formi ng a ppendages a t tips of s pores , at times drying 
down t o fo rm r e t iculated roughe nin gs on s pore s urface . 

Saprobic o r weakly pa r asi tic, on branches o r root s of 
trees a nd shrubs , hard endoca rps of fruit s , c ul ms of large 
monoco t s . 

Anamorphic s t ate s poo rly known ; where known coelomyc 
e t ous , conidia small , apparently sperma t i al. 
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Genero of Massoriaceoe 

1. Ascospor es one septate or secondary septa thin and nea r 
tips of ascospo r es . . . . . . . . . . . . 2 

1 . Ascospores three septate or muriform . . . . . . 4 
2. Ascocarps i mmer sed, grouped and surrounded by 

s troma t ic tissues formi ng coarse sulcations at 
surface of substra t e . . . . . . . . Dothivalsaria 

2 . Ascoca r ps e rumpent or superficial, separate, 
stromatic tissues if formed closely appressed 
to peridium . . . . . . . . . . . . . . . . . 3 

3. Ascocarps with papillate apex , openi ng by por e . . 
. . . . . . . . . . . . . . . . . . . . . . . Co ryospora 

3 . Ascocarps with rounded apex, without preformed pore, 
opening by splitting of pe ridium . . . . . . . . ZopEi a 

4 . Ascospores multi septate , with both transverse and 
vertical septa ; ascoca r ps immersed, e rumpe nt or 
superficial, separa te .. .. .. . . . . Titan e lla 

4. Ascospo r es transverse l y three septate; ascocarps 
imme r sed . . . . . . . . . . . . . . . . . . . . 5 

S. Ascospore wall hyaline or pallid, contents as thjck
walled endospores , brown, mid cells approaching leng th 
of end cell s; ascocarps usually grouped and surrounded 
by stroma tic tissues, often forming coarse sulcations 
at sur face of substra t e . ...... . ... Aglaospora 

5 . Ascospor e wall and contents either br own o r hyaline, 
mid cells shor te r than end cells; ascocarps usua1ly 
sepa r ate, st r omatic ti ssues as clypeal region at 
surface of substrate or closely appressed to peridium 
. . . . . . . . . . . . . . . . . . Massoria 

Aglaospora de Not . Giorn. Bot. ]tal . 2: 43. 1844. 

Ascoca r ps large , immersed , several grouped a nd erumpent 
together, short beaked; stromatic tissues blackened and oft en 
fo r ming coarsely sulcate tips above sma ll group o f ascocarps, 
int e rmixed with host cel l s around ascocarps and formi ng 
whitened areas, circumsc r ibed by bl ackened marginal zones ; 
peridium composed of numerous layers of compressed cells, 
dar kened toward surface. Asci cyli ndr ic, bitun1cate , with 
thick walls a nd broad shallow cytoplasmic pro trusion in apex, 
surrounded by refractive r i ng , usually eight ascospore init
ials formed but typically four ascospores maturi ng; pseudo
paraphyses trabeculate, nar row, branched and anastomosi ng in 
ge la t inous mat r ix . Ascospores pallid or llght brown with 
dark brown endospo r es , e ll ipsoid , symmetr jc , tapering to 
r ound ed t ips, three dis t osep t a te, endospores rh omboid (in 
mid ce lls) or conoid (in end cells), wall smooth, surrounded 
by gelatinous coating . 

Wea kly parasitic on woody branches . 
Conidial state said to be Cycispora l e ucospe rma Fr. 

(Tulasne and Tulasne , 1863 ) . 
Type and single species : A. proEusa 
Shoemaker and Kokko (1977a) provided 

A. profusa as an uni tun icate ascomyce te. 

(Fr.) de Not . 
a description of 
The peculiar ascus 
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tip - - toJi tit a "~houlder l i ke ridge near apex" (Shoemak er and 
Leclair, 1975) and th e presence of a r ef r ac tive ring surr 
ounding th is ridg e of cytoplasm s ugges t unitunica t e nature . 
llowevcr, the ascus a pice~ of A . profusa ~mel o f the spec i es 
of MaRRaria are quite simila r in structure . The asci are 
not t ypica lly bitunicate, but in water mounts of fr es h mat
erial the exoascus wil l break a nd the endoascus e l onga t e so 
that r consider them to be bitun i cate . A ref racti ve r ing 
~urround ing the api cal cytoplasmic protrusion is found else
where i n the Loc ul oascomycete s , notably in s pecies of 
Lcptospha c rulina, Py renophora a nd Wettsteinina. 

When i solated on aga r medium, A . profusa grows slowly 
to form a c olony of rose- tinged hyphae . The aga r benea th a 
colony becomes da rke ned. After 1 yr in culture, large irr 
egular stromatic masses of pseudopa renchyma tous hyphae were 
prod uced but these remained ste r ile . 

Aglaospora profusa ( Fr . ) de Not . Giorn. Bot . Ital . 2: 43. 
1844. Figs . l-3 

Sphacria profusa Fr . Syst . Mycol. 2 : 392 . 1823. 
valsa profusa (fo r. ) Fr. Summa Veget . Scand . p . 41 1. 1849 . 
Pse udoval sa pro f usa (Fr . ) Wi nt e r i n Rabenh. Krypt.-Fl. 

1 ( 2) : 785 . 1887. 
Mas saria profusa (Fr . ) Petrak , Ann . Mycol . 39: 347 . 1941. 
Sphaeria anomia Fr. Syst. Nycol . 2: 381 . 182 3. 
A<.Jlc~ospora a nomia (Fr . ) Lamb. Fl. Mycol. Be l g . 2: 250. 

1880 . 
Massar ia a nomia (fr . ) Petr ak, Ann . Myco l . 21: 114. 1923. 
Sphacria amorphostoma Schw. Trans . Amer. Philos. Soc . 

J [' 4 : 201. 1832 . 
Sphaeria capitella Kl atsch in Rabenh . Deut schl . Krypt.

f- 1 . 1: 18 2 . 184 4. 
Aglaospora occllata de No t. Giorn. Bo t. Ital. 2 : 43. 

1844 . 
Hassaria ~ei ridia Be rk . ~ Curt . Grev i l lea 4: 155 . 1876 . 
Pseudova7sa irr egularis (DC .) Schroe t. in Cohn , Krypt.

Fl. Schles . 3(2) : 1145. 189 7 . 
Aglaospora irregularis (DC . ) 0. Kuntze , Rev. Gen. Pl. 

3(2): 44 1. 1898. 
Ascoca r ps 600-1100 urn dialJt, i mmersed or occasionally 

e rumpe nt i n sma ll groups , rare l y separate , s urrounded by 
yel l ow brown o r dark brown pscudostromatic t issues mixed 
with s ubs trate cells, stromatic tissues above ascocarps 
da r kened , erurn pent and often forming coarsely s u l cate peaks 
over s hor t beaks, s troma often del i mited by a darkened marg
i na l line around sides a nd base; pe r idium dark brown extern
ally , pa ler toward i nter ior, composed of numerous layers of 
compressed cel l s , 60-70 um wide. Asc i 180-200 x 18 . 5-28 urn, 
broadly cylindric, wit h re fractive ring around broad apica l 
prot rusion o f cytopl asm ; pseudoparaphyscs trabeculate . 
Ascospo r cs 36-54(-60) x 13-15( - 17 . 5) ~m. ellipso~d, wa l l 
hyaline to l ight browni sh , endospo r es dark brown, th ree 
distosep tate , not constrict ed at septa, pr imary septum 
med i an, seconda r y septa near l y me di an i n each half, endo 
spore th ick walled a t maturity , ascospore wal l s mooth, 
s ur rounded by narrow ge l atinous coating. 
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On br anches of Robinia pseudacacia. 
Material examined : CANADA : Ontario: London, 24 1ar 1890 , 

J . Dearness; USA: New Hampshire : Barr 3878; Massachusetts: 
Barr 5100, 5269, 5327, 6028, 6305, 6416; New Jersey: Ellis 
NAF 172; Ka nsas : Fungi Col . 1566 (all MASS). EUROPE : Herb . 
Barbey-Boissier 246 , 643; D. Saccardo, Mycol . !tal . 1487 
(NY) . 

caryospora de Not . Micromyc . Ital . Dec. 9 : 7 . 1856. 
Ascocarps large, dull black , erumpent superficial, base 

rounded or flattened and applanate, leaving circular black 
line in substrate when removed, sepa r ate, apex papillate, 
opening by br oad pore; per idium carbonaceous or firm, com
posed of numerous layers of slightly compressed cells , pig
ment heavily encrusted externally , base narrower than sides. 
Asci relatively few from base of l ocule, ob l ong or inflated 
in middle, nearly cylindric a t times, bitunicate, (one) two 
to eight spored ; pseudoparaphyses trabeculate , numerous, 
narrow, branched and anastomosing above asci , in gelatinous 
matrix, extending into apical pore. Ascospor es rich reddish 
brown to dark brown, often opaque in age, symmetric, broadly 
ellipsoid , tapering to pointed or rounded tips, oft en paler 
at tips, primary septum median, usually constricted, disto
septatc (young), at times one or more secondary septa near 
one or both end s , with large globule in each cell, wall 
thick, surrounded by narrow gelatinous layer when young and 
this drying down t o form reticulate or striate or irregular 
roughenings on surface . 

Saprobic on woody substrates, decorticated wood , s t ony 
endocarps of frui t s , woody stems or arborescent grasses . 

Conidial states coelomycetous where known, species of 
Asterostome lla according to von Arx and MUller (1975). 

Type species : c . putaminum (Schw. ex Fr . ) de Not . 
Jeffers (1940) examined and briefly described the species 

of Cacyospora . Of the North American species described i n 
t he genus, neither c . cariosa Fairma n nor c . minor ha s disto
septate ascospo r es. The medium to la r ge superficia l asco
carps and l)ght reddish br own , simply sep t ate ascospores of 
t hese two species suggest a generic position in Tremato 
sphaecia (Mela nommataceae). 

Species of Caryospora 

1. Ascospores very large (over SO urn long), becoming opaque 
in age . . . . . . . . . . . . . . . . . . . 2 

1. Ascospores medi um large (up to SO vm long) , rich r eddjsh 
brown but not usually opaque in age . . . . . . . . . 3 

2 . Ascospores one, two, four (rarely eight) per ascus, 
(50-)80- 120(-150) x (35-)40-54(-65) urn, l ength:wid t h 
r a t io ca . 2:1; usually on peach cndocarps ..... 
. . . . . . . . . . . . . . . . . . . . C . putaminum 

2 . Ascospores eight per ascus , (60-)85-117 x (20-)32-
52(-57) urn, 1ength:width ratio ca. 2 . 5:1; on r otting 
wood . .. . ........ . . .. . c . callicarpa 
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3 . Ascospores wi th th ickened secondary septa near t i ps, 32 -
50 x 15- 20 ~m; on canes of Arundi naria .. c. langloisii 

3 . Ascospor es one septate , s econdary sep t a if formed t hin 
lvalled . . . . . . . . . . . . . . . . . . . .. ... 4 

4. Ascospores 40-50 x 14-15 ~m , length:wid th rat io ca. 
3:1; o n woody stems of Artemisia .... c. striata 

4 . As cospores 30-50 x (13-)17-20 ( -30) ~m, length:width 
r a tio ca . 2: 1 ; on peach endocarps . c . mi n ima 

Caryospora callicarpa (Currey) 
~tycol. p . 163 . 1870 . 

Nitsc hke i n Fuckel, Symb. 

Spha e r iA cal l ica r pa Currey , Trans . Li nn. 
22: 321. 1859. 

Fig. 4 
Soc. London 

Ascocarps 800 -1000 urn i n diam or larger, bases applanate, 
coni c , apex papillate , de hiscent a nd leavi ng l a r ge r ounded 
pore ; peridium firm, dark brown, composed o f numerous layer s 
of compressed cells . (Asci, according to l iterature: ca. 
250 x 65 ~m , eight spored . ) Ascospores (60-)85-117 x (20 -) 
32-52(-57) ~m , dark brown, opaque in age , broad l y ellipsoid, 
tapering abruptly to elongate t ips, tips somewhat paler than 
main bod y, primary septum median, not or slig htly constric t 
ed, a t times one or two septa i n end s, wal l thick, surround
ed by a narrow ge l atinous coating that dries down as irreg
ula r rou gheni ngs on s ur face . 

Saprobic on decorticated decay ing wood. 
Material examined: USA: New York : Long Island, 

Zabr is kie (Ellis Herb . , NY); South Carolina : S. J . Smith 
43991 (NY) . 

These collections are both overmature and asci ar e no 
longer evident . The ascospores are dark brown or opaque and 
the contents are not recognizable. Several ascospores had 
germinated , with germ tubes eme r ging f r om the thinner pa l lid 
tips . Ellis a nd Everhar t (1892) prov i ded ascospore measure 
ments of 75-85 x 20-25 ~m becoming 1 00 -11 2 x 40 - 50 urn . The 
ascospor es of c . callicarpa in European collect ions , as i n 
those of c. putaminum , are sma l ler -- 60- 75 x 28-32 ~ m 
acco rding to Dennis ( 1978) . 

Ca ryospora langloisi i Ell . & Ev . J . Mycol. 4: 79. 18 88 . 
Fig. 5 

Ascocarps up t o 1 mm diam , i mmersed beneath, rai s i ng and 
fi na l ly rupturing th i n epi derma l layer of cell s , bases a ppl
a nate, conic, apex s hort papill a t e; per i dium f irm, dark 
brown encrusted externa lly , paler t oward interior , ca . SO urn 
wide at base, up to 78 ~m wide at sides. Asci 110-170 x 40-
45 urn, broad l y obl ong , eight spored; pseudoparaphyses trabe
c ulate . Ascospo r es 32-50 x 15- 20 urn, rich reddi s h brown, 
el l ipsoid fusoid, pr ima r y s eptum median, s lightl y const r ict 
ed, secondary septa nea r each tip, not cons tri c t ed , with one 
large gl ob ul e in each cell , s urro unded by narr ow gela t i nou s 
coating, s mooth, some s howing wri nkling of surface especia lly 
at tips . 

On dead ca nes of Arundinaria (probably A. macrosperma 
Mich x . ) . 

Mater ia l examined: USA : Louisiana : Point a la Hache 



P.O., 27 Mar 1888, A. B. Langlois , Flor a Ludoviciana 1238 
(type , NY) . 

The secondary s epta of the ascospores might suggest a 
species of Mas saria , but the shape and position of sep t a , 
as well as the ascocarp , a re typical of species of caryo 
spora. 
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Caryospora minima Jeffer s, Mycologia 32: 561 . 1940. Fig . 6 

Ascocarps 495 -700 urn diam , superficial , thickly scatter
ed, base applanate , conic , apex bluntly papillate, rounded 
pore visible at maturity; pe r idium brittl e , da r k brown 
externally, paler toward i nterior, composed of numerous 
layers of compressed cells . Asci 150-180 x 35-50 urn, clav
a t e cylindric, eigh t spo red; pseudoparaphyses trabecula te . 
Ascospores 30-50 x {13- ) 17-20(- 30) urn, r ich brown , broadly 
ellipsoid , primary septum media n, con~tricted , wit h one 
large globule i n each cell, wall thickened , smoo th . 

On peac h endocarps, Prunus persica, on the ground. 
Material examined: USA: Maryland: Harrison' s Orchards , 

Berlin, 6 Aug 1938 , W. F. Jeffer s ( t ype, NY). 
Jeffers (1940) obtained ascocarps i n culture of this 

species , jus t as he di d in c . putaminum. He observed that 
c. minima differed from c . putami num in smal l e r s izes and 
in l ess tapered ascospores . The ascospo r es in the type 
material do not show additional septa at thi s t ime , but 
Jeffers described a septum in each tip . 

caryospora pucaminum (Schw . ex Fr . ) de Not. Micromyc . !tal . 
Dec . 9: 7 . 1856 . Figs . 7 , 8 

Sphaeria putaminum Schw. ex Fr . Syst . Mycol. 2: 461. 
1823 . 

Ascocarps 495 - 1000 ~m or more in diam, s uperfic ial, 
scatter e d, base appl anate , conic, apex papi llate, dehiscent 
at maturity, leavi ng r ounded pore; peridium redd ish brown 
externa ll y , pa l er toward in t erior , composed o f numerous 
l ayer s of compressed ce lls , up to 100 ~m wide. Asci 12 5- 260 
x 50- 70 um, oblong, e llipsoid or c lavate, us ual ly less than 
eight spores maturing (o ne, two, three o r fou r ) ; pseudo
paraphyses trabec ulate. Ascospores (50-)80- 120(-150) x (35-) 
40 - 54( - 65) ~m, reddi s h brown, dark brown , finally opaq ue 
excep t for pallid tips , broad l y e llipsoid o r b iconic , prim
ary sep tum median, constricted, occasionall y wit h thi n s epta 
in the tips, one l a r ge g lobul e in eac h cell, wall t h i ck (3 -
4.5 pm wide ) , s urround ed by gelatinous coating 8 - 12 um wide , 
surface smoo th or r oughened with g r anular deposit that ma y 
be reticulate . 

On peach c ndocarps, Pr unus persica , on the ground . 
Material examined : USA : Massachuse tt s : Barr 2672 , 

5301, 5524, 621 3; South Caro l i na: Elli s NAF 898 (all MASS) . 
For Eu r opean co ll ections , Scheinpfl ug (1958) described 

a scos pore dimen s ions as 40 - 70 x 20-24 urn , co nsi derably small 
er than those in North American collec tions . 

Je ffers ( 1940) cultured c . putaminum and obtained asco
carps on a peachstone-malt-extract agar . The most f avo rabl e 
pH was between 5 . 0 a nd 6.0 , optimum t emper a ture wa s 25-28 C, 



24 

and ascoca rps f ormed in partial or complete darkness but 
we r e fewer i n numbe r in f ull li ght . Ascoca rps originated 
as a smal l hyphal knot which wa s s urrounded by a pseudo
par enchyma tous layer . After about 1.5 mo, l arger cell s 
we r e visible within the young ascocarp and soon after asci 
developed and extended into the pseudoparaphyses. Ascosp 
ores germinated by a germ tube from the pall i d tips . 
Jeffers ob t ained spe rmogonia cpn t aining mi nute sper matia i n 
culture; the spermatia did not ger mi nate . 

Caryospora s t riata (Niess l ) Schei npflug , Schweiz . Bot . Ges. 
Ber. 68: 368. 1958 . Fig. 9 

Amph~sphaer i a striata Niessl, Hedwigia 15: 11 7. 1876. 
Tr ematospha eria striata (Niessl) Holm , Symb . Bot. Upsal . 

14: 159 . 1957 . 
Ascocar ps ca. 660 ~m diam, nea r ly gl obose , immersed i n 

s ubstrate with broadly papillate apex erumpent; peridium 
firm , dark brown , composed of seve ral laye r s of compressed 
cells , ca. 30 ~ m wide , thickened towa rd exposed apex. Asci 
240 x 18- 22 vm , eigh t s pored ; FSeudopa r aphyses trabecula t e . 
Ascospo r es 40-50 x 14-15 urn, dark redd ish br own , el li psoid, 
pr imary septum median, cons tric t ed, no additiona l septa 
seen, content s with one l arge a nd one small gl obule in each 
cell, wall fi ne l y r oughened. 

On Artemisia triden tata, lar ge wea the r ed stem. 
Ma ter ia l examined : USA : Utah: Barr 6154A (MASS) . 
This coll ec tion is placed i n c . striata with some r ese r 

vations. The fungus is s urely a species of caryospora a nd 
it agrees quite well with descr iptions of c . striata except 
fo r longe r ascospo r es (Hol m, 1957 , gave 33-36 x 14-15 urn, 
Scheinpflug , 1958 , 32-36 x 10-13 ~m for European mater ia l 
of this spec ies) . Caryospora s criata is known i n Eur ope 
on wood of Fraxinus and Quercus and I have not seen it 
r eco r ded f rom Nor th America . Ny reserva tion lies in the 
dispa r ate s ubstrate and ecol ogical situa tion of the Utah 
collec tion. 

Acco rd i ng to the description i n North American Py r e no
myce t es , p . 183 , Sphaeria sulcata Elli s(Mela nomma sulcata 
(El l . ) Ell . & Ev . ) , described f r om Utah on sagebrush, could 
be identical with my collection . Upon exami nation of NAF 
1663 (MASS) , th i s fungus pr oved to be a species of Lepto 
sphaeria s ubgen. Syncarpella, r elated t o L . tumefacie ns 
(Ell . & lla rkn . ) Petr ak by simila r ities of ascospo r es but 
differi ng f r om t hat s pecies by possessing a large blun t , 
occasiona l ly sulca t e apex t o the ascocarp . 

Figs . 1-3 . Aglaospora profvsa: 1. Habit of ascocarps in 
s troma . 2 . Ascospo r e . 3 . Ascu s apex showing ref r active 
r i ng and uppermost ascospore . Figs . 4-9 . Species of 
Caryospora : 4. C. callica rpa , ascospo res . 5 . c . la n gloisii , 
ascospores . 6. c . mi n ima , ascospore . 7 and 8 . c . putamin
um, 7. Habit, 8 . Ascospore . 9 . c . striata , ascospo r es. 
Figs . 10- 12 . Dothivalsa r ia megalos poca : 10 . llabit o f asco
carps in st roma. 11 . Ascus apex. 12 . Ascospores . Figs . 1, 
7 , 10 , ca . XlO . Standard line = 15 ~m fo r remaining Figs . 
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Dochivalsaria Petrak , Sydowia 19 : 283 . 1966 (1965). 

Ascocarps medium to large , globose or compressed, s ho r t 
beaked, immersed, usually several grouped together beneath 
blackened s tromatic tissues that coalesce to form black , 
coarsely s ulcate erumpent tips , pseudostroma intermixed with 
subst rate cel l s , brownish around ascocarps; peridium brown 
externally, hyaline t oward interior, composed of severa l 
laye rs of compressed cells , 12-30 urn wide. Asci cylindri c , 
eight spored; pseudopar aphyses trabeculate, na rrow , nume r 
ous, branched and anastomosing in gelatinous matrix . Asco
spo res br own, symmetr ic , broadly ellipsoid, ends r ounded, 
septum median , not or slightly constricted, thickened, with 
one la rge rhomboi d globule in each cell , wall thick, at 
times s urrounded by narrow gelatinous coating. 

On woody branches . 
Type and single species: D. megalospora (Auers w. )Pc trak 
Dothivalsaria megalospora is a rare species that pre-

sents some problems in classification . Petrak (1966 ) 
c reated Dothivalsaria, based upon Kunze's exsiccati speci men 
(n . 364) of Myrmaecium megalosporum, s tat i ng that the genus 
was dothideal in contrast to Massariovalsa sudans (Berk . 6 
Curt . ) Sacc ., which is diaporthaceous . While the habi t s of 
the two fungi are simila r, they differ in s tromatic tissues, 
paraphysoid tissues and details of ascospores . The genus 
Massariovalsa belongs in the Melanconidaccac of the Di apor 
thales (Barr, 1978) a nd i s quite distinct from oothivalsaria. 
~one of the mate rial of D. megalospora that I have seen was 
r ecent ly col l ected , but the asci are su rely bituni cate , with 
thickened cndoascus a nd a somewhat r aised ridge of cytoplasm 
protruding in the apical r egion. Immature ascospores a r e 
distoscptatc in aspec t. The species resembles Aglaospora 
profusa by grouping of ascoca rps surrounded by pseudostrom
atic tissues a nd especially by forming coa rse l y s ulcate 
peaks of st romat ic tissue erumpent from the subs trate. The 
aspect of l ocules of both is comparab le, while differences 
in ascospore pigmentation, shape a nd septa tion sepa rate the 
ti,'O . 

Dochivalsaria megalospora (Auersw . ) Petrak, Sydowia 19 : 283 . 
1966 (1965). Figs . 10-12 

valsaria megalospora Auersw . Lepizig Bot . Tauschver. 5 . 
1866 . 

Myrmaec i um mega los porum (AuerS\\' . ) i cs s 1, Verh. 1a turf. 
Ver. BrUnn 12: 2 15 . 1576 . 

Massariovalsa megalospora (Auersw.) MUller in MUller & 
von Arx, Beitr . Kryptogamenfl. Scln~ciz 11 (2): 730 . 
1962 . 

Diatrype angulare Peck , Bot . Gaz . (C ra1,·Cordsville ) 5:36 . 
1880 . 

valsaria angularis (Peck ) Sacc . Sy l l. Fung. 1: 745. 1882 . 

Ascoca rp s (220-)385-660 urn diam , us uall y in sma ll c ir 
cinate groups beneath blackened stromatic ti ssues , stromata 
up to 1.5 mm wide and deep, dark brown or blackened on sur
face a s coa r sely s ul cate tips; peridium 12-30 urn wide. Asci 
170-200 x 24-25 urn , e i ght s pored; pseudoparaphyses trabecu-
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l ate , ex t ending in t o ap i cal region. Ascospores 28 -3 2(-42) x 
13-15 um, bright brown, septum median, wall smoo th or some
times finely punctate, at times surround ed by na rrow gelat
inous coating. 

In woody bra nches of va r ious dicotyledonous trees . 
Material examined: USA: Vermont: on Tilia americana, 

New Haven, 17 May 18 79 , C. G. Pringle ( type of Diatrype 
angulare Peck , NYS); Texas : on Ungnadia speciosa, Houston, 
H. W. Ravenel 65 (i n specimen of Parmentaria astroidea Fee, 
MASS). EUROPE: J . KL'nze, Fungi sel. exs. 364 on Al nu s (BPI, 
two collections) . 

Massaria de Not. Giorn. Bot. Ital . 1: 333 . 184 4; Atti Sci . 
Ital. 1844: 485. 1845. 

sacco theci um Fr., Summa Vege t . Sca nd. 2: 398 . 1849. 
Ascocarps l ar ge, globose o r depressed , immersed , apex 

erumpent, broadly papilla t e , st roma tic tissues of t en form
ing a darkened c lype us above ascocarps or mixed with substr 
ate ce lls a s pseudostromatic tiss ue s , at time s c ircumscribed 
by blac kened marginal zones ; peridium fi rm, composed of 
numerous la yers of compressed cells , darkly pi gmented exter
nally, paler toKard interior. Asci cylindric o r broadly 
oblong, bitunicate, apex with broad cytoplasmic plug that is 
often surrounded by a re f ra c tjve ring , four or e i ght spo r ed ; 
pseudoparaphyses trabecula t e, narrow, numerous , branched and 
anastomosi ng above asci in a ge latinous matrix . Ascospo r es 
narrowly o r broadly ellipso id , hyaline o r brown , symmetric , 
dis toseptate, primary septum median, not or s l ight ly con
stricted, secondary septa c loser to primary t ha n to ends of 
ascospore, contents as lenticular (mid cel l s) or conoid (end 
cells) endospores , wall smoo th, surround ed by gelat inous 
coa t i ng. 

Sap r obic or we a kly parasitic on woody branches. 
Co nidi al sta tes whe re know n coel omycetous ; Phoma species 

(To nol o , 19 56) . 
Type s pec i es : M. i nq u inans (Tode ex Fr.) de No t. 
Shoemaker and Lec la ir (1975) c l a r ified the generic con

cept and provided synonyms and cons i de rabl e o ther i nforma t
i on about var ious species of ~assaria . I n th e earl y compil
ation of descriptions , El lis and Everhart (1892) included 
s pecies that are now segrega t ed in to various genera in other 
orders of the Loculoascomycetes , e . g ., A5teromassaria , 
Splanchnonema and Trematosphaeria in the Pl eosporales , 
wectscei n i n a in the Dothideales. These taxa are not con
s idered he r e. 

The four spec ie s of Hassa r ia included in this treatment 
are qu·ite simila r i n all re s pec t s. Hassaria inquinans forms 
a well-deve loped clypeus and of ten blacke ned marginal zones 
delimi ting the stromatic ti ssues . The ascospores : end t o be 
wider than those of the other specie s . Ma ssa r ia xanthoxyli , 
with eight-spored asci , is separated from H. lnqu i na n s by 
inconspicuous s troma tic tis s ues a nd shorter ascospores . The 
two s pecies with four -spored asci are also separated mainl y 
on a scospore size . 



28 

Species of Massaria 

1. Ascospores brown; asci us ual l y eight spor ed .. . 2 
1 . Ascospores hyaline, becoming yello1vis h or light or dull 

br o1vnish in age ; asci usually four spored . . . . . . 3 
2 . Ascospores 46-66( - 76) x 1 3- 18 ~m ; blackened clypeal 

tissues inconspicuous or absent . . M. xan t:hoxyli 
2 . Ascospores 64-96 x (12-) 16 . 5-19(-2 7) vm; blackened 

clypeal t issues conspicuous . . . . . M. inquinans 
3. Ascospores 48-64(-78) x 12-18 vm; blackened clypea l 

tissues present at times , sparse and i ndistinct a t times 
..•... , • ... • .. , ... , . • . . . M. py.ri 

3. Ascospo r es 73- 90 x 13-21 u rn~ blackened clypea l tissues 
inconspicuous . . . . . . . . . . . . . . . M. lan t:ana c 

Massaria inq uinans ((Tode) Fr . ) de Not . Giorn . Bot . Ital. 1 : 
333 . 1844. 

Sphae.ria i n q uinans (Tode) Fr . Sys t . 
(Sphae.ria i n quinan s Tode , Fungi 
1791. ) 

Figs . 13-15 
Mycol. 2: 486 . 1823 . 
Mecklenb. 2 : 1 7. 

Spha e r ia gigaspo.ra Desm . Pl . Cr yp t. France Ed . 1, n . 
2065 . 1851 (Ed . 2 , n. 1765 ; Ann . Sci. Na t., Ser. 3, 
18: 363. 1852 . ) 

Massaria gigaspora (Desm . ) Berk . Grevil l ea 4: 156. 1876 
(non Fuckel , 1873) . 

Massaria vomit:or ia Berk. & Curt . Grevi ll ea 4 : 155 . 1876 . 

Ascoca rp s globose, 750- 1500 urn diam , immer sed, usually 
separa t e , at times two together, apex broadly papillate , pr o
trudi ng slightly beyo nd substr a t e surface; s troma t ic tissues 
forming blackened clypeus be twe en perider m and wood, indis
tinct or pallid or darkened a r ound ascocarps as pseudostroma, 
of t en for mi ng dark marginal zone; pe r idium br own externally , 
paler t owa r d i nterior , composed of nume r ous layers of com
pressed cel l s , 40-50 urn wide . Asci 210- 350 x 40-44 ~m, 
eight spored ; pseudoparaphyses trabeculate . Ascospores 64-
96 x (12-)16 .5- 19(-27) urn , br ow n, e llipsoid , three dis t o
septate, slightly cons tricted at median prima r y septum , with 
lens - s ha ped or conoid endospores , wall smooth, surrounded by 
gel a t i nous coating . 

On br anches of Acer , espec i ally A . saccharum . 
Ma t e r ial exami ned: USA: Ma i ne: Bar r 5799 ; Ve r mont: 

Barr 4197; Massachuset t s : Ba rr 4130, 4905 , 5187 , 5264 , 6000 , 
6031 ; New York: El l. & Ev . NAF 2927 ; Shear' s New York Fungi 
152; Seaver, Ascomycetes and l ower fu ngi 37; Wa shington: 
Fungi Col. 3140 (all ~~SS). 

Shoemaker and Kokk o (1977b) i llus tra t ed a nd described 
M. inquina ns f r om Ca nad)an material . Ma ssaria i nquina ns is 
common on recen t ly fallen suga r maple branches . After a 
year or more , decorticated branches bear l arge black ci rcles , 
the remnants of ascocarp peridi um and surrounding s troma tic 
t issues . 

The apex of the ascus us ually has a r efrac tive ri ng 
surroundi ng pro truding cy t oplasm, as does that of Aglaospo.ra 
profusa. Ascospor es of t he two species a r c simi l ar at first 
gla nce , but those of A . proEusa have pigmented endospores 
and more nearl y equal cells than those of M. inqui nan s . 
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Massaria la ntanae (Otth) Shoemaker & Leclair , Canad. J . Bot. 
53: 1583 . 1975. Fig . 16 

Cladosphaeria lantanae Otth, Mi tthe il. Naturf . Ges . 
Bern, 1868 : 51. 1869 . 

Massaria plumigera Ell. & Ev . Nor th Amer. Pyrenomycetes 
p. 404. 1892. 

Massaria inquinans fo rma viburni Jaczewski , Bull . Herb. 
Boissier 2 : 680. 1894. 

Massari a plumigera va r . tetraspora Dearn. & House , New 
Yo rk State Museum Bull. 188: 35. 1916 . 

(Massaria gigaspor a auct . non (De sm . ) Berk., non Fuckel) . 
Ascocarps 495-1500 ~m diam, globose or depressed, immer

sed, separate , with broadly papillate apex protruding s l igh 
tly beyond s ub s trate surface; stromatic tissues forming a 
clypeus i n periderm of s ubstr ate and extending along wood 
surface, loosely interwoven or indistinct around ascocarps; 
peridium dark brown, composed of numerous l aye rs of compress
ed cells , 37-78 ~m wide. Asci 140-285 x 32 . 5-45 ~m , usually 
four spored; pseudoparaphyses trabecula t e. Ascospores 73-
90 x 13-21 ~m. hyaline, becoming light yellowish or dull 
brown in age , narrowly ellipsoid , three di s toseptate, not 
constricted a t median primary sep tum, with lens-shaped or 
conoid endospores, surrounded by gelatinous coa ting. 

On branches of species of Corylus, Hamamelis, viburnum. 
Mate r ia l examined: CANADA : Ontar io : Fungi Col. 4826 . 

USA : New York: Shear's New York Fungi 356 (both MASS); Alba
ny , 22 Feb 1915, H. D. House ( t ype of M. plumigera var. 
t etraspora Dearn . & House, NYS); 5 June 1915 (NYS) . 

Shoemaker and Leclair clarified the sy nonymy of this 
species (1975) and Shoemaker a nd Kokko (1977c) described and 
illustrated Canadian specimens . The four-spored asci of 
both M. lantanae and M. pyri separate these two species from 
M. inquinans and M. xanthoxyli . 

Massaria pyri Otth in Tulasne & Tulasne, Sel. Fung . Carp . 2: 
237 . 1863 . Fig . 17 

Cladosphaeria pyri (Otth in Tul . & Tul . ) Otth, Mittheil. 
Naturf. Ges. Bern, 1868 : 51 . 1869 (as c . pyri Otth) . 

Massaria i n quinans forma pyri (Otth) Jaczewski , Bull. 
Herb. Boissier 2 : 680. 1894. 

Pse udovalsa occulta Ell. Proc. Acad. Sci. Phila. 1895: 
27 . 1895 . 

Aglaospora occulta (Ell.) Fa rlow, Bibl. Index North 
Amer . Fungi 1 (1) : 166 . 1905. 

Hassaria pruni Wehmeyer, Univ. Michigan Stud. Sci. Ser. 
14: 131. 1941 . 

Ascocarps 600-900 pm diam, imme r sed, globose with broad
ly pa pillate apex pr otruding slightly beyond s ub s trate sur
fa ce ; s tromatic tissues formi ng narrow blackened clypeus, 
often connecting adjacent ascocar ps, r eddish brown or 
whitish pseudostromatic tissues around a scocarps; peridium 
brown externally, paler toward interior, composed of s everal 
layers of compres sed cell s, 24-40 ~m wide, t hickened toward 
apex. Asci 150-240 x 20-35 ~m. four s pored; pseudopara
physes trabeculate . Ascospore s 48-64(- 78) x 12- 16(-18) urn, 
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hyali ne becomi ng yellowish or light to dull br own in age , 
narrowl y el l ipsoid , thr ee distoseptate, s lightly cons tricted 
at median primary septum, with lens-shaped o r conoid endo 
s pores , wall smooth, surrounded by gelatinous coa ting . 

On branches of s pecies of Malus, Prunu s , Pyr us . 
Mate r ia l exami ned : CANADA: Ontar io : Ell. & Ev . NAF 

2613; Fungi Col . 1936 . USA: New York: Shear' s New York 
Fungi 153, 357; New Jersey : Ell. & Ev. NAF 97 , 1954 (all 
MASS) . 

Shoemaker a nd Lec la i r (19 75) provided the synonymy cited 
here. 

Massaria x Dn tho xyli ( Peck ) Petr ak , Ann. Mycol . 23 : 13 8 . 1925 . 
cf . Fig. 17 

Massariella xan t hoxyli Peck, Annual Rep . New York St ate 
Museum 46 : 116 . 1893 . 

Ascocarps 300-700 ~m diam, globose with br oadly papill
ate apex protruding s lightly beyond s ubstrate sur face ; 
str omatic tissues scarcely formed, as hyphae intermixed wi th 
cells of s ubs trate; pe1·idium brown ex t ernally, paler t oward 
i nterior , composed of numer ous layers of compressed cells , 
(20-)30-4 0 urn wi de . Asci 100- 190 x 33-53 urn , eight spor ed ; 
pseudoparaphyses trabeculate. Ascospores 46-66( - 70) x 13-
18 ~m. yel lowis h t o dark brown, narrowly ell ipsoid , t hree 
distoseptate , not or very s lightl y constricted at median 
prima r y se p t um, with l ens-shaped or conoid endospor es , wal l 
smooth, surrounded by gelatinous coating . 

On br a nche s of s pecies of Hor us , Ul mus , xantho xy l um. 
Ma ter ial examined : CANADA: Ontar io : Ell. & Ev . NAF 

26 11 (MASS) . USA : New York: Mechanicsvi lle , May 1892 , 
C. H. Peck ( type, NYS) ; Al abama : Fung i Col. 1543 part (wi th 
Hassaria e pileuca Berk . & Curt . = Trematosphaeria e pileuca 
(Berk. & Curt . ) Shoema ker & Lec l air) (MASS) . 

Petrak (1925) described the species i n detail f rom a 
No rth Dakota collection . Shoemaker and Kokko (1977d) des
cribed and i llus trated the f ungus from Ca nadian specimens . 

Titanella H. & P. Sydow, Ann. Mycol. 17 : 36 . 
Pleamphisph aeria v . Htlhnel, Sitzungsber. 

Wiss ., Math . -Na turwiss . Cl., Abl . 1, 
(26 J une) . 

1919 (31 May) . 
Kai serl. Akad . 
128 : 576 . 1919 

Ascocarps large , dull bl ack , immersed erumpent or s uper
ficial with r ounded bases embedded in s ubs tra t e , separa t e or 

figs. 13-17 . Species of Ma ssaria : 13 -1 5, M. inquina ns , 
13. Habit of ascoca r p . 14. Ascus apex . 15 . Ascospor e . 
16. M. lantanae, ascospore . 17 . H. pyrl (cf . M. xantho x yli) 
ascospo re . Figs . 18-22 . Species of Titanella : 18 and 19 . 
T . luzonen sis . 18. Habit of ascocar ps . 19 . Ascos pore . 
20 and 21 . T . macrospo r a . 20 . Habi t of ascocarps. 21 . 
Ascospo re . 22 . T . pelorospor a , a scospo re . Fig. 23. zopfia 
rhizophila, ascospor e . Figs . 13, 18, 20 , ca . XlO . Standard 
line g 15 pm for remaining Figs . 
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connected by br own hyphae , apex papillate, r ounded or com
pressed , ope ning by broad pore, excava t ed a t times ; peridium 
carbonaceous when ascocarps widely erumpent, fi rm wh en asco
carps immersed , composed of numerous layers of reddi s h t o 
da rk brown ce lls , pigment encrusted , heavily so on widely 
erumpent peridium, peridium narrowed toward base . Asci 
relatively few from base of lo cul e , ob l ong or cy l i ndric , 
bitunicate, two to eight s pore d; pseudoparaphyses numerous, 
narrow , branched and anastomosing above asci , extending in to 
apical pore, i n gelatinous matr ix . Ascospor es l ar ge, r ed 
dish br own or dark brown , elongat e , cy lindric or f usoid, 
tips rounded or tapered, often paler at tips , symmetric , 
(1-3-5-) 17-23-septate, with one t o five vertical septa , 
distoseptate in young s tages , not obviously so when full y 
mature, of ten constricted at primary and secondary s epta, 
with large globule in each ce l l , wall th ic k, s urrounded by 
narr ow gelatinous coating, s ur face smooth or finely r ough . 

Saprobic on woody s ub s trates. 
Type species : T . l uzone n sis (P . Henn . ) II. & P. Sydow 
The genus Pleamphisphae ria wa s also based on Henni ngs ' s 

species , a nd according t o the dates impri nted on the i ss ues 
of the two journa l s , is antedated by Titanella by l ess than 
one month. 

T1ta nella has been relegated t o synonymy with Pleospora 
by Cl ements and Shear (19 31) , wi th Teichospora by von Arx 
a nd f.IUller (197 5) , but diffe r s from both genera i n many 
respects . Fungi with large ascoca rps and large copious l y 
mur iform ascospores , similar to species of caryospora a nd 
Massaria in mos t features , find a posi tion in Ti tanella. 
The presence of a l arge papillate apex is consistent in th e 
species placed in this genus . However , the apex is r ounded 
i n the type species , compresse d i n T. macrospora , and var
iable eve n within a collection i n T. pelorospora. 

Species of Titanella 

1 . Ascos pores e llipsoid f usoid, t aper i ng t o ends , r elatively 
broad, (67 - )80- 11 7 x (18-)24 - 33 ~m; ascocarp apex rounded 
or at t imes compressed . . . . . . . . . T . pelorospora 

1 . Ascospores narrowly ellipsoid cylindric , ends rounded . 2 
2 . Ascoca rp apex r ounded; ascospores 70-130 x (16-) 18-

26 11m • • • • • • • • • • • • • • • T. luzonensis 
2 . Ascocarp apex compr essed ; ascospores 80- 110 x 20-

26 t~ m . . . . . . . . T . macrospora 

Titanel la luzon e n sis (P . Jlenn. ) H. & P. SydO\-' • Ann. Mycol. 
17: 36 . 1919 . Figs . 18, 19 

Julella luzonensis P. Hen n . Hedwigia 47: 257-258 . 1908 . 

Plea mphisphaeria luzonensis (P. Henn. ) v . Htlhnel , Sitz
un gsber. Kaiser]. Akad. Kiss ., Math. -Naturwiss . Cl., 
Ab t . 1 , 12 8 : 57 6 . 191 9 . 

Ascoca rps up t o 1 . 5 mm diam , globose, with ve r y short 
broad apical papilla , becoming excavated and leaving r ounded 
pore, immersed en :mpent becomi ng nearl y superfi cial, thic kl}' 
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scattered or in small gr oups; s tromatic t issues s l ight, a s 
brown hyphae extending into substr a t e, not forming c l ypeus; 
peridium firm , with da rk brown narr ow external l ayers and 
light brown inner layers , composed of numerous l ayers of 
compressed cell s , ca . SO urn wide at base and lower sides, 
thic kened (up to 130-165 urn or more) ove r apex . Asc i 195-
260 x 30 -65 urn, two, th ree , or fo ur spo red; pseudopa r aphyses 
trabeculate. Ascospores 70-130 x (16-)18-26 urn , hyaline 
becoming vinaceous brown wi th paler end ce lls, narrowly 
ellipsoid cylindri c , straight or of t e n slightly curved, 
(10-)13-1 7 distoseptate, wi th one ( two) ve rtical septa in 
all but end cells , slightl y constricted at primar y median 
and a t sever a l of seconda r y and t erti a r y septa , septa as 
we l l as walls t h ickened a nd darkened, endospor es lenticul ar, 
wall smooth, s urrounded by narrow gelatinous coa ting . 

On dead unknown t rees . 
Materia l examined : PHIL IPP INES : Luzon, Prov . Benguet , 

Mar 1904 , A. D. E. Elmer n. 5937 (isotype, NY) , 5957; Fung i 
Malaya na , C. F. Baker 34 (NY) . 

Although this s peci es l i es beyond the r ange of the fu ngi 
r ecounted in this presen t at ion, a des crip t i on and fig ures 
a r e i ncluded for compar i son with the s pecies o f Titanella 
that do occur in North Ame r ica . 

Ti canella macrospora (Speg . ) Barr , comb . nov . Figs . 20 , 21 

Lophioscoma macrosporum Speg. Mi chcli a 1: 466. 1878 . 
Placyscomum macrosporum (Speg . ) Ches t ers & Bell, Mycol. 

Pap . 1 20 : 46. 1970 . 

Ascocarps up to 1 mm or more in diam , globose, imme rsed 
erumpent , apex prominent, compr essed , broad, with brown 
hyphae at sides forming a s lig h t subiculum ; per idi um da r k 
brown externally, paler t owa r d i nter ior, composed of numer 
ous l ayers of small cel l s , 52-78 urn wid e . Asci 275-350 x 
50-60 urn, four o r eight spored; pseudop3raphyses tra beculate . 
Ascospor es 78-110 x 20-26 urn, ye llowis h brown to da rk brown, 
narrowl y e ll ipsoid cylindr1 c, tape r ed s li ghtl y to ~ounded 
end s , e nd cel l s usuall y paler t han main body , (7-9 -)19 di s t o
septa t c, with one t o three vert ical septa in a ll but end 
ee l Is , e ndospor es l ent i cular or rhomboid, wa l l thick, dark, 
fine l y r oughened a t matur i t y , with traces of gelatinous 
coating . 

On old wood of Quercus. 
Materia l examined : USA : New Je r sey : ~ewfield, Nov 18 78 

(as Sphaoria cyploxia n. s ., El l is i ned . , NY); Newfie ld, Oc t 
1893 (NY) . 

The New Je r sey material of thi s species agrees well with 
the original description of the fungu s from ltaly and with 
Berlese' s illustration (1890, Ta b . IX, fig . 8) . Chestc-rs 
a nd Bell (1970) r eferred t o Ell is ' s coll ection fo r the ir 
descrip tion of the species , and termed t he ascospo r e septa 
"ps eudosep t a. " El lis, in note s accompanying the specimen, 
observe d that the ascospores re sembl ed tho se of ostrcichnion 
amoricanum (o . asssafras (Schw. ) Ba rr ) a s indeed they do . 
The elongate ascoca r ps t hat open by a l o ng s l it i n o . sassa
fras distingui s h tha t species o f the Lophiaceac from thi s one . 
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Titanella pelorospora (Dearn. ) Barr, comb . nov. Fig. 22 
Amphlsphaeria pelorospora Dearn . ~lyco logia 18: 247 . 1926 . 

Ascocarps 500-1000 urn or up ~o 1. 25 mm diam , wide l y 
erumpent , globose with r ounded bases immersed in wood tiss
ues, apex papillate, rounded or at times compressed ; per id
ium brittle a nd ca r bonaceous when f ree from periderm, dark 
brown ex ternally , pal e r toward inter ior, composed of numer
ous laye rs of small compressed cel l s , 40-60 urn wi de if 
covered by remnants of periderm, up to 90-165 urn wide when 
free f r om periderm. Asci (130-)260-400(-550) x 32 - 54 urn , 
eigh t spored or less; pseudoparaphyses trabeculate. Asco
spores (6 7-) 80-11 7 x ( 18- )24 -35 urn , light brown to reddish 
brown, ellipsoid fusoid, tapering to ends , (1-3-5-) 11 -23 
septate, with three to five vertical septa, not in end cel l s 
or as Y-shaped sep t a, constricted at media n primary septum, 
endospores rhomboid or lenticular, wall thick, smooth or 
fi nely r oughened, s urr ounded by gelatinous coating that may 
be elonga t ed ove r en ds . 

On bark of woody plants. 
Material exami ned: CANADA: Queb ec : Betula sp. , Hul l , 

28 Apr 1891, ~lacoun , Canadi a n Fungi 78 (NY , two collec tions , 
as Caryospora callicarpa, Trematosphaeria callicarpa) . USA : 
New York: Liriodendron tulipifera, Greenport, Long Isla nd, 
14 Mar 1924, R. Latham 1898 (NYS, as caryospora callicarpa); 
Nyssa, Greenport, 27 Apr 1933, R. Latham 7631 (DAON ex 
Dea rness Herb . , as Amphisphaeria pelorospora) ; New Je r sey : 
Nyssa , El l. & Ev . NAF 3012 (MASS, NY, as Amphisphaeria 
p apilla ) . 

Dearness (1926) desc ribed the ascospo res of Amphisphaer
ia pelorospora as " br01-'n, ! -septate , constri c t ed , biconic, 
27-105 x 30-33 u." The material studied from Dearness ' s 
herbarium (authentic bu t not type specimen) wa s a s l ide pre
pared and sent me by Dr. S . J . Hughes; the ascospor es agree 
precisely 1.rith the descr i ption ~~ that many septa are 
for med. Tru e , the primary sep tum 1s darkened and cons tr jct 
ed and mos t co nspicuous , but even under low magnifications 
the additiona l septa are obvious. Dea rness no t ed that A . 
pelorospora seemed to be the same as Ell is & Everhart ' s NAF 
30 12 of A . papilla, but that the description of that s pec ies 
(Elli s and Eve r hart, 1892 , p. 178) differed by ascospores 
described as hya line a nd 30-50 x 15 - 18 urn. The fungus on 
the copies of NAF 3012 that 1 examined is identical with 
Dearness's species . Amphisphaerla papilla (Schw . ex Fr . ) 
Sacc . appea r s to be a different fu ngus entirely, both f r om 
El l is a nd Everha r t ' s ( 1892) concept as we ll as from NAF 3012 . 
Their concept, according to the description and to a collec
t ion on whit e oak , ~ewfield, New Jersey, 6 J ul 1890 (NY) is 
of a hya l ine-spored species that is referrable t o the genus 
Acrocordia . A second collection from the Elli s herb arium, 
again from white oak , Newfield , Oct 1893 (NY) a l so bears 
thi s fungus. The br own spores that Ellis not ed on the label 
of thi s collection be l ong t o Ticanella macrospoxa; th e asco
carp s are large r tha n those of the specjes of Acrocoxdia and 
have the apices compressed . Elli s (1896) exami ned Schwein
i t z ' s specimen of Sphaeria papilla and found br own, unisept-



ate ascospores , 25-32 x 8-1 2 ~ m (presumably a species of 
Amphispha e ria ) . Nonetheless, El l is sti l l referred the 
Newfield specimens to Sphaeria papilla Schw. 

zopfia Rabcnh. Fungi Eur . n . 1734 . 1874 . 
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Ascocarps medium to large, black , erumpent s uperficial, 
globose , c leistothecioid; peridium composed of cephalothec
oid plates of pseudoparenchyma tous cells separa t ed by 
pallid thinner ar eas, in section peridium composed of few 
l ayers of compr essed cel l s , dark brown with vinaceous tinge. 
Asci bitun ica t e, broadly ovoid , few f r om base of locule, 
eight s pored or less ; pseudopa r aphyses trabeculate. Asco
spores reddish brown or dark brown, fi nal ly opaque, broadly 
ellipsoid , tapered to blunt ends, e nd s often pallid , symmet
r ic, primary sep tum media n, co nstric ted, t hi n -walled second
ar y septa near each e nd , each cel l containing a l arge glob
ule , wall and primary septum thickened a nd dark , surface 
smooth or coa r se l y verrucose . 

Type species : Zopfia rhizophila Rabenh. 
zopfia rhi zophila seems ve r y s imilar t o Caryospora puta 

mlnum. The main differences a r e in the ascocarps of the 
t wo: those of caryospora have a n apical por e and fi r m, 
carbonaceous pe r idium whereas those of zopfia have no apical 
opening mechanism and a cepha l othecoid peridium . The ge nus 
is regarded in a r estricted sense in thi s stud y , not in the 
broad sense of Hawksworth and Booth (19 74) . My interpret 
ation of cleisto thecioid forms places them a t the ends of 
developmental l ines . The ascospores of the various cleisto
thecioid taxa provide the best clue to their affinities 
(von Arx , 1971 ) and those of Zopfia rhizophila are certainly 
simi l ar to t hose of species of ca ryospora . 

Zopfia rhizophi la Ra benh . Fungi Eur . n . 1734 . 1874 . Fig. 23 
Ascocarps globose , 485 urn or larger in diam, dark vin

aceous brown; peridium firm , thin, ca . 15 urn wide near base, 
up to 30 urn \vide above , composed of cepha lothecoid pl a te s 
separated by pa l lid ce l ls . Asci 130-180 x 78-1 10 urn , usu 
ally less than eight spo red; pseudoparophyses trabeculate. 
Ascospores 48 -75(-95) x 25-45(- 50) urn, reddish brown to 
dark brown, finally opaque , br oad l y ellipsoid , tapering t o 
narrow blunt ends , primary septum medjan , cons tricted, sec
ondary sep t a inconspicuous at ends of cells , wa ll coa r sely 
verrucose. 

On r oots of Aspa ragus officinal is . 
Ma t e r ial examined: USA : Massachusett s : Barr 6395 

(MASS) . 
Uecker (1977) provided a detailed description and i llus

trations of development and cy t ology of thi s species . He 
discussed t he signi ficance of the cephalothecoid peridlum, 
a s did Hawksworth and Booth (1974) . 

ZopEia albizia e Farr (Amer . Midl. Naturalist 71: 363. 
1964) was described from r oots of Albizi a lebbek from Texas . 
The ascocarps a r e up to 1 mm diam, s uperficial, gregarious, 
black , wr inkled reticulate on the surface; peridium is up 
to 115 urn wide. The evanescent asci , 135 - 140 x 60 - 65 urn a r c 
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pseudoparaphysate. The ascospores are 90-135 x 50-73 urn, 
el l ipsoid rhomboid , black at maturi ty, one septate, sca r ce
ly cons t ricted , wi th api c ulate ends and s l igh tly tuberculate 
walls . rarr (1964) was not ab l e to obtai n ascocarps in 
culture , nor wa s a coni dial state formed . 

Ac kno1"ledgmen ts 
I am i ndebted to the cura t or s of herbaria c ited i n the 

text for loa n of s pecimens i n t heir keeping . In part icular 
I thank C. T . Roger son fo r r evi ewing the manuscr ipt and 
S. J . Hughes for pro viding a s l ide f r om a Dearness col lect
ion . 
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l n Singer's (1975) account of Fayodia , t he genus is 
separated into four s ubgenera: Fayodia, with F . bisphaeri 
gera (Lange) KUhner, the type of the genus, F. tetrasphaeri 
gera Sing ., F . tenuisperma Sing., F. anthracobia (Favre) 
KUhner~ Romagnesi; Myxomphalia , with F. maura (Fr . ) Sing., 
F . i nvita (Karst . ) Sing~ , F . marthoe Sing. & Clemencon; 
Heterosporula , with F . pseudoclusilis (Joss . & Konr . ) Sing . , 
F . striotula (KUhner ) Sing ., Collybio albidula Pat .; Clemen
conia with r. deusta Sing. & Clemencon. Fayodi a campanella 
Horak and F . xerophila Luthi & RHllin also should be in
c luded , both appearing to belong to subgenus Heterosporula . 
An important c hange in nomenclature must be noted too: 
Bresinsky and Stangl (19 74) have determined that the correct 
name of F . bisphaerigera is F . g raci lipes (Br i tzelmayr) 
Bsky . & Stangl . 

The unique nature of the s pore wall of Fayodia grocili
pes ha s been observed under the light microscope by ma ny 
investigato r s , and photomicrographs of the walls have been 
made with us e of the elec tron microscope by Besson (1969) 
and Pegler and Young (1971 ) . The spores are a di stinct type 
in the Tricholomataceae, and ha ve to be a critical diagnos 
tic cha racte r of Fayodia . Sing er (1975, p. 404) also has 
empha s ized: "The fine s tructure of the spor e wall is the 
ult i mate diagnos tic concep t which i nfal libly separates th is 
genus from all o ther genera of the Mycenea e .'' I endorse 
thi s view enthusiastically , but add that it must be the fine 
s truc ture of the spo re s of Foyodia gracilipes which ha s to 
be emphasized in the generic diagnosis . At least some t axa 
of Fayodia ss . lato do no t have the same spore t ype and 
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these taxa are heterogeneous elements which should be placed 
in other genera. The spores of F . striatula and F . maura 
are quite unlike thos e of F . gracilipes as s hown oy Figs. 
3 and 4. Of course it can be argued that a difference in 
spore character is only worthy of emphasis at a s ubgeneric 
level, yet other genera in the Tricholomataceae have been 
emended freely in modern taxonomy t o exc l ude elements whi ch 
have divergent spore characters. There are a few cases 
(e.g., Clitocybe ) where it can be demonstrated that there is 
an evolutionary sequence represented by types of spore 
ornamentation, but in Fayodia there seem to be no connect
ions between the spore types of F . maura and F. striatula 
and F . g racilipes . 

Myxomphalia Hora has been established al ready, and the 
SEM study of the spo r e s urfaces -of M. maura verifies the 
merits of its seg r ega tion. The genus Stachyomphalina is 
proposed i n t hi s pape r to accommodate F. striatula . It has 
not been possible to examine all the species listed for 
Fayodia, but most in s ubgene ra Heter osporula, Myxomphalia, 
and Clemenconia probably wil l require segregat ion after the 
s urfaces of the spores are s tudied. 

Fayodia alutacea Bigelow, sp . nov . Pigs . 1, 2 

Pileus usque ad 15 mm latus, pallido-alutaceus et 
s tr iatus (ud us ) , hygrophanus, albidus et opacus (decolores) , 
convexus, glaber, levis . Odor rancido-spermaticus. Lamel
lae pallido-alutaceae, adnatae tum decurrentes , latae, s ub 
di s tantes vel di stantes . Stipes usque ad 35 mm longus, 1-2 
mm crassus, pallido-a lutaceus, solidus , glaber . Sporae 
(7.5-)8 -1 1 ~m diam, globosae vel interdum s ubglobosae, 
parietes similis Fayodiae bisphaerigerae, ectosporae amyl
oidae aliter inamyl oidae . Basidia bisporae . Cheilocystidia 
plus minusve cylindrica . Hyphae fibuligerae . Carpophori 
gregarii. I n so lum. 

Holotypus l egit H. E. & M. E. Bigelow (H. E. Bigelow , 
n. 13814, MASS); pr ope Stowe , Lamoille Co., Vermont, USA; 
1 Sep t ember 1964. 

Pileus up to 15 mm broad; pale alutaceous when moist, 
whitish faded; convex, with a striate margin when moi st, 
opaq ue wh en faded; surface glabrous, smooth, hygrophanous; 
context thin, brittle, concolorous with pileus surface . 
Odor rancid -spermatic when crushed. Taste not known. 

Lamellae pale alutaceous (no t fadi ng with pileus); 
adnate to short decurrent, broad, s ubdi s tant to distant, 
edges fimbriate in places (under lOX) . 

Stipe up to 3. 5 em long, 1 - 2 mm thi ck, equal; pale alu t 
aceo us (not fa ding with pileus); sol id, brittle, surface 
glabrous. 

Spores (7 . 5-)8- 11 ~m diam, globose , or sometimes s ubglo
bose in lateral view, wall three layered : ectosporium 
smooth, amyloid, acyanophilic, discontinuous (at Least in 
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revived material); mesospo rium appearing echinula te i n side 
view , more or l ess r eticulate in face view, inamyloid, 
cyanophilic; endos por i um smooth next to cell contents, in
amyloid, cyanophilic. Basidia 24-30 x 6.5 - 9 ~m, 2-spored , 
s t erigmata up to 7 ~m l ong . Cheilocys tidia scattered , 30-
60 ~m long, 5- 10 um br oad , more or l e s s cylindri c , sometimes 
slightly swol l e n in mid portion or basal portion, walls 
smooth , hyaline , thin. Pileus hyaline in KOH, s urface a 
ver y thin gelatinous pellicle in KOH, cu ti s thin, of cylin 
dric hyphae 3.5-7(-10) vm diam, walls smooth , thin; context 
hyphae cylind ric or somewhat inflated, 10- 15 ~m diam, wall s 
thin a nd smoo th. Hymenophoral tr ama of parallel hyphae, 
cylindri c near subhyme nium, 3.5 um diom, mediostratum of 
inflated or br oad cylindr ic hyphae , 10-20 urn diam , walls 
thin a nd s mooth . Clamp connections present . 

Gregarious. On wet soil of drainage slope in mixed 
woods. Known only from t he type collection . 

This species differs from the other s in s ubgenu s Fa yodia 
by the pale co lors a nd rancid-spe rmati c odor . The micro
scopic cha rac ters are mostly not too different from those of 
Fayodia gracilipes, although descriptions of this species i n 
t he literature do no t a lways include th e presence of cheilo 
cystidia . One interes ting feature of the spor es of F. alut
acea is that the amyloid ectosporium i s ruptured in the 
mature spores (Figs . 1 , 2). This is not an artifact pro
duced by the preparat ion of the spores for observat ion under 
the scanning electron microscope th ough, as the same discon
tinuous l ayer can be seen on spores which are only in 
Mel ze r ' s r eagent or Cotton blue. Possibly the Jnit ial dry
ing of the basidiocarps induced the rupturing of the ecto
sporium. Smith (1947; fig. 55, n . 7) has illustrated this 
phenomenon in Fayodia gracilipes in hi s drawing of the 
spo re s . Besson's (1969) electron photomicrographs a l so 
s how a di scontinuous ectosporium. 

Stachyomphalina Bigelow, gen . nov . 

llabitus mycenoideus vel omphalioideus . Pileus hygro 
phanus , pa11ido-brunneus vel fumosus et s tr iatus (udus) , 
sord ido-bubalinus vel pallidus ct opacus (decoloris) ; con 
vexus dcmum planus, tandem plus minusve depress us; glaber . 
Ca ro tenuissimis. Lamellae albidae vel sordido-alutaceae 
vel avellaneae, adnatae vel s ubdec urrentes, latae, confertoe 
vel s ubdi s tantes . Stipes cum pileus concolores vel pallid
us , glaber. Sporae albae , ver rucu l osae , ha ud amyloideae , 
e ll ipsoideae. Cheilocystidia et pl eurocystidia subcylin
drica vel s ubfusiformia, hyali na , l aeva . Cutis pileus ex 
hyphae filamentosae composita, pigmentum incrustata, hyphae 
ad septae fibulatae . ln l iche nes vel so lum vel muscus. 
Species t ypica : Stachyomphalina striatula (KUhner ) Bigelow 

Figs. 1 , 2 . Fayodia alutacea s p . nov. 1 , X3,500. 
2 , xs ,ooo . 
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Stachyomphalina scriatula (KUhner) Bigelow , comb . nov .Fig . 4 
Rhodocybe s t riatula KUhner, Bull . Soc. Li nn . Lyon 2 : 

139 . 1928 . 
Mycena cineraria Smith , Nort h American Species of Mycena 

p . 450. 1947 . 
Omphalia striatula (KUhner ) KUhner & Romagnesi, Fl. 

Analytique , p . 127 . 1953. 
Cli t ocybe str iatula (KUhner) Orton, Tr ans . Brit. Mycol . 

Soc . 43 : 174. 1960 . 
Fayodia striatula (KUhner ) Singer, Beih. Nova Hedwigia 

29 : 146 . 1969 . 
Pileus 1-3 . 5(-4) em broad ; pale watery brown or pa le 

dingy yellow bro\vn (smoky bro\m, pale "buckthorn bro\oo•n," 
pale "snuf f bro\vn" ) , hygr ophanous and fading to a pale di ngy 
tan or brownish gray or pa l lid ; convex at firs t wi th an 
incurved mar gin, becomi ng broadly convex , finally plane with 
the disc sha llowl y depr essed , somet imes deeply depr essed in 
age; margin long s triate when moist , opaque in faded speci 
mens; s urface typicall y glabro us , s urface fibrils sometimes 
becoming diffracterl in age and then appearing squamulose ; 
cont ext thin and fragile , pallid . No odo r or t aste. 

Lamellae broadly adnate t o short decurrent, moderately 
broad to broad (up to 4 mm) , c l ose or subdis t an t, white or 
becoming dingy t an or avellaneous in age . 

Stipe 1- 3(-6) em l ong, apex 1-3 mm thick, eq ual, s ur face 
glabrous, tra ns l ucent , conco l orous wi t h pileus or pa l lid , 
so lid. 

Spores 5.5 -7 x 4-4 . 5 urn (4-spored basidia; up to 11 x 7 
urn from 2-spored basidia) , ell ipsoid , ver r uculose , deposit 
white. Basidia 19 - 27 x 4-8 urn , usually 4-spored but some
time s a l so 2-spo r ed. Chei l ocys t idia numerous on some l amel 
lae bu t rather sca ttered on others, 33-62(- 100) urn l ong, 
protruding 15-4 7 urn beyond hymenium , 5.5 -11 urn diam; subcyl
indric or r athe r f usoid ventricose, apices obtuse , rounded 
or subcapitate , smoo t h, hyaline, walls t hi n. Pleurocys t idia 
of same type as chei l ocystidia but less numerous and ve r y 
sca ttered along face s of lamellae . Pileus : cutis brownish 
in KOH , pigment very finely encr usted on hyphal walls , 
hyphae cylindric or s lightly inflated , 1 . 5-7 urn diam; con
text brownish or hyaline in KOH, hyphal walls finely encrus
ted or more often smooth, hyphae cylindric or infl ated, 2 . 5-
20 urn diam . Hymenophoral trama of parallel hyphae, hyaline 
in KOH , hyphae cylindric or inflated , 6-13(-27) urn diam, 
walls usually smoo th. Clamp connections present . 

Gr egarious or subcespi tose . On or near Pelt Jge r a and 
other lichens , in sandy soil or moss . Jn the open or under 
spruce. June to October. 

Material examined : USA : Alaska : V. Wells and F. Kemp
ton, 20 Sept 1962 (~1ASS);---M'ill er 7718 (VPI) ; Colorado : Smi th 
52049 , 52053 , 52054, 52055 , 52056, 52076, 52107, 52325, 
53044 (MTCH ) ; Idaho: Smi th 68315 , 70 970 , 70972, 71249 
(MICH); Michi,an: M. Lange 929 (MJ CH) ; Smith 6450, 38559 , 
43619 , 754S1NICH); Orego n : Smith 27595 (MICH) ; Washington: 
Smith 17099 (type of My cena cineraria Smith) (MICH) ; 
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Wyoming: McKn ight 10167 (BPI) ; Smith 34636, 34938 , 34941 
(MlCH). CANADA : Manitoba: OAOM 55724 (DAOM) ; Northwes t 
Territories, Dlstrict of Keewatin: OAOM 25872 (DAOM) . 
NORWAY : Horak 76/82 (ZT) . SWITZERLAND: Horak 70/5 78 (ZT) . 
UNITED KJNGDOM: Or ton 1948, 2549 (E). 

The genus Stachyomphalina is proposed to accommodate 
Rhodocybe stria tul a KUhner a nd any other small species of 
the Tricholomataceae which have inamyloid verr ucul ose 
spores. The presence of c lamp connec tions, l amel la r cysti
dia , and e nc rus t ed pigments are conside r ed to be of second
ary importance. 

As illust r a t ed by Figs. 1, 2 , and 3, there is a distinc t 
differ e nce between the spore surfaces of Foyodia a nd 
st~chyomphalina striatula . No t only does s . striatula lack 
an ectosporium but the ornamentations are as dissimi lar as 
between a Russula and a Mela nol e uca ! There has not been an 
examination of the wall in sec t ion of s . striatula as fa r 
as J have been able to det ermine , but under the oil immers 
ion objec t ive the wa l l below the ornamentation appear s thin 
and without the mult i ple layers found in F . gracilipes by 
Besson (1969). While it is not difficult to relate F. grac
ilipes and s . striatula on most fe atures of the bas idiocarp, 
it seems to me that t he different spore morphologies do not 
s upport either a direct re lations hip t o one a nother or a 
common a ncestry . 

The spor es of s . striatula are likewise not like the 
irregular nodulose spores known for Mycenella nor the smooth 
thick-wa ll ed spores of Myxomphalia . Omphaliaster has nodu
lose spor es with na r row ridges between the protuberances 
(Bigelow and Rowley, 1968 , Fig. 7, as Clitocybe asterospora) 
and Rhodocybe has spo r es which a re angular in end view and 
undulate - pustula t e i n s ide view (T . Ba roni, personal commun
ication) . I n Clitocybe (ss . meo , Le pista ss . a u t auct . ) 
some s pecies have spo r es with i namyloid verruculae which a re 
larger , and it would not be di f ficult to postulate some 
r e l ations hip i f only the spor es were considered . However , 
the basidiocarps of Clitocybes which possess ornamented 
spores are muc h fleshier in th e pilei and stipes than s . 
st r iatula . The r e a r e pigment diffe rences as well, and the 
type of cystidia fo und in s . s triatula is very atypical of 
Clitocybes . 

The orname ntation of s . scria tula appears to be finely 
echinulate under the ojl immer sion objective, but Fig. 3 
(Horak 70/578) i llus trates that t he orn ament ation actually 
consists of ve r r uculae . The spor es of several other collec
tions of s. striatula and the type of Mycena cineraria were 
studied wi th the s canning elec tron microscope and found t o 
be identical t o those of the European s pecimen . Singe r 
(1972) r eport ed t hat the outer spore layer and ornamentation 
(as Fayodia striatula) were djstinctly cyanophilic . This is 
possible, but I am uncertain of th e localization of the 
stain f r om tes t s on the s pores of several collections . 
Un fo rtunat ely , the contents of the spor es pick up the s t ain 
r eadi l y and obscure the amount whi ch ma y be concentrated i n 
t he wall . Even in spor es which were ruptured or with 
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fig . 3 . Scachyomphalina striatula (KUhne r) Bige l ow, 
X9 , 000 . fig . 4 . Nyxomphdlid maurd (Fr . ) !lorn , X·l, OOO . 



plasmolyzed contents , th e t es t s wer e indecisjve due to the 
thin wall s and minute ve rruculae . 
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Stach yomphalina stciatula is some t imes fo und under t he 
name Fayodl a leucophylla (Gillet) M. Lange & Siver ts en. It 
i s debatable if t he l atter epi the t is appl icable to the 
species described he r e as s . striatula . Th e s ituation ha s 
been dj sc ussed by Lange and Sivertsen (1966) . 

Hyxomphalia maura (Fr. ) Hora, Tr ans . Brit. Mycol . Soc . 43 : 
453 . 1960. 

Thi s s pec ies ha s been described previous l y by Smith 
(1949) a nd Bigelow ( 1975) . On present records, i t i s more 
common in northwes t ern s tates ~han in the northeast. To the 
collec tions cited in Bigel ow ( 1975) can be added: Nova 
Scotia: 118l" r ison 844 2 (MI CH) , and ~1aine : Litten 8ifir"1}.1ASS) . 
The latter was not t ypica l because of a paler pileus 
("greyish yellowi sh brown" -- TSCC-NBS) and a very '"eak 
amyl oid reaction to the s po r es . The o the r fea tures of this 
va ri an t were those to be expected forM. mau ra . 

ln the l i terature the re is disagreement abou t t he spor e 
wall s of M. maura and this s ituation provo ked a detailed 
s tudy of the spores of the available North Amer ican speci
mens . Sever al collec tions were stud ied usi ng the sca nnin g 
elec tron microscope , and all were rechec ked under oil immer
sion lens . All t he spo r es viewed we re smooth as il lus trated 
i n Fig. 4. The wall s appea r thickened under the pha se 
mi croscope , amyloidity varied ln i ntens ity and appeared to 
be r es tric t ed to t he oute rmost portion of th e th ick wall, 
and cyanophily was not present in the walls accordi ng to 
several t ests . Que s tions a r ise -- is more than one species 
being cal l ed "~tyxompha 1 i a maur a ," or is M . ma ura merely 
variab l e in some characteris tics? The spo r e s urface i s 
r eported by Josserand ( 1937) , Hor ak (1968) , and Mos e r (19 78) 
as being smoo th, '"hile KUhner and Romagne s l ! 1953), Hora 
(1960) , and Peg ler and Yo ung (1 971) give the spores as 
smooth or wi th scattered amyloid verruculae . Singer (197 5) 
ha s th e spo r es "strongl y amyloid, s lightly but dis t i nct l y 
he t erogeneous , firm a nd smooth to slightly uneven. " Besson 
(1972 , pl a t e S, fig . 1) has illus~rated the s po r e walls i n 
section under t he transmission elec tron micr oscope and 
conica l pr o tuberances are evident from the wall . Howe ver , 
she no t es tha t the appearance of ornamenta t ion can differ 
(1972, p. 23) . 

Apparent l y I was mistaken about verruculose spores 
occurring in North American specimens as well as smooth one s 
(Bigelow, 1975) . Eve n if ornamentation on a spore collapses 
after yea r s i n the dried s t a t e , some remnant should be 
detectable with t he scanning e l ectr on micros cope. 

Other dispa r ities exis t in comparing the des criptions of 
various investigators . rri es (1821) did no t r ecord an odor 
for Agaricus maurus , bu t a fa rinaceous odor and taste are 
r eported by Moser (19 78) . On the o the r hand, Josse r and 
(1937) gives the odor and taste as not fa r inaceous but 
clea rly f ru1ty (l ike Cortinarius paleaceus) , a nd KUhner 
(1938) has the odor as s light , "he1·bacee ou rappelant celle 



46 

des Inocybe , mais jamais f ar i neuse ou r anee. " None of the 
North American specimens had an odor; Smith (1949) has noted 
a fa r inaceous taste to be pr esent at times . There are also 
differences to be fou nd in the liter ature about t he length 
of cystidia , and the substrate of M. maura . While it is 
premature to conclude tha t modern concepts of M. maura 
actually include more than one species , c l early the collec 
tions thought to be H. maura need t horough attention. 
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LIMNOPERDON~ A CYPHELLACEOUS FUNGUS \.JITH GASTEROID BASIDIA? 

Gustavo A. Escobar and Dennis E. McCabe 

Department of Botany, University of Washing ton 
Seattle, Washington 98195 

Limnoperdon incarnatum was repor ted as an unusual uni
loculate gasteromycete found float i ng i n dishes containing 
t wigs from a marsh in Washington (Escobar , McCabe and 
Harpel , 1976) . Tubaki (1977 ) has recovered !!_ . incarnatum 
on wood blocks submerged in brackish waters in Japan . 
Dr . Tatsuo Yokoyama has kindly provided us with many iso
lates of ~. incarnatum that he has repeatedly obtained from 
rice paddy fields also in Japan . All of these reports 
agree on the morphology of the fungus and it appears , 
therefore , that L . incarnatum is a well defined and con
stant organism with at least two widely separated popula
tions . 

At the time of our publication of Limnoperdon (1976) 
we were unaware of the sporocarp development of t his fungus , 
but later studies on t his subject by the second author re 
vealed some interesting results . McCabe has observed that 
Limnoperdon passes through a cup stage before closing com
pletely. At this cup stage the hymenium is still inmature 
(Figs , A and B) and spores are only found after the spore
carp is fully closed . But under certain circumstances , 
which at this time are not fully understood , the sporocarps 
stop their development at the cup stage and the hymenium 
continues its normal devel opment resulting in a cupulate 
sporocarp with an exposed layer of basidia bearing normal 
a nd mature spores (Fig . C) . The normal fruiting body , in 
contrast , has a completely enclosed hymenium at maturity 
(Fig . D) . 

The abnormal , but fully mature cups , resemble the spo 
rocarps of the cyphellaceous ~ungi in every respect except 
for the orthotropic attachment of the spores and the lack 
of their violent discharge . Oberwinkler (1977a , 1977b) has 
pointed out that the presence of gasteroid basidia is a 
common occurrence in many groups of the Hyrnenomycetes but 
we are unaware of any cyphellaceous fungus with orthotropi
cally attached basidiospores . 
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Figures A-D. Li mnoperdon incarnatum. A. Early "cup" 
stage of developing sporocarp . B. Cross section of normal 
"cup" stage sporocarp . C. Aborted sporocarp bearing mature 
hymenium . D. Normal mature sporocarp . Bar = 0 . 25 mm . 

The aquatic habitat of Limnoperdon would not be an 
obstacle to the placement of this fungus on an evolution~ry 
1 ine with the cupul ate Basidi omycetes , since these fungi 
have adapted , at least in ~he case of Halocvphina (Ginns & 
Mallock , 1977 ) , to a marine environment . The smooth red
dish spores of Limnoperdon , however , do present a problem 
in connecting this fungus with any knovm genus of the 
cyphellaceous Basidiomycetes because there are no known 
genera in this group of fungi with spores that resemble 
those of Limnoperdon . One species in the genus Rhodo
arrhenia , ft . pezizoides (Speg. ) Singer , has smooth reddish 
spores but this fungus has a long stipe and a meruliaceous 
hymenophore (Singer , 196L) . 

Just as it is apparent that there are no known genera 
o~ cupulate r.ymenomycetes that are in a direct evolutionary 
line with Lirrnoperdon , it is also true that there are no 
Y.nown Casteromycetes related to our marsr "puffball " . ~le 
are o~ the opinion that a cyphellaceous i•ymenomycete could 
have evolved into a uniloculate gasteromycete by the loss 
c~ i~s violent spore discharge as a result of the cupulate 
sporocarp closing at ma~urity . This latter characteristic 
~s apparen~ in several publications on the cupulate Basid
io:•.:;cr::~e::: . f..!'ter looking at illustrations from Cunningham 
(l9C.3) and .... gerer (1973) , we are impressed by the relative-
1~· clos e :"'.orpr.ological resemblance of many cyphellaceous 
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fungi to Limnoperdon . 
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TilE GENUS PHELLINUS (APHYLLOPHORALES: HYt-fENOCHAETACEAE) 
IN WESTERN NORTii AMERICA l 

R. L. Gilbertson 

Department of Plant Pathol.ogy, University of Arizona, Tucson 85721 

SUMUARY 

Twenty-nine species of Phel.linus are reported to occur i n the 
western United States and Canada . Phel.l.inus sonorae is described as a 
new species causing a root rot of Dodonaea viscooa Jacq. in the Sonor
an Desert. One new combination, Phell.inus pl~icola , is proposed. 
Dichotomous and synoptic keys to the species, descriptions, and line 
drawings of important microscopic structures are provided . 

Species of the genus Phel.l.inus Quel. are lignicolous Hymenomycetes 
in the order Aphyllophorales. They have perennial basidiocarps with a 
hymenophore in the form of united tubes and have brown tissue that 
gives a darkening or xanthochroic reaction in KOII solution. Hyphae 
may have simple septa but l ack clamp connections. Setae are present 
in the hymenium of most species and setal hyphae occur in tramal or 
context tissue of a few. Basidiospores are pigmented or hyaline and 
negative or dextrinoid in Melzer's reagent. Cultures of many species 
have been s tudied and all give a strong positive oxidase reaction on 
gallic and tannic acid media or with gum guaiac solution. All species 
of Phel.l.inus cause a decay of the white rot type. In major North Am
erican taxonomic works these fungi have been placed in the genera 
Pomes (Fr. ) Kickx emend. Teix. (Overholts, 1953; Lowe, 1957) and Poria 
(Pers . ) S. F. Gray (Lowe, 1966) in the family Polyporaceae. Contemp
orary workers recognize the genus Phel.linus in the family Hymenochnet
aceae . t-tore information on the historical and taxonomic aspects of 
this genus may be found in Bondarzew (1953), Domanski et al. (1967), 
Donk (1960, 1964, 1974), and Jahn (1967). 

t-1any of the western species of Phel.linus cause decay in living 
trees and are important factors in the pathology and management of 
their hosts. ~lost of the species that decay wood in l iving trees arc 
confined to the non-Jiving heartwood but a few are actively pathogenic, 
invading and kil l ing living sapwood. The most important of these 
pathogens is PheLlinus weirii , the cause of yel low l aminated root rot 
of Douglas fir . The species included in Phellinua in this paper are 
most ly circumglobal in distribution and general ly consider ed to com
prise a natural generic grouping. 

Free hand sections were mounted in 4\ KOH solution and phloxine 
and also in l>lelzer' s so lution and cotton blue in lactophenol for mic
roscopic studies . Drawings were made with a camera lucida on a Leitz 
Dialux microscope . Capitalized color names are from Ridgway (1912) . 
Dimensions of microscopic s tructures arc given in ~m . 

1 University of Arizona Agricultura l Experiment Stution Journal 
Article No. 2965. 
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?r.:::.:.I::us Que 1 . , Ench . Fung . p . 172. 1886 . 
Basldiocarps perennia l, r esupinate, effused-reflexed, or sessil e; 

upper surf~ce glabrous, tomentose or hispid, often blackened and deep-
1>• rimose 1d th :1gc; context ycllo1ds h brown to r eddish bro1m or purp
lish br o"rn , spongy to corky or '"oody, darkening permanently in KOH 
so lution; pore sw·face ye ll owish brOII'll to pm·plish br01m, the pores 
cir cula r to daedaloid ; contextual and "tramnl hyphae thin- to t hick
'''all ed, simple-septate or aseptate, cl amp connections absent; setal 
hyphae present or absent; hymeniaJ setae present or absent; basidjo
spores cylindric to gl obose, hyaline or pigmented, negative or dextri
noid in ~le 1 zer • s reagent; 1 ignico1 ous on living or dead conifers and 
hardwoods ; causing white rots and giving positive oxidase react ions . 
Type species: PneUinus to:ru~osus (Pers . ) Bourd . et Gal z . 

DlCHOTONOUS i<.EY TO SPECIES OF PHELLINUS IN WESTERN NORJ'H IIJ.fERICA 

I . Basidiospor es ye l! OII'ish to dark reddis h-hro1m . . . . . . . . . 2 
I . Basidiospores hyaline .. .... ....... .. ... . .. 6 

2 . Setae frequent t o abundant . . . . . . . . . . . 3 
2. Setae absent or extremely rare . . . . . . .... .. 4 

3. Basldiospores dark reddish-brol•rn; setae up t o 25 ~m long; 
on Que2•aus . . . . . . . . . . . . . . 5. P. eve:rha.Pti i 

.> . Basidiospores pale yeJlo\•i sh ; set ae up to 50 ).lm long; 
on Jug ~ana . . . . . . . • . • . . . . . . 28 . P. weirianus 
4 . Context duplex, with a b lack layer between spongy upper 

part and corky lo~>•cr part • • . . . . . . . . . 20 . P. ribis 
4 . Context homogeneous, no bl ack layers present .. ...... 5 

5 . Pores 7- 8 per mm; on Robinia .. .. .. ... . 21 . P. ~obineae 
5. Por es 2-5 per mm; on Prosopis or Acacia • . . . . . 2 . P. badius 

6 . Basidiospore& cy l indric to cylindric- el lipsoid ....... 7 
6 . Basidiospor es ovoid to subglobose ..... . ....... 11 

7 . Setal hyphae abundant i n tramal tissue and projecting 
into tubes ...... . . .... . . . . 7 . P. fe~:rugineofuscus 

7. Seta l hyphae lacking or confined t o context or marginal 
tissue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
S. Context with one or more thin -l ayers of bl ack t issue that 

sho~> as black lines on vertical surfaces; basidiospores 
attenuated at one end • .•...... 13. P. nig7•oZimitatus 

8 . Context without black layers; basidiospor es 
C)'lindrica l, s traight or cuTved . 9 

9 . Basidiospores curved, 1. 5- 2 ~m wide .. 27 . P. viticola 
9 . Basidiospores s traight, 2-3 . 5 ~m wide . . .. 10 

10. Basidiospores 2-2 . 5 ).lm wide; setae up t o 
30 ).lm long . . . . . . 6 . P. fe:rreus 

10. Basidiospor es 3-3.5 ).lm wide; set:le up to 
65 ).lm long . . . . . . . . . 8 . P. fe:rr~ginosus 

11 . Set ae pr ojecting 20-50 ~m or more . ..... . J2 
11. Set ae projecting less than 20 ~m or absent . 18 

12 . Setae projecting SO 1-1m o1· more . . . . . . . . . 13 
12. Set ae projecting 20- 35 1Jm . . . . . . . . . . . J6 

13 . Setal hyphae abundant i n context and tramal tissue and 
pr ojecting into tubes . . . . • . . 29 . P. weirii 

13 . Setal hyphae absent . . . . . . . . . .. 14 
14 . Setae f ew; on Crataegus only 14. P. occidentaZis 
14 . Setae abundant ; on conifers . . .... 15 
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15. Basi diocarps becoming thick ; upper surface becoming 
blackened and deeply l"imose . . . . . . . . . . . . . IS . P. pini 

15. Basidioca r ps th in ; upper sur face remaini ng hispid or 
densel y hb·s ute . . . . . . . . . . . . 3 . 
16 . Pore s urface dark purplis h brown ..... . 
16 . Pore surface ye UOiii s h brown ... .. . .. . 

P. aJu-yeo'loma 
9 . P. yi'Z.vus 

. . . . 17 
17 . Basidiocarps becoming large and th ick ; at base of 

Jiving conifer s in Ari zona . . . . . 25 . P. 
17 . Basidiocar ps thin; on dead hardwoods ..• . ... 4. P. 

18. Bas idios porcs subgl obosc, 6-8 . 5 ~m in diam .. 

-torulosus 
aonchatua 

• 19 
18 . Basidiospores ovoid, up to 5 ~m l ong ........ . 27 

19 . Basidiospores up t o 8 . 5 ~m i n diam, dextrinoi d in ~lelzer ' s 
l."eagent; context bright yello1dsh bro,,m ..... . ... . 

19. Bas idiospores up to 6 . 5 ~m in diam, nega tj ve in ~lelzer ' s 
20 

r eagent ; context reddish br o'"" ..... ... . . .... . .b t 
20. Basidiocarps sessile, ungulate t o applanate, developing 

on trunks of various desert plants , juniper s, or oaks . . 21 
20 . Basidiocarps resupinate, or slightly reflexed ..... . . 22 

21. Basidiocarps developing near base of living oaks . 22 . P. r>obustus 
21 . Basidiocarps developing near base of numerous desert 

p lants and junipers • . . • . • • . . • • . . . . 24. P. tezanus 
22 . Basidiocarps bright golden yel l ow; at base 

of Dodonaea . . . . . . . • . . . . . . • . . 2 3 . P. sonoroe 
22 . Basidiocarps colored otherwise; on other subs t rata ••• 23 

23. Basidiocarps developing beneath branch crotches on 
l iving conifers ......... . .. ..... 10. P. Juuotigii 

23 . Basidiocarps on dead hard\voods and conifers ... 18. P. pwwtatua 
24 . Basidiocarps becoming large, up to 20 em wide . . . 25 
24 . Basidiocarps smal l, up to 5 em wide . . . • . . . . 26 

25 . Por e surface hori zonta l ; basidjocarp ungulate in longi-
tudinal sect ions ; on various hardwoods . .... 11. P. igniarius 

25 . Pore sur£acc at about a 45 degree angle; basidiocarps triangular 
in longitudina l sections; on Popu'lus only .... 26 . P. t remu'lae 
26 . On fruit trees ... ..•• .. ... . .. 16 . P. pomaceus 
26 . On Ar>ctostaphy'los .... • . . . . ... 1. P. arctostaphyli 

27 . Setae r are; on conifers ..... . .. .. ..• 19. P. repandus 
27 . Setae abundan t; on hardwoods . • . . . . . . . . . . . . . . 28 

28. Pores 6- 8 per mm; associated 1~ith a uniform white rot 
of Prunus ................. 17 . P. pruniaola 

28 . Pores 8-10 per mm; associated 1vith a lvhite l aminated r ot , 
commonl y of Betu'la ............ 12 . P. laevigatus 

SYMBOLS POR SPECIES IN SYNOPTIC KEY 

1. PheUinus arctostaphyU; 2 . P. lxulius; 3. P. ahrysoloma; 4. P. con
chatus; 5. P. eve.I'hartii; 6 . P. ferreus; 7. P. ferrugineofuscus; 
8 . P. ferrU{Jinosus; 9 . P. gilvus; 10 . P. hartigii; 11. P. igniarius; 
12. P. Zaevigatus; 13. P. nigroZimitatus; 14. P. occidental-is; 15 . P. 
pini; 16 . P. pomaceus; 17 . P. prunicoZa; 18. P. punctatus; 19 . P. 
r epandus; 20 . P. r ibis; 21. P. robineae; 22 . P. robustus; 23. P. eon
orae; 24 . P. texanus; 25 . P. torulosus; 26. P. t remulae; 27. P. viti
cola; 28 . P. weirianus; 29 . P. weirii . 
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SYNOPTIC KEY TO SPECIES OF PHELLINUS 

Habit of basidiocarp 
a. resupinate 6, 7, 8, 9, 10, 12, 17, 18, 19, 27, 29 
b. sessile 1, 2, 3, 4, 5, 9, 11, 13, 14, 15, 16, 19, 20, 21, 22, 24, 

25, 26, 27, 28 
c . effused-reflexed 3, 4, 9, 10, 13, 14, 15, 19, 20, 27 
PiZeus characters 
a . applanate 3, 4, 9, 14, 15, 20, 21, 25, 27 
b. ungulate 1, 2, 5, 9, 11, 14, 15, 16, 21, 22, 24, 25, 26, 28 
c . dimidiate l, 2, 3, 4, s, 9, 11, 14, 15, 16, 20, 21, 22, 24, 25, 

26, 27,28 
d. e longated 3, 4, 9, 13, 14, 15, 19, 27 
Upper sw-face 
a . becoming blackened and rimose 1, 2, 5, 11, 21, 22, 25, 26, 28 
b . glabrous or crus tlike 1, 4, 11, 16 
c. hispi d to tomentose 3, 4, 9, 13 , 14, 15, 19, 20, 24, 27 
d. s ulcate 1, 3, 4, 5, 13, 14, 15, 20, 21, 25 
Por e sw-face 
a . yellowish brown 2 , 3, 4, 5, 6, 13, 14, 15, 18, 19, 20, 21, 22 , 23 , 

24, 25 , 27 , 28 
b . reddish brown 1, 5, 8 , 11, 12, 16, 17, 21 
c . purplis h brown 7, 9, 26, 29 
d . pores 6- 10 per mm 4, 6, 7 , 8, 9, 12, 13, 16 , 17, 18, 20, 21, 22 , 

23, 25 , 26, 28, 29 
e . pores l-6 per mm 1, 2 , 3, 5, 8, 11, 14 , 15, 19, 24, 27 
Context 
a . woody 1, 2, 5 , 10 , 12, 16 , 18, 21, 22, 23, 24, 25, 26, 28 
b . fibrous 3, 4, 6, 7, 8, 9, 13, 14 , 15, 17, 19, 20, 27, 29 
c. duplex {wi th spongy upper layer) 13, 20 
d. with thin black l ayers 13, 19, 25 
e. granular cor e present at base 1, 2, 11, 26 
Setae and setaZ hyphae 
a. setae absent 2, 18, 20, 21 , 22 , 23, 24 
b. setae up to 20 ~m l ong 16, 17, 26 
c . set ae 20- 100 ~ long 1, 3, 4, 5, 6, 8, 9, 11, 12, 13, 14 , 15, 19, 

24, 25, 27, 28 , 29 
d. set a l hyphae in context 8 
e . setal hyphae in trama and projecting into tubes 7, 29 
Basidiospor es 
a . hyaline 1, 3, 4, 6, 7, 8, 9 , 10, 11, 12, 13, 14, 15, 16, 17, 18, 

19, 22 , 23, 24 , 25, 26 , 27 1 29 
b . pigmented 2, 5 , 20, 21, 28 
c . allantoid 7, 27 
d. cy lindric t o narrowl y ellipsoid 6, 8, 13 
e . ovoid to gl obose 1, 2, 3, 4, 5, 9, 10, 11, 12, 14, 15, 16, 17, 18 , 

19, 20, 21, 22 , 23, 24 , 25, 26 , 28 , 29 
f. dextrinoid in Melzer's reagent 10, 18, 22, 23, 24 
Type of rot 
a . white pocket r o t 3, 13, 15, 19, 25 
b. uniform white rot 1, 2, 4, 5, 6, 8, 9, 10, 11, 12, 14, 16, 17, 18 , 

20, 21, 22 , 23 , 24 , 26, 27, 28 
c . white or ye l low l amina t ed rot 7, 12, 29 
Subs t ratum 
a . heartwood of living trees l , 2, 3, 5, 9, 10, 11, 13, 14, 15, 16, 

20, 21, 22 , 23 , , 4, 25, 26, 28, 29 



b. dead trees, stumps, l ogs, slash 3, 4, 6, 7, 8, 9, 12, 13, 17, 18, 
19, 27, 29 

c. on conifers 3, 6, 7, 8, 10, 13, 15, 19, 25, 27, 29 
d. on hardwoods 1, 2, 4, 5, 6, 8, 9, 11, 12, 14, 16, 17, 18 , 20, 21, 

22, 23, 24, 26, 27, 28 
e. on oaks 5, 9, 22 
f . on hawthornes 14 
g . on black locus~ 21 
h. on aspen 26 
i. on walnut 28 
j. on manzanita 1 
k. on fruit trees 16 
1. on mesquite or acacia 2 , 9 
Location in living tree 
a. trunk rot 1, 2, 3, 5, 10, 11, 14, 15, 16, 21, 24 , 28 
b. root and butt rot 2, 9, 13, 20, 22, 23, 24, 25, 29 

1. PHELLINU.S ARCTOSPAPHJLI (Long) Niema l a, Ann . Bot. Fenn. 12:120. 
1975. 
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Pomes arctostaphy U Long, N. ~lex. Chap. Phi Kappa Phi Papers l :2. 1917. 
Basidi oca:rps perennial, sessile, appl ana t e to ungulate, dimidiate, 1-9 
em wide and 1-3.5 em thick; upper surface quickly becoming glabrous 
and cr ustose, grayish , sul cate, becoming blackened and rimose with 
age; margin concolorous to light brown, rounded; pore surface pale 
grayish brown to dark rusty brown, smooth, t he pores circul ar, 5-6 per 
mm, dissepiments thick, tomentose, entire; context reddish brown, a
~onate, fissile, firm , woody, up to 2 em thick, with a core of tissue 
near the attachment that has pocke~s of white mycelium and dark granu
l ar masses in a mass of tough, felty mycelium, this core often poorly 
deve loped t o absent in small specimens; tube layers indistinctly strat
ified , older layers becoming stuffed with pale mycel ium, up to 1 em 
thick. 
Hyphae of fibrous context parallel, skeleta l hyphae thick-walled, asep
t at e or with occasional simple septa, with rare branching, 2 . 5-5 diam; 
core with aggregates of much-br anched, interlocked hyphae, some con
torted, swollen, often lobed (core setae) , thick-walled, dark 
brown in KOH, up to 10 diam; core also with fibrous tissue made up of 
interwoven hyaline to golden hyphae, thin- to thick-walled, aseptate, 
with frequent branching, 1 . 5- 2.5 diam. 
Hyphae of t~ par3llel, skeletal hyphae thick - walled, dark brown in 
KOH, aseptate, or rarely simple- septate, with rare branching 2.5- 5 
diam; generative hyphae hyaline to pale yellow, thin-walled, with 
simple septa and occasional branching, 2-4 diam. 
Setae infrequent, subul ate, thick-walled, 30-50 x 6-8 .5 . 
Basidia br oadly c lavate to ellipsoid, 4-sterigmate , 10-12 x 7-8.5 . 
Basidiospo1'es ovoid, f lattened on one side, hyal i ne, smooth, with 
slightly thickened wall s , nega t ive in Melzer' s reagent, cyanophilous, 
5-6 X 3.5-4.5. 
Type of I'Ot - Whi t e rot of heartwood of Jiving manzanita, known on 
other hosts from a singl e collection on mountai n mahogany in Arizona . 
CulturaZ characterist ics - Canfield a Gilbertson (1978) . 
Subst1'ata - Arctostaphlj l os and Ce1'cocaropus . 
Distribution - AZ, CA, Nl-1, OR. 
Voucher specimens - RLG 7846; RLG 7773 (ARIZ) . 
Remarks - Phet Zinus arctostaphyli was cons i dered a synonym of P. igni
arius by Overholts (1953) and Lowe (1957) . However, it is morphologi c -
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Fig. l. 
phae; b, 
Fig. 2 . 
spores . 
basidia; 

PheLZiYIU8 G.J'Ctostaphy Li (RLG 7773) . a , tramal hy
core setae; c , setae; d, basi dia; e, basidiospores . 
P. badius (RLG 7737) . a, basidia; b, basi dia-
Fig . 3. P. chrysoZoma (JPL 607) . a, setae ; b, 
c , bnsidiospores . 
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ally distinct with longer setae and cyanophilous spores as pointed out 
by Niemala (1974) . 

2 . PHELLIIIUS BADIUS (Berk . ) G. II. Cunn., N. Z. Dept. Sci . 1 nd . Res . 
Bull. 164 . p . 233 . 1965 . 
Polyporus badius Berk. , Ann. & Mag. Nat . Hist . 7 :453 . 1841. 
Pomes badi us (Berk . ) Cke . , Grevillea 14 : 18. 1885. 
Basidioca:rps perennial, sessile, ungul ate , up to 16 x 11 x 9 em; upper 
surface at fi rs t pa l e brown , tomentose , quickl y becoming blackened and 
rimose; margin yel l owish brown, tomentose, up t o 1 .5 em wide; pore s ur
face yellowish brown, smooth , gl ancing, the pores circular to angular, 
4-6 per mm, with smoo th, entire dissepiments ; context bright , l ustrous 
yel lowish brown , firm, fissi l e, faintly zonate , up t o 2 em thick, with 
a gr nnul ar cor e; gr anular core under 30 X lens consisting of dull yel
lowish brown, soft, felty mycelium with patches of white mycelium and 
dark reddish brown, hard, glassy granules scattered throughout; tube 
layer s concolorous, not disti nc t from context, not distinctly s tra ti
fied, up to 2 em thick . 
Cont extual hyphae of fibrous con text compact ed in parallel arrangement, 
s impl e-septa t e , thin- to moderately thick-wa lled, a l mos t hyaline t o 
pale brown in Melzer' s reagent, dark brown in KOH, with infrequent 
branching, 4-6 i n diam, some thick-walled, dark brown, 3-9 in diam; 
tramal hyphae mos t ly thick-walled, with rare branching, 2-3 diam, rare
ly septate; hyphae of granular core a mixture of sever a l types ; some 
hyaline to pal e yellow, much-branched, thin-to thick-walled, 1-2 diam; 
dark granul es composed of brO\\'ll swollen hypha! segments aggr egated 
i nto a scl er ot ium like mass, shattering into irregular broken fragments 
under a cover glass . 
Setae or other s t erile hymenial el ements lacking . 
Basidia broadly clavat e to ellipsoid , 4- s t erigmat e , 12-14 x 6- 7, s t er
igmata S-6 long . 
Basi di ospores ovoid, smooth, dark reddish br own i n KOH, negative i n 
~lel zer' s r eagent, thick-wa lled, S- 7 x 4- 6 . 
Type of rot - lfuite rot of heartwood of living acaci a and mesquite i n 
the Sonor an Desert , rarely on other associated hardwoods. · 
Substrata - Acacia greggii, ChiZopsis Zinearis, Prosopis j uU fiora. 
Distribution - AZ, N~l, ~tEXICO . 
Voucher specimens - RLG 7834; RLG 7042 {ARIZ) . 
R~'ks - Phe'l,'l,inus badi us has a circumglobal distribution i n the tro
pics and s ubtropical regions. lt is most simi l ar to PheZUnus :robin
eae "'hich is found only on Robinia. 

3. PIIELLINUS CHRYSOLOMA (Fr. ) Donk. Proc. K. Ned . Akad . Wet. (C) 
74 : 39. 1971. 
Polyporus chrysoloma Fr . , Ofvers . K. Vet . Akad . Forh . 18 :30 . 1861. 
Basidi oca:rps perennial or sometimes developing for only one season, 
effused-reflexed t o sessil e , oft en r esupinate in early stages of dev
e l opment , imbricate i n clus t ers on standing trees and stumps or often 
in rows on fallen trees , pil ei usually thin and applanate, dimidiate 
to e longated, up to 5 em wide; upper surface tomentose t o hispid, sul 
cate, zonate, dull J:eddis h bro1m to bright yellowish brown a t t he mar
gin; margin usually undulate, slightly l obed, acute, narrowly s terile 
bel ow; por e surface bright yel l owish bro.,~ at firs t, darkening in older 
specimens , gl ancing, the pores angular to s l ightly daedaloid , 1-3 per 
nun in mos t speci mens but much smaller (4 - 6 per mm) in others; dissepi
ments t hin, entire t o lacerate; context r eddish brown , tough-fibrous, 
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with a thin black layer separating the softer upper tomentum, dense 
lower layer up to 3 mm thick, upper tomentum up to 1 mm thick; tubes 
indistinctly stratified, i nner surface ochraceous, paler than trama 
and context, entire tube l ayer up to 1 em thick . 
Hyphae of fibrous cont ext thin-walled and al most hyaline t o thick
wal led and bright reddish brown in Melzer ' s reagent, septate, occas
ionally t o often branched, closely i nterwoven into a compact tissue, 
2-4 diam; hyphae of upper tomentum thin-walled and yellowish to thick
~oo•alled and bright reddish brown, septate, with rare branching, 2- 5 
diam; dark layer between lower context and tomentum composed of dark, 
closely i nterwoven hyphae; basidiospores usual l y abundant on upper 
surface and in tomentum; txamal hyphae hyaline to yel lowish brown 
thin- to slightly thick-walled, septate, with rare t o occasional 
branching, 2-3 diam. 
Setae abundant, subul at e, thick-walled, bright r eddish brown in KOH, 
25-60 X 7-10. 
Basidia clavat e, 4- sterigmate, 10-12 x S-6. 
Basidi ospores ovoid to subgl obose, hyaline, becoming pale yellowish 
brown (particularly those trapped in upper tomentum) , smooth, negative 
i n Mel zer' s r eagent, becoming slight ly t hick-walled, 4- 5.5 x 4- 5 . 
Chlamydospores - Scattered in tramal tissue of some specimens ; subgl o
bose to ovoid, thick-walled, yel lowish brown, 5-5 .5 diam . 
Type of rot - White pocket rot of living and dead conifers . Phellinus 
chryso~ also is pathogenic in true firs, killing sapwood, and caus
ing s tem cankers i n which basidiocarps devel op (Owens, 1936) . 
Cultural characteristics - See Owens, 1936. 
Subst ruta - Pinus~ Pioes~ Abies, /Ar'i$ . 
Dis t ribution - Probably present in al l western stat es and provinces . 
Voucher specimens - JPL 607; RLG 11508 (ARIZ). 
Remarks - This has been considered a variety of Phellinus pini but is 
now recognized as a distinct species by Donk (1974) , Ryvarden (1977) 
and others . The resupinat e t o effused- r eflexed, thin basidiocaxps, 
the upper tomentum separa ted by a thin dark layer from the lower con
text, and the narrower, shorter setae are diagnostic characters of 
P. chrysoloma . 

4. PHELLINUS CONCHATUS (Pers. ex Fr . ) Quel., Ench. Fung. p. 173 . 1886. 
Pol yporus conchatus (Pers. ex Fr. ) , Syst. Myc. 1: 376. 1821. 
Pomes conchatus (Pers . ex Fr . ) Gill . Champ . France, p . 685 . 1878 . 
Basidiocarps sessil e, effused-refl exed, or somet imes resupinat e; pil ei 
sol itary to imbricate, dimidiate or i rregular in shape , up to 11 x 15 
x 4 em; upper surface light brown t o black with age, gl abrous, incrus
t ed, azonatc, sulcate, rough; margin concol orous, rounded to acute; 
pore surface yellowish brown (Saccardo ' s Umber). t he pores circular, 
6-8 per mm with thick , entire dissepiments; context yellowish bro~~. 
woody, azonate, with one or more thi n black layers, up to 4 mm thick; 
tube l ayer s concol orous with t he context , indistinctly stratified, 
each l ayer up t o 2 mm thick . 
Conte:ctua l hyphae brown in KOH, thick -walled, rarel y branched, rarel y 
simpl e- septate , 2 .5-4 in diam, also some thin-walled , hyaline, simpl e
septat e, 2-3 in diam; t ramal hyphae similar. 
Basidia clavate, 4- st erigmate, 10-12 x 6-7 . 
Setae abundant, ventr icose to subulate, thick-wal l ed , 20- 50 x 7-9. 
Basidiospo~es ovoid t o subg lobose, hyaline, smooth, negative in Mel
zer's reagent, 5-6 . 5 x 4-4 . 5. 
Type of rot - Uniform white rot of dead wood of several hardwood genera 



Fig. 4. Phe l l inus conchatus (RLG 9504). a, setae; b, ba
sidia; c, basidiospores. Fig . 5. P. ovorhartii (RLG 7014) . 
a, thick-walled contextual hyphae; b, thin-walled cont ext
ual hyphae; c . hyphae from granular context; d, setae; 
e, basidia; f , bas idiospores . 
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Cultural charactel~stics - See Campbell (1938) , and Nobles (1948, 
1958, 1965). 
Substr>ata - Accr> macr>ophyl.Zwn~ Alnus incana_, Betula papyrifero~ Popu
l us trichocarpa~ Sa li:r bebbiana~ and S . 1.asiandro. 
Distributi<m - BC, CO, 10, ~IT, OR, II'A, and 1\'Y. 
Voucher specimens - l~eir 18299; h'eir 4738 (BPT) . 
Remal'k8 - PheLlinus conchatus resembl es P. pini. The l at t er species is 
found on conifers and has pores 2- 4 per rnm; P. conchatus common l y is 
found on hardwood and has pores 6- & per mm . Both may have the bl ack 
l ayers in the context. '"eir confused P. conchatus 1~ith the fungus 
later described by Overholts as P. occiden~lis , and most of his 
North~o.•est collections labeled P. conchatlis are the latter species . 

5. PHELLINUS EVERIIARTII (E ll. et Ga ll. ) Ames, Ann. ~lye. 11: 246 . 1913 . 
Mucroonoporus eve1'harttii Ell. et Gall., Jour . Myc . 5 :141. 1889. 
Pomes overhaPtii (Ell. et Gall. ) von Schrenk et Spaulding, U.S. Dept . 
Agr. Pl. Ind. Bul. 149:48. 1909 . 
Basidiooa:rps sessile, ungulate, up to 6 x 13 x 8 em; upper surface yel
l owish bro1om to blackish, sometimes very finel y tomentose, becoming 
gl abrous and incrusted '~ith age, usually sulcate , rimose; margin con
co lorous, rounded; pore s urface glancing with a gol den luster, dark 
yel lowish- to reddish brown (Ochraceous-Ta~o.~y, Buckthorn Bro1om or 
Cinnamon Bro\offi), the pores circular to angul ar, 5- 6 per mm, with 
thick, en tire disscpiments ; context r eddish brown, 1~oody, faintly 
zonate, up to 5 em thick; tube l ayers concolorous with t he context, 
rather distinct ly stratifi ed, each layer up to 6 rnm th ick ; context 
with masses of hard granular ti ssue tha t appe3r under 30X lens as dark, 
solid or resinous areas in :.1 matrix of paler brown intel"\~oven mycel
ium; hyphae of dark masses agglutinated and hard t o separate, tissue 
breaking out in small chunks . 
Contextua7, hyphae most ly bro~o.~ in KOII solution, thin- to thick-wa lled, 
with rare branching, simp le- septate, 3-6 .5 in diam, some hyphae hya
l ine , thin-wal l ed, simple- septate, 2 .5-4 in diam; tramal hyphae simi
lar. 
Setae frequent to abundant, subulate to ventricose , thick-walled, 16-
36 X 5-9 . 
Basidia ovoi d to broadly el l ipsoid or s ubgl obose , 4- s t erigmate, 8- 12 x 
5 . 5- 7, si mple-septate at the base . 
Basidiospores ovoid t o subgl obose, dark r eddish br o1om, smooth, nega
tive i n Mel zer ' s reagent, 4- 5 x 3-4. 
Type of r>ot - h'hite rot of heartwood of living oaks . 
Cultural characteristics - See Campbell (1938), Davidson et a l . (1942), 
and Nob l es (1948, 1958, 1965) . 
Substr>ata - Quer>cus a:rizonica~ Q. emoryi, Q. gambel.ii , Q. ga:rryana. 
Diotl'ibuti on - AZ, CA , 10, ~IT, MEXICO, N~t, and OR. 
Voucher specimens - RLG 7014 (ARI Z) . 
Rerrarks - Fomes everha:rtii is a corrunon species in the oak for ests of 
the south1•estern U.S., but is r arely found elsewhere in the Nes t . 
The dark r eddish br own spores, the thin-walled septate hyphae, and 
thick ungulate fruiting bodi es ar e characteristic features. l t i s 
similar to P. weirianus but ha s smaller setae . Furthermor e , P. weir
ianus is restricted t o walnut. 

6. PIIELLINUS FERREUS {Pers . ) Bourd. e t Galz., Soc. t>tycol. France Bul. 
41:247. 1925. 
Poly porus f erreus Pers ., ~lye . Europe 2 : 89 . 1825. 
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Fig . 6 . Phellinus fet't'eus (RlG 3686) . a , cont extual hy
phae; b, setae ; c, basidia; d, basidiosporcs . Fig . 7 . P. 
fer"rugineofuscus (RLG 6276) . a , schematic drawing of hy
meni a l r egi on; b , thin-h•a l led contextual hyphae; c , thick
walled contextual hyphae; d, t hin-walled tramal hyphae ; e , 
setae, f, setal hyphae ; g, basidia; h, basidiospores . 
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Poria f errea (Pcrs . ) Overh . ~iycologia 23 :117. 1931. 
Basidiocarps perennial , r esupinate, effused up to 23 em, woody , not 
readily separab le; margin fertile or narrowly sterile, then yellowish 
brown, tomentose, up to 2 mm wide; pore surface yellowish brown (Buck
thorn Brown or hazel), often cracking extensively, the pores circular, 
6- 7 per mm, wi th thick, entir e dissepiments; context ye l lowish brown, 
corky, azonate, up to 1 mm thick; tube layers indistinctly s trati fied, 
concolorous and continuous with the context, each layer up to 1 em 
thick. 
Contextual hyphae dark brown to a lmost hyaline in KOH, thick- or thin
walled, with r are branching, r arel y simple-septate, 2-4.5 in diam; 
tramal hyphae similar . 
Setae abundant, subulate to s lightly ventricose, 22-29 x 6-7 . 
Basidia cl avate, 4-sterigmate, 12-14 x S-6. 
Basidiospol'es cylindric, hya line, smooth, negative in l'>ielzer' s reagent, 
5- 7. 5 X 2- 2 . 5 . 
Type of rot - Uniform whi t e r ot of dead wood of hardwood and conifer
ous species . 
Cul tural characteristics - See Baxter (1934) and Nobl es (1948 , 1958, 
1965) . 
Substrata - Abies~ Acer~ Alnus~ Amelanchier~ Arbutus~ Arctostaphylos~ 
BetuZa~ CMtanea~ CMtanopsis. Cornua~ Cory'lus~ Crotaegus. Fraxinus~ 
Gau'ltheria, Ho'lodiscus , Lithocarpus .. Myrica, Physoca:rpus~ Picea .. Pop
ulus~ Prunus, Pseudotsu9a, Que1'cus, Rhus .. Rubus .. SaZi:l:~ Thuja, Tsuga~ 
umbelZu~, and Vaccinium. 
Distribution - AK, AT, BC, CA, 10, Nlfi', I'>IT, OR, and WA. 
Voucher specimens - RLG 174 (SY- F); RLG 3394 and 3400 (SY-F) . 
Remcu>ks - This species is simil ar t o P. f erruginosus, another coiMlOn 
hardwood-inhabiting fungus . PJJeZZinus f e:rruginosus has shorter spores 
and usually has setal hyphae in the marginal and context tissue, fea 
tures which distinguish i t from P. ferreus . 

7 . PHELLINUS FERRUGINEOPUSCUS (Karst.) Bourd., Soc . ~lycol. France 
Bull. 48: 228. 1932. 
Poria ferl'UIJineofusca Karst.. Soc . Fauna Flora Fenn. ~leddel . 14:82. 
1887 . 
Basidioca:rps annual or rarely with t\~O l ayers of tubes, effused up to 
20 em, tough, woody , not easily separable; margin yellowish brown 
(Sayal Brown) t o whitish, soft tomentose, up to 7 mm wide ; pore sur
face purplish brown (Warm Sepia, Natal Brown, or Cinnamon- Brown), the 
pores circular t o angular or sinuous , 7-9 per mm, with thick , entire 
dissepiments that often split to f or m sinuous pores; context bright 
yellowish brown , azonate, tough, fissile, up t o 6 mm thick; tube layer 
purplish brown, tubes lighter within, up to 4 mm thick . 
Contextual hypha.e of two types, some brownish to hya.line , thin- to 
thick-walled, s i mple-septate, with occasional branching, 2 .5-5 in diam, 
o thers dark brown, thick-walled , rarely branched, rarely septa te set a l 
hyphae, 3- 3.5 in diam; tramal hyphae s imilar, the dark, thick-wa lled 
setal hyphae projecting into the tubes. 
Setae present as ends of set al hyphae , bent abruptly and projecting 
into the tubes. 
Basidia narrowly c lavate, 4-sterigmate, 12-14 x 3 . 5- 4 . 
Basidiospores cyl indrical, curved, smooth , hyaline , negative in Mel
zer ' s reagent, 4- 5. 5 x 1-1 . 5 . 
Type of rot - White l amina t ed rot of dead \-'OOd of conifers. Phel.Zinu.s 
f e1'rugineofuscus was reported by Kimmey and Stevenson (1957) as causing 



a common heartrot of western r ed cedar in Alaska. However, the only 
Alaskan specimen in the National Fungus Collections collected by 
Kimmey was misidentified and should be referred to Poria aLbipeL
Zucida Baxt . , a fungus known to cause heartrot in Thu;ja pLicata . The 
wood decayed by P. fer~gineofuscus often has small longitudinal pits 
similar to those seen in wood decayed by P. tJeir>ii . The wood is also 
frequently mottled with transversely oriented whitish streaks and may 
have blackish flecks scattered through it . 
CuZtw>aZ chm'acter>istics - See Baxter (1934) and Nobles (1948, 1958, 
1965). 
Substrota. - Abies~ La:l'i:x~ Picea~ Pinus~ Pseudotsuga, Thu.ja, and 
Tsuga . 
Distr>ibution - AK, AT, AZ, CA, CO, 10, ~IT, OR, UT, WA, and l'iY. 
Voucher specimens - RLG 8975; RLG 6276 (ARIZ) . 
Remarks - Other species with hya line spores and setal hyphae known 
from t his area are P. tJeir>ii and P. ferruginosus. These differ from 
P. fer~ineofzwca in the shape of their spores and the consistency 
and color of their basidiocarps . Inonotus gZomeratus Peck also ha s 
setal hyphae and is frequently resupinate, but is readily identified 
by its yellowish, ovoid spores . 

8. PHELLINUS FERRUGINOSUS (Schrad. ex Fr.) Bourd . et Galz., Hym . 
France . p. 625 . 1928. 
PoZypo~s ferPUginosus Schrad. ex Fr . , Syst . ~lye . 1:378 . 1821 . 

63 

Poria ferPUginosa (Schrad. ex Fr.) Karst., Rev . t>1ycol. 3, 9 :19. 1881. 
Basidiocarps annual, becoming widely effused, tough to soft-spongy, 
not easily separable; margin tawny, soft-spongy, often appearing setu
lose under a lens , up to 2 em wide; pore surface ferrugineous, the 
pores circular, usually 7-9 per mm, but in some unusual specimens 2- 3 
per mm, with thick, tomentose dissepiments; context yellowish brown, 
azonate, soft-fibrous, up to 1.5 mm thick; tube layer slightly darker 
than the context or concolorou.s, continuous with the context, up to 
2 em thick. 
ConteztuaZ hyphae of t wo types, some light brown in KOH, rather thin
walled, with rare branching, 2-4 in diam, setal hyphae darker reddish 
brown, very thick- wal led, tapering to a setalike point, unbranched, 
5-8 in diam; tramal hyphae similar to the thin-wal l ed type . 
Setae abundant, mostly subulate, 25-65 x 6- 8 . 
Basidia cl avate, 4- sterigmate , 11-14 x 4 .5- 6 . 5. 
Basidicspores cylindric or short-oblong, hyaline, smooth, negative in 
Melzer ' s reagent, 5-7 x 3-3 . 5. 
Type of rot - White laminated rot of dead wood of hardwood and conifer
ous species. 
Cultural characteristics - See Baxter (1934) and Nobles (1948, 1958, 
1965). 
Substrata - Abies, Acer~ Alnus, Arbutus, Betula~ CoryZus~ Lithocarpus~ 
Picea, Pinus, Populus, Prunus, Pseudotsuga, Quercus~ SaZi:x, Thu;ja, 
Sequoia, LhnbelluZaria, Vacciniwn. 
Distribution - AK, AT, AZ, BC, CA, CO, 10, t>IT, Nl-1, NWT, OR, and I~A . 
Voucher specimens - RLG 3412; RLG 3393 (ARIZ). 
Rerna.r'ks - Considerable variation occurs in basidiocarps of P. fer~
ginosus, especially in pore size. PhelZinus ferrous is similar but 
has narrower spores and lacks setal hyphae. Other species o{ PheZZi
nus with setal hyphae ar e P. ferrugineofuscus and P. weirii . [n those 
2 species the setal hyphae occur in the tramal tissue and project into 
the tubes. 
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Fig. 8. Pheltinus fe~rz~inosus (ERC 71-25) . a, contextual 
hyphae; b, set ae; c , basidia; d, basidiospores. Fig . 9 . 
P. gi'luus (ERC 86) . a, contextual hyphae ; b, s etae; c , 
bas idia; d, basidi ospores. 
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9. PiiELUliUS GILVUS (Sch~>· . ) Pat . , Ess . Tax . Hym. p. 97 . 1900. 
BoZettta pi2vus Sch1~ . • Scln: . Na t . Gcs . Lei pzig 1: 96 . 1822 . 
PoZypo1•us gi?.vus Sch1~ .• Schr. Na t . Ges . Leip:z.ig 1: 96 . 1822 . 
Basidioaa:t.•ps perennial or annual, sessil e or s light 1y c ffused-reflexed; 
pilei solitary or imbr icat e , dimidiate, up t o 7 x 12 x 3 em ; upper sur
face dark yel1o1dsh broKn (Yello1~ Ocher to Tawny -Ol i ve ) , tomentose to 
glabrous, often ruguse, zonate 01· a zonate ; margin conco lorous ; pore 
su:rface dark purpl ish bro1m (Na tal Br01m) , the pores circ ular, 6-8 per 
mm, with thick, entire dissepiments; context bright ye ll o~>•ish br o1m, 
zonate, fibrous , up to 2 em thic k; tramal t issue concolor ous and con
tinuous with the cont ext , tube l ayer white-stuffed , up to l em thick . 
ConteztuaZ hyphae o f two types, some dark reddish bro~.·n in KOH, thick
"'ailed, r a rely branc hed, simple-septate, 3- 7 i n diam, o thers pal e }'cl
lowis h brown, thin-1~alled, h'i th occasiona l branching, septate , 3-5 in 
diam; tramal hyphae similar . 
Setae abundant, subulate, s harp, 20-30 x 5-6 . 
Basidia broadl y c lava te, 4-s terigmat.e, 8-1 1 x 5-7 . 
Basidiooporoes ellipsoid to ovoid, hyaline , smooth , negative i n ~telzcr ' s 
reagent, 4-5 x 3-3.5. 
Type of rot - Uni f orm whi t e rot of dead 1~ood of ha rd1•oods and a heart 
rot of l iving trees . 
CuZtuYal chco~cteristics - See Davidson et al . (1942) , Nobles (1948, 
1958, 1965) , and Gi lbertson and Burdsall (1972) . 
Subst rata - Alnus~ Betu?.a~ F1"a:1,-inus~ JugZans~ Phoenix~ P?.atanus, Popu
l us, Prooaopis , Prunus~ Quel'cus~ and Sali."C . 
Distribution - AZ, CA, IO, f.IT, N~l, OR, and 1\'A. 
VOl~chel' specimens - RLG 77 36 ; RLG 718 0 (AR 1 Z) . 

Rema:r>ks - Phellinus gilvus is a common fungus on ha rd1~oods along 
streams at lo1•er elevations i n the South~Vest . The purplish colo1.· of 
the pore surface is vel')' charact eristic . I t is most s imil ar morpho
logically to P. toru Zosus which occurs at hi gher e leva tions on conifers 
and has larger spores . The two also di ffer greatly in culture . 

10. PHELLINUS HARTIGII (Allesch. e~ Schnabl. ) Bond., Pol~>. Eur . 
USSR and Caucasia. p . 365 . 1953 . 
PoZyporus ha.rotigii Allesch. e t Schnab l., Fungi Bavar . exs . No . 48. 
1890 . 
BasidiocCU"ps perennia l , r esupina t e to effused-reflexed; '"hen ref l exed 
more or less triangular in l ongitudina l sections with upper and lower 
surfaces a t angles of 45° or greater; upper surface pale yellowish 
broh•n, tomentose nea r the ma r gin, becoming g labr ous and rimose, gray
ish br01m to purplish br 01,11 , the pores circu lar, 5- 7 per nun, \,•ith 
thick, entire dissepime nts ; context woody, ye ll o1•ish bro1•n to r eddish 
brown, with darker zones , up t o 2 em thi ck; tube layer s distinctl y 
stratified, oft en with ster i le tissue between the lay~rs, tubes white 
1"i thin, layers up to S nun thic k . 
Contextual hyphae pale yellowish brown in ~le I zer ' s reagent , t hick
walled, asepta te 01· '"i th r ar e septa, 2-5 diam, with rare branching; 
some almost hya line, s lender, aseptate, thick-walled, much-branched 
hyphae a l so present, these 1-1.5 diem; trama l hyphae s i milar . 
Setae lacking; ventricos e, thin-"'alled cystidioid elements present. 
Basidia broadly e llipsoid, 4-sterigmate, 12-14 x 8-9. 
Basidiosporoes subglobose, hyaline, smooth, s lightly thick-lialled , 
strongly dextrinoid in Me l zer ' s reagent, 5- 6 . 5 x 6- 7. 5. 
Type of rot - Uniform 1vhi t e rot of heart,_.ood of living conifers , con
tinuing i n dead trees and Jogs . 
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Fig . JO . Phel.linus hm' t i9ii (FP 10557) . a , thin-walled 
cysti dioid element s from hymcnium; b , basidia; c , basidio
spores . Fig. IJ. P. i9niarius (RLG 8575) . a , thin-wal l ed 
t ramal hyphae; b, thick-walled t rama l hyphae; c , th ick
wa ll ed contextual hyphae, d, se t ae; e , badisia; f , basidio
spor cs ; g, schematic drawi ng of hyrnenj um. 



Cutturat characteristics - See Bax~er (1934, 1945, as Poria tsugina; 
1952, as Fornes robustus tsugina) ; Campbell (1938, as Fornes robustus 
var. tsugina); and Nobles (1948, 1958, 1965, as Poria tsugina). 
Substrata - Abies~ PseudOtsuga~ Tsuga. 
Distribution - AK, AZ, BC, CA, CO , IO, NM, WA. 
Voucher specimens - FP 6034; FP89887 (CH1R). 
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Remax'ks - The PheUinus robustus compl ex is probably the most diffi
cult taxonomic problem in the genus . Speciation in this complex has 
resulted from adaptation to different substrata and vas tly different 
environmental factors. Morphological differences , both macroscopic 
and microscopic, have also evolved. PheZZinus hartigii is recognized 
essentially on the basis of characters detailed by Lohwag (1937), Jahn 
(1976), and Domanski et al. (1967) . 

11. PHELLINUS I GNIARIUS (L. ex Fr . ) Quel . , Ench . Fung. p . 172. 1886 . 
PoZyporus igniarius L. ex Fr., Sys~ . Myc. 1: 375. 1821. 
Fornes igniarius (L . ex Fr . ) Kickx , Fl. Crypt . Flandres 2:237. 1867 . 
Basidiocarps perennial, sessile or rarely effused-ref l exed, ungulate 
or sometimes applana~e, up to 11 x 20 x 8 em; upper surface gray or 
blackish, glabrous, sulcate, becoming deeply rimose, incrusted; margin 
concolorous and glabrous or yellowish brown, (Saccardo ' s Umber or 
Snuff Brown); pore surface pa le cinnamon brown to dark purplish brown, 
the pores circular, 5-6 per mm, wi~h thick, entire dissepiments; con
text dark r eddi sh brown, zonate, "'oody, up to 2 em thick; core absent 
or present next to substratum, with white tissue intermixed; tube 
layers concolorous wi th context, the tubes white-stuffed, i n indistinct 
l ayers , each up to 4 mm thick. 
Contextual hyphae of two types, some brown in KOH, thick-walled, dist
inct, with rare branching, aseptate, 2- 5 in diam, some hyaline, thin
walled with occasional simple septa, very indis tinct; tramal hyphae 
similar, 2- 3 in diam. 
Setae ventricose to subulate, abundant to rare, 14-17 x 4-6; core setae 
pr esent i n some specimens, irregularly l obed and branched; t hick
walled, up to 15 in diam. 
Basidia broadly clavate, 4-sterigmate, 9-10 x 6-7. 
Basidiospores broadly ovoid to subglobose, hyaline, smooth, thick
walled, negat ive in ~lelzer ' s reagent, acyanophilous, 5-6.5 x 4.5-6. 
Type of rot - Uniform white rot of the heartwood of living hardwoods. 
Cuttura Z characteristics - See Campbell (1938), Niemala (1977) , Nobles 
(1948, 1958, 1965) , and Verral (1937) . 
Substrata - Acer, Atnus, Arbutus, Betuta, Castanopsis~ Comus, ldatus, 
Prunus~ Pyrus~ Quercus~ Rhamnus~ SaZix~ Sambucus . 
Distribution - AK, AT, BC, CA, CO, 10, t>IT, OR, UT, \'r'A, and 't\'Y . 
Voucher specimens- RLG 8575; RLG 5844 (ARIZ). 
Remarks - The PheZZinus igniarius compl ex has been another difficult 
taxonomic problem. PheHinus a.rotostaphyZi is segregated on ~he basis 
of characters detailed under that species . PheZZinus tremuZae occurs 
only on aspen and is morphologically distinct on the basis of basidio
carp macro- and micromorphology as well as cultural characters . 
PheZZinus pomaceus is most similar and is characterized mainly by 
small basidiocarps on Prunus . Niemal a (1972, 1974, 1975, 1977) shoul d 
be consulted for a detailed discussion of the P. igniarius complex . 

12. PHELLINUS LAEVIGATUS (Fr . ) Bourd. et Galz. , Hym. France p. 264 . 
1928. 
Potyporus taevigatus Fr., Hym, Eur . p . 571 . 1874. 
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Fig . 12. PheLLinus Laevigat us I RLG 179) . a, contextual 
hyphae; b, setae; c, basidia ; d, basidiospor es; e , schem
atic drawing of hymenium. Fig. 13. P. nigroU.mitatus 
(RLG 5861) . a , contextual hyphae; b, setae; c, basidia; 
d , basidiospores; e , schema t ic dra1dng of hymeniwn . 

13 
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Basidioc~s perennial, resupinate, becoming widely effused, woody, 
adna te; pore sur face dull reddish brown (Prout 's Br own to I" arm Sepia) 
often becoming deeply cracked into angular blocks wi th age or drying, 
the pores circular, 8-10 per mm, with thick, entire d i s s epiment s ; mar
gin yellowish-brown (Ochraceous-Ta1,.rny), tomentose, up to 2 mm wide; 
context yellowish brown, azonate, up to 2 mm thick; tube layers indis 
tinctly stratified, paler than context, each layer up to 1 mm thick. 
Conte~tuaz hyphae of two types, some dark brown in KOH, thick-walled, 
rarely branched, aseptate, 2.5-5 in diam; others pa le yellowish to 
hyaline in KOH, thin-walled, simple-septate , with frequent branching, 
2-3.5 i n diam; tramal hyphae similar, with parallel arrangement. 
Setae abundant, subulate to ventricose, thick-walled, 17- 30 x 6-9 . 
Basidia subglobose to pyriform, 2-4 sterig111ate , 7-11 x 4- 5 . 
BasidiospOl'BB ovoid, hyaline to pale golden yellow i n older specimens, 
smooth, negative in Melzer' s reagent, 3-4 x 2.5-3. 
TIJPB of l >Ot - lfuite laminated rot of dead hardwoods , especially birch. 
The wood in advanced stages of decay separates readily along the an
nual r i ngs . 
Cul~l chaPaoteristics - See Campbell ( 1938), Baxter ( 1952), Nobles 
(1958, 1965) , and Niemala (1972). 
Subst2>ata - Alnus~ BetuZa, and Populus . 
Distt>ibution - BC, ID, t-IT, OR, WA . 
Voucher specimens - RLG 179; RLG 341 (ARIZ). 
R~narks - PheZlinus Zaevigatus has been considered a resupinate s tate 
of P. igniarius by Overholts (1953) and Lowe (1958, 1966). However it 
is morphologically distinct by its smaller spores and also causes a 
different type of rot. Niernala (1972) has als o pointed out that the 
arrangement of the trama 1 hyphae is differen·t in the two species , 
being paralle l in P. Zaevigatus and interwoven in P. igniarius . 

13. PHELLINUS NIGROLIMITATUS (Rom. ) Bourd . et Gal z . , Hyrn. France p . 
622. 1928 . 
Polyporus nig2>0Zimitatus Rom., Arkiv f. Bot . 11, 3:18. 1912. 
Pomes nigr oZimitatue (Rom. ) Egeland, ~lag. f. Naturvidens kaberne (Nyt. ) 
52:135. 1914 . 
Pomes put earius 1\'eir, J. Agric. Res . 2:165. 1914 . 
Basidiocarps effused-reflexed or resupinate; pilei usually i rregular 
in shape, more or l ess elongat ed and shelflike, up to 5 x 10 x 4 ern; 
upper surfac e blackish brown to yellowish or reddish brown, finely to
mentose to glabrous, very irregular, often soft and spongy; margin 
concolorous or sometimes lighter (Snuff Brown to Buckthorn Brown), up 
to 3 mm wide; pore surface Cinnamon, smooth, the pores circular to an
gular, sometimes daedaloi in part , 5-7 per mm, with thick, entire dis
sepiments ; context dark yellowish brown, with one or more thin black 
layers that appear as black l ines in longitudinal sections, often zon
ate, corky to soft-fibrous, up to 1 em thick; tube layers indistinct, 
lighter brown than context, each layer up t o 2 mm thick. 
Contextual hyphae brown to pale yellow or almost hyaline i n KOH , thick
or thin-walled, with frequent branching, simple- s eptate, 2.5- 6 in diam; 
black l a yers about 20- 80 thick, composed of very clos ely inter~oo•oven 
and agglutinated hyphae; tramal hyphae similar to those of l ower con
text. 
Setae abundant, straight, subulate to ventricose , 25-37 x 6.5-8.5. 
Basidia broadly clavate, 4-sterigmate , 10- 12 x 5-6 .5 . 
Basidiospol'es cylindric, s traight, tapering at the apex, hya line, 
smooth, negative in Mel zer ' s reagent, 7-10 x 2-2 . 5 . 
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Type of rot - White pocket r ot of conifer logs and also a root and butt 
rot of living trees . The r ot is distinc t ive because of the l arge size 
of the pockets , which are up t o 2 .5 ern long . The wood between the 
pockets is firm. 
Cultural characteristics - See Nobles, 1948, 1958, 1965; Baxter, 1945 . 
VoucheP specimens - RLG 8271; RLG 11511 (ARI Z) . 
Remarks - In North America this species i s kno~n only from the West, 
wher e it is common in many areas , especially at higher el evations in 
the spruce-fir zone. h~en entirel y resupinate, the basidi ocarps are 
easil y mistaken for those of other species of Phellinus~ particularly 
t hose of softer consistency, s uch as P. ~eirii and P. [erTUgineofusca. 
The black layers in the context and the distinctive carrot-shaped 
spores ar e features which facilitate identification of resupi nate 
specimens . 

14. PHELLINUS OCCIDENTALIS (Overh . ) Gilbn. in Lombard, et al. , Myco
path. e t Mycol . App l. 46 :352 . 1972 . 
Fornes occidentalis Overh. in Lombard et al. , ibid . 
(Pomes occidental-is Overh . , ~lycologia 33:101. 1941. Not validly 
published - no Latin diagnosi s) 
Baoidiocarps perennial, effused-reflexed or sessile, sometimes resupi
nate at firs t; pilei dimidiate or l ater ally fused and el ongat e, up to 
2 x 6 x 4 em; upper surface bl ackish t o grayish, faintly sulcate and 
zonat e, incrus t ed, gl abrous; margin light yellowish brown (War m Buff 
or Cinnamon-Buff) , faintly tomentose, up to 1 mm wide , rounded; · pore 
surface light brown (Snuff Br own or Dr esden Brown), the pores angular 
to cir cular, 2- 4 per mm, with thick, entire dissepiments; cont~ 
light r eddish brown , azonate, corky, up t o 2 mm thick; the upper in
crusted layer blackish; tube layers concolorous and continuous ~~th 
cont ext, up t o 1.5 em thick, the tubes lighter wi thin. 
Contextual hyphae of two types, some dar k br own in KOH, thin- t o thick
walled, rarel y simple-septate, wi th rare branching, 2- 5 in diam, other s 
hyaline or pale yellowish, thin-wall ed, simpl e-septate , with frequent 
branchi ng, 2-3 in diam; tramal hyphae simil ar. 
Setae scattered, t hick-walled, ventricose , 40-50 x 8-14. 
Basidia clavate, 4- s terigmate, 11-16 x 5-5.5. 
Basidiospores ovoid t o s ubglobose, hyaline, in old specimens distinctly 
brown, smooth, negative in Melzer ' s reagent, 5-6 x 4-5 . 
Type of ~t - Uniform white r ot of heart wood of l iving hawthorne 
(Lombard e t a l. 1972) . 
Cultural characteristics- See Lombard, et a l. (1972) . 
Substrota - CPataegus colwnbiana, C. douglasii~ C. pipel"i. 
DistPibution - ID, ~rr. OR, trr, WA . 
VoucheP specimens - RLG 2060; RLG 4674 (ARIZ) . 
Remarks - P. occidentalis i s quite s imilar to P. chrysoloma and P. p~n~ . 
lts restr ict ion to hawthorn and the uniform white rot are diagnostic . 

15 . PHELLINUS PINI (Thor e . ex Fr . ) Pilat, At l . Champ . Eur . I II (1) . 
p. 517. 1942. 
Pomes pini (Thor e . ex Fr . ) Kars t . , Bidr. Finl . Nat . 0 . Folk. 37:79. 
1882. 
Boletus pini Thor e, Chloris Dept. Landes, p . 487 . 1803 . 
Daedalea pini Brot. ex Fr., Sys t. ~lye . 1: 336. 1821. 
Trwnetes pini Thor e ex Fr., Epicr . Syst . 1-lyc . , p . 489 . 1836-1838 . 
Cryptoderma yamanoi Imazeki , Forsch. auf. dem. Geb . Pflanzenkrank 
(Japan) 4:176 . 1951. 



Fig . 14. PheLLinus ocaidentaLis (RLG 4674). a, thin-wal l ed 
tramal hyphae ; b, setae; c , basidia; d, basidiospores; e, 
schematic drawing of hymenium. Fi g. 15. P. pini (RLG 9407) . 
a, tramal hyphae; b, setae; c, basidia; d, basidiospores. 
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Basidiocarps sessile , effused-rcflexed, or sometimes entirely resupi
nate; pilei solitary or imbricate, ungulate to applanate, up t o 9 x 13 
x 8 em; upper surface light reddish-bro~~ to blackish, hirsute toward 
the margin, becoming glabrous and i ncrusted with age, zonate and sul
cate; margin r eddish-brown and hirsute, or sometimes yello~·ish-brown 
(Antimony Yellow) and tomentose, r ounded; pore surface yellowish-brown 
(Tawny-Olive to Ye llOI-' Ocher), the pores circular t o angular or daeda
loid, 2-J per mm, with thick, entir e dissepiments; context reddish
brown or yellowish-bro1m , lustrous on cut surface , corky , usually with 
one or more thin black layers, i n younger specimens often appearing 
duplex because of the hirsute upper l ayer, up to 3 em thick; tramal 
tissue continuous and concolor ous with context, tubes light col ored 
1-1ithin, indistinctly stratified, each layer up to 6 mm thick . 
Contextua~ hyphae rarely branched, simple- sept ate, of two types, some 
brown in KOII, thick- or thin-walled, 3.5-7.5 in diam., others hyaline, 
thin-walled, 2-J in diarn; trarnal hyphae simi l ar. 
Setae abundant, subulate t o ventricose, 40-50 x 10-14 . 
Basidia broadly clavat e, 4-sterigmate, 12-14 x 5-6. 
Basidiosp<>res ovoid, hyaline, smooth, negative in ~lclzcr ' s r eagen t, 
4.5- 7 X 3. 5-5 . 
Type of rot - lfuite pocket rot of the heartwood of living conifers. 
CulturaL characte1~stics - Sec Campbell (1938), Fritz (1923), Davidson 
e t a l . (1938), Nobl es (1948, 1958, 1965), and Owens ( 1936). 
Substrata - Abies, Chamaecyparis, Lari:c, Liboaedrua, Piaea, Pinus, 
Pseudouuga, Ta:z:us, Thu.ja, ::md Teuga . 
Distribution - AK, AT, AZ, BC , CA, CO, ID, t-IT, N~l, OR, SASK., NA, WY, 
and UT. 
Voucher> specimens- RLC 9407; RLG 6630 (ARIZ) . 
Remarks - P. chrysowma is c l osely rel ated and has been referred t o as 
Pomes pini var . abi etinus (Karst . ) Overh. P. oacidentaZis is similar 
and can be dis tinqulshed by its host, Crataegus , and the associated un
iform white rot.. Boyce and Wagg ( 1955) have repor t ed the pathogenic 
r elationship of P. pini in stands of Douglas fir and a cyclic pattern 
of decay over a 450 year rotation. 

16 . PHELLINUS POJ.!ACEUS (Pers . ex S . F. Gray) t-lairc, Fungi Catal. 1. 
p . 37 . 1932. 
BoZetus pomaccus Pcrs . ox S. F. Gray, Nat . Arr . Brit . Plants 1:642. 
1821. 
Pomea pomaceua (Pers. ex S. F. Gray) Lloyd, Mycol. Writings C. G. 
Lloyd 2:8. 1908 . 
Basidiocarps perennial, sessile or effused-reflexed; pilei ungulate, 
solitary or imbr·icate, up to 5 x 5 x 6 em; upper surface at first light 
grayi sh-brown, smoo th, li ght ly tomcntose, becoming blackened, rimose 
and glabrous; margin light brown, rounded; pore surface dark yello~·ish

to reddish-bro~·n, the pores circul ar, 7- 9 per mm, with thick, entire 
dissepimcnts; context ycllo"•j s h-brown ·to r eddish-brown, shining, zon
at.e, woody, up to 1 em thick; tube l ayers concolorous, distinctly 
s tratified, tubes dull, becoming whitish within. 
Contex tual hyphae mostly bro1mish in Kml, thick-walled, with rare t o 
frequent branching, simple-septate, 2 .5-5 . 5 in diam, some hyaline, 
thin-1~alled , simple-septate, 2-3 in diam; trama l hyphae usually sim
il ar, some thin-walled, pale bro1mish to hy~linc. 
Setae rare, s ubulatc t o ventricose, 14-1 7 x 4.5-7 . 
Basidia broadly clavate , 4-s terigma te, 9-10 x 5.5-6 . 
Basidiospo>•ea ovoid to broadly ellipsoid, hyaline, smooth, negative in 
Melzer' s reagent, 4-5 x 3-4 . 5. 
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Type of rot - Uni form 1~hite r ot of the heaJ.·t,~ood of living fruit tree s . 
Cu~tural characteristics - See Campbell (1938) , Nobl es , (1948, 1958, 
1965 as Fames fulvus) ; and Niema1a (1977) . 
Substrata - Prwtus. 
Distribution - CO, I 0, ~1T, Nt-1, OR, \\'A , and 1'/Y. 
Voucher specimens - I~GS 07711; JFB 1001 (ARI Z) . 
Remarks - Ni emaHi (1977) has poi nted out that the arTangement of skel
et al hyphae in the trama of P. pomaaeus is i nter mediate between par al 
lel and inten •oven and r e fer s t o this as s ubpar a llel. Simil ar species 
in the PheUinus igniarius complex are P. igniarius , IYhich has i nter 
woven tramal skeletals , and P. Zaeviga~ , which has parallel u·ama J 
skel etals. Basidiospor es on North American specimens ar e smal ler t han 
those on European specimens as s t a t ed by Ni emal a (1977) . 

17. PHELLINUS PRUNICOLA (t>lurr . ) Gi lbn. , comb. nov. (basionym -
Forr.i toporia prunico Za f.lurr . , North Amer. r: lor a 9 : 9 . 1907 . ) 
Poria p1'W1icoZa (t-1urr. ) Sacc . & Tr ott., Syll. Fung. 21 :331. 1912. 
Basidiocarps per ennial, r esupi nat e , woody, effused up t o 22 em, not 
r eadily separ abl e; margin at fi r s t J i ght yellowish br own, becoming 
blackened , glabr ous and rimose loJi t h age; por e surface r eddish brown 
(Snuff Brown t o Saccardo ' s Umber) , the por es circular, 6-8 per mm, with 
thick, enti re di ssepi ments ; context r eddish brown, woody, azonate, up 
to 1 mm thi ck; the t ube l ayer s i ndis tinctly s tra t i f ied, becoming 
whi tish ,.,.i thin, each l ayer up t o 2. 5 mm thick. 
Contextual hyphae mostly dark reddi sh- br own i n KOH, thick - t o thin
'"a lled, 1d th rare branching , aseptate , 2 .5-4 i n diam, some pal e brown
ish to hyaline, thin-1~alled wi th fr equent br anching , simpl e- septa te , 
2- 3 in diam; tramal hyphae similar , arrangemen t o f skol c ta ls scmiparaJ
le l. 
Setae abundant, mostly ven tricose, 15- 18 x 5- 6 . 5. 
Basidia clavate , 4- s t er igmate , 11-12 x 5-6 . 
Basidiospor>es ovoid to s ubglobose , hyal i ne , smooth, negative i n ~1e l
zer' s r eagent, 3. 5- 5 x 2. 5- 3. 5. 
Type of rot - Unifor m white rot of dead ,,•ood of Prunus . 
Guttural characteristics - See Baxt er, 1934. 
Distribution - ~IT . 
Voucher specimen - RLG 653 (ARIZ) . 
Remarks - P. laevigatus is ver y s i mi lar but has slight ly smaller spor es 
and por es. Baxt er (1934) believes the t h'O ar c dis t i nct i n culture . 
Resupina te specimens of P. Pobustus di f f er i n t heir l ar ger, dextrinoid 
spor es and l ack of setae . PheZZinus igniarius has considerab'ly lar ger 
spores . 

18 . PHELLINUS PUNCTATUS (Fr .) Pi l at, Atl . Champ. Europe 3:530. 1942. 
Poria pu.nctata (Fr .) Kar st . B1 dr. Finl. Natur . 0 . Fol k. 37 :83 . 1882. 
Polyporus pu.nctatus Fr., Hymen. Eur . p . 572 . 1874 . 
Bas idioca:rps per ennial, r esupinat e , becoming widel y effused , woody, 
not readily separ au l e; margin at fi r s t yello,.,ish b~·own, tomentose, up 
to 2 em t hick, r ecedi ng , becoming bl ack and rimose i n older speci mens; 
por e sur f ace ye ll owish- to g1·ayi sh bro~>•n , dull, smooth, the pores cir
cular , 6-8 per nun, t he dissepiments t hick, ent ire, minutely t omentose ; 
Contextual hyphae dar k brown in KOI I. thi n- t o thick-1.;alled, r ar el y 
branched, occasi onally sept at e, 2 . 5- 5 i n diam, some almost hya l i ne, 
thinner 1vo J Jed; t r nmal hyphae similar. 
Set-ae l ack ing; t hin-1va lled , ventricose cysti dioid clements present . 
Basidia broadly cl ava t e, 4- sterigmate, 11-12. 5 x 7-8 . 5. 
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8asidiospores broadly ovoid t o subgl obose , hyaline , smooth, strongl y 
dextrinoid in Melzer ' s r eagent, 6 . 5- 8 .5 x 5 . 5- 7. 
Type of rot - Uniform white r ot of dead wood of hardwoods and coni fers. 
Cultural ahaZ'actel'istics - See Nobles (1948, 1958, 1965). 
Substrata - Abies, Alnus, Betula, Picea, Pseudotsuga, SaU:c, Tsuga. 
Distribution - AK, AT, BC, CA, CO , ID, OR. 
Voucher Specimens - RLG 6677 ; RLG 6713 (ARI Z) . 
Remarks - Specimens on conifer substrat a have been referred to Poria 
tsugina (Murr . ) Sacc . et Trott. PheZZinus hartigii is closely related 
and is differ entiated by r efl exed basidiocarps on l i ving conifer s . 

19 . PHELLINUS REPA!IDUS (Overh. ) Gilbn . , in Lombard, et al . , Mycopath. 
e t t>lycol. Appl. 46:357. 1972. 
Pomes r epandus Overh., Mycol ogia 44:224 . 1952 . 
Basidioaarps perennial, r esupinate or r arel y pileate; pileus up t o 3 x 
8 x 3 em; upper surface reddish brown t o blackish , tomentose near the 
margin, becoming glabrous and incrusted, sulcat e, the margin bright 
yellowish or yellowish brown (Ochraceous Buff to Antimony Yellow) , 
tomentose, up to 3 rnrn wide, rounded; pore surface l ight yellowish- or 
grayish br own (Dr ab) 1~hen fresh, becoming dark r eddish brown (Ci nnamon
Br own t o Sister) with age, usually rough t o the t ouch , the por es cir
cular t o angular, 4- 5 per mm. , with thin, l acerate dissepiments; con
text br ight yellowish br own, azonate, very soft and spongy to corky, 
up to 4 rnm thick; tube layers paler than the context, each up to 4 mrn 
thick , sometimes separ at ed by a thin layer of context tissue . 
Conte:ctuaZ hyphae of t hree t YPes, some brown in KOH, thick- to mod
erately thick- walled, with occasiona l branching, rarely s imple-septate, 
4-7 i n diarn ; some hyaline in KOH, thin-walled, with occasional branch
ing, simple- septate , 2-4 in diam; others thick-1~alled, much br anched 
and contorted, pale brown in KOH , aseptate, 2 . 5-4 . 5 i n diarn; tramal 
hYPhae similar. 
Setae r ar e , scat tered or oft en concentrated i n a small area, subula te 
or ventr icose, scar cel y pr ojecting, 20-25 x 6- 7. 
Basidia c lavate, 4- s t erigmat e , 9 .5-10 x 4. 5- 5. 
Baaidioapores short-ellipsoid t o subglobose, hyaline, smooth, negat ive 
in Melzer · s r eagent, 4- 5. 5 x 3-4 . 5 . 
Type of rot - 1\t})i t e pocket rot of conifer l ogs and s l ash (Lombard et 
al. , 1972) . 
CulturaL characteristics- See Lombard e t al . , (1972) . 
Substrata - Abies, LGu~, Picea, Pinus , Pseudotsuga, Thuja, Tsuga. 
Dis tl"ibution - BC I ro I m I OR , I\' A. 
Voucher specimens - RLG 331 ; RLG 954 (ARIZ) . 
Remarks - PheUinus :repan.dus is known onl y from western North America 
but is common in some l ocalities such as GJacier Nat. Park , ~1ontana 

and the Olympia Peninsula of Washingt on. J. R. Weir collect ed this 
fungus severa l times i n Idaho and Montana and iden tified his specimens 
as Fomes puteru~us l'ieir . !lis t ype of F. putea.rius , however, is 
PheZZinus nigro Zimitatus . For a det ailed comparison of simi lar species 
see Lombard et al. (1972) . 

20 . PHELLINUS RIBIS (Schum . ex Fr . ) Quel., Ench. Fung., p. 173. 1886 . 
PoZypo:rus Y'ibis Schum. ex Fr ., Syst . ~1yc . 1 : 375 . 1821. 
Fomes r ibis (Schum . ex Fr . ) Gil l., Champ . France 1:685. 1878 . 
Basidiocarps sessi l e or slightly effused- reflexed; pilei often imbri
cate , applanate, up t o 10 x 20 x 4 em; upper s urface at firs t spongy, 
br ownish (Tawny Ol ive to Snuff Brown) , becoming blacki sh, gl abrous , 



Fig. 16. PheLZinus pomaceus (WGS 07711) . a, setae; b, basidia; c, ba
sidiospores. Fig. 17. P. p1~icoU2 (RLG 653) . a, set ae; b, basidium; 

75 

c, bas idiospores . Fig. 18. P. punctatus {RLG 6713). a, cystidioid ele
ments; b, basidia ; c , basidiospores. Fig . 19. P. repandus (PP 105594). 
a, setae; b, basidia; c , basidiospores. Fig . 20. P. ribis (FDJ 100) . a, 
basidia; b, basidiospores . Fig. 21. P. robineae (RLG 7049) . a, basidia; 
b, basidiospores. Fi g. 22. P. robustus (RLG 10827). a, setae; b, basid
ia; c, basidi ospor es; d, hymenia l crystal s . 
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azonate, sul cate; margin concol or ous, rounded; pore surface light 
brown (Snuff Bro1m) , the pores circular to angular, 7-8 per mm, with 
thick, entire dissepiments; context duplex, upper layer yellowish 
brown, spongy, up to 2 em thj ck, separated by a thi n l ayer of black 
tissue from a lower pa l e brO\~n layer \,1hich i s corky and up to 2 mm 
thick; tube layers concolorous and continuous with the lower layer of 
the context, rather indistinctly s tratified, each layer up to 2 mm 
thick . 
Contextua~ hyphae of upper spongy layer of context brown in KOH so lu
tion, thin-walled, wi th rare branching, simple- septate, 3- 6 i n diam; 
hyphae of lower cor ky layer thick-wa lled, otherwise similar. 
Setae or other s terile hymenia l s tructures l acking. 
Basidia clavate, 4-sterigmate, 9-11 x 4- 5 . 
Basidiospo~es ellipsoid to ovoid, pal e brownish, smooth, negat i ve in 
Mel zer' s reagent, 3.5-4 x 2 .5-3. 
Type of rot - h'hite rot of the heartwood at base of living shrubs . 
Subs trata - Lonicera) Ri bea) and Symphoricarpos . 
Distribut i on - AZ, CA , 10, r.rr, N~1, OR, 1\'A, and Iff. 
Vouche~ specimens - l't'eir 1676 (BPl ) l~eir 10198 (BPI) . 
Remarks - The duplex context with the layers separated by a thin but 
dis tinct layer of black tissue and the pale br o1mish spores charac
terize P. ribis. Ryvarden (1977) has placed this species in the genus 
Phy Z. Z.opoPia t.lurr. 

21. PHELLINUS ROBINEAE (1-lurr. ) A. Ames , Ann . 1-lycol. 11 (3) :246 . 1913 . 
Pyropolypo1--us robineae 1'-lurr., Bull. Torrey Bot. Cl ub 30:114 . 1903. 
Fornes robineae (t-lurr . ) Sacc . et D. Socc . , Sy1l. fung. 17:117. 1905 . 
Basidiocarps perennial, sessile, appl anate to ungulate, up to 30 em 
wide; upper surface at first yellowish brown, finel y tomentose, azon
ate , liith age becoming bl ack, deepl y rimose, often appearing sca ly, 
gl abrous; margin at firs t ye l lowish brolm, finely tomentose, in ol der 
specimens conco1orous with the blackened, r jmose upper surface , pore 
surfa ce yello"ish to reddish brown, the pores circular, 7-8 per mm, 
with thick, entire dissepiments; context tissue 1jght reddish brolm, 
azonate, woody , up to 2. 5 em thick; tube layers concol orous and con
tinuous with the contex t, distinctly stratified, \iOody , each layer up 
to 3 rnm thick . 
Contextua~ hyphae brown in KOII solution, thin- to thick-walled, with 
rare branching, simp le-sept ate , 2 . 5-5.5 i n diam; trama l hyphae s imila r, 
2.5- 3 .5 i n diam. 
Setae or other steri le hymenjal structures lacking . 
Basidia broadl y clavate, 4-stcrigmate, 10-12 x 5. 5-6 . 
Basidioopores ovoid to subglobose, ~ppcnring fl attened on one side, 
r eddish-brown, smooth, negative in ~!elzer's reagent, 5-6 x 4 .5-5 . 
Type of rot - l\'11ite rot of heartl,.OOd of living bl ack locus t. 
CuZ.tura~ oharocteristics - Sec Campbell ( 1938) and Nobl es (1948 , 1958 , 
1965) . 
Substr~ta - Robi nia neome~~cana) Robi nia pseudoacacia. 
Dis tribution - AZ, Cl\, lD, Nt-1. 
Vouche~ specimens - RLG 7049 ; ERC 71-42 (ARIZ) . 
Remtwks - PheHi nus ~obineae is apparently pres ent in the Southwest 
wherever Robi nia neomericana grows . Basidiocarps of P. robineae ar c 
similar to those of PheUinus badius but have smaller pores and tend 
t o be more app lanate than those of P. badius . 
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22 . PHELLINUS ROBUSTUS (Kar st . ) Bourd . & Gal z . , Hym . Fr ance , p. 616 . 
1928 . 
Fomes robustus Kar s t. , Fjnl. Basidsv., p . 467 . 1889 . 
Basidioca:rps perenni al, sessil e or effused-refl exed; pilei ungula t e 
to applanat e , up to 12 x 20 x 11 em; upper sw·f ace bro1~n to blackish, 
becoming incrus ted and r imose , usuall y s ulca t e , gl abr ous ; margin con
colorous or ye ll01~ish brown at f irs t, then faint l y t omentose , r ounded, 
fer tile below; por e s urf ace yellowish- or grayi sh br own, the por es 
circular, 7- 9 per mm , with thick, enti r e clissepiments ; context shin
ing yellowish br01m, zonat e , hard, woody, up t o 3 em t hick , cor e 1~i th 
white radial s treaks present near point of at t achment; tube layers 
dis tinct, l i ght br ownish, becoming 1~hi tish 1~i thin, 1~oody , each l ayer 
up to 3 mm t hi ck. 
Cont ext uaZ hyphae of two t ypes , some brown i n KOH, thick- walled, r are
l y branched, r ar e l y simpl e-septat e , 2 . 5-4 i n diam; othe1·s hyal i ne, 
thin-walled, s impl e- septat e , 2- 2 .5 in di am., i nconspicuous ; tramal 
hyphae similar. 
Setae l acking or occasi onal i n some speci mens , subula t e t o ventr i cose, 
thi n- t o t hick-walled , 18- 37 x 5-8 . · 
Cyst idia usua lly abundant i n hymeni um, hyaline , thin-1~all ed, ventri
cose with narrow, t aper ed apex, 15- 60 l ong and S- 7 i n diam at the 
base, narro1" apica l part 1. 5-2 in diam. 
Basidia broadly e lli psoid, 4-ster igmate , 11-12 x 8-9 . 5 . 
Basidiospores subgl obose, hyaline , smooth , thick-wa ll ed at maturity , 
dextrinoi d in Me l zer' s r eagent, 6-8. 5 x 5.5-7 . 
Type of rot - 1'/hi te ro t of heart\\•ood of living hardwoods . On oaks in 
the South1~cst the basidiocar ps dcve lop near the base of livi ng trees 
and ar e associ a t ed with a butt and root r ot . 
CuZturaZ characteristics - See Campbell (1938 ) , Davi dson e t al. (1942) 
and Nobl es (1948 , 1958, 1965) . 
Subst rata - Prunus , Quercus . 
Distribution - AZ, CA, 10, NM. 
Voucher specimens - RLG 10827 ; RLG 10782 (ARI Z) . 
Remarks - The dis tinctive ventricose cys tidia 1d th el ongated s l ender 
api ces ar e appar ent l y char act er is tic of all the species in the PheZ
Zinus robustus compl ex. These r ar e l y differentiate into set ae but in 
most speci mens setae ar e appar ently absent. The concept of P. 
robust us presented here is based on pileat e specimens on living oaks 
i n t he South1•est. PheUinus punctatus basidiocar ps are resupinate 
and occu·r on dead hardwoods and conifers . PheZl.inus ha:rt igii has r e
fl exed basidiocar ps on l ivi ng conifer s . PheZZinus sonorae has r esup
i na t e to s ligh tly effused basidiocar ps a t t he base of Dodonaea viscosa. 

2 3. PIIELLINUS SONORA£ Gil bn . , sp . nov . 
Fruct i f i ca tio per cnnia , r es upi nata ve l r efl exa; pilei aureo

brunnea, tomenLosa ; super ficie por osum f l avo -br unnea, por i r otundi 
ve l angulatae , S- 7 per mm; cont extus flavo-brunneus ; hyphae 1. 5- 3 
diam; cysti dia abundanta , ventricosa ; se tae rara ; bas i dja Ja t e
e llipsoi di a , 10- 1 I x 7 . 5-8 . 5; basidiosporae subgl obosae , hyaJinae, 
dcxtr ino idae, 5- 5 . 5 x 4 . 5- 5 . IIOLOTYPUS: n. 1.. Gilber t son No . 10862 , 
on Dodonaea vi scosa Jacq . , Sabino Canyon, Santa Cata l i na ~Its . , Cor 
onado 1 at . For est , Pima County, Ar izona ; i n herb . National Fungus 
Co llections , Be l tsvi lle , MD, U. S.A. (DPl ) . 
Basidioca:t'ps perennial, r esupinate t o s light ly r e f l cxed; upper sur
face up to 8 mm ~Yidc golden br o1m , minute l y t omen t ose , smooth; mar gin 
concol orous , r ounded, s ter i l e bcl01"'; pore sur f ace go lden br o1m , 
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Fig. 23. PheHinus sonorae (RLG 10862) . a , thin-walled 
trarnal hyphae; b, thick-walled tramal hyphae; c, t hin
wal led contextua l hyphae; d, thick-walled contextual hyphae; 
e, cystidioid element s ; f , setae; g, crystal s from hymenium; 
h, basidia ; i, basidiospor es . 



smooth, glancing, the pores circular to angular, 5-7 per mm, with 
narrow, entire dissepiments; context bright golden broh'll, soft and 
fibrous near the margin, corky above the tube layers, azonate, up to 
3 mm thick; tube layers indistinctly stratified, tubes becoming 
stuffed with lighter col ored mycelium. 
ContextuaZ hyphae pale yellowish brown in Melzer ' s reagent, thin
walled to thick-wal led, slender, aseptate, with rare branching, 2-7 
in diam; others very i nconspicuous, thin- walled, hyaline, simple
septate, 2-3 in diam; tramal hyphae closely interwoven, simi lar to 
those in context . 
Setae few, developing from cystidia, ventricose with long s lender 
apical portion, 35- 55 x 5-8 . 
Gystidia abundant, ventricose with elongated apical portion, thin
walled, hyaline, 15-100 x 3.5-6, apical portion 1.5-3 in diam . 
Basidia broadly ellipsoid, 4-sterigmate, 10- 11 x 7.5-8.5. 
Basidiospores subglobose, hyaline, thick-walled, smooth, dextrinoid 
in Melzer ' s reagent , 5-5.5 x 4 . 5-5. 
Type of rot - Uniform 1~hi t c rot of heartwood and sapwood o£ hop bush 
(Dodbnaea viscosa) . Narrow black zone lines are conspicuous in the 
decayed sapwood . 
Substrata - Known only on Dodonaea viscosa (hopbush) . 
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Distribution - AZ. Known only from Santa Catalina Mtns . , Pima County. 
Voucher specimens - RLG 10862 (HOLOTYPE) : RLG 10863 (ARlZ, BPI) . 
Remarks - PheHinus sonol"ae is a member of the P . robustus complex. 
It differs from the other species in its bright golden brC\wn basidio
carps, small er basidiospores, and long , narrow set ae. The fact that 
it f ruits a t the base of dead or dying hopbush plants suggest s it 
may be a root-rot pathogen . 

24. PHELLINUS TEXANUS (~lurr. ) A. Ames , Ann. ~lycol. 11:246. 1913. 
Pyropo Zyporu.s texanus f.lurr . , N. Amer . Fl. 9: 104 . 1908 . 
Basidiocarps perennial, sessile, ungulate, up t o 15 em wide; upper 
surface at first pale brown, matted-tomentose, becoming blackened and 
deeply rimose wi th age and weathering , sulcate; margin r ounded , pale 
brown and tomentose; pore surface pale brown (Buckthorn Bro~n to 
t-1ununy Brown), smooth, the pores 4-6 per mm; dissepiments finel y tomen
tose, entire; context hard and woody, yellowish brown, appearing mot
tled with s treaks of paler tissue; tube layers s tratified, Buckthorn 
Br own, becoming s tuffed with l ight-col ored mycelium; sections per ma
nently darkening in KOH solution . 
Con~tua~ hyp}ure some thin-wal l ed and hyaline to yellowish , with oc
casional septa and rare branching, 2-5 diam, others thick-walled, 
yellowish brown, aseptate, with rare branching, 3-5 diam; hyphae in 
the pale colored ar eas with a parallel arrangement , easily separated , 
hyphae in the darker areas densely interwoven, contorted, difficult 
to separate; trama l hyphae i nterwoven, pale yellowish, with slightly 
thickened ~~alls and occasional septa, 2-4 diam . 
Setae few, slightl y thin- to thick-walled, with an inflated base t o 
10 diam and a slender apical portion, 25-60 long; setae apparently 
developing from hyaline, thin-walled cystidioid hyphal ends similar 
in shape and size to the setae and common in a ll sections. 
Basidia broadly clavate to ovoid, 4-sterigmate, 17- 25 x 8 . 5-12, the 
sterigmata slender, to 4 long . 
Basidiospores subglobose, hyal i ne, str ongly dextrinoid in t.lelzer ' s 
r eagent and with distinctly thickened walls 1-'hen mature, 7-9 x 6.5-9. 
Type of rot - Uniform 1~hi te rot of heartwood of 1i ving desert hard-
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Fig . 24 . PheUinus -r;exar.us (RLG 7406) . a , thin-1~alled 
tramal hyphae; b , th.ick-1~alled tramal hyphae; c, broad , un
branched contextual hyphae; narrow, much-branched context
ual hyphae; e, cystidi oid hymenial elements; f, setae ; g , 
basidia; h , basidiospores; i ~ schema tic dra1dng of hymenium . 

24 
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woods and junipers . 
Subst~ta - Canotia, Carnegiea, CeZtis , Ce~cidium, Ce~cocarpus, Citrus, 
Coccu Zus, Cowania, Ephedra, Fouquieria, Junipe~, LarTea, Mo2•us, OZ
neya, Opuntia, Prunus, VauqueZ.inia~ Vitex. 
Distribution - AZ, NM. 
Vouche~ specimens - RLG 6959; RLG 7775 (ARIZ) . 
Remaztks - PheZ.Zinus texanus occurs on many Sonoran Desert trees and 
s hrubs including cacti (Linds ey and Gilbertson, 1975 ; Gi l bertson and 
Lindsey, 1975) , and causes a white heartx·ot of living plants . Its 
basidiocarps are more typically ungulate t han those of P. ~bu8tus and 
become mor e rimose "'ith age . Setae are more frequent i n P. texanus 
than in other members of the P. ~obustus complex and the basidiospores 
are larger . 

25. PHELLINUS TORULOSUS (Pers . ) Bourd . et Galz . , Bul l. Soc . ~lycol. 
France 41:191. 1925. 
PoZyporus toruZosus Pers ., l·lyco1. Eur . 2 : 29. 1825 . 
Pomes toruZosus (Pers.) Lloyd, 1-lyc . Notes, Polyp. Issue No . 3 : 48.1910 . 
Basidioca:rps per enni al , pileate, sessile, triagular i n vertical sec
t ions \vith the upper surface horizontal and the pore surface at approx
imately a 45 degree ang l e, appl anat e to thick, up to 46 em \~ide , 28 
em deep, and 11 em thick; margi n ob t use, rounded, up t o 2 em thick, 
upper surface buff t o pale brown (Cinnamon- Buff to Clay Color) , gl ab
rous to finely tomentose or slightly strigose-matted, on older portions 
becoming blackened , sulca te; por e surface yellowish brO\m (Buckthorn 
Brown) , smooth, t he pores 5- 7 per mm, r ounded , 1•ith thick , entire dis
sepiments; context yellowish brOh'Tl , black in KOH sol ution , faint l y 
zonate, har d and NOody , up to 11 em thick, 1~lth one or more thin , 
black l ayer s that appear as fine black l ines on cut or broken vertical 
surfaces; tube l ayers distinctly s tra tified , woody, slightly pal er 
than context t i ssue. 
Contextual hyphae 2 .5-5 in diam , thin-\•a lled and hyaline to moderately 
thick-walled and bright yellowish bro1vn, i nfrequently branched, with 
rare septa, clamp connec tions absent; tramal hyphae similar; 
Setae infrequent, ventricose t o s ubulate, up to 49 l ong and 6-11 i n 
diam, pr ojecting 10- 20 . 
Basidia clavate , 4- sterigmate, S-6 in diam . 
Basidiospores ovoid t o ellipsoid, hyaline, smooth , negative i n t-1e l zer ' s 
reagent, 4-6 x 3-4 . 
Type of ~-r; - l~hite pocket rot of hearti\Ood in r oot s and but t of living 
soutlwestern pine, r arely other associated conifers . The incipient 
s tage is distinctive "'ith br ight red streaks in the normally pale 
hearth•ood. 
CuZturaZ oh~actenstics - See Gilbertson and Burdsall, 1972 . 
Suhstro.ta. - Pinus ponde1•osa, P. strobiforrrris, Pseudotsu<Ja menzieaii. 
Distnbution - KnoNn i n North America only fl.·om the Santa Cata l ina and 
Pinaleno ~fountain Ranges in southern Arizona . In these areas it is 
l ocally common on south\iCStcrn 1vhite pine . 
Vouche~ specimens - RLG 9385 ; RLG 9394 (ARIZ) . 
Remarks - Basidiocarps of P. toruZosus develop at the ground line on 
the base of the nunk or on exposed root s . lt has been confused '"l th 
PheZ'linus gi'lvus i n North America bu t has much d i ffe1·ent cul tura I 
characteristics, slightly l arger spores, a nd infrequent set ae (Gi lbert
son and Burdsall, 1972) . Basidiocarps of PheZZinus nig~oZimitatus 
may be similar t o those of P. to~u'Losus and both have thin bl ack l ayers 
in the context . llo1~ever, P. nig~o'li11ritatus basidiocarps typical l y 
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Fig. 25 . PheUinue tor>ulost«J (HHB 1504) . a , contextual 
h}~hae; b, setae; c, basidia; d, basidiospores; e, schematic 
drawing of hymenium . Fig . 26. P. t r>e1nuZae (E RC 71-92) . a, 
thin-walled tramal hyphae; b, thick-1~alled tramal hyphae; 
c, setae; d, immature basidia; e, basidia; f, basidiospores . 



develop on fallen trees and have cylindric spores and more abundant 
and larger setae. 

26 . PHELLINUS TREMULAE (Bond. ) Bond. e t Boriss ., in Bond., Polypora
ceae Eur ., USSR and Caucasia. p. 358 . 1953 . 
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Fornes igniarius f. ~emu~e Bond . , Fungi in the Bryansk Fores t. p. 22. 
1912. 
Basidiocarps perennial, sessile, developing at branch scars, up t o 20 
em wide and 15 em thick, triangular in longitudinal section with the 
pore surface and upper surface at angles of about 45° from the hori
zontal axis, woody, attached to the host by a granular core of tissue 
that is continuous into the decayed branch stub; upper surface pale 
brown (1\'ood Brown to Cl ay Color) near the margin, finely tomentose, 
soon becoming blackened, crust-like, and rimose; pore surface purplish 
brown (Natal Brown), the pores circular, 6-7 per mm, with thick, en
tire dissepiments; context dark reddish brown, woody, \~ith a granular 
cor e at the place of attachment; tube layers indistinctly stratified, 
tubes becoming stuffed with white mycelium, each tube l ayer up to 2 
nvn thick . 
Con-ce:ctuaL hyphae simple- septate , thin- walled and pale yello\'l'iSh to 
almost hyaline, 2-3 in diam, or thick-walled, dark reddish brown , 4-6 
in diam; granular core composed of densely interwoven, branching hyphae 
with clusters of thick-walled, dark reddish brown , irregularly s haped 
and contorted ce ll s; tramal hyphae with parallel arrangement . 
Setae few to numerous, thick-walled, ventri cose to su~ulate, 12-30 x 
6-7, projecting to 15. 
Basidia broadly ovoid, 4-sterigmate, 8-10 x 6-7, simple-septate at the 
base. 
Basidiospores subglobose , hyaline, smooth, negative in ~lelzer's reagen~ 
\vith thickened wall at ma turity, 4.5-5 x 4-4.5. 
Type of rot -White trunk rot of living trees and a major decay fungus 
t hr oughout the r ange of aspen (Lindsey and Gilbertson, 1978) . lt is 
restricted to aspen. h'ikstrom (1976) reported that PheLUnus tremulae 
in Populus t remuLa spread in the inner sapwood and i nner wood of living 
trees in the absence of other organisms, indicating that it is a prim
ar y parasite in aspen . 
Cultural characteristics - Sec Nobl es (1948, 1958, 1965, as Fornes 
igniarius var . populinus); Hopp (1936 as Fornes igniarius) ; Verrall 
( 1937 , as Fornes igniarius) . 
Substro.ta - Populus tremuLoides . 
Distribution - AK, AT, AZ, BC, CJ\, CO, 10, t-IT, Nr-1, OR, lff, 1\'A, I\1Y, 
probably 1-1herever aspen gro\~S in western North Amedca . 
VoucheP specimens - RLG 4877; JPL 212 (ARI Z) . 
Remarks - PheZZ..inus tremu~e has not been segregated from the PhEL
Zinus igniarius complex by some American authors (Overholts , 1953; 
Lowe 1957), and referred to by others as Fornes igniarius var . popu
Zinus (Campbell, 1938; Nobles, 1948, etc. ) . Niemala (1974) gives a 
thorough account of the basidioca rp and cultural morpho l ogy of P. tl'em
u~e . Besides the macroscopic difference in basidiocarps, P. t remu.lae 
i s microscopically different from other members of the P. igniar-ius 
complex included here because of the parallel arrangement of its trama l 
ske leta l hyphae. Culturally it differs in the s lo"· growth r :lte and 
swee t wintergreen odor. 

27 . PHELUIIUS VITICOLA (Schh' . apud Fr. ) Donk, Pcrsoonia 4:342 . 1966 . 
Polypo-rus viticoLa Sell\• . apud Fr., Elenchus l: I 15. 1828 . 
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Fig . 27. Phellinus uiticoZa (RLG 8026) . a, t r amal hyphae; 
b , setae ; c , basidia, d, bdsidiospo res; e, schematic draw
i ng of hymenium. Fig . 28 . P. ruei?oiaflu<· (RLG 7776) . a , 
thin-~oo•al l ed conl extua l hyphae ; b . thi ck-1~:t l lcd conlextua l 
hyphae; c , setae; d , bas idia; c , basid iospores: f , schemat
ic di':lldng of hymcnium. 

28 



Fomes viticoZa (Schw. apud Fr . ) Lowe , State Univ. Ne1• York College of 
Forestry Tech . Publ . 80, p. 45. 1957. 
Pomes tenuis Kar st ., Soc . Fauna Flora Fenn. Meddel. 14:81. 1887. 
Trametes setosus Weir , Jour. Agr . Res. 2:164. 1914. 
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Basidiocarps perennial, usual l y effused-reflexed, often sessile or en
t i r ely resupinate, often developing by fusion of two or more; pilei 
generally dimidiate or narrow and shelflike, up to 1.5 x 6 x 1 em; re
supinate specimens often effused up to 30 em; upper surface reddish 
brown to blackish, hirsute to almost glabrous, sulcate; margin usually 
lighter r eddish bro~n , tomentose to hirsute , acute or rounded; pore 
surface yellowish brown (Brussel s Brown), the pores circular to angu
lar, 4-7 per mm, with thick, entire dissepiments; context yellowish 
brown, faintly zonate, corky-fibrous, up to 3 mm thick; tube layers 
concolorous and continuous with the context, up to 5 mm thick, the 
tubes usually whitish within. 
Conte:z;tua~ hyphae of two types , some brown in KOH, thlck-~Yalled, r arely 
simpl e-septate, 2-3 in diarn, others pale yellowish brown t o hyaline 
in KOH, thin-walled , with occasional branching, simple-septate, 2-3 
in diam; tramal hyphae similar. 
Setae abundant, narrowly subulate, 25- 75 x S-8 . 
Basidia clavate, 4- sterigmate, 9- 10 x S-6, simple-septate at the base. 
Basidiospor>es cylindric, straight or curved, hyaline, smooth, negative 
in Melzer's reagent, frequently biguttulate, 5 . 5-8 x 1 . 5-2 . 
Type of r-ot - Uniform white rot of dead wood of conifers and hardwoods . 
CuLturaL characteristics - Sec Nobles (1948, 1958, 1965), Campbell 
(1938), Davidson et al. (1938) and Baxter (1937) . 
Substr-ata - Abies, Acero, Alnus, Larix, Picea, Pinus, Populus, Pseudot
suga, QuePcus, Thuja, Tsuga . 
Distr'ibution - AK, AZ, BC, CA, CO , 10, Nt·l, ~IT , OR, YT, WA, and 1\'Y. 
Voucher' specimens - RLG 6072; RLG 2058 (ARIZ) . 
RemaPks - \ihen entir ely resupinate P. viticola may be distinguished 
from similar brown porias by its l ong narr01• setae and narrow cylindric 
spores. Shope (1931) called this fungus Trametes isabeLlina Fr., and 
the resupinate form has been called Poria isabeZZina (Fr.) Overh . 

28. PHELLINUS WEIRIANUS (Bres . ) Gilbn ., J. Ariz. Acad. Sci. 7:1 37. 1972. 
Fornes weirianus Bres . , Studi Trentini 2:7(1) :55. 1926. 
Basidiocarps perennial, sessile , usually ungulate; upper surface be
coming blackened and rimose, sulcate; margin golden bro~n (Antimony 
Yellow), finely tomentosc, rounded, up to l em wide; pore surface go ld
en br own (Buckthorn Brown), smooth, the pores circular, 5- 7 per mm, 
with thick , entire dissepiments; context yel lowish brown, faintly zon
ate, hard, fissile, up to 4 em thick; tube layers concol orous, not 
c l early distinct, up to em thick. 
Contex tual hyphae pale to dark brown in KOH solution, thin- to thick
~~alled, frequen tly simple- septate , wi th rare branching , 3-5 in diam . 
Setae frequent t o scattered, subulate to ventricose, 20-52 x 7-14 . 
Basidia broadly clavat e, 4-sterigmate, 10-12 x 6- 7, simple-septate at 
t he base . 
Basidiospor>es subglobose to ovoid , pale yellow, smooth, negative in 
Mel zer' s r eagent , 4-5 x 3-3 . 5 . 
Type of rot - White heartrot of living walnut. 
Substrota - JugZa:ns majoP. 
Distr'ibution - AZ, NM, t-1EX1CO . 
Voucher' specimens - RLG 7353; RLG 6975 (ARIZ) . 
RemaPks - PhelUnus weil'ianus has a limited distribution but is common 
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Fig . 29 . PJzel.Zinus weil'ii (R LG 400) . a , thi n-wall ed tra 
ma l hyphae; b, se ta l hyphae; c , thin-walled contextunl hy
phae; d , thick-wa ll ed contextual hyphae; e, pr oject ing t ips 
of seta l hyphae ; f , basidia ; g, basidiospor es ; h, schemat 
ic drawing of hymenium. 



i n southern Arizona wherever "'a lnut grows . [ t is similar to P. 
everhaPtii which is restricted to oaks . Setae of P. weirianus are 
much larger than those of P. everha:l'tii . 
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29. PHELLINUS WEIRII (t-1urr . ) Gilbn ., Fungi that decay ponderosa pine, 
p. 170. l974 . 
Fomitiporia weirii l>lw:r . , f\lycologia 6:93 . 1914 . 
Poria weirii f\lurr, f\lycologia 6 :93 . 1914 . 
Basidi ocarps perennial or annual . becoming extensively effused, very 
light in weight, not readily separabl.e; margin pale brown (Cinnamon 
or Sayal Br01m) , soft, fimbri ate, up to 2 em wi de; pore surface slight
ly darker brown (Natal Brown or Verona Brown), the pores circular to 
angular , S- 7 per nun, 1•i th thick , setulose clissepi ments that become 
thin and lacerate; context yellowish brown, sof t, fibrous, spongy, 
azonate, up to 1 em thick; tube layers light grayish brown, brittle, 
each layer up to 5 mm thick . 
Co1ttextuaZ hyphae of three types, some pal e yello1~ish-brown in KOH, 
thin-1\•alled, with frequent branching, simple-septate, 2 . 5- 5 . 5 in diam; 
some darker bro1m in KOH, thick-walled, 3-5 . 5 i n diam; setal hyphae 
dark r eddish brown, thi ck-walled, with rare br anching , ascptatc, 
traceable to a tapering, pointed tip, 6- 10 in diam; tramal hyphae sim
ilar, setal hyphae proj ecting i nto tubes . 
Setae abundant, formed by projecting setal hyphae pointing to1vard the 
tube opening, 6-10 thick, projecting up to 70 . 
Basidia c l avate, 4-stel·igmate, 10- 1.1! x 5-5.5. 
Baaidiospores ovoid, hyaline, smoot h, negative in f\lelzer's reagent, 
5 . 5 X 4 . 5. 
Type of r>ot - Yellowish laminated rot of the roots and butt of living 
conifers. Important as a heart rot of western redcedar and as a root 
rot of second growth Douglas f i r and true firs. In the advanced 
s tages of decay, brown mycelium becomes conspicuous between the layers 
of wood. Set a l hyphae ar e abundant in this mycelium . 
CuZturaZ characterist ics - See Baxter (1953), Davidson et al . (1938), 
and Nobles (1948, 1958, 1965) . 
Subs t rata - Thuja~ Pseudotsuga~ Abies~ CJtamaecyparis, La.ri.x~ Picea, 
Pinus~ and Tsuga. 
Dist ribution - AK, BC, I D, ~IT. OR, and NA. 
Voucher specUnens - RLG 400 ; ERC 75- 18 (ARl Z) . 
Remarks - The l ight, soft context and marginal tissue, the hyaline, 
ovoid spor es, and the conspicuous setal hyphae are important characters 
of P. weirii . P. f er>rugineofuscus is similar but has narrow, cylindric 
spores and the tramal setal hyphae that project i nto the hymenium w]th 
the tips curved and perpendicuJ ar to the a_xis of t he tube. 
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i\DDENDUI-1 

After this paper 1vas comp l eted and submitted, a pertjnent publi
cation by F. Kotlaba and Z. Pouzar (Notes on PheZZinus !'Unosus comp lex 
[llymenochae t aceae] . Acta Bot. Croat . 37 : 171-1 82 . 1978) came to my 
attention . In this paper the authors l'eport that the fungus included 
here as PheZZinus badius is correctl y named Phellinus pUnosus (Ber k. ) 
Pila.t . They propose to restrict the name P. badius to another species 
represented only by the type specimen . 
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SYNAPTONEMAL COMPLEXES IN THE GAMETANGIA OF 

SAPRO/t!Y.CES ANDROCYNUS (LEPTOMITALES, OOMYCETES) 

DAVID GOTELLI 

Department of Biol ogical Sciences 
California State College, Stanislaus 

Turlock, Ca lifornia 95380 

INTRODUCTION 

Most major textbooks on mycology have assumed t he 
OOmycetes to have a hapl oid vegetative state with meiosis 
occurri ng upon germination of the diplo id zygote . Sansome 
(1961), working with Pythium , found evidence for me iosis i n 
the gametangi a and suggested the possibility that all 
OOmycetes might be diploid with only a brief haploid phase 
i n t he gametangia. Most r ecent i nvestigations, especially 
e l ectr on microscopic studies, have s upported this posit ion 
(Dick and Win-Tin, 1973; Ellzey and Huizar , 1977). 

Ultrastructural evidence comes f r om the observation of 
synaptonemal complexes . These st ruct ures have been 
identified as being indicator s of meiosis (Moses , 1964 ) and 
have been found i n the gamet angia of t he Saprolegniales and 
Peronosporales (El lzey and Huizar, 1977). This paper 
pr esents evidence of their prese nce i n the third order , the 
Leptomitales, providing f urthe r support to the conclusions 
that the Oomycetes are diploid . 

METHOD AND MATERIALS 

A cul t ure of S . androgynus was obtained f r om Ralph 
Emerson and t he events of the life cycle were studied in 
detail wi th both l ight and electron micr oscopy (Gotell i , 
1977) . 

Fig. 1 . Nucleus in oogonium showing synaptonemal complexes 
and condens ed chromatin (C) . X 40,000. 

Fig. 2. Synaptonemal complexes , one in longitudinal view 
showing l ater a l elements (long arrows) and cen t ral 
element (heavy arrow) . X 84,000. 
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RESULTS 

Synaptonemal compl e xes a r e found in devel oping oogonia 
( Fig . 1) of s . androgynus . Most of these s tructures a~e 
associated with conde nsed chromatin and appear to term1nate 
at the nuc l ear membrane. Closer examination (Fig. 2 ) shows 
t he cl assical st ruc ture of paired later a l elements and a 
central, slightly a ccentric element. 
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NEW AND INTERESTING TAXA OF RUSSU£A PERS. EX S.F. GRAY 
OCCURRING IN WASHINGTON STATE 

DARRYL \V. GRUND 

Department of Biol ogy, Acadia University , 
Wolfville, Nova Scotia 

This paper conside r s thr ee taxa of RussuZa collected 
i n western Wash i ngton during t he fall months of 1962. Two 
new species (R . viridofusca . R. stuntzii) and one var iety 
(R . r o sacea var mac~opseudocystidiata) a r e described as 
new. These three russul as are uncommon o r r are i n 
Was hingto n State. 

Speci es of RussuZa Per s . ex S.F. Gray occur abundantly 
i n western Was hi ngton a nd are a conspicuous e l eme nt o f the 
agar ic flora in t he forests of the stat e . During the four 
years I examined the RussuZa flora f or a Ph . D. thesis, 
under t he s upervision o f D.E. Stuntz, 1 found a number of 
new and unusual taxa. The taxa included in t his paper rep
r esent several of t he more uncommon russulas examined 
during my studies . 

ln t he descript ions, col o r terms are cited from three 
sources . Te rms f r om Ridgway (1912) are enc losed i n quota
tion marks, those from Kornerup and Wansche r (1962) are 
designated t hus : 586, and those f r om the National Bureau 
of Standards ( Kelly a nd Judd, 1955) a r e designated lbus: 
ISCC 56 . Other color terms, usually used to describe 
general col o ration, are my own. Spo r e color was taken f r om 
matur e spor es i n deposit, and color terms are Lhose o f 
Craws hay (1930) . 

Collection numbers designa ted ACAD r e f e r to collections 
deposited i n the E.C. Smilb Herbarium, Acadia University. 
Micr oscopical data a nd camera lucida drawings, as well as 
lhe scann i ng elect ro n phoLomicrographs were taken f r om t he 
nomenclaLoral type . 

Scanning e l ecLron mJcroscopes used in this study were 
Lhe JEOL J.S . ~1. U3 located i n t he Electron Microprobe 
Analyzer La bora t.o r y, Depart.ment of Materials and ~letall u r
gical Enginee r i ng, University or Mjchjgan, a nd t he JEOL 
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J.S . M. 25 located in t he Departme nt of Biology , Acadia 
Unive rsity . Secondary e l ect ro n images wer e r ecorded o n 
Polaroid Type 55 P/N 4 X 5 film . Coating was accomplished 
a~ the Electron Mic r o probe Anal yzer Labora tory with a glow 
discharge coater at six minu te pulse coating with 100% 
gold at 200-300 Angstrom unit s thick , a nd at the Acadia 
Electr o n Optics Laboratory with a Techn ics Hummer II 
coater at t hree-minute pulse coating wi th gold/ palladium 
at 200-300 Angs trom un i t s of thickness . Spores we r e 
mo un ted o n adhesive copper tape (3-M) directly from the 
s po r e deposit . The tape was glued to a JEOL mount ing stub 
with Duco cement (Dupo n t product) . 

Secondary electr on images take n o n the JEOL J.S.M. U3 
were made with 15 KV acceler ating voltage , a nd those taken 
on t he JEOL J.S.M . 25 wer e ma de usi ng 25 KV. 

Russula vi r ido fusca Grund, sp . nov. 

Etym: vir idi = green; f uscus = sombre brown L. 

Pile us 5-11 . 5 em latus, co nvexus, planoco nve xus , 
deind e co nvexo-depressus , marg i nem tuberculatus 
str iatus; viscidus die nde siccus, glaber ; olivaceus, 
viridioli vaceus, olivaceosubalinus versus olivaceo
ci trinus; caro albida, mo ll is, mu tabjlis ad f e rru
gine us; odo r suavis, gustus mi tus . Lamellae ad
nexae, confertae, cremeae . Stipes 4.5- 8 . 5 em long
us , 1 . 8-2 . 6 em c rassus, siccus, glabe r, albus , 
mutabilis ad ferrugi ne us, basi s ubalbosus . Sporae 
(9)10-13 X 8-10 ~m, i o cumulo cremeae, globul osae 
vel ellipsoideae; ornamentatione amyloideae , 0 . 5-
1.1 vm al t a, echinatae . Subc uti s pilei 100-140 ~m 
crass i e x hyphis conjunc tivis ge latinosis inte r
text i s . Epicu tis pile i 40-70 ( 100) vm c rassi, t ri
c hodermi um, adpressum , impl icatum fo rmans . Pseudo
cystidia hymenii 66-112 X 11-14 vm, subclavatae ad 
s ubve n t r icosa , ope s ulfovanillinae atrantia. 

Holotypus ACAD 12867 , i n sylvis conife r is 
prope Ta homa Cr eek , comitate Pie r ce, Was hingtoni ; 
holotypus i n herbaria Universitatis Acadiae (ACAD) . 

Figs 1, 4 , 5 

Basid iocarp: Pileus 5-11 . 5 em broad , br oadly convex whe n 
young, becoming plane and finally centrally depressed with 
ma r gins broadly arched a nd r o unde d to uplifted ; mar gins 
t uberculate-stria~e; pel licl e separating f r om o ne - t hird to 
o ne-half the rad i us o r cap ; s urface viscid, soon drying 
dull, glabrous o ve r a ll; col o r var i abl e, gene rally olive 
green or sepia to ochre co l o r s, t he cent e r usually darker ; 
4F2 o l ive; "Dark Ol ive"; (ISCC 96) to 4C6 blond; "Dark 
Olive Green" ; (ISCC 88) at cen ter s hading to 4C8 deep 
ye llow 4E4 olive brown; "Dark Citr i ne" ; ( ISCC 95) or 4F4 
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sepia; "Da rk Olive " ; ( ISCC 96) at margins ; "Yel l ow Ochre"; 
(ISCC 84), conte xt 7-15 mm t h ick off the disc, pallid to 
cr eamy in color, firm whe n young becoming soft at mat urity, 
bruising rusty-brown, taste mild , odo r not d istinc t ive . 
Lamellae mostly equal, lamellulae inf r eque nt; adnate; 
moderately c l ose, rarely fo rki ng; color 4A3 pal e yellow 
"Light Buff"; (ISCC 89) . Stipe 4.5- 8.5 em long, 1.8- 2 .6 
em t hic k, fla r e d at apex. thea mostly eq ual o r expandi ng 
at base; sur face mi nute l y longitud i nally rugulose, dry, 
glabrous; colo r whi te , bruising bright rusty-br own whe n 
i njur e d , staini ng brown when handled; context fi rm , solid , 
pallid , c r eam, unchanging whe n cu t cleanl y but bruising 
rusty-brown whe n i n j ured . 

Macr ochemical Reactions: Pileal flesh; 40% fo rmaldehyde
pale pi nk to pink ish-vinaceous , guaiac tincture - deep 
blue, 10% Feso4 - o live co l o r or dull buff that darke ns 
with time , guaiacol - rusty r e d, s ulphovanillin - s light ly 
lave nder or negat ive r eact i on , s ulphoformol - negative 
r eaction , 10% pyrogallol - bright r edd ish brown, aniline 
water - bright r e d , a-naphthol - negative o r sometimes 
lightly purple, phenol-ani l i ne - br own becoming black , 2% 
phenol - deep r eddis h-brown. Hyme nial pseudocystidia; 
s ulphovanillin - conte nts of cell staine d purple to 
purple-black. 

Micr oscopic St ructures: Spor es cream ("B" Crawshay) in 
deposit; unde r optical micr oscope (9)10-13 X 8- 10 ~m. 
globose to s ubglobose, o rname ntation echinate, co nsisting 
of acutely conv ex o r conic warts a nd protruberances, 0.5-
1 . 1 ~m high , a few connectives a nd ridges between projec
tions that do not appear to form a partial r eticul um, 
s uprab i lar area usually a p lage consis ting o f an amyloid 
patch of irregular s urface and mi nut e pr ojections : under 
scanning e l ect r o n micr oscope, protruberances , subcylindric, 
conic to l ow conve x, l ater ally flattened, a pices ac ute to 
r ounde d, o rnamentation ar is ing from a glabrous spore wall 
in some s pores or a wall with a minute s ystem of connec
tives between t he bases of t he projections; suprahilar 
area a slightly raised plage with a s mooth, slightly 
i rregular surf a ce with a n irregular lobed o r sligh tly 
de ntate margin. Basidia 36-52 X 11-15 ~m , s ubcyl indric, 
s ubclavate t o c lavate , thin-walled, 2 or us ually 4-spor ed , 
hy al i ne to light brown i n KOR , ochre in Melzer's Reagent . 
Hyme nial pseudocystidia 66-112 X 11-14 ~m s ubclavate, 
fusoid-clavate, f usoid-ventricose to s ubcylindric , apj ces 
ac uminate to lanceolate; t hi n-wall ed; projecting 30-40 ~m 
beyond basidio l es, abundant. Subhyme oium 40-50 ~m thick, 
mostly pseudoparenchymatous. Cuticle composed of epicutal 
and s ubc utal layers; epicutis 40-70( 100) ~m t hick , consis
ting of an a ppressed trichodermium, ep icutal terminal 
cells sometimes pilocystid ia 55-90 X 6-12 ~m ; s ubclavate 
to s ubf usoid-ve ntricose , ap ices ac um i na te, thin-walled, o r 
usual ly s hort clavat e cells 20-40 X 10-12 ~m; s ubc ut is 
consisting of a gelatinous interwo ve n hyphae, mostly 2-4 
~m t hick that form a layer l00-140 ~m thick. Surface of 
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Symbols for Figs . 1-3 : P = pseudocystidia on sides of 
lamellae (pleurocystidia) , C = pseudocystidia on edges of 
lamellae (cheilocystidia) , R = epicutal pseudocystidia , 
B = basidia and basidioles , D = terminal cuticular hyphae 
of stipe (caulocystidia) , S = spores . 
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stipe of interwoven hyphae, the terminal bypbae cylindric, 
hyaline , 3-5 ~m thick, non- gelatinous , vascular element s 
not observed. De rmatocaulocystidia absent . 

Habit and Habitat : Solitary, occurring in coniferous 
for ests, especially unde r hemlock. Tsuga heter op hy lZa 
(Raf.) Sarg. 

Material Examined: ACAD 12867 ( Ho l otype) Tahoma Creek, 
Mt. Rainie r National For est, Pier ce Co . ; October 21 , 1962 ; 
Acad 12866, Whit e River Valley, Washington; Octobe r 14 , 
1962. 

Obser vations : Russula viridofusca Grund is a member of 
Section PoZyc hromae R. Ma i re , Subsection Viridantinae 
Melzer-Zvara (sens u Romagnesi , 1967), and exhibits the 
group characteri stics of echinate spor e o rname ntation , 
bruising r eactions, a nd macroc hemical r eactions of FeS04 
and aniline water with context . This species does not 
have the typical fish y- sbrimpy odor of trimenthyl ami ne so 
character istic of R. x erampelina Sing. a nd its varieties. 
The macr oc bemical reaction of a niline wate r (aniline o il 
and distilled water 1:1 v/v) wi~h context is deep red, 
which is distinctive as Subsection Vi ~idantinae normally 
s hows a r edd ish o r r e dd ish brown r eaction. R. vi~idofusca 
is closely r elated to R. c ica t r i cata Romagn. but differs 
from the later in spor e size ( 7.7- 8.5(9.2) X 6 .5-7.7 ~m 
for R. cicatricata ), a nd the morphology of the c uti c ular 
terminal cells . Ro magnesi ( p 95, 1967) does not mentio n 
a deep-red macr ochemical reac~ion wit h aniline water f o r 
R. cicatricata . R. vir idof usca differs from R. eZaeodea 
Bres . in t ha t the latter has smalle r spores , smal l e r 
pile us, and t he typical fis hy odo r of the s ubsect i on. R. 
furca ta (Lam. ex Fr.) Pers. e x Fr. s uperficially r esembles 
R. vir idofusca in t he olive color of the pileus, but has 
much s ma ller spo r es (6 .5-8.5 ~m. Craws bay , plate l, 1930), 
and diff er s i n the sectional c har acteristics . R. heter o
phyZZa Fr. var chlo ra (Gill . ) Kuhn & Romagn . is a green 
russula with the general appearance of R. vi ridofusca but 
differ s i n s pore size and morphology, a nd sectiona l 
character s . 

This is a rare russula i n Washi ngton and was col l ec
ted twice dur ing the three years I examined t he russula 
flor a . 

RussuZa stuntzii Grund, s p. nov. 

Pileus 3 . 5-8.3 em l atus, convexus, planoco nvexus , 
d iende depressus vel ascendens, marginem t ube r
c ulat us str iatus; vi scidus diende politus, glaber; 
a lb i dus, pall i dus ; c aro albida , fi rma , i mmu ta
bilis ; odo r s uavis; sapo r valde acris. Lamellae 
adnexae, con£er tae, albida . Stipes 3.0-7.5 em 
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longus, 0 . 9-2 . 2 em c rassus, glaber, a l bidus, immu
tabilis. Sporae ( 7.5)8-9.5 X 7-7 .5(8) ~m. in 
cumulo albida, globosae, ornamentatione amyloideae , 
0.8-1.5 ~malta, echinatae et r et iculatae com
positae no n altae porcatae . Subcutis pilei 100-
120(140) ~m, ex hyphis conjunctivis gelatinosis 
intextis et hyphi s vascularibus constans. Epi
cutis pilei 80-100(140) ~m, e i xotrichodermium; 
pseudocyst idia 80-140(160) X 5-8 ~m, s ubclavatae . 
Pse udocystidia hyme nii 36-108 X 7.5-12.5 ~m. s ub
clavatae ad s ubve ntricosa, ope s ulfovanillinae 
atrantia . 

Holotypus ACAD 12868 , i n s yJvis coniferis 
prope Barlow Pass, Washingtoni; holotypus in 
herbario Uoiversat i s Acadiae (ACAD). 

Figs 2, 6, 7, 8 

Basidiocarp: Pileus 3.5-8.3 em broad, at first broadly 
convex, then plane and finally depressed at cente r with 
broadl y r ou nded or uplifted margins; margin t uber culate 
striate, pellicle separable at margins; surface viscid, 
glabrous, dryi ng polished and s hi ning; color pallid with 
a s light purplish compone nt , more or l ess dingy or dull 
white i n appearance. Th e c enter may be gray ish-whit e 
overall with lighter patches (the pall i d col o r s above not 
prope r ly r e presente d in the standard color references) ; 
context 0.3-1.0 em t hick off the disc, white, unchanging 
when cut o r bruised , firm taste strongly ac r i d, odor no t 
d istinc tive or absent . Lamellae adnate o r slightly ad
nexe d, mode r ately close, rarely forking, occasionally 
lamellulae i nter s per sed ; color c ream to almost white . 
Stipe 3. 0-7 .5 em long, 0 . 9- 2.2 em thick, most ly equal t o 
s light l y expanded at base a nd i mmediately at apex wher e 
l ame llae at tach ; s urface glabro us, l ongitudinally r ugulose, 
moist; col o r white, not bruising but sometimes darkening 
s lightly gray~sh upo n handling ; context white, unchanging 
when cut o r bruised, r i nd firm. pith soft and not hollow
i ng . 

Mac r ochemical Reactions: Pileal flesh ; 40% fo rmaldehyde -
negative; guaiac tincture - deep blue, 10% FeS04 - flesh 
color; guaiacol - dark r e d; sulphovanil lin - purple; 
s ul phoformol - purplish to brown , a nil i ne wa te r - negative 
t o s lightly yellowish; a -napht hol - deep violet; py r o
gallo l - rusty brown ; phenol - aniline - deep r e ddi s h 
brown; 2% phenol - deep r eddis h brown. Hymenial pseudo
cystid ia ; s ul phovanillin - con tents of cell stained purple 
t o purple-black. 

Mic r oscopic Structur es: Spor es white ("A" i n Crawshay) i n 
deposit : under optical mic r oscope 8 . 0-9 . 5(10.0) X 7.0-
7.5(8) vm , globose t o s ubglobose o r rarely s ho rt elliptic; 
ornamentation echinulate, consisting o f con ic protruber
ances 0 .8-1 . 5 ~m high, some connected by t hin lines f orming 
a n i ncomplete r eticul um, s uprahiJar a r ea a plage that 
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appears to be composed of amyloid granular material o n 
a flat pane : hyaline in KOH, o rname ntation str ongly amy
loid i n Mel zer's Reagent; under scann i ng electron micr o
scope, o rnamentation consisting of flattened o r conic pro
truber a nces mostly 1-1 . 3 ( .5 ) ~m high, connected by r i dges 
0 . 2- 0.4 ~m high and low connectives 0.1 ~m high , t hat form 
nearly a complete r eticulum, plage sligh tly r aised above 
spor e wall, irregular i n outl i ne, consisting of a system 
of s hallow areolae to a s ubme rulioid configuration, apical 
diverticule cylindric with r o unded apex. Basidia 38-48 X 
10-12 ~m . subc1avate to clavate, t hin-walle d , light brown
ish in KOH, mostly 4 - s por e d . Hymenia1 pseudocystidia on 
t he sides of lamellae 60-108 X 8 .4-12 1-1m; mostly sub
cylindric to s ubclavate or sometimes subfusoid , apices 
rounded, mucronate to acuminate; projecting 25-40 1-1m 
beyo nd basidioles; slig htly browni ng in KOH, contents 
highly granular ; abundant. Subhymenium poorly defined 
whe n present, approx imately 15- 20 ~m thick, co nsisting of 
s ubparal l e l hyphae 2-3 ~Jm t hick . Tramal mediostrat um com
posed of mostly parallel hyphae with parenchymatous cel l s 
i nt ermixed, lactifer ous hyphae abundant. Cuticle composed 
of epicutal and subcutal layers; epicutis a n ixotrichoder
mi um, 80- 100(140) ~m thick , consisting of pileal pseudo
cystidia 80-140(160) X 5-12 ~m that are mostly t hi n-walled 
s ubcylindric cell s with r o unde d apices, and highl y gelatin
ized interwoven connect ive hyphae and i n ter sper sed vascular 
o r lactiferous hyphae; s ubcutis 100- 140 ~Jm t hick, consis
ting mostly gelatinized hyphae 2 - 3(5) 1-1m t hick. Surface 
of stipe consisting o f interwoven hyphae, caulopseudo
cystidia 35-80 X 5-15 1-1m , t hat a r e thin-walled, clavate, 
s ub cylindric to ventricose with granular co ntents, and vas
cular hyphae that are mostly 4 - 5 1-1m t hic k. 

Habit and Habitat: Solitary , occurring in coniferous 
fo rests, typically unde r hemlock, Tsuga hete rophy LZa ( Raf.) 
Sarg. and Douglas fir, Pse udotsuga me nzie sii (Mirbel) 
Franco . 

Mat erial Examined: ACAD 12868 (Holotype), Barlow Pass, 
Was hi ngton, October 20, 1962; ACAD 10269, White River 
Vall ey , Pie r ce Co . , Was hi ngton, Octobe r 14, 1962. 

Observations: This new s pecies is apparently a member of 
Section Russu La Subsection Eme ticinae Melzer and Zvara 
(sensu Singer, 1962). R. aZbida Pk. r esembles R. s tuntzi i ~ 
but differs i n its mi ld o r slighte r bitter taste, yellowish 
color at center of pile us, hollow stipe, and t he cuticle 
separating halfway to center (Beardslee, 1918). R. 
anomala Pk. differs f r om R. s t unt zii i n s por e morphol ogy 
that i s echinulate without connectives forming a r eticulum 
(Singer, 1943), dry , bu ff pileal s uTface, a nd the mac r o
c hemical r eactions of Feso4 and formaldehyde (Singer , 
1947) . R. stuntzii closel y r esembles R. a Zbi du Za Pk. in 
color, taste, pileal s ur face, spore size and ornamentation 
except in spor es of t he latter wh ich are mai ze yellow i n 
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deposit (Beardslee, 1918; Burl ing ham , 1915). Agai n , R. 
aZbiduZiformis Murr. has t he same basidiocarp c haracter
istics a nd s po r e morp hology as R. stuntzii , bu t d iffer s 
from the latter i n pal e pinkish salmo n spore color i n 
deposit ( near "B" of Craws hay, i n Singer, 1947) . R . 
macuZosa Murr . usually has brownish or dark ochre colors 
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on a c r acke d dry pileal s urface (Singer , 1947) . R. aZbeZZa 
Pk. djffe rs from thjs new s pecies because o f i ts dry 
pileal s urface t hat is sometimes tinge d with pick or r osy 
red , a nd its mi l d taste ( Peck, 1897). R. innocura bas 
deep color e d spor es (Singer, 1962 ) and mild taste (Si nger, 
1943 ) . R. c r enuZata Burl . s upe r ficial ly r esembles R. 
stuntaii, but d iffer s i n pi leal col o r , spore morp hology, 
a nd certain mac r ochemical reactions, especially a-naph t hol , 
t hat s hows a weak r eact i on. 

R. pantoZeuca Singe r , a rare mus hrooro first collected 
on Mount Wachusetts , Mass ., i s p hylogenetically the closest 
rel a tive to R. s tu ntzii , both belonging to Subsec tion 
Emeticinae . R. pantoZeuca differ s i n its pileal color 
t hat is apparently mor e yellowish white, mild t aste of 
context , t he pileal c uticle t hat is separabl e ove r most 
of the cap, odor of apples (weakly), and its occurre nce 
under BetuZa, QuePcus, a nd Fagus (Singer, 1958). 

R. stuntzii is a beautiful a nd st r i king russula. I t 
was collected o nly twice during t he t hree year s I exami ne d 
t he Washington flora, a nd I di d not fi nd any collections 
of it i n t he Unive r sity of Was hingto n he rbari um. I t is, 
like its r elative R. pantoZeuca Singer , a rare mus hroom. 

Russula ~osacea (Per s . ) Fr . 

NaL . Arr. 1: 618, e m. Fr ies, Epicris is p . 351, 1838 . 

var . macropseudocystidiata var . nov . 

Etym: macr o = long , large. in Gk: pseudo = r esembling but 
not eq ua l i ng . i n Gk. 

Pileus 6 . 5 em latus, convexo de p r essus, umbonatus , 
marginem tuber culatus s triatus; viscidus die nde 
politus, glaber; rube r; cat·o a lbida, immutabilis, 
odor s uavls, sapo r valde acr is . Lame llae adn exae, 
confe rtae, c r emeae . Stipes 5.0 em l o ngus, glaber , 
r oseus, immutabi lis. Sporae 7 . 5- 9 . 5( 12 ). X 6. 5-
8 . 5 ~m, i n c umulo cremeae, o rn amenLalione amy
loideae, 0 . 5-0 .8( 1 . 0) ~m a l ta, echinatae . Pseudo
c ystidia hymenii 30-120 X 8 . 4-18 ~m. s ubc l avatae, 
ope s ulfovanillinae atrantja. 

llolotypus ACAD 12870, in sylvis conife r is 
prope Ta homa Cr eek, comitate Pie r ce, Washingtoni; 
ho l otypus in he rbario Universitatis Acadiae ( ACAD) . 

Figs 3, 9 . 10 
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Basidiocar p: Pileus 6 . 5 em broad, centrally depressed 
with small umbo, margi ns broadly rounded appeari ng sub
plane to nearly uplifted , tuberculate striate, pellicle 
separable o nly at edge of margin ; surface viscid, dry i ng 
s hining and polished, glabrous; co l or generally str aw
berry red at center, shad i ng to currant r ed at the margins; 
1008 cardinal red ; "Pompeian Red" ; (ISCC 17 ) at center 
s hading to 10C8 t urkey red ; "Nepal Re d" ; ( ISCC 13) at 
margins; contex t 0 .6 em t hick off the disc, white, firm, 
unch anging, taste strongly acrid , odor no t d istinctive. 
Lamellae adnate , rarely forki ng, mode r ately close, color 
c r eam, la.mellulae inf r equent. Stipe 5. 0 em long, 1. 2 em 
t hick, expanding slightly towa rds base; s urface glabro us , 
mi nu tel y longitud i nally rugulose; co l o r white at apex 
becoming s trongly was he d with r ed at base, appearing 
pinkish r ed to red i n localized areas; conte xt white, 
soft, unc hanging, rind firm and rigid . 

Macrochemical Reactions: Pileal flesh; 40% formalde hyde -
negative; guaiac ti ncture - blue; 10% FeSO - brownish; 
Guaiacol - vinaceous; s ulphovanillin - dee~ purple; s ul
phoformo l - at fi r st brown, t he n gray and fi nally black; 
pyrogallol - rusty brown ; a niline water - reddish; a
napht hol - purple; phenol - a niline - vinaceous brown; 2% 
phe nol - br own. Hymenial pseudocystidia; suJ phovanilJin -
conte nts of cell stained strongly pur ple-black. 

Microscopic Structures: Spores c ream ("Cr eam, 8" i n 
Crawshay) in deposit; under optical mi cr oscope 7.5-9.5 
(12) X 6 . 5- 8.5(9) ~m. mostly o blo ng to occasionally sub
globose; orname ntation echinulate , consisting of conic t o 
r ound prot ruberances a nd sometimes isolated heavy r idges, 
mostly 0 . 5- 0.8(1 . 0) ~m high, amyloid; s upr ahilar a r ea a 
plage t hat appear s almost smooth a nd stained nearly solid 
purple by the amyloid reaction in Melzer's Reagent ; 
hyaline in KOH: under scann ing electr o n microscope , o rna
mentation co nsisting of several types of protrube r a nces, 
some flat and conic, some subcylindr ic to nearl y t runcate 
and flattened, some subcylindr ic wit h expanded and bulbous 
apices, and other s fo rmi ng irr egular r i dged pr ojectio ns 
t hat appear to be t wo o r mo r e prot ruberances t hat developed 
adnately a nd became fused toget her; most protruberances 
i solated and not connected by ridges o r co nnectives, but 
some with definite connecting ridges formi ng a slight 
rudimentary ret iculum in localized ar eas, ornamentation 
mostly 0 . 6- 0.9(1 . 5) em bigh; plage a flat , smooth, 
slightly r aised platform, t he edges of wh ich a r e slight l y 
inrolled , su r face slight ly i rregular with low bosses , 
margin undulate to nearl y e ntire . apical d i ve rticule 
cylindric with r ound o r t runcate apices . Basidia 36-54 X 
9 . 0 - 12 ~m. subcylindr ic to s ubclavate, t h i n-walled, t wo o r 
4 - spor ed , hyaline i n KOH , brownish in Me l zer' s Reagent . 
Hymenial pse udocystidia on the sides of lamellae 60-120 X 
12-18 ~m, mostly s ubc ylindric o r s ubclavate, some almost 
fusoid, apices acutely r o unded t o s ubrostrate, arising 
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from s ubhymenium, projecting 12-25 ~m beyond basidioles; 
those on the edges of the lamellae 30-120 X 8 . 5-13.0 ~m, 
variously shaped from cylindr ic to clavate, apices rounded, 
t hin-walled; all pseudocysLidia wiLh intracellular con
tents g rayish in KOH, those without hyaline, abundant. 
Subhymenium poorly differ entiated, consisting of a narrow 
zone of mostly filamentous hyph ae and some sphaer ocysts 
approximately 8-12 ~m thick; l amellar trama composed of 
sphaerocysts and connective hyphae, mostly 2-3 ~m thick; 
vascular hyphae interspersed. Cuticle composed of epicutal 
and subcutal layers; epicutis consisting of a poorly 
differentiated layer of ge latinous hyphae not truely an 
ixotrichodermium, 100-140 vm thick, gelat i nized appressed 
hyphae mostly 3- 5 ~m thick, hyaline in KOH : vascular 
hyphae in~erspersed and abundant, mostly 4-5(6) ~m thick; 
no clamps observed; pileal pseudocystidia mostly imbedded 
in epicutal layer, 60-130 X 6-8 vm, mostly clavate o r 
cylindri c , apices rounded or rostrate, grayish i n KOH , 
abundant. Subcutal layer 60-80(100) ~m ~hick, yellowish
brown in KOH , composed of filamentous, thin-wall e d (3)4-
5 vm t hi ck, radially o ri en ted; no clamps observed; e n tire 
layer not well differentiated f rom pileal context except
ing brownish color when mounted in KOH. Surface of stipe 
consisting of inte rwoven byphae and numerous c aulopseudo
cystidia, mostly 40-60(80) X 6-8(10) ~m. subcylindri c to 
clavate, apices rounded, thin-walled, gray in KOH because 
of intracellular co n tent s : vascular hyphae a bundant, mostly 
4-6 ~m thick . 

Habit and Habitat: Solitary, occurring in coniferous 
forests of mixed hemlock Tsuga hetePophy~Za ( Raf . ) Sarg. 
and Douglas fir Ps eudotsuga menziesii ( Mi rbel) France . 
This one collection was made at t he upper campground on 
Tohoma Creek, Mount Rainie r National Park, Pier ce County. 

Mat e rial Examined: ACAD 12870 (Holotype) Tahoma Creek, 
Pierce Co . , Was hington; October 20, 1962. 

Observat ions: This new var iety of R. Posacea is distinc
tive because of the polis hed and shining pileal s urface 
when dry, and the longer hymenial pseudocystidia (53-88 X 
9-15 ~m for the typical variety) . The typical variety may 
be slightly to modera tely viscid whe n wet, but dries to a 
dull, glabrous s urface . Singer's (p. 245, 1958) descrip
tion indicates the epicutal layer of the pileus to be 
composed of filamentous, non-gelatinous hyphae, but does 
mention a "scanty gelatinous mass" in the c utis-like 
hypoderm. This would account ~or the viscidity whe n wet . 
This new variety has a r easonably thick, highly gelatin
ized epicutal layer and would appear to differ consider
ably from the typical form. Singer (loc. cit) exami ned 
nume r ous collections f r om Europe, Philippine Islands, 
Asia, a nd North America when he t ho r oughly described R. 
rosacea and certainly well understood the species and a ny 
variations . However, it is interesting to note that 
Massee (p. 36, 1902) described R. sanguinea Fr. (now R. 
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rosac ea ) as having a "polished " pileus . 
I am hesitant to describe new taxa based on a singl e 

collection; however , several excellent examples exist 
wher e s uch descr i ptions have been mos~ usefu l . One of 
t hese is Bol e tus hurone nsis Smith and Thie r s. This taxo n 
is r a r e in Michigan and was fi r st descr ibed (Smitb, p . 306 , 
1971) from one collection . Not unt il Smith 's description , 
could we i de nti fy a common a nd l ocally abundant bo l ete 
occurr i ng i n No va Scotia, whic h was Bole tus huronensi s . 
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Figs . 4 and 5 
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Figs . 9 and 10 

R. r osace a var. macropoeudocyatidiata 
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NEOTYPE SELECTION FOR AGARI CUS ASPRELLUS FR. 

DAVID L. LARGENT 

Biology Department, Humboldt State University 
Arcata, California 95521 

~vo interpretations of Aga~icus asp~eZlus Fr. 
(= Leptonia asp~elZa (Fr. ) Quel.) exist in agaricological 
literature (Orton, 1960; Kuhner & Romagnesi , 1953). In 
o rder to clarify which interpretation was acceptable, I 
studied several authentic collections of Agaricus asprellus 
o r Leptonia asp~el'La at the Royal Botanic Gardens i n 1973. 
These col lections were obtained through the assistance of 
Dr. R. Santessan from Upsala, Sweden. 

~vo descriptions of these collections are provided. 
One is based on a collection made by 0 . Rob. Fries in 1860 
which is the oldest, verified collection of Agaricus 
aspretlue and which I am proposing as the neotype 
col lection f or tbat species. The second descript ion is a 
compos ite o ne based on several collections made by Lundell 
et al between 1946 and 1948 . 

Neotype study of A ga~icus asp~eZZus 

Spores 8.6- 11.2 x 5.9 - 7.7~m, average length 9.6~m. 
average width 6.8~m, elongat e - angular, L-D 2.0- 4.0~m 
(average 2.8~m), 5- 6 - sided. Basidia 26 .4- 30 . 0 x 7.9-
11 . 2um, c lavate, 4-spored . Cheilocystidia and pleuro
cystidia absent. Gill trama subparallel, hyphae up to 
4.5~m wide. Pileipellis not observed (see comments); 
pileocystidia napiform to clavate, 22.4 - 51 .2 x 9.6 -
l7.6 um , average length 34.3um, aver age width 13.8~m, Lt/Dt 
1. 6- 3 . 8(average); penultimate cells 6.4 - 9.6um wide, 
Lt/Dl 2.3 - 5 . 8 . Stipit i pellis mostly a cutis, hyphae 
repen t , but at the apex with scattered clusters of clavate, 
basidia-like, caulocystidia, 32 . 0 - 48.0 x 8 . 0 - 12.8um; 
stipe t rama hyphae up to 16.0)Jm. Lactifers absent . 
Pigmentation vacuolar in al l parts and at t imes i n the form 
of dark gl obules . Clamp connections absent on all parts. 
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Material studied: NEOTYPE. Fungi Sueici . Upl. 
Upsaliae in campis aridis; 8/1860; l eg . and det. by 
0. Rob. Fries - #287 (in pencil) as Agaricus aspPeZZus . 

This collection consists of seven carpophores glued 
and flattened on a card with mosses at the base of the 
basidiocarps. The gills were dark colored on one, tinged 
pinkish on the others; the pileus bad a central depression 
and striations were apparent; the stipe appeared concolor
ous with the pileus. Due to the age of the collection , 
the pileipellis did not revive well; however, some of the 
hyphae of the pileipellis d i d revive after squashing a 
piece of the pileus in 3% KOH and t he size and s hape of 
the pileocystidia were observed. 

Specimens that I've studied in the past whic h possess 
similarly shaped pileocystidia have a bymeniform pilei
pellis, at least on the pileus disc. This is also verified 
after studying material, identified as Leptonia aspreZZa 
by Lundell, whic h match Fries' material in all features. 

Leptonia aspreZZa (Fr.) Qu~l. s Lundell 

Spores 8.9 - 10.6 x 5.9 - 7.9~m, average length 9.8~m, 
average width 6.9pm, elongate-angular, L-D 2.1 - 3 .3pm 
(average 2.9~m), 5-6-sided. Basidia 29.0 - 39.6 x 9.2-
ll.9pm, clavate, 4-spored. Cheilocystidia and pleuro
cystidia absent . Pileipellis of three layers; suprapellis 
+ hymeniform, cells forming a t richode rmial palisade, often 
with the hyphae agglutinated, terminal cells one to two per 
pe nultimate cell, clavate to broadl y clavate, 28.8 - 86.4 
( -112.0) x 9.6 - 25 . 6( - 30.4)pm, average l ength 56.0pm, 
average width 18.4pm, Lt/Dt 2.4- 4.9(average 3 . 0), 
penultimate cells inflated, 6.4 - ll.2pm, Lt /Dl 2.6 - 11 . 0; 
mediopellis of inflated, parallel to slight entangled, 
anticlinally oriented (on the disc) hyphae; s ubpellis of 
anticlinally oriented hyphae but much more entangled than 
mediopellis, not inflated. Stipitopellis most ly a cutis 
but at the apex wit h rare to scattered cluster s of clavate, 
bas idia- like caulocystidia, 16.0 - 52.0 x 6.4 - 12.8pm. 
Lactifers absent. Pigmentation vacuolar in all parts, at 
time, particularly in older collections, very dark. Clamp 
connections absent on all parts. 

Mate rial Studied. Grisslint invid landsvig. 
Blekinge: Augerum sn, ca 300 sw om Bastasjo gard; 13 Sept 
1946 ; Lundell 46 ( herb. #2364); Vistmanland: Sala Stad, 
Yom Barnelund Yagkant. 1499, 25 July 1953; Lundell 55; 
Pa betesvall Smaland: Fems jo s: n, strax S.W. om -
Prigstgarden; 22 Sept 1949; S. Lundell & J . Stordal, 3072; 
Pagammal, mossig betesmark. -Smaland: Femsjo s: n, Nyb_y __ 
(odetorp); 18 Sept 1949; S . Lundell & J . Stordal, 2962; 
Bland kort gras pa backslutt ning. Smaland: Femsjo~n, 
Arvaberget s sydostra sluttn i ng mot Arvamaden ; 3 Sept 1948; 
S. Lundell & G. Hoglund, 5013. 
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The Lundell collections agr ee quite well wit h the 
Fries collection. The r efore , t he pileipellis of Lundell 
s hould be t he same as t hat of Fries . I also studie d two 
additional colle ct i o ns labeled a s Leptonia asp~ella, 
Ruth Gustafsson, 4 Jul y 1938 a nd Lundell a nd Stordal 3049 . 
In t he f o rme r col l ection, caulocyst idia we re absent, t he 
specimens we r e s mal l er and da rker t ha n the others studied, 
a nd the pigme nt was soluble i n 3% KOH. In the l atter , t he 
apex of t he stipe appear ed almos t tome ntose and the 
stipi tipellis at t he apex was a dense entangled layer of 
hyphae. In my opinion , t he ident i fication of t hese 
collections is s uspect . 

Or ton' s concept of Aga~icus asprellus indicated a 
f ungus t hat may be simil a r t o Leptonia inocybeoides . 
Howe ver, a comparison of the type description for L. 
inocybeoides by Largent (1977) and the neotype description 
herein presented for Aga~icus asp~el Zus demonstrate f ungi 
with totally d iffer e n t pileipelli and spores . 

Lar gent (1977, p. 215) discussed t he r elations hips 
of Leptonia asp~ella a nd i ndicated t hat the n ame s hould 
apply t o a f ungus with t he fol lowing macroscopic featu r es: 
Pileus c o nve x, fibrillose- squamose , l i vid gray e xcept for 
t he f uligine u s - s quamose pile us disc, with a translucent 
s triate margin ; Lamellae adnate, wide, and gray; Stipe 
1.5 - 2.0mm wide, 25mm l o ng , g ray , bluis h g r ay o r grayish 
v i o let except fo r the whitish bas al mycelium. The mac r o
scopic features presented herein fo r Aga~icus asp~ellus 
agree quite well with t hose of Kuhner & Romagnesi (1953) . 
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SUNMARY 

The collybioid agarics (Agaricales, Tricholomataceae, 
Collybia sensu Fries) i n the Pacific Northwest comprise a 
heterogene ous collection of fungi, which are here segre
gated , on the basis of both microscopic and macroscopic 
characters , into 11 genera (Lyophyllum, Rhodocybe, Callisto
seorium, Clitocybula, Baeospora, Flammulina , Strobilurus , 
M~crocollybia, Caulorhiza, Rhodocollyb~a , and Collybia). 
Of these, Microcollybia (validated) and Caulorhiza are new . 
A key to the genera is provided and each genus ~s discussed 
in turn, along with a treatment of the species of each , 
exclusive of Lyophyllum and Colltbia . In all, 34 species 
and subspecies are included, 4 o which are newly described 
and 18 proposed as new combinations . 

INTRODUCTION 

Species of Coll ybia Fr . are commonly collected and 
have always presented difficulties to those who would try 
to identify them , as they intergrade with species of other 
genera and freque ntly lack distinctive microscopical struc
tures . Neverthe less, withi n the genus as it is defined by 
Fries, there exist numerous groups that appear to be natural 
a nd lend themselves to segregation. The practice of creat
ing segregate genera and defining Collbbia itself more 
narrowly began early with Karsten in 1 81 (L~ophyllum) and 
1891 (Flammulina) and Spegazzini in 1881 (Ou emansiella) , 
and has been carried out largel y by R. Singer from 1936 to 
the present . While a few of these genera has been mono
graphed in parts of the United States (Clitocybula, 1973 
and Strobilurus, 1971} , the modern system in collybioid 
fungi has never r eally been applied comprehensively to a 
taxonomic treatment of any particular region , either in 
Europe or the United States . The treatments in Moser and 

1 Portion of a dissertation submitted to the Graduate 
Schoo l of the University of Washington in partial f ulfill
ment of the requirements for the degree of Doctor of 
Philosophy. 



118 

Gams (1967) and Metrod (1952) of european fungi , while 
rudimentary, remain the only ones to have employed some 
concepts of the modern system to a large number of the 
Collybia Fr. species. 

The use of segregate genera seems to closely follow 
"natural" groupings and is the easiest, most convenient way 
of handling these fungi taxonomically. Anyone becoming 
acquainted with the majority of collybioid fungi in the 
Pacific Northwest would probably , on the basis of macro
scopic characters alone, group the species along precisely 
the same lines that the segregate genera have been created . 
Indeed, the addition of microscopic data has served more to 
confirm r ather than create segregate genera . The modern 
system has grown out of a closer acquaintance with the 
species, the discovery of many tropical species , and c hang
ing values in the taxonomic hierarchy growing out of an 
increased need f or precision in classification. In the 
long run then, for the person who really would seek to 
understand these fungi, the system of segregate gene ra is 
a clarification rather than a complication of the taxonomic 
system. 

HISTORY OF NOMENCLATURE 

In 1821 Fries in Systema Mycologicum placed all of the 
rather small fragile , white-spored species with a convex 
cap and fragile stipe in the tribe Collybia of the genus 
Agaricus. He divided the tribe into 2 parts: Genuinae , 
species with rather membranous plano-convex caps, including 
species which would later be earmarked as collybioid; and 
Omphalarie , which included species more nearly marasmioid, 
those with depressed, plicate- rugose , or tough-pliant caps. 
This treatment in terms of numbers of species was quite 
sketchy, but nevertheless presented for the f irst time a 
step towards distinguishing the collybioid, marasmioid , and 
in turn the clitocyboid and tricholomoid habits. Later, in 
Epicrisis (1838) , Fries proposed the more comprehensive 
taxonomic system for classification of collybioid fungi 
that would serve for almost one hundred years, and that 
remains the broad basis upon which the modern taxonomic 
system is built . He created the tribe Collybiae, separating 
the marasmioid species into another tribe and dividing 
Collybiae into four sections as follows: 

A. Gills white to light-colored, not greyish, flesh 
white. 
I. Striaepedes - stipe rather thick , hollow to 

spongy- stuffed, sulcate to fibrillose-striate. 
II . Vestipedes - stipe thin , equal, hollow or 

stuffed , velvety, floccose or pruinose . 
III. Laevipedes - stipe thin , equal , hollow, 

g labrous (except at the base), not conspicu
ously striate. 

B. Gills greyish or fuscous , hygrophanous . 
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IV. Tephrophanae - color fuscous or grey , allied 
to the tribe Tricholoma or Clitocybe , but the 
stipe cartilaginou~ . 

Between 1871 and 1082 , most of the species of Fries' 
tribe Collybia were raised to generic rank by Kummer (1871) , 
Quelet (1872), and Karsten (1882} . This change generally 
was one of status rather than a change in the classifica
tion system; these authors maintained the sectional divi
sions for the genus that Fries proposed for the tribe 
Collybiae. 

Karsten, in addition to recognizing the genus Collybia, 
proposed two other genera : Lyophyllurn (1881) based on a 
single species of Tricholoma, and Flammulina (1891), former
ly Collybia velutipes. Both accounts rema~ned buried in 
the literature, and received little recognition until the 
more modern system, based in part on microscopic features , 
began to gain acceptance. Eventually, Flammulina would 
remain monotypic and rather well defined, while Lyoehyllum 
would be vastly expanded to include more tricholomo~d, 
clitocyboid, and many collybioid species (including the 
Friesian section Tephrophanae of Collybia almost in its 
entirety). The genus Lyoehyllum , despite its present size, 
remains rather poorly def1ned, and is held together to a 
large extent on the carminophilous basidia , an unwieldy 
feature. 

At about the same time (1881), Spegazzini proposed the 
genus Oudemansie11a, which Fayod in his Prodrome d'un · 
Histoire Nature11e (1889)later placed in the-Marasmieae, 
along with Collybia and Marasmius. This inclusion of a 
"segregate " genus in the comprehensive work marks a 
digression from the strict acceptance of the Friesian 
system. 

Among the workers of the late 19th and early 20th 
century, there seemed a general acceptance of the genus 
Col1ybia sensu Fries, but there was little agreement as to 
the place of Col1ybia among other genera , most notably 
Mycena, Marasmius, Clitocybe and Armillaria. 

In 1900, Patouillard proposed the "Series Co1lybia", 
to include Mucidula , Mycena , and Col1~bia. He maintained 
the four sect1ons of Col1ybia that Fr1es had proposed while 
expanding the third section Laevipedes into two parts ; 
without an annulus , and with an annulus (in order to 
include small Armillarias). 

In 1932 in leones Selectae , Konrad and Maublanc 
included among the light-gilled (Laeticolores) species of 
Collybia two more sections : Nitellinae, with pink verru
cose spores, and Conigenae , small species which grow on 
cones of conifers and have cystidia. This seems to have 
been one of the first efforts towards creating a scheme of 
collybioid fungi which seeks more actively to include 



120 

microscopic characters. The impetus to include microscopic 
as well as macroscopic characters as the basis for differ
entiating genera and species , and the delimitation of new 
genera on the basis of a distinct , conspicuous set of 
microscopic features was beginning to grow rapidly. 

Singer in 1936 proposed a most comprehensive system 
which covered all of the Agarical es and tended not only to 
delimi t the Friesian genera more precisely by the creation 
and grouping of segregate genera , but also to clarify 
partially the relation of genera and microscopic features 
to each other by the creation of f amilies within the order 
Agaricales . Part of the contribution of this early work 
and the large number that were to follow , was t h e collec
tion and organization of a l arge store of informati on on 
microscopic characters that once organized could be pub
lished in book form and made available to a larger number 
of people. Because Singer was the most forceful and wide l y 
published agaricologist of this era, the modern system is 
frequently referred to as the Singerian system. In his 
treatment of Collybia , Singer began (1936) by creating the 
family Tricholomataceae into which he put Collybia , as well 
as the segregate collybioid genera of L¥ophyllum , Rhodocybe, 
Crinipellis , Myxocollybia (synonymous w~th Flammulina) , 
Oudemansiella , Xerula , and Fayodia . This system was e l abor
ated further in the Agaricales in Modern Taxonomy (1942, 
1962) by the elaboration of Tribes within the Tricholoma
taceae. For Collybia and many of its segregates, he created 
the tribe Collybiae (most of the other tribes were based on 
"Friesian genera", except the tribes Lyophyllae and Leuco
paxillae) • Also, Singer expanded to eight the sections of 
Coll¥bia itself, four of which are based on tropical 
spec1es . These sections are as follows : 

Section I. 

Stixps 

Stirps 

Stirps 

Section II. 

Section III . 

Section IV . 

Stripedes - stipe r ather thick , more 
or less striate or sulcate , spore 
print cream pink. 
Maculata - pseudorhiza present or 
absent , context of pileus thick , 
cuticle rather dry. 
Butyracea - lacking a pseudorhiza , 
p ileus thin, pileus lubricous. 
Fusiees - perennial pseudorhiza , 
grow1ng at the base of trees . 
Dictyoplocae - stipe somewhat sulcate
striate , almost smooth , glabrous: 
spore print creamy white when f resh , 
pinkish cream in the herbarium; pileus 
white to violet, lamellae slightly to 
strongly venose anatomosing . 
Ioce~halae - Carpophores with a pur
plis p1gment, becoming pink in acids , 
violet in a lkali , lamellae not anasto
mosing. 
Laevipedes - stipe smooth, glabrous to 
whitish pruinose, or with a brownish 
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strigosity at the base, spore print 
white, lamellae not anastomosing; epi
cutis strongly reduced ("partly broad , 
not rarely branching, but not diverti
culate, not radially arranged"). 

Section v. Vestipedes - stipe neither glabrous or 
long - sulcate, partly or entirely 
villous , pruniate, tomentose or stri
gose; spore print white to pale flesh 
colored; epicutis well developed , 
narrowly filamentose, not diverticu
late. 

Section VI. Subfumosae - epicutis differentiated, 
with a distinctly developed rameales 
structure , nodulose-coraloid to diver
ticulate or with repeated thin side 
branches. 

Section VII. Cystidiatae - specieb with very con
spicuous cheilocystidia , stipe gla
brous to subglabrous , often uneven, 
epicutis lacking rameales structures. 

Section VIII. Collybia (Cirrhatae) - stipe not 
sulcate , finely pruinate pubescent , or 
with conidiophores , pileus white or 
whitish, striate on the margin, at 
least in moist conditions, cap very 
thin or membraneous; stipe racemose 
and/or arising from a sclerotium, more 
rarely neither racemose nor arising 
from a sclerotium; cheilocystidia 
none, or very inconspicuous, frequent
ly on decaying basidiomycetes. 

In addition , between the first proposal of the modern 
system by Singer in 1936 to the publishing of the 2nd edi
tion of Agaricales in Modern Taxonomy (1962), seven other 
segregate genera were pUblished: Baeospora Singer (1938) , 
Pseudohiatula (Singer) Singer (1938) , Lactocolllbia Singer 
(1939) , Callistosporium Singer (1944) , Microcol ybia 
Netrod nom. nudum (1952), Clitoclbula (Singer) Metrod 
(1952), and Strobilurus Singer ( 962) . 

Kuhner and Romagnesi (1953) in Flore Analytique des 
Champignones Su~erieurs remained more conservative than did 
singer as regar s the creation of new genera and the accept
ance of those segregate genera already published; however , 
their treatment of Collybia itself in the key is quite 
distinct from the "Friesian sections" and from those of 
Singer, which rely heavily on the use of macroscopic fea
tures proposed by Fries. The key to Collybia is divided 
into four "sections". The characteristics of these groups 
are as follows: 

Section A - species with a more or less thick stipe 
(2- 4 mm or more) , never filiform or 
branched , always without sclerotia , not 
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Section B -

Section C -

Section 0 -

found on cones or decaying mushrooms, 
never really violaceous , the pileal sur
face neither viscous nor hymeniform, 
spores non- amyloid (e . g. C. acervata, c. 
butyracea, C. macul ata) . 
cap covered w~th streaks of brownish 
fibrils , grey or blackish shiny, more or 
l ess rimose and splitting radially in 
bands of fibril s of these colors , separat
ing towards t he margin and lighter, some
times sq uamul ose , spores S- 7 x 4- 5 urn or 
larger (e.g. C. platyphylla, C. lacerata , 
c . lenta) . 
st~pe thin (1- 2 mm), pruinose or ramified , 
gills f requently serrate, cap neither 
streaked or rimose, the epicutis not gel
atinized or hymeniform, spores very small 
(3-5 x 1- 3 urn) or amyloid, sometimes found 
on cones or decaying basidiomycetes, with 
or without a scleroti um (e.g. C. fuligina
ta, C. tuberosa , C. conigena). 
cap neither streaked or rimose, but either 
viscous or cellular-hymeni form, general l y 
with striking pleurocystidia , spores non
amyloid. (C . tenacella , c . mucida , C. 
l ong i pes) . 

GENERIC CONSIDERATIONS 

The term "collybi oid " is synonomous with the tribe 
Collybia of the genus Agaricus created by Fries , and in 
defi ning the tribe he used the following characteristics: 
cap small , convex, becoming plane, margin inrolled at first, 
gil l s not decurrent, stipe cartilaginous , and spores whi te. 
Although this definition applies to some of the fungi that 
Fr ies himself put in Collybia , it generally lacks the 
precision and scope to describe the majority of collybioid 
f ungi . Consequently the definition of collybioid has bee n 
expanded on the basis of the Friesian species to include 
the fol lowing broader lines: cap hemispheric , convex or 
plane , depressed or umbonate , ge nerally glabr ous , sometimes 
pubescent to fibrillose; gills almost free or broadly adnate 
to subdecurrent, spores white to yellow or salmon pink in 
deposit; stipe more or less cartilaginous , generally gla
brous, occasionally sulcate , striate, pubescent , or tomen
tose; spores smooth or roughened , amyloid or not, with or 
without cystidia , pileal surface hymeniform, filamentous, 
or subgelatinized , rarely with a subcellular hypoderm, 
c l amps l acking or present . From t his definition , the 
heterogeneous character of the genus Collybia Fries is read
ily apparent . 

Generally collybioid fung i have convex to hemisphaeric 
caps when young , the margin is strongly inrolled and as the 
carpophores develop, the mar~in is raised and becomes 
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unrolled giving the cap a flat or ''plane" appearance. This 
condition is in contrast to the mycenoid condition in which 
the cap is conic at first and the margin straight; later in 
development, the margin which was adpressed to the stipe 
becomes raised and a rather pointed or bell-shaped aspect 
is maintained. The center of the mycenoid cap never really 
becomes flat at maturity . 

Many collybias tend to be somewhat centrally depressed 
at maturity , especially when the margin becomes revolute 
and raised above the point of gill attachment , but this 
condition does not approach the umbilicate character so 
frequently found in Clitocybe in which the carpophores are 
strongly depressed even when young . Furthermore, the gills 
are never truly decurrent as they are in Clitoctbe . Some 
collybioids have g ills that are emarginate andrequently 
uncinate as well; a few are broadly adnate and if the cap 
marg in is raised above the point of attachment of the gills 
to the stipe , these sometimes appear subdecurrent . There 
exist , however, a few species whose gills are shallowly 
emarginate- ventricose and strongly uncinate , where even 
close scrutiny does not further clarify the distinction 
between adnate and subdecurrent, or between the genera 
Collybia and Clitocybe sensu Fries. The distinctionbetween 
these two genera must in such circumstances remain largely 
unresolved if there a r e not attendant differences in micro
scopic features. Given this d ifficulty , it is fortunate 
that among the smaller species of Clitocybe in this area, 
all but a very few are marked by strongly decurrent gills 
and centrally depressed caps. 

Tricholoma differs from collybioid fungi , except for 
the genus Rhodocollybia , by its much large size and the 
fibrous nature of its cap and stipe . In Rhodocollybia the 
presence of a colored spore print , staining characters , 
distinctive shape and character of the stipe, and dextrinoid 
spores serve to delineate it from Tricholoma . 

Of all the genera , separation of Marasmius from Colly
bia has been by far the most difficult. There is a common 
ground between the two genera where both macroscopic and 
microscopic characters intergrade somewhat, and the classi
cal distinction of Marasmius o n the basis of pliant-tough , 
reviving flesh, while useful, is neither consistent nor 
manageable enough to serve as a unique generic feature. 
Fortunately , the species of Marasmius in the Pacific North
west and pr obably in any con~ferous area , are relatively 
few and seem to intergrade less than those species in areas 
where hardwoods predominate . In this treatment , I have 
excluded from Collybia Fr . any species with the following 
characters : an insititious stipe; a stipe which is very 
slender , wiry or setose: one that is accompanied by black 
rhizomorphs ; distant or intervenose gills; bilateral lamel
lar trama ; a dextrinoid pileal context; long, thick-walled , 
setoid pileocystidia; fusoid spores: a pileal surface 
composed of diverticulate hyphae or broom cells ; and a 
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pileal surface which is hymeniform if the spores are non
amyloid and t he hyphae clamped. 

TAXONOMIC CHARACTERS 

SIZE - Collybioid fungi range from very small mushrooms 
of delicate stature (less than 0 . 5 em) such as those of the 
segregate genus Microcollybia (including the former Colly
bia racemosa and Collybia tuberosa) to large mushrooms 
(greater t han 7 em) such as some species of Rhodocollybia, 
which are large relative even to many other agaric genera. 
Nevertheless , the adjective " collybioid " encompasses the 
majority of species in this treatment, and by definition 
means that the cap size is about that of a " small coin". 
The stipe and lamellar size are congruent with the rather 
small size of the cap , and in general , these species are a 
little larger and somewhat toughe r than most Mycenas . 

CAP CHARACTERISTICS - Strong ly umbonate or umbilicate 
caps do not characterize Collybia sensu Fries , although a 
few of the species included here are umbonate or umbilicate 
e nough to be distinguished partially on this basis. 

The cap is generally pale-colored t o tan, or some shade 
of brown, and hygrophanous. Some Rhodocollybia species 
develop vinaceous spots with age or bruising on the gills 
and stipe . Species in the genus Lyophyllum generally have 
a grey t o f uscous tone on the cap and often stain or bruise 
brown, bluish- black, or black. Callistosporium species in 
this area are olivaceous a nd turn vinaceous black or deep 
burgundy on drying. Baeospora myriodophylla has when moist 
a brown cap with a decided violaceous ·tinge, and conspicu
ous purple gills . 

The great maj ority of collybias have glabrous caps 
which in the fresh condition may be dry to glassy- lubricous, 
becoming dull - matte in drying. Occasionally under very 
moist conditions they appear subviscid. Some of the segre
gate genera are characterized by surface features of the 
cap: Clitoctbula species frequently are radiate - striate 
with blackis fibri ls. Flammulina is viscid , and Strobilu
rus appears pubescent due to the presence o f abundant 
pileocystidia. A few species are markedly translucent
striate, but this condition certainly does not exemplify 
the genus as it does in Mycena. 

The majority of Collybias are rather membranous , and 
somewhat fragile ; yet , in species of Microcollybia , Stro
bilurus , and Baeoseora the flesh, though thin, may be quite 
f~rm, tough and pl~ant, but generally not reviving easily 
as in the genus r.tarasmius. Rhodocollybia has a thick 
(generally at least I em) , rather soft pileal context which 
tapers towards the margin and usually is so thin there 
that species of this genus sometimes have a frayed , ragged 
cap margin at maturity. 
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LAMELLAR CHARACTERISTICS - As the color of the spores 
is white , the gill color general l y also is whitish; fre
quently the gills are off- white with yellowish to brownish 
tones . Considering mature carpophores , truly white gills 
are rather uncommon in the large species, although they 
seem to predominate in small species (Strobilurus and Mic
rocollybia) . Species of Rhodocybe have a pale p~nk to--
salmon brown spore print and correspondingly the gills have 
a characteristic "pinkish" blush at maturity . Rhodocolly
bia has yellowish gills at maturity and the spore prints of 
this genus range from pale orange to pink to pale salmon. 
Gills of the genus Callistosporium, which in the fresh 
condition are a bright yellow to yellow- olivaceous , turn 
deep vinaceous due to the presence of a pigment that colors 
on drying . Gills of other collybioids invariably are yellow 
in the herbarium, becoming darker with age . 

The lamellae of some species of collybioids are narrow
l y adnexed , appearing almost free; others are emarginate 
and frequently uncinate as well; a few are broadly adnate . 

Generally the gills are thin and rather soft , rarely 
thick and firm- waxy. Gills \oJhich are close or crowded seem 
more common than those which are subdistant or distant . 
The gills are never anastomosing , and an intervenose condi
tion is very rare. In the genus Rhodocollybia , the lamellar 
edge is often serrate , e ven in young specimens , and at 
maturity eroded or frayed. This genus is also marked by 
ferruginous spots on the gills. Lyophyllum species of the 
section Nigrescentes stain blackish , rather rapidly, on the 
gills. 

STIPE CHARACTERISTICS - The stipe of collybioid fun~i 
is characterized as being more or less cartilaginous and 
fragile , equal , glabrous , a nd tubular . Many collybioid 
species differ s omewhat from this " formula" , but generally 
do not differ widely. Strobilurus has a chrome yell ow to 
pale tawny stipe which is strongly but finely pubescent 
above and long tawny-tomentose below the substratum . Flarn
mulina has a deep warm brown stipe which is conspicuousry
and strongly vel vety . Species of Microcollybia , Rhodocybe 
and some of the smaller Lyophyllums frequently have stipes 
with an undulate or wavy surface. Large , stout , and often 
solid and f ibrous stipes characterize some members of the 
genera Rhodocoll ybia and Ltophyllurn . In Rhodocollybia the 
stipe also is general ly en arged towards the base , then 
tapered abruptl y into a short root- l i ke "tai l" . It is also 
strongly striate- grooved for most of its length , and gener
ally stained ferruginous towards the base where it emerges 
from the "woody " substratum. ~iicrocollybia, for the most 
part, is characterized by the presence of a conspicuous 
sclerotium (yellow, reddish brown, or black) from which the 
stipe arises. One species of this genus (Microcollybia 
racemosa ) has certainly the most unusual of stipes : short , 
s~de branches arising at right angles from the stipe pro
duce globose slimeheads of hyal i ne candia. Caulorhiza has 
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a very l ong tapering "root" or pseudorrhiza which may be 
two or three times as long as the above ground portion , 
and the stipe is frequently c l othed with a heavy powdery
pubescence. 

ODOR and TASTE - Most collybioids lack strong and dis
tinctive odors . However, as collybioids lack many distin
g uis hing traits in general, an odor , even if faint , often 
can with training be of some help in the rapid and tenative 
identification of species. In this respect , I have tried 
to include whatever information I obtained regarding odor 
and taste, but with the qualifications that such characters 
are frequently rather variable a nd such information is 
highly individualistic , capable of broad interpretation, 
and consequently can rarely serve as a reliable basis for 
the taxonomy of these fungi. Nevertheless , the following 
species can be secondarily characterized by the presence of 
a strong odor which is constant f rom collection to collec
tion: Collybia polyphylla smells of a mixture of garlic 
and radishes, the taste is very unpleasant and strong of 
garlic ; Rhodocoll~bia oregonensis has an odor of almond 
extract or benzal ehyde, no taste accompanying the odor; 
Rhodocybe nitellina and many Lyophyllwns smell strongly 
farinaceous. 

MACROCHEMICAL SPOT TESTS - A great many collybioid 
fungi react with alpha-napthol , guaiacol, phenol , and phenol
anil i ne . They generally r emain unreactive with formol , 
sulfoformol , aniline , ferric sulfate , tincture of guaiac , 
and PDAB (other than a faint pink reaction on the gills) . 
Few collybioid genera are characterized or easily set apart 
from other genera on the basis of these spot tests , which 
seem most valuable in distinguishing one species of a genus 
from another of the same genus, especially as regards rapid 
and tentative identification of fresh specimens . Of the 
genera in this treatment , three (Microcollybia, Strobilurus 
and Callistosporium) are distinctive by their absence of 
reactivity with all or most of the macrochemical reagents. 
Each of these three genera however is distinctive , both in 
macroscopic and microscopic aspects , from other genera , and 
consequently their identification is not problematic . The 
added feature of non- reactivity to these reagents helps to 
support the segregation of these genera from Collybia sensu 
Fries, but still they are characterized most easily by 
other, more conspicuous traits. Lyophyllum, a genus which 
sometimes is easily recognized , but which includes so many 
varied species t hat positive identification is dependent on 
the troublesome carminophilous test , may be one collybioid 
genus that can best be identified through macrochemical 
spot tests, at least as a preliminary to the carminophilous 
procedure. Members of Lyophyllum react slowly with sulfo
formol to produce a light mint green to olive color o n the 
edges of the gills and f lesh; they turn a solution of PDAB 
abruptly bright blue- green, and frequently react with ani
line to give a lemon- yellow or orange color. Reactivity to 
the other macrochemical reagents is variable , but on the 
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whole, species of Lyophyllurn tend to be rather reactive. 
The combination of reactivity to sulfoformol and PDAB 
apparently does not exist in any other collybioid genus, or 
many other agaric genera for that matter, and may conse
quent-ly be a rapid and tentative means of iden t ifying the 
genus without the carminophilous test. These two reagents 
should be applied to the study of other noncollybioidagaric 
genera to determine whether or not the combination sulfo
formol-PDAB really is indicative of carminophilous basidia 
or is more widely applicable . 

HABITAT - Most collybioids are terrestrial and are 
found scattered to gregarious in dense woods during the 
fall season. Relatively few are lignicolous, grow in a 
caespitose manner, or are found in open disturbed areas. 
Because the majority of forests in this area are predomi
nantly coniferous, most of the collybioid species in this 
study are likewise associated with coniferous conditions. 
Members of the genera Flammulina , Baeosthra , and Strobilu
rus may be considered lignicolous, and e latter two are 
often associated with cones. Rhodocollybia is often found 
in much decyaed wood which might better be classified as 
"humus". Microcollybia is associated with the old, tarry, 
hardened rema1ns of decayed agarics. 

SPORES - Spores of most collybioid fungi are quite 
small, less than 10 pro, thin-walled, smooth, nonamyloid , 
hyaline , and ovate to ellipsoid . Strobilurus, Baeospora , 
Microcollybia , and Clitocybula have m1nute spores that 
rarely exceed 4- 5 pro in length ; some species of Rhodocolly
bia have rather long spores, reaching occasionally 10 urn , 
but no collybioid genus is characterized by really large 
spores. No pip-shaped or boletoid spores occur in colly
bioid fungi. Spore shapes range from globose to narrowly 
ellipsoid, and generally the spores are rather thin-walled 
but with the wall thick enough not to collapse in a crush 
mount. The genus Rhodocybe is characterized by having 
ornamented spores , usually slightly angular in end view and 
longitundinally wrinkled in side view. Rhodocybe olyrnpiana 
has coarsely echinulate spores. Occasionally the spores of 
Rhodocybe are so weakly ornamented that this character is 
overlooked in the microscopic examination of a collection. 
Lyophyllurn ambustum , according to european workers, has 
verrucose spores . 

While most collybioid species have spore prints that 
are white in the fresh condition, the print frequently 
becomes yellow in the herbarium or with age and drying. 
Members of Rhodocollybia are characterized by a pale yellow 
to peach colored spore print in the fresh condition, and 
Rhodocybe has a pale pink to dark salmon pink print. Spores 
of Baeospora and Clitocybula are amyloid; Rhodocollybia has 
a dextrinoid inner wall (endosporiurn) which is thickened 
and frequent ly retracts from the apicular end of the spore 
giving a truncated appearance. This condition is generally 
present only in a percentage of the spores. Sometimes the 
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vast majority of the spores will be thick- walled and dextri
noid , while in other collections only a few spores in any 
one crush mount will show these characteristics. In the 
genus Callistosporium, the spores are hyaline in the fresh 
condition, but become vinaceous on drying . This pecul~ar 
feature is due to the presence of a pigment which changes 
from hyaline to vinaceous under certain circumstances (in 
alkali or drying); the pigment js present throughout the 
carpophore , and consequently , a herbarium specimen will be 
entirely burgundy- colored. 

BASIDIA - The size of basidia in collybioids , as in 
other agaric genera , seems to vary with the spore size; the 
larger the spore , the larger the basidia and vice versa . 
Few species have basidia shorter than 15 ~ or longer than 
35 urn; the width varies usually from 4 to 8 ~· As men
tioned above , Callistosporium a nd Lyothyllum have basidia 
with densely granular cytoplasm, the ormer with a pigment 
that turns vinaceous on drying or in KOH , and the latter 
with granules that stain reddish black with mordant and 
acetocarmine. Rarely are the basidioles or basidia dis
tinctive enough in size or shape to be of taxonomic import
ance . There are no exclusively two- spored species in t .his 
treatment; however , a few species occur in the genera 
Collybia, Rhodocybe , Rhodocollybia , and Lyophyllum which 
appear regularly to have carpophores wi th both two and 
four- spored basidia . 

CHEILOCYSTIDIA and PLEUROCYSTIDIA - Host collybioid 
fungi lack distinctive cheilocystidia , but some species 
have "cystidioles" either scattered or abundant on the gil l 
edge . These are clavate to filamentous and characteristi
cally contorted , sparsely branched, coarsely knobby , hya
line, thin-walled , non- encrusted, and rarely exceed the 
height of the basidia. They are inconspicuous and best 
observed in crush mounts of the gill edge . The abundance 
of these "cystiodioles", as well as their degree of branch
ing, contortion, and knobbiness seems to vary widely from 
collection to collection in some species; in other species , 
however, t hese traits appear to be quite constant. 

The genera Strobilurus , Baeospora , Flammulina, Caulor 
hiza , and Rhodoc~be sect~on Rhodoctbe are characterized by 
abUndant , we ll d~fferentiated chei ocystidia of a given 
shape and size . Except for the species of Strobilurus, 
these cystidia are ·thin- walled , non- encrusted , generally 
clavate and hyaline . The cystidia of Rhodocybe aureicas
tidiata nom. prov . are conspicuously yellow colored an 
often arise f rom like-colored conducting e l ements i n the 
gill trama. Species with well developed cheilocystida 
frequently have pleurocystidia as well , and of the same 
shape and size as the cheilocystidia . Strobilurus has 
cystidia on the gill edge , gill face, cap surface , and 
stipe. These are generally the same shape and size, al
though the stipe and cap cystidia tend to be slightly 
longer and narrower than those found on the gill. Baeospora 
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produces an abundance of cheilocystidia which are quite 
short, broad , and thin-walled , and although the gil l edge 
is entirely sterile and composed only of cheilocystidia, 
the gill face itse lf has relatively few pleurocystidia , 
these being most abundant near the gill edge. 

PILEAL SURFACES - The majority of collybioid fungihave 
a cap which is covered by a thin cutis composed of narrow, 
radially oriented , non-encursted, and often agglutinated 
hyphae. This cutis normally intergrades with the context
ual hyphae in size and compactness , and occasionally inter
grades also in e ncrustation and orientation . There are 
relatively few species which present a narrow surface zone 
conspicuously different from the tissues immediately under
lying it . In addition, some of the species in various of 
the genera form innate "der matopilocystidia" as the up
turned, rounded and inflated ends of the surface hyphae . 
These "cystidia" frequently are extremely variable in size , 
shape , and abundance , and may be very inconspicuous or even 
absent from some collections of the species in which they 
are often found. 

Some members of Rhodocoll~bia and a few species in 
other genera have the upper cut1s layer gelatinized; the 
gelatinization can vary from a slight agglutination of the 
surface hyphae to a more rarely e ncountered condition in 
which the entire depth of the cutis is affected. Collybia 
dryophila and its affiliates have surface layers composed 
of rather larger diameter hyphae which are more or less 
interwoven and not appreciably different from the context. 
Such surfaces have been termed "undifferentiated", and are 
distinct from the more common situation in which a cutis of 
narrow parall e l, radial , hyphae overlies larger contextual 
hyphae. Flammulina velutiees is characterized by a viscid 
layer of partially gelatin1zed, upright hairs . And a 
"hymeniform" layer of inflated- clavate, pedicellate cells 
interspersed with conspicuous pilocystidia is a prominent 
feature of the genus Strobilurus . The genus Caulorhiza 
presents a more complex surface : a cutis layer of radial 
hyphae bearing scattered dermatopilocystidia , subtended by 
a subcellular layer , which in turn overlies the radial 
layers of the context. 

CLAMPS - Clamps are present in the great ma jority of 
collybioid fungi . They are found easi l y in the cap context 
and gill trama since they frequently are rather large. 
Nevertheless, members of Strobilurus, Callistosporium, and 
a few species of Rhodocybe are characterized by the lack of 
clamps. 

MATERIALS AND METHODS 

Macroscopic descriptions were drawn from notes made on 
fresh materials, unless otherwise noted . Colors in the 
Kornerup and Wanscher (~1ethuen) Color Ha ndbook are numbers 
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and are cited in parentheses; those of Ridgeway are enclosed 
in quotation marks. 

Microscopic features were generally examined using 
dried material . The tissue was rehydrated by first wetting 
with 95% ethyl alcohol , then mounting in Melzer ' s or 3% KOH, 
to which a small drop of phloxine and congo red had been 
added . Radial and tangential sections of the cap and cross 
and longitudinal sections of the stipe were generally made 
wi th a freezing microtome or occasionall y by hand using 
elder pith. Drawings of microscopic features were made from 
crush mounts wi th the aid of a Zeiss camera lucida and a 
20x eyepiece . The habit drawings were made in pencil from 
kodachrome slides , unless otherwise indicated. 

The macrochemical reactions were done using whitechina 
spot plates with multiple s hallow wells, each well contain
ing a small quantity of t he tissue being tested and two 
drops of one of the reagents. Due to the small and fragile 
nature of most collybioid fungi , portions of the entire cap 
(including surface, context, and gills) were tested rather 
than using only the pileal context . A small pie- shaped 
piece of fresh cap was cut into strips , and these trans
ferred to the wells of the spot plate. The reactions were 
read after 20 minutes , and recorded if positive, as a series 
of "+"'s, relative to the strength of the reaction (depth 
of color) . Since the reagents generally produce only one 
color change, t he species descriptions indicate onl y whe
ther a test was positive , not the actual color change; 
however, any variation from the normal color is indicated 
in the species description. The positive reaction for each 
of the macrochemical tests , and the composition and p r oce
dure used in making the reagents (given in parentheses) is 
as follows : 

Aniline : pale lemon yellow to light orange or apricot . 
(1:1 (v/v mixture of aniline oil and water . ) 

Ferric sulfate: pale greyish- green to medium olive . 
(A 10% solution was made by dissolving 24 gm 
ferric sulfate in 240 ml water.) 

Formol : pale yellow or orange. 
(40% aqueous solution.) 

Guaiacol : pinkish- red to dark reddish black. 
(Disso lve liquid guaiacolin water to sat4ration.) 

Alpha-Napthol: purple to purple-bl ac k. 
(10 gm alpha- napthol dissolved i n 70 ml of 95% 
ethanol , solution bro ught up to 200 ml volume 
with \..rater.) 

PDAB (p- dimethylamino- benzaldehyde), 2%: solution 
itsel f turns rapidly brilliant blue- green , rarely 
raspberry red . A fai nt pink- purple reaction of 
the gills was taken as a negative reaction . 
(6 .0 gm PDAB dissolved in 229 ml 95% ethanol , 
71 ml cone . HCl added . ) 

Phenol , 2%: r ed to dark reddish black . 
(4 . 8 gm carbolic acid dissolved in water and 



t he vo l ume broug h t to 240 ml . ) 
Phenol- a niline : ferr uginous to dark reddish umber. 

(2 drops each of the aniline water a nd phenol 
solutions . ) 
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Sulfoformol: pal e yellow or a pal e mint green on the 
edges of the material tested . 
( 2 drops 40% aquaeous solution of formol mixed 
with 2 drops 50% sulfuric aci d . ) 

Tincture of g uaiac: light blue to dark bluish- green. 
(Dissolve f inely powdered g um guaiac in 95% 
ethanol to saturation, t he n filter.) 

KEY TO COLLYBIOID GENERA 

1. Basidia carminophilous , carpophores generally fuscous 
i n some part and often staining blackish , reacting 
faintly with s u l foformol to g i ve a min t gr een color 
and strong l y and r apidly with P DAB to give a bright 
blue- green col or to the solution .................. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Lyophyl l um (p . 132 ) 

1. Basidia without carminophilous granules , carpophore s 
generally some shade of brown and never staining 
blackish, reacting neither with sulfoformol nor PDAB 
in the above manner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . 
2 . Spores a ngular in polar view only, slightl y 

roughened , spore print pink to dark salmon in 
h e avy deposit ......... ....... Rhodocybe (p. 134 ) 

2. Spore outline smooth both in side and polar 
views , not r oughened , s pore print white to cream , 
i f pinkish in heavy deposit , then at least a 
portion of the spores with a dex trinoid e ndo-
s porium ......... .. . .... ..... ... . .... . ... .. .. . . 3 . 

3 . Spores heavily granular , becoming vinaceous in KOH , 
carpophores olivaceous in the fresh condition, be-
coming deep vinaceous in drying ..... . ..... . . .... .. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . Callistosporium (p . 147 ) 

3 . Spores s ometimes guttate , not heavily g r a n ular , not 
becoming v inaceous in KOH , nei ther olivacous in t h e 
f r es h condition nor changing to vinaceous black in 
drying . . .. . ............... . . .. . .. ... ......... . . ... 4. 
4 . Spores amyloid , and either s pores minute (5 ~m 

or less) and g lobose to short- ovate or stipe 
radicating ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 . 

4. Spores hyaline to recdi s h brown (dextrinoid) 
in Melzer ' s , spores general ly at least 5 prn or 
ovate to ellipsoidal ... . . . ............. . .. .. .. 7 . 

5 . Stipe radicating , under redwoods ... ........... . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Caulorhiza (p . 154) 

5 . Stipe not radicating , carpophores not found under 
redwoods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 . 
6 . Caps fuscous and radially streaked with blackish 

fibrills , generally 3 em or more in diameter or 
carpophores densel y caespi tose , without cheilo-
cystidia ... .......... . .. ... Clitocybula (p . 157) 

6. Caps tan to violaceous , never fuscous , generally 
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7 . 

7 . 

9 . 

9. 

less than 3 em, not radially streaked with 
blackish fibrils nor densely caespitose , 
gill edge heteromorphous with short clavate-
inflated cheilocystidia . ... . . Baeospora (p. 1 62) 

Pileus viscid , composed of brownish upright , par
tially gelatinized hairs , sti pe velvety with brown-
ish hairs .. .. .. ... ... . . . .. .... .. Fl ammulina (p . 1 70) 
Pileus neither viscid nor the stipe velvety with 
brownish hairs . . ... .... .. . . .. .. ..... .... . ... .. . .. . 8 . 
8. Pileal surface hymeniform , composed of a pal i 

sade of inflated , pedicel l ate cells , pubescent 
with conspicuous cystidia o n all surfaces , the 
stipe rooting , tawny , and 1o ng - tomentose in the 
lower hal f , growing general l y o n cones, more 
rarely on wood . . . .... .. .... Strobil urus (p . 1 74) 

8 . Pileal surface und i ffe r entiated or composed of 
a cutis but never hymeniform, cystidia a bsent 
or barely differenti ated , the stipe neither 
rooting nor tawny a nd long- tomentose in t he 
lower half , terrestrial or occurring o n much 
decayed wood or mushrooms . ..... ... . ..... ... ... 9 . 

Species growing on the tarry remains of decayed 
mushrooms , caps minute , generally less t h a n 1 em , 
white to fuscous , frequently with a conspicuous 
sclerotium (orange , bro\"n , or black ) . . .. ......... . 
. .. . . . . .. .. . . ........ . . . . . . . . Microcol l*bia (p . 187) 
Species terrestrial or occurring on muc decayed 
wood , caps medium- sized to l a r ge , general ly at l east 
2 em , some s h ade of tan or b r own, wi t hout a sclero-
tium . .. . . . . .. ....... . ..... . ....................... 1 0. 
10 . Spore print cream to p i nk i n fresh heavy 

deposit , at leas t a portion of t he spores with 
a dextrinoid e ndosporiurn, l arge species , cap 
diameter generally 5 em and often more . ... . . . 
. . . . . . . . . . . . • . . • . . . • . . . . Rhodocollybia (p . 198 ) 

10 . Spore print white i n f r esh hea vy deposi t , 
spores lack i ng a dextrino i d e ndosporiurn , 
medium- sized species , cap diameter generally 
less than 5 em . • . . . . . . . . . . . . . Coll ybia (p . 228 ) 

Fe n n . 2 : 3 . 
l962 . 

LYOPHYLLUt·l Karst . Acta Fl . Faun . 
1881 , em . Singer. Agar . Mod . Tax . pg. 209 - 21 3 . 

Synonyms : Clitoc~be piS larte Kummer . Fuhr . Pilzk . 
p . 6 . 7 . 

Col l ybia pro parte Kummer . Fuhr . Pilzk . 
p. 26. 1881. 

Trichol oma pro parte (Fr . ) Quel . Champ . 
Jura . Vosges . p . 76 . 1872- 3 . 

Hemicol lybi a G. Beck . 1922 . fide Singer 
~· cit . 

Type speci es : Lyophyl lurn leucophaeaturn Karst . 

PILEUS-co llybioid , tricholomoid , or clitocyboid , flesh 
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membranous to thick (10 mm) a:1d generally co ncolorous with 
the cap, umbonate to centrally depressed, not umbilicate , 
margin enrolled at first and often straight at maturity, 
surface generally uniform , occasionally undulate , and 
glabrous to slightly f ibrilar or pruinose-powdery, often 
moist-striate in the smaller species , generally dull- colored 
or fuscous , rarely white , hygrophanous and usually changing 
to a much lighter color , staining or not , smell and taste 
often distinctive and generally farinaceous in one of its 
forms (green bean , green corn , floury , linoleum , rancid , 
and fishy- cucumber odors) . 

The fuscous colors of cap, gills and stipe which are 
so distinct for this genus are lost in drying with few 
exceptions . The dried carpophores vary from bone white to 
fuscous , but are most often some shade of fulvous , buff, or 
med i urn brown . 

LAMELLAE pallid to blackish, frequently staining bluish
bl ack or black , edges even and usually concolorous , shape 
variable, subdecurrent to almost free, crowded to subdis
tant , and generally thin, never really thick. 

STIPE pallid to blackish and generally concolorous with 
either cap or gills , rarely strikingly different from these, 
often equal but sometimes expanded at the base and somewhat 
club shaped a l though never with an emarginate bulb , many of 
species in the section Tephrophana having undulate stipes , 
and the base flexuous , species in the section Difformia 
caespitose and as such frequently connate and expanded at 
the base , the surface is usually glabrous and then some
times powdery-pruinose at the apex or finely appressed 
fibrillar- streaked , not glabrescent ; solid , stuffed or 
hol l ow; with or without a rind, sometimes staining readily 
b!ack or darkeni ng slowly with handling or age . 

BASIDIA conspicuously granular and the granul es stain 
a dark reddish- bl ack in acetocarmine. The size of the 
basidia vary widely , 15-40 pro x 5- 10 ~m , the spores globose, 
o vate , cylindr i cal , or ellipsoidal , and rarely exceed 10 ~ 
in length or 6 ~in diameter . They are smooth , angular , 
or echinulate , and inamyloid , the TRAMA parallel to sub
parallel with a mediostatum of large cells which inter
grades with na r rower hyphae next to the subhymenium , and if 
this feature is we l l devel oped the g i ll trama looks almost 
diver gen t i n transverse secti o n; tramal hyphae frequently 
s l ightl y dextr inoid , qui te large (3- 25 ~. average about 
7- 8 ~m) , a nd abundantl y provided with conspicuous large 
clamps; CHEILOCYSTIDIA generally not present o r inconspicu
ous and rarely exceeding the height of the basidioles; 
PILEAL SURFACE frequently undifferentiated from the context, 
o r composed of a cutis of varying thickness of narrow , 
r adial , repent , tubular hyphae; occasionally both surface 
types becoming subgelatinized ; contextual hyphae much like 
the hyphae found in the l amellar trama and relatively large 
and clamped , brownish pigments sometimes presen t and 
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encr usting the pileal surface hyphae , rarely giving the 
cuti cular hyphae a thick and patterned encrustation ; in the 
black staining members of the section Lyophyllum the basidia 
usually irre gularily coated with an extra- cellular pigment 
which appears sticky and takes on a dark dingy dextrinoid 
r eaction in Melzer's solution. 

HABITAT - The carpophores are caespitose to solitary 
and f ound most frequently on soil or mulch. They seem to 
be rare on wood but a group of species is characteristically 
f ound on charred wood or ground. One species , L. palustre 
(Peck) Singer, is encountered only in association with 
Sphagnum, and is apparently the only possible exception to 
the rule of saprophytism in the genus. 

MACROCHEMICAL REACTION - The caps give a faint but 
distinct green reaction in sulfoformol , and a solution of 
PDAB turns rapidly bright blue- green when in contact with 
any part of the carpophore. This combination of reactions 
seems to be spe cific for Lyophyllum . In addition, many 
species of this genus react with aniline to give a yellow 
or apricot color, a reaction which is distinct and found in 
f ew of the other collybioid species studied . There is vari
ability in the reactions with alpha-napthol , guaiacol , 
tincture of guaiac, phenol, and phenol-aniline and as more 
data is accumulated these reactions may prove helpful in 
delimiting certain species. 

The carminophilous basidia, the reaction of the flesh 
with PDAB and sulfoformol , and the fuscous shades of cap , 
gills and stipe seem to delimit the genus from closely 
related genera , especially Collybia and Clitocybe . In 
addition , the bruising reactions, extracellular pigment on 
the basidia, large hyphae of trama and context , weak dextri
noid character of the trama , farinaceous odors , and reac
tions with aniline tend to hold the genus together, although 
somewhat loosely. 

RHo~gc~~§ R. Maire sensu Singer 
emend. Bull. Soc. Mycol. Fr. : . 1925 . 

Synonyms: Clitopilopsis Maire, Publ. Inst . Bot . 
Barcelone 3 (4) :82 . 1937 . 

Hirneola Velen., Nov. Myc. , p. 73. 1939. 
non Fr. (1849). 

Pluteospora Maire , Bull. Soc. Mycol. Fr . 
50: xxii. 1935. 

Type species: Rhodocybe caelata (Fr.) R. Maire 

HABIT variable , collybioid , mycenoid, omphalioid, 
clitocyboid, tricholomoid, or pleurotoid; pileus pigmented 
or not. 

LAMELLAE adnexed, adnate, or decurrent , sometimes 
rounded to sinuate, sometimes initially ascending, gener-
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ally rather thin , often close or crowded, edges normally 
even and concolorous , pallid to medium colored , generally 
with a pinkish tinge; spore print pink to salmon grey , very 
pale to the color of a Rhodophyllus print or somewhat 
greyer. 

STIPE variable , following the habit , attachment gener
ally central. 

SPORES hyaline to pale stramineous in transmitted light, 
rough, warty or spinose , some almost smooth , sometimes 
rounded- angular to rather strongly angular in polar view 
(a minority of spores then also somewhat angular in profile), 
generally ovate to ellipsoidal, nonamyloid; BASIDIA four
spored or more rarely two-spored , without carminophilous 
granulation; CHEILOCYSTIDIA differentiated or absent , 
pleurocystidia differentiated or absent , sometimes arising 
from the gill trama and continuous or not with a system of 
conducting elements, not gleocystidioid nor macrocystidioid, 
not laticiferous , although often strikingly colored; GILL 
TRAMA strictly regular , consisting o f long filamentous , 
parallel or sub-parallel hyphae; PILEAL SURFACE consisting 
of filamentous hyphae forming a cutis , the3e hyphae gener
ally not at all interwoven but instead radially arranged; 
trama a nd pileal context with or without clamps; all tissues 
nonamyloid . 

HABITAT: Terrestrial or on wood , solitary to caespi
t o s e . 

MACROCHEMICAL REACTIONS: Gills and flesh of the cap 
are generally quite reactive and most collections are posi 
tive to alpha- napthol , guaiacol , tincture of guaiac, phenol, 
phenol-aniline , and ferric sul fate . In addition , there are 
variable or weak reactions with aniline , formol , and sulfo
formol . 

Maire (1925) defines Rhodocybe very narrowly and 
includes o nly those species having nonencursted , refractive 
pleurocystidia , roughened spores which are pink in deposit 
and not angular in any view; with a clitocyboid habit , and 
with definitely decurrent gills (no mention was made of 
clamps). Singer has emended the genus to include a wide 
variety of habits, and more variability in spore shape and 
ornamentation , as well as the absence of cystidia or their 
type, if present . He continues to emphasize the presence 
of pink spores, which are roughened , although never truly 
angular, and adds the absence of clamps as a dis·tinguishing 
feature. Unfortunately, in one of his largest sections 
(Nitellinae) in the genus, he includes as the type, a 
species with clamps . Therefore, I have included in 
Rhodocybe species with clamps and have followed Singer ' s 
system rather close l y while emending it to include 
those species that are clamped. At the same time, 
such an emendation draws the genus very close to Lepista , 
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which is usually distinguished from Rhodocybe by the 
presence of c l amps , the a bsence o f cystidi a of a ny kind , 
and by spores which are always uni nucleate . Since Lepista 
rarely approache s a col lybi oid h abit and i s so often l arge 
and fleshy , the dist i ncti o n between t he t wo genera can 
often be made o n t he macr oscopi c l evel for t he s ize of 
speci es that are included here i n Rhodocyb e . 

Key to the Section s of Rhodocybe 

1 . Species without any cysti d i a whatsoever , pileal f l esh 
some shade of orange or fulvous , at l eas t at maturi ty 
• • • . • • • • . • • • • • • • • • • • • • • • • . • • • • • • • • • . • • • . . . . . . . . • • • • . 2 • 
2 . Pil eus at first " hair brown" or "mummy b r own" , 

c hanging to "ochraceous - t awny" a nd " cinn amon
brown" , spores ovate to subg l obose , e chinuate . . . 
. . . . . . . . . . . . . . . . . . . Secti o n Echinosporae (p . 136 ) 

2 . Pileus u nchanging , some shade of r usty o r ange , 
fu l vous , deep cinnamon , b r owni sh yellow, or tan; 
spores generall y ellips oid , occas iona l ly ovate 
to subg l obose , coarsely r oughe ned to subangular 
especial ly in end view . . ..... . .. .. ... . .. . . ... . . . 
.. • . . . ... . ..... . . . ... Section Nitellinae (p . 138 ) 

1. Species with pleurocystidia , often very striki ng a nd 
col ored (rarely absent) , pil eus white or some s hade 
of grey or fuliginous- fusco us •••• • • • . ••••.•••••••.•• 
. . . . . . . . . . . . . . . . . . . . . . . . . . Secti on Rhodocybe (p . 145 ) 

Secti o n Echinosporae Le nnox nom . nov . 

Habitus collybi oideus , pileus pr i.mo fuscus vel atro
fuscus , in maturitate laete fulvoferrugi ne us , quasi "ochra
ceous tawny " vel " ci nnamon b rown "; cystidia desunt ; spor ae 
ovatae vel subglobosae , echinula t ae ; i n rel iquiis pu t r e 
factis fungorum carnosorum crescen s . 

Type species : Collybia olympiana Smith . Contrib . Univ . 
Mich . llerb . No . 5 : 13 . 1941. 

Habit collybioid, pileus some shade of grey or fuscous 
at first , changing gradually to rather bright reddi sh tones 
at maturity , near "ochraceous- tawny " or "cinnamon- brown"; 
no cystidia ; spores echinulate , with rather short , coarse , 
blunt-pointed projections , ovate to subglobose; o n decayed 
remains of fles hy fungi; with one species in t his area . 

Smith considers Coll~bia olbmpi ana very c l osely related 
t o Collybia tylicolor an Colly ia erosa of Europe , which 
have the same echinulate spores and color change from 
fuscous to reddish tones at maturity . However , the t wo 
latter species are now frequently considered in the genus 
~ophyllum (Kuhner and Romagnesi , 1953 ; Metrod , 1952) . I n 
contrast , at l east in the dried condition , the basidia of 
C. olympiana are no t carmi nophilous. 
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1 . Rhodocybe olympiana (Smith) Lennox comb. nov . Figure 1 
Basionym : Collybia olympiana Smith . Contrib. Univ . 

Mich. Herb . No. 5:13. 1941. 
I llustrations : 

Smit h , Ibid. , Plate I . 

PILEUS 1 - 2.5 em broad, convex or with a slight obtuse 
umbo when young , the margin incurved , becoming broadly 
convex, plane, or wit h a low obtuse umbo and a decurved 
margin in age, surface covered at first by a thin coating 
of silvery fibrils giving the cap a silvery appearance, 
"hair brown" to pale l ead color beneath the fibrils , gla
brescent or remaining faintly silky , the disk becoming 
"mummy brown" and the margin whitish or merely "avellaneous" 
over all , then g radually changing to bro\vn and finally 
becoming "ochraceous-tawny" over the marginal area and 
"cinnamon- brown" (bright reddish brown or rusty brown) over 
the disk , translucent- striate in age and then appearing 
hygrophanous , fading very slowly : flesh thin, soft, con
colorous with th~ surface, odor and taste strongly farina
ceous. 

LAMELLAE adnate, very pale whitish grey when young , 
slowly becoming sordid brown , edges even , close , 25- 27 
reach the stipe , t wo tiers of shorter individuals , broad and 
becoming ventricose (about 3 mrn) . 

STIPE 4- 6 em long , 2- 2 . 5 (3) mm thick , surface at f irst 
coated with pale silvery grey fibrils (similar to those of 
the pileus) and appearing greyish , sometimes minutely 
squamulose above, slowly glabrescent , becoming sordid tawny 
brown in age , base sparsely fibrillose to mycelioid and 
deeply sunken into the substratum: equal and flexuous , 
cartil aginous , hollow , no sclerotium present . 

SPORES 6-7 x 4 . 5 x 5 ~. broadly ovate t o subglobose, 
echinulate , hyal i ne, ra t her thick- walled , nonamylo id , .md 
white in deposit: BASIDIA 22- 28 x 7-9 ~m , four - spored , with 
l arge rather stout sterigmata , not carminophilous when 
tested in the dried condition: TRru4A of large diameter cells 
(7-25 ~), parallel, clamped , and slightly dextrinoid: no 
cystidia differentiated, PILEAL SURFACE a cutis of o nly 
slightly narrower cells and not gelatinized, sordid yellow
ish in iodine. 

MACROCHEMICAL REACTIONS: No data available . 

MATERIAL STUDIED : WASHI NGTON , Clallam Co ., Sm 14537 
(paratype - Crescent Beach): CANADA, ONTARIO , Sm 4527 (para
type - Lake Timigami) • 

This apparently very rare and very distinct species is 
difficult to place in any of the collybioid groups. Smith 
remarked that "the Ontario specimens were old when collect
ed , and the dark reddish brown colors caused me to place 
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them tentatively near Collybia nitellina"; this resemblance 
is still quite evident ~n those same specimens in the dried 
condition . It was this rather striking resemblance as well 
as the lack of a more suitable taxonomic position , that has 
prompted me to p l ace this species tentatively in the genus 
Rhodocybe. It , nonetheless , is strikingly different from 
the other species of the genus in the ornamentation of its 
spores , and according to Smith the spore print is white. 
It is conceivabl e that, as the carpophores are fairly small 
and fragil e , the spore deposit was thin and any pale pink
ish spore color would appear white . It is also possible 
that this species is closer to a Lyoehyllum , and perhaps 
the carminophilous reaction is lost ~n drying and with age. 
Until more information is availabl e on spore print color 
and carminophilous nature in the fresh condition of the 
basidia, this species will remain difficult to place. 

Section Nitellinae (Sing . ) Sing. Agar . Mod. 
Tax . Lilloa 22:308. 1949. (publ . 1951). 

Type species: Rhodocybe nitellina (Fr . ) Singer . 
Agar. Mod. Tax . p . 677 . 1962 

Habit collybioid, sometimes resembling a Hebeloma or a 
smal l Tricholoma; pileus some shade of rusty orange , ful 
vous , deep cinnamon, brownish yellow , or tan , not darker 
and with blacker tones in young specimens; no cystidia , or 
clavate and not exceeding the basidioles; spores coarsely 
roughened to subangular , especially in end view ; terrestrial 
or on wood. 

The species of this section seem somewhat heterogeneous 
in macroscopic character but are easily recognized by their 
small collybioid carpophores , pink spore print , roughened 
non-angular s pores and lack of cystidia . 

Key to the Species of Section Nitel linae 

1 . Carpohores fulvous or rusty colored throughout , 
terrcstr ial , solitary to sca ttered ... . ... . ....... . 
.... ....... . ... . . ....... Rhooocybe nitellina (p . 139 ). 

1 . Carpohores in part some shade of warm tan to pinkish 
buff , never a fulvous or rusty orange , generally o n 
wood , gregarious to caespitose ... . .. . ..... .. .. . ... 2 . 
2 . Carpophores uniformly tan or pinkish buff , re

sembl ing a small Hebeloma , spores ellipsoid , 
7- 10 X 4. 5- 6 ~· .... ... .. . ........ .. ........ . 
.. . . . . ..... . .. Rhodocybe rose iave llanea (p . 140). 

2. Carpophores not uniformly colored , having a warm 
tan cap , rosy- pink gills at maturity , and a pal 
lid to yellowish stipe; collybioid , spores sub
globose to ovate , 5- 6.5 x 4 . 5-5.5 pro • •• ••• • .•• 
. . . . . . . . . . . . . . . . . . . . Rhodocybe speciosa (p . 143 ) 



2. Rhodocybe nitellina (Fr . ) Singer , Agar . Mod . Tax . 
p. 677. 1962. Fi g ure 3 ; Plate I 

Basionym: Agaricus nitellinus Fries . Epic. Syst . 
Mycol. p . 80 . 1838 . 

Synonyms : Collybia nitellina (Fr. ) Qu~l. Les Champ. 
Jur. Vosges Soc . Ernul . Montb~liard, ser . 
II, 5 :434. 1875. 
Gtoropus sublatericius Murrill , N. Am. 
Fora 9(5) : 369. 1916. 
Collybia sublatericia (Murr.) Murr. Myco
logia 8:219. 1916. 
Rhodopaxillus nitellinus (Fr . ) Singer 
Oas System der Agar. , Ann . Mycol. 41 : 90 . 
1943. 

Illustrations: Fries , leones Hymenom., tab . 65 , f ig . 
l - 2; Britz , Hymenon, tab . 100 , fig. 525; 
Cooke , I llustr. Brit. Fungi, tab . 146. 
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PILEUS 1.2-3.7 cm, evenly orangish or pinki zh cinnamon 
(7E8 to 5B6), occasionally darker centrally , hygrophanous 
and changing colors only slightly (7C7 or 6C7) , convex be
coming p l ane , often centrally depressed , more rarely with 
a broad s hallow urn.bo , margin even,becoming frayed or almost 
crenate in large and old specimens; surface glabrous , moist, 
dull, translucent- striate for hal f the radius , margin be
coming somewhat plicate in older specimens , context very 
thin (l mm), concolorous, hygrophanous, rather tough, almost 
pliabl e; taste and smell strongly farinaceous . 

LAMELLAE pinkish buff (5A4 to 5A3) , or with a stronger 
i ncarnate tinge , occasionall y staining faintly yellowish 
where bruised, edges even, adnate to emarginate- uncinate , 
thickish , broad , 5 mm x 11 mm ,. subdistant, 28 gills reachi~ 
stipe apex. 

STIPE 2-6.4 em x 2-8 mm, concolorous with the cap or 
only slightly lighter, uniformly colored , equal , occasion
ally slightl y larger toward the apex , surface undulate to 
knobby , and with the fibers often t wisted, g l abrous above a 
fine appressed white coat of mycelium at very base, shining , 
terete to compressed in larger specimens , flexuous, solid 
with a somewhat lighter core , fragile to almost brittle. 

SPORES 7-11 x 4.5-6 ~. thick walled , coarsely rough
ened, sometimes rather fa int l y so, never appearing really 
angular either in pol ar view or profil e , rather dark salmon 
brown in deposit, ovate to e l l i psoid , nonamyloid; BASIDIA 
26- 33 x 6-8. 5 ~, elongated, expanded toward apex , rather 
narrow in lower half , occasionally entirel y four- spored, 
more often mixed, some collections with only two- spored 
basidia; no cystidia differentiated; GILL TRAMA parallel of 
short , broad , clamped cells , 4-19 pm in diameter , averaging 
10 ~, PILEAL SURFACE und ifferentiated or with only upper
most cel l l ayer somewhat narrower than the contextual 
hyphae, nonamyloid , not encrusted; CONTEXT composed of 
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entirely radial hyphae which are rather short and broad , 
10- 15 x 37-50 urn, nonamyloid. 

HABITAT: solitary, sometimes scattered ; in dense coni
fer woods; autumn or spring. 

MACROCHEMICAL REACTIONS: Gills and the f l esh of the 
cap react positively with alpha-napthol, and guaiacol . 
Reactions with t i ncture of guaiac and ferric sulfate are 
either faint or sporadic . 

MATERIAL STUDIED: WASHINGTON , San Juan Co ., W542, 
\'/1076, \U323, \'11748 (Friday Harbor Biological Station); 
Jefferson Co. , WlOll (Quilcene turnoff); Mason Co. , Wll75, 
(Staircase); Thurston Co ., W498 , Wl260; Skagit Co . , Wl694 
(Mineral Park) ; Snohomish Co., Wll48 (S. of Darrington); 
King Co ., Wll32 (McClellan's Butte); Pierce co . , Wl216 
(Ipsut Creek); Okanogan Co ., W637 (Early Winters Camp) ; 
Skamania Co. , \H276 (Cispus) ; IDAHO , Bonner Co . , W926 
(Chase Lake). 

2. Rhodocybe rose i avellanea (Murr.) Singer . Agar . Mod. 
Tax. : 677. 1962 . Figure 2; Plate I. 

Basionym : Pleuropus roseiavellaneous. 
Mycologia 30 : 367 . 1938 . 

Murrill. 

PILEUS 1 . 1-3.2 em, buff to a rufous tan (5A5 to 6D5) , 
uniformly colored or somewhat lighter toward center , sub
hygrophanous and hardly changing color; convex , then plane, 
often centrally depressed , margin reg ular and remaining 
inrolled or becoming straight; surface glabrous , never 
really moist or shining , dull- matte, sometimes appearing 
finely fibrillar under a lens, not translucent-striate, 
sometimes spl it , not frayed at the margin; context firm , 
tough , not pliable , somewhat corky , concolorous ; odor none 
to aromatic, taste f ruity to farinaceous . 

LAMELLAE tan to pinkish buff (5A2 to 6B3), broadly 
adnate emarginate , insertion variable, rather broad to very 
broad , 6 x 10 mrn , subcrowded, sometimes rather thin as well , 
edges concolorous and even but generally wavy and often 
splitting , 3-4 tiers, sharp-pointed towards the margin and 
blunt at the stipe, somewhat ventricose. 

STIPE 3.5-7 . 5 em x 2-9 mm , concolorous with the gills 
or somewhat darker (5A2 to 704) , uniformly col ored , equal 
or tapering slightly downward, terete to compressed , flexu
ous at the base, surface glabrous , dull , fine l y g rooved or 

PLATE I: a - Rhodocybe speciosa nom. prov. \Vl 5 0 2, xl ; b -
Rhodocybe roseiavellanea Wl294 , x 1; c - Rhodocybe nitel
lina , Wll75 , \Ul48, x 1; d- Rhodocybe aureicystidiata nom. 
prov. , Wl319, x 1 . 
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Figure 1 . - Rhodocybe olympiana , AHS . 4 527i Figure 2. -
Rhodoc~be roseiavellanea , t\11 295 ; .Figure 3 . - Rhodocybe 
ni tell1na, w!o76 . bas1dia and spores . 

Figure 4. - Rhodocybe speciosa nom . prov ., Wl533, basidium 
a nd spores ; Figure 5 . - Rhodocybe aureicystidiata , Wl 319 , 
basidium and spores . 
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striate occasionally, and then silky , not moist , base with 
a matted yellowish tomentum or without , generally very 
tightly adherent to the substratum by short white rhizo
morphs. 

SPORES (6) 7- 10 x 4.5- 6 ~. ovate to ellipsoid , rather 
coarsely roug hened , a minority of the spores appearing 
angular in polar view , rather thick- walled, monamyloid; 
BASIDIA 22- 31 x 5-7 ~, rather narrow, t h in- walled , non
amyloid, two- spored , four-spored , or more o fte n mixed , 
exceeding basidioles by 11 - 10 ).llll ; GILL TRAMA parallel, with
out clamps , hyphae 2- 15 ~ in diameter; no cystidia differ
entiated , or present but not appreciably different than the 
basidioles , PILEAL SURFACE undifferentiated or with a very 
thin cutis, sometimes encrusted or subgelatinized , without 
clamps, nonamyloid, the PILEAL CONTEXT more or less radial, 
averaging 4-8 pro in d iameter . 

HABITAT: Gregarious t o caespitose , on decayed wood or 
Douglas fir cones, sometimes terrestrial under redwood or 
fir . 

MACROCHEMICAL REACTIONS: Gills and t he flesh of the 
cap r eact faintly with guaiacol; reactions with su l foformol 
(yellow) and ferric sulfate (grey-green) were sporadic . 

MATERIAL STUDIED : WASHINGTON , San Juan Co ., Wl 294 
(Friday Harbor Biological Station); Kitsap Co., \'1950 (Sy
mington Lake), King Co. , Wl060 (Snoqualmie Pass); CALIFOR
NIA, Mendocino Co ., ~11335 (Woodlands Camp). 

The Washington and california material studied seem to 
agree fairly closely with t he Murrill description of this 
species ; it does differ in a number of characters and after 
examination of t he type and further study of variation in 
the species , it may warrant being given specific status . 
The Murrill Florida species is described as having adnate 
to short-decurrent, medium- distant gills , a stipe up to 1 
em thick and bulbous at the base , and spores which are pink 
but smooth and ovoid; no mention of clamps is made. In 
addition , this species occurred under l i ve oaks . A heavy 
reliance has been placed on the fact that Singer (1962) 
placed this species in the genus Rhodocybe ; presumably he 
had examined the type material and found the spores actu
ally to be rough-walled , and the carpophores lacking in 
c l amps. 

4. Rhodocybe speciosa nom . prov. Figure 4 ; Plate I. 

PILEUS 1.4- 3 em , tan or honey- brown (SCS to 5E5) , uni
formly colored, hygrophanous and drying in a streaked manner 
to a light warm tan (5B3 to 5C4); convex and becoming almost 
plane, even and symmetrical , sometimes shallowly depressed 
at the center , margin i nrolled to parallel with the stipe , 
not raised above the point of gill attachment ; surface even , 
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dry , and glabrous , occasionally appearing somewhat powdery , 
not translucent- striate; context rather thick , 2-3 mm , con
colorous , dry , firm- fibrous , almost tough ; odor faint to 
distinct and then farinaceous with a strong s weet tone, 
taste delayed farinaceous, strong . 

LANELLAE a lmost white in young specimens, turning 
rapidly pink or light pinkish orange (5A3 to 683 ) , edge 
concolorous , a nd eve n or serrulate, t hinnish and subdistant, 
48- 56 lamellae reaching stipe apex, 4-5 tiers; b road , 
7 x 1 3 mm, consistency rather soft , sharpl y sinua te b ut 
attached broadly, amost uncinate but never appearing sub
decurrent , easil y seceding ; hard ly ventricose and blunt
pointed both at the margin and stipe . 

STIPE 3-4 .5 em x 3- 8 mm , light yellow to pale orangish 
(5A4 or 584) at the apex , uni form or darke ning slightly 
downward (585), perhaps yellowing in handling; e xpanded 
just at t he top and base , equal between, surface moist but 
rather dull , thinly powdery- pruinose at the apex , appearing 
finely silvery- fibrillar streaked midway and especia lly 
in drying , wi th a white matted basal tomentum , flexuous , 
solid t o hollow, terete or compressed in larger specimens, 
frequently connate at the base , without rhizomorphs . 

SPORES 5-6. 5 x 4. 5- 5 . 5 ~, subglobose to broad l y ovate , 
coarsely roughened or wrinkled- angular , appearing angular 
in polar view and occasionally in profil e as well , rather 
thick- walled, nonamyloid, deep pink to salmon brown in 
deposit (7C6) ; BASIDIA 24 - 31 x 7- 8.5 ~' four - spored , 
cylindrical to abruptly expanded in upper half, no namyl oid 
and noncarminophi lous; GILL T~~ paralle l and CLAMPED, 
nonamyloid , 3- 12 ~in diameter , faintly encrusted (?) , with 
a very narrow s ubhymenium; PILEAL SURFACE undifferenti~ted , 
surface hyphae somewhat enlarged over those of the context 
(6-10 ~, averaging about 7- 8 ~ i n diameter) , radial , 
thinly encrusted , almost cystidiate but e ntirely r epent, 
nonamyloid and clamped; PILEAL CONTEXT of rather compact 
hyphae 3- 8 ~ in diameter (average about 5 ~) , nonamyloid; 
no cystidia differentiated , basidioles sometimes appearing 
rather vesicular and cystidiate . 

HABITAT: Gregarious to caespitose on decayed wood in 
coniferous woods. 

MACROCHEf'IICAL REACTIONS : Gills and flesh of the cap 
react posit i vely with a niline (peach p ink ) , phenol , phenol
aniline , and fer ric sulfate . There was variability i n 
reactions to tincture of g uaiac , formol ( ~ ills reddish) , and 
sulfoformol (olive) . 

MATERIAL STUDIED : \'IASHINGTON, King Co ., \-11533 (Den ny 
Creek) , Wl502 (Snoqualmie River near North Bend) ; Pierce 
Co . , Wl 701 (Tahoma Creek , Mt . Rainier National Park ) . 

This is a handsome species of Rhodocybe which is easily 
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characterized by its pink gills , yellowish stipe , fragrant
farinaceous odor and taste, subglobose subangular thick
walled spores , and its reactions with aniline , phenol, and 
phenol-aniline only , which is unusual since most Rhodocybes 
react with guaiacol, and a l pha-napthol as well. 

Secti on Rhodocybe Singer . Agar Mod . Tax .: 
678 . 1962. 

Type s pecies: Rhodocybe caelata (Fr . ) Maire . Bull . 
Soc . Mycol . Fr . 40 : 298. 1925 . 

Pileus variously colored, habit collybioid to clito
cyboid , p leurocystidia present , striking , colored, often 
continuous with a conducting system in the trama , spores 
roughened , not subangular, without clamps . 

The species of this section probabl y form a natural 
unit, and are easily distinguis hed on a microscopical basis. 
There is one species of the section in t his area . 

5 . Rhodocybe aureicystidiata nom prov . Figure 6; Plate I. 

PILEUS 1.4-2. 4 em , dark fuscous brown , hyrophanous and 
drying somewhat lighter (SFS , then 5E4) , stains dark red 
where bruised or decayed , this reaction easily overlooked 
due to the dark color of t he carpophores; convex and then 
plane and then shallowly depressed , margin even and remain
ing inrolled at maturity , surface moist , glabrous, d rying 
dull-matte , context concolorous , firm , rather thin , almost 
tough ; taste and odor none. 

~~LLAE almost concolorous with the drying cap , orwith 
a str onger pinkish tone (5C4) , broadly adnate to shallowly 
emarginate- uncinate, not really appearing subdecurrent at 
maturity , eas ily seceding , blunt - pointed at the stipe , 
somewhat pointed toward the margin, rather thick and dis 
tant, 20- 24 lamellae reaching stipe , broad , 7- 8 mm x 4 mm , 
consistency brittle , edges even but somewhat lighter. 

STIPE 4 . 5 - 6 em x 2- 3 mm , darker than drying cap , 
fuscous brown (6F3 ) , staining dark reddish where bruised 
or with age , equal , strict or flexuous , surface moist , 
shining and glabrous , with a white appressed fibrillose mat 
at the base , solid , f i rm , somewhat pliant , not really 
tough . 

SPORES 7- 8 . 5 (11) x 3 . 5- 5 . 0 pm, ellipsoid, coarsely 
roughened , not angular in polar view or profile , nonamyloid , 
thick- walled , with a long, sharp apiculus; BASIDIA 27 - 34 x 
6- 7 ~. elongate , four - spored; GILL TRN1A parellel , without 
clamps , with laticifer- like conducting elements filled with 
yellowish refractive granular material , composed of hyphae 
3- 16 pro in diameter , with a rather deep interwoven subhymen
ium , nonamyloid; CHEILOCYSTIDIA and PLEUROCYS'l'IDIA similar , 
abundant , striking , occasional ly continuous with the con-
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Figure 6. - Rhodocybe aureicystidiata nom. prov . \Vl3l9, 
cheil ocystidia (c) , pleurocyst1dia (p). 
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ducting system of the trama , filled with yellowish , refrac
tive , granular material, clavate- acuminate to filamentous, 
39- 60 x 5- 7 ~. nonamyloid ; no other cystidia differenti
ated; PILEAL SURFACE a cutis of narrow repent, radial 
hyphae , intergrading with the contextual hyphae in size and 
compactness , encrusted in irregular patches giving the wall 
a beaded appearance i n profile , 1- 4 pro in diameter; CON
TEXTUAL HYPHAE mostly radially oriented, rather compact , 
and composed of hyphae 4- 20 pro in diameter; STIPE composed 
of hyphae oriented longitudinally, narrow , 2-3 ~india
meter on the outside, l ess compact toward the center, thin
walled (less than 1 prn) , not encrusted , without clamps. 

HABITAT : Scattered to solitary under conif~rs. 

MACROCHEMICAL REACTIONS : Gills and flesh of the cap 
react positively with aniline (apricot orange) , alpha
napthol, guaiacol , tincture of guaiac , formol (olive green), 
sulfoformol (orange yellow), phenol (faint, orangi sh), 
phenol- aniline (apricot) , and ferric sulfate . The cystidia 
and conducting elements of the trama were sulfobenzaldehyde 
negative . 

t-tATERIAL STUDIED: WASHINGTON , Thurston Co. , \'71319 
(Miller- sylvania) ; CALIFORNIA, Mendocino Co. , Wl28 (15 mi. 
N. of Willits); Humboldt Co. , Wl69 (Patrick Point State 
Park). 

This species is very close to t he type species of the 
genus , Rhodocybe caelata (Fr . ) Maire , and the microscopic 
characters seem to differ only in one respect : the cystidia 
of R. caelata are much longer (60-80 x 6-7 pro) . From a 
macroscop~c v iew however the two species appear to diverge 
rather markedly: while R. caelata has greyish colors on 
the cap and stipe , these-lack the dark fuscous, almost 
black tones found i n R. a ure icystidiata; R. caelata is also 
described and illustrated by t-taire (1925 as being deeply 
umbilicate , having pinkish buff gills which are deeply de
current even in immature specimens, lacking the dark red
dish staining reaction, and occurring under hardwoods, 
especially Quercus - al l characters distinctly different 
f rom those of R. aureicystidiata nom. prov. 

1944. 
[ALL I STOSPQR I ut1 Singer . Mycol. 36:363 

Synonyms: Collybia Kummer pro part e . FUhr . Pilzk . 
p. 26 . 1881. 
Gymnopus Roussel . Fl. Calvados ed. 2 p . 62. 
1806. 

Type species : Callis t oporium palmarum (Murrill) Singer. 

PILEUS collybioid , convex and then plane , either umbili
cate or umbonate , but not strongly so; context generally 
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thin and firm; pigmen tation in the f resh condition some 
shade of yellow or tan with a strong olivaceous tone , hygro
p hanous, changing to a dark vinaceous brown in the dry 
condition; odor frequently fari naceous , taste generally 
strong . 

LAMELLAE adnexed to adnate , concolorous with the cap or 
yellow, edges concolorous and even , often with a rather 
waxy appearance , thick and subdistant, spore print white , 
sometimes changing in drying to a fai n t f l esh color . 

STIPE concol orous wi t h the cap , central, equal, faintly 
fibril lar- streaked to a l most scurfy , generally rather tough, 
not pliant , changing like the cap to a dark vinaceous brown . 

SPORES subg l obose to ellipsoid , at least 4 x 3 . 5 pro , 
hyaline in the fresh condi tion, pigmented in the dried 
condition , the pigment i ntracellular and discrete or dis 
persed , stramineous to vinaceous , generall y darker a nd more 
vinaceous in 3% KOH , presen t in a small percentage of the 
spores ; BASIDIA four- spored , some pigmented like the spores; 
CHEILOCYSTIDIA general absent , if presen t then filamen t ous 
to clavate , generally somewhat irregul ar and contorted, hya
l ine, r a r ely l onger than the basidia; no PLEUROCYSTIDIA ; 
PILEOCYSTIDIA differen t iated or more rarel y absent, clavate 
to f ilame n tous , grouped or scattered; PILEAL SURFACE a 
cutis of radial , repent, pigmented hyphae , somewh at smaller 
t han those of the context ; LACKING CLAMP CONNECTIONS . 

HABITAT : Solitary to caespitose on much decayed wood 
i n mixed o r conifer ous woods. 

~~CROCHEMICAL REACTIONS: The species of t his r egion 
r eact very faintly or not at a ll wi th most spot tests 
employed . Ferric sul fate tends to deepen the greenish color 
of the carpophores , and sulfoformol makes them yel l ower. 

This genus is e asily differentiated from other gene ra 
by its collyb ioid, lignicolous habi t , striking col or change 
from the fresh to dr i ed cond i tion, the intracellular pig
ment , and the lack of c lamp connecti o n s . 

Key to t he Callistosporium Species 

1 . Pil e us general ly smaller than 2 ern , convex , marg in 
remaining inrolled , not centrally depressed , spores 
6.5-8 x 4 - 5 }lll\ • •• • •• • •••••• C. graminicol or (p . 152) 

1 . Pileus often l arger than 2 em at maturity , convex 
and then plane , generall y shallowly umbilicate to 
cen trally depressed , spores 4-5 . 5 x 3 . 5-4. 5 pro .• • • 
. . . . . . . . . . . . . . . . . . . . . . . . . £ . l uteo - o l i vaceum (p. 148 ) 

6. Call i stosporium luteo- olivaceum (Rerk. & Curt . ) Si nger. 
Lilloa 22 :23 3 . 1951 . Figure 7 , P l ate II. 
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Figure 7. - Callistosporium luteo- olivaceum, Peck .type , 
basidium, hyphae and spores; Wll56, cyst1dia on pileal 
surface (p), cheilocystidia (c). 
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Basio nym : Agaricus lu t eo-olivaceus Berk . & Curt . 
Ann . Mag . Nat . H~st. IV , 3:286 . 1859. 

Sy nonyms : Collybia luteo-olivacea (Berk . & curt . ) 
Sacc . Syllo . Fungorum 5 : 215. 1887. 
Collybia colorea Peck . N.Y. State Mus . 
Rep. 26, 1874. 
Callistosporium psil ocybe Murr . & Singer. 
Mycologia 36 : 363 . 1944. 

Illustrations: Lloyd , Mycol. Notes 5(1900 ) , p. 37 , 
fig 8 (as Collybia colorea). 

PILEUS 1.5- 6 . 5 em , averaging 3 em , at f irs t a decided 
dark olive green (5F7), hygrophanous and changing slowly to 
more brownish tones (5E6 , 5E7, and 506) , finally a golden 
olive to gol den brown (4C5 ) ; b ecoming a dark vinaceous or 
vinaceous cinnamon (9F7) through drying; convex, becoming 
expanded and p l ane to shallowly umbilicate , more rarely 
shallowly umbonate , margin at first scarcely involute , soon 
plane , entire and even; surface at first entirely covered 
with a pruinose bloom of fine tomentum , soon glabrescent, 
smooth and even, nearly lubricous to matte when fresh and 
moist; context thin and firm , not p liant-tough ; smell 
pungent , resinous to aromatic, like rotting pears or moldy 
cinnamon , taste mild, farinaceous - fungoid . 

LAMELLAE golden yellow (4A4) , abruptly sinuate , unci
nate , tapered and pointed toward the margin , subventricose , 
sometimes moderately broad , 5 -6 x 12-20 mm, somewhat close, 
40- 52 reaching stipe apex , 4 tiers , rather thin . 

STIPE 2.7 - 6 (7) em x 3- 9 mm , concolorous with the cap 
the entire l ength or somewhat darker in the lower hal f 
(5E7), with a thin , appressed sulphur yellow tomentum at 
the very base ; equal or s l ightly e xpanded at the apex , 
sometimes terete , us~ally f lattened; surface even , dry , 
when young entirely pruinose- tomentos e with a b l oom like the 
pileus , retaining this downward , becoming glabrous or 
sparsely fibrillose above , hygrophanous and then becoming 
streaked; base concrescent with the rotten wood , hollow, 
context tough , elastic, hygrophanous, dark o livaceous , the 
cavity lined with looser bright sulphur yellow material . 

SPORES subglobose to broadly ovate , 5 . 0 - 6.5 x 3- 4.5 ~, 
with a prominent apiculus a nd l- 2 g uttulae , a minority con
taining a discrete or dispersed pigment , visible in examina
tion only of dried material, straminous to vinaceous in 
transmitted light , darker vinaceous i n 3% KOH , noncarmino
philious , nonamyloid; BASIDIA 22- 30 x 6- 7 . 5 ~. four-spored , 
noncarminophil ous; CHEILOCYSTIDIA generally p r esent, incon-

PLATE II - ; a - Caulorhiza umbonata, Wl338, x l; b - Callis
tosporium grarnini color, Wl713 x 2; c - Callistospor~urn 
luteo- o l ivaceum, Wll56 , x 1. 
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spicuous, clavate to filamentous , usually with a contorted 
appearance , sometimes sparingly branched , rarely exceeding 
the basidia, 10-39 x 2.5 - 5 ~. hyaline; PLEUROCYSTIDIA not 
differentiated; PILEOCYSTIDIA present or absent (especuuly 
in older specimens) , clavate to fi li form , hyaline, not 
encrusted , often grouped, arising directly from the cutis 
surface as swollen and upturned hyphal ends , 5- 25 x 26 ~; 
PILEAL SURFACE a cutis of radial, repent hyphae 2- 4 ~ in 
diameter , filled with pigment , overlying larger , l ess com
pact , unpigmented hyphae of the context 3-7 ~ in diameter; 
GILL TRAMA parallel, regular , of hyphae 4-13 ~ broad. 

HABITAT: On much decayed wood , often buried , in mixed 
or coniferous woods , scattered to caespitose. 

MACROCHEMICAL REACTIONS: Ferric sulfate deepens the 
olive color of the carpophores, and sulfoformol lightens 
and yellows the color . 

MATERIAL STUDIED: WASHINGTON, Grays Co . , \-H321 (Twin 
Harbors State Park) ; King Co. , Stz 1453, 1454 (University 
of Washington campus) , W540 (Mercer Island), Wll56 (Water 
Main Woods) ; Skagit Co ., W496 (Bowmans Bay); NEW YORK 
(North Green bush) , Peck Type (Collybia colorea var . rube
scentifolia) . 

This species is closely related to the following species 
and is best distinguished by its smaller, more ovate or 
globose spores . In addition, it is generally much larger 
and more robust, the gills and stipe more olive than gol den, 
the stipe hollow, the gills are thinner and more crowded , 
cheilocystidia although inconspicuous are generally pre
sent, and it rarely occurs solitarily. 

7 . Callistosporium graminicolor Lennox sp . nov. Plate II. 

PiJeus 1.2- 1.8 em latus, f lavobrunneus, hygrophanus, 
convexus, dein planus sed nee depressus nee umbilicatus , 
pagina pilei sicca vel humida, glabra vel pruina tenui 
obtecta; odor farinaceus vel aromaticus , sapor amarus; 
lamellae aureae, sinuatae , aliquantum latae, subdistantes, 
ceraceae . STIPES 2.7-3.5 em longus , 2- 3.5 mm crassus , 
aureus, in medio infero fuscatus , ad basim tomentum tenuem 
aureum praebens , aequalis , teres , solidus . sporae 6-8 x 
4- 5 . 5 m~ , ovatae, inamyloideae , in sicco pigmentum vinaceum 
praebentes . Basidia 20-27 x 6-7 m~ , tetraspora . Cheilo
cystidia et pleurocystidia desunt . Trama lamellarum 
parallela , efibulata . Pagina pilei e cute hypharum angus
tarum repentium radiantum constanti , in sicco pigmentum 
vinaceum praebentium. Holotypus W626, herbaria Universa
titis Washingtoni conservatus. 

PILEUS 1 . 2- 1 . 8 em , yellow brown to f uscous yellow brown 
on the disc , 5E6 to SE8 , hygrophanous and becoming more 
yellowish and less olivaceous in drying, 4D4 to 4C6; convex 
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and then plane , margin rerna~n~ng strongly inrolled, never 
straight, regular ·and symmetrical, neither umbilicate nor 
umbonate; surface dry , occasionally waxy- moist , coated with 
a very fine pruinose bloom, appearing g labrous whe n quite 
moist and with age , smooth and even , context firm, con
colorous, moderately thick , 1- 2 mrn . over the disc; smell 
farinaceous to aromatic or like eucalyptus, taste bit ter or 
acrid , becoming farinaceous later . 

LAMELLAE amber yellow to golden yellow, 486 to 587, 
abruptly sinuate , occasionally approaching emarginate , not 
uncinate , bluntly pointed both at the stipe and cap margin , 
ventricose, rather broad , 6 x 2 . 5 rnrn , subdistant , 28 reach
ing the stipe apex, 4 tiers , edge even and concolorous, 
consistency somewhat soft and generally waxy although not 
especially thick. 

STIPE : 2 . 7-3.5 ern x 2-3 . 5 mrn , golden yellow and con
colorous with the gills for most of the length , darkening 
in the lower half with age and probably with handling (SE7); 
faintl y yellow powdery at the very base with a very f ine 
appressed scant tomentum (3A4); tapering downward or equal , 
terete , never compressed or flattened; surface dry , naked 
to sparsely clothed with a pruinose tomentum toward the 
base , subhygrophanous , f l exuous at the base, solid and 
rather toug h , context concolorous. 

SPORES 6- 8 x 4- 5 . 5 ~, broadly ovate , lacking any 
marked suprahil ar depression , apiculus prominent , unigut
tate, nonarnyloid, a minority containing a discrete or dis
persed necropigment, visible in examination of dried mater
ial , strarnineous to light vinaceous in transmitted light , 
darker vinaceous in 3% KOH , t he pigment and reaction with 
alkaline occasionally very weak in some collections , non
carminophilous; BASIDIA 20-27 x 6- 7 ~. four - spored non
carrninophilous; PLEUROCYSTIDIA and CHEILOCYSTIDIA not 
differentiated ; GILL TRAMA regular and parallel , without 
clamps; PI LEAL SURFACE a cutis of radial, repent , narrow 
hyphae filled with necropigment and overlying the larger, 
less compact hyphae of the context , these unpigmented and 
rather strongly constricted near the end walls, giving a 
catenulate appearance to the hyphae , CLAMPS absent both in 
the surface a nd context cells. 

HABITAT: On much decayed wood in mixed woods , solitary 
to scattered. 

HACROCHEMICAL REACTIONS : Ferric sulfate deepens t he 
olive color of the carpophores , and sulfoformol lightens 
and yellows the color. There were, in addition , faint and 
ambivalent reactions with alpha- napthol and tincture of 
guaiac. 

~~TERIAL STUDIED : WASHINGTON, King Co ., W626 (Lee 
Forest) , Wl706 (Seattle, Carkeek Park) , Wl713 (Totem Lake) . 
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CAlli ORHIZA Lennox nom. nov. 

Habitus collybioideus, pileus 4- 8.7 mm latus , ful vus, 
conicus dein planus, umbonatus , plicato- striatus , glaber; 
odor atque sapor haud proprius; lamellae pallide ocraceae, 
crassae, crebrae . Stipes 4 . 5 - 23 em longus , 8-14 mm crassus , 
magis pallidus quam pileo , bubalinus , supra superficiem 
terrae aequalis , infra superficiem a ngustatus , per quasi 
dimidium longitudinis infossus , glaber vel canescens , 
impolitus, cavus , fibrosus . Sporae 5 . 5-7 . 0 x 3.0-3.5 mp , 
ovatae vel ell ipsoideae , laeves , hyalinae, amyloideae; 
pleurocystidia clavata , tumida , 60- 82 x 11-14 m~; pagina 
pil ei e cute l axa pileocystidiis clavatis , per zonam 
subcellulosam subtenta, fibul as praebens . 

Type species: Caulorhiza umbonata (Peck) Lennox comb. 
nov. 

PI LEUS 4- 8 . 7 em broad, light tawny to tawny grey , hygro
phanous , broadly campanulate or conic, expanding to almost 
plane, with a prominent umbo , margin f rayed or split , 
p licate - striate , glabrous ; LAMELLAE light ochraceous , deep
ly sinuate , broad , thick, crowded; STIPE 4.5-23 em l ong , 
8-14 mm broad, paler than the cap , light tawny to buff , 
equal above ground , tapering downward f r om ground level, 
glaucous or powdery , finely striate , hollow, fibrous, 
rooting for one half of its length ; SPORES 5.5- 7 . 0 x 3 . 0-
3 . 5 pro; ovate to ell ipsoid , smooth , thin- walled , amyloid; 
PLEUROCYSTIDIA 60-82 x 11-14 ~; c l avate-inflated ; PILEAL 
SURFACE a cutis with pileocystidia subtended by a subcellu
lar layer , clamped . 

8 . Caulorhiza umbonata (Peck) Lennox comb . nov. 
Figure B, Plate II. 

Basionym: Collybia umbonata Peck. Torrey Botanical 
ClUb . Vol . 31(4) : 178 . 1904. 

PILEUS 4-8.7 ern broad , light tawny or tawny grey (608) , 
d arker at the center and at extreme margin (7F8) , hygro
phanous and drying lighter; broadly campanulate or conic , 
expanding to almost p lane, with a sharp prominent umbo , 
margin at first even , later frequently frayed or split , 
irregularly plicate- striate for one third the radius; sur
face glabrous , dull- translucent when moist , sublubricous , 
moist- striate , drying matte; context somewhat thick , usu
ally 2 mm over the disc , consistency rather soft and l imp; 
odor faint , f ungo id , taste none or musty. 

LAMELLAE light ochraceous (4A3) , narrowly adnexed , 
deeply sinuate , becoming emarginate , blunt-ended at the 
stipe , rounded towards the cap margin, broad all the way to 
the cap margin, thick , crowded , 80 lamellae reaching stipe , 
40 x 9 mm , edge even and concolorous . 
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Figure 8 . - Caulorhiza umbonata , Peck type , basidium and 
spores , cheilocystidia (c); wl22 , pileal surface (p). 
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STIPE 4 . 5-23 em long, 8-14 mm broad , paler t ha n the 
cap , almost t he shade of the g ills, light tawny to buf f 
(4A3 t o 583) , equal above ground , then tapering downward 
from ground level, surface even , faintl y glaucous or pow
dery , glabrescent with age and handling , covered by adher 
ing soil and duff particl es in the lower hal f , very f ine l y 
striate- grooved, dull-matte; hollow , terete or somewhat 
compressed, quite f ibrous, slightly flexuous , with a dis 
tinct rind , pall id wi thin , rooting deeply into the soil or 
duff , usually buried for at least half the l e ngth, without 
rhizomorphs or a sclerotium . 

SPORES 5.5- 7.0 x 3 .0- 3.5 pro, ovate to broad ly ellipsoid , 
smooth , thin-walled , hyaline, amyloid , white i n deposit; 
BASIDIA 23- 27 x 4- 5 . 5 gm , rather lor.g a nd slender, noncar
minophilous , often constricted slightly below the apex as 
basid ioles , becoming more clavate at maturity , four - s pored ; 
n o cheilocystidia differentiated ; PLEOROCYSTIDIA scattered 
to abundant, clavate-inflated , often pedicellate and aris
ing rather deep i n the trama , thin- walled , nonencrusted, 
hyaline , 60- 82 x ll- 14 ~; PILEAL SURFACE a thin cutis of 
narrow , repent hyphae , g iving rise to dermatopileocystid i a , 
these scattered , often inconspicuous , c l avate to subclavate, 
hyaline , thin-walled , 25-33 x 6-10 gm; the cutis subtended 
by a subcellular zone appearin g more or less radial ; CON
TEXT of radially arranged , c ompact hyphae , no.namyloid and 
c l amped ; GILL TRAMA parallel to slightly bilateral , com
posed of rather narrow compact hyphae . 

MACROCHEMICAL REACTIONS: Gil ls and flesh of the c ap 
react positive l y wi t h alpha- napthol, guaiacol,sulfoformol 
(faint, yellowish) , p heno l, pheno l-aniline , and ferric 
sulfate . 

HABITAT : Scattered under redwoods in very dense conifer 
woods ; i f present in \'lash i ngton, probably introduced wi t h 
its mycorrhiza l partner . 

MATERIAL STUDIED: CALIFORNIA , Marin Co . , W611 (50 
miles N. of San Francisco) ; Mendocino Co. , Wl22 (15 miles 
N. W. of Willits , on Hwy . 20) , Wl338 (Woodlands Camp) . 

This species varies deceptively in color and somewhat 
in the robust char acter of cap and stipe. Sometimes it 
resembles Phaeocollybia kaufmannii rather closely, except 
for the gill color , ana has a rather reddish dark f ulvous 
coloring , robust sti pe, and firm cap with a thick conte xt. 
In other i nstances , it more closely r esembles Oudemansi e l la 
radicata , which has a g lycerine soap appearance on the cap , 
no namyloid spores and abundant caulocystidia . 

The habi tat under redwoods , the l ong radicating stipe , 
presence of pleurocystidia , a compl ex pileal surface , and 
amyloid spores sets this species apart. 
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CL!TOCYBULA (Singer) Metrod , Rev . 
Mycol . 17 : 74 . 1952 . 

Synonyms : Fayodia subgenus Clitocybula Singer . Ann 
Mycol. 41:63 . 1943 . 
Cantharel l ula subgenus Neocantharel l ula 
Singer. Sydowia 6 :1 94 . 1952. 

Type species: Clitocybula lacera tus (Scopoli per 
Pollini) Me trod . 

HABIT collybioid to clitocyboid , PILEUS g rey to tan , 
convex becoming plane, oft e n centrally depressed or umbi l i 
cate, marg in even or frayed, sur f ace dry to lubricous, sub
glabrous to virgate- streaked with blackis h fibrils , at 
least on the disc , general iy not tran s luce n t - striate , sub
hygrophanous or unchanging; context thin, generall y brittle , 
whitish; odor and taste not distinctive. 

L~lliLLAE generally ad nate to subdecurrent , whitish to 
greyish , edge even or frayed , thin, usu3lly rather close . 

STIPE white to plae grey or tan, equal, generally rather 
s l ender, surface dull and clothed thinly wit h a powdery
pubescence , fibrous , often rather soft , not rooting a nd 
without rhizomorphs . 

SPORES amyloi d , smooth , globose or subglobose to ovate 
or e ll ipsoid , white in deposit ; PI LEOCYSTIDIA and CAULOCYS
TIDIA present although f requently scant , chei l ocystidia and 
p l eurocystidia not differentiated ; PILEAL SURFACE generally 
a cutis of radial , narrow , repen t hyphae , the pileocystidia 
arising innately as the upturned and rounded ends of the 
surface hyphae , or cystidioid , context of l arger diamet er 
hyphae , freqnuently rather thick walled , clamped and non
amyloid . 

MACROCHEMICAL REACTIONS : Data are available only o n 
o ne of the species, which reacts with most of t he reagents 
used. 

HABITAT: The carpophores are l ignicolous and associa
ted either with hardwoods or conifers , sometimes both. 
They are frequently found in t ight caespitose clusters , 
a l though one of the species is character i zed by a gregari
ous habit. 

Key to the Clitocybula Spec i es 

1 . Cap smooth , subglabrous , not fibrillose , lubricous-
moist , spores globose and 3. 5-5 ~broad ..... . ... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. familia (p . 158 ) 

l . Cap innately radiate- fibr i llose with blackish fib
rils , at least on the disc , grey to fuscous , dry 
in all stag es , spores ovate ( 4 . 5-8 ~long) .... .. . 2. 
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2 . Pileus medium sized, 3-6 em generall y at 
least 4 em at maturity or a few carpophores 
in any one collection attaining this size , 
gills greyish, cap margin conspicuously 
lacerate, spores 6- 8 x 4.5- 5 ~ . ... ... ... .. . . . 
. . . .. .... . . . .... . ...... .... . C. l acerata (p. 159) 

2 . Pileus rather small , generallY less than 4 
em in diameter , gills whitish, never really 
pale grey, cap margin sometimes frayed in 
o lder specimens, spores 4 . 5- 6.5 x 3.5- 5.0 ~·· 
. . ......................... C. abundans (p. 161) 

9. Clitocybula familia (Peck) Singer. 
1961. 

Sydowia 15 : 53 . 
Plate III. 

Basionym: 

Synonyms: 

Agaricus familia Peck. Ann . Rep. N. Y. 
State Mus . 23 : 79 . 1873. 
Collybia familia (Peck ) Sacc. Syll. Fung. 
5:241. 1887 . 
Gy;no~us familia (Peck) Murrill. N. Arner. 
F . :365 . 1916. 
Baeospora familia (Peck) Singer. Re. Mycol. 
3 : 193. 1938 . 
Fayodia fami lia {Peck) Singer. Agar. Mod. 
Tax. p. 349. 1951. 
Gymno~us denticulatus Merrill. N. Am . Fl. 
Vol. (5) : 368. 1916. 

Illustrations: Singer, Sydowia 15:53. 1961 Figs. 2, 
15, 16; Bigelow , Mycologi a 65:1105. 1973 . 

PILEUS up to 4 em broad, yellowish tan to honey colored 
(4A3 to 505), darkest at the center and intergrading with 
the margin , a lmost white in a narrow band on the margin, 
subhygrophanous and drying slightly lighter and more grey
ish, generally in a radial ly streaked fashion; convex or 
hemispheric , becoming plane, usually with a low broad umbo , 
margin at first strongly inrolled, remaining somewhat in
rolled at maturity or becoming straight , even; surface 
regular , smooth, subglabrous , with a thin pruinosity under 
a lens, giving a slight frosted appearance, moist- lubricous, 
occasionally translucent-striate; context thin (1-2 rnm on 
the edge of the disc), cartilaginous and brittle when moist , 
concolorous; odor faint, rather sweet , somewhat like tea, 
taste none or faintly fungoid. 

L~lliLLAE white , broadly adnate, then sharply sinuate 
and later nearly f r ee , slightly uncinate , pointed both at 
the margin of the cap and the stipe , ventricose , very thin, 
close , 48-56 lamellae reaching the stipe, 3 - 4 tiers of 
lamellulae , rather broad, 12- 16 x 3- 4 mm , edge entire and 
concolorous. 

STIPE 2 .2-11 em long, 2 . 0- 5.0 mm broad, long relative 
to the cap size, narrow , pallid to pale g reyish (4C3 or 
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lighter ) , sometimes spotting faintly pale ferrug inous , 
yellowing markedly on drying; markedly equal and strict for 
most of the length , occasionally with an undulate surface, 
often flared j ust at t he apex ; moist , powdery- evanescent 
like the cap , especially evident on drying , short strigose 
to appressed- tomentose in a narrow white band at the base ; 
terete , hollow, cartilaginous , splitting easi l y longitudi 
nally , concol orous wi thin . 

SPORES 3 . 5- 5.5 x 3 . 5- 4 . 5 ~~ g l obose to subglobose , 
s mooth , thin- walled, readily collapsing, hyaline, amyloid, 
white in deposit; BASIDIA 15-22 x 4.5-6 ~~ four- spored ; no 
pleurocystid ia or cheilocystidia differentiated ; PILEAL 
SURFACE a cutis of narrow (1- 5 ~broad) , r epent , radial ly 
oriented hyphae i n a zone about 10 urn in depth , not en
crusted; PILEOCYSTI DI A scattered o n the disc , cylindrical or 
fuso id or clavate , 22.5-80 x 7 . 5-15 pro , hyaline and thin
wa lled ; CONTEXT composed of radial hyphae of t wo distinct 
sizes , small hyphae of 5 urn or less in diameter and larger 
inflated cylindrical thick- walled hyphae 3-10 ~ broad , 
nonamyloid , clamped; GILL TRM1A parallel , of large dj_ameter 
hyphae , 2-13 pro broad , aver aging 7 ~, c l amped , nonamyloid ; 
CAULOCYSTIDIA fascicu l ate, subcylindrical or clavate or 
nearly bulbous , thin- wal led , hyaline, 18- 60 (100) x 2- 12 
~. nonamyloid, not e ncrusted 

~~CROCHEMICAL REACTIONS : Gill s and flesh o f t he cap 
react with aniline (yellow to red) , alpha-naptho l , guaicaol , 
tincture of guai ac, sulfoformol (yellowish) , phenol, and 
phenol- ani line (dark red to purple black). 

HABITAT : Caespitose on logs a nd stumps of conifers . 

HATE RIAL STUDIED : \'lASHINGTON , Skagit Co . , Nl 69 3 
(Mineral Park Campground ) ; King Co ., W972 , Wl668 (Dalles 
Creek Campground) ; Pierce Co . , Wl703 (Tahoma Creek , Mt. 
Rainier Ntl. Pk.) ; NEiv YORK , North Elba , Nov. 11, 187 3 
(C . H. Peck Type) . 

In general appearance and habit this species c l osel y 
r esembles Collybia acervata , but l acks the reddish colors 
and marked hygrophanous character of this l a tter species. 
Clitocybul a familia can be most readily identified by its 
globose , amyl o i d , thin- walled spores, a character it 
shares with the genus Baeospora. Members of Baeospora , 
however , are smaller species with narrow , very crowded 
gills, tough-pl i pn t tissues , a nd abundant cheilocystidia . 
Clitoc~bul a familia i s distinct from other members of the 
ge nus ~n lack~ng the characteristic blackish fibrils on the 
cap that give a radiate - streaked effect . 

10 . Clitoc,bula lacerata (Scop . per Pollini) Metred. Rev . 
Mycol . 17:8 . l952 . Pla te III . 

Basionym: Agaricus laceratus Scop . per Pollini , Fl. 
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Synonyms: 
Veronensis 3:636 . 1824 . 
Collybia lacerata (Scop. per Pollini) 
Gillet, Les Hymenomycetes, p . 310. 1874 . 
Fayodia lacerata (Scop. per Pollini) Singer. 
Ann. Mycol . 34:331. 1936. 
Collybia platyphylla ssp. lacerata (Seep. 
per Pollini) Konrad and MaUblanc. leones 
Selectae Fungorurn , p. 242. 1939. 

Illustration: Smith. Journ. Elisha Mitchell Sci. 
Soc: 56, 307 . 1940 . Plate 7 ; Bigelow, 
Mycolog ia 65:1973. fig . 1. 

PILEUS 3- 6 em broad, dull watery grey (closest to 
"drab") when moist , translucent- striate or streaked with 
fuscous lines , hygrophanous, pallid ashy grey and opaque 
when faded ; convex at first with an inroll ed margin , ex
panding to broadly convex , disc soon depressed , margin very 
thin and soon lacerated or lobed and quite irregular ; sur 
face appressed radiate- fibrillose , at least near the disc, 
rimose at times, dull when moist; context very thin and 
fragile, pallid when faded ; odor and taste not distinctive . 

L~ffiLLAE broadly adnate to subdecurrent from a tooth , 
dull grey, distant to subdistant , broad, usually venose 
and at times anastomosed , very thin and easily broken, 
edges concolorous. 

STIPE 1.5- 5 em long , 2- 5 mm thick , concolorous with 
the cap or paler , dingy to pale grey , equal or tapering 
upward , often curved, surface fa intly pruinose at first but 
soon naked and polished , moist, wi th a white cottony myce
lioid base; ·tubular, cartilaginous, terete when immature , 
soon deeply furrowed or compressed . 

SPORES 6 - 8 x 4.5- 5 . 5 ~, broadly ovate to ellipsoid , 
hyaline, smooth , amyloid , thin- walled, white in deposit; 
BASIDIA 25- 40 x 5 . 5- 7 (-9) )lJll , four - spored ; no cheilocysti
dia or pleurocystidia differentiated; PILEAL SURFACE a thin 
cutis of cylindrical hyphae 3.5- 7 ~in diameter , hyaline 
or pale fulig inous; PILEOCYSTIDIA present , at least on the 
disc , erect or recumbent , cylindric or clavate, 25 . 5- 38 x 
6- 12.5 )lJll, pale fuliginous in KOH, pigment intracellular 
and in slightly thickened walls; CONTEXT hyaline , hyphae 
cylindri cal or somewhat inflated (4) 10-25 )li1l in diameter , 
walls usually thickened (0.5 - 1.0 ~thick); GILL TRAMA of 
parallel hyphae, cylindric to somewhat inflated , (4) 12-23 
pm in diameter, walls usually thickened, clamped , with 
scattered oleiferous hyphae (3 )li1l broad); CAULOCYSTIDIA 
rarely present , subclavate to clavate , hyaline , smooth 
24 - 62 x 5- 15 pm; STIPE HYPHAE mostly with thickened walls , 
cylindric or somewhat inflated . (Composite description 
drawn from Smith , 1940 , and Bigelow , 1973). 

MACROCHEMICAL REACTIONS : No data available. 



HABITAT : Scattered to gregarious on logs or stumps 
of conifers or hardwoods (oak or birch) . 
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MATERIAL STUDIED : l1ICHIGAN , Stuntz 8 37 3 (Tahquamenon 
Falls) . 

Bigelow (1973) reports that this species has occurred 
in Idaho and it is probabl e that it exists in \oJashington, 
a lthough rare. Perhaps it is frequently mistaken for a 
depauperate Trichol oma or a somewhat aberrant Clitocybe. 

It is distinguished from Clitocybula abundans, to 
which it is mostl y c losel y allied , by its much l arger , more 
ovate to ellipsoid spores , larger size , and lacerate 
character o f the cap and g ills . In addition , it is rarely 
found in abundance or in the large caespitose clusters of 
the other species of the genus . 

11 . Clitocybula abundans (Peck) Singer. Sydowia 15:53. 
(1961) . 1962. 

Basionym: 

Synonyms: 

Agaricus abundans Peck . Ann. Rep . N. Y. 
State Mus. 29:38. 1878. 
Collybia abundans (Peck) Sacc . Syll. Fung . 
5 : 241. 1887 . 
Fayodia abundans (Peck) Singer. Lloydia 
5:126 . 1942 . 

I llustrations: S i nger , Sydowia 15:53. 1962 . figs . 
5- 8; Kauffman 1 Agar . of Mich. , Vol II, 
Plate 166 . 

PILEUS up to 4 em, generally about 2 em broad; grey
ish tan to light fuscous (4A3) , darker fuscous on the disc 
(4E4) , subhygrophanous and drying somewhat l ighter; convex 
to hemispheric, becoming plane, depressed with age , margin 
inrolled strongly at first , r e maining curved or arched at 
maturity , often splitting ; surface moist or dry, innately 
radiate-fibrillose or disc densely fibrillose , only slight
ly or not at a ll translucent-striate ; context thin, firm 
but not tough, whitish; taste and odor not distinctive. 

LAMELLAE broadly adnate to subdecurrent as the margin 
of the cap is raised, white, rather n arrow, thin , with 
close to normal spacing , blunt-ended both at the stipe and 
margin, edges even and concolorous , not fraying. 

STIPE up to 5 em long , apex to 5 mm , relatively short , 
whitish , evenly colored top to bottom, unchanging, equal or 
slig htly flared at the base , generally flexuous , terete, 
hollow , surface with a thin whitish pubescence or only 
pruinose at the apex. 

SPORES 4 . 5- 6 (6.5) x 3 . 5- 5.5 ~, subglobose to o vate, 
smooth , hyaline, thin- walled and collapsing readily in 
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crush mounts , amyloid; BASIDIA 1 9- 27 x 4-7 ~ four- spored; 
CHEILOCYSTIDIA basidioid to subsaccate, 33- 50 x 7- 16 ~' 
smooth, hyaline , thin- walled , scattered and inconspicuous ; 
pleurocystida not differentiated; PILEAL SURFACE a cutis of 
narrow (2-4 ~ broad) compact hyphae , intergrading with the 
hyphae of the context in size and wall thickness; CONTEXT 
of infl ated cylindrical hyphae, 2-14 ~m in diameter, walls 
usually thickened (up to 1 ~) , c lamped, nonamyl oid ; PILEO
CYSTIDIA present , more abundant on the disc , scattered 
e lsewhere, 40- 60 x 6- 12 ~. broad , cylindrical to clavate , 
walls somewhat thickened or thin, hyaline, not encrusted; 
GILL TRAMA parallel , composed of l arge infl ated hyphae (2-
17 ~in diameter), nonamyloid , clamped , oleiferous hyphae 
present , 3- 9 ~ broad ; CAULOCYSTICIA subclavate to clavate
bulbous , 40-50 x 3 . 5(7)-13 ~. hyali ne , t hin-walled , scat
tered or in groups; STIPE CORTEX with both thin and thick
walled cells. (Description drawn in part from that of 
Bigelow , 1973 . ) 

MACROCHEMICAL REACTIONS : Gills and flesh of the cap 
react positively with aniline (faint , yellowish) , phenol, 
and phenol-aniline . 

HABITAT: Caespitose on logs or stumps of conifers . 

MATERIAL STUDIED: ''~ASHINGTON , Clallam or Jefferson 
Co. , C. H. Kauffman , Oct . 7 , 1915 (Olympic r-tts . ); Pierce 
Co . , Smith 47824 (Lower Tahoma cr. , Rainier Ntl. Pk . ); 
MICHIGAN , Smith 33510 (Uppe r Tahquamenon Falls); W842, 
(Oakland Co ., Haven Hill Lk . ) ; NEW YORK , Peck, Grieg , 
Lewis Co ., Sept . 

EAEOSPORA Singer. Rev . Mycol. 
3:193. 1938 . 

Synonyms: Coll~bia pro parte Kummer. 
p . 2 • 1881 

Fi.ihr . Pil zk . 

Type species: Baeospora myosura (Fr. ex Fr . ) Singer . 

PILEUS generally small , collybi o i d , tan to buff , some
times with a violet tinge , convex becoming plane , sometimes 
almost conic; surface g labrous to floccose , even , regular; 
marg in inrolled and even, context thin , concolorous , tough , 
pliant ; smell and taste not distinctive . 

LAMELLAE pallid to violet, sinuate to almost free , 
narrow, thin , crowded , l i near, spore print white. 

PLATE III -: a - Clitocybula lacerata, after Smith in Bige
low , 1973, xl ; b - Clitocybula familia, Wl693 , x 1~; c -
Baeospora myosura , w910a, X 2; a - Baeospora myriodophylla , 
\H644 , X 1. 
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STIPE concolorous with the cap or nearly so , relative
ly long and narrow in relation to the size of the cap, sur
face floccose , almos t glabrous in older specimens; equal, 
terete, hollow , rather tough and p l iant , strigose or tomen
tose at the base and then white, at times partially rooting. 

SPORES small, not exceeding 5 urn in length , ovate to 
short-cylindric , thin- walled , amyloid, hyaline: BASIDIA 
very small and cylindric , four-spored : GILL TRAMA of large 
diameter hyphae, clamped, interwoven , appearing subparallel 
in tangential section, nonamyloid : CHEILOCYSTIDIA abundant, 
gill edge hetermorphous , c l avate-pointed , ventricose , pedi 
cellate or not , thin- walled and hyaline, sometimes encrust
ed with an amorphous dextrinoid substance ; PLEUROCYSTIDIA 
scattered, most abundant toward the gill edge, with the 
same characters as the cheilocystidia: PILEAL SURFACE a 
cutis with a subcellul ar hypoderm, e nc rusted or not , with 
pileocys tidia scattered to rare , grouped , clavate to sub
fusiform ; STIPE composed of longitudinal encrusted h yphae 
overlain by groups of caulocystidia , these abundant and 
formi ng clusters , thin-wall ed , hyaline , clavate- rostrate , 
ventricose, and sometimes pedicellate . 

HABITAT: on cones or wood , solitary to gregarious . 

MACROCHEMICAL REACTIONS : Gil ls and flesh react faint
ly with guaiacol a nd ferric sulfate in one of the species. 

This is an easily c haracter ized a nd natural grouping : 
The cap is thin- f leshed and qui te tough , the gills are very 
narrow , t hin, and crowded , the stipe is rather slender and 
floccose , the spores minute and amyloid, pileal surface a 
cutis with subcellular hypoderm , and the gill edge is heter
morphous with cheilocystidia . Superficially , the genus 
appears to be very close to Strobilurus , however , it is 
quite d i stinct from a microscop~c v~ewpoint : Baeospora has 
amyloid spores a nd clamped hyphae , and lacks the hymeniform 
pileal surface as well as the disti nctive subcapitate 
cystidia . Probably , more often the genus will be con fused 
with a Marasmius as the general aspect and consistency are 
like a spec~es of that genus . The combination of narrow , 
very crowded gills, small amyloid spores , nonamyloid tis
sue , and a subcellular hypode rm underlying the cutis , how
ever , makes placement of these species into Marasmius 
difficult . 

Key t o Baeospora Species 

1 . Pileus light tan , gills white , on buried cones .. . . 
. • • . . • • . • • • . • • • . • . . . • . . . . • • . • • • • . • • • . • B . mv<.)sura 

1 . Pileus ful vc us \dth a strong violaceous-tone toward 
the margin , gills purple, on wood ......... . ..... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B. myriodophylla 



12 . Baeospora myosura (Fr . ) Singer. 

Basionym: 

Synonyms : 

Figure 9 , Plate III. 

Agaricus myosurus Fries . System . Mycol . 
Vol I : l32 . 1821 . 
Col lybia myosura (Fries) Que l et. Champ. 
Jur a Vosges . ser II , 5 : 95 . 1872 . 
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PILEUS 0.8- 2.5 em , warm buff to honey brown when moist 
(SE4 to SD4 ) , drying somewhat lighter, especially at the 
margin (5C4 to 583) , subhygrophanous ; convex to subconic 
becoming plane , occasionally shal l owl y umbonate , margin 
remaining inrolled , sometimes straight; surface over t he 
disc almost gl abrous , powdery e l sewhere and appearing thin
l y pruinose on the margin , context thin , concolorous or 
pallid, tough- pliant, reviv ing ; odor and taste not distinc
tive . 

LAMELLAE pallid to light pinkish buff (4A2 to 5C3) , 
thin , very narrow and crowded , linear , bl•.mt- pointed both 
t oward the stipe a nd margin, edge even and concolorous , 
sharpl y s i nuate , appearing almost free , 3 tiers. 

STIPE 2 . 5- 4 . 2 em. x 10- 1.5 mm , concolorous at the 
apex , then darkening slightly , and dark buff for most of 
i ts l ength (SCS at apex to 505) , subhygrophanous , drying 
slightly light er; equal or slightl y tapered toward base in 
the upper half; surface finely pruinose to irr egul arily 
powdery , appearing al rr.ost glabrous when moist , the surface 
coating much more visible in drying, strigose at the base 
where attached to substratum, frequently with white rhizo
mor phs as wel l; flesh tough- pliant , solid to stuffed , and 
concolorous . 

SPORES 3- 5 x 2- 3 .urn, short- ovate to cylindrical , thin
wal l ed , hyal ine , amyloid , white in deposit; BASIDIA very 
small , cylindr i cal , 16- 19 x 3.5- 4 .urn , four-spored , without 
encrustation; CHEILOCYSTIDIA very abundant , 15- 24 x 4-8 pm , 
rather small , making the gill edge heterogeneous , broadly 
clavate , much \•lider in the lower half and tapering to an 
obtuse apex , thin- walled and hyal ine; PLEUROCYSTIDIA simi
lar to the cheil ocystidia , most abundant toward the gill 
edge , scattered elsewhere; GILL TRAMA interwoven , appearing 
subparallel i n tangential section , composed of hyphae 4-13 
urn in diameter , clamped a nd nonamyloid , subhymenium narrow , 
compact and interwoven; PILEAL SURFACE a cutis of rather 
coarse hyphae , 3- 5 .urn in diameter , scarcely encrusted , in 
a shallow zone 7- 10 .urn deep , subtended by a conspicuous 
subcellular hypoderm; STIPE surface somewhat encrusted , 
covered rather densely with dermatocaulocystidia , longer 
and more tapered than t hose of the gill edge , ventricose , 
clavate and tapering most of the leng th to an obtuse apex , 
thin- walled , hyaline , and clustered , 18- 55 x 5- 9 .urn. 

IIABITAT : Solitary to gregarious on cones of Douglas 
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Figure 9. - Baeosrora m~osura, Wll86, basidium, spores , 
caulocystidia (ca , che1locystidia (c). 
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fir or spruce , these often buried . 

MACROCHEMICAL REACTIONS : Gills and flesh of the cap 
react faintly and sporadically with alpha- napthol, guaia
col , and ferric sulfate. 

MATERIAL STUDIED : WASHINGTON, San J uan Co ., Wl741 
(Friday Harbor Biological Station); Clallam Co ., Wl007 
(Deep Cr . ) ; Grays Harbor co ., Wl013 (Copalis ) ; Thurston 
Co. , \'11012 (Summit Lake) ; Snohomish Co . Wll69 (Thunderbird 
Campground) ; King Co., \H019 , \H061 (University of \'lashing
ton) , Wll66, Wll86 (\'later Main Woods); Pierce Co. , \'11218 
(Ipsut Cr. - Mt. Rainier Ntl. Pk . ); IDAHO , Bonner Co., 
\'1910A (Collin Swamp) , \'1964 (Bindarch Cr.); CALIFORNIA, 
Nendocino Co., \Vl347 (Woodlands Camp). 

This species may be synonymous with Baeospora conigena 
(Fr . ) Lange or at least very close to it . The main dis 
tinctions between the t wo species according to Fries and 
Rieken are a long g labrous radicating stipe and white 
f loccose vesture on the stipe and cap of Baeospora myosura 
(Fr .) Singer. The Baeospora of this region , here described 
as B. myosu~a , does have a fine powdery covering on the 
stipe and to some extent on the cap , and the stipe is some
times radicating especially in the cases where specimens 
are encountered on buried cones , but the base is often 
rather heavily strigose and provided with whiterhizomorphs . 
Since Rieken considers the glabrous stipe base as a diag
nostic feature of ~- myosura, it seemed best to place the 
present species t here. Further definition of these two 
closely related species, is depende nt on the possibility of 
an unexamined extant Persoon type , as ~· conigena is a pre
Fresian species described by Persoon . 

13. Baespora myriodophylla (Peck) Singer. Rev. Mycol . 
3 :193. 1938. 

Basionym : 

Synonyms : 

Figure 10 , Plate III . 

Agaricus m~riodophyllus Peck. N. Y. State 
Mus. Rep . 5:75. 1873. 
Coll ybia myriodo~hylla (Peck) Sacc. Syll . 
Fung . 5:236. 1 87 . 
Coll ybia lilacea Quelet . Champ. Jur . 
Vosges. III :434 . 1875. 
Mycena myriodophylla (Peck) Kuhner . Le 
Genre Mycena: 528 . 1938. 
Collybia teleoianthina Metred. Rev . Mycol . 
II:l63 . 1937. 

Illustrations: Hard, Mushrooms , p. 115, fig . 85; 
QuiHet, Champ .. Vosges 3 , tab. 1, fig. l. 

PILEUS l. 5-2. 5 em . , convex and then plane , some times 
shallowl y umbilicate or mammillate , dark warm brown (6F6) 
when moist, hygrophanous and drying much lighter , honey 
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Figure 10. - Baeospora myr iodophy11a, \Vl702, basidium, 
spores, cau1ocystidia (ca), chei1ocystidia (c ) ; Figure 11 . 
- Baeos pora myosura, W1186, pi1ea1 surface and pi1eocysti
dia (p) . 
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brown (6D6) , generally with a purplish tinge toward the 
margin when moist; surface dull , minutely rugose , faintly 
f loccose , especially toward the margin, margin even and 
remaining somewhat inrolled , context very thin , pale lilac 
when moist , the pallid , tough-pliant, more brittle in dry
ing ; taste and odor faint and fungoid. 

LAMELLAE brick to dark purple (1 4E3 to 14F4) , drying 
darker and with a fuscous tone , adnate to uncinate, linear, 
nar row , very thin and crowded , edge even and concolorous . 

STIPE 2 . 5- 5.5 ern long , 1- 2.5 nun in diameter; lilac at 
the apex (15F3 or 15F2), becoming brown to reddish brown 
downward or in drying , equal most of length , usually some
what expanded at base and apex ; pruinose for the entire 
length, densely so at the base, then almost matted, darker 
under the covering, lighter in drying specimens ; terete or 
compressed-furrowed , hollow , stuffed; tough, fibrous, not 
pliant. 

SPORES minute , 2.5- 4.0 x (1 . 5) 2- 3 ~, amyloid , thin
walled , ovate to almost ellipsoid , smooth , white in deposit ; 
BASIDIA small, 14- 15 x 3-4.5 ~rn , four - spored , cylindrical , 
heavily encursted with a weakly dextrinoid amorphous sub
stance, seeming to cement the cells together at the base; 
CHEILOCYSTIDIA abundant, clavate , ventricose , apex obtuse 
and nipple-like or broadly r ounded , thin-walled , hyaline , 
relatively small , lB- 28 x 3- 7 ~; PLEUROCYSTIDIA as above 
but scattered, more abundant toward the gill edge ; CAULO
CYSTIDIA somewhat longer, broader, and more variable in 
shape than those of the gill edge . hyaline, thin- walled , 
sometimes with granular contents , strongly grouped, 12-30 
x 5- 9 ~rn, SUBHYMENIUM narrow and compact , interwoven; 
TRAMA parallel or slightly interwoven, composed of large 
diameter hyphae,4 - 20 ~, thin- walled , nonamyloid, and 
clamped; PILEAL SURFACE a narrow cutis of agglutinated 
slender hyphae , 1-2 ~ in diameter , in a zone 5-10 urn deep, 
differing markedly from the underlying tissue ; CONTEXT of 
larger di~~eter hyphae, 10- 15 pro , the upper strata appear
ing like subcellular hypoderm in tangential section, 
broadly r ctangular in radial view, slightly encrusted in 
a banded pattern. 

HABITAT : Scattered to caespitose on much decayed wood 
in moist lowland mixed woods , spring or fall . 

MACROCHEMICAL REACTIONS: All reactions were negative. 

MATERIAL STUDIED: t'lASHINGTON, Kittitas Co. , Wl644 
(Crystal Springs); Wl749 (Easton); Jefferson Co. , W517 
(Enchanted Valley); Pierce Co . , Wl 702 (Mt . Rainier Ntl. 
Pk . -Tahoma Cr.) Stz 7564 (Mt . Rainier Ntl . Pk. -Green 
Lk . ); NEW YORK , Peck type (Portville). 

This is a very distinct species , which because of its 
unusual lilac tones and microscopic features could hardly 
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be confused with any other species of its stature. Some 
confusion may result from the collection of partially dried 
specimens as the characteristic purplish colors are lost 
soon in drying ; however, the small amyloid spores and 
abundant cheilocystidia will remain to set it apart . 

ELMlMLJ! I NA Karst. Symb . t-iycol. 
Fenn. 30, Meddle! . Soc . Faun . Fl . Fenn. 18:62 . 1891. 

Synonyms : Collybia pro parte Qu~l. Champ . Jura 
vosges : 59 . 1872. 
Collybidium Earle, Bull. N. Y. Bot . Gard . 
5 : 428 . 1909 . 
Myxocollybia Singer. Heih . Bot . Centralb ., 
Abt . B 56 :162 . 1936 . 

Type species : Flamrnulina velutipes (Curt ex Fr . ) 
Karst . 

Habit col l ybioid , pileus viscid , with pil eocystidia; 
lamellae usually yellowish, rounded- adnexed or adnate-sinu
ate, moderately thin; spore print white ; spores hyaline, 
smooth , nonamyl oid ; basidia normal; cystidia present onthe 
sides of the gills; context of the pileus fleshy; hyphae 
c l amped and nonamyloid, lignicolous on hard\-IOods. 

The genus is monotypic; for a more complete descrip
tion see the species description which follows. 

14 . Flammulina velutipes (Curt . ex Fr . ) Karst . Symb. 
Mycol. Fenn. 30 , t-1eddlel. Soc . Faun . Fl. Fenn. 18 : 62. 1891. 
Figure 1 2 , Plate IV . 

Illustrations: Curtis , W. ; Fl. Landin . 4. tab. 70 ; 
Britz. Hymenon ., tab . 16 , fig. 219; Gillet, 
Champ . Fr. Hymenon. tab . 238 ; Cooke , 
Illustr . Br it. Fungi . tab. 650; Peck , 
Edible Fungi , tab . 7 . 

PILEUS 1.7- 5 ern, brownish yellow to dark warm brown 
(4A5 to 5C7) , color may vary considerably from collection 
to collection, generally bright yellowish toward the mar 
gin and darker , reddish-brown on the disk , intergrading 
uniformly , spotting or staining dark brown (6F6); convex 
and then plane , margin remaining inrolled, often wavy and 
irregul ar , occasionally frayed ; surface glabrous , viscid 
and shining , dull quickly in drying , t.he pellicle easily 
peeled from t he cap , translucent- striate half to three
quarters the radius; context thin to moderately t hick, 
yellow to dark brown just below the surface , firm, almost 
tough; smell and taste none . 

LAl-iELLAE off white to yellow (5B4), emarginate to 
sinuate , edges even ana concolorous, sharp- pointed at the 
marg i n , blunt toward the stipe , ventricose , broad , 9 x 3 . 5 
mm, subdistant to close, up to 40 lamellae reaching stipe. 
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Fig ure 12. - Flarnmulina velutipes , Wl688, basidia and 
spores, cheilocystidia (c). 
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STIPE 2 . 5-10 . 5 em x 2-5 (12) mm , yellow at the apex, 
soon a dark yellowish brown and then a dark fulvous brown 
(4A4 to 584 to 6F4) , equal and confluent at the base and 
appearing somewhat expanded there , terete or more often 
compressed and f urrowed; surface densely covered with short 
dark fulvous hairs its entire length , dull , somewhat spot
ted with a darker brown tone, brown rhizomorphs at the base; 
hollow , with a dark brown outer rind , yellow within. 

SPORES frequently in two sizes, 6.5- 7 . 5 x 3-4 pro and 
7 . 5- 9 x 3 . 5- 4 pro , cylindrical- ellipsoid to almost pip
shaped, smooth , generally with a somewhat thickened wall, 
nonamyloid; spore print pale yellow (3A2 - A3) i n deposit; 
BASIDIA 16-24 x 4 - 6 ~' very elongate, shape variable , 
tapering gradually downward or abruptly enlarged in upper 
half ; two- spored or four- spored mixed , or entire l y four 
spored , then lacking the longer, cylindrical to pip- shaped 
spores , nonamyloid , thin-walled; CHEILOCYSTIDIA 26-57 x 
9-14 ~. abundance extremely variable , sometimes so numer
our as to exclude basidio les on the g ill edge, occasionally 
so rare as to be absent from any one crush mount , ventri 
cose , quite l arge in diameter and generally widest in the 
lower hal f , often pedicellate, tapering gradually upward to 
an obtuse broad apex , thin-walled , arising rather shallowly 
from the subhymenium; frequently mixed with filamentous 
outgrowths from the trama , the presence and abundance of 
the latter being variable as wel l , generally equal , with a 
straight outline , sometimes contorted; PLEUROCYSTIDIA not 
differentiated; GILL TRAMA parallel and very regular to 
almost interwoven, of hyphae 3 -10 (16) ~ in diameter, non
amyloid, with very large keyhole clamps; SUBHYMENIUM narrow, 
compact and interwoven; PILEAL SURFACE a viscid layer o f 
upright, partially gelatinized dermatocystidia, these cla
vate to filamentous , often irregular and largest in upper 
half, in a zone 32- 65 .urn in depth; PILEAL CONTEXT inter
woven to nearly radially oriented , clamped , nonamyloid; 
STIPE TOMENTUM composed of long, dark brown, rather thick
\.,ralled , tangled hairs , of uni form diameter ( 3- 4 ~) ; hyphae 
of the stipe encrusted in an irreg ular manner , clamped, and 
rather broad (5-12 ~ in diameter) . 

HABITAT: Caespitose o n deciduous \<lood , often on 
stumps, spring or fall , in the cooler part of the collect
ing seasons . It may occasionally be a mild wound parasite . 

MACROCHE.r.tiCAL REACTIONS : Gills and flesh of the cap 
react positively with sulfoformol (yellow) , p henol - aniline 
(faint-greenish) , and ferric sul fate (yellowi sh to green); 
reaction to phenol is spotty . 

PLATE IV -; a - Flammulina velutipes, Wl443 , x 3/4; b -
Strobilurus trullisatus , W9781 x 3/4. 
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MATERIAL STUDIED: NASHINGTON , Chelan Co ., W632 (E . of 
Stevens Pass); King Co ., W607 (Seattl e) , Wl688 (Water Main 
Woods) , W90 (Betty ' s Bog) ; Skammania Co ., Wl4 4 3 (Cispus 
Camp) . 

This is a very striking collybioid fungus which rerutins 
quite disti nct from other simil ar species and genera; its 
affinity is difficult to define . The densely short brown 
tomen tose stipe , l ignicolous habit, viscid dermatocystidia 
in a hymenium o n the cap surface , and nonamyloid cylindri 
cal spores which are a pal e yellow in deposit, make an 
unusual set of c haracte r s that fi nds no counterpart in any 
o ther species. 

There exists , however , within the framewo rk of this 
we l l - defined genus , a great deal of variati on . Collections 
vary strikingly in color , stature, general texture , stain
ing reactions , degree and color of the s tipe tomentum , and 
substratum . These macroscopic differ ences are matched by 
a b ewildering variation in microscopic characters: spore 
size and shape, abundance of cystidi a , presence of filamen 
tous cystidia-like o u tgrowths of the trama on the gill edge, 
and a context t hat may range from being uniform a nd parallel 
to one that i s interwoven and "knotty" in appearance. It 
may well be that t here are more t ha n one species or variety 
in the genus , but in the collect i ons that I examined, I was 
unable to find a ny correlations i n the data between macro
scopic and microscopic variations . 

SIROB 1 1 !IR!IS S inger . Persoonia 
2 :407- 415 . 1962. 

Synonyms: Coll~bia pro parte . Kummer . Fiihr . Pilzk . 
p . 2 . 1881. 
Mtcena pro parte S . F . Gray. Nat . Arr . Brit. 
p • 1:619. 1821. 
Pseudoh iatula p r o parte . (Singer) Singer . 
i n Notula syst . sect . crypt . I nst . bot. 
Acad. Sci. U.S.S.R. 4(10-12):8. 1938. 

Type species : Strobilurus con igenoides (Ellis) Singer . 

HABIT collybioid or marasmioid ; PILEUS convex and then 
plane , margin remaining somewhat inrolled and e ntire , very 
rarely and not strikingly depressed or umbonate , white to 
very pal e pinkish to smoky tan , surface very even , dull and 
unpolished , finely pubescent under a lens , margin translu
cent-striate when moist , subhygrophanous and not changing 
color; flesh thin and membranous , concolorous , tough , not 
reviving ; smell and taste not distinctive . 

LAMELLAE white , sometimes tinged ye l lowish or grey with 
age and dryness , close, narrow , thin and crowded, sinuate or 
rounded and then adnate , somewhat ventricose , sharp- poi nted 
towards the margin of the pileus , edge even but pruinose 
from cystidia; spore print white . 
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STIPE generally very long relative to the cap size , 
pallid yellow to almost white at the apex and becoming in
creasingly yellow downward , yellow- tawny e ntire lower half ; 
equal or seeming to expand gentl y downward; the surface 
unpolished and finely pubescent at the apex , not pruinose
powdery , becoming increasingly tomentose toward the base , 
often rooting to at least one half the length, and then 
densely wooly- tomentose and adherent to particles of the 
substratum; solid , tough and pliant. 

SPORES ellipsoidal and generally less than 7 x 3.5 ~, 
smooth , thin-walled , nonamyloid ; BASIDIA rather narrow and 
long relative to their size, about 20 - 22 x 5 ~ average , 
four- spored or two- spored , noncarminophilous ; GILL TRAMA 
subparallel ; CHEILOCYSTIOIA numerous , ventricose and sub
acute to almost cylindrical , often subcapitate; PLEUROCYS
TIDIA often the same as the cheilocystidia , or shorter , 
more subcapitate and cylindrical , frequen t ly with the outer 
wall of the tip dissolved and capped with slime , rarely 
crystalline-encrusted; PILEOCYSTIDIA num~rous to scattered, 
ventricose at the base and pedicellate and buried below, 
tapering and narrowly subcapitate above, rather thin- walled , 
and yel lowish or hyaline; CAULOCYSTIDIA resembling the 
pileocystidia above the base, base is usually truncate , with 
a thin- wall , or occasionally with a yell ow , thick wall , 
tapering to the apex and then subcapitate to rounded , not 
really ventricose at the base , contents hyaline or yellow; 
NO CLAMPS; PILEAL SURFACE a palisade of clavate to saccate 
pedicellate cells , thin-walled and collapsing frequently 
in section , with hyaline or yel lowish contents; context of 
pileus interwoven , of rather narrow hyphae 3-5 pro in dia 
meter, yellow in Melzer's . 

HABITAT : Solitary to caespitose on wood or cones of 
Douglas fir , pine , or spruce ; generally in dense conifer 
woods. 

MACROCHEMICAL REACTIONS: Gills and the flesh of the 
cap do not react with aniline , alpha-napthol , guaiacol , 
tincture of guaiac , formal , sulfoformol , phenol , phenol
aniline , and ferric sulfate. 

The presence of subcapitate to cylindrical cystidia 
on cap , stipe , gill face and edge ; the small thin-walled 
ellipsoid spores ; the absence of clamp connections , the 
habit on wood and cones , the pseudorrhiza covered with a 
thick ochraceous tomen tum , the rather tough- pliant consis 
tency of the cap and stipe, and the non-reactive character 
of the flesh , set Strobilurus aside from its relatives in 
Collybia , Marasmius , and Mycena . 

Althoug h the above- mentioned characters seem to set 
Strobilurus aside from other genera , the delimitation of the 
species within the genus appears more diff icult . This is 
true despite the fact that there are a large number of 
microscopic characters obtainable from the dried material. 
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The characters which have been used generally to separate 
the species are as follows : the shape and size of the cys
tidia , in particular, whether they are alike in shape on all 
parts of the carpophore , whether they are acute or obtuse , 
and whether or not they are thick-wal led ( 2 urn); length of 
the pileocystidia , size of spore , color of cap, and type of 
substratum . These characters have been used most recently 
by Kempton a nd wells (1971) in their treatment of Strobilu
rus in Alaska , and all three of the species that they found 
rn-Alaska were described as new. I n working over my own 
material , I found that certain characters seemed correlated 
with other characters in a particular setting , but were 
variable and indistinct in other settings . For instance, a 
Strobi l urus that is found in deep , dark , and mossy conifer 
woOds , wh~ch has a rather large a nd dar k smoky cap , and is 
attached to wood seems to fit Strobilurus lignit ilis nicely. 
Likewise , a smaller form with a wh~te to pale pink cap , 
f ound growing on Douglas fir cones i n dense conifer forests 
with needle- litter floor matches Strobilurus trullisatus. 
There are however a distressing number of collections which 
fit neither of the t\-10 species well; and where cap color , 
habitat and substatum, and the. microscopic features vary 
and intergrade with one another. The present treatment 
retains for the most part the delimitation of the species 
that \'lells and Kempton proposed , and the species descrip
tions follow their own. Much more microscopic data needs 
to be accumulated from a wider geographic base , and a 
variety of different habitats and substrata . Examination 
of the Wells and Kempton types as well as those in Europe 
should help greatly in delimiting the species of th i s genus . 

Key to the Strobilurus Species 

1. Spores 3-4 x 1 . 5 - 3 . 0 ~m , pileus white to pinkish, on 
cones of Pseudotsuga menziesii .. ... ..... . .. •• .. . . . 
. . . . . . . . . . . . . . . . . . . Strobilurus trullisatus (p . 179) 

l . Spore larger , pileus p~nk~sh or greyish brown , o n 
cones of other conifers or wood .....• .. ..•.• . ..... 2. 
2 . Pileocystidia 75-120 x 7.5- 15 urn, pileus greyish 

brown, o n buried decaying wood .. . . . .......•... 
. . . . . . . . . . . . . • . . Strobilurus ligni til i s (p. 180) 

2. Pil eocystidia 30- 70 x 5- 11 ~. pileus greyish 
brown or rarely pinkish white, on cones of spruce 
or pine , rarely on buried wood ................ 3 . 

3 . Cheil ocystidia and pleurocystidia nearly equal and 
shaped alike , with a ve ntricose base and tapering 
markedly to a subacute to subcapitate apex, on cones 
of Picea , rarely on buried wood .....• . . ....... .. .. 
. . . . . . . . . . . . . . . . . . . Strobilurus occidentalis (p . 182) 

3. Cheilocystidia as above, pleurocystidia shorter, gener
ally subcylindrical , and rounded to subcapi tate at the 
apex , never subacute , on cones of Pinus .. ... ... . . 
. . . . . . . . . . . . . . . . . . . Strobilurus albipl.latus (p . 183) 
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Fi9ure 13 . - Strobilurus trullisatus, Murrill type , basi
dium, hyphae , cheilocystidia (c) , hymeniform elemer.ts of 
pileal surface and pileocystidia (p). 
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Figure 14 . - Strobilurus trul l isatus , Murrill type, 
caulocystidia (ca) , cheilocystidia (c) . 
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15. Strobilurus trullisatus (Murr . ) Lennox comb nov. 
Figures 13 and 14, Plate IV . 

Basionym: Gymnopus trullisatus Murrill. N. Amer . Fl . 
9 ( pt . 5 ) : 3 6 7 . 1916 . 

Synonyms : Collybia trullisata (Murr.) Murr., Mycol. 
8:219. 1916. 

PILEUS 5-1 3 mm broad , convex and becoming plane, not 
centrally depressed, sometimes umbonate, margin becoming 
straight or rarely somewhat revolute; white or pinkish cen
trally and with age, subhygrophanous and often greying or 
yellowing in drying, surface uniform , dull, almost bloom
like , finely pubescent under a lens, flesh thin , rather toug~ 
pliant, and concolorous; taste and odor not distinctive. 

LAl1ELLAE white , sometimes tinged yellowish in drying, 
broadly adnate to sinuate, and then subventricose, rather 
narrow , thin and crowded , 6 x 1 mrn, edges even and pubescent. 

STIPE 1 . 5- 4 . 5 em x l - 1.5 mm , white at the apex , be
coming rapidly ochraceous to tawny below (5C6); equal and 
terete ; surface unpolished , like etched glass , fine ly pubes
cent under a lens at the apex , wooly- tomentose with long, 
rather matted ochraceous mycelium where rooting and for 
about half the aerial length; rooting and with a pseudorr
h iza generall y equal to or greater than the aerial portion , 
tough- pliant. 

SPORES 3- 4.5 x 1.5- 3.0 pro , smooth, hyaline , ellipsoid , 
thin-walled and nonamyloid; BASIDIA 20- 26 x 3 .5-5 pro , quite 
narrow , with conspicuous long sterigma , four - spored; GILL 
TRAMA of interwoven to subparallel hyphae 3 .5-7.5 ~in 
diameter , pi leal context of interwoven hyphae , nonamy loid 
and without clamps; CHEILOCYSTIDIA and PLEUROCYSTIDIA 
abundant (less so on the face) , and similar , sybcylindrical 
to subventricose with a tapering tip , apex obtuse to sub
capitate , hyaline to yellowish , f requently capped with a 
crown of slime, the outer wall of the apex dissolving and 
leaving a cellare t te below the slime head , rarely crystal
line-encrusted , thin-walled or moderately thick (to 2 pm) ; 
PILEOCYSTIDIA rather abundant, 42- 85 x 7.4 - 11.5 }JJTl , ventri
cose- rostrate with obtuse to subcapitate apices, hyaline to 
yellowish, mostly t hin-wal led but some up to 2 urn thick at 
the base , smooth or rarely crystal line encrusted; CAULOCYS
TIDIA abundant , often grouped , 23-100 x 7 . 5-13 }JJTl at the 
base, 4 - 8 ~ broad at the apex, truncate at the base and 
tapering upward to the subcapitate tip, hyaline or yellow
ish, with thicker walls than the other cystidia (1 - 3 . 5 pm) , 
smooth; PILEAL SURFACE hymeniform, with a palisade of 
clavate to saccate- pedicel late cells , 12- 22.5 x 5 . 5- 9.5 ~. 
smooth and hyaline. 

HABITAT: On Doug l as fi r, Pseudotsuga menziesi i, cones 
in dense conifer forests with needl e -litter floors, in 
autwnn. 
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MACROCHEMICAL REACTIONS : All reactions were negative. 

MATERIAL STUDIED : \'lASHINGTON , King Co . , W. A. Murrill 
439 , (type - Seattle) , \'/216 (U .W. Campus) , W230, \Hl60 
( ~'later main Woods , Redmond) , W240 , W244 , W867, \tJll27 (McClel
lan ' s Butte Trail head); Thruston Co ., Wl045 , Wl047 (Tenino 
Mounds); Chelan Co . , \'1266 (Snow Creek Trailhead); Whatcom 
Co . W324 (Baker Canyon Creek Rd.); San Juan Co ., W563, 
Wl 740 (Friday Harbor Biological Station) . IDAHO , W910 
(Collin City Dump , near Priest Lake). 

16 . Strobilurus ligni til is \·Tells and Kempton Mycologia 
63 : 375. 1971. Plate v 

PILEUS 1-3 (5) em broad , convex , becoming pl ane, margin 
remaining inrolled or becoming a lmos t straight , white to 
medium or dark sooty brown , hygrophanous and drying some
what paler , darkes t centrally and fad ing toward the margin; 
surface dull, finely pubescent under a lens, not translu
cent- striate or only so on very margin , sometimes shallowly 
plicate there as well, especially i n the dry condition; con
text thin and tough- pliant , odor and taste not distinctive. 

LAMELLAE white, occasionally tinged yellow in drying , 
sinuate to almost free , subventricose , blunt at t he stipe 
apex , sharp- pointed towards the margin, edges even a nd 
pubescent, rather broad , 2-4 mm , thin and crowded . 

STIPE 2 . 5- 8 em x 1- 4 mm , white at the apex , becoming 
increasingly yellow downward , ochraceous buff mycelium 
covering at least the lower half , equal , surface like the 
cap , finely pubescent, becoming densel y matted wooly- tomen
tose over the whole length of the pseudorrhiza (generally 
equal to or surpassing the aerial portion) , often with humus 
adhering to the tomentum , sometimes naked and with rhizo
morphs, hollow, and tough- plia nt . 

SPORES 5- 7 . 5 x 2 . 5 - 3 pm , smooth , ovate to ellipsoid , 
hyaline , thin- \-lalled, and nonamyloid; BASIDIA 20 - 25 x 3- 5 
~. four-spo r ed or t wo- spored (the spores then in two sizes , 
the larger range 7- 9.5 x 2.5- 3 ~) , long and narrow ; GILL 
T~m of subparallel , hyal i ne hyphae 4-15 urn in diameter; 
PILEAL SURFACE a palisade of clavate to saccate- pedicellate , 
hyaline cell s 20 - 45 x 7 . 5- 24 ~; NO CLAMP CONNECTIONS ; 
PLEUROCYSTIDIA a nd cheilocystidia similar , the cystidia 
of the gill edge somewaht more abundant and longer than 
those on the face , more frequently subcapitate , both sub
cylindrical to nar rowly ventricose , with obtuse to subcapi 
tate apices , usually thin- walled , occasionally with the wall 

PLATE v - ; a - Strobilurus occidentalis , W912 , x 1; b -
Strobilurus ligni t ilis , Wl458 , x 1 ; c - Strobilurus albipi 
latus , W967, X l . 
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to 2 pro thick; PILEOCYSTIDIA scattered to abundant , 65 - 175 
x 7 . 5- 15 pm, generally about 100 ~ long , narrowl y ventri
cose to ventricose- rostrate , with obtuse to subcapitate 
apices , hyaline to yellowish , thin -wa l led and general ly 
smooth , rarely crystall ine encrusted; CAULOCYSTIDIA abun
dant, often groupd 70- 150 ~ long , 7- 15 urn at the base and 
4 - 9 ~ broad at the apex , narrowly ventricose with subcapi
tate to capitate apices, truncate at the base , hyaline to 
yel lowish , thin-wall ed to moderately thickened (1-2 ~) , 
smooth or irregularly encrusted at the apex. 

HABITAT: I n mossy dense conifer forests , scattered to 
caespitose , often then with the stipes fascicled on decay
i ng conifer wood which frequently is buried. 

MACROCHEMICAL REACTIONS : No reagent gave even a faint 
positive reaction . 

MATERIAL STUDIED : WASHINGT0!'1 , Clal l am Co. , Wll42 
(Heart 0 ' the Hills Cmpgr.); Snohomish Co ., Wll54 (\-lhi te 
Chuck River); King Co. W873 (Miller Ri ver cmpgr.) , Wll33 
(Dorothy Lake Rd . ); Thurston Co ., W976, W978 (Tenino Mounds); 
Pierce Co ., \-l897 (Ipsut Creek. , Mt. Rainier Nt . Pk.. ) ; Skama
nia Co. , Wl448 (Iron Butte); IDAHO , W915 (Priest River 
Ex perimental Forest , USDA) . 

17 . Strobilurus occidentalis Wells a n d Kempton. 
63:372. 1971. 

t-1ycologia 
P l ate V 

PILEUS 6- 15 mm in diameter , convex with margins incur
ved becoming broadly convex to subp l a ne , often obscurel y 
unbonate ; subhygrophanous a nd h ardly c hanging color , ne arly 
white if heavily shaded, otherwise tan to medium or dark 
grey- brown , margins often paler; surface dry , unpolished, 
smooth to subrugose , margin obscure l y translucent- striate 
when moist; context white, thin to membranous (up to 0.5 
mm) , p liant , odor none or slig htly of radish , taste none. 

LAMELLAE \olhi te , narrowly adnate , sinuate , to almost 
free , subventricose, sharp- pointed at the marg in , blunt at 
the stipe , t hin , close, moderately broad , 1-2. 5 mm. 

STIPE 1- 3 em long , often with a pseudorrhiza which may 
double or triple this length, 1-2 mm broad , white , soon 
orange- brown from the base upwards, apex remaining white ; 
dry , densely pruinose under a hand lens. pseudorrhi za 
covered with pale ochre- orange floccosity ; equal , stuffed 
becoming minutely hollow , rather tough . 

SPORES 4- 7 x 2 . 5- 3 . 0 pro , ellipsoid , hyaline , smooth , 
thin-walled and nonamyloid; BASIDIA 18-22 x 4-5 . 5 ~m , four
spored or two-spored ; GILL TRAMA of subparallel , hyaline, 
smooth hyphae 3.5- 12 pm broad , nonamyloid; CONTEXT of the 
pileus of i nterwove n hyphae similar to those in the gil l 
trama ; PILEAL SURFACE hymeniform , a palisade of clavate to 
saccate- pedicillate cells , hyaline to very pale brown , 
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13.5- 35 x 5.5- 17 (25) urn; NO CLAMP CONNECTIONS ; PLEUROCYS
TIDIA infrequent to moderately abundant , 34 - 55 x 5.5- 15 pm , 
ventricose with obt use to subcapitate apices , hyaline to 
yellowish , smooth or minutely encrusted on or near the apex , 
usually thin- walled but wall sometimes 1-2 pro thick; CHEILO
CYSTIDIA (20) 26- 50 x 7.5- 11.5 pro , othen~ise similar to 
pleurocystidia though vften more distinctly subcapitate ; 
PILEOCYSTIDIA infreq uent to moderately abundant, 30-70 (80) 
x 5- 11 ~. ventricose with obtuse to subcapitate apices , 
hyaline to yellowish, thin-walled , smooth or rarely scanti
ly encrusted ; Cl\ULOCYSTIDIA abundant (30) 40- 115 urn long , 
7 . 5- 20 pro broad at the base , 3 . 5- 6 . 5 pro at the apex , ventri
cose with obtuse to subcapitate apices, often truncaLe at 
the base, hyaline to yellowish, thin to moderately thick
walled (to 2 pro) , smooth or irregularily encrusted on or 
near the apex. 

HABITAT: In dense conifer woods , on buried wood or 
cones of spruce (Picea stichensis and ~- glauca) , mostly one 
but sometimes 2-3 fruiting bodies per cone, early spring or 
late autumn. 

M.l\CROCHEHICAL REACTIONS : No data available. 

MATERIAL STUDIED: \oJASHINGTON , Whatcom Co. , W325 
(Baker Canyon Creek Rd . ); Clallam Co . , Wl009 (Deep creek); 
IDAHO , \v919 (Bindarch Creek, Priest River) , W912 (Collin 
Cith Dump and Swamp , Priest River) . 

The above description was taken almost directly from 
that of ~lells and Kempton (1971). All the collections that 
I examined were not found on cones of Picea , bu t rather on 
wood, and seemed to match this species the closest. (Spores 
larger than in s. trullisatus and pileocystidia much shorter 
than those of §_:- lignitilis). t·lells and Kempton use the 
occurrence on Picea cones as a fundamental distinguishing 
feature of the species , and since none of my collections 
were found on this substrata , I felt their description o f 
the species should be followed as closely as possible. 

18. Strobilurus albipilatus (Peck) Wells and Kempton. 
Mycologia 63 : 377. 1971 

Basionym: 

Synonym : 

Figure 15 and 16, Plate V 

Collybia albi~ilata Peck. N. Y. State 
Museum Rep . 4 : 40. 1896 . 
Gymnopus albipilatus (Peck) Murrill. 
N. Amer Fl . 9 : 366 . 1916 . 

PILEUS 0 .5 to 1. 0 em , light pinkish buff to brown, 
un i form or lighter on the margin , hygrophanous and fading to 
a uniform pinkish white or with a darker pink ish patch on 
the d isc (5A2 or lighter when moist, drying to an even 
lighter shade , no match); convex becoming plane , someti mes 
centrally depressed, margin remaining somewhat inroll ed or 



184 

becoming straight, even; surface dull , faint l y shiny when 
mo ist and translucent-striate almost to the disc then as 
we ll, f inely pubescent under a lens; context membranous , 
r athe r f ragile when moist , becoming tough in drying ; taste 
and odor none . 

L~~LLAE whi te , sinuate and rounded behind , subventri
cose, narrow to rather broad , very thin , close, edges even , 
concolorous and pubescent , 3 tiers . 

STIPE 1 . 0- 2.7 em x 1 mm or less , white at the apex , 
yellowing downward , never becoming ochr aceou s at the base 
but rather a bay color (5A3) ; pubescent at the apex and al
most all the way to the base , terminating in a fibrillose 
radicating base , this pseudorrhiza rarely more than a third 
the length of the aerial portion , equal , hollow , rather 
watery when moist, becoming tougher in drying , also some
what shining under the pubescen ce then . 

SPORES 4-5 x 2 . 5- 3 . 0 (3 . 5) )Jil\ , ovate to ellipsoid , 
smooth , thin- walled , hyaline , and nonamyloid; BASIDIA slen
der , with long divergent sterigma , 16-21 x 3- 5 pro, four
spored ; NO CLAMP CONNECTIONS ; PILEAL SURFACE hymeniform, a 
palisade of subclavate to s accate-pedicillate cells , 17-23 
x 4- 12 ~m , smooth , hyaline, thin-wa lled and nonamyloid ; 
PLEUROCYSTIDIA abundant , 4 2- 55 x 8- 9.5 ~mat t he base, 
narrowly ventricose and tapering to the apex , rounded to 
semiacute , thin-walled and hyaline; CHEILOCYSTIDIA infre 
quent to moderately abunda nt , differing f r om the pleuro
cystidia by being s horter on the average , more cyl indrical , 
and having apices which are rounded to subcapitate, 33-48 
x 8-11 pro , hyaline, thin-walled to moderately thickened , to 
l. 5 )Jm , neither crystalline- e n crusted nor with a head of 
s lime ; PILEOCYSTIDIA infrequent to moderately abundant , 
47 - 57 x 6.5-19 pro , ventricose with o btuse to s ubcapitate 
apices, hyaline to yellowish, t hin- walled , smooth; CAULO
CYSTIDIA abundant and often clustered , 48- 75 long a nd 11-15 
urn at the base, 3 . 5- 5 . 5 )Jm broad at the apex , ventricose 
with subcapitate apices , sometimes obtuse , generally trun
cate at t he b ase , hyaline to yellowish, wall t hin or usually 
thick- walled , and yellow , to 2 . 5 )Jm , smooth. 

HABITAT : On cones of Pinus , scattered to gregarious . 

~~CROCHEMICAL REACTIONS : Gills and f l esh of t he cap 
negative to al l macrochemical reagents . 

MATERIAL STUDIED : NE\'J YORK , West Albany (type); IDAHO , 
Bonner Co ., W967 (Bindarch Creek) . 

Wells and Kempton have separated this species from the 
others found in Washington or Alaska by the presence of 
acute caulocystidia, which were i llustrated by Smith (1938) 
in his study of the type . In my study of the type I fo und 
o nly subcapitate to obtuse , never subacute , caulocystidia. 
In addition, this species seems very close to both s . l i gni-
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Figure 15 . - Strobilurus albipilatus, Peck type , basidium, 
spores, caulocyst~d~a (ca . 
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Figure 16. - Strobilurus albipilatus, Peck type, . pleurocys
tidia (pl), cheilocystidia (c), hymeniform elements of pil
eal surf ace and pileocystidia (p) . 
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tilis and S . occidentalis as they are described by \-Jells 
and Kempton; however , they had not been able to examine any 
material they considered to be representa tive of this 
species. The Idaho collection seemed to match the type 
quite well , but better f resh descriptions would help the 
delimitation of this species . At present , it appears that 
S. albipilatus is best distinguished by its smaller , buff 
or brownish, transluscent- striate cap; a shorter, paler 
stipe with the rooting and tomentose char acter less well 
developed than the other species; its habitat on Pinus 
cones , and a differentiation between cheilocystidia and 
pleurocystidia, the l atter being longer , less cyl i ndrical , 
tapering , and with apices generally obtuse to subacute , 
rather than subcapitate . 

MICROCOLLYBIA Lennox nom. nov . 

Pileus collybioideus , pusillus , convexus mox planus , ex 
albido ad incarnatum vel griseifulvum varians , care membra~ 
acea et tenax , odor atque sapor haud propr i a; lamellae pileo 
concolores , anguste adnexae , tenues , confertae ; stipes pileo 
concolor, aequalis , teres , solidus , pagina pruinosa dein 
tomentosa et interdum undulata , ad basim vulgo radicans , 
plerumque ex sclerotic luteo, badiibr~~neo vel atro exor
iens ; sporae pusillae, 6 pm vel minus quam 6 pm longae , 
ovatae vel ell ipsoideae , hyalinae , inamyloideae ; cheil ocys
tidia desunt; trama lamellarum subparallela , fibulas prae
bens; pagina pil ei haud evoluta , vulgo subgelatinata, et 
pi l eocystidia fi l amentosa vel irreg ul ares praebens; tomen
tum stipitis filamentosum . 

Synonym : r>ticrocollybia r>1€trod , nom. subnudum . Rev. 
Mycol . 17 : 75 . 1952 . 
Collybia pro parte Kummer. Fi.ihr. Pilzk . p . 
26 . 1881. 

Type species: Microcol lybia tuberosa (Bull. ex Fr.) 
Lennox . 

PILEUS and aspect coll ybioid , small , rarel y exceeding 
one em and usually less t han 5 mm in diameter , convex and 
then plane , either somewhat umbilicate or umbonate , gener
ally not strong l y so , margin remaining inrolled or becoming 
strai ght , often fur rowed or shallowl y pl icate ; surface 
uniform or concentrically rivul ose , with a thin pul verul ent 
white tomentum , someti mes evanescent , sil ky to opaque ; 
generally l ight- colored with a yel l owi sh to f l esh-col ored 
d isc , more rarel y grey i sh brown ; subhygrophanous, and un
changi ng in handling and in drying; f l esh membranous , tough , 
revivi ng ; odor a nd taste not distincti ve . 

LM-1ELLAE concol orous with the cap , white to grey- brown; 
generally sharply and narrowly adnexed , thin , crowded , 
rather broad , edge even and concolorous , b l unt- pointed both 
towards the stipe and margin. 
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STIPE concolorous with the cap and gills , whi te to 
pinkish or greyish- brown , equal , rarely taperi ng somewhat 
upward , outline sometimes undulate , often flexuous at the 
base; surface pruinose- powdery , especially at the base , 
sometimes g labrous at the apex , base generall y rooting for 
a short distance , then tomentose to strigose , often with 
abundant white to brownish rhizomorphs ; almost filiform , 
terete , and solid ; generally with a conspicuous , buried , 
yellow, bay- brown , or black sclerotium . 

SPORES ovate to ellipsoid , thin-walled , hyaline , non
amyloid , small, generally 6 pro in length or less; BASIDIA 
thin-walled , four- spored and noncarminophi lous; CHEILOCYS
TIDIA usually not differentiated or if present than clavate 
to filamentous, contorted, rarely exceeding the basidia 
by 10 pm and quite inconspicuous; PILEOCYSTIDIA frequently 
present, rare to abundant , filamentous to clavate- contorted , 
grouped, arising directly from the surface layer , often as 
upturned hyphal ends . hyaline , thin-walled , sometimes sep
tate ; STIPE VESTURE similar to the cap or more often a 
tomentum of filamentous thin-walled cells of uniform narrow 
diameter , grouped and tangled , especial l y prominent in the 
lower half; GILL TRAMA subparall el , regular , loose , parti
ally interwoven , with l arge prominent c l amps , generally 
with a narrow, compact , ramose subhymenium; PILEAL SURFACE 
undifferentiated or a thin, amorphous , gelatinized l ayer 
cementi ng the upper cel l layer , these cells simil ar to those 
of the context , radial to somewhat interwoven , rather 
coarse , loose, c l amped , thin-wal led, hyaline , not encrusted , 
and nonamyloid. 

MACROCHEMICAL REACTIONS: Microcollyia racemosa is 
almost compl etely unreactive , while the pall1d spec1es of 
the genus tend to be rather widel y reactive , reacting with 
aniline (yellow to orange) , alpha- napthol , guaiacol , sulfo
formol (yellowish to pink) , phenol, and phenol-aniline. 

HABITAT: On the much decayed carpophores of agarics 
and pol ypores , th i s appearing as a dried tarry substrate 
overlying humus or soil , occasionally without any evidence 
of such a substrate and thus appear ing to grow directly on 
humus; rarely solitary , usual l y very abundant and somewhat 
crowded , t hen gregarious to subcaespitose. 

The genus is easily recognized by its small , tough , 
carpohores which lack any remarkable microscopic featu res 
and which are normally found emerging from a sclerotium on 
the remains of much decayed agarics. The three species of 
whitish Microcoll ybias , ~· tuberosa , ~· cir rata , and ~· 

PLATE VI - ; a - Microcollybia racemosa , W907, x 1; b - Micro
collybia cirrhata, Wll3S , x 2; c - M1crocollybia tuberosa , 
W905 , x 2 ; d - Microcollybia cookei , Wll58, x 2 . 
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cookei , are distinguished almost exclusively on the basis 
of the presence or absence of a sclerotium , and its shape 
and color. There are other differences between the three 
species but t hey are subtle and do not lend themselves as 
diagnostic tools . The most compelling evidence for main
taining the three species separate is the work of J. D. 
Ar nold (1935) , who demonstrated the i ncompatibility of both 
haploid and dipl oid mycelial interspecific matings (intra
specific matings were successful) . Another important 
observation was made in the same work: all three of the 
species were capable of surviving , reviving and producing 
spores after drying for two months. This character of 
marces c ense would place the genus very close to Marasmius . 
It l acks however any microscopic feature that character~ze 
the marasmii . It probably would be most often confused 
with members of the genera Baeospora and Strobiluris which 
it resembles generally in color and stature , but bOth of 
these genera are found o n conifer cones or wood and can 
easily be distinguished by their abundant , conspicuous cys
tidia, amyloid spores, or absence of clamps . 

l. 

l. 

3 . 

3. 

Key to the Microcollybia Species 

Carpophores greyish- brown , the stipe with prominent 
side branches arising at right angles to the stipe 
and bearing slime heads of conidia , sclerotium sub-
globose , shiny , and coal black . . .. . ... ..... . .... .. 
.. .. ....... . . ..... . . . Microcollybia racemosa (p . 191 ) 
Carpophores whitish, often with a pale yellowish or 
pinkish tinge , especially on the disc , l acking coni
dial s i de branches on the stipe , with or without a 
sclerotium ... ...••.. . • . ..•. •. . . • . . •. • .. . .. .. ..... . 2. 
2. Carpophores not arising from a sclerotium, with 

a prominent strigose base and abundant white 
rhi zomorphs , the stipe clothed with fi l amentous 
hairs of uniform narrow diameter .. . . ..•... . . .• 
......•.......... Microcollybia cirrhata (p . 193 ) 

2 . Carpophores arising from a prominent yellowish 
or mahogany brown sclerotium, stipe base not 
strigose, usually with an appressed white tomen
tum , sometimes with rather coarse white rhizo
morphs , the stipe c l othed toward the base with 
fi l aments of narrow regular diameter or with 
short cystidia of irregul ar shape and diameter. 
• • • • • • • • • . • • • • . • • • • • • • . • . • • • • • • . • • • • • • • • • • . . • • 3 . 

Carpophore arising from a yellow pumpkin- s haped 
sc l erotium; pileocystidia differentiated , grouped , 
rare to abundant; cheilocystidia lacking . .... . .. . . 
... . ......... . . ........ Microcoll ybia cookei (p . 194 ) 
Carpophores arising from an appl e -seed-shaped , 
mahogany red- brown scl erotium; pileocystidia undif
ferentiated , or only an occasional hair - like projec
tion; cheilocystidia present , clavate- contorted to 
f ilamentous, inconspicuous ............ . . ..... .. .. . 
. . . . . . . . . . . . . . . . . . . . . Microcollybia tuberosa (p . 196 ) 
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19. Microco1lybia racemosa (Pers ex Fr . ) Lennox comb. nov . 
• 

Figure 17 , Plate VI 

Basionym: Agaricus racemosus Pers. e x Fr. Epicrisis, 
p . 90. 1836. 

Synonyms: Collybia racemosa (Pers . ex. Fr.) Quelet . 
Champ. Jura . Vosges. Ser II(S) : 342 . 1873. 

Illustrations: Persoon , Tentamen, tab. 3 , fig. 7- 8; 
Brefeld, Untersuch 8(1889), tab. 4 , fig. 
17-19 ; Sowerby , Col . fig. , tab. 287; Revue 
Mycol. 10(1888) . pl. 68, and 27 (1905) , pl. 
24 7, fig . 1-6. 

PILEUS 3- 10 mm, convex and then plane , with a broad 
obtuse umbo, margin strongly inrolled in the immature spe
cimens and in drying , remaining somewhat to strongly inrol
led at maturity, becoming frayed and splitting , shallowly 
striate- grooved , frequently slightly crenate; medium fus 
cous brown , darkest at the center , fading uniformly toward 
the margin (507 o n the disc , 5E4 elsewhere) , subhygrophan
ous and drying only slightly lighter (5ES); innately sil ky, 
appearing silvery toward the margin when dry; context very 
thin , tough- pliant, concolorous ; no taste or odor . 

LAMELLAE somewhat paler than the cap , greyish brown 
(SC4 to SB4) , very narrowly and sharply adnexed, narrow, 
thin, and close , 2 tiers , edges even and concolorous , con
sistency somewhat tough. 

STIPE 3- 5 em x 0 . 5 - 1 mm , concolorous with the cap or 
somewhat lighte r, uniformly colored (SES ) ; equal above the 
substrate , generally tapering below this point, racemose, 
the projections arising at right ang les to the stipe, ab
s e nt in the upper aerial half , 1-1.5 mm long , capped with 
a s l ime head of conidia; faintly pruinose , terete or com
pressed , f l accid , often prostate , frequently buried for its 
entire length and ent\oJined around portions of the substrate, 
arising from a subglobose , shiny , coal black sclerotium , 
watery greyish and homogeneous inside the. thin , b lack coat , 
2- 7 mm in diameter. 

SPORES 4- 5.5 x 2 . 5 - 3 ~. ovate , thin- walled , hyaline, 
conte nts homogeneous , fain tly bluish in Melzer ' s solution; 
BASIDIA 16-20 x 3.5-4 ~, rather narrow , tapering gradually 
toward the base , four-spored , noncarminophilous; no cystidia 
differentiated; PILEAL SURFACE a cutis of radial, somewhat 
a gglutinated, rather coarse hyphae differing chiefly i n 
size from the underlying tissue , 1 - 3 ~m in diameter , becom
ing 5- 7 ~ broad in context, clamped , melanized and encrust
ed with shallow irregular concretions , tnost c o nspic uo us 
in the surface cells; GILL TRAMA subparallel, somewhat 
interwoven, clamped , with a narrow , branched compact subhy
menium composed of hyphae 2- 3 ~min diameter; CONIDIA 8.5-
12 x 4-5 ~m , peanut shaped , nonamyloid, no ncarminophilous , 
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Figure 17. - Microcollybia racemosa, W907, basidium, spores, 
and conidia (c); F1gure 18. - M1crocollybia cirrhata, Wll35, 
basidium and spores. 
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c l amped , produced by the fragmentation of coarse mycelium . 

MACROCHEMICAL REACTIONS : All r eagents fai l ed to pro
duce col or changes . The dark fuscous tones of the carpo
phores may mask weaker reactions with some of the reagen ts. 

HABITAT : On the much decayed remains of agarics , or 
in deep c oni ferous duff , gregarious to subcaespitose . 

MATERIAL STUDIED : WASHINGTON , Snohomish Co ., 1'11153 
(Verlot Ranger Station); Ki ng Co ., Wl663 (Annette Trail
head); Thurston Co. , Wl028 (Tenino Mounds); IDAHO , 1'1907 
(Collin City swamp). 

This species is rarely collected probably due to its 
small size , camouflage color , and tendency to be immersed 
in the substrate . Once e ncountered , however , it usual ly 
does not present any difficulties in i dentification; its 
size, coloring , unusual side- branches on the stipe , and 
presence of a sclerotium set i t aside from all other 
agarics immed iatel y . 

ZCI . Microcollybia cirrhata (Pers. ex Pers.) Lennox comb. nov. 

Figure 18 , Plate VI 

Basionym : Agaricus cirrhatus Pers . ex Pers . Mycol . 
Europea . Vol 3 : 125. 1828 . 

Synonyms : Collybia cirrhata (Pers . ex Pers . ) Quelet . 
Champ Jur . Vos ges. Ser. II(5) : 96 . 1872. 

Illustrations: Britz , Hymenon. , tab . 2 , f i g . 4; Frie~ 
!cones Hymenon ., tab . 68 , fig . l; Gillet , 
Ch amp . Fr ., Hymenon ., tab. 542; Bresadola , 
I nconographia Mycol . , tab. 205 . 

PILEUS 2 - 12 mm, white at the margin , light warm tan at 
the center (583) , spotted at the disc or fad ing uni formly 
to the margin , hygrophanous and becoming uniformly colored 
(5A2) ; convex becoming plane , occasional ly depressed s l ight
ly at maturity , often shallowly papillate to broad umbonate, 
margin either slightly inrolled or straight at maturity , 
moist and then striulate for o ne half t o one q uarter the 
radius , grooved- undul ate at the edge , fraying with age ; sur
face dry- matte , opaque , slightl y powdery , minutely r ugose 
under a lens ; context thin , concolorous , rather soft and 
fragile; odor none, taste none or farinaceous. 

LAMELLAE white or pallid, arcuate , broadly adnate to 
slightly sinuate , blunt- pointed at the stipe attachment , 
sharp-ended toward the margin , edge even and concolorous , 
thin , subdistant , 20 lamellae reaching stipe apex , 3 tiers 
of lamellulae , narrow, about 1 mm in depth . 

STIPE 12- 25 mm x 1 mm o r less , concolorous with the 
disc of the cap or darker , pale warm buff (584 ) , somewhat 
more reddish toward the base with age , equa l, outline often 
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rather \oJavy , especially in the lower half , f lexuous; sur
face powdery-pubescent above , becoming tomentose below, 
strigose with white, bristle- like rhizomorphs near the sub
stratum; solid with a lighter center; not arising from a 
sclerotium. 

SPORES (5-) 5 . 5- 7 . 5 x 2 . 5- 3.5 ~' ellipsoid to cylin
drical , smooth , thin-walled , hyaline , nonamyloid , white in 
deposit , contents homogeneous; BASIDIA 25 - 31 x 4- 5 pro , 
four - spored , noncarminophilous; PILEAL SURFACE undif feren 
tiated from the context , of rather coarse hyphae, loose, 
partially interwoven , clamped , nonamyloid ; GILL TRAMA sub
parallel , loose , partially interwoven, clamped , nonamyloid; 
no cystidia d ifferentiated. 

MACROCHEMICAL REACTIONS: Gil ls and f l esh of the cap 
react with aniline (weak , variable reaction , yellowish to 
pinkish) , alpha- napthol, guai acol , p henol, and phenol-ani 
l ine. 

MATERIAL STUDIED : \'/ASHINGTON , Snohomish Co. , Wll80 
(Buck Creek campground) ; King Co ., W251 (Snoqualmie Pass), 
WllJl (McClellans Butte Trailhead), \Hl35 (Dorthy Lake Rd) , 
Wl 662 (Annette Lake Trailhead); Kittitas Co. , \'/1120 
(Blankenship Meadows Trail) ; Jefferson Co. , Wll73 (Dose
wallips Campground) ; Clallam Co. , \vll36 (Heart O' the 
Hills) . 

This species seems to be much more common in t h is area 
than either of the other two whitish species of t he genus . 
It is distinguished chiefly by the absence of a sclerotium , 
and its larger spores . 

21 . Microcollybia cookei (Bres.) Lennox comb . nov. 

Bas i o nym : 

Synonym: 

Figure 19 , Plate VI 

Coll lbia cirrhata var. cookei Bres. leones 
Myco . Vol . 5 (suppl. 2) : 206. 1928. 
Colltbia cookei (Bres . ) J. Arnold. Mycol. 
17(4 :414 . 1935 . 

Illustrations : Cooke, Illustr . Brit. Fungi , tab. 144 , 
fig . B. (as Collybia cirrhata); Bresadola, 
! cones Mycol. Vol . 5 (suppl. 2) :206. 1928. 

PILEUS 2-9 mm , white to very pal e pinki sh or yel l owish , 
uniformly colored , subhygrophanous and drying slightly pin
ker ; convex , becoming plane , slightly depressed or umbili
cate with age , shallowly papillate when you ng , margin 
somewhat inrolled or nearly straight , even, thin, moist
striatulate for one half the radius , later fraying ; surface 
dull, somewhat shining if very moi st , finel y and innately 
fibrillose , minutely rugose under a l ens ; context very 
thin, membr anous , rather tough , concol orous; no odor , taste 
none , or far inaceous and then delayed. 
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Figure 19 . - Microcollybia cookei, Wll58 , basidium, ~pores, 
pileal surface with cystidia (p); Figure 20.- Microcolly
bia tuberosa , Wl 373, basidium, spores, cheilocyst~d~a lc). 
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LAl-lELLAE white, drying pale pink (SA2) , rather broadly 
adnate to sinuate , arcuate , thin , subdistant , 20 lamellae 
reaching stipe apex , narrow , 1 mm or less in depth , edges 
even and concolorous. 

STIPE 0.6-6.0 ern x 1 - 2 rnm , concolorous with the cap 
at the apex , generally slightly darker toward t he base, 
pinkish (5D6) , equal , outline often wavy, straight , then 
flexuous; surface pruinose at ·the top , becoming pubescent , 
scantily tornentose at the base, with white coarse bristle
like rhizornorphs t here as well, often buried for half of 
the length , solid , terete , with a subhygrophanous lighter 
core, emerging from an orange- yellow (5A6) sclerotium that 
is 1-6 mm in diameter , irregular in shape , often somewhat 
f lattened and pumpkin- shaped . 

SPORES 4.5-5 . 5 (- 6) x 2.5- 3 . 5 ~. ovate, thin-walled , 
smooth , contents uniform , nonarnyloid hyaline; BASIDIA 16- 18 
x 4-5 ~. rather small , tapering gradually to the base , 
four-spored , no ncarrninophilous; PILEOCYSTIDIA rare to fre
quent , arising directly from the surface layer, clavate to 
filamen tous , contorted , grouped , 10-45 x 3 - 8 ~; cheilocys
tidia and pleurocystidia no t differentiated ; PILEAL SURFACE 
undifferentiated from the context, upper layer slightly 
gelatinized and agglutinated, not encrusted, composed of 
rather coarse hyphae averaging 3- 5 ~in diameter , loose , 
nonamyloid; GILL TRAMA subparallel , partially interwoven , 
loose , clamped , composed o f hyphae 4- 8 ~ in diameter , 
averaging 6 ).lm; STIPE VESTURE cystidioid, clavate- contorted, 
5-30 x 3-10 ).lffi , generally rather short and not exceeding 
20 ~. thin-walled , not encrusted, sparingly branched and 
septate, hyaline , and clamped . 

MACROCHEMICAL REACTIONS: Gills and flesh of the cap 
r eact with alpha-napthol , aniline (yellow to orangish) , 
guaiacol , phenol , and pheno l - aniline. Weak and ambiguous 
reactions also occurred with sulfoforrnol (pinkish) , and 
ferr ic sulfate (greenish) . 

HABITAT: On much decayed mushroom remains , appearing 
as a black tarry substratum , gregarious to subcaespitose , 
g enerally very abundant . 

MATERIAL STUDIED : WASHINGTON , King Co. , Wll28 (!>tcCle l 
lans Butte, trailhead) , Wll58 , Nl685 (Water Main Woods); 
Mason Co., \'1120 9 (Lower Lena Lake Trail) . 

Microcollybia cookei is very closely related to Micro
collybia cirrata and ~· tuberosa and is distinguished chief
ly and most readily by the presence of a yellow to yellow
orange sclerotium. This sclerotium differs markedly in 
color f rom that of M. tuberosa , which is reddish-brown and 
strongly resembles an apple seed. 

22. Microcollybia tuberosa (Bull . ex Fr.) Lennox comb. nov. 
Figure 20 , Plate VI 
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Basionym : Agaricus tuberosus (Bull . ) Fr. Syst . Mycol . 
p . 133 . 1821. 

Synonyms: Collybia tuberosa (Bull . ex Fr . ) Quelet . 
Champ. Jur . Vosges . Ser . II , 5 : 96 . 1872 . 

Illustrations: Bulliard , Champ . Fr . , tab . 256; Bre
feld, Untersuch 8(1889), tab. 4 , fig . 15-16; 
Britz, Hymenom . , tab . 32 , fig . 221; Cooke , 
Illustr. Brit . Fungi , tab . 144; Bresadola , 
Icon . Mycol., plate 207, fig . 1. 

PILEUS 0 . 2- 1.2 em, white to pallid, center tinged a 
pinkish buff (5A2), subhygrophanous and drying slightly 
darker and more pinkish (4A3); convex becoming plane, with 
a shallow umbo in some immature specimens, often becoming 
somewhat centrally depressed with age , margin remaining 
slightly inroll ed or becoming straight, often crenate and 
plicate-striate in older specimens , fraying then as well; 
surface moist-watery , often drier and dull , faintly pubes 
cent, especially under a lens; context very thin, concolor
ous , rather soft when moist , much tougher in drying; odor 
faintly sweet or fungoid , taste none. 

L~ffiLLAE white , occasionally tinged fai ntly pinkish , 
broadly adnate , appearing almost subdecurrent if the cap 
margin is raised far above the point of attachment, edge 
even and concolorous , thickish , rather broad , 1 x 2 mm , 
subdistant, 20 lamellae reaching the stipe apex . 

STIPE 1 3- 25 mm x 0.5- 1.0 mm, at first concolorous , 
d arkening slightly with age and handling , then pinkish 
(5A3) , equal , flexuous at the sclerotium , surface powdery
pruinose at the apex , with a scant white tomentum below 
that and nearly strigose at the base; solid, o r more rarely 
narrowly tubular , concolorous centrally , rather tough , 
especially in drying , never really pliant; arising from a 
prominent sclerotium , that is 4- 13 x 2- 9 mm , dark mahogany 
brown (8E8 to 8F8) to a l ight orange brown (6C6) , often 
mottled fer ruginous when lighter col ored , often resembling 
an apple seed , the larger ones frequently bowed and narrow
est toward the emergence end , white to cream within, solid 
and uniform, becoming longitudinally furrowed with age or 
drying , shiny ; rarely with white bristle- like rhizomorphs. 

SPORES 5-6.5x3- 3 . 5 ~, ovate to cylindrical, hyaline , 
thin-walled , smooth , nonamyloid ; BASIDIA 19- 27 x 4.5-5 . 5 
~, long and narrow , four- spored , noncarminophilous ; CHEIL
OCYSTIDIA not differentiated or if present then in a tight 
hymenium on the edge , resembling basidioles, 15- 36 x 3-6 .3 
urn, clavate- contorted, never becoming filamentous; PILEAL 
SURFACE undifferentiated , composed of rather large , l oose , 
clamped hyphae 4-8 ~ in diameter , the uppermost cell layer 
somewhat gelatinized and compacted , not encrusted , thin
walled, nonamyloid , more or less radially oriented , some-
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what i nterwoven; GILL TRAMA regular , subparallel to inter
woven, clamped, nonamyloid, composed of hyphae 4-8 p.m in 
diameter , subhymenium hardl y differentiated , very narrow and 
compact, the hyphae 2-3 p.m in diameter ; STIPE VESTURE hair
like , uniform in diameter , 3- 5 p.m , nonencrusted, hyaline and 
thin-walled , tangled. 

MACROCHEMICAL REACTIONS : Gills and flesh of the cap 
react positively with alpha- napthol , aniline (reaction very 
weak , yellowish to pinkish ) , guaiacol , sulfoformol (weak , 
yellowish) , phenol- aniline, and phenol. 

HABITAT: scattered to subcaespitose, generally very 
abundant, on the hard tarry pad of a much decayed mushroom , 
in coniferous woods. 

MATERIAL STUDIED: WASHINGTON , Skagit Co ., Wl673 (Min
eral Park Campground); King Co ., W610 (Lee Forest) , Pierce 
Co . , \H373 (Tahoma Creek , Mt . Rainier Ntl. Pk); IDAHO , 
Bonner Co., W901 (USDA Experimental Forest, Priest Lake), 
W905 (Collin City dump) • 

This species seems to differ primarily by the presence 
of the apple-seed like sclerotium, and appears to be much 
rarer than Microcollybia cirrhata. 

RHODOCOLLYB IA Singer. Schwei z. Z. 
Pilk , 17: 71 . 1939. 

Type species: Rhodocollybia maculata (Fries) Singer. 

HABIT tricholomoid to collybioid, PILEUS generally 
quite large , often 5 em or more in diameter , convex, becom
ing plane , frequently shallowly umbonate , rare l y centrally 
depressed , surface often rather uneven, lubricous and shin
i ng, dull and matte in drying; wh i tish t o dark reddish 
brown, generally staining ferruginous; context quite thick 
over t he disc , tapering abruptly just at the margin , margin 
often curled and fraying in age; odor generally rather faint 
a nd pleasant , occasionally strong and characteristic, taste 
none to unpl easant and bitter. 

LAMELLAE whitish to pinkish cream, narrowly adnexed, 
sinuate to emarginate , o ften slightl y uncinate and the 
attachment slightly irregular , ventricose , thin , crowded , 
generally rather broad, edge concolorous but uneven, often 
either serrate in young specimens or frayed o r eroded in 
age . 

STIPE rather long and thick relative to the cap dia
meter , often exceeding 7 em in length and having a breadth 
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of at least 5 mrn, whitish to concol orous with the gills; 
slightly expanded just at the apex , equal for most of the 
above ground length , expanded where radicating and then 
tapered abruptly , frequently staining ferruginous in con
tact with the substratum; faintly and finely pruinose at 
first , glabrescent and longitudinal l y striate in age, the 
radicating portion with a white appressed cottony tomentum; 
occasionally compressed , solid to spongy- stuffed , context 
white, fibrous and easily splitting and fraying, firm , not 
tough. 

SPORES globose to ellipsoid , hyaline in transmitted 
light , endosporiurn dextrinoid (cyanophilous as well) , thin 
to rather thick walled (0 . 5 ~) , yellow to dark pinkish 
cream i n deposit ; BASIDIA four-spored , noncarminophilous, 
occasionall y dextrinoid and appearing thick- walled and then 
frequently septate; CHEILOCYSTIDIA present or absent , if 
present thin- walled , hyaline , variable in shape, and not 
exceeding the basidia; PLEUROCYSTIDIA not differentiated ; 
PILEAL SURFACE a layer of loosely interwoven hyphae , 2- 5 ~ 
in diameter , often partially gelatinizeo , generally not 
incrusted, nonamyloid , less compact than the layer immedi
ately below, clamped; the contex t loosely interwoven, o f 
hyphae 5- 8 ~ broad, nonamyl oid, clamped , occasionally 
encrusted in upper more compact layer near the surface. 

~~CROCHEMICAL REACTIONS : The carpophores seem to dif
fer rather widely in reactivity, some species reacting with 
almost all of the reagents used and others reacting with 
just a few. In most cases , the carpophores were negative to 
alpha- napthol , aniline , and guaiacol, and positive to phen
ol, and phenol-aniline. 

HABITAT : Scattered to caespitose on t hick duff or 
much decayed wood , in coniferous forests . 

This genus is characterized by the large size of its 
carpophores and depth of the f lesh of the cap; the reddish 
colors of the cap; the thin, crowded, broad , adnexed, pallid 
gills; the pinkish spore print, a subradicating and sulca t e
striate stipe. Microscopically , these species are distinct 
due to the partially gelatinized, relatively large and 
l oosely interwoven hyphae of the pileal surface, and also 
by the presence of dextrinoid spores , and scattered, dextri
noid thick walled basidia. The latter character , however , 
varies a great deal and in some collections may be over
looked: some specimens have so few spores that actually 
are dextrinoid that a ny one crush mount may contain only a 
few , while in the majority of collections, a crush mount 
will often contain about 25-50% dextrinoid spores. 

Key to the Secti ons 

I . Stipe subradicating in much decayed wood , conspicuously 
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sulcate- striate , at least with age , often staining 
ferruginous slowly on cap , gills , or stipe, context 
of cap very thick , generally as deep as the depth 
of the gills . . .•.. . . .. . .... . Section Maculat a (p . 200) 

I . Stipe not radicating in much decayed wood , terres
trial , stipe glabr ous , neither l ongitudinally 
striate nor sulcate; rarely staining rusty on any 
part; contex t of the cap rel atively thin , 5 mm or 
less , less than the depth of the gills . . . . . ... . .. . 
. .. . ... . . . . . . . .. . .. ... . . ... Section Butyracea (p . 218) 

Section Maculata (Singer) Lennox stat . nov. 

Basionym: Col1ybia , Section Stripedes , Stirps Maculata 
Singer. Agaricales in Mod . Tax ., 1962 . 

Type species: Rhodocollybia maculata (Fr . ) Singer . 

Pileus very large , generally 5- 12 em , pallid to dark 
reddish brown; context thick , 5 mm . or more , often as deep 
as the gills ; stipe conspicuous l y sulcate- striate , and sub
radicating ; carpophores general l y stained ferr uginous in 
some part , especially in the lower part of the stipe; scat
tered to caespitose in much decayed wood . 

Key to the Species 

1 . Majority of spores globose to subsphaerical , gener
ally les s than 6 ).lm in length , a small percentage 
approaching an ovate- ellipsoind shape . . . . .... . . ... 2. 

1 . The majority of spores ovate to ellipsoiu , gener
ally 6 ~ or more in length , a very few subglobose 
. . . . . . . . • . . • . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 3 . 
2 . Stipe very dark sordid brown at maturity , cap 

pale to dark vinaceous or brown , odor aromatic , 
like benzaldehyde or almonds , taste none or mild . 
... . ...... . .. . . . . . . . . . ~· subsulcati~es (p. 201) 

2 . Stipe white , cap pallid, blushing fu vous , spot
tin~ ~inaceous , odor faint, taste bitter . . . .. 
•. . : .. . . . ... . R. maculata var . maculata (p. 210) 

3 . Caps dark- colored both in young specimens and at 
maturity , dark vinaceous brown to fuscous (7ES to 
7F3) • .•• •.. . .... ....•..• .• . . •.. •... •.•.•••• .•. .. . . 4. 

3 . Caps pallid , sometimes blushing fulvous centrally 
with a g e , frequently spotted ferruginous . . . .... ... 7 . 
4. Odor very strong , of benzaldehyde or almonds, 

taste bitter, cap quite large , at least 4 em 
in diameter . ... ......... ~· ore~onensis (p . 202) 

4. Odor if strong , not of benzalde yde or almonds, 
taste none , or if bitter , cap dark fuscous brown; 
cap 4 e m or less . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 . 
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7 . 

7. 

23. 

Cap dark fuscous brown to fuscous vinaceous , lacking 
rusty stains on the gills or stipe, cap not 
umbonate . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 . 
Cap vinaceous brown , without any fuscous tone, 
staining ferruginous on the gills and lower stipe , 
cap umbonat e ..... . .. R. maculata var. ful va (p . 210) 
6 . Gills yellow to light orange , cap less than 

4 em, odor faint , rather sweet, taste bitter 
... .. . . . . ... ... . R. maculata var. nigra (p. 211) 

6 . Gills white, cap 4. 5- 6. 0 ern, odor penetrating , 
like Vicks or moldy cinnamon , taste none ..... 

Gill~ ·y·e·11o'w. (si..2 · ~~ · 4i..si : · ~~P · bu;f ~~bf~I~~u!~ · 205
> 

st i pe often yellow with age .... .. . .. . ... . .• . . .. .. 
. . • . .. ... . .... R. maculata var. scor zone r ea (p . 214) 
Gills white , unchang lng , not yellow at maturity; 
cap pallid , or blushing b ay centrall y or with age , 
stipe whiti sh , not yellowing ..... .. . . ..... . .... . . 8. 
8 . Carpophor es cream white t hroughout , l acking 

rusty stains o n all parts ................... . 
R. maculata var . immutabilis (p . 215) 

8. Carpophores-pallid , generally J1ght bay col ored 
to fulvous on the cap with age , spotted ferru -
ginous on cap, gills , a nd stipe . .. .......... . 
. ....... . R. maculata var . occidentalis (p . 217) 
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Rhodocollybia subsulcatipes (Smith) Lennox comb. nov . 

Plate VII 

Basionym: Collybia subsulcatipes Smith . Bull. Torrey 
Bot . Club . 71 : 396- 7 . 1 9 44. 

The description following is drawn from that of Smith 
(194 4) . 

PILEUS 5 . 5- 8 . 0 ern broad , when young " army-brown " to 
" vinaceous fawn" over all , disc becoming "russet- vinaceous" 
and margin "deep browni sh vinaceous" (dark to pale vinace
ous brown) , hygrophanous and fading to a "pale vinaceous 
buff" (pallid vinaceous); convex , becoming plane , obtuse 
wi th an inr o lled margin , be coming gibbous or plane , in age 
t he margin rec urved or elevated and freq ue ntly spl itting , 
surface moist and polished, margin transluscent striate , 
hygrophanous and opaque when faded ; f l esh thin (2- 3 mrn), 
equal, firm and cartilaginous, concolorous with the surface 
of the cap; odor faint but heavy and aromatic (somewhat l ike 
that of benzaldehyde) very distinctive , taste mild. 

LAMELLAE "pale greyish vinaceous" becoming " light 
russet-vinaceous" (grey with a tinge of vinaceous when 
young , becoming distinctly dull vinaceous in age), depr essed 
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adnate to nearly free , the lamellae quite irregular in 
arrangement , broad (1 em±), becoming slightly ventricose , 
close to nearly subdistant , 46- 54 reach the stipe, 1- 3 
tiers of lamellulae , faces glaucous , edges thickish and 
even . -STIPE 6- 10 (15) em long , 10-16 mm thick at the apex, 
more or less concolorous with the pil eus at the apex , be
coming very dark sordid vinaceous brown from the base up
ward in age , tapering downward to a long pseudorhiza , 
surface pruinose but soon polished , smooth or longitudin
ally grooved to subsulcate , sol id and fibrous within. 

SPORES 5 - 5.5 x 4 . 5 x 5 pro , g lobose to subglobose , hya
line, smooth , not amyloid ; BASIDIA 28- 34 x 4.5- 6 ~' four
spored , slender and subclavate; pleurocystidia and cheilo
cystidia not differentiated , GILL TRAMA parallel to sub
parallel, the hyphae more or less cylindrical; PILEAL 
SURFACE a narrow cutis of radially arranged subgelatinous 
hyphae 3- 4 ~ in diameter , context floccose , the hyphae 
5 - 15 pro in d i ameter . 

MACROCHEMICAL REACTIONS : No data available. 

HABITAT: Gregarious on humus. 

MATERIAL STUDIED : None (Note : the type local ity and 
only reported collections of t h is species are from Storm 
King Mt ., Clallam Co . , Olympia National Park , Wash . ) . 

According to Smith "this species is closely related to 
Collybia fusipes but distinct because of its globose spores, 
odor , and vinaceous gil ls" (He examined material of C. 
fusipes provided by M. Josserand , Lyon ) . He further states 
that " the most obvious difference macroscopically is the 
color of the lamellae and their spacing . In C. subsulca
tipes they are closer and more vinaceous . ~.-oregonens1s 
has a similar odor but is readily distinguished by its 
ellipsoid spores , the color of the gills and stipe, and in 
general appearance. c. oregonensis is c losely related to 
C. maculata ." 

24 . Rhodocollybia oregonensis (Smith) Lennox comb. nov. 

Figure 21 , Plate VII 

PLATE VII - ; a - Rhodocollybia subsulcatipes, constructed 
from type description, x ~; b - Rhodocollybia maculata var , 
maculata, Wl4 38, x ~; Rhodocollybia oregonensis, Scates 
1178 , X ~ . 
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Basionym: Coll,bia oregonensis Smith . Mycologia 
29:4 . 1937. 

PILEUS 4-10 . 5 em broad , generally at least 7 em , very 
dark vinaceous brown or chestnut bro\-.rn centrally , fading 
graduall y and then abruptly towards the margin , warm buff 
to pale tawny there (8F7 or 8F8 at the center, 683 to 5A5 
marginally) , in older specimens colors uneven and spotted, 
subhygrophanous , and colors slowly losing their warm tones; 
convex to hemispheric, becoming plane and broadly but shal
lowly umbonate , margin never truly straight, sometimes 
frayed but even ; surface subviscid when moist, g labrous or 
occasionally minutely fibrillose on the disc , sometimes 
obscurely silvery-spotted in drying; context firm-brittle 
when moist, pallid , tapering evenly to the margin and very 
thin at extreme margin , rather thick centrall y , up to l em, 
not tough, odor very distinctive , strong almond or benzal 
dehyde, taste faint and unpleasant or none. 

LAMELLAE white to pale orange (4A3 to 5A2, no good 
match), yellowing in drying, sinuate- uncinate , some varia
tion in insertion and degree of attachment , sharp- pointed 
towards the margin, blunt- ended at the stipe , ventricose, 
thin and crowded, 84 lamellae reaching s tipe, 3 tiers of 
lamellulae , broad , 2.8-3 . 9 em x 5- 6 mm, edge concolorous , 
serrate to even when young , strongly eroded and fraying 
later , consistency soft , sometimes minutely transversely 
striate, frequently stained ferruginous. 

STIPE 6.5-20 (30) em long , 5- 20 mm broad , white but 
staining ferruginous , especially towards base , equal for 
most of the length , inflated slightly in lower half and 
then tapering abruptly i nto a pseudorhiza-like prolongation, 
buried for about one- half of the l ength and covered there 
with pieces of rotten wood, surface powdery- pruinose at the 
apex, glabrous below, strongly striate- grooved; solid to 
somewhat hollow , uniform and white throug hout, fibrous , 
b~coming frayed and splitting , f lexuous, without rhizo
morphs. 

SPORES 6- 8 x 4-5 pro, ovate , thin-walled to thick
walled , hyaline, smooth , with dextrinoid endosporium or 
cy toplasmic contents which are frequently retra cted from the 
apicular end , pale orange in deposi t ; BASIDIA 26-30 x 5- 6 
~~ two and four-spored, with dextrinoid endosporium which 
r etracts into the upper or lower half of the basidium and 
creates a septate appearance; no cheilocystidia or pleuro
cystidia differentiated; PILEAL SURFACE a gelatinized 
cuticle 50-75 ~ deep, composed of interwoven hyphae, with 
a few projecting hairs, overlying a zone of radial , tubular 
hyphae 4-8 ~ in diameter, compact and encrusted in a short 
transversely banded pattern; CONTEXTUAL HYPHAE intergrading 
wi th the surface hyphae, interwoven , clamped , nonamyloid , 
not encrusted , quite loose, composed of hyphae 7-15 ~ 
broad , averaging 10 pm; GILL TRAMA of tubular , parallel 
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hyphae 3- 15 ~ in diameter, averaging 5 ~. subhymenium 
broad , 15-25 ~ deep , coarse and interwoven. 

HABITAT : Gregarious to caespitose on much decayed 
wood in dense woods. 

MACROCHEMICAL REAGENTS : Gills and flesh of the cap 
react weakly with phenol . 

MATERIAL STUDIED: WASHINGTON , San Juan Co., \'11737 
(Friday Harbor Biological Stati on) ; King Co ., Wl680 (PSMS 
Mushroom show) ; Pierce Co ., Wl 680 (near Ohanopecosh); Ska
mania Co., Wl439 (Cispus Training Center); IDAHO , Scates 
1178 (Above Devil's Elbow Crnpgr ., Coeur d'Alene River) , 
Scates 1191 (Blue Creek Area). 

The most distinctive feature of ~· oregonensis is the 
strong aromatic almond odor; in the dried condition , how
ever , this species can be distinguished rather easily by 
the large dark vinaceous cap and large ovate to ellipsoid 
spores . It is closely allied to the R. maculata complex by 
its large size , thick cap , staining react~ons , serrate 
gills, striate- grooved stipe , enlarged base, rooting and 
lignicolous habit. 

25 . Rhodocollybia subnigra Lennox sp. nov. 

Plate VIII 

Pileus 4 . 5-6 em latus, atrorubrobrunneus , in sicco 
fuscobrunneus , leviter umbona tus , hurnidus et lubricus , in 
sicco impolitus , caro crassa , incarnatocremea, odore pene
tranti , "Vicks Vaporub" vel cinnamoni mucidi similis; sapor 
nullus. Lamellae a l bidae, immaculatae , adnexae , sinuatae, 
membranaceae , confertae , in senectute serratae . Stipes 
8- 10 em l ongus , 9- 20 mrn crassus , pallide aurantiacus, in 
parte tertia versus ap~cem aequalis, in parte tertia ad 
medium expansus et ventricosus , basim versus abrupte angus
tatus , striate- sulcatus, fibrosus , in dimidio inferiore 
infossus . Sporae 6 . 5- 7.5 x 3- 4 m~, el l ipsoideae , dextrino
ideae. Basidia 27 - 35 x 6 . 5- 8 m~, tetraspora . Cystidia 
desunt. Trama larnellarum parallela , fibu l ae praebens . 
Pagina pilei ex stratum hypharurn i n parte erectarurn, laxa
rum , fibulatarum , incrustatarium constans. 

PILEUS 4. 5- 6 em, dark reddish brown (7F7), subhygro
phanous and drying more fuscous (fuscous brown - 7F4) , 
darkest at the center , fading somewhat to the margin , con
vex , becoming nearly plane , shallowly umbonate , margin 
eve n and almost straight; surface lubricous when wet , later 
dry, matte , almost fibrillar; context rather thick, up to 
7 mrn thick, pinkish cream , somewhat soft when drying; 
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Figure 21. - Rhodocollybia oregonensis, Wl736, basidia, 
spores , clampi· Figure 22. - Rhodocollybia maculata var, 
maculata , Wll 8, oasidium ant1 spores. 



odor penetrating, like Vicks Vaporub or moldy cinnamon, 
taste not distinctive. 
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LAMELLAE white , unchanging and not staining ferrugin
ous , narrowly adnexed, deeply sinuate-uncinate , blunt-ended 
both at the stipe and margin, thin and close , more or less 
60 lamellae reaching the stipe, moderately broad , 25 x 5 mm, 
edges concolorous , even at first, later eroded and split
ting transversely . 

STIPE 8-10 em long , 9- 20 nun broad, light orange , pallid 
below substratum, equal in upper third , expanding and ven
tricose i n the mi ddle third , and taperi ng abr-uptly below 
this, buried for one- half the length ; faintly powdery
pruinose at the apex, glabrous below , striate- grooved , 
grooves becoming deeper , wider and more numerous from the 
apex towards the base; not staining , stuffed , pale pinkish 
cream within , quite fibrous , splitting long itudinally rather 
readil y , without rhizomorphs. 

SPORES 6.5-7.5 x 3- 4 ~. generall y 6 . 5 x 3 . 5 ~. 
narrowly ovate to ellipsoid, thin- walled , smooth, dextri
noid; BASIDIA 27 - 35 x 6.5- 8 ~. four- spored , noncarminophil
ous; no CHEILOCYSTIDIA differentiated, or if present, not 
exceeding the basidia and subclavate, PLEUROCYSTIOIA not 
differentiated; GILL TRAMA parallel , clamped , composed of 
hyphae 2-7 )Jm in diameter , nonamyloid ; PILEAL SURFACE a 
layer of partially erect, loose, clamped hyphae 2- 5 ~ in 
diameter , encrusted with irregular dark spots, nonamyloid , 
overlying a more compact , somewhat more radial zone of 
hyphae 3- 8 pro broad; CONTEXT interwoven, nonencrusted, non
amyloid , clamped , composed of hyphae 4- 8 J.lill in diameter. 

MACROCHEMICAL REACTIONS : Gills and flesh of the cap 
react very faintly with guaiacol , tincture of guaiac , phen
ol , and pheonl-aniline. 

HABITAT : No data available . 

MATERIAL STUDIED: WASHINGTON, King Co ., Wl717 
(Seattle) . 

Thi~ species is distinctive by its dark blackish cap , 
white gills , light orange ventricose stipe, lack of any 
ferruginous stains , and dextrinoid ellipsoid spores . 

26 . Rhodocollybia maculata (Fr . ) Singer . Schweiz z . .Pilk . 
17 : 71. 1939 

Basionym: 

Figure 22 and 24 ; Plate VII 

Agaricus maculatus Fries, System. Mycol . 
1:45. 1821. 
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Figure 23 . - Rhodocollybia maculata var . nigra, W971 , basi-
dium, spores , che~locyst~dia (c); Figure ~ Rhodocolly
bia maculata var. maculata , Wlll8, cheilocystidia. 



Synonyms: Agaricus carnosus Curt. F. Lond . fasc. 
5 : 71. 1777 . 
Gymnopus carnosus {Curt.) Murrill , N. Am. 
Flora 9(5) :358. 1916 . 
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Agaricus {Tricholoma) limonium Peck , Bull . 
Buffalo Soc . Nat . Sci . 1: 43 . 1873. 
Coll ybia maculata {Fries) Quelet, Champ. 
Jura. Vosges. p. 330. 1873. 

Illustrations : Sowerby, British Fungi , tab . 246 
(Agaricus carnosus ); Cooke, Illustr. Brit . 
Fungi , tab . 142; Britz , Hymenom., tab. 13 , 
fig . 217; Lange , Flora Agaricina Danica , 
tab . 42, fig . c.; H. Romagnesi , Nouvel 
Atlas des Champignons , Pl. 106. 

PILEUS 4-9 (12) em b road; convex to obtuse, becoming 
plane , frequentl y margin is unevenly raisec1 and the sur face 
gently undulate , pallid to pale tan (4A3 t o 584 ) , occasion
ally darker over the disc , surface moist , neither truly 
hygrophanous or viscid, sublubricous in the moist condition , 
matte when drier , surface glabrous, stained faintly ferru
ginous in spots naturally or where brui sed slowly; context 
very thick , generally deeper than the depth of the gills at 
their point of attachment , consistency rather brittl e when 
moist , soft when drier ; odor none or fungoid , taste bitter . 

LAMELLAE white or pal e pinkish buff , abruptly sinuate, 
appearing almost free at maturity , blunt- ended at the stipe, 
sharp- pointed at the margin , ventricose , thin and crowded, 
rather broad bu t generally not as broad as the context is 
thick, 6 - 9 mm x 17-23 mm , ed ges concolorous , of ten serrate 
at first , later becoming eroded and fraying , stained ferru
ginous , particularly along the edges or where bruised . 

STIPE 4 . 2-10 em l o ng , 8- 14 mm broad, white , later 
sordid whitish , especially in the lower half , narrowed 
gradually to the base , then subradicating a nd tapering 
abruptly in the substra.tum ; base white- cottony- tomentose , 
upper port i on evenly white p ruinose , fibrillose o r with a 
thin appressed tomentum, glabrescen t and longitutinally 
striate in age ; solid, concolorous within , rather firm but 
not tough, splitting easily longitudinally, sometimes flex
uous towards the base . 

SPORES 5- 7 {8) x 4 . 5 - 6 (- 6 . 5) ~. broadly ovate to glo
bose , mostly subglobose, with a prominent apiculus, and a 
sha llow suprahilar depression, small percentage dextrinoid, 
cream colored in heavy spore deposit ; BASIDIA 33.37 x 7-8.5 
~. four- spored , noncarminop hilous; CHEILOCYSTIDIA generally 
abundant but inconspicuous, rarely exceeding the basidia, 
17- 36 x 3- 5 ~. narrowly clavate , somewhat poin ted , never 
really filamentous, thin- walled , not e ncrusted; pleur ocys 
tidia not differentiated; PILEAL SURFACE a partially gela
tinized, loosely interwoven layer of hyphae 2- 3 ~ in dia
meter, somewhat resembl ing a loose, irregular trichodermium , 
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subtended by a more compact , interwoven mat composed of 
slightly larger hyphae (2 . 5- 7 ~) ; context of hyphae 5- 11 
pro broad , clamped , nonamyloid , loosely interwoven . 

MACROCHEMICAL REACTIONS: Pileal context and g ills 
react positivel y but fa intly with phenol , and ferric sul 
fate . 

HABITAT : Scattered to g regarious on much decayed wood 
in dense coniferous woods. 

MATERIAL STUDIED: WASHINGTON , Whatcom Co . , Wlll8 (4th 
of July Pass , Panther Creek); King Co. , Wl093 (exact local 
ity unknown); Pierce Co ., Wl438, Wl669 (Dalles Campground); 
Clallam co . , Wl403 (Altaire Camp); Jefferson Co ., Wl205 
(Lower Lena Lake Trail) , Wl353 (al o ng Hood Canal) ; OREGON , 
Portland, W. B. Gruber #766 (determined by Smith) . 

The spores in this description are somewhat larger 
than those Smith (1943) attributes to Collybia maculata var . 
typica (var. maculata). He states that the spores are #4. 5-
5.5 (6) x 3 . 5-4 . 5 (5) urn , typically subglobose but varying 
either to globose or ellipsoid ". Basically, the collections 
here studied d id not differ in any other aspect but in 
spore size , and since the shape was the same , it did not 
seem that a new varietal name was necessary. 

27 . Rhodocollybia maculata var . fu lva Lennox nom . nov. 

Plate VIII 

Pileus 1.7-2 . 7 em l atus, atrovinaceus , convexus , urnbo
natus , humidus de i n siccus , glaber; lamell ae albidae , ad
nexae , a ngustissimae, tenues , confertae , maculas ferrugineas 
praebentes; stipes 3 . 5- 6 . 5 em long us, 3- 5 mm crassus , incar
natus , maculas ferrugineas evolvens , aequalis , haud radica
tus; sporae 5 . 5- 6 . 5 x 3 . 5- 4 . 0 m~, ovatae , dextrinoideae; 
cystidiola abundantes . Hol otypus Wl400, herbaria Universa
titis Washingtoni Conservatus . 

PILEUS 1 . 7- 2 . 7 em , dark v inaceous red (7E8 or 7F7) , 
subhygrophanous and drying to a light fuscous vinaceous 
(7F4 or 7F3) , convex to conic , expanding some what, s h arply 
umbonate , margin remaining slightly inrolled and even ; sur
face at first moist , drying matte and unevenly, g labrous; 
context relatively thick over the disc (3 mm) , tapering 
abruptly towards the margin , flesh -colored , firm and brit
tle , not tough; odor none , taste none . 

L~ffiLLAE white , not changing color, narrowly adnexed, 
sinuate , narrow , 1.5 x 11 mrn , thin and crowded, about 56 
reaching the stipe , edge even and concolorous , conspicuously 
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ferruginously spotted, linear. 

STIPE 3 . 5 - 6 . 5 em long , 3- 5 mm broad , pallid to flesh 
colored (683), especially in handling or when quite moist, 
hygrophanous , staining ferruginous , equal , striate-grooved 
at maturity , solid , terete, fluxuous , not radicate , with 
yellow and white rhizomorphs. 

SPORES 5 . 5- 6 . 5 x 3.5-4 ~ . ovate, not varying to sub
globose or ellipsoid , dex t rinoid , thin-walled; BASIDIA 
about 28 x 8 urn , may be two-spored , noncarminophilous ; 
CHEILOCYSTIDIA abundant , 22-35 (45) x 4- 7 urn , ventricose
filamentose or clavate- contorted, generally not exceeding 
the basidia , thin- walled, not encrusted; no pleurocystidia 
differentiated; GILL TRAMA regular , parallel , clamped and 
nonamyloid; PILEAL SURFACE a partially gelatinized zone 
composed of loose , somewhat erect, more or less radial 
hyphae 2.5- 4 urn in diameter, intergrading with a more com
pact, more interwoven layer of larger hyphae below 3-7 urn, 
surface hypahe spotted with a dark encrusted substance; 
CONTEXT predominantly interwoven , not encrusted , nonamyloid , 
clamped , composed of hyphae 4-12 urn in diameter . 

MACROCHEMICAL REACTIONS: Gills and flesh of the cap 
react faintly with sulfoformol , and ferric sulfate . 

HABITAT: Caespitose on wood . 

MATERIAL STUDIED: WASHINGTON, Kittitas Co. , Wl400 
(above Lake Kachess , Swans Lake Rd.). 

This variety is easily distinguished by its small size, 
dark vinaceous brown cap with a rather prominent umbo, 
narrow white gills, ferruginous stains on gills and stipe, 
lack of any odor or taste, and ovate spores . 

28 . Rhodocollybia maculata var. nigra Lennox nom. nov. 

Figure 23 , Plate VIII 

Pileus 2 . 7-4.0 em latus, atrofuscus, immutabilis , humi
dus tum siccus , glaber , carne crassa, flavidula, odore 
fructoidea, fragranti , sapore amara ; lamellae cremeae vel 
incarnato- aurantiacae , haud maculatae, emarginatae , angus 
tatae et subdistantes; stipes 7- 7 . 5 em longus , 12-14 nun 
crassus, albidus , deorsum flavescens, glaber , striate- sulca
tus, in dimidio inferiore radicans, supra atque infra 
terrarum angustatus; sporae 7- 8.5 x 4 . 5-5.0 m~, e llipsoi
deae, dextrinoideae; cystidiola inconspicua et dispersa. 
Holotypus W971, herbario Universatitis Washingtoni Conserva
tus . 
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PILEUS 2 . 7- 4 . 0 em , convex, becoming plane , neither 
depressed nor umbonate at maturity , dark brownish black 
(7F3 or 7F4), unchanging, shining when moist and also when 
dry , margin rather irregular and remaining somewhat in
rolled , glabrous; context quite thick , as deep as the gills 
at the disc , solid, firm and rather tough, white or faintly 
yellowish; odor sweet , fruity , taste pleasant at first , 
becoming bitter . 

LAMELLAE cream- colored to peach (5A4 , no good match) , 
unchanging , not staining ferruginous, emarginate, easily 
seceding , edges even but easily splitting, somewhat lighter 
than the faces, rather thick and subdistant , rather narrow, 
not more than 3 mm . broad. 

STIPE 7- 7.5 em long , 12- 14 mm broad , white, yellowing 
below (5A4); largest at the substrate level , tapering above 
and below this point , g labrous , striate- grooved at maturity , 
at least towards the base , dull and dry, solid above , stuff
ed below, concolorous within, buried for half the length in 
much decayed wood , bases confluent , bruising slightly and 
very slowly yel l ow, not staining ferruginous. 

SPORES 7 - 8 (8 . 5) x 4.5-5 pro, ellipsoid , dextrinoid , 
BASIDIA 32- 35 x 7-8 ~m , four- spored ; CHEILOCYSTIDIA incon
spicuous, not exceeding the level of the basidia, 27- 38 x 
3 . 5-5.5 pro, thin- walled , clavate- contorted; PILEAL SURFACE 
a layer of partially erect , loosely interwoven , aggutinated 
hyphae 3-5 pro in diameter , spotted with a dark encrusting 
material , clamped , and nonamyloid. 

MACROCHEMICAL REACTIONS : Carpophores negative to a ll 
reagents . 

HABITAT: Caespitose on much decayed wood. 

MATERIAL STUDIED : WASHINGTON, Pierce Co . , W971 (Dal l es 
Campground) . 

This variety is distinguished by its rather smal l size, 
dark blackish cap , narrow , yell ow gills, sulcate rooting 
stipe , bitter taste , lack of ferruginous stains , and ellip
soid spores. 

PLATE VIII -; a - Rhodocollybia subnigra , Wl717 , x ~ ; b 
Rhodocollybia maculata var. fulva, ~-H400, x 1 ; c - Rhodo
collybia maculata var . nigra , N9 71, x 3/4; d - Rhodocolly 
bia maculata var . occidentalis , Wll79 , x ~ . 
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29 . Rhodocollybia maculata var. scorzonerea (Fr . ) Lennox 
comb. nov. 

Basionym : 

Synonym: 

Figure 25 

Agaricus maculatus var . scorzonereus Fries, 
Hymenom. Europael , p . 113 . 1874 . 
Collybia maculata var . scorzonerea (Fr.) 
Gillet , Champ. Fr. , p . 1!5 . 1678. 

PILEUS 3 . 5- 12 (15) em broad , convex with the margin 
strongly i nrol led , becomi ng plane at mat urity , and frequent
l y s traight or slightly r ecur ved , e ithe r depressed or umbo
nate , surface often shallowly undulat e ; pale buff (5A4 to 
5A2) on the margin , darkening gradually to ful vous (666 to 
565) , occasi onal ly with more yellowi s h col ors, darkeni ng 
somewhat with age , drying l ighter , pale buff to a l ight 
yellowish buff (5A3 to 4A4) , not r eally hygrophanous , wi th 
scattered circular watery spots a nd ferruginous stains; 
surface when moist nearl y l ubricous , not truly viscid , g l a
brous ; context thick , reaching 1 .5 em , firm when moist, 
rather soft when dr i er , not pliant or tough, pale buff to 
yellowish ; odor faint and somewhat fragrant , taste bitter
ish , some times delayed . 

LAMELLAE ye llowish or soon becoming so (4A5 or 4A6) , 
narrow , 2-14 mm broad , generally l ess than 5 mm , very thin 
and crowded , 65- 88 lamellae reac hing the stipe , 2- 4 tiers 
of lamellulae , narrowly adnexed , sinuate- uncinate , not 
ventricose, pointed both at the cap mar gin a nd s t ipe , edges 
concolorous and even to slightly eroded , sometimes stai ned 
fer rug incus . 

STIPE 3 . 5- 17 em long , 6- 40 mm broad , pallid at the 
apex , darkeni ng slightly below or with age to the color of 
the cap or more yellow, staining ferruginous , especial ly 
at the base ; equal or mor e frequently widest in t he medial 
region and tapering both above and below this poin t ; faint
ly powdery-pruinose at first, glabrescent and markedly lon
gitudinally su l cate- striate at maturity ; often subradicate , 
flexuous , compressed or terete , hollow to stuffed , con
col orous to yellowish within , f i brous- tough , but easily 
splitting longitudinally , with or without rhizomorphs . 

SPORES 7- 8 . 5 x 4- 5 . 5 }lm, ovate to ellipsoid , dextri
noid , smooth , creamy pink in heavy deposit ; BASIDIA 26- 37 
x 6- 8 }lm, four - spored; CHEILOCYSTIDIA not strikingly differ
ent from basidia , sometimes abundant , o fte n scattered , 16-
36 x 3-5 }lm, clavate- contorted; remaining microscopic 
characters as in R. maculata var . maculata . 

l1AC ROCHEMICAL REACTIONS : Gills and flesh of the cap 
react faintly with phenol , phenol- aniline , and ferric sul
fate . 
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HABITAT: Scattered on much decayed coniferous wood in 
dense coniferous stands. 

MATERIAL STUDIED : WASHINGTON, Wl364 (locality un
known); King Co., W881 (Soda Springs); Whatcom Co. , Wl96 
(Baker River Trail); OREGON , Hood River Co . , Smith 23636 
(East Fork Salmon River); IDAHO, Bonner Co ., W965 (Bindarch 
Creek). 

This variety is easily dis t inguished by its yellow , 
rather narrow gills, ferruginous stains , yellowish to 
reddish tones of the mature cap and sti pe , and the ellip
soid spores. 

30. Rhodoco llybia maculat a var . immutabilis (Smith) Lennox 
comb . nov. 

Basionym: Collabia maculata var. immutabilis Smith 
Lloy ia, Vol . 6{4) : 260. 1943. 

PILEUS 2.5-3 .2 em, pale greyish cream (4A2 to 4C3, no 
good match}; convex , expanding to nearly plane, margin 
straight and even , surface appearing slightly powdery at 
first, neither hygrophanous nor changing color in age , con
text relatively thin , less than the depth of the gil ls, 
f irm, not pliant , concolor ous , odor faint and sweet, taste, 
none or mild . 

LAMELLAE concolorous with the cap or slightly lighter 
(3A2 o r 3B2 , no good match ) , broadly adnate, emerg inate
uncinate , thick , somewhat waxy and subdistant, ventricose , 
edges even and concolorous, not becomi ng eroded, not stain
ing fe r rug inous . 

STIPE 3.5-5 em long , 5-10 mm broad, concolorous with 
the cap or somewhat darker (3C3) , not staining in any part, 
tapering upward , surface streaked- striate, not really sul
cate , with a basal white appressed tomentum; hollow and 
r ather t ough- f ibrous, not at all pliant. 

SPORES 6.5-8 x 4-4.5 pro, ovate to ellipsoid , dextri
noid , thin- walled , and smooth; BASIDIA 27 - 33 x 6.5-7.5 ~. 
four- spored , noncarminophilous; no cheilocysti dia or pleuro
cystidia diffe rentiated; remaining characteristics as in 
R. maculata var. maculata. 

MACROCHEMICAL REACTIONS : Gills and flesh o f the cap 
react faintly with alpha-napthol , phenol , and phenol- ani
line . 

HABITAT: Gregari ous on conifer duff in dense conifer
ous woods. 
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Figure 25 . - Rhodocollybia maculata var . scorzonerea, \'ll364 
spores, cheilocystidia (c ) , pileal surface (p); Figure 26. 
- Rhodocollybia maculata var. occ~dentalis , Wl754 , spores 
and clamps. 



MATERIAL STUDIED : WASHINGTON , King Co. , W633 (near 
Stevens Pass) . 
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The above mentioned collection, upon which this des
cription is based , matches most of the characters of R. 
maculata but lac ks any ferruginous stain and has ellipsoid 
rather than globose spores , and in consideration of the 
latter characters best matches var. immaculata. The col
lection however was rather uncharacter~st~c ~n regards to 
its relatively small size and lack of a s ulcate stipe . It 
may be either depauperate or truly distinct from the var . 
immaculata, but these differences did not seem to warrant 
the creation of a new variety without studying further 
material . 

31. Rhodocoll ybia maculata var . occidental is (Smith) 
Lennox comb . nov. 

Figure 26 , Plate VIII 

Basionym: Collybia maculata var. occidentalis Smith , 
Lloydia Vol. 6(4) : 258. 1943 . 

PILEUS 2 . 6-11 em broad , convex with an inrolled mar
gin, becoming nearly pl ane , surface sometimes shallowly 
undulate; whitish or with a pale pinkish or buff tinge (5A2 
or 5A4), generally darkening with age , becoming dark ful 
vous at the center, fading gradually to a warm buff at the 
margin (607 to 6C6 to 5A4 at t he margin), becoming reddish 
spotted; surface faintly hoary or canescent at first, moist 
and dull, not viscid; context concolorous , thick over the 
disc , 0 . 5 em or more , tapering abruptly near the margin, 
sometimes revolute or frayed at the extreme margin; odor 
rather faint, pleasant and aromatic or fruity , taste mild 
to faintly farinaceous . 

LAMELLAE whitish to pale orange (5A4) , emarginate to 
sinuate- uncinate, thin and rather waxy , crowded, 80 - 100 
lamellae reaching the stipe , rather broad but generally not 
as broad as the context is deep, 3- 8 mm x 15- 37 mm, edge 
concolorous and at first even, later eroded. 

STIPE 4.3-15 em l o ng , 8-21 mm broad, whitish or pale 
buff (5A2) , staining ferruginous in the lower half ; equal 
or ventricose at the substrate l evel and then tapered 
abruptly into a short pseudorhiza; surface at first faintly 
powdery- pruinose , g l abrescent, and conspicuously longitudi
nally sulcate-striate later, solid at first , later hollow 
in the upper portions, often compressed or shallowly fur
rowed at maturity, flexuous at the base. 

SPORES 6 . 5- 11 x 4-6 ~. narrowly ovate to e llipsoid, 
thin- walled , dextr inoid, cream colored t o pale peach in 
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heavy deposit; CHEILOCYSTIDIA not differentiated; remainder 
of characteristics as in the description of R. maculata var. 
maculata . 

HACROCHEMICP.L REACTIONS: Gills and flesh of the cap 
react positively with phenol , phenol- aniline , and ferric 
sulfate. 

HABITAT : Gregarious to caes pitose in thick humus or 
o n much decayed wood in conifer forests. 

t-1.ATERIAL STUDIED : WASHINGTON , Wll79 (no l ocation ) ; 
Chelan Co ., Wl 372 (Lake Wenatchee); Snohomish Co ., Wll52 
(4 mi. up N. Fk . Sauk River) ; Thurston Co ., W495 (near 
Olympia); Pierce Co. , Smith 29006 (Longmire , Mt . Rainier 
Ntl. Pk.) ; Skamania Co., Wl 44 0 (Cispus Camp) . 

This variety differs from variety maculata in the 
slightly but consistently larger , more ellipso~d spores , 
l ack of a bitter taste , the somewhat less crowded broader 
gills , and in the presence general ly of a pinkish blush on 
the immature caps . 

nov. 
Section Butyracea (Singer) Lennox stat . 

Basionyrn : Collybia , Section Stripedes , Stirps B6§y
racea singer . Agar . in Mod. Tax . 19 . 

Type species: Rhodocollybia butyracea (Fr .) Lennox 

PILEUS rather large , 3- 7 em , generally not more than 
5 em , light bay- colored to vin aceous brown , hygrophanous 
and changing color, context rather t h ick over the disc , 
generally 5 rnm or l ess , b u t not as deep as the gil ls are 
broad ; gills white ; stipe glabrous , neither striate- sulcate, 
nor subradicating in decayed wood ; rarely stained ferrugin
ous in any part; scattered to gregarious on conifer duff , 
occasionally on much decayed conifer wood. 

Key to the Species 

1 . Cap deep fulvous to dark vinaceous brown when moist , 
fading to light fulvous in drying . . ... . . .. . ... . ... 2. 

1. Cap buff to warm tan or light fulvous , hygrophanous 
a nd drying only slightly lighter , changing from 
reddish hues to more g reyish ones .. .. .. .. . . . . . ... . 
. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . ~- butyracea (p. 219) 
2 . Spores ellipsoid to capsule- shaped , (6 . 5) 7- 10 

(11 . 5) x 3- 4 . 5 ~m , carpophores react rapidly 
with PDAB to give a magen ta color to the solution . 
. ... .... ... ... . . . . .. .• .. . R. extuberans (p . 222) 



2. Spores g l obose to very broadly ovate, 3 . 5-
5.5 x 3- 4.5 urn , gills react weakly and slowly 
to PDAB (faint pink) . ...... R. badiialba (p. 224) 

32. Rhodocollybia butyracea (Bull . ex. Fr . ) Lennox com. 
nov . 

Figure 27, Plate IX 
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Basionym: Agaricus butyraceus Fries . System Mycol., 
1:121. 1821. 

Synonyms: Collybia butyracea (Bull. ex Fr . ) Quelet. 
Champ Jura Vosges p . 93 . 1872. 
Gymnopus butyraceus (Bull . ex Fr . ) Murrill. 
Mycol., 30:366. 1938 . 

Illustrations: Michael , Fuhrer f . Pilzfreunde (1927 ) , 
Vol. I , no. 40; Cooke, Illustr. Brit . 
Hymenom., Pl . 189; Gillet, Champignons de 
France, No. 149. 

PILEUS 2 . 7-7 . 0 em broad , buff to a warm tan to light 
fulvous, (7F8 to 583) , generally darker on the disc and 
fading towards the margin, occasionally pallid on the disc 
and uniformly buff elsewhere , hygrophanous and drying only 
slightly lighter, changing from reddish hues to more grey 
ones, sometimes becoming more yellowish over the disc (4B3 
to 5C5/ 5C6 on margin); convex to conic , becoming plane, 
with a prominent broad umbo at maturity, margin generally 
becoming straight, even or sometimes fraying or lobed with 
age; surface glabrous, lubricous and shining at first , 
later dull-matte in drying; context watery-moist and then 
concolorous , soft , t hick, up to 4 mm over the disc; taste 
and odor mild , fungoid or not distinc tive . 

LAMELLAE white with a faint pinkish or cream cast , 
becoming yellowish in drying, sinuate uncinate, easily 
seceding , blunt- ended at the stipe , rather pointed towards 
the margin, ventricose , thin , crowded , 48-60 lamellae reach
ing stipe , 5 tiers, broad, 11- 27 mm x 3.5-5 mm , edge even 
or finely serrate at first , later strongly eroded and some
what lighter , consistency soft . 

STIPE 5- 9 em long, 5-12 mrn broad , pallid or tan 
throughout (5A3 to 5B3) , sometimes sligh tly darker towards 
the base , deep tan (505 ) , subhygrophanous , conic- attentu
ated upwards, flexuous , subbulbous at the base , striate
grooved , subshining when moist, glabrous, short , white 
matted - tomentose at the base; hollow and the cuticle rigid
cartilaginous , twisted longitudinally, easily fraying , 
fibrous, terete or compressed. 
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Figure 27. - Rhodocollybia but1racea, Wl017 , basidium, 
spores, clamp , che~locyst~d~a c) . 
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SPORES 6.5-9 (11) x 3.0-4.5 ~' narrowly ellipsoid to 
capsule shaped or ovate, smoot.h, the exosporium very thin , 
the endosporium thick (1 ).Ull) and dextrinoid with Melzer ' s , 
often retracted from the apicular end , cream to light 
orange in deposit (5A3); BASIDIA 27- 35 x 6- 7.5 ).Ull, narrow 
and expanded abruptly in the upper third, basidioles quite 
slender and unexpanded, fou.r-spored , a few with the endo
sporium contracted into the upper or l ower half of the 
basidia, much thickened and dextrinoid; C~ffiiLOCYSTIDIA 
clavate somewhat distorted or irregular in shape, not 
branched or septate , not filamentous, scattered , very in
conspicuous and not exceeding the basidia; pleurocystidia 
not differentiated; PILEAL SURFACE a cu.tis of compact, rad
ial to somewhat interwoven narrow hyphae, 2-5 }JJll in dia
meter, in a zone 50-70 }JJll deep , the upper cells partially 
gelatinized and agglutinating the hyphae, scattered hyphae 
with banded encrustations , nonamyloid , no pileocystidia; 
CONTEXTUAL HYPHAE much less compact and l arger than thoseof 
the surface layers , 5-25 }JJll in diameter , predominantly 
interwoven , very thin-walled and readily collapsing , clamp
ed , nonamyloid, with scattered encrusted hyphae; GILL TRAMA 
parallel , composed of hyphae 4-5 }JJll broad, thin-walled , 
nonamyloid , subhymenium interwoven, rather coarse , and 
narrow . 

MACROCHEMICAL REACTIONS: Gills and flesh of the cap 
react positively with aniline (faint , yellow to pinkish), 
alpha- napthol , guaiacol , tincture of guaiac (faint , vari
able - sometimes negative) , phenol , and phenol-aniline. 

HABITAT: Scattered to loosel y caespitose in thick 
duff or conifer forests . 

MATERIAL STUDIED: WASHINGTON , l'lhatcom Co. , W323 (Mos
quito Lk . ) ; King Co. , Wl84 (Arborteum, Seattl e) , W237 
(McClellans Butte) , W403 (St. Thomas and St . Edward Seminary 
~'loods) , \'1413 (Water Main Woods); Thurston Co. , W499, W593 , 
W594, W982 , Wl041 , Wl239, Wl240 , Wl241, Wll02, Wl535 , (Ten
ino Mounds, near Olympia); Clallam Co ., Wll 43 (Heart 0 ' the 
Hills, Olympic Ntl . Pk . ); Jefferson Co . , W526 (Enchanted 
Valley , Olympic Ntl. Pk . ) . 

~· butyracea is distinguished from other closely 
related species by the fol lowing set of characteristics: 
strongly reactive in the macrochemical spot tests , a light 
orange spore print , white to cream gills with a strongly 
serrate or eroded margin and ventricose broad shape, an um
bonate cap which is markedly lubricous and changes from a 
reddish tan to a greyish tan in drying , a striate-grooved 
stipe with a subbulbous base, and in general , a soft non
reviv ing consistency throughout the carpophores. 
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33 . Rhodocollybia extuberans (Fries) Lennox comb. nov. 

Figure 28 , Plate IX 

Basionym: Agaricus extuberans Fries , Epicrisis 
System. Mycol . :93. 1838. 

Synon ym: Collybia extuberans (Fries) Quelet . Champ . 
Jura Vosges p . 97 . 1872. 

Illustrations : Fries , leones Hymenon ., tab . 67, fig . 
1 ; Battarra, Fung . Arimin. Historia , tab . 
28 , fig . A; Britz ., Hymenon ., tab . 47 , fig. 
320; Cooke , Illustr. Brit. Fungi, pl . 202 . 
(as Agaricus nitellinus). 

PILEUS 2- 5.5 em broad , dark vinaceous brown on the 
disc to a deep fulvous on the margin (8F7 to 607 or 6E7) , 
hygrophanous and fading to a light fulvous , remaining dark 
er on the disc ; convex to conic, becoming broadly conic
campanulate or plane with a low or prominent conic umbo, 
margin remaining somewhat inrolled or becoming straight a nd 
recurved; surface subviscid to lubricous when moist , drying 
dull and finely radially wrinkled, and obscurely f ibrillose 
at the margin , glabrous elsewhere, occasionally moist- stri
atulate at the extreme margin; context rather thick, 5-8 mm , 
very sordid reddish brown near the pellicle, watery-trans
lucent below when moist , later pallid , firm, f ibrous-tough; 
odor faint, sweet, "soapy"; taste none. 

LAMELLAE white or a very pale yellow in o ld specimens , 
yellowing in dry ing ; deeply sinuate , almost free , sharp
pointed at the margin, blunt- ended at the stipe, somewhat 
ventricose , thin, close to crowded, 40-50 lamellae reaching 
stipe, 4 tiers , moderately broad, 15-22 x 4-5 mm, edge even 
or very fi nely serrate when immature, becoming serrate to 
strongly eroded later, consistency rather soft , becoming 
spotted with very sordid brownish spots . 

STIPE 3 . 5-8 em long , 3- 20 mm broad , concolorous with 
the margin of the mature cap ( 6E7), somewhat lighter at 
the apex (6A2 , flesh- colored) , uniformly colored or darken
ing somewhat downward; more or less tapering at the base to 
a pseudorhiza- like prolongation which is buried in the sub
stratum, ge nerally ra the r markedly expanded above this and 
subbulbous , surface powdery- pruinose to hoary- pubescent at 
the apex when young, glabrescent , strongly striate- grooved 
the entire length , matted- tomentose below substratum; hol
low to stuffed with a thin rind , fibrous , easil y splitting , 
terete or compressed , flexuous , twisted , wi th or without 
abundant white rhizomorphs . 

PLATE IX -; a - Rhodocollybia butyracea , W982 , x 3/4; b 
Rhodocollybia extuberans , \\11172 , x J:i ; c - Rhodocollybia 
badiialba, \\11626 , x J/4. 
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SPORES (6.5) 7- 10 (11 .5) x 3-4. 5 pm, ovate to narrowly 
ellipsoid , very thin-walled to rather thick-walled, hyaline, 
endosporium dextrinoid and freque ntly retracted from the 
apicular end , cream to pale orange in thick deposit , becom
ing quite yellow with age; BASIDIA 23- 35 x 6- 7 pm, rather 
long , narrow t hrough most of length, expanded just at apex ; 
a very few with dextrino i d and retracted endosporium, 
appearing thick-walled and septate , four-spored with an 
occasional scattered two-spored basidium; CHEILOCYSTIDIA 
sometimes differentiated , scattered and very inconspicuous, 
clavate or subclavate , contorted , or septate , hyaline, thin
walled , not exceeding the basidia , 21- 35 x 4- 5.5 pro; no 
pleurocystidia differentiated; PILEAL SURFACE a cutis of 
radially arranged, narrow hyphae 2- 4 ).lJ1l in diameter , e ncrust
ed with conspicuous transverse bands of dark brownish pig
ment, in a compact layer 3 - 5 hyphae deep , intergrading with 
tissue of context in size and density of cells; CONTEXTUAL 
HYPHAE 3-6 pm in diameter, rather loose , radially arranged , 
clamped, nonamyloid; GILL TRAMA composed of parallel cylin
dric hyphae 4- 8 pro in diameter, c l amped , nonamyloid, sub
hymenium very thin and ramose . 

MACROCHEMICAL REAGENTS: Gills a nd flesh of the cap 
react positivel y with alpha- napthol , guaiacol, tincture of 
guaiac , phenol , p henol-aniline , a nd PDAB (dark , rapid reac
tion - immediate to 5 minutes - solution turns a dark 
magenta). 

HABITAT: Gregarious to caespitose on well decayed 
conifer wood , in dense moist woods . 

MATERIAL STUDIED : WASHINGTON , Clallam Co ., Smith 16967 
(Lake Angles Trail ) , Smith 17 800 (Olympic Hot Springs); 
Jefferson Co. , \Vll72 (Dosewallips Campground) ; Gray 's Har
bor Co ., Kauffman, Oct . 14 , 19'25 (Lake Quinault) ; Skagit 
Co ., Wl 69 4A (Mineral Park); King Co ., Stun tz 1 012 (Campus , 
Univ. of Wash . ) ; Thurston Co ., Wl268 (Tenino Mounds) ; IDAHO; 
Bonner Co., W918 (Priest River Experimental Station) . 

This species is distinguished from R. badiialba by 
its ellipsoid , dextrinoid spores , e ncrusted p~leal surface 
which is not gelatinized, cheilocystidia, sweet odor and 
absence of a b i tter taste , and the rapid reaction with PDAB 
to yield a bright magenta color to the solution . I do not 
agree with Smith (1944) that the colors of the cap are 
duller and not as red as those of R. badiialba; however, he 
is generally correct in stating that the gills of R. extu
berans are less crowded and the stipe subradicatin~. 

34 . Rhodocollybia badiialba (Murrill) Lennox comb. nov. 

Figure 29, Plate IX 
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Figure 28. - Rhodocollybia extuberans , \Hl72, basidium, 
spores, c l amp, cheilocystidia (c). 
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Basionym: Gymno~us b adiialbus Murrill . N. Amer. Flora. 
Vol. : 369 . 1916 . 

Synonym: Colltbia badiialba (Murrill) Murrill. 
Myco . Vol. 8 : 218. 1916. 

Illustrations: A. H. Smith , Studies of N. Am . Agarics 
I . Contr . of the Univ . of Mich . Herb. No . 
5 Feb. 1941 . Pl. II. 

PILEUS 2 . 4- 11 . 5 em , generally 5- 7 em , dark chestnut 
(8F6 to 706) or d ark f ulvous on the disc , fading somewhat 
t o the margin, v inaceo us brown to fulvous (706 to 684 ) , 
sometimes spotted vinaceou s , hygrophanous and changing to 
a dark warm buff ( 6C4 ) ; convex , becoming p l a n e , with a 
broad shallow umbo, margin becoming straight , frequently 
fraying with age , sometimes revolute as we ll; surface g la
brous, very lubricous, not viscid , obscurely f ibrillose 
wh.e n q uite wet , occasionally undulate , matte in drying ; 
context rather thick , up t o 9 mm, white to tan , soft , 
rat her brittle whe n moist ; odor f aint, fungoid to pungent , 
taste slowly becoming unpleasant and bit ter . 

LAMELLAE white , not changing with age , ye llowing in 
d r ying , narrowly adnexed, sinuate- uncinate , sharply pointed 
at the margin , blunt-ended at the stipe , ventricose , broad, 
2- 4 . 5 em x 3- 8 mm, crowded , 50- 80 lamellae reaching stipe , 
4 tiers of lamellulae , thin , edges concolorous a nd serrate 
whe n young , l ater eroded. 

STIPE 5-11 em long , 5-9 mm b road , pallid p inkish grey 
at the apex , flesh-colored (5A3 , no good match) , darkening 
slowly downward to a light vinaceous tan (605), staini ng 
reddish brown as in R. maculata , slightly e xpanded at 
e x treme apex, generail y equal below this, sometimes taper
i ng upward , often abruptly tapered in trte last t wo em of 
base, appearing to root somewhat then ; surface at the apex 
powdery-pruinose , the n g labrescent, striate - g roove d for the 
entire length; hollow, ridgid and strict , tere te or com
pressed , fibrous , concolor o us within whe n water - soaked , with 
abundant white r hi zomorphs . 

SPORES 3 . 5- 5 . 5 x 3-4 . 5 pro, a few sometimes 8 x 5 ~m , 

globose to very broadly ovate , very thin - wal l ed to thick
walled (1 urn) , smooth, hyaline , with dextrinoid endosporium 
(percentage of reacting spores differs widely) , the e ndo
sporium often retracting from the apicular e nd, cream to 
light orange in deposit ; BASIDIA 21-25 x 4-5.5 ~m, most 
rather slender, four- spored predominantly , some t wo - spored 
basidia , a few dextrinoid basidia with t he staining e ndo
sporium retr acted into either lO\oJe r or upper half, appear
ing septate , thick - wal l ed ; basidioles slender at the apex , 
subventricose towards the base ; CHEILOCYSTIOIA not differ 
entiated ; PILEAL SURFACE a partiall y gelatin ized cutis 
composed o f hyphae 2- 10 ~m in diameter , nonencrusted , in a 
zone up to 85 urn deep , rad ially oriented , overlying a more 
compact zone of hyphae of t he same diameter , this layer 
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Figure 29. Rhodocolltbia badiialba, W547, basidia, 
spores, cystidioles (c . 
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intergrading into the contextual hyphae; CONTEXT partially 
interwoven , rather loose , of large diameter hyphae, 5- 15 
~ broad , clamped , no namyloid ; GILL TRAMA of coarse hyphae 
8- 16 ~ in diameter , clamped , subhymenium rat her narrow 
and tightl y interwoven . 

MACROCHEMICA.L REACTIONS : Gills and flesh of the cap 
react positively with tincture of guaiac, and phenol . 
Reactions occurred with alpha- napthol , guaiacol , and phe nol
anil ine which were sporadic a nd faint . 

HABITAT: Gregarious to loosely caespitose on much 
decayed logs or thick duff, in dense conifer woods . 

MATERIAL STUDIED : WASHINGTON , San Juan Co ., Wl072 
(Friday Harbor Biological Station); King Co . , Wl Ol (St. 
Thomas and St . Edward Seminary Woods) , \H625 (Hamilin Park), 
\'1'1628 (re sidence, Seattle) ; N532 (Noodinville) , w. A . 
Murrill 611 (Type - Seattle) ; Skamania Co. , \'ll 444 (Cispus 
Train i n9 Camp) ; \'11059 (locality unknown ) . 

This species is distinguished f rom R. extuberans , to 
which it is most closely rel ated , by the-relative inactiv
ity with macro- chemical spot reagents , the absence of 
cheilocystidia , the presence of g lobose spores , the absence 
of encrusted hyphae on the cuticle , the gelatinized upper 
layer of the pi l eus , the darker , more vinaceous colors of 
the cap, a nd a bitter taste. 

COLLYBIA (Fr . ) Staude , Schwamme 
Mitteldeutschl . p . xxvi ii . 1857 . 

Type speci es : Agaricus d r yophilus . Bull . He r b . Fr . 
pl. 4 3 4 . 1789. 

HABIT collybioid , PILEUS generally sma l l , convex , 
becoming plane , rare ly either unbilicate or umbonate ; white, 
tan , or fuscous shades , never really brightly col ored , con
text generally rathe r thin , 3 mrn or l ess , taste and odor 
usually no t distinct ive . 

LN1ELLAE white to pal e g r ey or tan, narrowly to broad
l y ad nate , occasionally appearing subdecurrent at maturity, 
edges usually even and concolor ous . 

STIPE genera l l y white or concolorous , equal or some
what larger at the base or apex , usually g labrous , often 
with a whitish tomentum at the base, or occas i onally tomen
tose the entir e length, hollow to stuffed , neither truely 
radicate nor wi t h a sclerotium . 
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SPORES globose to ellipsoid , thin-walled , smooth , 
nonamyloid, white in deposit ; BASIDIA four - spored; pleuro
cystidia not differentiated, CHEILOCYSTIDIA generally not 
differentiated , if present, clavate-contorted, thin- walled , 
not encrusted , and not exceeding the basidia; PILEAL SUR
FACE a cutis of radial , narrow repent hyphae, or undiffer
entiated from the context, composed of rather coarse, 
interwoven hyphae; context radial to interwoven; GILL TRAMA 
regular, parallel or somewhat interwoven centrally , clamp
ed , nonamyloid. 
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SUMMARY 

Filoboletus propullulans , from Barro Colorado 
Island, Panama , is a new species of Filoboletus 
Henn . This species is delimited f r om Filoboletus 
gracilis (Klotzsch apud Berk.) Sing. by its 
pleurocys t idia , cheilocystidia , and dis tinctive 
diverticula t e cutis with subcellular hypoderm. 

INTRODUCTION 

The tropical genus Filoboletus consists of small 
mycenoid fungi with tubulose hymenophore , cen tral s t ipe , 
and smooth amyl oid spor es . Fi loboletus sens u Hohnel (1908) 
may differ from Filoboletus as originally conceived by 
Hennings i n 1900 (Donk, 1962). Since Hennings ' type has 
been destroyed , Singer (1976) interprets Filoboletus as 
did H.ohnel. The in terpre t at ion of the genus for, this pub
lication is that delimit ed by Hohnel and fol l owed by 
Singer. 

Six species of Fil oboletus are to be found in the 
literature . Five of them, F . mycenoides , I · manipularis , 
F . gr acilis , ! · luteus , and F . s t aud tii a r e discussed by 
Singer (1945) . A six th species, F . hanedai (Kobayasi) 
Hongo, firs t described as a Poromycena (Kobayasi, 1951) 
has since been r ecombined in Fi1obole tus by Hongo (1955). 
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from Barro Colo rado Island , Panama . 
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Color terminology is that of the Hethuen Handboo k of 
Colour, 196 7. 

DESCRIPTION 

Fi loboletus propullulans LIBONATI- BARNES sp . nov . (Fig . 1-
5) 

Pileus convexus vel breviter conicus , aliquantum 
umbonat us , ci r cularis , glabr atus, 8- 20 nun latus, ubi 
vivens pallido-cinereus, fusca tus i n disco, ubi sicca tus 
albidus vel c r erneus , fuscatus in disco; ca ro disci 0 . 5 rnrn 
crassa , pallida, gelatinosa; mar go pilei t enuis , aliquan
t um undulatus; tubi adnati , breves, 0.1 mm pr ofundi; pori 
circulares vel parurn angulares , 7- 9 per mm , non radiatim 
disposi ti, ubi vivens albidi, f usca t i ubi sicca t us ; s t ipes 
centralis , cavus , longitudinali t er fibroso- s tr iatus , 
leviter f l occulosus , 15- 25 mm l ongus , 2- 3 mm crassus, ad 
apicem inc r assa tus (2 . 5- 3.5 mm crassus) et ad basi i n
crassatus (2 . 5-3 . 7 mrn crassus) , ubi vivens albus , ubi 
siccatus cine r eo- c innamorneus , ad basirn pilis parvulis 
aureo-brunneis. 

Sporae 4. 2- 6 x 5 . 2- 6 . 5 urn (- 7. 5 urn), subglobosae vel 
ovatae , inaequilaterales, l aeves , hyalinae, arnyloideae ; 
basidia 20- 23 . 4 x 5-8. 3 ~rn, cylindr ica , clavata , vel ir
regulariter turnida ; sterigma ta 4 , ad 5 . 2 urn longa quo rum 
duo plerumque longiora sunt; pleurocystidia 26- 41 x 3.8-
4 . 1 urn , filiformi a, tenuitunicata, infrequencia; chei1o
cys tidia 20- 35 x 10-12 . 5 ~rn , saepe c1ava t a , inter durn 
lecythiforrnia vel obpyriformia, aliter versiformia , ad 
rnar ginern tubo rurn abundantia; trarna tuborurn parallels, ex 
hyphis 3. 8-10 urn latis, agglutinatis e t gelat~nosis 
constantes , tubi 110-140 urn profundi , pariebus 6. 3- 44 urn 
crassis hymenio excluso ; s ubhymeniurn valde agglutinatum; 
contextus pilei ex hyphis confertis i ntertextis super 
tubos, laxe int ertextis i nf r a pagina pilei constans, hyphae 
a1iquanturn gel atinosae, inflatae , quarurn aliqui angustate 
(3 . 1- 6 . 3 urn latae) et aliae 1atae (10- 27 urn latae) sunt, 
e tiarn cum hyphis paucis gloeopleris 3.8 urn latis; pagina 
pilei ex hyphis r adiantibus , repentibus , diverticulatis, 
6.3- 18 urn l a tas cons t ans , pagina s trati hypharum 2-3 , 



234 

hypoderma ex cellularis irregulariter angularibus , 19-88 x 
63-75 ~m; stipes ex stratis tribus compositus: s tratum 
extimum ex hyphis 3.8- 12.5 ~m latis , l ongi tudinalibus, 
parallelis constans, stratum medium ex hyphis inflatis, 
8.8- 19 ~m l a tis constans, stratum intimum ex hyphis laxe 
intertextis (5-12.5 ~m latis) constans; basis stipitis ex 
hyphis agglutinatis intertextis 8.8- 23 ~m latis constans; 
hyphae gloeoplerae, 5- 6 . 25 ~m latae, subinde in strato 
extimo stipitis adsunt; caulocystidia tenuitunica ta, saepe 
collapsa, vesiculata vel brevi-clavata, ad apicem stipis 
7.5-13.8 x 15-31 .3 ~m, versus basem s tipis elongata (6.3-
13.8 x 44-106 ~m), trichodermium ad basem stipitis 
facientia; fibulae in pileo et stipite adsunt. 

Holotypus SDLB 773, in ramosis delapsis arborum 
f r ondosarum, in Insula Barre Colorado, Panama, 16 July 
1976 lectus; in herbaria Universitatis Washingtoni con
servatus (\ITU). 

PILEUS convex of shallowly conical , s lightly umbonate, 
roughly circular , glabrous, 8-22 mm in diameter , when 
fresh pallid gr eyish whit e , with a darke r disk, when dry 
becoming ivory to cream with a pale yellow to dull greyish 
orange disk; flesh 0.5 mm thick on the disk, narrowing 
evenly toward the margin, concolorous with the pileal mar
gin, appearing gelatinous; pileal margin thin, slightly 
undulate. 

TUBES adnate , shallow, slightly more so toward the 
pileal margin, 0.1 mm deep; pores round to slightl y 
angular, 7-9 per mm, not at all radially oriented, white 
when fresh , cream to pale grey ish brown when dry . 

STIPE central, hollow, longitudinally fibrous- striate, 
faint ly flocculose, 15-25 mm long, 2- 3 mm in diameter, 
flaring slightly both at the apex (2.3- 3.5 mm) and at the 
base (2.5-3. 7 mm ) , white when fresh, dry i ng to greyis h 
cinnamon brown , with sienna brown at the apex; base of the 
stipe clothed with golden brown scurfy-pruina and also ex
tending into an investing web of hyphae on the substratum . 

SPORES 4.2-6 x 5. 2-6 . 5 (- 7.5) ~m, on the average 5.3 x 
5 . 9 ~m, subglobose, or ovoid , inaequilate r al, smoo t h , with 
or without granules or oil drops, hyaline, amyloid . 

BASIDIA 20-23.4 x 5-8 . 3 ~m , cylindric , c l avat e , or 
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irregularly swollen, 4-spor ed with sterigmata up to 5.2 ~m 
long, of which two are usually distinctly longer than the 
other two; basidioles noticeably rectangular . 

PLEUROCYSTIDIA 26- 41 x 3 . 8-4 . 1 ~m , fi liform , thin
walled, r a r e; cheilocys t idia 20- 35 x 10- 12.5 ~m, abundant 
a t the tube mou ths , many clava t e , a few lecythiform or 
obpyriform , t he rest irregular in shape . 

TUBE TRAMA parallel, of hyphae 3 . 8-10 ~rn in diameter, 
firmly agglutinated , with walls somewhat gelatinized ; tubes 
110-114 ~m deep, walls 6 . 3- 44 ~m thick exclusive of hy
menium; subhymenium of interwoven agglutinated hyphae . 

PILEAL CONTEXT of hyphae densely interwoven j ust 
above the tubes, becoming l oosely in terwcven toward the 
pileal surface; hyphae somewhat gelatinized, inflated, 
some narrow (3 . 1- 6 . 3 ~m i n diameter) o thers broad (10-27 
~m in di ameter); gl oeoplerous hyphae occasional, 3- 7 ~m in 
diameter, densely- staining i n phloxine. 

PILEAL SURFACE of diverticulate hyphae fo rming a 
cutis, i . e ., radially orie nted r epent hyphae 6.3- 18 ~m in 

diameter, 2-4 hyphae thick, underlain by a s ubcellular 
hypoderm 1- 4 layers thick of cells irregularly angul ar by 
mutual compression and 19- 88 x 63- 75 ~m in size . 

STIPE of three layers : the ou termost layer of longi
tudinal, s traight, par allel , agglutinated hyphae , 3.8- 12.5 
~m in diameter, a middle layer of somewhat more inflated 
hyphae 8 . 8-18 . 8 ~m in diameter , and an inner layer of hyphae, 
interwoven , 5- 12. 5 ~m in diameter , lining the lumen of 
the stipe. Stipe base of interwoven agglutinated hyphae 
8 . 8- 23 ~m in diameter , spreading out on the s ubstratum into 
an investing web of hyphae 2 . 5- 5 ~m in diameter . Gloeo
plerous hyphae (S-6.2S ~m in diame ter) occasional in the 
outermost layer of t he stipe. 

CAULOCYSTIDIA thinwalled , of t en collapsed, vesiculose , 
short- clavate , present the length of the stipe , shorter 
near the apex of the s tipe (7 . 5-13 . 8 x 15-31 . 3 ~m) elongat
ing into cys tidioid processes 6 . 3- 13.8 x 44- 106 ~m which 
form a trichodermium a t the very base of the stipe . 

CLAMPS present in the pileal context, occasional in 
the tube trama, not seen at the bases of the basidia or 
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lip 

Fig . 1-5. Filoboletus pr opullulans, 1. pileal surface , 
showing diverticulate hyphae of the cutis, and the under
lying subcellular layer (radial section), 2. filiform 
pleurocystidia , 3 . edge of a tube, showing var ious shapes 
of cheilocystidia , and a segment of the hymenium , 4. 
spores, 5. basidia in several stages of development. 
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cystidia; occasional in the outer and middle layers of the 
stipe, abundant in the inner layer and in the investing 
web. 

HABITAT on fallen logs of Tachigalia versicolor 
(Leguminosae) which were known to be dead at least nine 
years (Foster, 1977), and on fallen branches of other 
frondose trees. Carpophores solitary or in twos, single 
or gregarious. 

HACROCHENICAL REACTIONS: flesh of the pileus and of 
the tubes slowly becoming chocolate brown in 2% phenol. 

HATERIAL EXAMINED : Panama , Barre Colorado Island, 
HOLOTYPE SDLB 773, 16 July 1976 ; PARATYPE SDLB 1101, 12 
August 1976 . 

OBSERVATIONS: This species is closely related to 
Filoboletus gracilis (Klotzsch ex Berk . ) Sing . from which 
it can be distinguished by the diverticulate hyphae of 
the cutis , the presence of pleurocystidia, the clearly 
differentiated cheilocystidia, and the spores which are 
mor e globose than ellipsoidal . In addition, the tubes 
of F. propullulans are uniformly short, and the pores 
quite small. 
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CHRYSOCONIA , A GASTEROID MEMBER OF THE CONIOPHORACEAE 

DENNIS E. McCABE and GUSTAVO A. ESCOBAR 

Department of Botany , University of Washington 
Seattl e, Washington 98195 

Chrysoconi a orthospora was fir st observed in t he 
Spring of 197 5 growing on decaying twigs and leaf matter 
brought into the laboratory for obser vation . The plant 
debris was collected from the bottom of a stagnant pool 
near the Montl ake Pl ayground on Lake Union , in Seattle . 
The debris was placed in petri dishes and kept submerged 
in distilled water by periodic replenishment of evaporated 
water for 4 weeks . After 4 weeks the material was allowed 
to dry out s l owly . By 6 weeks one plate had produced a 
crop of golden brown tufts which , on close examination , 
proved to be cluster of basidia bearing orthotropically 
attached brown , smooth spores . 

In the Spring of 1976 an attempt was made to obtain a 
second collection of ~ . orthospora . Plant debris was col 
lected from the same location and treated as described 
above . Once again the fungus appeared on one plate (out of 
10) after about 6 weeks of incubation in the l abor atory , 
This time fresh specimens were transferred to culture media 
in an attempt to grow Q.. orthospora axenicall y . Pure cul 
tur es were obtained by succesive transfer of hyphal tips 
from cultures growing on Di fco Corn Meal Agar . Near normal 
fruiting has been repeatedly obtained on cold soil extr act 
agar . Cold soil extract medium is prepar ed by extracting 
200 g of fresh garden soil with 600 ml of distilled water 
for JO minutes at room temperature , t hen filtering t hrough 
a Whatman #1 filter paper . The filtrate is brought to 500 
ml and supplemented with 0 . 25 g of Difco Yeast Extract , 2 g 
of soluble starch , and 7.5 g of Bacto Agar before auto
claving at 15 l b/in2 for 15 minutes . 

Chrysoconia orthospora sporocarps appear to be little 
more than hyphal tufts 0 .1 - 0 . 2 mm in diameter bearing ba
sidia on all sur faces . The mature sporocar ps are usually 
more or less hemispherical but can be somewhat dendritic 
(Fig. A) . In either case , the fruiting body arises direct
ly from the substratum with no apparent subiculum. The ba
sidia of£. orthospora are clavate , usually bearin~ two 
spores attached orthotropically to the sterigmata (Fig . B) . 
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The spores are brownish orange with smooth wall s , an api
cal germ pore , and a thin-walled pedicel (Fig. D) . The 
hyphae making up the sporocarp bear clamp connections (Fig . 
C) typical of those found in Basidiomycetes . 

The color terms cited are from Ridgway ' s Color 
Standards and Nomenclature (1912) and determined under a 
dissecting microscope illuminated with a tungsten lamp . 

The shape of the basidiocarp and , above all , the or
thotropic attachment of the spore s , suggest the creation 
of a new genus and we propose the name Chrysoconia for this 
new member of the family Coniophoraceae . 

Chrysoconia , gen . nov . 

Basidiocarpo hemisphaerico vel dendritico , basidiis in 
omnibus superficiebus . Sporis brunneis , laevibus , ortho
tropice affixis , tunica strato cyanophilo . 

Typus : Chrysoconia orthospora . 

Basidiocarp hemisphaerical to dendritic, with basidia 
on all surfaces. Spores brown , smooth , orthotropically 
attached , with a cyanophilous wall layer . 

Type: Chrysoconia orthospora . 

Chrysoconia orthospora , sp . nov. Figs. A-D. 

Basidiocarpo hemisphaerico vel dendritico , 0 .1-0 . 2 mm 
diametro , basidiis in omnibus superficiebus . Hyphis hya
linis, fibulatis . Basidiis clavatis , bisporis , 24- 28 x 
7-10 ~m 1 sporis ellipticis , laevi bus , in cumulo brunneis 
("Mars Yellow"), 11 -14 x 7- 8 !J.m , orthotropice affix i s , 
tunica strato cyanophilo , pedicello laevitunicato et poro 
germinatione apicalibus . 

In materia incubata vegetabili putrescenti i n liti 
lacu Union lecta . 

Holotypus DEM 242 in herbario Universitatis Washing
tonii (WTU ) conservatus . 

Paratypus DEM 24) (WTU) . 

Basidiocarp hemisphaerical to dendritic , 0 .1-0. 2 mm in 
diameter , with basidia on all surfaces . Hyphae hyaline , 
with clamp connect i ons . Basidia clavate , bearing 2 s~ores , 
24-28 x 7-10 IJ.m ; spores elliptical , smooth , brownish ( "Mars 
Yellow" ) in mass , 11-14 x 7- 8 ~m , or thotropically attached , 
with a cyanophilous wall layer , with a thin-walled pedicel 
and an apical germ pore . 

On incubated decaying vegetable matter collected on 
the shore of Lake Union , Washington . 

Holotype : DEM 242 deposited in the University of 
\'iashington Herbarium (\1/TU) . 

Paratype : DEM 24J (\'/TU) . 



Fi gures A-D. 
carps . XlOO . 
spore . Bar = 
Bar = 10 urn . 

Chrvsoconia orthospora . A. Mature spore
B. Basidium with orthotropically attached 

10 urn . C. ~eptum bearing clamp connection . 
D. Mature spore . Bar = 10 urn . 

DISCUSSION 
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Chrysoconia orthospora is placed in the family Conio 
phoraceae because of its smooth brown spores , with a cyano
philous wall layer , born on an unpatterned hymenophore . 
Chrysoconia orthospora differs from all the other members 
of the Coniophoraceae in two major respects ; ~he hemisphe
rical to dendritic sporocarp composed of hyaline clamped 
hyphae and the or~hotropic attachmen~ of the basidiospores . 
The type of basidiocarp exhibited by the new fungus is 
without parallel in the Coniophoraceae , although clamp con
nec~ions are known to occur in the genus Jaapia . This 
genus is easily recognized by its long non-septate cystidia 
and its spores commonly showing contraction of the cyto
plasm (Nannfeld~ and Eriksson , 1953) . Although we accept 
the family Coniophoraceae in its modern sense (Donk , 1964 : 
Talbot , 197)) we have considered it necessary to expand its 
limits to include this new gasteroid member . Oberwinkler 
(1977a , 1977b) has pointed out the occurrence of gasteroid 
basidia in several groups of Hymenomycetes . We report here 
:or the first ~ime the presence of such basidia in the 
:amily Coniophoraceae . 
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THE CONTRIBUTORS AND DANIEL STUNTZ 

by David L. Largen~ 

Seventeen individuals contributed to this special 
FESTSCHRIFT issue dedicated to Daniel E. Stuntz . David 
Hosford's introductory article on Dan lists t hose who were 
or are his graduate students: David Hosford, Gus~avo 
Escobar, Robert Gilbertson , Darryl Grund, David Largent, 
Joanne Williams Lennox, Susan Libonati-Barnes, Currie Marr, 
Jim Trappe and Fred VandeBogart. Dennis McCabe and David 
Go~elli were students of Howard Whisler and became associ
ated with Da.n through his infamous laboratory feasts which 
be always has available for the ravenous graduate students. 
Dennis Oliver was a student of David Hosford through wuom 
he met Dan. Margaret Barr-Bigelow, Howard Bigelow, Harry 
Thiers and Alexander Smith have been close colleagues of 
Dan ever since the many unforgettable field t r ips at the 
Michigan Biological Station. 

All the cont r ibutor s were asked to write a short 
paragraph indicating how t hey met Dan . Included i n these 
comments were several statements which summarized the 
feeli ngs of each and every contributor for Dan . The 
comments which follow "speak" for all who have had the 
pleasure of Daniel Stuntz' company. 

Dan Stuntz is one of the finest persons we know and 
one of the few people who we use as a model of the perfect 
academician. 

Dan arrived while I was out collecting and amazed my· 
wife by entertaining my daughter with stories from Winnie 
the Pooh. My daughter considered him a very special person 
from that day to the present. 

He let~students work on their own, counting on their 
interest in the fungi to carr y them through. His confi 
dence in the power of a student ' s i nterest is one of t he 
best things about him as a major professor. His teaching 
is superb; clear , witty (subtly so), and gene rous. He 
shares freely any of this extensive knowledge about the 
fungi . His ability to see t he value of amateurs who like 
fungi is truly exceptional. 

As a graduate student being introduced into the 
mysteries of "higher fungi", I appreciated his humor, his 
quiet, helpf ul suggestions when an agaric just would not 
key, and his firm attitude toward wayward fungi. 

As others know well though, time plays no part i n a 
friendship with Dan--after a period of years, when you 
meet again it is just like yesterday that you parted. 

It sho uld be obvious that be is a special person t o 
me. 
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LACCASE AND TYROSINASE OXIDATION OF SPOT TEST REAGENTS 

CURRIE D. MARR 

Department of Biology , State University College 
Oneonta, N.Y . 13820 

SUMMARY 

In a 72 specimen sample, including sporocarp tissue 
of mostly Agarics, laccase and tyrosinase oxidation was 
evaluated for 6 spot test reagents commonly used in the 
taxonomy of Basidiomycet es. Oxidation effectiveness of 
reagents was determined by associating positive responses 
\~ith enzyme occurrence. Laccase was detected by a syring
aldazine spot test and tyrosinase by a L-tyrosine spot 
test. Results indicated that pyrogallol, guaiac and guai
acol spot test reagents are nonspecific for laccase and 
tyrosinase; although, guaiac and guaiacol are more effec
tively oxidized by laccase than tyrosinase. !-Naphthol is 
laccase-specific , but some kinds of laccase activity are 
not detected by this reagent. Phenol and p-cresol reagents 
are tyrosinase -specific. For each reagent, l accase and 
tyrosinase oxidation curves are contrasted, and for most 
reagents the greatest differentiation between the two 
oxidases occurs within the first 15 min of the 30 min test
ing period. Factors discussed which influence substrate 
specificity are pH, isoenzymes, and potential peroxidase 
interference. For morphogenetic, ecological and taxonomic 
studies , spot tests a r e potentially valuable tools for 
studying enzyme localization among taxa and ontologically 
changing patterns within taxa. 

INTRODUCTION 

Since the discovery that tincture of guaiac turns 
blue when applied to some fungi and that this reaction 
usually denotes the presence of phenoloxidases , numerous 
other phenols have been used to determine the existence of 
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the phenoloxidases, laccase and tyrosinase. Hundreds of 
mycelial cultures (Kaarik 1965) and basidiocarps have been 
surveyed for these enzymes (Matsubara and Iwasaki 1972, 
Lamaison 1976), and results of phenoloxidative tests have 
been particularly useful in classifying "brown and white
rot" fungi (Davidson et al. 1938, Nobles 1971). Phenolic 
spot test reagents used in the taxonomy of agarics are 
generally prepared in the manner described by Singer 
(1975) and Watling (1971). Although the method of reagent 
preparation, particularly the factor of pH, is known to 
influence substrate specificity, oxidation of these re
agents by phenoloxidases has not been critically evaluated. 
The purpose of this study is to compare the oxidation 
effectiveness of laccase and tyrosinase for 6 spot test 
reagents in common use: p-cresol, guaiac, guaiacol, 
!-naphthol, phenol, and pyrogallol. 

Oxidation effectiveness was determined by correlating 
the results of phenoloxidase identifier tests , which used 
syringaldazine and L-tyrosine as substrates, with the 
other 6 spot tests. Syringaldazine was introduced by 
Harkin et al. (1973, 1974) as an ideal substrate for 
laccase because it does not react with tyrosinase, nor 
does it autooxidize or produce peroxides. L-tyros i ne is 
generally considered (Yasanobu 1959, Decker 1977) to be 
the most specific substrate of tyrosinase and is used in 
the standard assay fo r this enzyme. Tyrosine measures 
most, if not all active tyrosinase, but is neither oxi
dized by laccase nor peroxidase to melanins (Sarkanen 
1971, Smith and Swan 1976). A basic assumption of this 
study is that the syringaldazine and tyrosine tests are 
specific identifiers for laccase or tyrosinase, and that 
these identifier tests can be used to detect and differ
entiate laccase and tyrosinase oxidation occurring in the 
other 6 spot tests, the correlator tests. Positive, 
negative, and no associations of correlator and identifier 
tests were determined by Chi Square. 

METHODS 

The preparation and characteristics of the reagents 
used, and the color of positive tests are given in Table 
I. The tyrosine spot test method utilized in this study 
is new. A major obstacle to using tyrosine as a spot test 
reagent has been its insolubility in alcohol and i n water 
at room temperature. This problem was resolved in this 
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study by heating the solution to 95°C and applying it at 
90°C to the sample in a cold depression plate. The appar
ent effect of this procedure was to obtain maximum solu
bility of tyrosine and to destroy cellular membranes , 
thereby, releasing intracellular tyrosinase. The reagent 
cooled rapidly enough that appreciable enzyme deactivation 
did not occur, and a s trong red-brown color developed when 
tyrosinase \oJas present. In specimens devoid of l ac case , 
peroxidase occurrence was identified by the method of 
Harkin et al. (1974) , using syringaldazine and 0. 03% 
hydrogen peroxide. There are many gaps i n the biochemical 
details of the enzymatic reactions involved in spot tests, 
but some reaction products are known or hypothesized . 
Reaction products, located in the literature, are pre
sented in Table II. 

Tissue sampl es from the basidiocarps of all 72 spec
imens studied gave positive reactions with one or more of 
the phenolic spot tests. Specimens were collected during 
the swruner of 1977, most of them were obtained from the 
360 acre SUNY Biological Field Station at Cooper stown, 
N.Y. The sample was taxonomically heterogeneous repre
sented by 60 species belonging to 38 genera and 18 fami 
lies of Basidiomycetes (see results). 

Small s l ices of tissue , about 5-10 mm dia and 2 mm 
thick, were removed from reactive areas of the basidiocarp, 
frequently from the apex of the st ipe and context of the 
pileal disc. The slices were placed in the cavities of 
distilled-water rinsed, porcelain, depression plates . 
Two depression plates were used for a single test ser i es , 
each containing 10 s lices of tissue . Sys tematically , the 
eight reagents listed in Table I were added to the tissues , 
each tissue s ubmerged i n several drops of one reagent. 
Two pieces of t issue were used as controls , one being 
covered by distilled water and the other by 95% ethanol. 
A s imilar procedure was followed in the second depression 
plate , but with the addition to all 10 s lices of several 
drops of freshly prepared, aqueous 0.03% H20z so lution. 
Positive color reactions were recorded immediately follow
ing application of all r eagents , 0 min, and subsequently 
at 5, 15, and 30 minutes l ater . 

The significance of association between correlator 
and identifier tests was determined by Chi Square accord
ing to the formulas given by Zar (1974). The s ymbols 
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TAllLE !. SPOT TEST REAGENTS: PREPARATION , OIARACTERISTICS , POS IT! V( TE!>IS 

l' rcparatlon REAGENT O>LOR pH OF REAGENT 
ot Sew Old New Old Color o f Posi tive 

Rc;gont So l ution• Solution•• So lution• Solut ion .. Test 

p-Cresol 

I ml of p-Crcsol in Co lorless Colorless pll 6.2 p!l 6.6 rod-brown , o range-
dl$tll lcd water , fina l brown • ru" t· red 
volume 100 ml. Heat 
ro dissolve solute. 

Gulli lie 

2 g of Gum Guaiac Yel low- Ocr I. pll 6 . 0 pll s .s deep blue 
powder In 95\ cthnnol, brown redduh-
final vol. 100 mi. brown 
After several hrs 
fl l tcr solut Ion . 

C.uioco l 

l ~ of Guaiacol in Co lorless P11le red- pll 5 . 9 pH 3 . 9 pinl., red , rod-
dist illed wnter, fj no I brown brown 
vol. 100 til. Sh~>ko, 

use IIClUOOUS phase. 

1-Saphthol 

l.S g of !-Naphthol Reddish S11111c color pll s . 2 pll ~.5 violet to dnrl. 
di ssolved in SO ml cocon- but dnrl.cr purp l e 
of 95\ othanol. broh1l , 
Slo~ly add dis tilled cloudy 
wutcr to 100 cJ Cbrk. 
Fll tor out prcclpi tntc. 

Phenol 
red or viol et 

2 g of Phenol in Colorl ess Colorless pll 5.8 pll 6.6 chanll inll t o 
disti lled water, r od-brown 
final vol. 100 mi . o r violct-bro..-n 

Pyrogallol 

10 g of Pyrogallol Pole Brown ish · pH 4 .I pH 3.2 onngc-yellow , 
In di s t i lled water , s traw- o range carrot -red t o 
fina l \'OI. 100 1:11. ye llow orange-bro..-n 

l-Tyros 1nc: 

0.5 g of L-Tyros1ne Co lorless Sot pll b.~ Sot rus t-red chonglng 
in distilled wutc:r , at 90°C . determined 31 !10°C determined to red-brown and 
finn! vol. 100 mi . vhl te darker broltn 
lleBt solut ion t o prec1p1 tne pll 7 .o with t ime 
9S°C to dissolve Dt room :~ t 2S°C 
solute. 
a t 900C. 

Apply rcngcnt temp. 

Syrlngaldo:lnc 

0. 1 & of Syr1ngnldu- Pnlc l'n lc pll i .l pll 6 . 9 plnk, red , 
:Inc (Aldr ich Co. ) In greenish· yello..- vio l et-rod , 
95". c t hunol , f1nul )'t'llow so"ctl~:~cs 
vo l . 100 ol. lfeut rc4c t lon 
gently to d lsso lvt' dccolorl:es 
~olut ~. Cold t'""P· 
"'use~ preclplt~ t I on . 

•stnt Solut ion - co lo r :uu.l pll dct.-min<'d 2-1 hrs nrt~r propnrlltion • 
.. Old Solut ton - co lo r nnd pll <lc t ennncd fro~ n 1 1:10nth·old solutiOn stored :It 28 C. 
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TABLE Jl . SUBSTRATES A.'ID REACTIO.'I PRODUCTS 

SUBSTRATES 
Co=on Slli!IC 

Sdcntif'lc: Nllllle 
Type of Phenol 

foi"'IIUlll$ and ~lolccular Wei ght 

p-Crcsol 

4-hydroxy Toluene 

Monohydric phenol, -OH gTOup 
4 position 

• c ..... 

~lol. Wt. I08 . i4 

2-cethoxy-phcnol 

Monohydric phenol, ·OH group 
I position 

~lot. Wt . 124 .14 

1 -~aphthol 

!- hydroxy nllphthlllone 

~k>nohydrlc phcno I , - 0!1 group 
1 pos i tion 

'·~·co 
~1. Wt. 144.17 

REACTION PRODUCTS 
• products of luccase oxidation 

•• products of peroxldat ion (Sarkanen 1971, 
Higuchi 1958 regurd products similur or 
ldentlc:~~l to lmccase oxidat ion) 

•• • products of tyrosinase oxidation 

( ' ) ( ••) LaccRSe and peroxidase oxldi:c 
p-c rcsol to the above products , foralng 
11 whi te precipi tate (Westerfeld mnd Lowe 
1942, FQbraeus and Ljunggrcn 1961 , Senfle ld 
ct a l . 1964) 

( •• •) Tyrosinase oxidl:os p-cresol to a dark
colored quinonoid compound (F&hrlleus 11nd 
Ljunnrcn 1961, KiUtcr 11nd l.lttlc 1963) 

CM,OO U OCM, 
o: = :o 

-- --

( ••) The above compound is a red-brown pi~ent, 
t he principal product. of pc·roxidlltlon of 
guaiacol . A cinor cons tituent of pcroxida
tlon is 3 ,3'-dicct hoxyd iphcno-2, 2'- quinone 
(Saunders 1973) 

( ••) Fonocrl)· , t he pcroxl.dlltion product. of 
gua.iacol W3S regarded as tetragudacol or 
tctraguaiacoquinonc (Machly and Chance 1954 , 
Oemirevska-l(epova illld Bakardjieva 1976} 

Spcc1 f1c re;~ct ion products h3\'e not been 
l ot3ted In the l i t erature . 



TABLE II . Continued 

Cualac (Cunl aconlc Acid) 

!,S~dl-(4-hydroxy-3-ne~hoxy
phen)•l) -3,4 -dlmethyl funn 
(act! vc compound of aum gu11iac) 
-also known as furoguulac1n 

Dlhyddc phenol , -011 groups 
J pos i tion 

'!. CO ~ oc ... , 

~lol. Wt. 340.36 

Syr lnaald£l:ine 

~ .~'-bls-3 ,5-dlcethoxy-4 -
hydroxybon:ylldcnc hydrn:lnc 

Dlhydrlc phenol, -OH groups 
4 position 

HoI. 1\'t. 360.36 

Pyroaat lol 

I, 2 , 3-trl h)•drox)·benzcnc 

Trlhydrlc phenol, -OU groups In 
posi t l ons , J , ~ , 3 

c
6
u

3
- l.2,3- (0!1)

3 

Ao• 
VO• --

~lo I. Wt. 126. 11 

( • ) ( • •) ( •••) All three cn:ymes ox1d1:0 
furogunincin to gunlacua b l ut (Krntochvll 
et a!. 1971) 

( ' ) ( '') t.nccasc and pcroxldBse OX1d1:c 
syrlngnlda: lne t o Q ueenta- red pi&mont 
(llorkin >nd Obst 1973). 

-
( • ) ( " ) Peroxidase 1111d lnccQSe oxldat I on 
of P>'rog:.llol result s In a cocplex 10lxturc 
of products , the princip:tl product being 
on orange pill):lcnt , purpuro&Bllin (H:~chl)' 

and Choncc 19SJ , Benfield et nl. 1964). 

( • ••) T>•rosln:ue ox1d.u ion of pyroaallol 
prcsUOBbly yie lds purpuroenl l ln. but t he 
react ion products 11111)' not have been un11ly:ed. 

249 
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TABLE II . Cont inued 

Ph!!nol 

Phenol 

>lonohydric ph!!nol , -011 1roup 
I position 

L-Tyroslno 

L-Tyroslno 

Monohydric phenol, -OH croup 
4 posl tion 

4 -HOC6114012 (li'H2)COOII 

·-

~lol. Wt. 181.19 

00 
IJ -

Specific reac t ion products of entymatic 
oxidation of phenol hcwe not been located 
i n the l iterature. Noll!!T ( 1957) notes 
that a compl ex aixture of products are 
formed in aerobic oxidation of phenol , the 
best known product bei ne tho briaht red 
co:pound, phcnoquinonc. 

( • ) 

( • • ) 

LacCASc cnn not oxidize L-Tyroslne 
(S:arkanen 1971) 

Pcroxidli.Se oxidizes L-Tyroslne to 
dityros lne [S ,S'-bls(2-mmino-2-
carboxyethyl ) -2,2'dihydroxybiphcnyl) 
(Smith and Swan 1976) 

fol 

o~eo 
o-:::/ ~ c-. 

" o...t~·"--~ 

••• 

M .......... ........,... 

·--
( • • • ) 1)•roslnaso oxldl:es L-Tyroslno to 
dopa (3,4-dihydroxyphenylalanlnc). This 
is not accompl ished by lacc:a se or peroxidase, 
but all three en:ymes can oxidi:e dopm to 
dop~ quinone (S~rkanon 1971, Smi th and Sw~ 
1976). The t)•rosine-tyros Jnase ael anln 
biopathWll)' involves intermediate piaJOents 
:such as the: rod dopachromc ( I) , purple or 
yellow Indole 5 , 6 qul nono ( II ) , u well :If 

the brown-colo red melanin ( Ill ) (Lorncr 
and Fl t:patrick 1950, llidllkll 1976). 
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f1 and f2 represent the frequencies of positive and neg
ative tests, and n the total sample size . When sampl e 
size was 20 or less, Chi Square was corrected for conti
nuity, X~ (Guilford 1965). Statistically significant 
associations, x2~ 3. 841 (P ~ 0 .05) , are i ndicated in 
Tabl es III to VII by + or - signs, dependi ng on the direc
tion of associat ion. 

n n 

RESULTS 

This study is predicated on the assumption that the 
parameters measured by the identifier tests are the same 
as those measured by the corr elat or tests. If thi s i s 
true, positive correl ator tests should accompany reac
tions in one or both of the identifier tests. This 
r elationship does exist (Table III). The mean value of 
association var ies from 74% at 0 min to 90% at 30 min, 
and statistically , the association is str ongl y positive 
at 5, 15, and 30 min readings. While t his positive 
correl ation does not prove that oxidation by laccase or 
tyrosinase causes the positive correl ator tests , it adds 
to the support of this hypothesis . 

The 72 specimen sampl e is divided i nto 4 groups on 
the basis of identifier t est results . 

A. Group I consists exclusively of specimens con
taining both l accase and tyrosinase as i ndi
cat ed by positive syringaldazi ne and tyrosine 
tests . Typically, members of this group react 
rapidly, and all correl ator t ests are signif
icantly positive at the 5, 15, and 30 min read
ings (Table IV) . Specimens assigned to Group 
I are l isted below by name , collection number 
and family. 

NAME NUMBER FAMILY 

Agaricus campestris L. ex Fr. 2784 Agaricaceae 
Grifola f rondosa (Dickson ex 

Fr .) S. F. Gray 2876 Polyporaceae 
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Lact arius chrysor heus Fr. 
£. decepti vus Pk. 
£. gerardii Pk . 
£. veller eus (Fr . ) Fr. 
£. sp . 
Russula al utacea (Pers . ex 

Fr.) Fr. 
R. emetica (Schaeff. ex 

Fr.) S. F. Gray 
R. fragilis (Pers. ex Fr.) 

Fr . 
R. n~g~cans (Bull .) Fr. 
R. pecti natoides Pk. 
R. rugu losa Pk. 
R. variata Banning 
R. variata Banning 

2798 
2875 
2749 
2781 
2800 

2747 

2868 

2853 
2828 
2748 
2746 
2697 
2745 

Russulaceae 
II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

B. Group II consists exclusively of 11 laccase- only11 

specimens as determined by positive syringalda
zine and negative t yrosine tests. Significant 
correl ator tests of this group are positive 
guaiac and guaiacol and negative p-cresol and 
pheno l tests (Tabl e V) . Specimens included in 
Group II are: 

NAME NUMBER FAMILY 

Agariaus campestris L. ex Fr. 2791 Agaricaceae 
Cantharellus lateritius 

(Berk . ) Sing. 2823 Cantharel l aceae 
Entoloma sp . 2866 Entolomataceae 
Ramaria j1avobrunnescens 

var. aromatica Marr 2855 Gomphaceae 
Hericium ramosum (Bull . ex 

Merat) Letellier 2741 Hydnaceae 
Hygrophorus pratensis (Fr.) 

Fr. 2854 Hygrophoraceae 
Hypomyces l actif luorum (Schw. 

ex Fr . ) Tul. (plus 
uni dentified host) 712 Hypocreaceae 

Coriolus biformis (Fr. apud 
Klotzsch) Pat. 2836 Polyporaceae 

c. versicolor (L . ex Fr . ) 
Quel. 2730 II 

c. vers icolor 2782 II 

c. versicolor 2787 II 



253 

Hirsohioporus pargamenus (Fr . ) 
Bond . & Sing. 2860 Polyporaceae 

Hypsizygus marmoreus (Pk .) 
Bigelow 2879 Tricholomataceae 

PaneZZus serotinus (Fr.) 
Kuhner 

P. stiptious (Bull. ex Fr . ) 
Karst. 

PZeurotus ostreatus (Jacq . ~ex 
Fr .) Kummer 

P. os treatus 
TriohoZoma r esplendens (Fr . ) 

Karst . 
T. sejunotum (Sow. ex Fr.) 

Quel. 

2878 

2856 

2738 
2701 

2825 

2846 

II 

II 

II 

II 

II 

II 

C. Group III consists exclusively of "tyrosinase
only" specimens as determined by negative 
syringaldazine and positive tyrosine t ests. 
Significant correlator tests associated with 
Group III are positive p -cresol and phenol 
t est s, and a negative !-naphthol test ; while, 
associations of slight s t at istical s ignificance 
occur with guaiacol at 5 min and pyrogallol at 
30 min (Table VI). Specimens included i n 
Group III are: 

NAME NUMBER FAMILY 

Agariaus aampestris L. ex 
Amanita rubesaens (Pers . 

Fr . ) S. F. Gray 
A. vaginata (Fr. ) Vitt. 
A. sp. 
CantharelZus tuhae f ormis 
Clavulinopsis fusifor.mis 

ex Fr . ) Corner 
CZavulina oristata (Fr . ) 

Fr. 
ex 

Fr . 
(Sow. 

2784 Agaricaceae 

2799 Amanitaceae 
2667 II 

2883 " 
2874 Canthar ellaceae 

2726 Clavariaceae 

Schroet. 2844 Clavulinaceae 
MeruZius tremeZZosus Schrad. 

ex Fr . 2831 
Hygrophorus borealis Pk. 2880 
Calvatia sp . 350 
Gloeoporus diahrous (Fr.) Bres. 2728 
Isahnoderma resinosum (Fr.) 

Karst. 2881 

Corticiaceae 
Hygrophoraceae 
Lycoperdaceae 
Polyporaceae 

II 
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Laetiporus suZphureus (Bull. 
ex Fr.) Bond. & Sing . 

Ty~myces caesius (Schr ad . 
ex Fr . ) Murr . 

T. fragilis (Fr .) Donk 
Hypholoma aapnoides (Fr. ) 

Kummer 
Pholiota Zenta (Fr . ) Sing . 
P. squarrosoides (Pk . ) Sacc. 
Strop haria ambigua (Pk . ) 

Zeller 
Clitoaybe alavipes (Fr . ) 

Kummer 
C. sp. (in Section 

Umbilicatae) 
CoZZybia dryophiZa (Bull. ex 

Fr.) Kumrner 
C. subnuda (Ellis ex Pk.) 

Gilliam 
Laccaria oahropu~urea 

(Berk . ) Pk. 
Marasmius oreades (Bolt . ex 

Fr.) Fr. 
Myaena serotina (Pk. ) Smith 
OudemansieZZa radiaata 

(Relhan ex Fr.) Sing . 

2777 

2848 
2872 

2826 
2849 
2842 

2832 

2824 

2885 

2750 

2779 

2795 

2739 
2847 

2725 

Polyporaceae 

II 

II 

Strophariaceae 
II 

II 

II 

Tricholomataceae 

II 

II 

II 

I I 

II 

II 

II 

D. Group I V consists exclusively of specimens g1v1ng 
negative identifier t ests, but neverthel ess, 
exhibiting one or more positive correlator tests. 
Throughout the 30 min test peri od ' 'no associa
tion" characterizes the reactions occurring. 
Specimens i ncluded in Group IV are: 

NAME NUMBER FAMILY 

Agariau.s campestris L. ex Fr. 2744 Agaricaceae 
CanthareZZus Zateritius 

(Berk . ) Sing . 2734 Cantharellaceae 
Coprinus micaceus (Bull . ex 

Fr.) Fr. 2865 Coprinaceae 
Ramaria botrytis (Fr.) Rieken 2873 Gornphaceae 
Hericium rcunosum (Bull. ex 

Merat) Letellier 402 Hydnaceae 
H. ramo s um 2801 II 

Perenniporia subacida (Pk . ) 
Donk 2736 Polyporaceae 



PseudOhydnum geZatinosum 
(Seep. ex Fr.) Karst. 2857 
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Tremellaceae 
FZammuZina veZutipes (Fr.) 

Karst. 2859 Tricholomataceae 
OudemansieZZa radiaata 

(Relhan ex Fr.) Sing. 
PaneZlus stiptiaus (Bull. ex 

Fr.) Karst. 

2803 

2733 

II 

II 

Species of Group IV may be of particular value i n 
exploring the potential for peroxidase interference i n 
phenoloxidase tests. Some of the reactions occurring in 
this group may represent low phenoloxidase activity not 
detected by the identifiers; however, there is the possi
bility that some of the reactions r epresent peroxidase 
activity. Of the 11 specimens i ncluded i n Group IV, 7 
specimens gave positive syringaldazine reactions upon the 
addition of 0.03% hydrogen peroxide (Table VIII). These 
results are generally interpreted as peroxidase activity 
(Harkin et a l. 1974), but they may merely represent 
laccase activity enhanced by peroxide (Blaich and Esser 
1975). Because of the small number of questionable reac
tions represented by Group IV, 15% of the 72 specimen 
sample, whether or not these possibly spurious r eactions 
are taken into account does not qualitativel y alter the 
conclusions of this study . Nevertheless, laccase and 
tyrosinase oxidation levels indicated in Figures I to VI 
may be slightly overstated, especially for guaiac and 
!-naphthol. 

Frequency l evel s of tyrosinase and laccase oxidation 
are contrasted graphically i n Figures I to VI for each of 
the correlator spot test reagents. The capacit y of a 
spot test reagent to se l ectively identify one of the 
phenol oxidases is directly related to the separation of 
the two oxidation curves , the ar ea indicated by vertical 
lines. In this study the pyrogallol reagent possessed 
the least and the p-cresol reagent the most differential 
capacity . In general, the greatest differentiation 
between laccase and tyrosinase occurs within the first 
15 min of the testing period. While it is tempting to 
observe tested material for 30 min or longer in order to 
detect s low reactions, the present data indicate t hat this 
may not be justified. Furthermore , it is possible that 
peroxidase interference steadily increases with time 
(Table VIII ). 
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As f ully substantiated by l iterature reports (Tabl e 
IX). pyrogallol and guaiac are nonspecific r eagents. Of 
these two, pyrogallol is the least differentiating, both 
oxidation curves being ver y close throughout the 30 min 
tes t period . The guaiac r eagent i s more effectively 
oxidized by l accase than by t yrosinase, and an immediate 
positive test probab l y signifies laccase activity. How
ever, differentiation between the two enzymes is poor 
during the l as t 15 min of the test period . A serious 
drawback in using either of these reagents to detect 
total phenoloxidase activity is that 33% of the total 
tyrosinase activity goes undetected by guaiac , and 37% 
of the laccase and 22% of the tyros i nase activity goes 
unde t ect ed by pyrogallol. 

Guaiaco l and !-napht hol substrates are commonly 
regarded as l accase specific (Table I X) , but this 
cat egorizat ion of guaiacol i s questionable. While an 
immediate guaiacol reaction probably indicates l accase 
activity, t yrosinase appears to oxidize this substrat e 
suffi ciently to reduce drastically the value of this 
reagent, as formulated, to detect laccase. Guaiaco l has 
been used by many investigators as a diagnostic substrate 
for l accase (Boidin 1951, Lyr 1958, Kaarik 1965 , Capellano 
and Demoulin 1969 , Holubova-J echova 1971, Ander and 
Eriksson 1976). Nevertheless , Higuchi (1958) showed that 
potato tyrosinase s l ightly oxidizes guaiacol, and Rosch 
(cf . Kaarik 1965) indicated that guaiacol is oxidized by 
laccase at low pH values and by tyrosinase as well at 
higher pH values (pH 6.8-7.2). A freshly prepared 
guaiacol reagent, pH 5.9, is i ntermediate in value. The 
!-naphthol test is significantly negative with 11 tyrosinase
only11 species , a findi ng substant iated by other investiga
tions (Yasanobu 1959) . Higuchi and Kitamura (1953) were 
among the first to recognize the potential for using 
1-naphthol to distinguish l accase from tyrosinase , and 
others have subsequently used this substrate diagnostic
ally (Lyr 1958, Kaarik 1965 , Ander and Eriksson 1976) . 
However , ! -naphthol is not an ideal det ector of total 
laccase because of t he frequency with which laccase act iv
ity goes undetected (Fig . IV) . The peculiar shape of the 
laccase oxidation cur ve for !-naphthol may indicate a 
combination of two reactions which are chronologically out 
of phase , the first reaction achieving peak activity dur
ing the lag phase of the second oxidation, or peroxidation, 
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reaction. Because of the strong association (P < 0.01) 
of a negative !-naphthol test in the "tyrosinase-only" 
group, a positive 1-naphthol test can generally be inter
preted as indicating active 1accase. 

Both p-cresol and phenol are tyrosinase-specific 
substrates. Particularly p-cresol is an excellent sub
strate, detecting a maximum of tyrosinase activity and a 
minimum of laccase activity . This study supports the 
extensive diagnostic use made of p-cresol (Boidin 1951, 
Lyr 1958, Kaarik 1965, Capellano and Demoulin 1969, 
Holubova-Jechova 1971, Ander and Eriksson 1976) . Phenol 
has not been so \"idely used as a tyrosinase substrate, 
and while it is not recommended over p -cresol and 
tyrosine, a phenol reaction occurring within 15 min and 
possibly up to 30 min can be interpreted as evidence of 
tyrosinase activity. 

Using Warburg manometry, Matsubara and Iwasaki (1972) 
obtained quantitative measures of laccase and tyrosinase 
activity for selected agarics. Their results are con
sistent with the qualitative determination of these 
enzymes by the identifier spot tests, syringaldazine and 
tyrosine. They found species of Agaricus, Lactarius and 
Russula to possess strong laccase and tyrosinase activity. 
Tyrosinase predominated in species of Amanita, ColZybia, 
Hygrophorus , Laccaria, Marasmius and PhoZiota, while, 
species of Coprinus exhibited very slight laccase activ
ity. It is now clear that some of the larger families, 
such as the Tricholomataceae and Polyporaceae, include 
several phenoloxidase combinations such as those repre
sented by Groups I, II, III, and IV. Extensive surveys 
of laccase and tyrosinase in these families are likely 
to prove valuable in resolving problems of taxonomy and 
evolution. 

DISCUSSION 

A large number of aromatic amines, phenols, and 
other compounds are knO\m to be oxidized by laccase and 
tyrosinase (Hoffmann and Esser 1977, Yasanobu 1959) . 
Differences in substrate specificity of these two enzymes 
have been vigorously sought, and until recently it was 
thought that tyrosinase , but not laccase, oxidized mono
phenols (Ki.ister and Little 1963, Christman and Oglesby 
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1971). This gener al ization is cert ainly with exceptions. 
!-Naphthol is a monophenol oxidized by l accase and not 
appreciably by tyrosinase , and t he l i terature is r epl ete 
with references to laccase oxidation of p-cresol to white 
compounds (Benfie ld et al. 1964, Blaich and Esser 1975, 
Dubernet et al. 1977). There appears to be no simple 
explanation to account for the observed substrate speci
ficity of these enzymes . Yasanobu (1959) points out that 
a combination of different forces may be operating between 
enzyme and substrate, and other investigators have noted 
that l accase and tyrosinase exist in multiple forms, each 
form (isoenzyme) exhibit i ng a characteristic substrate
specific pattern . Blaich and Esser (1975) have studied 
two isoenzyme-complexes of laccase, and other researchers 
have described several molecular forms (Schanel and Esser 
1971, Hoffmann and Esser 1977) . Similarly, tyrosinase 
exists in multiple forms (Nelson and Mason 1970) . The 
i nability of some reagent s to detect 100% frequency of 
enzyme occurrence (e.g. laccase det ection by ! -naphthol), 
may be due to some isoenzymes , but not others, oxidizing 
the substrat e . 

Al though t he influence of pH on substrate specificity 
has been recognized in the past (e.g . Boidin 1951), only 
recently has the full importance of this factor been 
revealed. Tyrosinase activity has an approximat e pH 
range of 3.5 to 7. 1 (Kaarik 1965) , and a pH optimum of 6 
to 7 (Nelson and Mason 1970 , Gutteridge and Robb 1975, 
Decker 1977) . The pH r ange for l accase activity is 
broader, 2- 3 to 7-9.5 (Kaarik 1965 , Hoffmann and Esser 
1977, Dubernet et al . 1977), but the pH optimum depends 
on the isoenzyme and substrat e involved. For exampl e , 
pyrogallol is oxidized by both l accase I and II at pH 5 . 0 , 
but by only laccase I at pH 7. 5; whereas gentisic acid is 
oxidized by both laccase I and II at pH 7 .5 but only by 
laccase II at pH 5 (Schanel and Esser 1971) . Thus, it is 
probable that a major source of variation in spot test 
results may be due to the l ack of pH standardization. 
Furthermore, the specificity of reagents may be improved 
by pH control. Rosch (cf . Kaarik 1965) suggested that 
guaiacol was l accase specific at low, but not at high pH 
values. 

The extent to which positive spot t ests are due to 
peroxidase mediated reactions is uncl ear. Laccase and 
peroxidase oxidize similar phenol ic substrates , but 
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presumably differ in their cosubstrate specificity, oxygen 
and peroxide respectively (Higuchi 1958, Sarkanen 1971). 
It is generally assumed that unless hydrogen peroxide is 
added to a specimen being tested that a positive reaction 
denotes the presence of phenoloxidases. This assumption 
was challenged when tincture of guaiac was found to pro
duce peroxides (Maehly and Chance 1954, Harkin & Obst 
1973), and that appreciable amounts of hydrogen peroxide 
were produced by wood-rotting fungi (Koenigs 1972) . Also, 
Young (1973) discovered that minute quantities of hydrogen 
peroxide produced quinone reaction products in excess to 
what was predicted from the amount of peroxide present. 
In order to minimize peroxide contamination in this study 
reagents were freshly prepared approximately every two 
weeks, put i n brown dropper bottles, and stored in the 
refrigerator . Peroxidase interference appears to be 
completely absent from the tyrosine test for tyrosinase. 
None of t he 44 specimens giving a negative tyrosine test 
in air turned positive following applicat ion of 0.03% 
hydrogen peroxide, and Smith and S\o~an (1976) have indi 
cated that peroxidase does not oxidize tyrosine to dopa 
except in the presence of dihydroxyfumaric acid and 
oxygen. Peroxidase interference of the syringaldazine
laccase test is less certain because this substrate is 
oxidized by both enzymes. According to Harkin et al. 
(1974) the levels of hydrogen peroxide produced by fungal 
hyphae, even in the high peroxide-producers identified 
by Koenigs, do not appreciably interfere with the 
syringaldazine- laccase test. Some of the reactions of 
the correlator spot tests may be peroxidase mediated and 
additional study of this problem is needed. The distinc
tion between phenoloxidases and peroxidase is complicated 
even further by the discovery of "pseudoperoxidases". 
The activity of some laccase and tyrosinase isoenzymes 
is dependent on or enhanced by the presence of hydrogen 
peroxide (Stafford 1974, Blaich and Esser 1975, 
Gutteridge and Robb 1975, Decker 1977). 

Spot t ests have been a valuable investigative tool 
and with further resear ch toward refinement their value 
should increase. The simplicity and rapidity of the tests 
make it feasible to conduct extensive surveys upon which 
taxonomic conclusions can be based . While this use of 
spot tests has occurred since the turn of the century, a 
great deal of reevaluation will be necessary with improved 
tests . Ecological studies of microbial decomposition of 
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wood and humus have been accomplished with phenolic sub
strates (Schubert 1965 , Hintikka 1970), and a new use for 
these t ests is their application in morphogenetic s tudies. 
Localization of laccase and tyrosinase varies among 
species and during ontogeny within some species (Harkin 
et al. 1974 , Turner 1974). These variations are undoubt
edly of morphogenetic i mportance associated with several 
processes , e . g . pigmentation (Wickerham and Kurt zman 
1975), fruiting (Turner 1974), and other processes. For 
the taxonomist and morphologis t the ideal spot test 
repertoire would include general tests (e.g. measuring 
total active phenoloxidases), enzyme specific tests (e . g. 
measuring total active laccase) , and isoenzyme specific 
tests. It would be essential for a good test to detect 
nearly 100% frequency of the enzyme and for spurious 
reactions not to occur. Presently, syringaldazine may be 
the best test reagent for detecting total active laccase , 
and L-tyrosine or p -cresol the better reagents for detect
i ng total active tyrosinase; while, other enzyme specific 
reagents of limited value are !~naphthol and phenol. 
Further study of substrate specificity, including the 
search for new specific substrates and the means for con
trolling specificity through pH, timing of tests, etc., 
should greatly increase the usefulness of spot tests . 
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TABLE Il l. ASSOCI!\TIOS OF CORREL.ATOR REACTlOSS ll' tnl l.ACCASe , 'NROSISASe 101!.\TI FI!!RS 
FOR lliE TOTAL SA.'IPl.E AT 0 , S , IS ,\'Ill 30 ~liN 

Tille Interpretation OORREI.ATOR 1CSTS 
Reaction of 
Recorded Nwtbcr s Py c Gl N p-C p 

Sru:sple Si :e 13 2,1 19 10 7 7 

RcQct ions Assoc. 
wi th Identi fiers 9 11 J j 7 7 b 

(l min Renct ions Not Assoc. 
wi th Identifiers •I 7 0 3 0 I 

\ of Association 69\ 71\ 68\ 70~. 100\ S<>'• 
') 

X~ I. 23 4.1 7 I. 8!1 0 .!10 5. 14 .!.:?!J 

Corrclntion 0 .. 0 0 .- 0 

Sw:aplo Sl:c 38 42 30 2S 33 37 

llooctions Assoc. 
with ldcmt lflcrs 29 34 zs 21 28 32 

S min React Ion s Sot Ass oc. 
wi th Identifiers !l 8 s 4 s s 

\ of Association 76\ Sll Sl\ 84\ 85\ R6\ 

x2 10.53 16.09 13.33 I J. S6 16.0.> 19 .70 

CorTe lotion ... ... . .. . . . . . . . .. 

Sruaplo Si ze 44 ·IS 38 27 43 ·I ~ 

React ions Assoc. 
wi th Identifiers 36 J9 33 ~2 35 ,;s 

IS min ReoctLons Sot Assoc. 
with Identifiers 8 !l s s s J 

\ of Associntton • 82\ 8 1\ 87\ Sl \ 81'· !lO~ 

? x· 17.82 18.75 20. 6.; 10 . 70 16.95 27 .52 

Correl;~tion . ·- .. . ... ... . .. ... 

SMpl e Size so 58 4S j4 48 48 

Re~c:t ion~ Assoc. 
wi th ldent ific:rs 47 so 42 30 4Z 4S 

.30 IDin Reac:t-ions Sot Assoc . 
wi th Identifiers 3 s l 4 6 3 

\ o f Assocint 1on 94\ 86\ 9.)\ 88\ 88\ ~h··· 

xz 38. 72 30. 41 n .so 19 . 88 27 . 00 3o. iS 

Corrolllt ion ... ... . .. ... . .. ... 

Abbrevilltions : syringalda:ine (Sy) , l. · t)•rosine (Ty) , py roeol 1o l ( Py) , gun inc (C) , 
gulllacol (GJ) , 1-n:aphtho l (~) , p-cresol ( p·C) , phenol ( P). 
• • O. OS>P>O.OI, •• • P !. 0 .0 1 

~lean 

o£ 
Tests 

13.33 

9.83 

3 . 50 

N'• 
Z.IJ 

0 

34.1 7 

28. li 

6 .00 

82\ 

J.I.3S 

. .. 

40 . 33 

33.83 

6.50 

84\ 

18.52 

. .. 

4i . 11 

4 2.1>2 

4. SU 

!10\ 

30 .$1 

... 
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TABLE IV. CORRfi.ATIO.'I OF SPOT TEST R£SPOSSI!S Wtnl FUSGI POSSESSING 
LACCASE A.'IO TYROSINASE, CROUP I 

Time l n terpretllt !on F.:.'iZYHE I OEI>'TI FI ERS SPOT TEST CllRREI.ATORS 
Reac: · Sa111 · 
tlon pic of Lacca>~ Tyroslnusc 

Record· 
ed Sl tO S~mbers Sy Ty Py c Cl s p·C p 

Reactions s s 4 s s 3 3 3 

0 min s \ of Sa=ple 100\ 100\ 80\ 100\ 100\ 60\ 60\ 60\ 

xz 0.80 3. 20 
c 

3.20 0.00 0.00 0 .00 

Corr e lation 0 0 0 0 0 0 

Reactions 12 12 II 12 12 II II 12 

S a!n 12 \ of Sa=ple 100\ 100\ 92\ 100\ 100\ 92\ 92\ 100\ 

xz 
c 

6. 75 10 .08 10.08 6.75 6. 75 10.08 

Correl ation ... ... . . . . .. ... ... 

Reactions 12 12 II 12 12 II 12 12 

IS cln 12 \ of Saople 100\ 100\ 92\ 100\ 100\ 92\ 100\ 100\ 

xz 
c: 6.75 10.08 10.08 6. 75 10 .08 10.08 

Corre l a t ion ... ... . .. . .. ... ... 
Reac:t1ons IS IS 14 14 I S 13 iS IS 

3U a an IS \ of Sacple 100\ 100\ 93\ 93\ 100\ a7\ 100\ 100\ 

xz 
c: 

9 . 60 9.60 13. 07 6 .67 13.07 13.07 

Corrc l 11tlon . . . ... ... ... . .. ... 

• • O.OS>P>O. OI 

• • • p !. 0.01 



Tillt' 
Roac· 
uon 

Record-
ed 

0 11in 

S •in 

15 lllln 

30 cln 

TABLE \' . OJRRELATIO~ OF SPOT TEST RESPO~ES WITII FUSCI POSSLSSl '\li 
0!'/LY LAtCASI: , GROUP II 

Interprcutlon ENZYHE IOEST!FIERS SPOT TEST OJRREL~TORS 
Slll:l· 

p ic of L~cc~se Tyrosl nasc 

She IIWIIbCr5 Sy T)• Py G Cl X p-C 

Renctlons 12 0 3 11 8 4 0 

12 \ of Slll:lp1c 100\ 0\ 2S\ 92\ 67\ 33\ o•. 

xz 
c 2. 08 6. 7S 0. 75 0 . 75 10 .08 

Correlation 0 ,;, .. 0 0 . . . 

React ions 13 0 7 13 9 8 0 

13 \ of SIIJllp1o 100\ 0\ 54\ 100\ 69\ 62\ 0\ 

x2 
c o.oo 11.08 1.~3 0 .31 11.08 

Corre h tion 0 . . . 0 0 . . . 

React Ions IS 0 9 IS 13 8 0 

IS \ of Slll!lplo 100\ 0\ 60\ 100\ 87\ 53'> o•. 

x2 
c 0.27 13. 07 6 .67 0. 00 13 .07 

Correlation 0 . . . . .. 0 . . . 

Reactions 19 0 12 18 16 12 2 

1!) \ of Slll!lp1o 100\ 0\ 63\ DS\ 84t•. 63\ 11\ 

xz 
c 0.84 13.47 7 . 58 0 .84 10.3Z 

Correht ion 0 ... ... 0 . .. 

• • O.OS>P>O.OI 

•• • p 5- 0. 01 
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p 

0 

0\ 

10.08 

. .. 

2 

IS\ 

~. !)! 

. . 

.3 

ZO\ 

4.Z7 

. . 

s 

26\ 

3.37 

0 



264 

Th1o 
Reac-

t lon 
Record-

"" 

0 aln 

S aln 

I S aln 

.50 o!n 

TABLE VI. COAAEI.ATIOS OF SPOT TEST RESPONSES llllH Fm:GI POSSESSING 
OSLY TYROSINASE, CROUP I ll 

lntorpreution E.'IZY IE I DE/.'TIFI ERS SPOT TEST CORRELATORS 
s ..... 
pie or !.~cease Tyrosinas e 

Sl:<! Suabers Sy Ty Py G Cl s p-C 

Reactions 0 5 2 I 0 0 4 

s \ of S:a.aple 0\ 100\ 40\ 20\ 0\ 0\ 80\ 

x2 
c 

0. 00 0 . 80 3. 20 3.20 0 . 80 

Corro I Gt I on 0 0 0 0 0 

Reaction$ 0 20 II 9 4 ;! 17 

20 \ o£ S:uople 0\ 100\ 55\ 45\ 20\ 10\ 85\ 

xz 
c o.os o.os 6 . 05 11. ZS 8,4S 

Correlation 0 0 -. -.. ... 

Reactions 0 24 16 12 8 3 23 

24 \ of S~~::~ple 0\ 100\ 67\ SO\ 33\ 13\ 96\ 

x2 2.67 0. 00 ~ . 67 ll.SO 20.1 7 

Corrolot !on 0 0 0 -·· . . . 
Re:~.ctlons 0 27 21 18 II 5 25 

Z7 \ o( S:llllple 0\ 100\ 78\ 67\ 41\ 19\ 93\ 

• :<" 8.33 3.00 0.93 10. 70 l !l. S9 

Correl:tt lon ... 0 0 -. . . .. 

• • O. OS>P•O.OI 

• • •P!_O.OI 

p 

l 

60\ 

0.00 

0 

18 

90\ 

11 ,2S 

. .. 

23 

96\ 

20. 17 

... 

25 

93\ 

19. S9 

... 



Tl&o 
R~IC • 

t ion 
Record· 
td 

0 11in 

S Din 

15 mi n 

30 Din 

T l1:1e 
Recac -

t i on 
Record-

c:d 

0 min 

S min 

IS cai n 

30 c l n 

TABLE VII . CORRELATION OF SPOT Tf.ST R£SJ>OSSES IIJTII FUSCI LACKING 
PIIENOLOXI OASES , GROUP IV 

I ntorpro t4t lon t."'zna: I DENT! F I E RS SPOT TEST CORRELATORS 
Sru:a-

pl c o f lllCCli$C! Tyros I n~se 

Si : e Sw:~bers S)' Ty Py G Gl s p -C 

0 Reac ti ons 0 0 0 0 0 0 0 

Renct lons 0 0 2 l 0 I I 

s \ o f S:u::plc 0\ 0\ ~0\ 60\ 0\ 20\ ~0\ 

2 
XC 0 . 00 o. 20 3. 20 0 . 80 0 . 80 

Corre ht i on 0 0 0 0 0 

Reaction s 0 0 3 4 I 2 .j 

7 \ o f Sn=p 1e o\ 0\ H\ 57\ 14\ 29\ 57\ 

2 
\ o.oo 0 . 00 3 .57 2. 29 0 . 00 

Cor r e lat i on 0 0 0 0 0 

Reac t ions 0 0 l 8 3 .j 6 

11 \ of Sacpl e 0\ 0\ 27\ 73\ 27\ 36\ 55\ 

x2 
c 1. -15 1.45 1. 45 0.36 0 . 00 

Cor r o I ot i o n 0 0 0 0 0 

• • O. OS>P>O. OI 

• p ~ 0 . 0 1 

TABLE VIII. SPEC IES OF GROUP IV CO~IAISISG PEROXI DASE 

SPOT TEST I.'ORRE LATORS 
Tot n1 so . o f \ of 

265 

p 

0 

2 

JO\ 

0 . 00 

0 

2 

29\ 

2. 29 

0 

l 

27\ 

I. 45 

0 

Gr oup Species Cr oup IV Posi tive Re"c t !ons Occurri ng i n Ai r 
IV Ccnt calni ng Ccntoinl ng 

Si ze: Pc:ro xid " s t' Pc roxld~e Py G Gl s p·C p 

0 0 0\ 0 0 0 0 0 0 

s .s 80\ I 2 0 I 0 I 

7 s 7 1\ 2 2 1 z ) I 

11 7 t.J \ 1 J 2 .j 3 ~ 
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FIG . I. COMPARISON OF LACCASE AND TYROSINASE OXIDATION 
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FIG. II. COM PARISON OF LACCASE AND TYROS INASE OXIDAT ION 
OF GUAIAC 
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FIG. Ill. COMPARISON OF LACCASE AND TYROSINASE OXIDATION 
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FIG. IV. COMPARISON OF LACCASE AND TYROSINASE OXIDATION 
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FIG . V . COMPARISON OF LACCASE AND TYROSINASE OXIDATION 
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FIG . VI. COMPARISON OF LACCASE AND TYROSINASE OXIDATION 
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TABLE lX. LACCASE , n'ROSINASE SUBSTRATE SPECIFICITY BASED ON LITERATURE 

LACCASE SUBSTAATt TYROSI NASE SUBSTRATE SUBSTRATE SPECIFICITY 
SPECIFlCin' SPECI FICITY EXCEPTIONS 

. . subst~otc o~!dl :ed . • subs trot~ ox!d!:cd . • substrote oxldl:od 

-. subs trmtc not - • substr ate not • • substrate no t 
oxidl:ed oxid!:ed oxidl:ed 

p·CTesol • Ander 6 Eriksson • Ander 6 Er i ksson . LACCASE (llltlTE SOLID) 
1976 1976 

Boldin 1951 Boldin 1951 Benfit-ld et :11. 1964 
C:1pellano ti Copello.no 6 813lch 6 Esser 1975 

Demoulin 1969 ~mouUn 1969 Oubernt-t et ol. 1977 
Clutterbuck 1972 D:1wson ~ MAgee F&hneus 1961 
lliguchl ti Kl uu:Nr:l 19 SS Flhncus a 

1953 Fahroeus 8 Lj unaaren 1961 
l~lubovi-Jechov~ l..junuren 1961 Hl &uchl 1958 

1971 IHguch! 6 J(l tll!lura Kii$ ter ' Lltt lc 1963 
Kii3rik 1965 1953 Ly~ 1958 
Kw:lari li Si r si Hl &uchi 1958 Smrkanon 1971 

1972 l~luboVA·Jcchov& SchGn~l 6 Esser 1971 
~L'Itsubora 6 l~o•:uakl 1971 

1972 Kiiiir i k 1965 
Schubcn 1965 Lyr 1958 

Matsuba ra ~ Iva saki 
1972 

'Ietson 6 >luon 
1971 

Snrkuncn 1971 
Schubert 1965 
Yasunobu 1959 

Gunlacol • Ander 6 Eriksson • Ander 6 Er iksson • TYROSINASE 
1976 1976 

Blai ch 6 Esse r Boldin 1951 ll l guchi 1958 
1975 C4pellano ~ Rosch 1961 

Boldin 1951 De~~~ou l ln 1969 
Cnpellmno 6 Demoulin 1967 

Demoulin 196') liolubova-Jcchov.i 
De.coulln 1967 1971 
F~~neus 1961 Kiiiiri k 1965 
FDhrneus li Lyr 1958 

Ljunggron 1961 ~rkonon 1971 
Higuchi 1958 
lloffunn li Esser 

1977 
Ho lubova-Jechov& 

1971 
Kiiiirik 1965 
Kiiste~ ll Li ttle 

1963 
Lyr 1958 
Sarknnon 1971 
schtinh t967 
Schanel 6 Esser 

1971 
Schubert 1965 
Turner 1 97~ 
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TABLE IX Continued 
1-SIIphthol 

Phenol 

L-Tyrosino 

Guaiac 

• Ander & Eriksson 1976 
C1uttcrbuck 1972 
Fihneus 1961 
Fihraeus 6 

Ljunurcn 1961 
Hlauehi 6 Kltaour:~ 1953 
Kiiiirik 1965 
Kummrl 6 Sl r~i 1972 
Lyr 1958 
Schubert 1965 
Ulc:1o ct cal. 1975 

• Kumar! 6 Si rs i 1972 
Flhracus 6 

Ljungercn 1961 

- Andor ~ Eriksson 1976 
Boldin 1951 
DCI:IOulin 1967 
Oubornet et a1 . 1977 
Hi guchi 1958 
Kliiirik 1965 
Ku:o.arl ~ Sirs! 1972 
KUster S Little 1963 
Lyr 1958 
Matsubara 6 lwasakl 

1972 (nearly -) 
Sarkancn 1971 
Schubert 1965 
TUrner 1974 

• Harkin 6 Obst 1973 
H:~rkin ot al . 1974 
Kratochvil ct a1. 1971 
Sob1os 1958 

Syr i naa1da- • Harkin ~ Obst 1973 
:ine HArkin et a1. 1974 

Pyroa:allol • Ander 6 Er iksson 
1976 

Bonfield ct 111 1 1964 
Blaich 6 ESSCT 1975 
Cluttorbuck 1972 
Fahraeus 1961 
ll!guchi 1958 
Kiiirllt 1965 
Kumar! 6 Sirs! 1972 
KU5ter 6 Little 1963 
Machly 6 Chance 1954 
lbtsub.ar.a & lw"sakl 

1972 
Schan~l 6 Es~or 1971 
Schubert 196S 
Ul e11C 1975 

• Ander ~ Er i ksson 1976 
Hi~uchi & Kit~ura 1953 
Kiilirik 1965 
Lyr 1958 
Schubert 1965 
Yasunobu 1959 

• Ander 6 Eri ksson 1976 
Dawson 6 Magee 1955 
Kiiarik 1965 
Yuunobu 1959 

• Ander 6 Eriksson 1976 
Boldln 1951 
Dawson 5 Magee 1955 
Decker 1977 
Demoulin 1967 
llisuchl 1958 
Klilirik 1965 
Lyr 1958 
Sarkanon 1971 
Schubert 1965 
Turner 1974 
Yasunobu 1959 

• !larkin II Obst 1973 
Harkin et 31. 1974 
Kr3tochvl l et a l. 1971 
Soblos 1958 

- Harkin ~ Obst 1973 
llnkln et al. 1974 

• Ander & Eriksson 
1976 

lli&uch i I 958 
Kiiarlk 1965 
Yasunobu I 959 

• LACCASE 

Ander 6 Eriksson 
1976 

F5hraeus 1961 
KIUirik 1965 

• LACCASI! 

Flhraeus 1961 
Matsubara & 

Iwasaki 1972 
(sli ght oxidation) 

- LACCASE 

Kocnies 1970 
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SUMMARY 

Two new s pecies of Tu ~ostoma~ T . stuntaii and T. 
f errugineum are descr i bed. Eight additional specie s are 
r ecognized, s ix of wh ich are new records for the Pacific 
Northwest . 

INTRODUCTION 

Work on Tu 'los t oma bas been limite d i n North America 
and is lack i ng for the Pacif i c Nor t hwest. Bas ic publica
tions avail able for Nor t h Americ a are Mor gan (1890), 
Wh i t e (1901), Lloyd (1903, 1906), Coker and Couch (1928), 
Johnson (1929), Long (1944, 1946a, 1946b, 1947), Smith 
(1951 ) , Herre ra (1959 ), and Wright et a l . ( 1972) . 

In Tu 'lostomaJ a s in many gene ra of Gasteromycet es, 
spec ies a r e diff i cult t o s e parate because of the s mall 
number o f r eliable charac t e ristics available . An excellent 
discus s ion and eval uation of s pecif i c characters used in 
the t axonomy of TuZos toma i s provided by Wright (1955). 
The character s we s tress bas i c ally follow his idea s . In 
descriptions , col or t e rms followed by brackets r efer t o 
s pecif i c s wat ches in Kornerup and Wanscbe r (1962) . 

1Port ion of a disser t a t i on by t he sen ior aut ho r t o 
the Graduat e Sc hool o f Centra l Washingt o n Un i ver s i ty tor 
the degr ee of Mas t e r of Sci ence . 
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Material exami ned, unless o~herwise indicated , is stor ed 
in Central Washingto n Un i versity (CWU) herbarium . This 
paper is the first report from a surve y begun in 1969 by 
Hosford and a subsequent taxonomic study by Oliver. 

Tu lostoma stunt zii Oliver and Hosford, Sp . Nov. 

Fig. 1 

GASTEROCARPIA na11a, crassa, L 7- Z. 8 em aLta . 
SPOROTHECA subglobosa , e globosa ad depresso- globosam 
varians , 9- Z2 mm alta , l 3- l4 mm lata . EXOPERIDIUM 
ciner eum, granul osum, ex parte secedens praeter vaginam 
peridialem 7, mm cras s am, 4- 7 mm latam, compactam . 
ENDOPERIDIUM cinnamomeum aetate aZbidum, membr anaceum, 
e x Leve ad aLiquantum f oveatum varians . OSTIOLUM 
promi nens , tubuLosum l - Z. 5 mm altum, orificium Z- 3 mm 
diam . STIPES aZbus , b r evis atque crassus , 5- 9 mm altus , 
4- 8 mm latus , cupuZam basaZam praebens . SPORAE 5- 6 ( - 7) 1-1 m 
diam ., e gZobosis ad subglobosam virians , subtiliter 
echinulatae interdum apicuZate . HABITATIO in soZo arenoso . 

HoZotypus Hos f or d Z594 prope oppido Vantage Zectus, in 
herbario CWU conservatus . 

Etymology: In ho nor of Professor Daniel E. Stuntz. 

GASTEROCARP small, stout, 1-7 to 1.8 em tall . SPORE 
CASE subglobose to depressed globose, 9-12 mm tall x 
13-14 mm wide . EXOPERIDIUM gray in color, granular, 
deciduo us except for a 1 mm thick, tightly compact 
peridial s heath, 4-7 mm wide, which flakes off in pieces. 
ENDOPERIDIU/1 light brown (606- 607), becoming dull white in 
age; membranous, smooth to somewhat pitted; composed of 
two loosely defined layer s: an oute r layer composed of 
more or less gelatinized hyphae interspersed with thick 
walled hyphae, inter grading with an inner layer composed of 
tightly intertwined t hick walled bypbae similar to the 
glebal capillitia. MOUTH prominent, tubular, 1-1 . 5 mrn 
tall, the opening varying f r om 1- 3 to 2- 3 mm in diamete r; 
coocolorous with endoperidium . 

STIPE s hort , stout, 5- 9 mrn tall x 4- 8 mrn wide with a 
slight taper toward the apex; white in color, striate to 
deeply furrowed; base broad, r o unded, enclosed in a sand 
cup, no radiating base present. COLLAR i ndistinct, in 
most covered by peridial sheath; when visible, smooth. 

SPORE range 4.5- 6 ( -7 ) ~min diam., averaging 5. 7 1-1m, 
globose to subglobose, finely echinulate with spines 
extending into a t h i n hyaline layer surr ounding the spore; 
some apiculate; yellow brown i n 3% KOH or water, acyano
philous in cotton blue (Aniline Blue) and generally no 
reaction with Melzer's, except for an occasional spore 
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whi ch darkens . CAPILLITIA rare , when present, hya l ine, 
4- 7 pm wide , s mooth lack i ng c r yst a l line inc rustations and 
tb~ck walled ; septa rare, wh en present, j o ints slight ly 
swollen to 5-10 1-1m wide (refer t o type 1 of Wright, 1955 ) . 

HABIT, HABITAT, SEASON : gr owing solitary in sand, 
semi-stabilized dune areas , gr owing with Chrysothamnu s s pp. 
Fall species . 

MA TERIAL EXA MINED: WASHI NGTON: 
town of Vantage, Hosford 1594 ( t ype ). 
Powerline Rd . , Ol i ver 14. 

Kittitas Co . , 
Grant Co ., 

near 

DI SCUSSION: This s p eci es bas been col lect e d in the 
fal l in Central Was hingt o n and i s dis t i nguis he d by its 
small stature , c innamon brown endoperidium, and wea kly 
echinulate s por es . T . stunt zii is c losely r e lated t o 
T. simu Zans and T. jour dani . It may be distinguished f r om 
T. s imu lans by i ts s maller s tature and s tipe, and its 
echinulate rather than verrucose spor es; it differ s f rom 
T . jourdan i by i ts somewhat darke r endoper i dial col or, 
s malle r stat ure, and echi nulate rat he r t han s moo t h s por es. 

TuZostoma ferrugin eum Ol ive r and Hos fo rd , Sp . Nov. 

Figs . 2, 3 

CASTEROCARPIA 3- 6 . 5 em alta, SPOROTHECA s ubglobosa, 
e globosa ad dep:r>esso- globosam va r>ians , 7 . 5- lO mm alta , 
ZO- l3 mm lata . EXOPERIDIUM gr anulos um, ex str ato tenui 
ar enae atq ue hyphae constatum, mox secedens , solum vagina 
per idiaZis 3- 4 mm lata r emanens . ENDOPERIDIUM tenax , 
membr aneceum, brunneociner eum . OSTIOLUM tubulosum, brevis , 
Z mm altum, z ona di s tincta cin er ea bas im tubi c i ngenti . 
STIPES fe r rugineus , manifeste squamuZosus , 2. 2- 5 . 5 em 
altus, 3 . 4 mm latus , cupula bulbosa ba sali . SPORAE 
5- 6 ( - 7) pm d i am., e gZoboei s ad s ubgloboeam vari ane , 
valde verrucosae verruci s t r uncatis . CAPILLITIA hyalina, 
4- 9 1-1m lata, levitunicata . HABITATIO i n solo ar enos o . 

HOLOTYPUS Oliver Z45, i n j uniper eto ad sept e nt r iones 
opidii Pasco Zectus , i n he r bar ia CWU cons er vatus . 

Etymol ogy : Lat in , fe rrugineum, r eferring to the 
cons picuo us l y rusty brown st i pe . 

CASTEROCARP medium , 3-6.5 em tall, consisting of 
perid i um , s tipe, and a bulbo us to diffuse base. SPORE 
CASE s ubglobos e t o depressed globose , 7.5-10 mm t all x 
10-13 mm wide . EXOPERIDIUM granular, composed of a thin 
layer of sand and entangled, thic k-walled hyphae, s oon 
retreating l eaving onl y a bas al per i dial s hea t h, 3-4 mm 
wide . ENDOPERIDIUM t ough membranous , composed o f 
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i n tertwined thick walled, sep~ate hyphae; b r ownish gr ay 
(5C3- 5D3 to 6C2-6D2). NOUTH "tubular , s ho r1:, 1 mm tall, 
t he openi ng 1 mm in diam .; a distinct gray (6Cl ) endoper
i d i a l zone . 1-1.5 rrun wi de, is present a r ound t he base of 
the tube, tending t o fade i n age. 

STIPE 2.2-5. 5 em tall x 3-4 mm wide, even to s l jghtly 
t ape ring at apex; r eddish brown ( 7E4-8E4 ), distinctly 
squamulose; base bulbous . di ffuse f r om large conglomeration 
of sand , hyphae and roots, a nd occasionall y r adiating . 
COLLAR i ndistinct . 

SPORE t·a nge 5- 6 ( -7 ) 1-1 111 in diam., ave raging 5 . 5 um, 
gl obose to s ubglobose; st r o ng l y verrucose, wart s flat
topped (truncated), exte ndin g i nto an amorphous hyaline 
layer; a partial r e ticulum evident in optical section; 
yellow brown in 3% KOH o r water, acyanophilous in cotton 
blue and no react ion with Me l zer's. CAPILLITIA hyaline, 
4- 9 urn wide , smooth walled, lacking crystalline deposi t s 
and thick walled; freque ntly branc hed and s eptate, joint s 
of ten s wolle n to 6-12 IJ ffi wide and yellowish ( Type 1 -
Wright. 1955). 

HABIT, HABITAT, SEASON : growing solitary to g r egar
ious i n semi-stabilized dun e areas, i n pr otected hollows, 
associated with Ch rysochamnus spp . and o ther s hrubs . Late 
Winte r a nd Spring . 

MATERIAL EXAMINED: WASHINGTON : Fran~iin Co . , 
Juniper Forest north of Pasco , Oliver 145 ( t ype), 146 , 206. 

DISCUSSION: T . e rrugineum is r ecognized by the 
presence or a dis tinct gray zone below a promi ne nt tubular 
mouth , r eddis h brown, scaly stipe , spor es with truncat ed 
verruc ae a nd habitat. It appear s to be closely r e l ated to 
the Eur opean T. a r uma le complex, but dl ffers from these by its 
lack of crysta lline deposits on capillitia (as r eported by 
European workers), trunca t ed ve rrucae rather than a culeate 
ornamen~ation , a nd sandy habitat . The most c l osel y r e lated 
species i n the comolex seems ~o be T. meLanocyclum, a rare 
s pecies somet imes associated with T . brumaZe . 

DISTRIBUTION DATA ON PREVIOUSLY DESCRIBED SPECIES 

l. Tulostoma campestre Morgan 

Additional collectio ns: OREGON : :.tuZtnomah Co . , along 
Columbia River, Hosford 2159 (Oswald Collection) . WASIIING
TON: Asotin Co . , near Clarkston, \I'SU- 1265 ( WSU) . Yakima 
Co . , Sunnyside, Ebenal 1, 35 , 59, 60, 80, 97, 98 , 217, 218 , 
221, 222, 259, Hos fo r d 1583, 1836, Oliver 216, 217, 218; 
Wapato , Olive r 214, 215. 



A fairly common species in no r thern United States. 
Previously reported from Wisconsin , South Dakota, 
Nebraska, Colorado, the District of Columbia, and 
Ontario, Canada. 

2. Tutos toma fib r illosum White 
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Additional collections: I DAHO: Ada Co ., Boise, 
Trueblood 5830 . WASHINGTON: Fr anklin Co . , Juniper Forest 
north of Pasco, Oliver 113, 133, 138, 139, 142b, 144. 
Grant Co ., near Beverly, Scates 2836. Whitman Co ., 
Wanawai, WSU-56747 (WSU). 

Previously known from Michigan a nd Ontario, Canada. 

3. Tu ~os toma jour dani Pat. sensu Long (1947) 

Additional collections: OREGON: Harney Co ., Rattle 
Snake Butte, Malheur National Wildlife Refuge, Oliver 187 
(Trappe Collection ) . WASHINGTON: Franklin Co ., Juniper 
forest north of Pasco, Ebenal 47 , SOB, Oliver 127, 130 , 
131, 132, 134, 135, 142A, 143, 147, 148, 151, 152, 200, 
205, 210. Gr ant Co ., Crab Creek, Oliver 182; Priest Lake 
Dam, Hosford 1466; near Vantage, Hosford 1567, 1574, 1578, 
1585, 1592, Oliver 26; Summer Falls, Hosford 1872. 

The most common and widespread species of Tu lostoma 
in the Pacific Northwest . This species s hows great 
variability in size of sporocarps and degree of spore 
ornamentation, believed due to environmental conditions. 

4. TuZostoma pocuZatum Wbite 

Additional collections: OREGON: Wallowa Co ., near 
Wallowa Lake, WSU-32482 ( WSU) . WASHI NGTON: Gr ant Co . , 
Vantage, Hosford 1591 , Scat es 2833. Benton Co ., Pr osser, 
WSU-32493 (WSU) . 

Previously r eported Irom Ar izona, Alabama, Colorado, 
Indiana, Nebraska, New Mexico , Texas, and Washington. A 
widely distributed species but seldom collected in 
numbers . 

5. Tulostoma simu Zans Lloyd 

Additional collections: IDAHO: Latah Co ., near 
Genesee, WSU- 23344 (WSU) . VaHey Co . , McCall, WSU-52713 
(WSU). 

This species is distributed throughout the United 
States and is especially common in the .Midwest . In 
Central Was hington it is very difficult to distinguish 
T. simulans from T . jourdani . A considerable amount of 
additional work is needed to clarify this complex of 
species . 
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Fig . 1 . Tulostoma stuntzii~ x 1 . 3 ( Hosfor d 1594, 
holotype) . 

Figs . 2-3 . Tul stoma :tr~uJ · ~eum (Oliver 145, holo~ype) . 
2. Gasterocarps, x 1 . 
3 . Basidiospores, 5- 6 ~m diam . 



6. TuZostoma s t r iatum Conn. 

Additional collections: CALIFORNIA: Mar in Co . ~ 
San Anselmo, Mil l s 1216 (identified as T . ber teroanum 
Lev., WSU- 52772) . Stanislaus Co .~ Turlock , Oliver 238 
(D. Gottelli Collection). OREGON: Lake Co .~ near Plush, 
Oliver 236. WASHINGTON: Chelan Co . , alon g Columbia 
River near Wenatchee, WSU-23721 ( WS U) . 

This is one of the most easily recognized species 
due to its striate spor es . Although considered uncommon, 
this species is widely distributed in t he west. 

7 . Tu lostoma tubercu latum White 

Additional col l ections: IDAHO: Butte Co .~ Crater s 
of tbe Moon National Park , WSU-20417 ( WS U) . Owyhee Co .~ 
Marsing, Trueblood 5757 ; Rabbit Creek, Trueblood 5821. 
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Previous ly r eported f rom Washington, Texas, Il linois, 
and Ohio . This species might be more properly placed under 
T. gr anuZos um as proposed by J . E. Wright . 

8. TuZostoma ve rrucosum Mor gan 

Additional collections : OREGON: Benton Co ., 
Corvallis, Lloyd 28941 (Lloyd Col l ections) . 

This is the only known report of t be species in the 
Pacific Nor t hwest based o n a collect ion sent t o Lloyd by 
S. M. Zeller. 
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SUMMARY 

A taxo nomi c key is presented to the fort y species of 
Suillus occurring in t he western United States . Short 
descriptions of each species ere also included . 

Spec ies be l onging to the genus Suillus (Bo l etaceae) 
constitute a common and often dominant element of the 
bolete flora of the western United States, and may be ex
pected to occur wherever certain members of the Pinaceae 
are growing. Thi s genus of fleshy fungi is characterized 
by a yellow, tubulose hymenophore with concolorous ( rarely 
gray brown or pinkish) pores that vary in diameter from 
very small (less than 1 mm) to radia l ly elongate or lamel
l ose and reach 3-5 mm. In addition clustered cystidia, 
which typically stain brown in dilute solut i ons of potas 
s ium hydroxide, are often present and may be found on the 
surface of the stipe as well as o n the pores . There is 
usually a viscid pellic le on the pileus surface, and the 
spores are smooth and o live brown in mass. There are 
several species which vary from the above description by 
having a dry, often squamulose to fi brillose pileus or by 
the a bsence of the c lustered cystidia. Such species are 
characteristical l y annulate and possess radiately elongate 
pores. Only a relat ivel y few Sui llus species show the 
blue discoloration of the context when exposed or bruised 
that is so often seen in o ther genera of boletes . None are 
known to be toxic to man, but, unfortunately , none are 
conside red as truly desirable esculents. 
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The al most complete restric t ion of these boletes to 
mycorrhizal associations with pines and related conifers 
has led to consi derable speculation co ncerning their ori 
gin and phy l ogenet i c relationships with other groups of 
boletes . Species of pines (Pinus ), larch (Larix), Douglas 
fir (Pseudo t suga ) and spruce (Pi cea ) are the most common 
mycorrhizal hosts and firs (Abies ) and other genera are 
rare l y , if ever , invo l ved . No fruiting of these fungi has 
been observed under spec i es belonging to the Cupressaceae 
and Taxod iaceae whi ch are genera l ly co ns idered to be endo
mycorrhizal, and, similarly, no fruitings have been ob
served unde r any hardwoods except poss i bl y Suillus 
anomalus wh i ch has been found in the vicinity of oaks and 
madrones, but ponderosa pines were also in the v i cinity . 
There are numerous endemi c species of t his genus in the 
west, resulting, perhaps at least in part, from the un
us ua l l y la rge number of endemic pines a nd other conifers 
a l so present. Many Suilli .s how such severe restriction of 
mycorrhizal hosts that only a s ingle species of conifers 
i s invo l ved as evidenced by ~· caerulescens, ~· imitatus, 
~ · ponderosus and ~· lakei all of which are confined to 
Dougla s fir , at least i n this region. Some species, on 
the other hand, enjoy a much broader spectrum of 
associates . 

The area inc luded within this report includes all of 
the sta tes bord ering on or l ocated west of the Rocky 
Mountains . In th i s reg i on a total of 40 species has been 
recorded . No new s pecies are presented in this paper, but 
it must not be assumed that t he flora is thoroughly ex
plored . Indeed, there are numerous areas i n whi ch l ittle 
or no collecting has been done and in whi ch the pot ential 
for the existence of undescr ibed t axa is quite high . 

KEY TO SPECI ES 

1 . Pileus dry to mo i st, o r if vi scid, then st ipe annulate 
end g la ndular dots absent ... . .... .... . . . .... ... . ... 2 

1. Pileus subv i sci d to visc i d or g lutinous . St i pe and/or 
pores with glandular dots . . .. . .. ... . . ... .. . .... .. .. 9 



2. Pileus dry to moist, fi brillose to tomentose or 
squamulose .............. .. ... . .. .. .. ... .. .. . . ...... 3 

2. Pileus viscid or subviscid, glabrous to streaked or 
with scattered appressed f i brils or obscurely 
fibrillose s caly . ........ .. ...... . . . . . . . . . . .. ..... 4 

3. Stipe hollow. Clamp connections present . 
. . . . . . . . . . . . • . . . . ~ . cavipes 
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Pileus moist to dry, fibrillose to fi brillose 
squamulose, dull yellow to reddish brown, margin 
appendiculate. Tubes yellow, radiating . Stipe 
often with slight annulus. Spores 7-10 x 3 . 5- 4 urn . 
Cyst id\a solitary. Cuticle a trichodermium. Larch. 

3. St ipe solid. Clamp connections a bsent • 
• . . . . . . . . . . . . . . . . S. 1 a ke i 

Pileus dry, fibrillose scaly, gelatinous layer 
beneath fi brils, pink to reddish, margin often ap
pendiculate. Tubes yellow . Stipe annulate. Con
text somet imes bluing . Spores 8-11 x 3 - 4 urn. 
Cysti dia solitary or clustered . Cuticle a basal 
layer of gelatinous hyphae subtended by clusters of 
erect fascicles of hyphae. Douglas fir. 

4. Context in base of stipe changing to blue when 
exposed ...... . . .•.. . .. .. .. ........ .. ....... .... ..... 5 

4. Context in base of stipe unchanging or not becoming 
blue when exposed .... .. .. .. ......................... 7 

5. Annulus well d~veloped, colored o range to yellow orange 
and viscid on outer (lower) surface 

• • .••• ••• •• •.. ••••. _§. ponderosus 
Pileus glabrous , reddish brown, margin often ap

pendiculate, sometimes with green stains when old . 
Tubes ye llow. Stipe annulate. Spores 8-10 x 3.8-5 urn. 
Cyst idta solitary or c lustered . Cuticle an ixotrich
odermium. Doug las fir. 

5. Annulus not as described above . .. ..•...... .. .... .... 6 
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6 . Pileus c i nnamon to reddish cinnamon, g l a brous . 
• . . . •.••.• .. . . S. i mitatus 

Pileus glutinous . Tu bes yellow. St ipe annulate. 
Spores 7- 9 x 4- 4 .5 urn . Cysti dia so l itary or c l us
tered. CuticLe an ixo tri r:hodermi um . Doug l as fir. 

6. Pi leus paler i n color, wi th scattered fi bril s or 
streaked with g l uten . .... . . .. . ~ . caerul escens 

Pi leus viscid, margin often appendiculate. Tubes 
boletino id, yellow. Stipe annul ate , annulus mo is t to 
s ubvisc id, white to pallid . Spores 8-11 x 3-5 urn . 
Cyst idia solitary or clustered . Cuticle a n ixo 
trichodermium. Doug las fir . 

7. Context of pil eus changing to blue then fuscous when 
exposed . ....•...•.. . .....•. . .. ~. lithoca rpi-sequoiae 

Pi leus g l abr ous, visc id, pal lid to reddish br own 
(variegated) . Tubes yellow. Stipe a nnul a te . No 
g landu l ae . Spores 7 . 5- 9.8 x 3 .2-3 . 8 urn . Cys tidia 
solitary or c lustered . Cu t i cle an i xotrichodermium. 
No fresh material examined. Tanbark oak (?) and 
Sequo i a (? ). 

7. Cont ext of pileus no t chang ing as descri bed above 
...... .. ... ... . . . . . . ... . . ... .. 8 

8 . Cont ext of pi l eus bright yellow, changing to pink or 
flesh co l or when exposed . Assoc iated \>lith la rch . 

• . ••.••.. .. .... ~. grevillei 
Pi l eus g lutinous, g labrous, oft en brownish then 

yellow. Tubes yel l ow . St i pe annulate, pallid, 
visc id outer surface . Spores 8- 10 x 2.8- 3.5 urn . 
Cystidia clust ered. Cutic l e an ixotrichod~rmium. 
Larch . 

8. Context pa l e yellow to pa l lid , unc hanging . Assoc iated 
with firs (Abi es ) .• . ... ... .... . ~ . appendi c ulatus 

Pileus glabrous, yellow, dry , margin appendiculate. 
Tubes ye l l ow. St ipe non g l andul ose, ye l low . Spores 
7 . 5- 9 . 5 x 3- 3. 5 urn . Cystidia solitary or clustered . 
Cut i c le an ixotri chodermium. Firs. 

9 . Basidiocarps gastroid, i.e., pileus expandi ng onl y 
s l ight l y and irregular l y . St ipe often poorl y develop
ed and pores frequent l y l arge and irregula r 

. . ..... . ..• ......... . ......... .. . 10 
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9. Basidiocarps not gastroid . . . ........ .. .. .. ... . ... . . 12 

10 . Pileus covered with a white fibrillose veil that 
breaks into patches or squamules as pileus expands . 

•... ..• . ..• . .. . ~ . albivel atus 
Pileus viscid, buff t o brown, margin appendlc

ulate. Tubes ye llow. St ipe white, glandulae 
absent or obscure. Slight annulus sometimes present. 
Spores 7- 8 .5 x ~ . 8 -3 urn . Cyst idia c lustered . 
Cutic le an ixotrichodermium. \.Jestern white pines. 

10 . Veil absent or not persisting as a bove ...•........ ll 

11. Pileus bright yellow. Stipe short, often eccentric 
and/or poorly developed . .. . ..... ~ . megaporinus 

Pileus viscid, fibrillose to fi brillose scaly , 
buff to pale ochraceous, scales darker, ma r gin 
appendiculate. Tubes yellow, pores up to 5 mm long 
and 3 mm broad, lame llose . Stipe often short and 
eccentric~ g landulose, no annulus but fi brillose 
zone often present . Spores 8 .5-10.5 x 4 . 5- 6 urn . 
Cystidia clustered. Cut i c le an ixotrichodermium 
Lodgepole pines. 

11. Pileus yel l ow brown. Stipe central, well d~veloped . 
. • ..... .... ~. riparius 

Pileus viscid, g labrous then rimose to areolate
sca l y , brown then dark yellow, margin with conspic
uous roll of cottony tissue . Tubes yellow, pores 
up to 3 mm in diam. Stipe glandulose, no annulus 
but fi brillose zone sometimes present. Spores 
8- 11 x 3 .2-5 urn . Cystidia c lustered. Cuticle an 
ixotrichodermium. Pines . 

12. Pores greater than 1 mm in diameter, sometimes 
radiately arranged . .. . . .. ... .. . ... ... . . . . . . .. .. ... 13 

12 . Pores not exceeding 1 mm in diameter . ....... . ..... 18 

13. Annulus present ............. . .... .. . . ...... . .. .. .. 14 

13. Annulus a bsent .. ... . .... ....... .. .. . . .. ...... . .. .. 15 

14. Pileus co l ored pinkish c innamon to vinaceous brown. 
Context white ... .. .. . . . . ... . .. ~. punctatipes 

Pileus viscid , g labrous and streaked, brown to 
dark brown, marg in g l abrous . Tubes yellow, pores 
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radia tely arranged. Stipe g l andul ose, no annulus . 
Spores 7.5- 9 x 3- 4 urn. Cysti di a c lustered. 
Cutic l e an i xotrichodermium. Pines. 

14. Pi l eus co lored deep olive buff, umbonate . Context 
yellow. 0 0 ••• 0 ••••• • • • ••••••••• ~ . umbonatus 

Pileus viscid, streaked, pale t an to pale yellow , 
often darkening with age , margin appendicul ate. 
Tubes yellow, pores 2-3 mm long . Stipe annu l ate, 
g l andulose (more o bvi ous when o ld). Spores 7-11 x 
3 . 5- 4 . 5 urn. Cystidia c l ustered. Cutic le an i xo 
trichodermium Lodgepole pines. 

15. Basidlocarps robust. Pileus up to 10 em broad; 
s tipe up to 10 em long and 5 em broad. Tubes 
strongly decurrent . • . . . . . 0 • • •• ~. anomalus 

Pileus visc i d, ye llow brown to dark brown, 
g l a brous or streaked , margin wit h cot t ony r o ll. 
Tubes yellow, pores 1- 1 . 5 mm wide . Stipe i nfre
quent l y glandul ose . No vei l s . Spores 6.5- 10.5 x 
3- 4 urn . Cystidia clustered. Cuticle an ixo 
trichode rmium. Mixed woods: oaks, mad r ones and 
ponderosa pine. 

15. Basidiocarps not possessing the combinat i on of 
characters desc ri bed above ... 0 ••• 0 0 •• • •• ••• 0 •• ••• •• 16 

16 . Pileus margin wi th a cottony roll of white to whitish 
t i ssue . ... ... 0 • •• •• 0 ••••• • •• •• S. s i biricus 

Pileus viscid, g l abrous to streaked or with 
fi brillose patches , ye llow to dark ye llow wi t h 
reddish brown plaques. Tubes ye llow, pores up to 2 
mm br oad . Stipe g landulose, dry , obscure annulus 
s t omet i mes present . Spores 8- 12 x 3 . 8- 4.5 urn . 
Cystidia c lustered. Cut i cle an ixotrichode rmium. 
\~estern white pine . 

16 . Ma r g i n of pileus g l abrous .. .. . . . ..... .. ... . . . ...... . 17 

17. Pileus subconic to campanulate or umbo nate, 1.5- 4 em 
broad .. .. .. .. ... ... .. ... .•..... S. helenae 

Pi l eus vi scid, virgate, ochraceous . Tubes 
bolet ino id, yel l ow, pores l ame llose. St ipe g landu
lose. No veils . Spores 6.5- 9 . 5 x 2 . 8- 4 urn. 
Cys tidia c l ustered. Cuticle a tri chodermi um, not 
appearing gelatinous . Beach pines. 
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.. . .. •• ..•.... ~. flavogranulatus 
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Pileus glabrous, viscid, pallid to pale yellow 
ochraceous . Context white. Tubes yellow. Stipe 
white then yellow, glandulose. No veils. Spores 
7 . 5- 9 x 3- 3.2 urn . Cystidia c lavate to cylindri c to 
fusoid, c lustered. Cuticle an ixotrichodermium. 
Pines 

18. Annu lus pres~nt, existing either as a fibrillose zone 
or as a flared, conspicuous col la r .• .. .. . .... ... . 19 

18. Annulus absent . .. ........ . ... .• . ... .... . . . ... . . . 22 

19. Annulus represented by a thin, more or Less evanescent 
fibrillose ring . ... .. ....... . . ~. pseudobrevipes 

Pileus dark yellow brown to cinnamon brown, 
viscid, g labrous, margin often appendiculate. Tubes 
yellow, pores 2 per rom. Stipe dry , g landulose, often 
obscure when young. Spores 7- 9 x 2.5- 3 . 5 urn . 
Cystid ia scattered to c lustered, c lavate to sub
cylindric . Cutic l e an ixo trichodermium. Lodge-
pole pines. 

19. Annulus and/or veil well d eveloped .. . . . . ......... . . 20 

20. Pileus colored dark redd ish brown . Annulus conspic
uous, with a purple to purplish zone or outer (lower) 
surface • .... .. ...•.. .••.. • • .•. S. luteus 

Pileus g labrous, viscid. Tubes yellow, pores 
3 per mm. Stipe glandulose above annulus. Spores 
7- 9 x 2.5-4 urn . Cystid ia clustered, clavate . 
Cutic le an ixo trichodermium. Conifers. 

20. Pil eus and annulus not with the above combination 
of characters . ........... . ....... . . .• ... .....•..... 21 

21. Pileus white when young, eventually becoming brown . 
Associated with suga r pines . ...... ~. brunnescens 

Pileus viscid, glabrous or streaked. Tubes 
yellow, pores 2 per mm. Stipe glandul ose . No veils. 
Spores 6.6- 8.8 x 2 . 8- 3 .2 urn . Cyst idia c lustered, 
subcylindr ic to fusoid ventricose . Cutic l e an ixo
trichodermium. Sugar pines. 

21 . Pileus dark brown to olive brown. Pores olive gray 
•.•• . ••.. • •..• S. subolivaceus 
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Pileus viscid, fibril l ose to often fibrillose 
scaly o n ma rgin, g l abrous on disc, margin glabrous. 
Tubes ye llow, pores 1- 2 per mm . St ipe with conspic
uous annulus, g l andulose . Spores 9-11 x J-4 urn . 
Cyst i dia c lustered. Cutic l e an ixotrichodermium. 
Conifers . 

22. Pileus surface tomentose, f i brillose, fi brillose 
sca l y or squamulose.. . . .. . ...... . ...... . . . . . .... 23 

22. Pileus g labrous, streaked or with scattered fibrils. 
Tomentose roll ( false veil ) may be present on the 
ma rgin of pileus ....... . .... . .... ... . . . ...... . .. . 28 

23. Context changing to blue when exposed ... .. ....... 24 

23 . Context not changing to bl ue when exposed but may 
change to some other co l or . . .. ...... . ... . ........ 26 

24 . Pi l eus colored br i ght red .... . ... . ~ . ruber 
Pi leus viscid, bright red, fi brillose . Tubes 

yellow, pores 2 per mm. Stipe g l andulose, yellow. 
No veils. Spores 7 . 8- 9 . 8 x 2. 3- 4 urn. Cyst idia 
so li tary or c l ustered. Cuticle an i xo trichodermium. 
No fresh material examined . Conifers. 

24 . Pileus ye llow with grayish f i brils ...... ... . .. . . . . 25 

25 . Spores up to 14 urn l ong. Stipe fibrillose 
.. ... .. . .. ........ ~. subvariegatus 

Pileus dry to subvi sc i d, squamulose . Tubes pale 
yellow to pale orange. Stipe pa llid to ye llo~;o1, 

Spores 9- 14 x 3 .5- 5 urn . Cystidia clustered, c lava te. 
Cuticle an ixo trichodermium. Pines . 

25 . Spores up to 10 urn l ong .. Stipe g l abrous, g l andulose 
... . ......... s. tomentosus 

Pileus yellow, dense l y fi bril l ose, sometimes 
reddish with age, margin g labrous. Tubes yellow, 
pores up to 1 mm. St ipe g l andulose. No veils . 
Spores 7-lG x 3 .5-4. 5 urn. Cyst i dia c l ustered. 
Cut i cle a tang l ed txotrichodermium with erect fas 
c icles of hyphae . Pines. 

26 . Pileus surface mo i st to subviscid ... . ... . .. . .... .. 27 
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26 . Pileus surface viscid ... . . . . ...... S. acerbus 
Pileus surface fibrillose, brown to reddish brown 

margin g labrous. Tubes yellow , pores up to lm~ 
Stipe dry, g l andulose. No veils . Spores 9.3- 12 x 
3- 3.4 urn . Cystid i a clustered, often rare, c lava te. 
Cut i c l e an ixotrichodermium. Pines . 

27. Pileus fibrils bl ack to dark brown 
.. .. ...... • .. ....... ~. fuscotomentosus 

Pileus fi brillose scaly , o l ive brown to fuscous, 
margin g labrous . Tubes yellow, up to 1 mm . St ipe 
glandulose, yellow, dry. No veils. Spores 9- 12 x 
3- 4 urn. Cystidia c l ustered, clavate. Cuticle a 
trichodermium with very slight ge l atinization. 
Pines. 

27. Pileus fi br il s brown .... . ...... . .. S. ca l ifornicus 
Known on l y by t ype co l lec tion . Poorl y understood 

and description inadequate for positive determina
tion. 

28. Pileus margin appendiculete or with a distinct cot t ony 
roll at l east when young . . . . . . . .. . . ...... . . .... . .. 29 

28. Pileus margin g l abrous at all stages .. . ...... . .... 33 

29. Glandulae on stipe obscure, often apparent only at 
the apex. Assoc iated with Jeffrey pines 

. ... . .....•....... S. vo l cana lis 
As in ~· brevipes except for differences noted in 

key. Pileus often yellow. Spores 6.6-10 x 3- 4 urn. 
Jeffrey pines. 

29. Gl andulae apparent on stipe during all stages 
.•.....•. .•• .. . • • • . . .. ... • . .. . • ..... . 30 

30 . Taste harsh, unpleasant . Pil eus white then g ray and 
eventua lly brown . .. ..... . ........ -~· pungens 

Pi l eus visc i d, g l abrous . Tubes yellow, pores 
1- 1.5 mrn broad. Stipe g landulose . No veils. Spores 
9 . 5- 10 x 2 . 8- 3.5 urn . Cyst i di a c lus tered, clavate. 
Cuticle an i xotrichodermium. ~bnterey and knobcone 
pines. 

30. Basidiocarps not with the above combination of 
characters . .. .. . . ... ... .. .. .. .. .. ... .. ...... . . ... . 31 
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31. Pileus brown to dark reddish brown; marg in usually 
appendiculate .. . • ... ... . .. . ... .§.. bo realis 

Pileus visc i d, g l abrous . Tubes ye llow, pores 
1 mm broad . St ipe g l andulose , no annulus . Spores 
6- 8.5 x 3- 5 urn . Cystidia solitary or clustered. 
Cuticle an ixotrichodermium Western white pines. 

31 . Pileus not wi th the above combination of characters 
•... ..• •. . •.. ••..•. .............. .. 3 2 

32. Pi l eus white or pallid when young becoming brown 
to tawny with age ............. .§.. a l bidipes 

Pileus viscid, g l abrous . Tubes yellow, pores 
3 per mm. St ipe white, obscurel y gla nd ulose, 
slowl y darkening . No veils. Spores 6.6- 8.8 x 
x ~ .S-3 urn. Cystidia c lus t ered , c l avate . Cut i c l e 
an ixot richodermium. Pi nes. 

32 . Pil eus pinkish buff to pinkish cinnamon . 
..••... .. ... . ~. glandul os ipes 

Pi leus viscid, g l abrous. Tubes yellow, pores 
1- 2 per mm. Stipe dry, strongl y g landulose. No 
veils. Spores 6- 9 x 3- 4 urn. Cystidia c l ustered, 
clavate. Cuticle an ixo trichodermium. Beach and 
Bishop pines. 

33. St ipe reticulate . Context changing to bl ue when 
e~~osed . .. ... ... ... .. .. .. ..... .§. . reticulatus 

Pil eus subviscid to viscid, gl abrous to obscurel y 
appressed fibri llose, b r own to reddish brown, margin 
glabrous. Tubes yellow, pores 1 per mm. Stipe dry. 
No veils, glands obscure. Spores 9- ll x 3- 4 um. 
Cystidia clustered7 c l avate. Cutic l e an ixotricho 
dermi um . Pines. 

33. St ipe not reticulate. Context not changing to blue 
when exposed ................ . .............. .... ... 34 

34. Pi l eus co l ored buff, brown or ochraceus at maturity 
... .•................ . .... . ..... 35 

34 . Pileus yel l ow at maturity ... ... ~ . wasatchi cus 
Pil eus viscid, glabrous, occas i onally with reddish 

flushes . Context pale yellow. Tubes dark ye llow. 
Stipe yellow at apex, white be l ow, dry, glandulae 
conspi cuous. Spores 8-10. 4 x 3- 4 urn. Cystidia 
clavate to cylindric, c lus tered. Cutic l e an 
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ixotricbodermium. Ponderosa pines. 

35 . Stipe with i nconspicuous glandulae or glandulae 
absent .. .• . . ...... . . .... . .... .. . .... . ... .. .. . ... 36 

35. Glandu lae present, apparent during all stages of 
dP.ve lopment . .•............ .. .. ... . . . ........ .. . . 38 

36. Pileus white at first then darkening. Spores up to 
11 urn in length • .. ........... ..§. pallidiceps 

Pileus glabrous , eventually colored yellow to 
buff, viscid, margin glabrous. Tubes yellow,pores 
2- 3 per mm. Stipe white . No veils. Spores 8-11 x 
3. 5-4.2 urn. Cyst idia solitary to clustered, 
clavate. Cuticle an ixotrichod~rmium . Lodgepole 
pines. 

36. Pileus and spores not as described above .... .. . . 37 

37. Pileus buff to pinkish cinnamon 
...... . ......... S. occidentalis 

Pi leus viscid, g l abrous, streaked , Contex~ 
white then yellow. Tubes tan then yellow. Stipe 
dry , white to yellow,. gland11lae obscure or not 
apparent. Spores 8-9.6 x 3-4 urn. Cystidia clavate, 
c lustered. Cuticle an ixo trichodermium. Ponderosa 
pines. 

37. Pileus dark to vinaceous or dark redd ish brown . 
•• •••• • • • .••• • ..§ . brevipes 

Pileus visc id, g la brous or streaked, margin 
glabrous. Tubes yellow, pores 1- 2 per mm. Stipe 
often very short, g l andulae obscure or lacking . No 
veils. Spores 7-10 x 3-4 urn. Cyst idia clustered, 
clavate . Cuti cle an ixotrichodermium. Pines. 

38. Pileus context white, surface fibrillose to scaly 
.... .. ..... . .. S. monticolus 

Pileus viscid, light brown then brown, margin 
glabrous . Tubes yel l ow, sometimes radiately ar
ranged, pores typical l y up to 1 mm in diam. , some
times up to 2 mm . St ipe dry, glandulose in apex . 
Spores 8.5- 11 x 3-4 urn. Cystidia c lustered , 
clavate. Cutic l e an i xotrichodermium. Lodgepole 
pines. 
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38 . Pileus no t with the above combinat i on of characters 
.. . . . .... ........... ... ... ......... . ... 3 9 

39. Pileus buff to pinkish c innamon. Pores pink to 
reddish (due to abundance of g l andulae) 

.. ... . ..... . .. . S. kaibabensis 
Pileus viscid, g labrous. Context white, yellow 

above tubes. Tubes buff then ye llow. Stipe dry, 
white to pale ye llow above, vinaceous be l ow , g land
ulose. Spores 7.6- 9.5 x 3 .2-4.5 urn. Cystidia 
c lustered, c l avate . Cuticle an i xo trichodermium. 
Ponderosa pines. 

39 . Pi leus reddish br own to brown. Pores ye llow 
... . ... •. .. .. . . ~. granula tus 

Pileus viscid, g labrous, white to pallid young 
then redd i sh brown to brown, margin g l abrous . 
Tubes yellow, pores 1- 2 per mm. Stipe strongl y 
g l andulose, whitish to yel low. No veils. Spores 
7- 9 x 2. 5- 3 . 5 urn . Cystidia c lustered, clavate to 
subcyl indric . Cu t icle an ixotrichodermium. Pines . 
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SUMMARY 

Of 31 genera of hypogeous Ascomycot i na 
accepted, one i s ass i gned to the monotyp i c order 
El aphomyceta les ord . nov. and the rest are 
pl aced i n the Pez i za les. The po l yphylet ic orde r 
Tuberales i s abandoned . Nine fam il ies of the 
Pez i zales i ncl ude hypogeous species: He l ve llaceae 
emend. nov . , Pez i zaceae emend . nov., Ascobo laceae , 
Pyr onemataceae emend. nov. , Balsamiaceae emend. 
nov . , Geneaceae fam. nov ., Te r feziaceae emend. 
nov . , Tube raceae emend. nov . , and Carbomycetaceae . 
New gener a and spec ies a re desc r ibed: Cle~ia 
arenacea gen . e t sp . nov. , Dingleya ver.?ucosa gen. 
et sp . nov., Choiromyoes aboriginum sp. nov., and 
Peziza stuntzii sp. nov . New combi nations ar e 
proposed: Barssia yezo-montana (Kob.) Trappe, 
Elaphomyoes subgen . AscoscZeroder.ma (Clem . ) Trappe, 
Cenea kraspedostoma (Gi l k . ) Trappe, Labyrinthomyoes 
varius (Rodw . ) Trappe, Peziza eZZipsospora (G il k.) 
Tr appe , Tuber hiromiahii ( lmai) Trappe , T. oZigo
spermum (Tul . & Tul .) Trappe , and T. phZebodermum 
(Gil k . ) Trappe. A synopti c key t o gener a is 
provided. / 

Dr . Daniel Stuntz once emphasized to me that existing 
keys to the truffle genera wer e vi r tua l ly unuseab le by any 
but spec ia li sts and tha t imp roved, useabl e keys wou ld be a 
real serv i ce to myco logy . I can vouch that most past keys 
are t roub lesome to spec ialists as we ll. Part of t he 
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problem lies in the dearth of attention devoted to 
phy logenetic relationships of the hypogeous genera. 
Orders and families as traditionally conceived are broad, 
po l yphy let ic aggregations that include genera with similar 
morphologies developed by parallel or convergent evolution 
from disparate or igins. Another source of trouble i s the 
dichotomous key. The gr oss morphol ogy of hypogeous fungi 
i s relat i ve l y simple compared to epigeous fungi. The 
bui lder of a dlchotomous key must use extraordinary care 
to avoid ambiguity and must often use characters that are 
well understood only by the specia li st with considerab l e 
experience. 

In this paper I propose reorganizati on of the genera 
of hypogeous Ascomycotina into groups based on phylogeny. 
The problems inhe rent in dichotomous keys ar e circumvented 
by use of a synopt i c key. The paper i s ded icated to Dr. 
Stuntz, who exc ited my original interest in mycology, and 
to Dr. Helen Gilkey, who tutored me i n the hypogeous 
Ascomycot ina for severa l years before her death. 

PHYLOGENY 

The hypogeous Ascomycotina traditionally have been 
treated as related to but taxonomically independent of the 
Pezizales. The two orders have been separated by forcib le 
spore discharge of the former vs. no spore discharge of 
the l atter (Burdsall 1968, Eckblad 1968, Kimbrough 1970, 
Korf 1973a). Trappe (197 1) and Korf (1973a) suggest that 
evolution has proceeded from epigeous Pezizales to 
hypogeous Tuberales along para ll e l or convergent lines. 
Korf ( l973a) presents a compel ling case for the relation
ship and concludes: "I look with suspicion at any member 
of the Tuberales possessing paraphyses which do not 
great ly exceed in length cylind ri cal, 8- spored asci. How 
many of them are Pezizales in hiding?" 

If we seek phy l ogenetic relationships as the founda
t ion for taxonomy, we need not stop at relative lengths or 
shapes of par aphyses and asc i . Burdsal 1 ( 1968) began the 
transfer of genera of Tuberales to Pezizales with Geopora . 
An analogous process has begun wi th transfer of secoti o id 
and related hypogeous Bas idiomycotina from the Gastero
mycetes to relevant families of Agaricales (Shaffer 1968, 
Smith 1973). In the taxonomic scheme presented in the 
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following pages, I have discarded the artificial, 
anachronistic order Tuberales. All hypogeous genera that 
relate morpho logical ly to families of Pezizales are 
assigned to those families. Some hypogeous families are 
retained Nith emendation but assigned to the Pezizales. 
The monotypic orde r Elaphomycetales is erected to 
accommodate the Elaphomycetaceae, which do not seem 
related to the Pezizales. 

SYNOPTIC KEY 

Ko rf' s ( 1972) synoptic key to the Pezizales provided 
the means to discern relationships of genera of Tu be rales 
to genera of Pezizales. In using it for that purpose, I 
became enamored with its ease and flexibility for identi 
fying specimens in hand. With few exceptions, a hy~ogeous 
fungus can be identified by synoptic key as fast or faster 
than by dichotomous key. Without exception, the determi
nat ion can be made with greate r confidence, because a ll 
characters of the spec i mens can be brought into play. I t 
i s virtually impossible to identify immature spec imens 
with a dichotomous key, but the chances are quite good 
with a synoptic key. 

Users of the fo ll owing key are advised to study 
Korf's (1972) lucid expose on efficient use of synoptic 
keys . I mere ly summarize the procedure here. The key 
contains s ix major categori es of characters: I) Ascocarp 
morpho logy, 2) Peridium, 3) Asc i, 4) Paraphyses, 5) Spores, 
and 6) Habitat. Each major category contains one o r more 
coupl ets concerning individual characters . Numbers 
assigned to gene ra in the same sequence as in the ensuing 
generic descriptions are li sted after the proper lead in 
each couplet. If the genus number occurs after only one 
lead of a coupl et, it is in Roman type; if after more than 
one lead, in itali c type. 

To use the key, one can beg in with any majo r category 
and couplet. To ident ify a spec imen, the numbers recorded 
for the proper lead of the first coupl et are jotted down 
on a piece of paper. Any second couplet is then se lected, 
either from the same major category or from another. 
Numbers jotted on the paper from the f irst coupl et but not 
li sted in the proper lead of the second couplet are crossed 
out. The procedure is repeated wi th add iti ona l couplets 
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until only one jotted number remains, r epresenting the 
genus of the specimen being ident ifi ed. 

Korf (1972) s uggests a numbe r of r efinements in the 
procedure to increase eff i c i ency . Among these are c lues 
to entering the synopti c key. To paraphrase hi m, a quick 
glance down the f o ll ov1ing li st of 11 l ead ing quest ions 11 

shoul d help speed identif icat ion of a hypogeous genus: 

1. Does the ascocarp have an oPifice or distinct cavity? 
If so, enter a t Couplet 1-2. 

2. I s the ascocarp green~ blue, violet, purple or black? 
En ter at Coup let 1-5 . 

3. Does the ascoca rp have a distinct basal mycelial tuft 
or stem? En ter at Couplet 1-6. 

4. Is the inte ri or of the ascocar p a single chamber 
stuffed with spo~es or is i t solid with the hymenium 
on the outer surface? Enter at Couplet 1-9. 

5. Do the asci become blue in Melze~ 's reagent? Enter at 
Couplet 3-4. 

6. Are the ascus \'ialls d istinct l y b~own -z,n KOH? Enter at 
Couplet 3-6. 

] . Do the paraphys i s tips diffe~entiate to fo~ a 
pePidi~like epitheaium? Enter at Couplet 4-2. 

8. Are the spores fusoid? Ente r at Couplet 5-l . 

9. Are some spores longer than 60 ~? Enter at Couplet 
S-2. 

10 . Ar e the spo~es pitted or ornamented with hollow tubes ? 
Enter at Couplet S-3. 

11. Do the ascocar ps occur i n a desert? Enter at Couplet 
6-1. 

A note of caution is needed with hypogeous 
Ascomycotina. Maturation oft en takes severa l months, and 
it i s qu ite common to f i nd s izeable specimens that are 
i mma ture. When immature, the spores of nearly all a r e 
hya line a nd smoo th and the fu ll complement of spores may 
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not be apparent in asci. Because glebal co lo r oft en 
darkens with deve lopment of p i gment in ma turing spo re 
wa lls, young spec imens often have a much paler g leba than 
when mature. One of the better s ignal s of immaturity is 
the absence of spores in many of the asci. If that i s 
observed, many asci from different parts of a sporocarp or 
from different sporocarps in a coll ection should be 
examined t o dete rmine if some contain pigmented or orna
mented spores. If one i s s til 1 uncerta in about ma ture 
spore color and ornamentat ion or numbe r of spores per 
ascus, then t he couplets involving these characters should 
be avo ided in use of the synoptic key . The haza rds of 
dealing with immatu re mate rial are exemp li f i ed by 
Choiromyces alveo~tus (Harkn.) Trappe, an immature 
collection of which served as t he t ype spec ies of a new 
genus, Piersonia , and othe r immatu re spec imens as the 
respective t ypes fo r four new spec ies ep i thets (Trappe 
1975a). 

ASCOCARP MORPHOLOGY 

1-1. Shape 

a. subg lobose to g lobose - a lI numbe r s except Roman 
type in b. 

b. turbinate, irregula r, lobed, cerebriform, etc . 2~ 

3~ 5~ 6~ 7~ 9. 10~ 12~ 14~ 15~ 16~ 19~ 20~ 21 ~ 
223 233 243 253 263 2~ 283 293 30 

1-2. Orifice or cavity to interio~ 

a . absent - a ll numbers except Roman t ype in b. 

b. present 23 5, 13, 17, 193 203 22, 23, 29 

1-3 . La~gest dimension 

a. < 1 em 2~ 11 , 133 163 17, 18~ 20, 22, 23_, 25_, 
263 29_, 30 

b. 1 - 4 em 13 2, 3, 4 , 53 6 , 7 , 8, 9 , 10 _, 12 3 1 3 3 
143 15, 163 173 183 19 , 20, 21, 223 23, 243 253 
263 273 28 , 293 31 

c. >4 em 1, 2, 5, 63 103 12, 143 21 , 24, 253 273 29 
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1-4. 

1-5. 

Surface configuration 

a. smooth (even) 1, 2, 4, 5, 6, 7, 8, 10, 11 , 12, 
13, 14, 15, 16, 17 , 18, 19, 21, 24 , 25, 26, 27, 
28, 29., 30, 31 

b. with rounded warts 1, 9., 20., 21 , 22., 23, 25, 29 

c . \oti th angu lar warts 1, 3, 9, 20, 21, 22, 25, 29 

Surface coZor 

a. abse nt (wh 1 t e ) 5, 6., 8, 15, 17, 26, 28., 29, 31 

b. ye ll ow (va ri o us tones ) 2., 8, 10, 18, 23., 24, 25., 
26., 27, 28, 29, 30, 31 

c . green o r b lue 1, 25 

d . o ra nge, pink , o r red 2, 9., 16, 19., 20, 25, 29 

e. brown (various tones) 1, 2, 3, 4, 5, 7, 9, 10, 
11, 12 , 13, 14 , 15, 17, 18, 19, 20., 21 , 22, 23, 
24, 25, 26, 27, 29, 30, 31 

f . v io let o r purple 6, 11 

g. b l ack 1., 2, 9, 20., 21 , 22, 23, 25, 27, 29 

1-6 . BasaZ mycelial tuft or stem 

a. absent - a ll numbe rs except Roman type in b. 

b. presen t 1, 4, 5, 11, 12, 17 , 18, 20, 22 

1-7 . Surface texture 

a. g l ab rous 1, 2, 3, 5, 6, 7, 8, 10, 11 , 14, 15., 16, 
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 
29, 30, 31 

b . scabrou s 1, 2, 4, 5, 6, 8, 17, 19, 21 , 24, 26, 29 

c . pubes cent o r tomentose 1, 3, 9, 12, 13 , 14, 15, 
21, 22, 28, 29 
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1-8. Color of spore- bearing tissues at m:J.turity (all are 
pale when immature) 

a. absent (\'lhite to pa le gray) 5J 6J ?J 10) 12 , 13, 
14 , 15 , 17 , 19, 20) 22 , 23J 26 

b. ye ll ow (various tones) 1J 2) ?J 8, 10) 16, 18) 
20) 21, 23J 24 ) 25) 26) 2? 

c. pink to red 9J 28 

d. brown to olive (va ri ous tones) 1J 2) 3) 4, 5J 9) 
11 ) 18) 21 ) 24) 25 ) 26) 2?) 28) 29 ) 30, 31 

e. v io l et to purp le 2J 5) 6) 11 

f . black 1J 2) 25) 29 

1-9. Glebal structure 

a. single, empty chambe r 1J 2) 5 , 6J 13 , 16) 17, 
22, 23 

b. s ingle chamber stuffed with spores or hyphae 1J 
16 

c. mu l tiple, empty chambe rs or open veins 2J 6) 7, 
12, 14) 15, 19, 20) 23 

d. mu l tip le chambers or veins loose ly stuf fed with 
hyphae 14) 20 

e . so li d with rounded to labyrinthiform pockets 
separated by walls of pa l er tissue 3, 8J 9) 10, 
21, 24 ) 27, 28, 31 

f. soli d with narrow, pa l e meander ing veins 4, 6J 
8) 9) 24) 25, 26, 29, 30 

g. so l id with hymenium on oute r surface 11, 18 

1-1 0 . Columella 

a. absent- a ll numbers except 4 

b. present 4 
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PERIDIUM 

2-1 . Presence 

a. absent 11 , 18, 28 

b. present - a ll numbe rs except 11 and 18 

2- 2. Epiautis 

a . i nte rwoven to pa ra ll e l hyphae 1 ~ 6~ 7, 10, 15~ 
19~ 24~ 29~ 30 , 31 

b. inte rwoven hyphae mixed w i th~ i sod iametri c 
ce ll s 4, 6~ 8~ 15~ 19~ 24~ 27, 28~ 29~ 31 

c. ~ i sodiametr ic ce ll s on ly 1 ~ 2, 3, 5, 6~ 8~ 9, 
12 , 13 , 14, 15~ 16, 17, 20, 21, 22, 23, 25, 26, 
28~ 29 

ASCI 

3-1 . Shape 

a . cy li nd r ic to c lavate 2~ 3, 5, 6, ?~ 8~ 11 , 12, 
13 , 14, 15~ 16~ 17, 18, 19, 20~ 22, 23~ 24~ 25~ 
28 

b. sacca t e to e lli pso id o r obovo id 2~ 4 , ?~ 8~ 9~ 
10 , 15~ 16~ 20~ 21 ~ 23~ 24~ 25~ 26~ 2?~ 28~ 29~ 
30 

c. subg lobose to g lobose 1 , 9~ 21~ 25~ 26~ 27~ 29~ 

30~ 31 

3- 2. Nwnber of spores per asaus at maturity (young 
spec imens often show fewer spores pe r ascus than 
at matur i ty) 

a . 1 on 1 y 30 

b. 1-6 4~ 14~ 15~ 16, 23~ 28, 29 

c . 4-8 4~ 9, 12~ 14~ 15~ 23~ 24, 25~ 26~ 27 
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d. 8 on l y 1, 2, 3, 5, 6, 7, 8, 10, 11, 12~ 13, 17 , 
18, 19, 20, 21, 22, 24~ 25~ 26~ 31 

3-3. Spore a.rTcmgement in asai 

a. uniseriate only 2~ 3, 5, 6, 11, 12, 13 , 14, 15, 
16, 17, 18, 19, 22, 23~ 24~ 2.5~ 28 

b. at least some biseriate 2, 4, 7. 8, 19, 23, 24, 
25, 28 

c. irregu lar l y c lustered 1, 2, 4, 9, 10, 20, 21, 2J~ 
24 .• 25, 26, 27, 29, 31 

3-4. Iodine reaction in Melzer ' s reagent 

a. yellow to o range- all numbers except Roman type 
in b and c 

b. blue on ly near ascus apex 5, 6, 7 

c. diffusely green o r b lue over most of ascus 7, 8, 
9, 10, 11 , 25 

3-5. Ascus arrangement 

a. most ly in a hymenial palisade 2, 3, 5, 6, 7, 8, 
11, 12, 13, 14, 15, l6, 17, 18, 19, 22, 23, 24, 
25 

b. most ly random l y embedded in g leba l tissue 4, 9, 
10, 20, 21, 25, 26, 27, 28, 29, 30, 31 

c. borne among loose hyphae 1, 16 

3-6. Color in KOH 

a. hyaline- al l numbers except 31 

b. brown 2, 4, 31 / 

PARAPHYSES 

4-1. FPesence 

a. paraphyses present- all numbers except Roman 
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t ype in b . 

b. pa raphyses absent 1 , 4, 9, 10 , 16 , 2 1 , 25, 26, 
27, 28, 29, 30, 31 

4-2. Tip di ffer entiation 

a. ti ps free , rounded 2 , 3, 5, 6 , 7, 8, 11, 12, 14, 
15 , 16 , 19, 24, 25 

b. at leas t some pa raphyses g r O\o~ ing beyo nd the 
palisade t o s tuff g le bal veins o r chambers 8, 14, 
16, 24, 25, 29 

c. tips differentiated to form a peridium-like 
ep ithecium that encloses the hymeni um 13, 17, 22 , 
23 

SPORES 

5-1. Shape 

a. cylindric to e llipso id 2, 3, 4, 5, 6, 8, 10, 12, 
14, 17 , 19, 20, 21, 22, 23, 24, 29, 30, 31 

b . f uso id 21 

c. subglobose 2, 7, 10 , 12, 21, 22, 29, 30 

d. g lobose 1, 2, 7, 9, 10, 11 , 13 , 14, 15 , 16 , 18 , 
19, 21 , 22, 23, 25, 26, 27, 28, 29, 30_, 31 

S-2. Length ( 0 2• diameter i f globose) excluding ornamen
tation 

a. < 20 1.1m 1_, 2, 3, 5, 6, 7, 8, 9, 10, 15, 16, 18, 
20, 25, 26, 2~ 31 

b . 20-40 ~m 1, 2, 3, 8 , 9, 10, 11, 12, 13, 14, 15, 
16, 17 , 18, 19, 20, 21, 22, 23, 24, 26, 27, 28, 
29 

c. 40-60 l.lm 1, 2, 4, 15, 20, 21, 22, 23, 27, 29 

d. >60 1.1m 4, 21, 29, 30 
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a . smooth 5, 6, 7 , 10, 12, 13 , 14 , 16, 17 , 19 , 20, 
21 ' 31 

b. mi nu te lines or roughening 10, 20 

c . war ts 1, 2, 3, 4, 6, 8, 9, 15, 22, 24, 25, 27 

d. amorphous ep i spore 1, 2, 3, 8 

e . pits 2, 8, 24 

f. sp i nes o r rods 1, 2, 4, 9 .. 11, 18, 23, 24, 25, 
27, 28, 29, 31 

g. ho ll ow tubes 24 

h. ret icul ation 1, 2, 6, 11 , 18, 26, 27, 28, 29, 30 

S-4. Color at maturity (spores of aZZ species are hyaline 
in youth) 

a. hyal ine 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 24, 25, 26, 31 

b. ye ll ow to pa le brown 1, 2, 6, 8, 9, 15, 18, 21 , 
23, 24, 25, 26 , 27, 29, 31 

c. med ium brown 1, 2, 3, 4, 18, 21 , 23, 25, 29, 30 

d. da rk brown to near ly opaque 1, 4, 29, 30 

HABITAT 

6-1. Plant associations 

a . tempe rate to borea l - a ll except Roman t ype in 
b and d 

b. t rop i ca 1 1, 17, 23, 29 

c . s uba l pine to suba rct i c 1, 2, 12, 29 

d. dese r t 5, 7, 10, 14, 21 , 24, 2?, 31 
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PLATES 1-3. Spores of representat i ve spec ies of genera of 
hypogeous Ascomycetes (numbe red as in the text 
descriptions) . 

1--(2) Hydnotrya spp .: (2a) H. tuZaanei~ (2b) H. 
var>iiformia , (2c) H. cerebriformis . (3) Dingleya 
verrucosa. (4) Fischerula macrospora. (6) Peziza 
eZZipsospora . (8) Hydnotryopais compacta . (9) 
AmyZascus herbertianus . ( 10) Tirmania pinoyi . 
( 15) Labyl'inthormJces varius . (20) Balsamia alba. 

2-- (22) Cenea spp.: (22a) C. gardneri~ (22b) C. compacta~ 
(22c) C. arenaria . (23) Genabea fragilis . (24) 
Choiromyces spp. : (24a) C. echinuZatus ~ (24b) C. 
aZueolatus~ (24c) C. venosus . (25) Pachyphloeus spp .: 
(25a) P. conglomeratus~ (25b) P. citrinus . (26) 
HydnoboZites cerebriformis . (27) Terfezia spp.: 
(27a) T. arenaria~ (27b) T. cZaueryi~ (27c) T. longii . 

3-- (29) Tuber spp. : (29a) T. br>wnale~ (29b) T. besseyi~ 
(29c) T. aestiuL~ var. mesentericum~ (29d) T. shearii . 
(30) Paraadoxa monoapor>a. (3 1) Carabomyces spp . : (3 1a) 
C. longii~ (31b) C. emergens . 
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Order ELAPHOMYCETALES ord. nov. 

Cleistothecia composed of a thick peridium enc los ing 
a s ingl e chamber. Ascogenous hyphae emerge from the 
chamber lining to loose l y stuff the chamber. Asci g lobose, 
most l y with 8 clustered spores , evanescent. spores 
g lobose, ornamented, at maturity f illing t he ascocarp 
chambe r as a po\-1d e r y mass . DISCUSSION: The monotyp ic 
family Elaphomycetaceae has been the spurned stepch ild of 
the hypogeous Ascomycotina, often placed in the Tube ra les 
because it i s hypogeous and not sat i sfy i ng l y re l ated to 
othe r orders (Fennell 1973, Korf 1973b). Because its 
r e lationships to the Tube rales or Pez izales are equally 
unsat i sfy ing, it deserves erection of a new order. 

Famil y ELAPHOMYCETACEAE Tulas ne & Tul asne 1851 

1. Elaphomyces Nees ex Fries 1829, lec totype E. granuZatus 
Fri es . SYNONYMS: See Dodge 1929. 

Ascocarps s ubglobose, 1-3 (-4) em i n diam, the surface 
brown to dark blue or black, smooth or ornamented with 
hard , r ounded wa rt s, py ramids, or cones, often tomentose 
and enhusked by proliferated ectomycorrhizae of associated 
trees or shrubs. Peridium mos tly 2- 5 mm thick, crisp
fl eshy to lea t he ry or ca rbonaceous . Gleba a s ing le 
chamber ho ll O\-J in youth but soon loose l y stuffed wi th 
ascogenous hyphae and finally packed with brownish ye ll ow 
to black spore powder. Asci globose, wi th 8 c lu s te red 
s pores , nonamy loid, evanescent befor e spo res are mo rpho
logica ll y mature. Spores g lobose, 8-30 (- 45) ~min diam 
exc luding ornamentat i on of sp ines, reticulum, or spirall ed 
ridges, in most species o live to brown or nearly opaque 
by ma turity. SPECIES : ± 30 known, wi th a rough ly equal 
number of additional spec ies epithe t s as synonyms . 
Cosmopolitan in association with ectomycorrhiza l host s . 
Species such as E. granulatus Fr. and E. mur-icatus Fr. are 
among the more common hypogeous fungi in boreal, subalpine , 
and subarctic forests of the northern hemisphere . KEY: 
Dodge (1929) includes the common species but is recommend ed 
only becau se nothing be tte r is avai lable. DISCUSSION: 
Clemencet (1932) e rected the genus Asaosaleroderma to 
accommodate E. cyanosporus Tul. & Tul., because i t is 
''substipitate." I t has a n oft en ephemeral, basal myce lial 
tuft but is not truly subst i p ita t e. Thi s featu re hardly 
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just ifi es a new genus and may, indeed, be subt ly present 1n 
other E~homyoes species. Because it may be a usefu l 
character for infrageneric separation, however, I reduce 
the rank of AsoosoZeroderma to subgenus. Mature hypogeous 
specimens in the Basidiomycete genus Scleroderma can be 
mistaken for Elaphomyoes spp . In both cases the powdery 
spore mass leaves li tt le evidence of spore o ri g ins by 
matu ri ty, a nd the spores a re sim il ar in appearance. 
Sporocarps of most Scleroderma spp., however, have a 
distinct basal attachment whereas this is obscure or 
lacki ng in Elaphomyces . Sterigma! attachments are 
generally evident on Soleroder.ma spores. Scleroderma s pp. 
are never b lue or black, never enhusked by pro liferated 
mycorrhizae, and never have hard, rounded warts, pyramids, 
or cones on the sporocarp surface. 

Order PEZIZALES sensu Kerf 1973b emend. nov. 

The o rder is emended to include hypogeous taxa with 
cylindric to globose asci sometimes embedded in trama l 
tissues rathe r than bo rne in a distinct hymenium and 
lacking forcible spore discharge. DISCUSSION: Kerf 
(1973a) believes ' 'the Tuberales to repre sent a b io log ica l 
unit rather than a phy logenetic one. Several di s tinct 
lines of the Pez izales have presumably given rise to 
member s of the Tubera les, independently by loss of 
functional opercu l a .'' For phylogenetic integrity, the 
hypogeous taxa need to be trans ferred to appropriate 
families of Pezizales wheneve r the evidence so indicates. 
Fami li es and gene ra of Tube ra l es that cannot be linked to 
those of epigeous Pezizales are r etained as d i screet 
ent ities within the Pezizales. The order Tuberales is 
abandoned. 

Family HELVELLACEAE Dumortier 1829 sens u Korf 1972 
emend. nov. 

The family is emended to inc lude astipitate, in fo lded 
and chambered to so l id, hypogeous sporoca rps with cylindric 
to g lobose asci somet i mes embedded in tramal t i ssue and 
lack ing forcible spore discharge. DISCUSSION: Korf 
(1973a) in effect emended the family to include astipitate, 
infolded and chambered ascocarps by the description of 
Helvella astieri Kerf and Donadini. This spec ies is 
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essent ia ll y a Hydnotpya with ope rculate asc i and hya li ne 
spo res. Transfer to the Helvel laceae of Hydnotrya and 
re lated genera evo l ved to spo r e dispersal by an ima l 
mycophagy i s clear l y in keepi ng with phy logenet ic 
re la ti onsh i ps . 

2. Hydnotrya Berkeley & Broome 1846, monotype H. tuZasnei 
(Be r k. ) Be rk . & Broome. SYNONYMS : see Trappe 1975a. 

PLATE 1. 

Ascocarps urnul ate to cerebriform, O.S-6 (-8) em in 
diam, the surface pa l e yel l O\oJ to ye ll owi sh pink, redd i sh 
brown, brown , o r nearly bl ack , smooth o r minute ly scurfy . 
Pe~idium composed of rounded to s ubangul a r, inflated ce ll s 
of t en a rranged in cha i ns with clavate terminal ce ll s. 
Gleba somet imes a s ingl e, empty, hymenium-li ned chamber 
(smal l spec imens) but usually with a few to many sma ll to 
large chambers fo rmed by comp l ex info ld ing and fus ing of 
sporocarp wa ll s; trama conco lorous with sporoca rp su r face ; 
hymen i a wh ite in youth but redd i sh b r ovm to brown at 
maturity. Asci cylindric to c l avate or sacca te, with 8 
uni serla t e to b i ser iate spores , nonamyloid, indehiscent, 
fo rmed among pa raphyses in a hymen ial pa li sade ( i n a few 
spec ies some asc i al so embedded in trama l tissue) . Spores 
e ll ipsoid to g lobose, 16-34 x 16-35 ~m exc luding ornamen
tation, smooth in youth but soon with a yel low to brown, 
amorphous, cyanoph ili c epispor e that is smooth, pitted, 
warty , o r ridged. A few g lobose-spored spec ies have 
ech inul ate spo res . SPECIES: ± 12 , with a roughl y s imil a r 
numbe r of additional spec ies ep ithets as synonyms . North 
Ame ri ca and Europe in ectomycorrhizal fores t s. The genus 
has not been repo rted yet f rom As ia but s ure l y occu r s 
there. KEY : Gilkey's (1954) key i s the most comp lete 
ava il ab le. In that key, H. eZZipsospo~a Gilkey is a 
sparassoid Peziza and is thus recomb ined at the end of this 
paper, and H. yukonensis Gi l key i s a synonym of H. 
michaelis (Fische r ) Trappe. DISCUSS ION: The ech inulate, 
g lobose- spo red spec ies of Hydnotrya a re st ructura ll y 
s imilar to the other spec ies of the genus . Because of 
their spo re cha racte rs, however, they do no t conform 
comp lete ly to the Helve ! laceae . If future studi es revea l a 
d iffe rent affinity, they may deserve gener ic separat ion. 

3. DingZeya gen. nov . , monotype D. verrucosa sp . nov. 
PLATES 1 and 4. 

Ascocarps subg lobose to irregul a r, 1-3.5 em i n diam, 
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the surface ve rrucose wi th po l yhed ra l wa rts, g l ab rous but 
with sma ll, tomentose patches sca ttered among the warts . 
Peridium of inf l ated, ± i sodiametr ic ce ll s . Gleba so l id , 
of palli d trama l t i ssue wi t h nar row, labyr i nthiform 
chamber s lined wi t h hymen ial pa li sades and stuffed wi th 
asci and s pores. Asci cy li ndr i c , \oJ i th 8 un i seri ate spores, 
nonamy lo id , indehiscent, hya line , fo rmed among scatte red 
pa raphyses in a loose hymenium. Spor es e lli pso id, 19- 26 x 
IS-18 ~m exc luding o rnamentat ion, smooth i n youth but soon 
develop ing a brown, amor phous, cyanoph il ic, knobbed and 
ri dged ep i spore. SPE CIES: 1, New Zea land. DISCUSS ION : 
DingZeya resemb les Hydnotrya except fo r the sol id g l eba 
and ve rrucose s urface . The fo rme r cha racte r seems 1 i ke ly 
to be an e vo lu t iona ry advance towa rds spo re d i spersa l by 
mycophagy . The lat t e r may s imp l y resu l t f rom cont i nued 
expans ion of the g leba after t he he l ve ll o id epicut i s of 
isod i ame tri c ce ll s has comp l eted its deve lopment . 

4. Fi scherula Matt iro l o 1928 , monotype F. macrospora Matt. 
PLATE 1. 

Ascocarps s ubg l obose, astip i tate to substipitate , 
0 .8- 2. 5 em i n d iam , the sur face ye ll ow i sh p i nk to yellow ish 
brown or dark brown, scabrous. Peridium of hyphae and 
infl at ed ce ll s 5-30 (- ~0) ~mi n d i am . Gleba so li d, at 
maturity brown to dark brown , ma r bl ed wi th wh i te to gray ish 
ye l low vei ns tha t emerge through the per idium; co l ume ll a 
present or absent. Asci el li psoid to obovo id, ren i form, 
or cl avate , wi th 1-6 (-8) un i ser iate to c lustered spo res , 
nonamy lo id, indeh iscent, with 1-3 o r more wa ll laye r s, 
randomly embedded in g leba l tissue. spores e lli pso id, 
40-77 (-101 ) x 25-59 ~m exc lud ing o rnamentat ion , smooth in 
youth, at maturi ty o rnamented with con ic wa r ts , broad 
ri dges, o r agg l ut i nated f l exuous sp ines, da r k brown . 
SPECIES: 2 , I ta l y , Oregon and Washington . KEY : Trappe 
( l97Sb). DI SCUSS ION: Fischer uZa has d i st inct t i es to 
Hydnotrya and thus to the He l ve ll aceae . I t is ana logous to 
the genus Tuber i n hav i ng evo l ved to a mo rpho logy comp letely 
adapted t o spo r e d i spersa l by mycophagy, wi th asci embedded 
i n t i ssue. The st rong ly developed ep i spore may have 
pa r t icul a r funct ions re l ated to t he passage of spo res 
t hrough an a n ima l d igestive tract . 

Fam il y PEZ IZACEAE Fr ies 1822 sensu Korf 1972 emend . nov. 

The fam il y is emended to inc l ude chambered or soli d 
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hypogeous taxa wi th cy li nd r ic to g lobose asci somet imes 
embedded in tramal ti ssue and lack i ng forc i b le s po re 
d i scha r ge. 

5. Sarcosphaera Auer swa l d 1869, mono t ype S. macroca~yx 
(Reiss) Aue r sw. [=S . crassa (Sant i ex Stende l ) Pouzar.] 
SYNONYMS : CauZocarpa Gil key 1947. 

Ascocarps when hypogeous subg l obose , 2-6 em i n d i am, 
sord id white to brown, g labrous to minute l y scabrous , t he 
upper surface fu rrowed and sometimes sp lit open, shor t 
st i p i tate. Peridiwn of i nf lated, irregu la r ee l Is. Gleba 
a hollow chamber or occas ional l y 2-4 chamber s formed by 
infold i ng of ascoca r p wa ll s, whi te to gray in yout h 
becom ing deep d ingy v io let by matu ri ty. Asci cy lindr i c , 
wi t h 8 un iser iate spores , amylo id nea r the apex , 
oper cul at e , formed among par aphyses i n a hymeni a l pal i sade . 
Spores e ll ipso id, 10-1 8 x 6- 8 ~m, smooth, hya li ne. 
SPECIES: Apparent ly 1. Hypogeous f rui t ing of th i s 
norma ll y epigeous Di scomyce t e has been observed onl y unde r 
th ic k, f e lted humus i n suba l pi ne zones of western Nor th 
Amer ica. DISCUSS ION: Trappe (197 5a) r e lates the taxonomic 
confus ion r esul ti ng f r om the hypogeous f rui t ing of th i s 
fu ngus. 

6. Pezi za Linnaeus pe r St .-Amans 182 1, lectotype P. 
vesicu~osa Bul l. pe r St . -Amans. SYN ONYMS: see Kor f 
( 1973a) and Trappe (1975a) for hypogeous taxa . 

PLATES 1 and 4. 

Hypogeous ascocarps 2- 6 ( -1 2) em i n d i am , ur nu la t e to 
t urb inate or ce rebriform, wh i te to pink or v io l et , g labrous 
to scabrous. Gleba nea rl y sol id wi th ve ins o r wi t h 
chambers li ned \•li t h hymen ia. Asci cy li nd ri c, \'li th 8 
un iseri ate spores , amylo id nea r t he apex, ope rcu l ate, 
fo rmed among pa r aphyses in a hymeni al pa li sade . Spores 
cy lindri c t o ell i psoid o r globose , 8-1 8 x 4-14 ~m 
excl ud ing ornamenta t ion, smooth to verrucose or ret i cu late, 
hya l ine to li ght brown . SPE CI ES: 6 hypogeous species, 
i nc lud i ng P. stuntzii sp . nov. a nd P. eZZipsospora (G il key) 
comb . nov . Nor t h Ameri ca, Europe and Austra li a . KEY: 
Kor f ( 1973a) inc ludes spec ies recogni zed to that t ime . 
In hi s key P. jactata Sur ds. & Korf in Surds. =P. whitei 
(G il key} Trappe ( 1975a). DISCUSS ION: Korf ( 1973a) 
d i scusses t he spa rassoid spec ies , some of wh ich are 
hypogeous t o subhypogeous, in r e l at ion to the genu s as a 
whole . 
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]. CZe~ndia gen. nov., monotype C. arenacea sp . nov. 

Ascocarps ± 2 em in diam, deeply furrowed, glabrous. 
Peridium of interwoven hyphae. Gleba with empty, 
labyrinthiform chambers lined with hymenia. Asci cylindric 
to saccate, with 8 uniseriate to biseriate spores, 
diffusely amy loid with the reaction st rongest near the 
apex, indehiscent, formed among somewhat shorte r , 
scattered paraphyses in hymenial palisades. spor es broadly 
el li psoid to subglobose, 10-1 2 x 8-1 0 ~m, smooth, hyaline, 
most l y containi ng a deBary bubb le . SPEC IES: l , Australia. 
DISCUSSION: CZeZandia resembles Peziza sensu Jato in 
severa l anatomical features, but its c leistothecia l 
spo rocar p and indehiscent asci justify its sepa rat ion at 
the generic l eve l . 

8. Hydnotr yopsis Gilkey 1916,. monotype H. setcheZZii Gilk. 
PI.ATE I. 

Ascocarp subglobose to irregular, l-3 em in diam, 
white to so rdid yellow, g lab rous to minutely scabrous . 
Peridium of ± isodiametric ee l ls, sometimes with inter
mingling hyphae. Gleba so li d, v1ith labyrinthiform 
chambers o r meandering ve ins l ined by hymenia and stuffed 
with asc i, spores, and myce lium, grayish yel low to brownish 
yell ow. Asci cylindric to c lavate or saccate, with 8 
uniseriate to biseriate o r clustered spores, diffuse'y 
amy loid, indehiscent, formed among paraphyses in hymenial 
palisades . Spores el li psoid, 11-22 x 10-1 8 ~m exc luding 
ornamentation, smooth in youth but soon developing an 
amorphous, papi ll ose to foveolate ep i spore, brownish 
yellow. SPECIES: 2, California. KEY: Gilkey 1954 (as 
Choiromyces ). DISCUSSION: In its evo luti on to a solid 
gleba, Hydnotryopsis is related to Peziza a step farther 
a\vay than CZel.andia. The species a re discussed by Trappe 
( l97Sa). Fischer (1938) pl aced this genus in the 
Pez izaceae . 

9. AmyZascus Trappe 1971, ho'lotype A. her bertianus (Cribb) 
Trappe. PLATE 1. 

Ascocarps turbinate to plicate or lobed, l-3 em in 
diam, red to brown or b lackish brown, verrucose, tomentose. 
Peridiwn with ± i sodiametric cells. Gleba with meandering 
veins or labyrinthiform chambers lined with a peridium-li ke 
ep ithec ium of ± isodiametric ce ll s . Asci ell i pso id to 
obovoid or subg lobose, with (3-) S-8 clustered spores, 
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diffuse l y amylo id, indeh iscent, embedded in trama l t i s s ue . 
Spo~es g lobose , 15- 24 ~m d i am exc lud i ng ornamentat ion, 
smooth i n youth but soon deve lop ing spines o r muc il age
embedded rods and cones, hya line to pa le ye ll owish brown . 
SPEC IES: 2, Austra l ia . KEY: Trappe 1975c . DISCUSS ION : 
Amylascus has conside rable anatom ical t ies to Peziza sensu 
lato . I t is a step fa rthe r removed from trad i tional 
Discomycetes than Hydnotryopsis i n having lost the 
hymenial pa li sade. 

10. Ti~ania Chat in 1890, monotype T. africana Chat in 
[=TiPmania nivea (Desf. ex Fries) Trappe] . PLATE 1. 

Ascocarps subg lobose to turbinate or lobed, up to 
14 em in d iam, g l abrous, wri nk led o r cracked, with a basal 
myceli a l attachment, ye ll ow to brmvn o r r eddi sh brown. 
Peridium wi t h large hyphae and many in f l ated ce ll s . Gleba 
so li d, of whi te to li ght ye ll ow o r och raceous fe rt ile 
pockets sepa rated by white, s t e ril e but o the rwise 
undifferentia ted trama l vei ns . Asci e lli pso id to obovo id, 
wit h 8 clustered spores, diffuse l y amy loid (somet imes 
weak ly), indehiscent, randoml y embedded in t i ssue of 
fe r t il e pockets . spo~es broad l y e lli pso id to g lobose , 
16-23 x 13-1 9 ~m, smooth or , if roughened, the o rnamen
t a tion enc losed by a smoo th ep i spore, hya l ine. SPECIES: 
2, West Asia and North Africa. KEY: Ma lenson ( 1973) 
descri bes both spec ies. DISCUSS ION: Th i s genus has been 
ass igned to the Te rfez iaceae sensu Jato (Trappe 1971). 
Mac roscop i ca ll y i t seems far r emoved f rom the Discomycetes, 
but i ts anatomy r e lates much mo re close l y to the Pezizaceae 
t han to any genera of the Terfeziaceae sensu stricto. 

Fami l y ASCOBOLACEAE Boudier ex Saccardo emend. Ko rf 1972 

11 . 8phaerosoma Klotzsch i n Di e trich 1839 sens u Korf 1972, 
monotype S. fuscescens Klotzsch in Dietr . 

Ascocarps pulv ina t e to g lobose, 0.5-1.5 em in diam, 
brown to pu rple, g lab rous. Peridium l acking. Asci 
cy lindr ic to clavate , with 8 uniseriate spores, di f fu se ly 
amy lo id, operculat e, formed among pa raphyses in a hymenia l 
pal i sade covering the sporoca rp s urface . Spores g lobose , 
20- 30 ~m i n diam, echinulate or reticulate, hya line . 
SPEC IES: 3, North Ame rica and Europe. KEY : No sa ti s 
factory keys ex i s t . DISCUSS ION : The p l acement of th i s 
genus fo ll ows Ko rf ( 1972 ) . I have not exam ined s peci mens. 
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Family PYRONEMATACEAE Corda 1842 sensu Korf 1972 emend . nov. 

The family is emended to include chambered or solid 
hypogeous sporocarps with cylindric to g lobose asc i some
times embedded in trama l tissue and lack i ng forcib le spore 
discharge. 

12. Geopora Harkness 1885, monotype G. aooperi Harkn . 
SYNONYMS: see Burdsall 1968 . 

Asaoaarps subglobose to g lobose, 1-7 {- 10) em i n d i am, 
cupu late to convoluted, brown, tomentose . Peridium of 
± isod iametr i c ce ll s. Gleba a holl ow chamber or many
chambered f rom info ld ing of sporoca rp wa ll s , chambers 
lined with hymenia, whi te to gray. Asci cy li nd ri c, wi th 
{6- ) -8 uniseriate spores, nonamyloid, opercu late, formed 
among pa raphyses in hymenial pa li sades. Spores el li psoid 
to subg lobose, 20-30 x 13-24 ~m, smooth, hyaline. SPEC IES: 
12, Northern Hemisphere. KEY : Burdsa l l {1968). 
DISCUSS ION: The d i spos i tion of Geopora i s ful l y discussed 
by Burdsal l (1968) and Korf (1972), who p laces it in 
subfamil y Ot ideoideae, tr i be Myco l achneae . Fischer (1938) 
had ea rli e r ass i gned i t to t he Pez izaceae sensu Jato . 

13. Hydnoaystis Tulasne & Tu1asne 1845a, monotype H. 
piZigera Tul. & Tul. SYNONYMS: see Trappe 1975a . 

Asaoaarps globose, 0 . 4-2 em in diam , often subst i pi
tate, with a s i ng l e open i ng from the inte ri o r , br own, 
tomentose . Peridium of subangular, ± i sod iametr ic ce ll s. 
Gleba a holl ow chamber I i ned wi th an ep i thec ium of in ter 
~~ven hyphae. Asci cylind ri c to subclavate with 8 
un i seriate spores, nonamy lo id, indeh i scent, formed in a 
hymenial palisade among paraphyses that extend to produce 
the ep ithec ium (a few asc i also embedded in t he sub
hymenium). spores gl obose, 24-35 ~mi n diam, smooth, 
hyaline . SPEC IES: 2, Europe and Japan. KEY: Burd sa ll 
(1968) describes the type spec ies and Kobayas i (1963) 
descr ibes H. japoniaa (Kob.) Trappe. DI SCUSS ION: 
Fischer (1938) ass igned Hydnoaystis to the Pez i zaceae sensu 
Jato and Burd sa ll ( 1968) to the Geneaceae because of i ts 
ep i thec ium- enc losed hymenium and indehiscent asci. In 
other respects, however, it litt le resemb les Geneaceae 
sensu str icto. Its apparent re lat ionship to the genus 
Trichophaea sensu Korf {1972) suggests placement in t ri be 
Myco lachneae. 
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14 . Stephensia Tu l asne & Tul asne 1845b, monotype S. 
bombycina (Vittad ini) Tul. & Tul. SYNONYMS: 
Densocarpa Gi l key 1954, EZderia Mclennan 196 1. 

Ascocarps globose to i rregu lar, 1-4(-7) em i n d iam, 
li ght p ink i sh brown to brown, pubescent to tomentose ( i n 
one species the tomentum i s evanescent on t he uppe r 
ascocarp s urface). Peridium of subangu la r to globose 
ce l ls. Gleba pa l l id, i nfo lded or with chambers li ned wi th 
hymenia and loose ly stuffed wi th cottony hyphae or asci 
and spores, by maturity the l arge r chamber s often part ly 
empty. Asci cy l ind r ic to nar r owl y c lavate, wi th 1-8 
uni seri ate spores, nonamy lo id, i ndeh i scent, fo rmed i n a 
hymeni al palisade among paraphyses that extend t o stuff 
the chambe r s, a few asc i often embedded in t rama l t i ssue. 
Spores e lli pso id to subg lobose or g lobose, 12- 26 ~m i n 
d i am if g l obose, 28-40 x 15-1 8 ~m i f el li psoid, smooth , 
hyali ne . SPEC IES: 6 , North Ame ri ca, Europe, West Asia, 
Indones ia, and Austra li a. KEY : Fischer ( 1938) is 
inadeq uate but the best ava il able . DISCUSS ION: 
Stephensia appea r s de ri ved f r om gene ra i n the t r ibe 
Myco lachneae emend. Korf (1972). Mclennan •s (1961) 
e rection of the monotyp ic genus EZderia wi th Stephensia 
arenivaga Cooke & Massee as type species was based on a 
new col lect ion presumed to be t hat species . It is actually 
a quite d i ffe rent taxon, descr ibed late r in this pape r as 
Choiromyces aboriginum sp. nov. The type collect ion of 
S. arenivaga sat i sfactorily conforms to the ori g i nal 
concept of Stephensia . 

15. Labyrinthomyces Boedijn 1939 , monotype L. steenisii 
Boed . [ =L. varius ( Rodway) comb. nov.] . PLATE 1 . 

Ascocarps gl obose to s ubg lobose or lobed, 1-4 em i n 
d i am, the surface white to brown , glabrous to tomentose or 
areolate. Peridium of i nterwoven hyphae, ± i sod iamet r ic 
ce ll s , or a mixtu re of the two. CZeba with laby ri nthiform, 
open to appressed chambers li ned wi th hymen ia and often 
f ill ed wi th asc i and spores at matur i ty. Asci cyl i ndr i c 
to c lavate or ventricose, wi t h 2-8 un i seriate spores, 
nonamylo id, indehiscent, formed among shorter to equa l 
pa raphyses in a hymenia l palisade. Spores globose, 18-
47 ~m in d i am exc l ud i ng ornamentation, smooth i n youth 
but soon deve loping sca ttered to crowded , hemispher ica l 
\'tarts , hyal i ne to 1 ight bro\'tn. SPEC IES: 4, Aust r a li a, 
Indones ia, and Nor th Af ri ca. KEY: Beaton and Weste (1977). 
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DISCUSSION: The type of Labyrinthomyces seems well related 
to tribe Mycolachneae. At l east one spec ies, L. donkii 
Malen~on, diverges suff i c iently from the type concept in 
peridial and spore characteristics that it may deserve 
ass ignment to another genus. An examination of the type 
collection of Stephensia varia Rodway revealed it to be 
synonymous with L. steenisii . The Rodway ep ithet having 
prior ity, it i s recombined as L. varius . 

16. Paurocotylis Berkeley 1n Hooker 1855, monotype P. pila 
Berk. in Hook. 

Ascocarps subg lobose to flattened or irregular, 0.5-
3 em in diam, glabrous , orange-red to scarlet. Peridium 
of ± isodiametric cells. Gleba of one or a few chambers 
divided by loosely formed, irregular wa ll s, empty except 
for ingrowing myce lial tufts and protrusions, lined with 
tangled asc i, pale ye ll 0\>1 to pale brownis., yellmo~. Asci 
of var ious shapes, with 2-6 uniseriate to irregularly 
arranged spores, nonamyloid, indehiscent and collapsing, 
loose ly arranged in a quasi-hymenium that lacks paraphyseJ. 
Spores globose, 17-23 ~min diam, smooth, hyaline. 
SPECIES: 1, New Zealand and Eng land. DISCUSSION: Thi s 
colorful species i s descr ibed in detail by Dennis (197'1). 
It suggests an aleurioid fungus gone underground and fits 
nicely in tribe Aleurieae sensu Korf (1972). 

17. Petchiomyces Fischer & Hattirolo in Fischer 1938, 
monotype P. thwaitesii (Berk. & Broome) Fisch. & Matt. 
in Fisch. 

Ascocarps urnul ate, 0.5-3 em in diam, wh ite to brown, 
glabrous to scabrous . Peridium of isodiametric ce ll s that 
cover both the outer surface and hymenium. Gleba a 
hymenial pal i sade with the paraphysis t i ps differentiated 
to form a peridium-like epithec ium. Asci cyl indr ic to 
clavate, with 8 uniseriate spores, nonamyloid, indehi scent, 
formed among pa raphyses in a hymenial palisade enclosed by 
the ep itheci um. spores e llipsoid, 24-37 x 14-17 ~m, 
smooth , hyaline. SPECIES: 2, Indonesia and Sr i Lanka . 
KEY: Fischer 1938. DISCUSSION: Petchiomyces is 
apparently ep igeous but is included here because of its 
traditional assignment to the Tuberales. Its relationship 
to gene ra of Pyronemataceae is unclear, but it seems akin 
to Geopyxis sensu Korf and thus is assigned to subfami l y 
Ascophanoideae, tribe Geopyxideae (Korf 1972) for the 
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present . Petchiomyces kraspedostoma Gil key was or ig ina ll y 
described f r om a coll ect ion of most l y immatu r e ascocar ps. 
Extens ive exam ination of t he t ype col lect i on has revea led 
that i ts mature spor es are ornamented and that i t conforms 
to the genus Genea in other respects as we ll, so i t i s 
recombined into that genus. 

18 . SphaePozone Zobel 1854 sensu Korf 1972, monot ype S. 
tu~snei lob. [=Sphaerozone ostioZatum (Tul. & Tul.) 
Setche ll]. 

Ascocarps pulvina te to g lobose, 0. 5-1. 5 em in diam, 
ye ll ow to brown or o li ve. Per idiwn lack ing . Asci 
cylindri c , wi th 8 un iseriate s pores , nonamy lo id , operculate, 
f ormed among paraphyses in a hymeni al pa li sade covering 
the sporocarp s urf ace . Spores g lobose, 8- 25 ~m i n d iam, 
echinulate or reticulate, hyaline to ye ll ow i sh o r brown. 
SPEC IES: 4, Nor t h America, Europe, and Austra li a. KEY : 
No dependab le key exists. DI SCUSS ION: The p l acemen t of 
t hi s genus fo ll ows Kor f ( 1972 ) . I have not exam ined 
spec imens. 

Famil y BALSAMIACEAE Fi sche r 1897 emend . nov. 

Ascocarps s ubg lobose , smoo th to ve rrucose . Gleba 
soli d , wi t h narrow , open or stuffed ve i ns o r wi th pockets 
of fert il e t i ssue separated by ve i ns of ste rile but other
wise und ifferent ia t ed tissue. Asci cy li ndric t o g lobose, 
nonamy l o id , i ndehiscent, formed in a hymenia l pa li sade or 
randomly embedded in t ramal t issue o r fertil e pockets . 
Spores fu so id- apiculate to e l l i pso id, smooth, hya li ne to 
oli vaceous . DI SCUSSION: The famil y as emended inc ludes 
th ree smooth- spored gene ra not read ily ass ignab le to othe r 
famili es of Pez i za les with present ev idence . Barssia and 
BaZsamia have been placed in Tube raceae and Picoa i n 
Ter fez i aceae by most authors (Fi sche r 1938, Gilkey 1954, 
Hawke r 1954, Lange 1956). Both famili e s s ensu la t o a re 
pol yphy le ti c. 

19. Barssia Gi l key 1925, monotype B. oregonens~s Gil key . 
SY NON YMS: Phymatomyces Kobayas i 1937. 

Ascocarps s ubg lobose, some \·li th an ap ica l or late ra l 
cavity, 1-4 em i n diam, smooth or e rra tica ll y verrucose , 
g l abrous to scabr ous , yellot-tish pi nk t o redd i sh br own . 
Peridium of large, interwoven hyphae or inf l ated ce ll s . 
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Gleba so l id, except for broad to narrow hymenium-lined 
ve ins . Asci cy lindri c to nar rowly c lavate, with 8 
uni seriate t o incomp lete ly bi ser iate spores, nonamy lo id, 
indeh iscent, formed in a hymen i a l pa li sade among 
pa raphyses . BpoPes ob long, 24-36 x 12-21 ~m. or g lobose, 
19-23 urn in diam, smooth, hya l ine. SPECIES: 2, Pacific 
Northwestern Uni ted States and Japan. KEY: None ex ists. 
DISCUSS ION: The type and onl y coll ect ion of Phymatomyces 
yezo-montanus Kobayas i was a casualty of World War I I 
(Gi l key 1961 ) . Its simil ar it ies to BaPssia seem to exceed 
the d iffe rences, so the two monotypic genera a re merged 
by the recomb i nation Barssia yezo-montdna. 

20 . BaZsamia Vi ttadin i 183 1, lectotype B. vulgaris Vitt. 
SYNONYMS: see Trappe (1975a). PLATE 1. 

Ascocarps s ubg lobose to i r regu la r, 0 .7- 2( -4) em in 
diam, somet imes wi th an ap i ca l or l ater a l cavity, 
ver rucose, brownish orange to brown or bl ack, often with a 
basa l myce li a l ~ tuft but othenvise g labr ous. PePidium of 
subangu lar to g l obose ce ll s. Gleba with narrow, 
meandering, open or hypha-stuffed veins or labyrinthiform 
chambers lined with a palisade of paraphyses, wh ite to 
pa le ye ll ow . Asci cy lindri c to broadly c lavate or 
e lli psoid, with 8 c lustered spores random ly embedded in 
the t rama or occasiona l in the pa li sade of paraphyses 
lining g leba l ve ins. Spores obtuse to e lli psoid, 13-42 x 
10- 18 urn, smooth o r rare ly with nearly subm icroscop ic 
radial lines, hya line. SPECIES: 6, North America , Europe 
and North Africa. KEY: Hawker (1954) f or European 
spec ies, Gilkey (1954) for American spec ies ( i nc lud ing the 
genus PseudobaZsamia ) . No complete keys exist. 
DISCUSSION: BaZsamia is a wel l defined genus that has 
suffe red li tt le conf us ion si nce it was described. 

21. Picoa Vittadini 183 1, lectotype P. juniperi Vitt. 
SYNONYMS: see Trappe (1971). 

Ascocarps subg lobose to irregular, 1-7 em in diam, 
roughened to verrucose, brown to black, g l ab rous or 
pubescent. Peridium of subangula r to g lobose ce ll s . Gleba 
so l id, of fertile pockets separa ted by ster il e but other
wi se undifferentiated ve ins, the fertile pockets gray to 
oli ve or brown and the ve ins pal li d. Asci ell ipso id to 
obovoid or g lobose, wi th 8 c luste red spores, nonamyloid, 
indehiscent, embedded in g leba l t i ssue. spores apiculate
fusiform to subc it r i fo rm, e ll ipsoid, or g lobose, 25-1 05 x 
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19-43 vm, smooth, hyaline to o li ve or br ov1n. SPEC IES: 5, 
North Ame ri ca , Europe, Wes t As ia, and North Africa. KEY: 
no i nclusive keys ex ist. DISCUSSION: Picoa has tradition
ally been placed in the Te r fez iaceae, but it appea r s to 
have no close phy logenet i c re l ati onsh i p to the genus 
Terfezia. 

Famil y GENEACEAE fam. nov. 

Aecoca~s hollow, the interior lined with peridi um
li ke ep i thecia. Asci cyli nd ric to c lavate, 4-8 spored, 
nonamy loid, indehiscent, bo rne among paraphyses in 
continuous or in terrupted hymenia . spores e lli pso id or 
globose, papi ll ate to echinulate, hya li ne t o pale br own . 
DISCUSS ION : Th is fami ly fir s t appeared in the li t er ature 
in the late 1930's but has neve r been validly described. 
Var i ous authors have i ncluded va ri ous genera, but as 
descri bed here it is res tricted to Genea and Genabea. 

22. Cenea Vi ttad i ni 183 1, lectotype G. ver~cosa Vi tt. 
SYNONYMS: see Trappe (1975a). PLATE 2 . 

Ascocarps globose to irregu lar, 0.3 - 2(-3) em in diam, 
with an ap ical orifi ce to t he hollow interior and most ly 
with a t uft of basa l mycelium, 1 i ght brown to black, 
ve rrucose, g labr ous to tomentose . Pe~dium and ep ithec ium 
of subangu lar to g l obose cel ls. CZeba a s ingle, even to 
irregu la r chamber lined wi th an epithec ium s imil ar to the 
peridium and enc losi ng the white to gray t rama and 
cont inuous o r i nter ru pted hymen ial pa li sade . Asci 
cy lindric to clavate, wi t h 8 uniseriate spores , nonamy loid, 
indehiscent, borne in a hymenial pa li sade among paraphyses 
whose tips d i fferentiate to form the ep i thecium. spores 
el li psoid to subg lobose or rare l y g lobose , 20-45 x 12-34 vm 
exc lud i ng o rnamentation, smooth in youth but soon deve l op
ing rounded to con ic wa rts that disso lve in 5% KOH, 
hya li ne. SPECI ES: ± 24, North Ameri ca and Europe. KEY: 
Gilkey ( 1954) for North Amer i can spec ies, Fi scher (1938} 
for European. Revised keys are bad l y needed for the ent ire 
genus. DISCUSS ION: Re lat i onsh i ps of Genea to gener a of 
Pezizales have not yet been satisfactorily estab li s hed . 

23 . Cenabea Tulasne & Tu lasne 1845a, monotype G. fragiZis 
Tu l. & Tul . SYNONYMS: see Trappe (1975a). PLATE 2. 

Ascocarps subg lobose to convoluted and knobby, 
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0.2-1.5 (- 2) em i n d iam, often wi th an o ri f i ce to the 
convo lu ted, holl ow in te ri or, f ine ly verrucose, lacking a 
basal myce li a l tuft, ye ll owi sh gray to br own or black, 
g labrous. Peridium and ep i thec ium of subangu lar to 
rounded, ± i sod iame tri c ce ll s . GLeba an i rregular chamber 
lined wi th an ep i thec ium s imilar to t he peri dium and 
encl os ing the wh i te to gray or ye ll ow ish gray trama and 
pockets of hymen ia . Asai c lavate to e lli pso id , wi th 
(1-)4-8 uniseri ate to bi seri ate or c lustered spores, 
nonamy lo id, i ndeh i scent , borne in a hymeni a l pa li sade among 
pa raphyses whose t i ps diffe r ent iate to f orm t he ep i t heci um. 
spo~es e lli pso id to g lobose, 26- 53(-70) x 20-53(-70) ~m 
exc ludi ng ornamentat ion, smooth i n youth but soon develop
ing prom inent sp ines, gray i sh ye l lovt t o br own. SPECIES: 
5, North Ame ri ca and Europe. KEY: Gi l key ( 1954) for 
Nor th Ame ri can spec ies, Fi sche r (1938) for Eu ropean. 
DISCUSSION: Re lat i onsh i ps of Genabea to Genea a r e 
discussed by Trappe ( 1975a). 

Famil y TERFEZ IAC EAE Fi scher 1897 emend. nov. 

Ascocarps solid, the g leba marb led wi th meande ring 
ve ins of hymen ia or isod iametr ic ce ll s or trama l tissue 
that enc loses fert il e pockets . Asci cy lindric to g lobos e , 
with 4-8 un iseri ate to c lu stered spores, nonamy l o id , 
indehi scent, borne among paraphyses in a hymen ia l pa li sade 
or random ly embedded in trama l t i ssue . Spo~es globose, 
or namented wi th rounded warts, cones, holl ow rods , sp ines 
or an irregu la r reticu lum, hya line to pa le brown. 
DISCUSSION: The past concept of the Te rfez iaceae (Trappe 
1971) has been based large ly on gross mor pho logy and thus 
has included dispa r ate genera s uch as Te~fezia wi th 
nonamyl o id asci and g lobose , ornamented spores; Picoa with 
nonamy lo id asc i and various ly shaped , smooth spores; 
AmyZasous~ with amy lo id asci and g l obose , ornamented 
spores; and Ti~aniaJ with amy lo id asc i and e llipso id to 
gl obose, smooth spores . The l atte r three genera have been 
ass i gned to other fam ili es ea rli e r in this paper . The 
fam il y Terfez iaceae as emended here i s based primaril y on 
ascus and spore characte ri s tics that prov ide a common 
thread t hrough gene ra that have evolved prog ress ive ly to 
spore dispe rsa l by mycophagy . The Te rfez i aceae appear to 
be re l ated to the Pyronemataceae, but the connec ti ons are 
unce r ta in at present. 
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24 . Choiromyoes Vi ttadin i 183 1, monotype C. meandrifon~ 
Vitt. r=C. venosus (Fri es) T. Fr i es]. SYNONYMS: see 
Trappe ( 1975a). PLATE 2. 

Asoooarps subg lobose to i rregul ar, 1-1 0 em in diam, 
smooth to ve rrucose , pa l e ye ll ow t o ye ll owi sh brown, 
g l abr ous to scabrous or pubescent. Peridium of br oad 
inte r.,.,oven hyphae , often wi th many ce ll s i nf l ated . Gleba 
so li d, wi th white to pa ll id trama ma r b led wi th narrO\o~, 

brown i sh yel l ow to br own ve i ns f il led by oppos i ng hymen ia 
and hyphae or occas i ona ll y open. Asci cy li nd ri c to c lavate 
or saccate, mostly with 8 un i seri ate to c l ustered spores, 
nonamy lo id , i ndeh iscent, fo rmed among pa raphyses in a 
hymeni a l palisade . Spores globose, 10- 30 ~m i n d iam 
exc lud ing or namentat ion, smooth i n you th but soon deve lop
ing a p i tted ep i spore, mi nute project ions , sp ines, or 
ho ll ow- rods, hyal i ne to li ght brown. SPEC IES : 5, North 
Ame ri ca, Eur ope , Africa , and Austra li a, includ i ng C. 
aboriginum sp. nov. KEY: no sa ti sfactory keys exist. 
DI SCUSS ION: Wi th i ts ferti le hymenium, Choiromyoes is the 
c l osest of t he f amil y to pez i zaceous ancestors. 

25 . Pachyphloeus Tul asne & Tulasne 1845a , monotype P. 
melanoxanthus (Tu l. in Berk.) Tul . & Tul . SYNONYMS: 
see Trappe ( 1975a). PLATE 2 . 

Ascooarps subg l obose, 0.5- 5 em in d iam, often wi t h an 
ap ica l depress ion or c l uste r of grooves, scabrous to 
ver rucose, brownish yel l ow to ye ll QI/I i sh green, r ed, or 
bl ack, g lab rous. Peridium of subangu lar to g lobose 
i sod iamet ri c ce ll s . Gleba so li d, gr ay i sh ye l low to near l y 
bl ack ma r bled with pal li d ve i ns that often tend to converge 
nea r the sporocarp apex. Asci cyli ndr ica l to clavate, 
e lli pso id , or subg lobose, wi th 8 uniser iate to bi se r iate or 
c lustered spores , nonamy loid, indehi scent, bor ne ir regu 
la r ly as a l ining to veins or embedded r andom ly in g leba l 
ti ssue . Spores globose, 14- 2 1 ~m in d iam excluding orna
men tat i on, smooth in youth bu t soon develop i ng mucilage
embedded to free pap ill ae or spines , hya li ne to brown. 
SPECIES: 6, North Ame ri ca, Europe, and Japan. KEY: 
Gi l key (1954) f or North Ameri ca spec ies , Hawke r ( 1954) or 
Lange ( 1956) fo r European spec ies . DISCUSS ION: The 
verrucose per id i um of i sod iamet ri c ee l Is sepa rates 
Pachyphloeus and Hydnobolites f rom other gene ra of the 
Terfez iaceae. Spores and ascus characte r s , however, 
s uggest a re lat ionsh i p to Choiromyoes on the one hand and 
Terfezia on the other. 
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26. Hydnobolites Tul asne & Tulasne 1843 , monotype H. 
cerebrifor.mis Tul. & Tul. PLATE 2. 

Ascocarps irregular, 0.3-3 em in d iam, smooth, wh i te 
to brown, g labrous to mi nu te ly scabrous. Peridium of 
± i sodiamet ric cell s. Gleba soli d, gray to ye ll owi sh 
brown marb led wi th ve ins lined with cells simi l a r to those 
of the peri di um. Asci sacca te to e l l i psoid o r subg l obose, 
with (4-}8 c luste red spores, nonamyl o id, indehi scent , borne 
randomly in t ramal t i ssue . spores globose, 12-24 ~m i n 
diam, smooth in yout h but soon deve lop ing an a lveo late 
ret i cu 1 urn, hya 1 i ne to pale brovm. SPEC IES: 2, North 
Ame rica and Eu rope. H. caZifornicus Fi sche r is known onl y 
from Nort h America . H. cerebriformis had been regarded as 
a strictly European spec ies, but spec imens col lec t ed in 
Iowa by Chri s topher Wal ker (pe rsonal communication) pr ove 
its presence in Amer ica as we l 1. KEYS: Gi lkey (1954) 
describes H. californicus and Hawker (1954) and Lange 
(1956) describe H. cerebrifo~s . DISCUSS ION : Thi s genus 
is c lose to PachyphZoeus on the one hand and to Ter fezia 
on the othe r. 

27. Terfezia (Tulasne & Tulasne} Tul asne 
lectotype T. Zeonis Tu l . & Tul . nom. 
a~enaria (Moris) Trappe]. SYNONYMS: 
( 1975a). 

& Tul asne, 
i I leg . [=T . 
see Trappe 

PLATE 2. 

Ascocarps subg lobose to turbinate or ir regu lar, 
2- 10 em in d iam, smooth, br ovmish ye ll ow to brown o r 
browni s h black , g labrous. Per idium of broad hyphae wi th 
inflated ce ll s. Gleba so li d, hdth ye ll ow is h to da rk brO\"n 
fe r ti l e pockets sepa rated by pale r but othe rwi se undif
ferentiated s teri le t r amal ve ins . Asci sacca t e to g lobose, 
with (3-) 5- 8 c lustered spores , randomly embedded in t i ssue 
of fe r t il e pockets . spor es globose, 14-55(-64) ~m 
exc luding ornamentat ion, smooth in youth but soon deve lop
ing an ornamentati on of muci !age-embedded or free sp ines , 
papill ae, or a ret icu lum, l ight yellow i sh brown. SPECIES: 
12 , southern North Ameri ca, South America, Central and 
Southern Europe, Africa, and As ia . KEY: Gi l key (1954) 
for American species, Fi scher ( 1938) for European, Af ri can, 
and As ian s pec ies . The genus needs monog raph ing and new 
keys . DISCUSSION: As the type genus for the family, 
Terfezia i s c lose l y re lated to othe r genera of the family 
in t e r ms of ana tom ica l cha racteri st ics , wi th the pos s ib le 
except ion of DeZastria . 
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28. Delastria Tul asne & Tu lasne 1843, monotype D. rosea 
Tu l. & Tul. 

Ascocarps s ubglobose to t urb inate or irregu l ar, 1-3 em 
in diam, even, wh i te to near l y bl ack , ve l vety to tomentose. 
Peridium absent or of i nterwoven hyphae wi th many inflated 
cel l s , sometimes entirely of i sodiametric eel ls . Gleba of 
r osy to brown fertil e pockets separated by pal lid ve ins. 
Asci c lava te to saccate, wi th 2-4 most ly un i seriate spores , 
nonamy loid, indeh i scent, embedded random ly i n tramal 
tissue. Spores g lobose, 23-35 ~m excluding ornamentat i on , 
smooth in youth but soon deve lop ing an o rnamentation that 
va ri es marked l y from a broad reti culum to crm.,ded sp ines, 
even between spores wi th i n an ascus. SPECIE S: 1, southern 
Europe and north Afri ca. KEY : The single spec ies of th i s 
genus i s desc ri bed by Fi scher ( 1938). DISCUSS ION: 
Delas tria i s a n unusual genus in many respects. I p lace it 
in the Te r fez iaceae because of its g lobose, o rnamented 
s pores, bu t its re lati onsh i p to the fami l y i s more tenuous 
than that of the other genera. 

Fami ly TUBERACEAE Dumort i e r 1822 emend . nov. 

Ascoca~ps soli d, ma rbl ed with hypha- stuffed veins 
meandering through fert il e tissue . Asci e lli pso id to 
g l obose, with 1-6 c lustered spores, r andom ly embedded in 
t rama l ti ss ue. Spores e lli pso id to globose, sp inose to 
geomet ri ca ll y ret iculate, pale bro~,om to da rk brown, the 
spor es i n s ingle - spor ed asc i l arger than those in multi
spor ed asc i wi thin a given sporocarp. DISCUSS ION: The 
Tuberaceae sensu late has been a catcha l 1 for genera that 
didn ' t f i t other fam ili es as conceived by prev ious authors. 
As defined here, it i nc ludes on l y the gene ra Tuber 
( i nc luding Lespiaultinia and Mukagomyces ) and Paradoxa. It 
d if fe r s most s triking ly from the Terfeziaceae in spore 
cha racte ri st ics. 

29 . Tuber Si bthorp ex Fries 1823, lectotype T. cibarium 
Si bth. ex Fri es (=T. brumaZe Vi ttadin i ) . SYNONYMS : 
see Trappe (1975a), a l so Mukagomyces lma i 1940 and 
LespiauZtinia Zobe l 1854. PLATE 3. 

Ascocarps subg l obose to much lobed and i rregul ar, 
0 . 3-12 em in d i am, smooth to coar se ly ver rucose, with 
sca ttered or c l ustered, pubescent furroNs, wh i te to ye ll ow, 
red , br own, or bl ack, g l abrous to pubescent or t omen tose . 



329 

Pe~idium of interwoven hyphae or ± isodiamet ri c cel l s or a 
mixtu re of both. Gleba so li d, \'lhite to gra y i n youth but 
gradually becoming bro~t>m t o b lack as spores mature , marbled 
with meander ing , white to gray i s h ye ll ow ve i ns often lined 
in youth wi th an ephemer a l, e rratic to regula r pal isade of 
paraphyses that grow out to stu ff the veins wi th inte rwoven 
hyphae, t he ve in s occas iona ll y open ing to fu rrows on 
ascocarp s urface. Asci e lli pso id to obovoid or g l obose, 
with 1-5( -6) c lu s tered spores , nonamy lo id, indeh iscent , 
rand om ly embedded in g lebal tis sue . spo~es e lli pso id to 
globose, 32-88 x 21-54 ~m exc lud i ng or namentat ion in 
s i ng l e- spor ed asci , 21-52 x 15-38 ~m in 4- s por ed asc i 
(spore s ize wi t hin a g iven sporocarp va r y ing inve r se l y wi th 
number of spores/ascus) , smoot h in yout h bu t soon deve lop
ing an ornamentat ion of spines or an a lveo late ret i cu lum, 
bro.-mi s h ye ll O\v to dark br own. SPECIES: ± 60 \oJith a 
s imila r numbe r of addit iona l spec ies ep i thets as synonyms . 
Cosmopo litan i n association with ectomycorrhi za l tree and 
shrub hos t s . KEY: No ex i s ting keys can be recommended, 
because the genus badly needs monographing with spec i a l 
attention t o sharpen ing o f spec ies concepts . DISCUSS ION: 
The wide range of var i a ti ons now known for th i s l a rge 
genus eas il y encompass the sma ll gene ra £espiauZtinia a nd 
MUkagomyces , the spec ies of wh ich are recombined as Tuber 
spp . he r e . MUkagomyces, indeed, appea r s to have been 
erected as a resu l t of a misunderstand ing of the terms 
' 'venae ex t e rnae" and "ve nae inte rnae" commonly used i n 
describing the g le ba l st ructure of Tuber spp. Because such 
mi s unde r standing i s widesp read and becau se t he terms have 
not been uniform ly defined or applied, I avoid them 
altogethe r . 

30. Paradoxa Mattiro lo 1935, monotype P. monospora Matt . 
PLATE 3. 

Ascocarps s ubg lobose to i rregu l ar, 0.4-1 em in d iam , 
smooth but with prom inent furrows, brownish ye ll ow to 
r eddi sh brown, g labrous. Pe~dium of in terwoven hyphae . 
Gleba solid , pa lli d in youth, by maturity blackish brown 
with pall id to brown meande ring ve ins. Asci e lli pso id t o 
g lobose, 1-spored, nonamylo id, indehiscent, random l y 
embedded in trama l tissue. Spores broadly el lipso id to 
globose or occas iona ll y irregu lar, 57-80 x 55-80 ~m 
excluding ornamentation, smooth in youth but soon deve lop
ing an a lveo late ret iculum, very da rk brown at ma turity. 
SPECIES: 1, I ta l y . DISCUSSION: Paradoxa has been pl aced 
in the Terfez iaceae sensu lato, but in anatomy and spor e 
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characteristics it is c l ear l y related to Tuber. 

Family CARBOMYCETACEAE Trappe 1971 

31. Carbomyces Gilkey 195~, holotype C. emergens Gilkey. 
PLATE 3. 

Ascocarps subglobose , 2-~ em in diam, smooth, wh ite to 
du 11 ye 11 ow or brmo~n, g 1 ab rous . Peridiwn of interwoven, 
pericl ina l hyphae, with many ee l Is inflated in the 
subcutis. Gleba soli d, of brown fertile pockets sepa rated 
by white to olive veins. Asci subg lobose to g lobose, with 
8 clustered spores, nonamyloid, indeh i scent but d i s inte
grating at matur ity, brown, randomly embedded i n t i ssue of 
fertile g leba l pockets . spores el li pso id, 17-19 x 11-14 ~m 
exc ludi ng ornamentat ion of spines, or globose, 10-19 ~m and 
smooth, hyaline to pale brownish pink. SPEC IES: 3, 
deser ts of southwes tern United States. KEY: Gilkey (1954) 
inc l udes two of the three species. DISCUSSION: Carbomyces 
species apparent ly deve lop hypogeous l y but often emerge, 
dry out, and are bl own about by .,.lind . In the dry stage, 
the g l eba i s fr iab le to powdery because the great ly 
inflated gleba l cells co l lapse. Relationships of Carbo
myces to other Ascomycotina are unknown. 

NEW TAXA 

ELAPHOMYCETALES ordb nov. Cleistothecia 0. 5- 4 em in diam, 
persaepe ectomycorrhizis involuta, cava vel puZvere 
sporarwn repleta. Peridiwn crassum, carnoswn, coriaceum 
vel carbonacewn, laeve vel m:1ni[este verruoosum, 
cinnamomewn> indigoticwn vel atrwn, gZabrwn vel tomentosum. 
Asci globosi, octospori, inamyloidei, indehiscentes, 
evanescentes . sporae globosae, spinosae vel reticulatae, 
fulvae, brunneae vel opacae. Monotypus : EZaphomycetaceae . 

GENEACEAE fam . nov. Ascocarpia 0. 5- 2 em in diam, globosa 
vel irregularia, cava, orificio; cavitas aequata vel 
irregularis, epithecio peridiaceo limitata. Peridium 
verrucosum, cerinum, br unneum, vinacewn vel atrum, 
glabrum vel tomentosum. Asci cylindrici vel late clavati, 
octospori, inamyloidei, indehiscentes , inter paraphyses in 
hymeniis inclusis continuis vel interruptis portati . 
Epithecium apicibus differentiatis paraphysium foPomatum . 
Sporae ellipsoideae vel globosae, verrucosae vel spinosae> 
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hyalinae vel bruneoZae . Genera duo : Genea (holotypus) et 
Genabea. 

CLELANDIA ARENACEA gen. et sp. nov. Ascocarpia exsiccata 
± 2 em in diam~ profunde sulcata. Peridium gZabrum~ 
palZide fulvum~ arena aclherenti veZatum. Gleba locuZis 
vacuis Zabyrinthinis~ hymeniis Zimitatis . Asci cylindrici 
vel saccati~ octospori~ vaZde amyZoidei. Sporae late 
ellipsoideae vel subgZobosae~ 10- 12 x 8- 10 ~ in diam~ 
dispersae~ inferiores quam asci . HoZotypus : ADW 15885. 

Etymo logy: In honor of the col lect or, Austr al i an 
myco log ist J. B. Cle land, Lat in , arenaceus (sandy). 

Ascocarps hypogeous or subhypogeous, as dr ied ± 2 em 
in diam, deep ly fur rowed . Peridium g labrous, pa le orange 
brown as dried but appearing da r k reddish brown f r om 
adherent sand. Gleba pale brown ish ye l low, wi th empty , 
l abyrinthine chamber s lined wi th hymenia. 

Spor es broadl y e llipso id to subg lobose, 10-12 x 
8- 10 ~m, smooth, hyaline , wi th a s ing le de Bary bubble ; 
\<~a ll s ± 1 lJm thick. Asci cy lindri c t o saccate, 90- 120 x 
12- 25 ~m, with 8 uni se ri ate to biser iate spores, hya li ne, 
diffuse ly blue but rea ct ion s t ronges t at the tip in 
Melze r• s r eagent, th in-wa ll ed, tapered to a s i mp l e base, 
indeh i scent, per s istent, borne among paraphyses in the 
hymen i a . Paraphyses 5-8 vm in diam, hyaline , th i n-wal led , 
septa t e, loose ly sca tte red among and shorte r than the asc i. 

Peridial and gleba tissue of hya li ne, thin-wall ed 
i nf l ated ce ll s 20-100 lJm i~ diam . Subhymenium rehydrat i ng 
poorly, narrow, appa rent ly of i nterwoven, hya l ine , thin
wa ll ed hyphae ± 8-1 5 lJm in diam. Known on l y from the a rid 
cent ral region of AustralIa. 

Specimens examined: HOLOTYPE-AUSTRALI A, Northern 
Terr itory: Mt. Wedge Stat ion, 25 Aug. 1957, col. J . B. 
Cle land (hol otype ADW 15885 , isotype OSC). PARATYPE
Haast •s Bluff Reserve, 3 Sept . 1957, co l . J. B. Cle land 
(ADW 8615). 

DINGLEYA VERRUCOSA gen . et sp. nov. PLATES 1 and 4. 
Ascocarpia exsiccata usque ad 3. 5 em in diam~ subgZobosa 
vel Zobata. Peridium verrucosum, fragmentulis 
pubescentibus~ brunneum. Gleba loculis labyrinthinis, 
hymeniis Zimitatis , sporis et ascis farctis . Asci 
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cy~indrici~ pro parte maxima octospori~ inamyZoidei . 
sporae eZlipsoideae~ 19- 26 x 15- 18 wn sine ornamentis ; 
episporis 1- 3 ~m incrassatis , amorphis~ brunneo-vinosis, 
nodoaia et porcatia . Paraphyses ± 2 ~ in diam~ aequaZes 
vel inf erior>es quam asci . HoZotypus : PDD 29'112. 

Etymo logy: In honor of New Zea l and myco l og ist Joan M. 
Dingley, who recogni zed the nove l ty of this spec ies ; Lat in, 
verrucosus (warty}. 

Ascocarps hypogeous to subhypogeous , as dr ied up to 
3.5 em in d i am , s ubg lobose to lobed. Peridium ver rucose 
with s ubangula r warts 0.2- 0 .4 x 0.2-1 .0 mm , sma l 1 pubescent 
patches scat tered among the wa rts, the t h in ep i cuti s brown 
and t he thick s ubcutis ye ll owish white . GZeba ye ll ow i sh 
\-Jhite, with laby rinthine chambe r s 0.2-1 mm broad and 
comple te l y s tuffed with asci and spores from adpressed 
hymenia. 

Spores e llipsoid , smoot h in youth , 19- 26 x 15-1 8 ~m 
exc luding ornamentat ion, 32-38 x 20-28 ~m inc lud ing orna 
mentation at matur ity of a vinaceous br own, amor phous 
ep i spore 1-3 vm thick with round ed knobs and ridges 4-12 x 
2-5 vm, the knobs on spore ends fr equentl y larger than 
those on the sides. Spore wall s st rong ly cyanophi li e , at 
matu ri ty the epispore cyanoph ili c but st r ongl y so only on 
the oute r sides of the knobs and ridges . Asci cy l i ndri c, 
mos tly 230- 280 x 25- 30 vm , most l y with 8 uniseriate spo res, 
hya line , nonamy lo id, thin-wa ll ed, t apered to a broad l y 
c roz iered base, indeh i scent, pe r s i s t ent , bor ne among 
pa r aphyses in the hymen i a. Paraphyses± 2 vm in diam, 
hya line, thin-wall ed , fr equently sep tate , s traight, r ound
tipped , equa li ng or s horte r than the asci. 

PeridiaZ tissue with a n epicut i s 50-150 vm thick , of 
± i sod iametr ic ce ll s 10-25 (-30) vm in diam, with ye ll owi s h 
brown wa l Is 2-3 vm thick, grading to the subcutis of 
inte rwoven, hya line hyphae 4-6 vm in d iam. GZebaZ tissue 
simila r to that of s ubcu t is. Subhymenium of interwoven , 
hyaline, thin-wa ll ed hyphae 4-8 vm in d iam with occas iona l 
cell s infl a t ed to 10-1 2 ~m . 

Known only fr om Nor th and South Is l ands, New Zea l and. 

Specimens examined: HOLOTYPE-NEW ZEALAND, North 
Island~ Auckland Di st ri ct : Waima, Hok ianga, 21 Sept. 1966 , 
col. R. A. Cumber (ho lo t ype POD 297 12, i so type OSC). 
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PLATE 4.--Fresh sporocarps of hypogeous Ascomycot i na, about 
natu ra l s i ze . (ABOVE) DingZeya verrucosa sp . nov . , cross 
sect ion ( left) and two su rface views . Photo #14360 by A. 
Unde rh ill , Pl ant Di seases Divis ion, D.S. I .R . , Auck l and, N.Z. 
(B ELOW) Pezi za stuntzii s p. nov. , two cross sections . U. S. 
Forest Ser vice Pho to by R. Mo li na. 
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PARATYPES-NEW ZEALAND, North Island~ Auckland District: 
Titirangi, Nov. 193 1, col. H. Hod gk in s, POD 29714; 
Titirangi , Atkinson Park, 3 July 1966, col. R. F. R. 
McNabb, POD 29710. South IsUxnd~ West land Di str ict, 
Longford, Buller Gorge , March 1931, col. H. Bowland, 
POD 29711. 

CHOIROMYCES ABORIGINUM sp. nov. Ascocarpia usque ad 
7x5 cmJ subgZobosa vel tuPbinataJ profunde suZcata vel 
lobataJ mo2Zia. Peridium glabrwnJ album vel cremeum. 
Gleba albaJ loculis LabyrinthinisJ hymeniis limitatisJ 
sporis et ascis farctis. Asci claviti vel saccatiJ 
octosporiJ inamyloidei . Sporae subglobosae vel globosaeJ 
9. 5- 13. 5 x 8. 5- 12. 5 vm sine ornamentatisJ hyalinaeJ 
projecturis congestis 0. 1 x 0 . 1 vm. Paraphyses 3- 5 vm in 
diamJ dispersae~ sinuosae. Holotypus : MELUJ leg. Donald 
ThorrrpsonJ VIII 1958. 

Etymology: Latin, genitive of Aborigines {original 
inhabitants). referring to the use of this truff l e by the 
Australian aborigines (Mclennan 1961). 

Ascocarps subhypogeous to hypogeous, up to 7 x 5 em, 
subglobose to tu rbinate , deeply furrowed and lobed, soft. 
Peridium smooth, glabrous, white to pa l e cream colored. 
Gleba white to pale cream colored, wi th narrow labyr inthine 
chambers fill ed by oppos ing hymenia or, \"'hen broader, 
stuffed with hyphae. 

Spores subg lobose to globose, 9.5-13.5 x 8.5-12.5 ~m 
excluding ornamentation of mi nute, crowded projections, 
hyaline. Spore walls 1.5-2 ~m thick. Asoi clavate to 
saccate, 90- 150 x 15-30 ~m, with 8 uni ser ia te to biseriate 
or c lus t ered spores, hyaline, nonamy loid, thin-walled, with 
a l ong tapered stem, indehiscent, borne among paraphyses in 
the hymenium. Paraphyses 3-5 ~min diam, hyaline, thin
wa lled s inuous, scatte red among the asci. 

PeridiaZ tissue of inte rwoven hya line, thin-wal led 
hyphae 3-10 ~m in diam with many cells i nf lated to 15-20 ~m 
and scattered to abundant sphaerocysts 40-120 ~m i n diam. 
GlebaZ tissue and subhymeniw11 s imi lar to per idial tissue 
except with onl y few inflated cells and sphaerocysts; 
hypha! stuffing of chambers wi th abundant inflated cells 
and sphae rocysts. 

Known only from the central Austra li an de sert. 



Specimens examined: HOLOTYPE-AUSTRALIA, Wes te rn 
Australia: near La ke Ha z lett , Aug. 1958 , col. Donald 
Thompson (ho lotype MELU, isotype OSC). 
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Discussion : Mclennan (1961) descr i bed this col
lect i on as the bas i s for her new genus EZderia , but s he 
designated Stephensia arenivaga Cooke & Massee as t he type 
collection. C. aboriginum d iffers fr om S. arenivaga in 
having a g l ab rous ra ther than tomentose peridium, orna 
mented rathe r t han smooth spores , and abundant sphaerocyst s. 
Sphaerocysts do not occu r in othe r s peci es of Choiromyces~ 

so C. aboriginum may eventua ll y meri t e r ec tion of a 
sepa rate genus. Infla ted cell s a re common i n deser t 
truff les, however , and t hus may r e present a spec i a l adap
tation to that e nv ironment. 

PEZIZA STUNTZII sp. nov. PLATE 4. Ascoca;?pia usque ad 
3 x 5 em~ irreguZaria~ profunde suZcata. Peridium scabrum~ 
carneum. Gleba carnea~ soZida~ venis brunneis ma~norataJ 
venae saepe ad paginam apertae . Asci cyZindrici~ 
octosporiJ amyZoidei (fortissime ad aspices) J ad apices 
indentati . Sporae eZlipsoideae~ 12- 15 x 10- 12 ~m sine 
ornamentis verrucarwn et cristuZa:rwn ± 0. 5 x 0. 5 umJ 
hyalinae. Paraphyses 3- 8 wn in diam~ apicibus clavatis . 
HoZotypus : ~appe 4818 (OSC) . 

Etymo logy: In honor of Dr. Dani e l E. Stuntz. 

Ascocarps hypogeous, up to 3 x 5 em, irregu l ar, deep l y 
furrowed. Peridium scab rous, f lesh pink. Gleba so lid, 
fl esh pink, ma rbl ed wi th brovm ve ins mos tl y filled with 
hymeni a and often opening to the surface. Odor of sp i cy 
sausage . 

Spor es e llipso id, 12-15 x 10- 12 um exc lud i ng the 
ornamentati on of cyanophilic wa rts and short r idges ± 0.5 x 
0.5 um, hyaline. Asci cylindric, 230-26 x 11-16 )Jm, ~v i th 
8 uni seri ate spores, hya line, the ap ica l ha lf s trongl y 
blue in Me lzer' s reagen t, ap ices inde nted or somet imes with 
a c ircumferent ial line, the bases croz ie red. Pa~aphyses 
3-8 urn in diam, with c lavate tips . 

PeridiaZ tissue a pa li sade of f r equentl y septa t e 
hyphae 7-25 urn in d iam, wi th obtuse to c lavate t i ps. 
Glebal tissue of loose l y in tenoJoven hyphae 7-20 urn in d i am 
with abundant rounded to subangul a r eel Is 10-45 urn in d iam. 
Subhymenium of tight l y in terv1oven hyphae 6-1 5 urn in di am . 
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Known on ly f rom the type co ll ection i n a mixed woods 
of Pseudotsuga menziesii and Quercus garrayana, e lev . ca. 
550 m. 

specimens examined: HO LOTYPE- U.S.A., Wash ington , 
Yak ima Co., Ti eton Ri ver Val l ey, Windy Po i nt Forest Camp, 
28 Oc t . 1976; Trappe 48 18 (OSC). 

Discussion: P. stuntzii mo re c l ose l y approaches the 
typ i ca l t r uff les in form than do most sparasso id Pezizales 
as di scussed by Korf ( 1973). I did not f i nd indisputab le 
opercula, but the ascus ap i ces a re st ructured for them . 
In any event, a ll other a natom i ca l featu res c lear ly relate 
the spec ies to the genus Peziza. 

NEW COMB INATIONS AND RANKS 

BARSSIA YEZO- MONTANA (Kobayas i ) comb. nov . 
Bas ionym: Phymatomyces yezo-montanus Kob . , J . J ap. 

Bot. 13:913-914, 1937. 

ELAPHOMYCES subgen . ASCOSCLERODER~ Clemencet status nov. 
Basionym: AsaoscZeroderma Clemencet, Le Bot . 24 : 

14- 36, 1932 . 

GENEA ~SPEDOSTO~ (Gilkey) comb. nov . 
Basionym: Petchiomyces kraspedostoma Gi l key, Oreg. 

State Monogr. Stud. Bot. 1: 15, 1939. 

LABYRINTHOMYCES VARIUS (Redway) comb. nov. 
Basi onym: Stephensia varia Rod\•1. , Roc. Soc. Tasmania 

P roc . 1 8 9 7 : 1 2 9- 1 3 0 , 1 8 9 7 . 

PEZIZA ELLIPSOSPORA (G il key) comb . nov . 
Basionym: Hydnotrya eZZipsospora Gi l key, Univ . Cal . 

Pub l. Bot. 6:307,344, 19 16 . 

TUBER HIROMICHII ( lma i) comb. nov . 
Bas ionym: Mukagomyaes hiromiahii lma i , Proc . Imp . 

Acad. Tokyo 16: 154, 1940. 

TUBER OLIGOSPERf4VM (Tu l asne & Tu l asne) comb . nov. 
Bas ionym : Terfezia oligosperma Tu l . & Tul., Fungi 

hypogae i , p. 176, 1851 . 
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TUBER PHLEBODERMUM (Gilkey) comb . nov. 
Basionym: Delastriopsis phlebode~na Gilkey, Oreg. 

State Monogr. Stud. Bot. 1:49, 1939 . 
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IN DEX TO GENERA AS NUMBERED IN TEXT 

AmyZasous - 9 Hydnotrya - 2 
Asoosoleroderma - 1 Hydnotryopsis - 8 
BaZsamia - 20 Labyrinthomyoes - 15 
Barssia - 19 Lespiaultinia - 20 
Carbomyoes - 3 1 l~kagomyoes - 29 
Caulooarpa - 5 Paohyphloeus - 25 
Choiromyoes - 24 Paradoxa - 3 0 
CleZandia - 7 Pazaooooty Us - 16 
DeZastria - 28 Petahiomyaes - 17 
Densoaarpa - 11 Peaiza - 6 
Dingleya - 3 Phymatomyaes - 19 
EZaphomyoes - 1 Piooa - 21 
EZderia - 11 Saraosphaera - 5 
Fisoherula - 4 Sphaer>osoma - 1 1 
Genabea - 23 Sphaer>ozone - 18 
Genea - 22 Stephensia - 14 
Geopor>a - 12 Ter>fezia - 27 
Hydnobolites - 26 Tirmania - 10 
Hydnooystis - 13 Tuber - 29 



338 

REFERENCES 

Auers\.,a1d, B. 1869. Sa.l"cosphae1'a Awd., novum genu s Discomycetum. 
Hedw igia 8:82 -83. 

Beaton, G. and G. Weste . The genus Labyrinthomyces . Trans. Brit. 
Myco l. Soc. 69:243- 247 . 

Be rke ley, M. J., and C. E. Broome . 1846. Not i ces of Br i tish hypogeous 
fungi . Ann . Mag. Nat. Hist. 18:73- 82. 

Boed i jn , K. B. 1939 . The Tubera les of the Ne ther l ands Indies . Bu l 1. 
Jard . Bot. Buitenzorg Ser . 3 , 16:236- 244 . 

Burdsa ll , H. H., Jr . 1968. A rev i s ion of the genus Hydnocystis 
(Tuber a les) and of the hypogeous species of Geopo1'a (Pezizales ). 
Myco l og i a 60 :496-525 . 

Chatin, A. 1890. Contribution ~ 1 'h i s to i re nature ! le de Ia truffe . 
Compt . Rend . Acad . Sc i. Par i s II 1:947-953. 

C l ~mencet, M. 1932. Contr i bution~ l' ~tude du d~ve l oppement e t de 
1 ' anatomle des Ascomyc~tes hypog~s . l es E l a phomyc€tac~es. 
l e Botanlste 24:3- 105 . 

Cord a, A. J . C. 1842. 
Ehrli ch, Pr ague . 

An leitung zum Studien der Myco logi e . 
223 p . 

Fri ed r ich 

Denni s , R. W. G. 1974. New or inte r es t i ng Briti s h mlcrofung i, I l l . 
Kew Bu l. 30 : 345- 365. 

Dietr ich, A. 1839. Flora regnl borussici, Plates 433-504. 

Dodge, C. w. 1929. The higher Pl ectasca les . Ann. Myco l. 27 : 145-184. 

Dumorti e r , B.-C . 1822. Corrrnentations botanicae . Tournay. 

1829 . Anal yses des famil les des p lantes . J. Ca s te rman, 
Aine , Tournay . 104 p. 

Eckblad, F. -E . 1968. The genera of ope rcu late Di scomycetes . Nytt Ma~ . 
Bot . I 5: 1- ! 91 . 

Fennell, D. I. 1973. Plectomycetes : Eurot ial es. In A i ns~>lo rth, G. C., 
F. K. Spa r rov1 , and A. S. Sussman (eds.), The Fung i IV A. Academic 
Press, New York. pp. 45 - 68. 

Fi scher, E. 1897. Tube raceen und Hemi asceen . Rabe nhors t's Kryptog.
Fiora Deut sch lands , Osterreich und de r Schweiz , ed. 2 I , V(5):3-81. 

. 1938 . Tube rineae . Eng l er and Harms Nat . Pflanzenfam. 
--e"'"""d,..... --=2,....,- 5b(8): 1-42. 

Fries , E. 1822 . Systema myco log icum 2( 1): 1-274. 

1823 . Systema myco1og icum 2(2) :275-620. 



339 

1829 . Systema Myco log i cum 3( 1): 1-260. 

Gilkey , H. H. 1916. A revis ion of the Tubera les of Ca l iforn ia . Unlv. 
Cal. Pub l . Bot. 6:275- 356. 

1925. Five ne\'1 hypogaeous fungi. Mycolog ia 17:250-254. 

1947. New or othentise noteworthy spec ies of Tubera les. 
Myco log ia 39:441-452 . 

1954. Tuberales. North Amer. Flora 2, 1: 1-36 . 

1961. New spec ies and revisions in the order Tuberales. 
Myco log ia 53 : 215- 220 . 

Har kness, H. W. 1885 . Fung i of the Pac i f ic Coast. Bull . Cal . Acad . I : 
159-1 76. 

Hawker, L. E. 1954. Bri tish hypogeous f ung i . Phi l . Trans. Roy. Soc. 
London 237 :429-546. 

lmai, S. 1940. Second note on the Tubera les of Japan. Proc . Imp. 
Acad. Tokyo 16: 153 -1 54. 

Kimbrough , J. W. 1970 . Curren t trends in the c lass i fication of 
Discomycetes. Bot. Rev. 36:9 1- 161. 

Kobayasl, Y. 1937. Phymatomyces~ a new genu s of the Tuberaceae. 
J. Jap. Bot. 13:912- 914 . 

. 1963. On a new genus Protogenea of the Tuberales. 
----~T~r-a-n-s-.~Myco 1. Soc . Japan 4: 11 9- 120. 

Korf , R. P. 1972. Synoptic key to the genera of the Peziza l es. 
Myco log ia 64:937- 994. 

1973a. Spa rassoid ascocarps in Pez i za 1es and Tubera1es. 
Rep . Tottorl Mycol. lnst . 10:389- 403 . 

1973b. Di scomycetes and Tubera 1es. In Ai nswor th, G. C. , 
F. K. Sparrow , and A. S. Sussman (eds.) , The Fung i IV A. Academ ic 
Press, New Yo rk. pp. 249-319 . 

Lange, M. 1956. Dan i sh hypogeous fung i . Dansk Bot. Ark. 16: 1-84. 

Ma 1 en~on, G. 1973. Champ ignons hypoges du nord de !'Afrique - I . 
Ascomycetes . Persoon ia 7:26 1-288 . 

Hatti ro lo, 0. 1928. Secondo e 1enco del "Fungi Hypogae i" raccol ti 
ne 11 e Foreste de Va 11ombrosa (1900-1926). Nuovo Gior n. Bot. l ta l . 
n.s. 34: 1343-1 358. 

1935. Cata logo rag ionato de l fungh i i poge i racco1t i ne l 
Canton Ti cino e ne 11 e prov inc ie i ta 1i ane confinanti. Contr. Flora 
Cri ttogama Svlzze ra 8(2) : 1-53. 



340 

Mclennan, E. I. 1961. Australian Tuberales . Proc . Roy . Soc. Victoria 
74: 111-117. 

Rod\o1ay, L. 1897. Tasmanian fungi. Roy. Soc. Ta sman ia Proc . 1897: 
129-144. 

Shaffer, R. L. 1968. Keys to genera of higher fungi. Ed. 2 , Un lv . 
Mich. Bioi . Sta., Ann Arbor . 131 p . 

Smith, A. H. 1973. Aga ricales and re lated secot ioid Gasteromycetes. 
In Ainsworth, G. C., F. K. Sparro1-1, and A. S. Sussman (eds.), The 
Fungi IV B. Academic Press, New York. pp. 421 -450 . 

Trappe, J. M. 1971. A synopsis of the Carbomycetaceae and Te r feziaceae 
(Tuberal es) . Trans . Brit. Mycol. Soc. 57:85-92. 

1975a. Generic synonyms in the Tuberales. Mycotaxon 2: 
109-122. 

1975b. The genus Pischeru~ (Tuberales). Myco logia 67: 

l975c. The genus A~JZascus (Tuberales). Trans. Brit. 
Mycol. Soc. 65:496-499. 

Tulasne, L.-R. and C. Tulasne. 1843. Champignons hypog~s de Ia fami ll e 
des Lycoperdacees , observ~s darns les environs de Paris et les 
D~pa r tements de Ia Vienne et d ' lndre- et-Lo ire . Ann. Sci. Nat. 
Ser . 2, 19:373-381. 

J845a. Fung i nonnul l i hypogaei , novi v . minus cogniti. 
Ciorn. Bot. ltal. 2 , Pt. 1(7/8) :55-63. 

J84Sb. M~mo i re pour servir a l'hi stoi re des champ ignons 
hypog~s suiv i de leur monograph ie et accompagn~ de planches . Comp. 
Rend. Acad. Sci. Paris 21: 1432-1436. 

222 p. 

Vi t tad in i , C. 
Milano. 

1851. Fung i hypogae i . Friedr ich Klincksieck, Pari s . 

1831. 
88 p. 

Monog raphia Tuberacea rum. Fe l i c i s Rusconi, 

Zobe l , J. B. 1854. A. C. J. Corda , l eones Fungorum hucusque 
cognitorum 6:1 -91. 



N 
Vol. IX , No .1 , pp . 34 1 -34 7 

THE STI RPS COHAERENS OF MA RASMIUS 

ALEXANDER H. SMITH 

Universi t y Herbarium 
Universi ty of Michigan 

Ann Arbor, Michigan 48104 

June 12 , 19 79 

The agarics which r evive whe n moistened, have + white 
spo r e deposi ts, and tough often hairlike st ipes, have 
presented gr eat diffi culty t o taxonomists attempting to 
discern phylogenetic rel ations hips among the various taxa . 
In the last t wenty f ive years much bas been done to clarify 
concepts i n t his group at the species level, but much still 
remains t o be done . Fo r instance , the fact tha t a few 
spec i es of Ma~asmius have amyl oid spores is now, fol lowing 
Singer ( 1975) or Gi lliam (1976) , cons idered s uff i cient for 
excluding t hem f r om the genus . This is done in s pite of 
the fact that i n other gener a of t he Tric hol omataceae s uch 
as Cystode~ma Fayod, we have species , one with and o ne 
wi thout amyloid spores but othe rwise r emarkabl y simil ar in 
all their o ther bas i c features . One subject of a general 
nature which will command c r itical attent ion in the 
f oreseeable f uture is the degr ee of var iability in micro
scopic char acters as this r elates t o the use of various 
featu r es in pr opos ing species and gene ric concepts . 

I t should be kept i n mind that the hypha is the basic 
unit of s tructure of all agaric fruiting bodies and t hat 
the same environmental pressures are l i kely t o pr oduce t he 
same c hanges in t he various g r oups of agarics as these are 
based on s po r e and hyphal c haracters . Thus we f ind that 
na rrow hyphae in t he cuticle of the pileus ar e a feature of 
many unrelated ( relatively) s pecies . In some of these the 
hyphae will become gelatinized and in o ther s not, o r in 
some the hyphae will excrete slime but the walls will not 
gel atinize -- but i n both t ypes a viscid pil eus will 
r esult; or one may fi nd that both features, the breakdown 
of the hypha! wall and the excretion of sl ime, may take 
place in the caps of a single species. In t he present 
states of our knowledge of agar ics , si tuat ions l ike this 
complicate the problem of r ecognizing t rue relations hip in 
the orde r Agar ical es . We must not only learn to recognize 
a c haracte r exhib ited by a f ungus, bu t also know something 
of its origin befor e we c laim to have correctly perceived 
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its phylogenetic significance. Another illustration of 
changes in our viewpoint relative t o the phylogenetic 
significance of a character, is in that involving spore 
o rnamentation. Smooth spored as contrasted to species 
with ornamented spores have in some instances been regarded 
as relatively unrelated (in the Boletaceae fo r instance). 
This conclusion was arrived at with data obtained with the 
light microscope. Later, with the aid of SEM some "smooth 
spored" s pecies were found to have distinc tly ornamented 
spores. Thus the problems of phylogeny must be reexamined 
periodically as more data are gathered and new techniques 
are developed . 

One approach ~o the problem of studying the marasmioid 
agarics as well as other groups is to recogn ize and define 
small groups of obviously closely related species as 
arrived at on the basis of all t he char acters known 
(overall similar ities), and to gradually construct a system 
of classification with such groups as the foundation 
stones. The unofficial categor y of stirps is ideal fo r 
this since it can be adjusted to new information without 
extensive bookkeeping on the officially recognized genera, 
species, subspecies, varieties and forms . A stirps bears 
the specific epithet of its central species, as indicated 
in the title of this contribution. The following example 
of a stirps involves three Michigan species and o ne o f 
southeastern distribution. The concept of the stirps and 
its name, have been widely but not frequently used in 
taxonomic botany for at least fifty years. 

S~irps Cohae rens 

The central and most widely known species , Marasmius 
cohaerens (Pers. ex Fr.) Cooke & Qu~let, is a marasmioid 
species featuring, among other characters the thick-walled 
setalike pleurocystidia with + rusty brown walls. In 
addition to the cent r al feature of the pleurocystidia, it 
features a mat of basal mycelium, a more or less cartilagi
nous t o horny + polished stipe, and the occurrence of 
basidiocarps typically in clusters on a woody substrate. 
The cells of the pilear cuticle are smooth to branched as 
Gilliam (1976) has correctly pointed out. 

A second species, Maroasmius cystidiosus (Smith & 
Hesler) Gilliam, is southeastern in distribution, but 
rather similar to M. cohae roens in general featu res . It 
bas both thin- and thick-walled pleurocystidia and t heir 
walls are hyaline to very s lightly colored (as revived in 
KOH). It occurs on humus scattered to gregarious or in 
s mall groups, a basal mat of white mycelium is only weakly 
developed, the taste of tbe raw context is bitter, and the 
pileus cuticle is a palisade of clavate cells. It is 
distinct from M. cohaeroens in having pleurocystidia with 
paler to hyaline walls, in being terrestrial, and in having 
a bitter taste . In describing t~e species Smith & Hesler 
(1940) stated of the pleurocys~idia: " the walls usual ly 
thickened" (p. 306) . Gilliam (l.c . p. 48) described them 



343 

as: "with hyaline to pale yellow thin walls" . The 
cystidia are extremely variable in size and s hape, however, 
as described by Gilliam as well as the original authors. 
Because of the relatively fleshy nature of the basidio
carps, Smith & Hesler did not compare the species with 
those of Marasmius at t he time they described it . 

A third species, Marasmius ~eighii Smit h occur s in 
dense clusters on wood, has thick-walled + hyaline setalike 
pleurocystidia, a basal mat of mycelium around the cluster, 
and a mild to weakly nauseous (not bitter) taste. It is 
closer t o M. cystidiosus in cystidial features than to 
M. cohaerens, as indicated by Gilliam wbo considered it 
synonymous with M. cystidiosus. Smith previously (in 1929) 
and under Kauffman' s direction identified this species as 
Marasmius fasciatus Penni ngton. For a clarification of the 
nomenclature relative t o M. fasciatus see Gilliam (1976). 

The last species, Marasmius delectans Morgan, differs 
f r om all the above in its white pileus. It bas thick
walled pleurocystidia and the basidiocarps are bound to 
each other to some extent by a mat of mycelium in the 
fallen leaves and humus. It also has the polished carti
laginous stipe. These fo ur species appear to me to be 
closely related on the basis of all their characters, but 
at the same time have a central character to focus on them 
as a gr oup. In Gilliam's t reatment M. cystidiosus , and by 
implication M. Zeighii, are placed in Section GZobu~ares 
and M. cohaerens and M. deLectans are in s ection Sicci. 
To me these four species (all of which I have studied i n 
the fresh condition) should be placed i n the s ame section 
and in t he same stirps . The concept of a stirps is marked 
by the degree of relationship of the species included in it 
rathe r than by any particular number included . There are 
genera t hat might well be r egarde d as a s ingle stirps. 

Key t o Species of Stirps Cohaerens 

l. Pileus white o r whitish .. 

1. Pileus brown t o grayish brown. 

2 . Taste of raw context bitte r. 

M. de~ectans (pl.3): 
see Gilliam p. 54 for 
description. 

M. cystidiosus (see 
fig. 8 , S. & H.) 

2 

2. Taste of raw context mild o r s light .... . . 3 

3. Pleurocystidia s etalike and + 
rus ty brown i n KOH or a2o. . 

3. Pleurocys tidia setalike but 
mostly hyaline . . . . . . . 

M. cohae r ens (pl.2; 
see Gilliam p. 64 for 
description) . 

M. Zeighii Smith pl .l 
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Marasmius cystidiosus (Smith & Hes ler) Gilliam, 
Mycotaxo n 4: 47. 1976 ( CoZZyb i a cystidiosa Smith & Hesler, 
J ourn. Elisha Mitchel l Sci . Soc. 56 :4050. 1940 . ) 

Pileus 2-5 em broad, convex or wi th an obtuse umbo, 
margin incurved at first , spreading in age, s lightly 
hygr ophanous, when moist watery avellaneous , spreading in 
age , slightly hygrophanous, when mo ist watery avellaneous 
t o near "pinkish buff " (us ually gr ayer than pinkish buff), 
often translucent-st r iatulate o n t he margin , becoming 
opaque in age, "Sayal brown" t o "ochraceous tawny" o n the 
disc, the margin remaining pinkish buff, s urface rugulose 
afte r fading o r finally rugose- pitted o r reticulate; 
context thin, white, cartilaginous, odo r pungent (sometimes 
faint), tas te bitter. 

Lamellae r ounded and attached by a basal tooth o r 
appearing free, sometimes deeply and na rrowly adnexed, 
moderately close t o subdistant, narrow (2.5 mm +), whitis h, 
edges pruinose from cystidi a (under a lens), so~etimes with 
reddish brown stains in age . 

Stipe 3-8 em l o ng, 3-6 mm thick, equal, st rict, 
tubula r, fragile, polished and translucent, no t striate 
(at l east at firs t), whit ish above, tinged brownish at 
base, base sometimes slightly enlarged and white mycelioid. 

Spore deposit white; spores 7- 10 x 3-4~m . narrowly 
ellipsoid to s ubcylindric, smooth, yellowish in Melzer's. 
Basidia 4-spo r e d, 20-25 x 5-6~m. Pleurocystidia ver y 
abundant, 32-80 x 8-15~m, fusoid- ventricose to + versiform , 
many lanceolate in age , the bases usually curved, originat
ing in the subbymenium , walls hyal ine and usually thicken
ed. Cheilocystidia scattered, 28-35 x 7-9 ~m. smooth, walls 
s omewhat t hickened, clavate to subcylindric or tapered t o 
the apex . 

Gill trarna of subparallel hyphae reddish brown i n 
Melzer' s. Pileus trama homogeneous beneath a cuticle 
formed by a palisade of clavate to inflated cells 10-25 x 
8-151Jm reddish brown in Melze r 's . Clamp connect i ons 
present . 

Scattered on humus in a mi xed forest, Indian Cr eek, 
N. C., Great Smoky Mt s . National Park, Sept. 6, 1937 
(Smith 7416 and 7437, Aug . 14, 1938, Smith 10167; Smith 
12195 (coll. by Hes ler), July 30, 1939.) 

Observatio ns. Since this species was fou nd f r equentl y 
and ne ver e xhi bited the fasciate pattern of f ru i ting-body 
occurr ence, the pattern of occurring scattered on humus 
cannot be dismissed as a n accidental happening . The above 
descr iption is from the t ype and othe r collections made in 
the Great Smoky Mountains area. 

Marasmius leighii s p . nov. Pl . 1. 

Pileus 2-4 (6) em latus, demum plano umbonatus, 
lubricus demurn siccus , pallide alutaceus demum subfulvus, 
sapor mit is; lamellae angus tae confertae demum pallide 
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alutaceae; stipes 6-12 em longus, (2) 3-6 (8) mm crassus, 
cartilagineus, deo rsum fulvus, sursum pallidus vel pallide 
alutaceus; sporae 7- 9 (10.5) x (2 . 5) 3-3.5~m, non-amyloidi
is; pleurocystidia 36-70 x 3-8 (l2)~m. + crasso-tunicata, 
subhyalina. Specimen typicum in Herb. Univ. Mich . 
conservatum est, legit prope Ann Arbor Smith n 15213. 

Pileus 2-4 (6) em broad, expanding to campanulate to 
+ convex, in age nearly plane or with a slight umbo, moist 
but soon dry, or lubricous at fir st at times; colors "clay 
color" to "tawny olive" when f resh or young (clay color 
to pale spadiceous), on margin "pinkish buff" or paler, 
disc (or umbo) clay color to dull fulvous in age, glabr ous, 
in fading becoming radially rugulose and with small 
depressions (inconspicuously alveolate) over the broad 
marginal area; context white, + watery when fresh, thin, 
odor fungoid to mi ld, taste mild or becoming subnauseous 
but not bitter . 

Lamellae narrow to (finally) moderately broad, crowd
ed, adnate- sededing, pale buff (+ "pinkish buff") or 
finally darker, unchanging where-injured, edges entire. 

Stipe 6-12 em long, (2) 3-6 (8) mm thick, bases often 
bound together by white mycelium, terete o r compressed, 
strict, cartilaginous, at times twisted-striate, pallid 
above a nd gradually pale tan to dull fulvous do\mward . 

Spores 7-9 (10.5) x (2.5) 3-3.5~m. narrowly lanceolate 
to base, smooth, non-amyloid, hyaline in KOH. Basidia 
4-spored. Pleurocystidia 36-70 x 3-8 (12)~m. hyal i ne , 
mostly with thickened walls, refractive in KOH, subfusoid, 
apex often nipple-like, arising in the subhymenium and 
basal third often curved. Cheilocystidia similar to (but 
often smaller than) the pleurocystidia. Gill trama 
parallel, reddish in Melzer's, the cells tubular to some
what inflated. Pileus cuticl e a hymeni form palisade of 
clavate cells some with slightly thickened walls at least 
in the pedicle. Clamp connections present. 

Habit, habitat and distribution. Typically in dense 
clusters on decaying hardwood, s ummer, southern Michigan. 

Observations . As far as observed to date this species 
has a consistently different fruiting pattern than that of 
M. cystidiosus, has a mild (not bitter) taste, and few 
clavate cheiJocystidia. It is named i n honor of Prof. L. 
H. Pennington who fi r st r ecognized it as a species . 
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Pl. 2. Maraamiua cohaerena x 1 (Smith 1514) 

Pl. 3. Maraamiua deZectana x 1 (Smith 1709) 
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SUMMARY 

June 12 , 1979 

The seven s ections of the genus 
Coprinus occurring in the weste rn United 
States are described and the principal 
crite r ia i mportant in d e limiting these 
sections are discussed . A key to t h e 
sections is p r ovi ded. 

Species of the ge nus Coprinus which have been 
examined from the western United S tates appear to fi t 
we ll into the basic infrageneric taxa proposed by KUhner 
and Romagnesi (1953). The degree of ag r eement would 
seem to indicate that the cri te r i a they use d are in large 
measure applicable to species from wide l y separated 
a r eas and th e i r infrageneric taxa, with m ino r changes 

1 
probabl y will become the framework for future 
m .onographi c treatments. 

A primary divis ion of Coprinus into two large 
g roups of species is made on the basis of the pileal sur
face under any d e tersile vel a r l ayers . The p ileal surfa ce 
is composed of either radially o rie nte d e l ongat e e l ements 
or a cellul a r t o hymenifo r m laye r. The species in e ach 
of these two groups are fur ther divide d i nt o sections on th e 

1 This pape r is based in part on a thesis submitted to the 
Graduate School of the Univers ity of Washington in partia l 
fulfillment of the r equirements ior the de-gr-ee of Docto r of 
Phi:losophy. 
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kind of velar structures pre s e nt, the presence or absence 
of pilocystidia, and on the kinds of cells p r e sent in the 
unive r sal veil . Seve n sections are thu s r ecognized. 

Sec tions Coprinus, Atrame ntarii
1 

Lanatuli, 
Setulosi

1 
Micacei

1 
and H e merobii are de limite d in e sse n

tiall y the same manne r as in KUh ner and Romagne si {1953) . 
Section Picacei as pre s e nte d in this paper, howeve r, 
combines species KUhne r and Romagnesi r e fe rre d to 
Impexi and V e stiti , since no essentia l differences c ould 
be detecte d in type o f pi l eal surface, veils, spores, and 
other cha r acte ri stic s of these latte r two taxa. 

In identifying collections of Coprinus specie s to 
the following sections, s eve ral feature s must be d e t e r
mine d : (1) the nature of the pil eal surface below any 
ve lar e l ements 

1 
(2) the m o rphol ogi cal natu r e o f t h e veil 

e l em e nts themse lve s, and (3) the pre sen ce o r abs e n ce o f 
pilocystidia and cauloc ystidia. Failure to d e t e rmine th e 
pre s e n ce and the nature of these feature s makes identifi 
cation of species difficult or impossible . 

KEY TO SECTIONS OF COPRINUS 
P RESENT IN THE WESTERN UNITED STATES 

A . Pileal surface b e low an y detersile ve lar 
e leme nts r e adily see n t o be composed o f 
radially oriented hyphae or ve il adhe r e nt 
and masking the pi l eal surface , no pil o -
c ys t idia o r caulocystidia p r e s ent . . . . . . . . . . . . B 

A. Pile a l surface be low th e dete rsile velar 
e l e ments r e adily seen to be composed of a 
cellular to hyme niform laye r of more or 
le ss isodiametric cells veil neve r adhere nt 

} 

and masking the pileal surface 
1 

piloc ystidia 
and caulocystidia may be pre sent . . . . . . . . . . . . E 

B. Unive rsal ve i l of mostl y u nbranched 
nondi ve rtic ulate cylindric al hyphae 
with no sphae r ocysts pre sent . . . . . . . . . . C 

B. U nive rsal ve il often with few to many 
sphae ro cysts present o r if compo s ed e ntir e l y 
o f c ylindrica l hypha! elements t hese are 
e ith e r diverticulate and oft e n b ranched o r 
with no ns wo lle n 

1 
thi c k- walled 

1 
clampe d 
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elements o r with somewhat swollen, often 
thi c k-walled, nonclamped e lements . . .. . 
. . . . . . . . . . . . . . . . . . . Se c tion Picacei (p . 353) 

C. Unive rsal veil elem e nts m ostly abunda nt a nd 
eithe r l oose fr om the first o r becoming loo s e 
as pileus matu r es, any veil r emnants o n 
stipe base white in co lor . . . . . . . . . . . . . . . . . D 

C. Universal vei 1 e l e m en ts sea r ce and adhe r e nt 

E. 

E . 

to pileal su rface and diffi cult to r e move, s o m e 
brown ve il r e mnants o n stipe base below a flar-
ing annu lar zone . .. .. S ection Atrame ntarii (p. 352) 

D, Speci e s with a conspicuous annulus or 
vol va, rarely with pleuroc ystidia 
. . . . . . . . . . . . . . . . . . Se ction Coprinu s (p. 351 ) 

D . Species with no annulus o r only an annular 
line o r fringe marking the po sition o ( t he u n 
expanded pileal margin on the stipe, pleu r o-
c ystidia p r e s ent . . . . Sec tion Lanatuli (p. 351 ) 

Pilocystidia pre s e nt gene rally on e ntire 
pileal surface o r occasionally r e stric t e d t o 
a marginal frin ge o n the edge of the pileus 

Section Setulosi (p . 354 ) 

Pilocystidia not present F 

F . Uni ve r sal veil present,species m e dium- small 
to large in si ze , pileus (1. 5-) 2. 5-48.0 mm 
in breadth Sect ion Micace i (p. 355 ) 

F. Un i ve rsal ve il not present, specie s small 
to medium in size 

1 
pileus 1. 0-32 . 0 m m 

in b r e adth . . . . . . Sectio n He m erobii (p . 356) 
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SE CTIO N COPRINUS 

Coprinu s Pers. p e rS. F . Gra y, Secti o n Co prinus 
= Comati Fr. (1838) em . L a nge, Dans k . Bot. Ark . 

Bd. 2 No. 3 , p . 36 . 1915 . 
= P e lli culo si (Fr . 1838 u t tribus~ e m. S ch r<:5ter, 

Pilze , p . 521. 1889 . 

P ile al s u r fa ce outside o f t h e apical disk com po s e d 
of radially o ri e nte d h yphae , cover e d with and som eti m e s 
obs cure d b y a unive rsal veil of fibrils, oft e n until late 
matu rit y . No spha e r ocysts in th e u nive rsal vei l . No 
e re c t pilo c ystidia or ca u l ocystidia, and u s ually no pleu r o 
c ystidia. De finite annulu s pre s e nt , e i th e r fr ee o r attac he d 
to the base of t h e s t ipe like a vo l va and not r e duced t o a 
small bulge or flan ge . Stipe l u m e n generall y with a yarn
like o r weblike mass o f loos e hyphae . Spo r ocarp o f 
m e dium to v e ry large size a n d a lwa ys und e r going auto 
dige stion . Spo r e s usuall y large 10 -25 J..Lm i n l e n gth 

) ) 

smooth walle d. Specie s g r owing on du n g o r s o il, r a r e l y 
o n wood, e specially in d i s tu r b e d a reas. 

TYPE SPECI ES: C o prinu s comatu s 0 . F. MUlle r pe r S . 
F. Gra y, Nat. Arran g . Brit . P l. 1: 63 2. 18 21. 

Obse rvatio ns : The distingu i shing characte rs of s ectio n 
C o prinus are th e pile al s u rfa ·ce of radially o rie nted 
hyphae , the uni ve rsal veil of mo s t ly unbranc h e d nondiver
ti culate hyphae with no sphae r ocysts present , the abun
dance and loose natu r e of the ve il whe n mature , the con
spic uous annulus o r vo lva a nd the lac k o f pl eurocysti dia 
in m o st spe cies. 

SECTION LANAT ULI 

Coprinus Pe rs. p e r S. F. Gray , Sect ion Lanatuli Fr., 
Epic risis, p. 25 0 . 1838 . 

Pile al surface e x cept fo r the apical disk usually 
compo s e d o f radially oriente d hyphae or radiall y e longate d 
cell s , at first cover e d ve r y l oo s e ly with s cale s o f u nive r 
sal ve il compo s e d mostly of paralle lly o rie nte d hyphae . 
Indivi dual cells of s c ale hyp hae oft e n l o n g and s wolle n, 
constric te d at the s eptations, not branch e d, s o m e what 
cate nulate in appearance . Universal veil comple te l y 
devoid of sphae r ocysts. N o e r ect piloc ysti dia o r caulo -
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c ystidia present. Large cha racteris tic pleurocystidia 
present . Stipe without a nnulus, but s ometimes with an 
annu la r line o r small flange near the base whe r e contacted 
by the margin of the unexpanded pileus . Sporoca rps very 
variable in si ze 

1 
from minute to rather large . Spores 

l ess than 15 J,Lm long , smooth walled or with an inflatable 
perisporium. Growing on dung, s oil, decaying wood, o r 
on charcoal. 

TYPE SPECIES: Coprinus cine reus Schaeff. per S. F. 
Gray, Nat. Arr. Brit . Plants, p . 634 . 1821 . 

Obse r vation s: The species of s ection Lanatuli found in 
western North America seem to fa ll i nto two gene r a l cate 
go ries 

1 
one with globose to s ubglobose spor e s 

1 
and one 

with e llipsoidal spores. 

SECTION ATRAMENTARII 

Coprinus Pe rs. pe r S . F. Gray, Section Al r amentar ii Fr. 
Epicrisis , p. 243 . 1838 . 

True pileal surface outside of the apical disk com
posed of radially ori e nted, s l e nder, cylindrical hyphae, 
at l east n ear the apex with small, app r essed and usually 
colo r ed, brown 

1 
red- brown or )'ellow- b r own scales of 

fibril s , mo r e o r l e ss parallelly a ligned to themse lves but 
not necessarily parallel to th e radial pilea l surface hy
phae . These scales and fibrils often become confus ed 
wit h the epicutis in age so the pil eus appe ars g labrous 
macr oscopically. Uni ve r sal veil d evoid of sphae rocysts ; 
both pilocystidia and caulocystidia absent . Many large 
and c hara ct e risti c pleu rocystidia p r esent whi ch act as 
mechanical braces to separate adjacent lame llae physical
l y. No true annulus present; however 

1 
the r e is p r esent 

an annul ar line o r flange , compos ed of slender, anasto
mosed, interwoven, septate, occasionally clamped, h ya
line to ye llow hyphae , marking the early positio n of the 
pile al margin a gainst th e stipe. The filame nts of the 
annular zone a r e the same as those fo rming the scales of 
the pileus and base of the stipe and ofte n con tain similar 
amorphous cont e nts in some o f the cells. Colo r ed ap
pressed scale s like those a t the pileal apex are often 
present on the stipe below the annular line o r flange. 
Spo r es usually less than 12 ).lm in length and occasionally 
with distinc t o rnamentat io n . Species of medium t o large 
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size and growing near tree s and on disturbe d soils, neve r 
coprophilous. 

TYPE SPECIES: Coprinus atramentarius (Bull. per Fr.) 
Fr. Epi c risis, p. 243. 1838. 

Observations: The universal veil of the speci e s of se ction 
A tramentarii s eem s to be unique . It is compose d of most
ly very slende r, thin walle d hyphae that usually contain a 
yellow to ye llow- brown amorpho us substance . With age 
or exposure , the walls of most of the veil hyphae see m t o 
lyse , l e a v ing this amorphous content b e hind as the only 
visual evidence of the veil. Sometime s the individual 
strand s seem to merge into broad filame nts and patches 
which form the col ored scale s of th e stipe and pileus. 

SECTION PICACEI 

Coprinus Pers. p e r S. F . 
Epicrisis, p. 244. 
Van De Bogart. 

Gra y, Section Picace i Fr. , 
1838 . (as s ubtribe ), e mend . 

Synonyms: Subtribe Picacei loc. cit. 
Section Impexi Romagn . in KUhn. & R oma gn, , 

Fl. Anal. , p. 386. 1953 . 
Se ction V e stiti (J . Lange) KUhn . & Romagn ., 

Fl. Anal., p. 384 . 1953, emend. 

Pileal surface outside the apical disk composed 
e ithe r of radially o ri e nte d cylindric a l hyphae or of cells 
distin ct! y elongate in a radial direction. U ni ve rsa! veil 
usually abundant, compos e d of s ome type of cylindri cal 
hyphae, o r sphae rocysts, o r a combination o f both. 
Unive rsal veil e l ements m o stly thin walled but in some 
taxa some or all e l ements thick walled, hyaline o r pale , 
smooth o r occasionally with acid- soluble or acid- insoluble 
incrustations and wall thickening s o r with small t o large 
dive rti culations of the cell walls. Some species also with 
i rregularly shaped cells present in the universal veil. 
T he ve il may have a woolly or mealy appearance in young 
spe cimens and may fo rm a cortina. Other annulus type s 
p r e s e nt only rare ly. Spo r e s variable in size and shape 

1 
a 

dislo dgable pe rispo rium often present. Spore wall s o m e
what thickened bu t s e ldom up to 2. 0 1-1m thick. Clamp con 
ne c tions pre s e nt o r not . Cheil ocystidia present and some
times fused into a membrane like structure u niting adjacent 
lam e llae whe n pileus is immatu r e . Pleurocystidia pre s ent 
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or not . Piloc ysticlia and caulo cystidia abse nt . Spo rocarps 
small to large . Speci e s g rowin g o n dung , decaying plant 
debris, pape r, wood, s oil and charcoal. 

TYPE SPECIES: Coprinus pic a ceus S . F. Gray, Nat. 
Arrang . Brit. P l . , 1:634 . 18 21. 

Observations : The forme r sections Picacei (Romagnesi 1 s 
Impexi) and Vestiti have b een combined here for two rea
sons. The primary r eason is that the pre sence of a pileal 
surfa ce of radia lly o ri e nted hyphae in Picacei and a 
hymeniform or cellular surface in Vestiti is i n fa c t not 
valid . Species in Vestiti do not r eally have a cellular 
pileal s u rface. Care ful e xamination of c olle ctions that 
w e r e r efe rab l e t o section Ve stiti showed that all except 
Coprinus po liomallus have a true pileal surface of radially 
o riented hyphae. This surface is some times ove rlain by 
a loose friable layer of sphaeroc ysts but not b y a laye r of 
isodiametric cells whose side walls are fuse d. The se c 
o nd reason is that certain features such as the spore s and 
universal veil e l e ments of speci e s formerly assigned to 
one or the other secti on are very much alike . Often the 
ge ne ral appe arance of such species is also similar. Wi t h 
no r e al diffe r e nce in pileal s u rface s the only othe r differ
e n ce becomes presence or abs e nce of sphae rocysts in the 
universal veil. Eve n this c rite rion is no t abso lute. One 
collec tio n o f Coprinus filame nti fe r (FV DB 27 5) of Sectio n 
P icacei s hows the e nds of s ome of i ts typical cylindrical 
v e il hypha e as small diverticulated swe lling s that r e sem
ble the smalle st sphae rocyst~ found in stirps Ste r corarius 
(forme rly comp rising the bulk of Section V e stiti). 

Coprinus poliomallus, whi ch does have a good 
cellu lar pileal surface , has been placed i n Section Micacei 
i n v i e w o f its pileal surface and the nature of its spores 
and uni ver sal veil . The autho1· of the speci e s, R oma g.nesi, 
r eports that the pileal s urface cells a r e some what rad1ally 
o riented in his mate rial. The surface cells of m y mater 
i al are i sodiame tri c and the taxon has b een p laced in 
M i cacei. ~· poliomallus seems t o b e transitional b e tween 
Sectio n M i ca cei and o ne g r oup o ( species o ( Section 
Picacei . 

SECTION SETULOSI 

Copri nus Pe rs . p e r S. F. Gray, Section Setul os i (J. 
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Lange) Van De Bogart, stat . nov. et e m e nd. 
Basionym : Setulo si J. Lange ut snbsectio Dansk. 

Bot. Ark. 2(3 ) :32. 1915 . 

Pileal surface of the cellular- h ymenifo rm type , 
always distinct. Universa l veil, if present, compo s e d of 
sphaerocysts and occasionally with e l ongated and branched 
hyphae . Pileal surface c hara cteristically with numerous 
pilocystidia often of s eve ral distinct type s, including 
scle r ocystidia. Pilocystidia occasionally r estric ted to 
the pi.leal margin as a fringe. No partial veil. Spore si ze 
va riable , 6. 5-20.0 J.ffil in l e ngth, depe nding o n species . 
Inflatable perisporal sac present o r not . Caulocystidia 
often pre sent. Cheiloc ystidia oft en variable in shape . 
Pleurocystidia present o-r not . Clamp conne ctions pres
e nt o r not . Species g r owing on dun g, soil, charcoal , 
dead l eave s and de bris or on wood . 

} 

TYPE SPECIES: Coprinus congr egatus Bull . per Fr., 
Epicrisis , p. 249, ss M . Lange . 

Observations: This s e ction was first pre s ented by J. 
Lange (1915) as s ubsecti on Setulosi o f his Se c tion Nucli . 
The subsection containe d all species with pilocystidia and 
no universal veil. Since the r e are nume r ous spe cies with 
a universal vei l that have both the cellular pileal surface 
and pilocys tidia of Lange 's s ubsection 

1 
I have chosen t o 

include such s peci es with those lacking a unive rsal veil 
and raise the g r oup to t h e level of sec tion. 

SECTION MlCACEI 

Copri nus P e rs . per S. F . Gray, Section Micacei Fr., 
Epi c risis, p. 247. 1838 . emend . KUhn . & 
Romagn., Fl. Anal. , p. 382 . 19 5 3 . 

Pileal surface of the cellular - hymeniform type and 
only obscured by velar elements while small primordia. 
Unive rsal veil present as sphaerocysts, or as chains of 
e llipsoidal c e lls , o r as cylindrical to mixe d cylindr i cal 
and swolle n or somewhat irregularly shaped hyphae , al
ways distinct f r om the pilea l surface . No pilo c ystidia 
present, even on the pileal ma r gin . Ca ulocystidia and 
pleurocystidia pre s e nt o r no t. Cheilocystidia pre sent, 
although ra r e in one species . C lamp connections prese nt 
or not. Certain species gi ve a transito ry r o s e -lilac color 
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reaction to l Oo/o aqua ammonia whe n f r e s h . Spor e l e ngt h 
variable between species, 6. 2 -1 6 . 5 JJm . S poroca r ps 
medium - small to large in size, g r owing o n wood, s oil, 
plant debris 

1 
and rarely on manured soil o r dung . 

TYPE SPECIES: Coprinus mi caceus (Bull. per Fr . ) Fr ., 
Epic r isis, p . 247 . 1838 . 

Obsen·ations: The species of this section are mostly ve r y 
simila r in stature, habita t

1 
and unive r sa1 ve il characte r

isti cs . T h ey diffe r chiefly in ove r all p ileal color , spor e 
shape, cystidia, and in the presence o r absence of c lamp 
connections . 

SECTION HEMEROBII 

Coprinus Pers . pe r S. F. Gray, Section Hemerobii Fr ., 
Epicrisis , p . 253 . 1838 . 

Pileal su r face of cellular- hymenifo r m type . 
U nivers al vei l absent . Partial veil absent. Spor oca r p 
completely g labrous and de void of pilocystidia . Caulo
cystidi a r arely p r esent . Small to medium sized speci es 
r esembling a pa r asol as they expa nd, ve r y membranous 
and pl eated o r fur r owed like an umbr e lla . Some species 
tardily aut o l ytic . Spores m e dium sized, co r date 

1 
trian.gu

lar 
1 

ovate 
1 

o r e lliptical 
1 

flatte n ed or nearl y r ound i n 
c r oss section , 7 . 0-15 . 0 J.Lm long . Species g r owing on 
du ng , soil, and rarel y on bark . 

TYPE SPECIES: Coprinus hemer obius F r., Epicris i s, p. 
253 . 1838. 

Obse r vations : One g r oup of speci e s in this s e ction has 
co rdate o r triangular flat tened spo r e s and seems to form 
a natural and close - kni t s eries. The other group of spe
c i e s bear a strong resemblance to species o( Se c tio ns 
Setulosi and Micacei and in r eality r e s em bl e the specie s 
with cordate to triangular spores o nl y in possessing the 
same kind o( pileal surface and in th mutua l lac k of uni
ve r sa l ve il and pilocystidia . There is a very real possi
bility that collecti ons which a r e d epaupe rate o r heavi l y 
rain washed might b e placed in Section Hemerobii when 
they should be p laced in one of the o t her t wo sections with 
a cellular- hymenifo rm pilea l surface. 
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INDEX TO FUNGUS AND LICHEN TAXA 

This index includes all taxa. The pages where all taxa are 
described or discussed are underlined. New taxa are in 
CAPITALS. The page numbers of all illustrations and line 
drawings are in parentheses ( ) . 

Acrocordia 34 
Agalospora 19; anomia 20; 

irregularis 20; ocel1ata 
20; profusa 17, 19, 20, 
( 24 ) ' 26 , 28 -

Agaricaceae 251, 252 
Agaricales 117, 298 
Agaricus 118; tribe co11ybia 

part genuinae 118 ; oompha
lariae 118 ; tribe collybiae 
section laevipedes 118, 
119, 120; striaepedes 118 ; 
tephrophanae 119; vesti
pedes 118, 121; macu1atus 
var. scorzonereus 214; 
abundans 161; asprellus 
114, 115, 116; butyraceus 
219; campestris 251, 252, 
253 , 254; caroosus 209; 
cirrbatus 193; dryophi lus 
228; extuberans 222; 
familia 158; laceratus 159; 
(Tricholoma) 1imonium 209; 
luteo-olivaceus 150; 
macu1atus 207; maurus 45; 
myosurus 165; myriodo
pbyllus 167; nitellinus 139, 
222; racemosus 191; tubero
sus 197 

A1eurieae 321 
Amanita rubescens 253; 

vaginata 253 
Amanitaceae 253 
Amphisphaeria papilla 34; 

pelorospora 34 ; striata 24 
Amylascus (309), 317, 318, 

325; herbertianus (309) 1 
317 

Aphyl1ophora1es 51 
Armillaria 119 
Ascobolaceae 297 , 318 
ASCOSCLERODERMA 29~312 1 336 
Asteromassaria 27 
Asterostomel1a 21 

Baeospora 117, 121, 124, 127 1 
128, 1321 1591 1621 1641 
167 1 190; conigena 167 ; 
famil ia 158; myosura 162 , 

(163) 1 164 1 165 1 ( 166) 1 

167; myriodophyl1a 124 1 
162, (163)1 1641 1671 
(168) -

Ba1samia (309), 322 1 323; 
alba (309); vulgaris 323 

BALSAMIACEAE 297, 322 -
Barssia 297, 322; oregon

~nsis 322; YEZO-MONT~A 
2971 323, 336 

Boletus gilvus 65; buronen
sis 105; pini 70 ; pomaceus 
72 

Carbomyces (311), 330; 
emergens (311), ~; 
1ongii (311) -

Carbomycetaceae 297 1 330 
Caryospora 17, 19 1 21~2 

35 -
Callistosporium 117 1 121, 

124, 1251 126 1 1281 1291 
131 1 147, 148; GRAMINI
COLOR-r48, 150, (151), 
152; 1uteo-olivaceum 148 1 
( 149) 1 1501 ( 151); palmar
urn 147 

Calvatia 253 
Canthare11aceae 252 
Cantharel1ula subgenus neo-

cantharellula 157 
Cantharellus 1ateritius 252 1 

254; tubaeformis 253 
Caryospora cariosa 21 ; 

callicarpa 21, 22, ( 25) 1 
34; langloisii 22, ( 25 ); 
minima 22, 23 1 (25); minor 
21; putaminurn 21, 22 1 23 1 
(25) 1 35 ; striata 22 1 ~~ 
(25) -

Cau1ocarpa 316 
Caulorhiza 117 1 125 1 128 1 

129, 131, 154; umbonata 
150, (151)-:-l54, (155) 

Choiromyces 297, (310) 1 326; 
ABORIGINUM 297, 320, 3'3"4';'" 
335; alveolatus 301 1 -
~0); echinulatus (310); 
meandriformis 326; venosus 



(310), 326 
CHRYSOCON~239, 240; 

ORTHOSPORA 239.~0. 241 
C1adosphaeria 1antanae 29; 

pyri 29 
C1avariaceae 253 
C1avu1ina cristata 253 
C1avu1inaceae 253 
C1avu1inopsis f usiformis 253 
CLELANDIA 297, 317, 331; 

ARENACEAE 297, 316~31 
Clitocybe 39, 119:-T23:-T32, 

134, 161; aster ospora 43 ; 
c1avipes 254; striatu1a 42 

C1itocybula 117, 121 , 124, 
127, 131, 157; abundans 
158, 161; familia 157, 158 
159, ~. (163); 1acera~ 
158, 159, 162, (163) 

C1itopilopsis 134 
Co11ybia 117, 118 , 119, 120, 

121, 122, 123, 124, 125, 
126, 128, 132, 134, 147, 
162, 170, 175, 187, 228; 
section conigenae 11g;
section cystidiatae 121; 
section dictyop1ocae 120; 
section iocepha1ae 120; 
section nite11inae 119; 
section stripedes 120; 
butyracea stirps 120, 218; 
fusipes stirps 120; macu-
1ata stirps 120; section 
s ub fumosae 121; abundans 
161; acervata 122, 159; 
a1bidu1a 38; albip11ata 183; 
badiia1ba 226; butyracea 
122, 219; cirrhata 193, 194; 
cirrbata var. cookei 194; 
co1orea 150; conigena 122; 
cooke! 194; cystidiosa 344; 
dryophila 129, 254; erosa 
136; extuberans 222; familia 
158; fuliginata 122 ; fusipes 
202; 1acerata 122, 160; 
1enta 122 , 1i1acea 167; 
longipes 122; 1uteo
o1ivacea 150; macu1ata 122, 
202, 209; var . occidentalis 
217; var. scorzonerea 214; 
var. typica 210; mucida 
122; myosura 165; myrio
dopby11a 167; nite11ina 
138, 139; o1ympiana 136, 
137; o r egonensis 202, 204; 
p1atyphy11a 122; ssp . 
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1acerata 160; po1yphy1la 
126; racemosa 124, 191 ; 
co1orea var. rubescent i 
fo1ia 152; sub1atericia 
139; subnuda 254; subsu1ca
tipes 201, 202; teleoi
anthina 167; tenacella 122; 
t ru11 isata 179; tuberosa 
122, 124, 197; tylicolor 
136; umbonata 154; velu
tipes 119 

Collybidium 170 
Coprinaceae 254 
Coprinus 348, 349, 350, 351; 

section atramentarii 349, 
350, 352, 353; section 
comat~51; sect ion 
coprinus 349, 350, 351 ; 
section hemerobii 3~ 350, 
356; section impexi 349, 
353 , 354; section 1anatuli 
349, 350, 351, 352; sect
ion micace~49, 351, 354, 
355, 356; section nudi 355; 
section pel1icu1osi 351; 
section picacei 349, 350, 
353, 354; section setulosi 
349, 350, 354, 355, 356; 
section vestiti 349, 353, 
354; subsection setu1osi 
355; subt r ibe picacei 353; 
atramentarius 353; ciner
eus 352; comatus 351; 
congregatus 355; fi1ament i 
fer 354; hemerobius 356; 
micaceus 254 , 356; picac
e us 354; po1ioma1lus 354 

Corio1us biformis 252; 
versicolor 252 

Corticiaceae 253 
Cortinarius 4; pa1eaceus 45 
Crinipellis 120 
Cryptoderma yamanoi 70 
Cystispora 1eucosperma 19 
Cystoderma 341 

Daeda1ia pini 70 
De1astria 327, 328; r osea 

328 -
De1astriopsis ph1ebodermum 

297, 337 
Densocarpa 320 
Diatrype angu1are 26, 27 
DINGLEYA 297, (309), 317, 

318, 331, (333); VERRUCOSA 
297, (309), 314, 331, (333) 
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Dothivalsaria 19, 26; mega
lospora 17, (25)--, 26 

E1aphomyces 297, 312; cyano
s po rus 312; g r anulatus 312; 
muricatus 312 ---

Elapbomycetaceae 299, 312, 
330 -

ELAPHOMYCETALES 297, 299 , 312, 
330 

Elderia 320, 335 
Ento1oma"252 
Ento1omataceae 252 

Fayodia 38, 39, 43, 120; 
subgenus c1itocybula 157; 
abundans 161; ALUTACEA 39, 
(40), 46; anthracobia 38; 
bisphaerigera 38; campanel
la 38; deusta 38; familia 
158; graci1ipes 38, 39, 41, 
43; 1acer ata 160 ; 1euco
pby11a 45; maura 38, 39; 
pseudoclusilis 38; str1atu-
1a 38, 39, 42, 43; tenui
sperma 38; tetrasphaerigera 
38; xeropbila 38 

Flammu11na 117, 119, 120, 124, 
125, 127, 128 , 132, 170 ; 
velutipes 129, 170, rT?l), 
172, (173), 255-

Filoboletus 232; gracilis 232, 
237; banedai 232 ; luteus 
232; manipularis 232; 
mycenoides 232 ; propu1lans 
232' 233' 236' ( 236) ; 
staudt~i 232 

Fiscberu1a (309), 315 ; 
macrospora (309)~15 

Fames 51; arctostaphyli 55, 
67; badius 57; conchatus 58; 
everhartii 60; igniarius 67 , 
83; n1gro11m1tatus 69; 
occidenta1is 70; pini 70; 
pini abietinus 72; pomaceus 
72; putearius 69, 74; 
repandus 74; ribis 74; 
r obineae 76; r obustus 77; 
tenuis 85; taru1osus 81; 
igniarius f . tremulae; 
r obustus var . t sugina 67; 
viticola 85; weirianus 85 

Fomitopor ia prunico1a 73; 
weirii 87 

Genabea (310), 324, 325; 

fragi1is (310) , 327 
Genea 297, (310), 324, 325; 

a r enaria (310); compacta 
(309); gardoeri (310) ; 
KRASPEDOSTOMA 297, 322 , 
336; verrucosa 324 

GENEACEAE 297, 31~324, 330 
Geopora 298 , 319; cooperi---

319 -
Geopyxidaceae 321 
Geopyxis 321 
Gloeoporus dic hrous 253 
Gomphaceae 252 
Gri fola frondosa 251 
Gymoopus 147; albipilatus 

183; badiialbus 226; 
butyraceus 219; carnosus 
209; denticu1atus 158 ; 
familia 158; s ublatericius 
139; truillisatus 179 

Halocypbina 49 
I!ebeloma 138 
Helvella astieri 313 
HELVELLACEAE 297, 313, 324, 

325 -
Hemicollybia 132 
Hericium ramosum 252, 254 
Heterosporula 38 
Hiroeola 134 
Hirschioporus pargamenus 253 
Hydnobolites (310), 326, 32~ 

ca1ifornicus 327; cerebri
fo rmis (310), 327 

Hydnocystis 319; japonica 
319; piligera 319 

Hydnotrya (309),~4, 315; 
cerebriformis (309); 
e1lipsospora 297, 314, 316, 
336; michaelis 314; tulas
oei (309), 314; variifor
mis (309); yukonensis 314 

Hydnotryops i s (309), 317 , 
318; compacta (309)_; __ 
setchellii 317 

Hygrophoraceae-2'52 
Hygr ophorus borealis 253; 

pratensis 252 
Hymenochaetaceae 51 
Hymenomycetes 51 
Hypholoma capnoides 254 
Hypocreaceae 252 
Hypomyces lactifluorum 252 
Hypsizgus marmor e us 253 

Inocybe 4, 46 



Inonotus g1omeratus 63 
Ischnoderma resinosum 253 

Jaapia 241 
Ju1e11a 1uzonensis 32 

Labyrinthomyces 297 , (309), 
320; donkii 321 ; s t eenisii 
~; VARIUS 297, ( 309), 320, 
~ 

Laccaria ochropurpurea 254 
Lactarius c hrysorheus 252 ; 

deceptivus 252 ; ger ardii 
252; ve11ereus 252 

Lactoco11ybia 121 
Laetiporus s u1phureus 254 
Lepista 43, 135, 136 
Leptomita1es 90 
Leptonia aspre11a 114, 115, 

116 ; inocybeoides 116 
Leptosphaeria 24; tumefaciens 

24 
Leptosphaeru1ina 20 
Lesp1au1tinia 328, 329 
Limnoperdon 48~9, 50 ; 

incarnatum 48 , (49) 
Lophiost oma macrosporum 33 
Lycope rdaceae 253 
Lyophy11um 117, 119, 120 , 124, 

125, 126, 127, 128, 131, 
132, 136, 138; section 
diffo rmia 133; section 
1yophy11um 134 ; section 
nigrescentes 125 ; section 
tephrophana 133; ambustum 
127 ; 1eucophaeatum 132 ; 
pa1us tre 134 

Marasmi us 119, 123, 124, 164, 
175 , 190 , 341, 343 ; section 
g1obu1ares 343; sectio n 
s i cci 343; s ti r ps cohaer ens 
341, 342, 343; cohae r ens 
342, 343, (347 ); cystidios
us 342, 343, 344, 345; 
delectans 343~347 ) ; 
fasciat us 343; LE IGHII 343, 
344, ( 346); o r eades 254 

Massar ia 17 , 19, 20, 27, 30, 
32; a nomia 20; epi1euca 30 ; 
g i gaspor a 28, 29 ; inquinans 
27, 28, 29, (31); forma pyri 
29; fo r ma viburna 29; 
1antanae 28, 29, (31); 
p1umige r a 29;-var . te tra 
spora 29; p rofusa 20; pr un i 
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29 ; pyri 28 , 29 , (31); 
seiridia 20 ; vomi t oria 28; 
xanthoxy1i 27, 28 , 29, 30 , 
(31) 

Massariaceae 17, 18 
Massarie11a xa ntboxy1i 30 
Massariova1sa mega1ospo ra 26; 

s udans 26 
Me1ano1euca 43 
Me1anommataceae 21 
Melanommata1es 18 
Ue1 anomma s u1cata 24 
Meru1ius treme11osus 253 
MICROCOLLYBIA 117, 121, 124, 

125 , 126, 127 , 132, 187, 
190; CIRRATA 188 I (18m;-190, 
(192), 193, 196, 198; 
COOKE!~. (189), 190 , 
194, ( 195), 196 ; RACEMOSA 
rsg, (189), 190 , 191, 
( 192 ); TUBEROSA 187 , 188, 
( 189), 190 , (195), 196 

Mucidu1a 119 
Mucronoporus everha r tii 60 
Mukagomyces 328, 329; 
miromichi1~7 . 336 

Mycena 119, 124, 174, 175; 
cineraria 42, 43; myrio 
dopby1la 167; se r otina 254 

Mycene 11a 43 
Myco1achneae 319, 320, 321 
Myr maecium mega1osporum 26 
Myxoco11ybia 120, 170 
Myxompha1ia 38 , 43; maura 

(44), 45, 46 

Ompha11as t e r 43 
Ompba1i na st r iatu1 a 42 
Oomycetes 90 
Ost r eichn ion americanum 33; 

sassafr as 33 
Otideoideae 319 
Oudemansie 11a 117 , 119, 120; 

r adicata 156, 254, 255 

Pachyph1oeus (310), 326, 327; 
citr i nus (310); cong1omera
tus (310); me1aooxanthus 
326 

Pane11us ser otinus 253 ; 
stypticus 253, 255 

Par adoxa (311), 328, 329, 
330; monospora (311~329 

Parmentaria as troidea 27--
Paurocoty1is 321; pi1a 321 
Peltigera 42 ---
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Per enniporia subacida 254 
Petchiomyces 321; kraspedo

stoma 297, 322 , 336; 
thwai tesii 321 

Peziza 297, (309), 316, 317 , 
318; ELLIPSOSPORA~7, 
(309), 314, 316, 336; 
jactata 316; STUNTZ II 297, 
316, 335; vesiculosa 316; 
whitei316 -

PEZI ZACEAE 297, 315, 316, 318, 
319 - -

Pizaza1es 297 , 298 , 299, 313, 
324, 336 -

Phaeoco11ybia kauffmannii 156 
Phe ll i nus 51, 52 , 63, 70, 87, 

88; a r ctos t apnyli 53, 55, 
{56); bad ius 52, 53 , (56), 
57 , 76 , 89; chrysoloma 53, 
('56), 57 , 58, 70, 72; con
chatus~3 , 58 , (59) , 60; e
ver hartii 5~ 53, (59) , 60 , 
87; ferreus 52, 53, 60, -
(61), 62, 63; ferrugineofus
cus 52, 53, (61 ) , 62 , 63, 
70 , 87; ferruginosus 52, 53, 
62, 63 , (64); gilvus 53, 
(64), 65, 81; hartigii 53, 
65 , (60T , 67, 74 , 77; ignia
TTus 53, 55, (66), 67, 69, 
73, 83; 1aevigatus ~. 67 , 
(68) , 69, 73 ; nigro1imitatus 
52, 53, (68), 69, 74 , 81; 
occidenta1is 5~ 53, 60, 70 , 
(71) , 72; pini 53 , 58 , 60-,-
70, (7 1), 72; pomaccus 53, 
01 , 72 , 73 , (75 ) ; prunicola 
5] ' n , 73 , (75); punctatus 
53, 73 , l/5), 77; repandus 
53, 74, (75) ; r ib i s 52, 53, 
74, TiS) , 76; rimosus 89; 
robineae 52, 53, 57, (75), 
76 ; robu s tu s 53 , 73, (75), 
ii , 79 , 81; SONORAE 51, 53 , 
77, (78) , 79; texanus 53, 
19" , (80) , 81; toru l osus 52 , 
n , 65 , 81 , (82) ; tremulae 
53 , 67 , (82), 83; viticola 
52, 53 , 83 , (84), 85; weiri
anus 52 , ~3 , 60, (84) , 85, 
87; wcirii 51, 52 , 53, 03 , 
70 , {86) , 87 

Phol1o ta lenta ~54 ; squarro
so ides 254 

Phoma 27 
Phylloporia 76 

Phymatomyces 322; yezo
montana 297:-J23, 336 

Picoa 322 , 323, 324, 325; 
juniper! ~ --

Piersonia 301 
Platystomum macrosporum 33 
Pleamphispbaeria 30, 32; 

1uzonensis 32 
P1eospora 32 
P1europus r oseia vellaneous 

140 
P1eurotus ostreatus 253 
Pluteospora 134 
Po1yporaceae 51 , 251, 252 
Po1yporus badius 57 ; chryso-

1oma 57 ; conchatus 58 ; 
ferreus 60 ; ferrugino~us 
63; gilvus 65; hartigii 
65; igniarius 67; laeviga
tus 67; nigrolimitatus 69; 
punctatus 73 ; ribis 74; 
torulosus 81 

Poria 51; albipe11ucida 63; 
ferrea 62; ferrugineofusca 
62; ferrugi nosus 63; 
isabellina 85; prunicola 
73; punctata 73; tsugina 
67, 73; weirii 87 

Poromycena 232 
Pseudobalsamia 323 
Pseudobiatula 121, 174 
Pseudohydnum ge1atinosum 255 
Pseudovalsa profusa 20; 

irregularis 20 
Pseudovalsaria occulta 29 
Pyrenophora 20 
PYRONEMATACEAE 297, 319, 321, 

325 -
Pyropolyporus r obineae 76 ; 

texanus 79 
Pythium 90 

Ramaria botrytis 254; 
f1avobrunnescens var. 
aromatica 252 

Rhodoarrhenia 49 ; pezizoides 
49 

Rhodocollybia 117, 123 , 124, 
127, 128, 129, 132, 198; 
section butyr acea 20~218 ; 
section maculata 200; --
badiialba 219, 22~(223), 
224, ( 227); BUTYRACEA 218, 
2I9, (220), 221, 222, 
(223); extuberans 218 , 222, 
(223), 224, 225, 228; 



macu1ata 198, 205 ; var. 
FULVA 201, 212, (213); var. 
IMMUTABILIS 201, 215 ; var. 
macu1ata 200, 202, (203), 
(206), 207 , (208 ' 210 , 218; 
var. NIGRA 201 , {208), 211, 
212, (213); var. occidenta
l is 201, 212, (213), (216), 
217; var. SCORZONEREA 201 1 
214, (216); OREGONENSIS 126, 
200 1 202 1 ( 203) 1 205 I ( 206) ; 
SUBNIGRA 201 1 205 1 212, 
(213); SUBSULCATIPES 200, 
201' 202' ( 203) 

Rhodocybe 43 1 117 1 120 1 125 1 
1271 128, 1291 134, 135, 
136, 138, 143 1 144; s ection 
echinosporae 136; section 
nite111nae 13s:-136 1 138; 
section rhodocybe 128~31 , 
136, 145 ; aureicystidiata 
128, 1401 (141), (142), 145, 
(146), 147; cae1ata 134, 
145, 147; nite11 i na 126, 
138, 1391 1401 (141), (142); 
o1ympiana 127 1 137 1 (142); 
r oseiave11anea 138, 140, 
(141), ( 142); speciosa138 I 
140, (141), (142), 143; 
striatu1a 42, 43 ---

Rhodopaxi11us nite11inus 139 
Rhodophy1lus 135 
Russula 43, 93; section 

emeticinae 99; section 
po1ychromae 97; section 
viridantioae subsection 
polychromae 97; a1be11a 101; 
a1bida 99; a1 bi du1a 99; 
a1bidu1iformis 101; a1utacea 
252; aooma1a 99; cicat ricata 
97; crenu1ata 101; e1aeodes 
97; emetica 252; f ragi l is 
252; f urcata 97; hetero
phy11a 97; var . ch1ora 97; 
innocura 101; macu1osa 101; 
nigr icans 252 ; panto1euca 
101; pectinatoides 252 ; 
rosacea 93 1 103, 105; var. 
MACROPSEUDOCYSTIDIATA 93 1 
101 1 ( 104 ) I 112 1 ( 113) ; 
rugu1osa 252; sanguine a 103; 
STUNTZ!! 93, 97, 99, (100), 
101, 110 1 (111); variata 
252; VIRIDOFUSCA 93, 94, 
(96) , 97, 108 1 ( 109);-
xerampe1ina 97 

Russ ulaceae 252 
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Saccothecium 27 
Sapromyces 90; androgynus 90 
Sarcosphaera 316; crassa 316; 

macrocalyx 316 
Scleroderma 313 
Sphaeria amorpbostoma 20 ; 

anomia 20 ; callicarpa 22; 
capitella 20 ; cyp1oxia 33; 
ioquioaos 28 ; papilla 34, 
35; profusa 20 ; putaminum 
23; su1cata 24 

Sphaerosoma 318; fuscesceos 
318 -

Sphaerozone 322; ostio1atum 
322; tulasnei 322 

Splanchoonema 27--
STACHYOMPHALINA 39, 40; 

STRIATULA 41, 42, 43, (44), 
45 --

Stephensia 320, 335; areni
vaga 320,-s35; bombyci na 
320 ; varius 297 , 320 1 321, 
n6 

Strobi1urus 117, 121, 124, 
125 , 126 , 127, 128 , 129 , 
132 , 164, 174, 175, 176, 
190 ; a1bipi1atus 176, 180, 
(181)1 183 , (185), (186)1 
187; conigenoides 174; 
ligoitilis 176, 180, (181), 
182, 183 1 184 1 187; occi
deotal is 176, 180, (181), 
182, 187; TRULLISATUS 172, 
(173) 1 176 1 (177) I (178) 1 
179 , 183 

Stropharia ambigua 254 
Strophariaceae 254 
Sui11us 285 ; acerbus 293 ; 

albidipes 294; albivelatus 
289 ; anomalus 286 , 290; 
appendiculatus 288 ; bore
alis 294; brevipes 295 ; 
brunnescens 291 ; caerules
cens 286, 28~californi
cus 293 ; cavipes 287; 
flavogr aou1atus 29'1'; 
fuscotomentosus 293 ; 
glandulosipes 29~granu
latus 296 ; grevillei 288 ; 
he1enae-290 ; imitat us 286 , 
287 ; kaibabensis 296; 
1akei 286 , 287 ; lit hocarpi
sequoiae 28s;-1uteus 291; 
megaporinus 289 ; montico1-
us 295 ; occidental is 295 ; 
pallidiceps 295 ; pondero
sus 286, 287;-pseudo-
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brevipes 291; punctatipes 
289; puogens 293; r eparius 
~; r eticu1atus 294; ruber 
292; sib i r icus 29o;-subo1i
vaceus 291; subvariegatus 
292; tomentosus 292 ; 
umbooatus 290; vo1caoi1is 
293; wasatcbi c us 294 

Teichospora 32 
Terfezia (310), 324, 325, 326, 

327 , 328; a r eoaria (310), 
327; claveryi (310); 1eo nis 
327; 1o ogii (310); o1igo
spermum 297, 336; 

TERFEZIACEAE 297, 318, 3 24, 
325, 329 

Trimania (309), 318, 325 ; 
africana 321; nivea 318; 
pinoyi (309) -

Titane11a 17 , 18, 30, 31 , 32 , 
33; 1uzooeos i s (31), 32 ; 
macrospora (31), 32 , 33, 34; 
pleor ospora (31), 32,~4 

Trametes i s abe 111oa 85; pini 
70; s etosus 85 

Trematosphaeria 21, 27; 
ca11icarpa 34; epi1euca 30 ; 
striata 24 

Treme11aceae 255 
Tricho 1oma 119, 123, 132 , 

138 , 16 1 ; r esp1ende ns 253; 
sejunctum 253 

Tricbo 1omataceae 117, 253, 341 
Trichophaea 319 
Tuber 297, (311), 315, 328, 

329, 330; aestivum ( 3II); 
besseyi (311 ) ; brumale 
(311 ) , 328; c ibarium 328; 
HIROMICHII 297 , 336; -
OLIGOSPERMUM 297-;--336; 
PHLEBODERMUM 297, 337; 
s bearii (311) ---

TUBERACEAE 297, 328 
Tubera1es 297, 2~ 299 
Tu1ost o ma 277 ; campestre 280 ; 

ferrugineum 277, 279, (282 ) ; 
fi bri11osum 281; jourdani 
281; pocu1atum 281; simula n s 
281; st riatum 283; s tuntzii 
277 , 278 , ( 282 ); tuber cula
tum 2~ verrucosum 283 

Tyromyces caesius 254; 
f r ag 11 is 254 

Valsa profusa 20 

Valsaria angu1aris 26; 
mega1ospora 26 

Wettsteinioa 20 

Xerula 120 

Zopfia 17, 18, 35; a1biz1ae 
35; rbizopbila (31), 35 

Zopfiaceae 18 
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