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ABSTRACT

The genus Marasmius (Tricholomataceae, Agaricales,
Basidiomycotina) constitutes one of the larger genera of litter-
decomposing and litter-binding mushrooms, represented worldwide by
approximately 500 species. Thirty-eight taxa representing eight
sections of the genus are recognized as occurring in the southern
Appalachian Mountains. Seven of these taxa are new to science, while
an additional 14 are reported for the first time from the study area.
In addition, one new section is proposed.

Descriptions of southern Appalachian species of Marasmius have
been compiled from data on macro- and micromorphological features of
basidiomata, supplemented with data on geographical and ecological
distribution. Details on nomenclature and comparisons with
phenetically similar taxa are provided, as are illustrations of
diagnostic micromorphological characters. Dichotomous keys to the
sections and species of southern Appalachian Marasmius are presented,
and a preliminary key to Marasmius from North America is offered.

The taxonomic potential of cultural morphology and spot tests for
phenoloxidase activity have been analyzed. Descriptions of culture mat
morphology of 29 taxa grown on Malt Extract Agar (MEA) and Potato
Dextrose Agar (PDA) are presented, and a synoptic key to aid in their
diagnosis is provided. These studies indicated that culture mat
morphology as developed on MEA was similar for most taxa, and
consequently of limited taxonomic value. Conversely, culture mat

morphology developed on PDA was distinctive and taxonomically useful
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for each taxon examined. Results of spot tests for phenoloxidase
activity indicate that cultures of all taxa examined showed laccase
activity, while basidiomata of the same taxa showed no laccase
activity. In comparison, cultures and corresponding basidiomata of
some species showed tyrosinase activity, while other taxa showed no
tyrosinase activity. Spot tests for tyrosinase activity proved
taxonomically useful.

To clarify the taxonomy and nomenclature of southern Appalachian
Marasmius extant type specimens, authentic material or representative
material of 217 species have been examined and their correct taxonomic
disposition determined. Neotype or lectotype specimens are designated,

and new combinations are proposed where appropriate.
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CHAPTER I

INTRODUCTION

The genus Marasmius Fr. (Tricholomataceae, Agaricales,
Basidiomycotina) constitutes one of the larger genera of litter-
decomposing and litter-binding mushrooms, represented worldwide by
approximately 500 species. These fungi play an extremely important
role in nutrient retention and recycling in tropical, subtropical and
temperate regions of the world. Although species of Marasmius have
been reported from all continents, the greatest diversity of species
occurs in tropical areas. Singer (1976) reported about 300 species
from the neotropics, Petch (1947) cited 56 species from Sri Lanka, and
Singer (1964) and Pegler (1977) reported 105 species from Africa (a
number of these species have since been transferred to other genera).
About 107 of these species are pantropical. Fewer taxa are known from
temperate regions of the world. Approximately 35 species have been
reported from Europe (Moser, 1983; Noordeloos, 1987), 45 species were
cited by Singer (1969) and Singer and Digilio (1952) from southern
South America and Antarctica, and about 90 taxa are known from North
America (Desjardin, unpubl. data). Relatively few species are
circumboreal. Some species are restricted to high altitude zones (up
to 5000 m elev.), while others are found only in lowland environments.
The majority of species are mesophytic, although a few are restricted
to xerophytic regions.

Most species of Marasmius are saprophytic, degrading leafy or

woody debris of coniferous, monocotyledonous or dicotyledonous plants.



Occasionally, taxa may utilize senescent material of various
pteridophytes or bryophytes. Some species are unspecialized and
capable of utilizing senescent material of a number of different types
of plants, while other species are highly substrate specific, capable
of degrading organic material from only a single host genus or family
(Singer, 1976; Desjardin, 1985a,b; Desjardin & Petersen, 1989a-d).
Because of these factors, in many cases distribution patterns of
Marasmius are directly correlated with the distribution of host plants.

A few species are parasitic and may cause diseases of economically
important plants, such as rubber, tea, coffee, sugarcane, wheat, or
various turf grasses. One species, M. androsaceus (L.: Fr.) Fr., is
the primary cause of dying-out of heather in Scotland (MacDonald,
1949), while a number of species cause horse-hair blight of various
trees and shrubs (Petch, 1915; Seaver, 1944). The fairy ring
mushroom, M. oreades (Bolt.: Fr.) Fr., is a common disease-causing
agaric of grasslands throughout the world (Lebeau & Hawn, 1961, 1963).
Lichenization is unknown in Marasmius, and none are known to be
ectomycorrhizal, although Singer (1965) suggested a probable
endotrophic association of Marasmius with South American orchids. The
latter hypothesis has never been proven.

Unlike most agarics that form basidiomata with short life spans
during which spore production is continuous, the reproductive strategy
of many Marasmius species is quite different. Many of these fungi form
basidiomata that dessicate in situ, then revive when sufficient
moisture is available and continue spore production, a condition termed

marcescent. This cyclic pattern of spore production can be repeated
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numerous times during the life span of an individual basidiome. Some
species have been reported to form basidiomata that live and produce
viable spores for three weeks or more (Gilliam, 1975c). Because most
Marasmii are litter-decomposers, inhabiting niches with frequent
alternating wet/dry periods, this mode of spore production appears to
be adapted for this type of environment.

Marasmius differs from other genera in the Tricholomataceae by a
combination of macromorphology, spore characteristics and pileipellis
morphology. Species of Marasmius usually form small basidiomata with
convex or campanulate, striate pilei, adnate or adnexed, pallid
lamellae, and narrow, cartilaginous stipes. Spores are thin-walled,
smooth, hyaline, inamyloid and acyanophilous. In addition, basidia
lack siderophilous granules. Pileipelli exhibit two possible
morphologies: 1) a hymeniform layer of smooth (non-setulose) or
setulose elements (broom cells); or 2) a non-hymeniform layer of
interwoven, diverticulate hyphae with broom cell-like terminal cells.
For a comparison of Marasmius to closely allied genera (e.g., Collybia,
Crinipellis, Marasmiellus, Micromphale), and for keys to aid in
separating these genera, refer to Desjardin (1987b) and Largent and
Baroni (1988).

A taxonomic treatment of North American species of Marasmius has
only recently been undertaken, resulting in several regional
monographs. The genus has been surveyed by Gilliam (1975a,b, 1976) for
northeastern United States and adjacent Canada, and for western United

States by Desjardin (1985a,b, 1987a,b). No modern regional taxonomic
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survey has been published for southeastern United States, nor for the
central states, southwestern states, Alaska, or Canada.

The purpose of this study was threefold: first, to provide a
taxonomic monograph of Marasmius from the southern Appalachian
Mountains; second, to clarify and stabilize the nomenclature and
taxonomy of taxa described in Marasmius and allied genera based on
material originally collected in North America; and third, to
determine the usefulness of culture morphology and spot tests for
extracellular phenoloxidase activity in the taxonomy of Marasmius.

To accomplish the goals outlined above, extensive field work and
herbarium studies were undertaken. The study area, designated the
southern Appalachian Mountains, included nearly all of the Blue Ridge
Province and a portion of the Ridge and Valley Province as defined by
Fenneman (1938). The region is bordered in the west by the Cumberland
Plateau (but included the Cumberland Mts. in the north), and bordered
in the east by the Piedmont Province. The study area extended in the
south to the northernmost tip of Talladega National Forest, and
included Oconee National Forest. The New River which runs through
south-central West Virginia and western Virginia was chosen as the
northern border. When political boundaries are considered, the study
area encompassed most of eastern Tennessee, the southeastern portion of
Kentucky, southern West Virginia, western Virginia and North Carolina,
northwestern South Carolina, and the northernmost portions of Georgia
and Alabama.

This project entailed three years of extensive fieldwork in a wide

variety of habitats throughout the southern Appalachian region.
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Hundreds of specimens of Marasmius were collected and preserved, and
over 125 axenic tissue isolates representing 29 species of Marasmius
were obtained. In addition, 13 North American herbaria were visited
where pertinent specimens were selected for loan. Moreover, material
was borrowed from 18 international herbaria. To clarify the
nomenclature and taxonomy of southern Appalachian Marasmius, it was
necessary to examine extant type specimens of all epithets based on
North American collections and originally described in Marasmius,
epithets transferred to Marasmius by other workers, and species with
protologues suggesting affinities with Marasmius. Type specimens of
numerous taxa described from material collected in the neotropics and
tropics were also examined. When type material was unavailable for
examination, a ''representative' specimen was chosen (from topotype
material when possible) on which the species concept was based.
Results of the type specimen studies are presented in Chapter VIII.
Data from fieldwork and herbarium studies have been collated into a
monograph of southern Appalachian Marasmius presented in Chapter IV,
and a key to species of Marasmius known to occur in North America
(excluding Mexico) is presented in Chapter V. Axenic tissue isolates
were grown on several media and described accordingly. Analyses of
cultural morphology and a discussion of the taxonomic potential of
culture characters are presented in Chapter VI. Spot tests for
phenoloxidase activity were performed on freshly obtained basidiomata
and on axenic tissue isolates. Results of these tests are presented in

Chapter VII.



TAXONOMIC AND NOMENCLATURAL HISTORY

The name Marasmius was first proposed by Elias Magnus Fries in
Floram Scanicam (1835). A more thorough coverage of the genus was
presented subsequently by Fries in his Genera Hymenomycetum (1836) and
Epicrisis Systematis‘Mycologici (1838). Based exclusively on
macromorphology, Fries' original concept of Marasmius included species
with the combination of white spores, central cartilaginous stipes,
sulcate or corrugated pilei and reviving basidiomata. In addition,
Fries (1838) established Agaricus tribe Collybia [Collybia was later
adopted at generic rank by Staude (1857)] which differed from Marasmius
in the formation of non-reviving basidiomata. The adoption and
prolonged use of these delimitations of Marasmius and Collybia by early
mycologists trained in Friesian concepts have led to many taxonomic
inconsistencies. Indeed, over 1500 epithets have been published in
Marasmius to date. As noted by Romagnesi (1952), Singer (1958b, 1965),
Gilliam (1976) and Desjardin (1985a), the primary objection to the use
of Fries' concept involves the subjectivity of determining the ability
of basidiomata to revive. Moreover, several species of Collybia revive
in situ or when remoistened in the laboratory (Arnold, 1935; pers.
observ.), while several species of Marasmius fail to revive (Gilliam,
1976; pers. observ.). Inconsistencies of this sort indicate that
basidiome revivability is of limited taxonomic value, and have led
agaric taxonomists to emphasize microscopic features in generic

delimitations.



Patouillard (1887, 1900) was one of the first to recognize the
importance of microscopic features in Marasmius, in particular cellular
morphology of the pileipellis layer. Unfortunately, pioneering works
on Marasmius in North America by Morgan (1905, 1906), Pennington
(1915a,b) and Kauffman (1918) included few details on microscopic
characters. Since a generic type species was not designated by Fries,
early generic concepts varied (cf., Fries, 1838; Quélet, 1872;
Patouillard, 1900). To clarify the taxonomic boundaries of Marasmius,
Singer and Smith (1946) proposed M. rotula (L: Fr.) Fr. as lectotype,
and proposed conservation of the genus over Micromphale S. F. Gray
(1821). Marasmius was subsequently conserved by the Paris Congress
(see Taxon 2: 29-30, 1953). For a further discussion on the
nomenclature and typification of Marasmius and Micromphale, see Donk
(1949a,b, 1962) and Singer and Smith (1946).

Many extant type specimens of South American Marasmii were re-
examined by Singer (1950, 1951, 1952, 196la), while a number of
southeastern United States type specimens were re-examined by Hesler
(1957, 1959b). These studies established the framework for a new
delimitation of Marasmius through the transfer of many species to other
genera (e.g., Collybia, Crinipellis, Oudemansiella, Marasmiellus) and
the segregation of Marasmius sensu lato into a number of allied genera
(e.g., Chaetocalathus, Mycenella, Physocystidium, Strobilurus). Recent
publications on Collybia (Halling, 1980, 1983a), Crinipellis (Singer,
1942; Redhead, 1986), Strobilurus (Redhead, 1980b; Desjardin 1987b),
Micromphale (Desjardin, 1985b; Desjardin & Petersen, 1988, 1989c),

Marasmiellus (Singer, 1973a; Desjardin, 1987a,b; Halling, 1987) and
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Marasmius (Gilliam, 1973, 1976; Singer, 1965, 1976; Halling, 1983b;
Desjardin, 1985a,b, 1987a,b) have helped much in clarifying the
taxonomic delimitations of these closely allied genera.

In recent years, considerable attention has been paid to the
Marasmii of tropical areas. Petch (1915, 1945, 1947) reported many
Marasmius species from Sri Lanka, Pegler (1966, 1968, 1977) surveyed
the agaric flora of East Africa reporting a number of Marasmii, while
Singer (1964) monographed the Marasmii of the Congo. South America and
the neotropics have received the most intensive investigations. Dennis
(1951a-d, 1957, 1970) studied Marasmius from the West Indies and
Venezuela, and Pegler (1983, 1987, 1988) reported many species from the
Lesser Antilles and Cuba. Singer spent nearly twenty years studying
the marasmioid fungi (as well as other agarics and boletes) of South
America and the neotropics (1958a, 1960, 1965, 1976). Marasmii of the
Asian tropics are known only from a key to the species from Dinghu Mt.,
Guangdong Province, China (Bi & Zheng, 1985).

Limited information has been published on Marasmius from temperate
regions. Stevenson (1964) reported 13 species from New Zealand [many
of which were transferred to other genera by Horak (1971); Desjardin &
Petersen (1989d) recently described two new species from those
islands], while Singer monographed the genus for the southern portion
of South America and Antarctica (Singer & Digilio, 1952; Singer,
1969). Publications presenting a fairly thorough coverage of species
of Marasmius from Europe are those by Kiihner (1933), Moser (1978),
Clémencon (1982) and Noordeloos (1981, 1987). A number of species have

been reported from Canada (Redhead, 1981, 1982; Redhead et al., 1982),



although a regional monograph has not been published. Modern
treatments of Marasmius from the United States are those by Gilliam
(1973, 1975a,b, 1976) for the northeastern states, Halling (1983b -
sect. Globulares), Desjardin (1985a,b, 1987a,b) for California, and
Desjardin and Petersen (1989a-c) for the southern Appalachian region.
No surveys of the marasmioid mycota have been published for the eastern
seaboard states, Gulf Coast states, central states, southwestern
states, Rocky Mts. or Pacific Northwest. Consequently, no modern
monographic treatment of Marasmius for North America has been
heretofore attempted.

The earliest account of the occurrence in the southeastern United
States of species presently considered in Marasmius was by Schweinitz
(1822), in which six species were reported from North Carolina. Since
that time, well over 100 epithets in Marasmius have been reported from
southeastern United States (Berkeley & Curtis, 1849, 1853, 1859;
Atkinson, 1897; Earle, 1901; Pennington, 1915b; Kauffman, 1917;
Murrill, 1920, 1939, 1940, 1945a,b, 1946a,b, 1951; Coker, 1927, 1929;
Coker & Beardslee, 1921; Hesler, 1937a,b, 1943, 1945a,b, 1951, 1952,
1957, 1959b, 1960, 1962; Overholts, 1938; Wolf, 1938, 1953; Smith &
Hesler, 1940; Hanlin, 1966; Grand et al., 1975; Gilliam, 1975a,b,
1976; Singer, 1976; Halling, 1983b; Halling et al., 1985; Desjardin
& Petersen, 1989a-c). Because of recent clarifications in the generic
concept of Marasmius, many of the species reported from southeastern
United States are now thought to belong in other genera. As part of

this project, the taxonomic disposition of binomials treated in the
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publications listed above was evaluated. The results of these studies

are presented in Chapter VIII.

Sectional Concepts.

Sectional concepts have varied in the past (cf., Saccardo, 1887;
Quélet, 1888; Lange, 1936), but those in current usage were originally
established by Kiihner (1933), who proposed sects. Alliateae,
Androsaceae, Epiphylleae, Globularinae, Gloeonemae, Hygrometriceae,
Peronateae, Ramealinae, and Rotulae. As noted by Singer (1949),
Kiihner's classification was proposed without due regard to the
conservation of previously published sectional names. Fries (1838)
subdivided Marasmius into two subgenera: subgen. Collybia with sects.
Scortei, Tergini, and Calopodes; and subgen. Mycena with sects.
Chordales and Rotulae. No type species were designated by Fries for
the infrageneric taxa. To preserve Kiihner's classification scheme,
Singer (1949, 1962) designated lectotype species for Fries'
infrageneric taxa as follows:

sect. Scortei: M. urens (Fr.) Fr.

sect. Tergini: M. fuscopurpureus (Pers.: Fr.) Fr.
sect. Calopodes: M. calopus (Pers.: Fr.) Fr.
sect. Chordales: M. cauticinalis Fr.

sect. Rotulae: M. rotula (Scop.: Fr.) Fr.

As a consequence of Singer's typifications, sects. Scortei and
Tergini became synonyms of Collybia sect. Vestipedes, and sect.
Chordales became a synonym of Xeromphalina. Because M. calopus is

considered a nomen dubium by contemporary agaricologists, sect.
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Calopodes will remain a nomen dubium until the binomial is neotypified.
And because the genus Marasmius was lectotypified by M. rotula, sect.
Rotulae is a superfluous name. Singer's proposal very neatly disposed
of Fries' (1838) infrageneric classification and allowed for
preservation of Kiihner's names. Singer (1949) emended the generic
concept, included several additional sections, and designated lectotype
species for a number of Kiihner's sections [Kiihner (1933) did not
explicitly designate type species for his sections]. Several of
Kihner's sections circumscribe taxa currently placed in other genera
[viz., Micromphale (Gloeonemae), Collybia (Peronateae), Marasmiellus
(Ramealinae)]. Singer (1958b) again emended the genus, and recognized
10 sections. In recent years, several sections have been subdivided
(Singer 1965, 1976; Clémengon, 1982), and several new sections have
been added to the genus (Noordeloos, 1981; Desjardin & Petersen,
1989c).

Species of Marasmius occurring in the southern Appalachian

Mountains represent eight sections. The infrageneric classification

accepted in this treatise is outlined below.

Infrageneric Classification of Southern Appalachian Taxa.

sect. Rhizomorphigena (Singer) Desjardin & Petersen (1989c)

sect. Androsacei Kiihner (1933)

sect. Marasmius [E sect. Rotulae Fries nom. superfl. (1838)]
subsect. Marasmius [= subsect. Pararotulae Singer (1976)]

subsect. Penicillati Singer (1976)



sect. Epiphylli Kiihner (1933)
sect. Globulares Kiithner (1933)
sect. Alliacei Kithner (1933) [= sect. Chordales sensu Gilliam
(1976)]
sect. Hygrometrici Kithner (1933)
sect. Sicci Singer (1958b)
subsect. Siccini Singer (1958a)
ser. Spinulosi (Clémencon) Desjardin stat. nov.
ser. Atrorubenses Desjardin ser. nov.
ser. Haematocephali Singer (1976)

ser. Leonini Singer (1976)

12



13

CHAPTER II

MATERTALS AND METHODS

TAXONOMIC STUDIES

This study entailed examination of living basidiomata collected by
the author in a wide variety of habitats throughout the study area, as
well as examination of dried specimens housed in the Herbarium of the
Department of Botany, University of Tennessee, Knoxville (TENN) and
borrowed from cooperating herbaria.

Living basidiomata were collected in the field and dried using
standard techniques (Smith, 1949; Largent, 1973). Because the manner
of attachment of the stipe to the substrate and the type of substrate
are of utmost importance in sectional and specific delimitations,
particular care was taken to insure that the stipe base and part of the
substrate were included in each collection. While in the field, mental
note was made as to whether basidiomata were putrescent or dried in
situ (i.e., marcescent). In addition, brief notes were taken on
vascular plant associates, habitat-type, and on ephemeral features such
as odor and pileus coloration. Whenever possible, color photographs
were taken of suitable basidiomata in situ. Collections were
transported back to the laboratory wrapped in wax paper or enclosed in
plastic boxes.

Once in the laboratory, all freshly obtained basidiomata were
studied immediately. Spore deposits were obtained on glass microscope

slides or white bond paper and examined after 24 hours to determine



14
spore color. In a few collections, spore deposits were obtained in
sterile Petri plates for future studies of single spore isolates and
mating phenomena. Axenic tissue cultures and/or multispore isolates
were obtained from all suitable collections (see below), and spot tests
for phenoloxidase production were performed on basidiomata of all
suitable collections using methodologies described below. Color
photographs of all pertinent specimens were taken with a Nikon FE2 35
mm camera plus flash attachment, through a 55 mm Nikkor Micro lens
(often with a Teleconverter) using Kodachrome 64 color slide film. In
addition, all pertinent specimens were illustrated with line drawings.

Descriptions of macromorphological features were recorded for each
collection, with special attention given to: size, shape, coloration
and surface features of pileus and stipe; attachment, spacing, breadth
and coloration of lamellae, presence or absence of a collarium,
lamellar discoloration; odor and taste; stipe attachment to the
substrate; type of substrate; and presence or absence of rhizomorphs.
Descriptive terminology was taken from Singer (1965, 1976), Snell and
Dick (1971) and Largent et. al (1977). Colors were recorded using
terminology and notations from several sources. Unless otherwise
noted, alphanumeric references within parentheses in the descriptions
below are from Kornerup and Wanscher (1978), while those in quotation
marks are from Ridgway (1912). Color terms without parentheses and
quotation marks are those of the author. After descriptions of
macromorphological features were compiled, all specimens were dried and
deposited in the Fungus Herbarium, University of Tennessee, Knoxville

(TENN).
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Descriptions of micromorphological features were compiled using
standard techniques and terminology (Singer, 1965, 1973a; Largent et
al., 1977). It was impossible to determine all micromorphological
features from examining a single section of tissue. A minimum of four
types of sections, as outlined below and similar to those suggested by
Singer (1973a), were made and examined for each collection (when
adequate material was available for study). Free-hand sections of
dried material were made using a double-edged razor blade with the aid
of a binocular dissecting microscope. If the material to be sectioned
was delicate and fragile, it was first revived in alcohol and water and
then sectioned in pith. Otherwise all material was sectioned dry.
Sections were reconstituted in 957 ethanol followed by distilled water.
Separate microscopic examinations of each type of section outlined
below were made in distilled water, 37 KOH, Melzer's reagent and 37 KOH
plus Congo Red. Hyphal colors were recorded as they appeared in
distilled water.

Symbols denoting spore statistics determined were as follows: x,
the arithmetic means of spore length (L) and spore width (W) [%
standard deviation] in a sample (specimen); X, the mean of means
(grand mean) where more than one specimen was available; E, the
quotient of L divided by W in any one spore, indicated as a range of
variation in n-spores measured; Q, the mean of E-values [% standard
deviation] in a sample; Q, the mean of Q-values where more than one
specimen was available. Where seven or more specimens of each taxon
were available for a comparison of intraspecific variation, I have

followed the suggestion of Parmasto and Parmasto (1987: 111) and
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calculated the 907%-expected tolerance limits of mean spore size (x) and
length/width ratio (Q) at 907 probability level [TL90(90%)].

Types of sections examined included: 1) Pileus tangential or
radial section: Care was taken to include a portion of the extreme
margin of the pileus plus the region on or nearest the disc. This
section was essential for determining the cell-type and arrangement of
pileipellis elements, and features of the pileal and lamellar tramal
tissues, including cellular organization and microchemical reactions.
In addition, this section was helpful in determining the occurrence and
morphology of the following features: basidia, basidioles,
pleurocystidia, pilocystidia, gelatinization, pigment localization,
clamp connections and oleiferous hyphae.

2) Pileus scalp section: A scalp section provided information on
distribution of various types of pileipellis elements, e.g., setae,
thick-walled vs. thin-walled broom cells, smooth cells vs. broom cells,
etc. In addition, discharged spores were often observed adhered to the
pileipellis elements and provided a good source for spore measurements.

3) Lamella edge section: A small section of the lamellar edge was
mounted to determine presence or absence of cheilocystidia. After
initial observations on relative abundance and distribution of
cheilocystidia and on distance they projected (if at all) beyond the
hymenium, gentle pressure was applied to the cover slip to separate the
hymenial elements. These squash mounts were essential for describing
and illustrating morphology of cheilocystidia, basidia, basidioles,

pleurocystidia and spores.
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4) Longitudinal sections of the stipe apex and base: These
sections were essential for determining features of the stipe cortical
and medullary tissues, and occurrence, morphology and distribution of
caulocystidia. Whenever possible, spore measurements were taken from
spore deposits on the surface of the stipe apex.

If the material examined was extremely scanty, fragile or
fragmented, as was often the case with type specimens, most of the
essential micromorphological features were observed from small scalp
sections of the pileus, lamellar edge fragments and stipe apex
sections. All microscopic examinations were made using a Leitz
Laborlux D binocular compound microscope using bright field and
interference-contrast (Nomarski) optics. Illustrations of diagnostic
micromorphological characters were prepared to scale with the aid of a
drawing tube.

Herbaria containing specimens made available for this study are as
follows (titles and abbreviations are taken from Holmgren et al.,
1981): U. S. National Fungus Collections, Beltsville, Maryland (BPI);
Herbarium, Jardin Botanique National de Belgique, Meise, Belgium (BR);
National Mycological Herbarium, Biosystematics Research Institute,
Agriculture Canada, Ottawa, Ontario, Canada (DAOM); Stover Herbarium,
Dept. of Botany, Eastern Illinois University, Charleston, Illinois
(EIU); John G. Searle Herbarium, Field Museum of Natural History,
Chicago, Illinois (F); Farlow Reference Library and Herbarium of
Cryptogamic Botany, Harvard University, Cambridge, Massachusetts (FH);
Herbarium, Dept. of Botany, University of Florida, Gainesville, Florida

(FLAS); Herbarium, Dept. of Biology, Humboldt State University,
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Arcata, California (HSC); Herbarium, Dept. of Botany, University of
Illinois at Urbana-Champaign, Urbana, Illinois (ILL); Herbarium, Dept.
of Botany, Iowa State University, Ames, Iowa (ISC); The Herbarium,
Royal Botanic Gardens, Kew, Richmond, Surrey, England (K); Natural
History Museum of Los Angeles County, Los Angeles, California (LAM);
Herbario, Instituto de Botdnica "C. Spegazzini," La Plata, Buenos
Aires, Argentina (LPS); Herbarium of the University of Michigan, Ann
Arbor, Michigan (MICH); Willard Sherman, Turrell Herbarium, Dept. of
Botany, Miami University, Oxford, Ohio (MU); Herbarium, Dept. of
Botany, University of North Carolina, Chapel Hill, North Carolina
(NCU); C. E. Bessey Herbarium, University of Nebraska State Museum,
Lincoln, Nebraska (NEB); Herbarium, New York Botanical Garden, Bronx,
New York (NY); Herbarium, New York State Museum, Biological Survey,
Albany, New York (NYS); Muséum National d'Histoire Naturelle,
Laboratoire de Cryptogamie, Paris, France (PC); Herbarium, University
of Pennsylvania, incorporated in PH (PENN at PH); Herbarium, Academy
of Natural Sciences of Philadelphia, Philadelphia, Pennsylvania (PH);
Mycological Dept. of the National Museum, Praha, Czechoslovakia (PRM);
Herbarium, Dept. of Biological Sciences, San Francisco State
University, San Francisco, California (SFSU); Herbarium, Dept. of
Botany, Southern Illinois University, Carbondale, Illinois (SIU);
Herbarium, Dept. of Environmental and Forest Biology, College of
Environmental Science and Forestry, State University of New York,
Syracuse, New York (SYRF); Herbarium, Dept. of Botany, University of
Tennessee, Knoxville, Tennessee (TENN); Cryptogamic Herbarium, Dept.

of Botany, University of Toronto, Toronto, Ontario, Canada (TRTC);
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Herbarium, Dept. of Botany, University of California, Berkeley,
California (UC); Massey Herbarium, Dept. of Biology, Virginia
Polytechnic Institute and State University, Blacksburg, Virginia (VPI);
Herbarium, Dept. of Botany, University of Washington, Seattle,

Washington (WTU).

CULTURE MAT ANALYSES

The following procedure was employed to obtain dikaryotic tissue
cultures of Marasmius. Fresh, young basidiomata from suitable
collections were selected for culturing. Small portions of clean
lamellae or lamellulae, preferably chosen from areas nearest the
stipe/pileus juncture, were excised using sterile, fine-pointed
forceps, and aseptically transferred to 60 X 15 mm Petri plates (4-6
lamellar fragments per plate) containing malt extract agar (= MEA,
Nobles, 1948) plus o-phenylphenol (o-hydroxy diphenyl) [10 mg/L, added
as 1 ml of a 17 soln. made by dissolving 1 g o-phenylphenol in 100 ml
of 50% ethanol] and streptomycin sulfate (50 mg/L). Although initial
attempts were made at extracting sterile tramal tissues from pilei and
stipes that had been torn open, this proved impractical and often
physically impossible with the tiny basidiomata characteristic on many
Marasmii. In addition, attempts to extract tissue from surface
sterilized stipes were unsatisfactory. With the use of young, clean
lamellar fragments, axenic tissue cultures were obtained from
approximately 85-907 of all basidiomata sampled. Spore deposits were

obtained on the inoculation medium for some collections, and subsequent
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multisporous cultures were isolated. o-phenylphenol was added to
reduce growth of ascomycetous and deuteromycetous contaminants, while
streptomycin sulfate was added to inhibit growth of bacterial
contaminants. Russell (1956) suggested using 60 mg/L o-phenylphenol in
media for isolation of wood-rotting fungi, but I found that this
concentration inhibited mycelial growth of all marasmioid/collybioid
fungi tested (e.g., numerous species of Collybia, Marasmiellus,
Marasmius, Micromphale, Mycena, Xeromphalina, etc.). Ten mg/L
successfully inhibited growth of fungal contaminants while allowing
adequate mycelial growth of species of Marasmius and allied genera.
Both o-phenylphenol and streptomycin sulfate were added to agar after
autoclaving, just prior to pouring of plates.

After 2-7 days growth in the dark at 20-23° C, each plate was
examined and mycelia were subcultured as required onto MEA lacking
contaminant inhibitors. If necessary, subsequent subculturing was
performed to isolate desired hyphae from contaminants. Once axenic
tissue cultures were obtained, they were transferred to 125 X 16 mm
test tubes containing MEA (a minimum of 2 replicates per isolate) and
stored in the dark at 4° C. Each isolate was given a number matching
the collection number and all voucher collections were dried and
deposited in TENN. Isolates utilized in the culture studies are listed
in Table 2, Chapter VI.

Culture mat analyses were based on the principles pioneered by
Davidson et al. (1942), Nobles (1948, 1965) and Stalpers (1978). To
standardize the physiological age of isolates examined, 100 X 15 mm

Petri plates (actual width = 90 mm) containing MEA were inoculated
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separately with mycelium of each isolate and incubated in the dark at
20-23° C. A separate standardized stock culture was grown for each
isolate of each species. For most species, at 10 days the advancing
zone had developed sufficiently for removal of a number of inoculum
plugs. In a few slow-growing species, 20 days growth was required for
sufficient development of the advancing zone. From each 10 day-old, or
rarely 20 day-old stock culture, eight 5 mm square inoculum plugs were
removed from the advancing zone and transferred, mycelium side down, to
the edge of 100 X 15 mm Petri plates containing either MEA or Potato
Dextrose Agar (= PDA). Four replicates of each isolate on each medium
were incubated in the dark at 20-23° C for six weeks. Growth rate and
culture mat macromorphology were recorded for all replicates of all
isolates on both media every seven days using the terminology of Nobles
(1948, 1965) and Stalpers (1978). Advancing zone micromorphology was
recorded at Week II. Aerial and submerged hyphal micromorphologies
were recorded at Week VI. In addition, spot tests for phenoloxidase
production were performed at Weeks II and VI, following the methodology
described below. Data obtained from the culture mat analyses are

presented in Chapter VI.

PHENOLOXTDASE ANALYSES

Spot tests for presence or absence of laccase, tyrosinase and
peroxidase were performed on cultures of all isolates grown on MEA and
PDA, and spot tests for laccase and tyrosinase were performed on living

basidiomata of corresponding collections, following procedures outlined
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below. The following substrate-specific reagents were used: 1) For
laccase: syringaldazine (Harkin & Obst, 1973) and a-naphthol
(Stalpers, 1978); 2) For tyrosinase: L-tyrosine (Marr, 1979) and p-
cresol (Marr, 1979); 3) For peroxidase: hydrogen peroxide plus
pyrogallol (Stalpers, 1978). Control spot tests with distilled water
and 957 ethanol were performed on all isolates and basidiomata.

Spot Tests on Cultures.

One MEA-grown replicate and one PDA-grown replicate of each
isolate were used at Week II in spot tests for phenoloxidase activity.
The remaining three replicates on each medium were allowed to grow
through Week VI. At Week VI, one MEA-grown replicate and one PDA-grown
replicate of each isolate were used in spot tests. Each replicate to
be spot-tested for phenoloxidase activity was cut into seven pie-shaped
wedges, and each wedge was placed in a separate 35 X 10 mm Petri plate.
Each of the seven agar/mycelium wedges was flooded with a different
reagent (i.e., 5 enzyme-specific reagents and 2 control reagents) and
reactions were recorded at 5, 10, 15, 30 and 60 minutes, and at 3 and
24 hours. Results of over 2500 reactions were recorded during this
study. Data obtained from spot tests on cultures and discussions of
the taxonomic potential of these data are presented in Chapter VII.

Spot Tests on Basidiomata.

Several intact basidiomata from each collection to be tested were
split in half longitudinally and each half was placed in a separate
Petri plate. Each plate was flooded with a different reagent and
reactions were recorded at 15, 30 and 60 minutes. Reagents used were

syringaldazine, L-tyrosine, p-cresol, distilled water and ethanol.
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Reactions were recorded as weakly positive (small portions of the
external surface or basal mycelium positive), positive (all or nearly
all of the external surface, and/or basal mycelium, and often internal
tissues positive), and negative (no reactions observed on basidiomata
or basal mycelium). Data obtained from spot tests on basidiomata are

presented and discussed in Chapter VII.
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CHAPTER III

DISCUSSION OF TAXONOMIC CHARACTERS

No single morphological character may be used to clearly
differentiate all species of Marasmius. It is important to recognize a
combination of characters or the absence of specific characters in
order to achieve accurate diagnoses. Presented below is a discussion
of variation observed in macromorphological and micromorphological
characters of basidiomata of Marasmius, plus a brief synopsis of the
taxonomic significance of each character or character state. Unless
otherwise indicated, descriptive terminology was taken from Singer
(1965, 1976), Snell and Dick (1971), Largent (1973), and Largent et al.

(1977).

MACROMORPHOLOGICAL FEATURES

Basidiome Stature and Size.

Through the years, various descriptive terms that characterize
basidiome stature have surfaced in literature on agarics (Largent,
1973). For example, basidiomata with stature reminiscent of the
majority of Clitocybe species are said to be 'clitocyboid." Those
similar in macromorphology to Collybia species are called '"collybioid."
Likewise, the terms '"omphalinoid" (Omphalina-like), '"tricholomatoid"
(Tricholoma-1like), "pleurotoid" (Pleurotus-like), and "mycenoid"
(Mycena-1like) are a few other descriptive terms used to characterize
basidiomata of white-spored agarics. The term '"'marasmioid" has been

used commonly to describe mushrooms reminiscent of Marasmius species.
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In general, the term has been applied to basidiomata with the following
combination of features: a) convex or campanulate, striate or sulcate
pilei with tough or membranous texture; b) marcescent and reviving;
c) adnate or adnexed, pallid lamellae; and d) narrow, cartilaginous or
wiry stipes. In other words, the term was used to describe Marasmius
in the classical, Friesian sense. It must be emphasized, however, that
the contemporary circumscription of Marasmius encompasses taxa with
marasmioid, collybioid [M. oreades (Bolt.: Fr.) Fr., M. nigrodiscus
(Pk.) Halling], omphalinoid (M. calhouniae Sing.), pleurotoid (M.
neosessiles Sing., M. polycystis Sing.), and nearly cyphelloid (M.
pusillissimus Desj. & Pet.) statures. Because stature is a reflection
of an entire suite of characters (i.e., pileus shape, lamellar
attachment, stipe shape and size), it has taxonomic significance.

Basidiomata of southern Appalachian Marasmii range in size from
tiny (M. epifagus Gilliam, with pilei = 1 mm diam, stipes = 5 X 0.1 mm)
to robust (M. nigrodiscus, with pilei up to 100 mm diam, stipes 45-100
X 3.5-6 mm). Basidiome size is of limited taxonomic value when
considering closely allied taxa. Many North American members of sect.
Sicci form basidiomata that fall within the same size range, and
consequently size may be of little value in separating species. 1In a
few cases, size has been used as a supportive character to segregate
taxa. For example, basidiomata of M. fulvoferrugineus Gilliam tend to
be larger on the average than those of M. siccus (Schw.) Fr., and in
cases where pileus pigmentation in these two species is similar,
basidiome size may be a useful field character. Basidiome size is one

criterion segregating M. copelandii var. olidus (Gilliam) Desjardin,
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from var. copelandii Pk. (see Desjardin, 1987a). It must be
remembered, however, that size is also a function of basidiome age, and

only mature basidiomata should be considered when comparing taxa.

Basidiome Development.

Very few data have been published on development of basidiomata in
Marasmius. Reijnders (1963) reported that M. rotula (Scop.: Fr.) Fr.,
M. bulliardii Quél., and M. pahouinensis de Seynes were
paravelangiocarpous, while Singer (1986) reported these species to be
also pileostipiticarpous. Singer (1986) further suggested gymnocarpous
development in M. floriceps Berk. & Curt. Basidiome ontogeny must be
studied in vitro in many more species of Marasmius before the taxonomic

and phylogenetic significance of development can be evaluated.

Pileus Features.

Size and Shape. Pilei range in size from less than 1 mm to well

over 100 mm in diameter. The majority of southern Appalachian Marasmii
form pilei ranging from 10-30 mm diam. When comparing closely allied
taxa, size difference is usually inconsequential.

Immature pilei range in shape from hemispheric, trapezoidal, or
convex, to obtusely conic or campanulate. As pilei mature, the
marginal region expands and the shape becomes broadly convex, broadly
conic, broadly campanulate, plano-convex, plano-campanulate, plano-
depressed, or sometimes plane. The disc region at maturity may be
plane, depressed, umbilicate, umbonate or papillate. In addition, the

disc is generally even in immature basidiomata, but may become rugulose
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at maturity. The margin is usually decurved or sometimes incurved or
inrolled in immature basidiomata, but as pilei mature the margin
expands and may remain decurved or become uplifted in age. Moreover,
the extreme margin may be even, wavy, crenate, scalloped or rarely
split at maturity. In immature basidiomata, the marginal region is
usually even or weakly striate. As pilei mature, this area may remain
even, or become striate, sulcate, plicate, rugulose-striate or
irregularly ridged.

Pileus shape is a very important taxonomic character. Character
comparisons often useful in separating closely allied taxa include:
disc plane vs. disc depressed or umbilicate; papillate or umbonate vs.
non-papillate or non-umbonate; margin even vs. margin striate, sulcate
or plicate. These features are particularly important in separating
species in sect. Sicci.

Surface. The pileus surface is typically dull and dry in those
species with hymeniform pileipelli formed of broom cells (sects.
Hygrometrici, Marasmius, Sicci) or with non-hymeniform pileipelli
(sects. Androsacei, Rhizomorphigena). In comparison, the surface may
be dull or shiny, and dry or moist and sometimes subhygrophanous in
those species with hymeniform pileipelli of non-setulose elements
(sects. Alliacei, Epiphylli, Globulares). In addition, the surface may
be glabrous (smooth), pruinose, minutely granulose or subvelutinous.
Very rarely the surface appears minutely squamulose, the result of
clusters of erect chains of broom-cell-like elements (M. magnoliae
Sing.). Pilei of most Marasmii are opaque, although a few species with

very thin pileus context may be somewhat translucent or pellucid-
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striate when young and moist. Pileus surface features are
taxonomically important to the extent that they are a direct reflection
of pileipellis morphology. A glabrous, waxy or lubricous surface
indicates a hymeniform pileipellis formed of non-setulose elements,
whereas a dull, subvelutinous surface signifies a hymeniform
pileipellis of broom cells. Pileipellis morphology is significant at
the sectional or subsectional level.

Color. Pileus coloration is quite variable in Marasmius and may
be taxonomically significant at the specific or infraspecific levels.
Pigmentation ranges from white or buff, to various shades and mixtures
of yellow, orange, red, purple, olive, grey or brown. Although within
taxa pileus coloration is fairly constant, it must be emphasized that
basidiome age and environmental conditions influence pigmentation. In
the majority of taxa with pigmented pilei, the pileus is more deeply
pigmented when young, with colors fading in age. Often, mature pilei
show more deeply pigmented disc regions and paler marginal regions.
Sometimes striae are much paler than interstriale regions (especially
in dried material) and pilei appear radially striped (e.g., M. bellipes
Morg.). In a few taxa, pilei become more deeply pigmented as they
mature (e.g., M. pyrrhocephalus Berk.) or become maculate with darker
or differently pigmented patches scattered over a paler background
[e.g., M. strictipes (Pk.) Sing.]. One species, M. sullivantii Mont.,
develops white, soredioid spots on the margin of mature pilei.
Sometimes basidiomata that form under an obstruction, such as leaves or
woody debris, show paler pilei than corresponding basidiomata that form

exposed to sunlight (e.g., M. felix Morg.).
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For diagnostic purposes, degree of pigmentation is not as
important as the tones of pigments involved; for example, yellow tones
vs. orange vs. red vs. olivaceous vs. purple vs. brown. There are taxa
in sect. Sicci that consistently form red-pigmented pilei (lacking
yellow tones), whereas other taxa form yellow or brownish orange pilei
(lacking red tones). Still others are consistently olivaceous or
brown, lacking red, yellow or orange tones.

In most species, pileus coloration is the result of intraparietal
pigments of pileipellis cells. In some cases (sect. Androsacei),
pigments are both intraparietal and incrusting. The chemical
compositions of pigments involved have not been elucidated.

Pileus Context. Thickness, color and texture of the pileus

context are of limited taxonomic value. In some members of sect.
Globulares, the context is thick and soft. In nearly all other taxa,
contextual tissue is thin and membranous. There are no staining

reactions when cut or bruised.

Lamellar Features.

Lamellae are typically well-developed in the majority of Marasmii,
although in some species (sect. Epiphylli) lamellae are absent or
poorly-developed, present as veins or ridge-like outgrowths.

Attachment. Lamellae range from adnate to adnexed or nearly free.
Only rarely are lamellae subdecurrent (e.g., M. calhouniae Sing.
ined.). All species in sect. Marasmius develop a ring of tissue
surrounding the stipe apex and contiguous with the lamellae. This

collar of tissue is termed a "collarium" and is developmentally derived
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from pileus tramal tissues (as are the lamellae), not from stipe
tissue. Well-developed collaria are entirely free from the stipe apex
in mature basidiomata and are easily determined as such. In some
cases, collaria are less well-developed and remain partially or in rare
cases wholly adherent to the stipe apex. In these instances, it may be
difficult to determine the presence of a collarium, and confusion may
arise concerning proper taxonomic disposition. For example, in some
populations of M. graminum (Lib.) Berk. & Br., some basidiomata show
poorly developed collaria and one might try to key the organism in
sect. Sicci. If enough basidiomata are sampled, however, easily
discernable collaria should be observed. In immature pilei of some
species, lamellae adhere to each other at the point of attachment to
the stipe, superficially resembling a collarium. As pilei mature and
expand, however, lamellar ends separate from each other (and often the
stipe), and a true collarium is not present. Presence or absence of a
collarium is significant at the sectional level.

Spacing. Lamellar spacing in mature pilei ranges from crowded or
close, to subdistant, distant or remote. Determination of spacing has
been traditionally somewhat arbitrary. One method that has been used
is to document the number of complete lamellae per basidiome. This
method may give an accurate accounting of lamellar spacing in taxa with
few or no lamellulae, but gives misleading results for species with
many series of lamellulae. For example, a species with no or few
lamellulae may have 20 complete lamellae and be recorded as forming
subdistant lamellae. A second species with 3-4 series of lamellulae

may also show only 20 complete lamellae, but would be reported by most
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mycologists as forming crowded lamellae. A more accurate approach is
to determine spacing as the number of interlamellar spaces per radian,
counted at the pileus margin. Interlamellar spaces are defined as the
regions between lamellae and major lamellulae, with major lamellulae
defined as lamellulae that reach from the margin at least half way to
the stipe. A radian is an angle at the center of a circle, subtending
an arc equal in length to the radius (= 57.2958°; i.e., approx. 6
radians per circle). In this scheme, definitions for spacing terms are
as follows: remote = 1-2 interlamellar spaces per radian; distant =
3-5; subdistant = 6-8; close = 9-12; crowded = >12. In some
instances, spacing is intermediate between the values given above or is
variable within a population. Accordingly, spacing should be indicated
as a range in variation, e.g., subdistant or distant.

Lamellar spacing is often useful in separating taxa, and has been
used as a key character. Obviously it is easier to evaluate crowded or
close vs. distant, than it is to compare subdistant vs. distant.
Nonetheless, the number of interlamellar spaces per radian or the
number of complete lamellae per basidiome are taxonomically significant
features.

In some species, interlamellar spaces are venose, and the lamellae
are then described as "intervenose." The venosity can be quite well-
developed in some taxa, forming a merulioid or nearly poroid
hymenophore (e.g., M. cladophyllus Berk.). Likewise, in some cases,
portions of lamellae anastomose, especially nearest the margin, and the
lamellae are termed "forked." In many taxa, older basidiomata develop

weakly venose interlamellar spaces especially near the pileus margin,
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and a feature as such is taxonomically insignificant. The presence of
strongly intervenose lamellae throughout development, however, is
taxonomically significant.

Width. Lamellae range in width from narrow to moderately broad or
broad. Narrow was defined in this study as having a width less than
1/4 the lamellar length. Moderately broad lamellae were 1/4 - 1/3 as
wide as long, while broad lamellae were 1/3 or more as wide as long.
Only mature, complete lamellae were considered. Lamellar width may be
a useful supportive character, especially when comparing taxa with
lamellae at opposite ends of the range. For example, M. glabellus Pk.
can be separated easily from M. siccus in the field by broad lamellae
in the former compared to narrow lamellae in the latter. It is often
more difficult to distinguish narrow from moderately broad, or
moderately broad from broad, especially if lamellar width is
intermediate to these arbitrarily chosen delimitations.

Color. Lamellae are typically white or buff-colored when young,
and remain so in age or develop pale yellow, orange or pink tones.
Rarely, lamellae are greyish or pale brownish (e.g., M. androsaceus, M.
brevipes). If lamellar edges are colored differently from lamellar
faces, the lamellae are said to be '"marginate.'" Presence or absence of
marginate lamellae may be taxonomically significant, but this feature
must be carefully assessed. In a few species, most basidiomata form
non-marginate lamellae, but a few older basidiomata may show weakly
marginate lamellae. In such cases, little emphasis should be placed on
lamellar edge pigmentation. In other species, the majority of

basidiomata in a population show marginate lamellae throughout
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development. Singer (1976) has used marginate vs. non-marginate
lamellae as a differentiating character at species or infraspecific
ranks. In the majority of taxa with marginate lamellae, pigments are
intraparietal in the setulae of cheilocystidia. In rare instances,
coloration is the result of pigmented, resinous cellular contents
(e.g., M. ciliatomarginatus Desjardin).

Lamellulae. Presence or absence of lamellulae is of limited
taxonomic value. Lamellulae are characteristically absent in members
of sect. Marasmius (very rarely with one or more per basidiome),
whereas in the majority of other species, lamellulae are present in 1-4

series.

Stipe Features.

Stipes are present and usually well-developed in all known
southern Appalachian Marasmii. In a number of tropical species, stipes
are absent or rudimentary, and pilei are laterally attached to the
substrate [sect. Neosessiles sensu Singer (1958b, 1976)]. Stipes are
centrally attached to pilei in most species, although they may be
eccentrically located in some taxa (e.g., M. falcatipes, M. brevipes).

Size and Shape. Stipes range in length from 1 mm to over 100 mm,

and range in thickness from 0.1 mm to more than 6 mm. Wiry or bristle-
like stipes usually range from 0.1-1 mm thick (e.g., sects. Androsacei,
Marasmius), tough and cartilaginous stipes are typically 1-2 mm thick
(e.g., sect. Sicci), while fleshy stipes are often 2-6 mm thick (e.g.,
sect. Globulares). Only in a few cases can closely allied taxa be

separated based on stipe thickness or length.
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The majority of Marasmii form stipes that are round in cross-
section (termed "terete"), although in some taxa stipes are compressed
(i.e., ellipsoid in cross-section) and/or once-cleft. Additionally,
most species form cylindric stipes, equal in diameter from top to
bottom (termed "equal"), although some stipes may broaden abruptly at
the apex ("flared") or enlarge slightly near the base. A few species
form stipes that are rooted in the substrate, narrowing below the
surface of the substrate (termed '"radicating'"). Stipes may be straight
or curved, and some are twisted. Stipe shape is of little taxonomic
value in Marasmius.

Texture. Stipe texture is direcfly related to the thickness of
the stipe, which in turn is a reflection of medulla thickness and
cortex thickness, as well as cell wall thickness in cortical or
medullary hyphae. Immature stipes are typically solid, but become
hollow in age. Many taxa form stipes that are corticated with thicker-
walled, more deeply pigmented, narrow hyphae surrounding thin-walled,
broader medullary hyphae. This outer layer gives the stipe a tough,
pliant texture. Many other taxa form non-corticated stipes which are
not as tough and pliant as corticated ones.

Stipe texture has been used in the past to differentiate several
infrageneric categories. Lange (1936) established subsects. Fibrosi
and Cartilaginei in sect. Radicosi [following Quélet's (1888)
classification, not Kiihner's (1933)] to accommodate those species with
tough but not cartilaginous stipes, and cartilaginous to horny stipes,
respectively. He further proposed subsect. Setacei in sect. Insititii

for those species with bristle-like stipes. Here, '"tough" is defined
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as flexible and not breaking when bent; 'cartilaginous" as flexible
but breaking when bent; and "bristle-like" as very narrow, tough and
wiry. In our contemporary classification of Marasmius, stipe texture
is of limited taxonomic significance due in part to the subjectivity
involved in determining stipe texture. Where is the line drawn between
tough and bristle-like? Are bristle-like stipes not tough? How much
can a stipe bend before breaking and still be considered tough? When
utilizing other taxonomic features for infrageneric delimitation,
various taxa within a section may show the full range of stipe texture
defined above.

Surface. Features of the stipe surface are very useful in species
diagnosis and have been used taxonomically at the series or species
levels. The stipe surface ranges from dull to shiny, and from glabrous
to pruinose, pubescent, felty, subvelutinous, hispid or tomentose.
Glabrous stipes lack a stipe vesture, while ornamented stipes form
stipe vestures composed of various types of tissues or cystidiiform
elements. Ornamentation may be located at the stipe apex only, at the
stipe base only, or cover the entire stipe. To the naked eye, a stipe
may appear glabrous, but with the aid of a 10X hand lens, it may be
minutely pruinose. Care must be taken when diagnosing presence or
absence and distribution of stipe ornamentation. Stipe surface
features are taxonomically important because they correlate with the
presence or absence of specific microscopic features. In sect. Sicci,
several series have been defined based in part on stipe surface

features.
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Color. Stipe coloration varies with age of basidiomata. 1In
general, the stipe is paler in immature basidiomata, and often darkens
from the base upward (termed "hysterochroic") through maturation. In
some species, the stipe is unpigmented and remains so throughout
development. In a few other species, pigments develop in the stipe
cortical hyphae soon after primordial initiation and the stipe appears
darkly pigmented throughout development (e.g., M. brevipes). In mature
basidiomata of many species, the stipe is somewhat bicolorous, i.e.,
with pallid apical region and darkly pigmented basal area. Colors of
stipe apices range from white or buff, to various tones or mixtures of
yellow, orange, pink, red, purple or brown. Stipe bases range in color
from white or buff, to yellow, brownish orange, reddish brown, brown or
black. Taxonomic importance has been placed on stipe apex color (e.g.,
white, buff or pale yellow vs. pink, red or purple), but one must
consider the influence of basidiome age and environmental conditions on
pigmentation.

Attachment to the Substrate. Attachment of the stipe base to the

substrate is a feature of substantial taxonomic importance in
marasmioid fungi, used at the generic and sectional levels. Two modes
of attachment are recognized: 1) If the stipe base arises naked from
the substrate, i.e., without visible basal mycelium or radiating
mycelial fibril, the stipe is termed "insititious;" 2) If the stipe
base arises from copious basal mycelium that binds the substrate
together, or arises from a small pad of downy, strigose, tomentose or
radiating mycelium, the stipe is termed "non-insititious." 1In these

definitions, substrate refers to leafy or woody debris, not to soil.
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All taxa with basidiomata arising directly from soil form non-
insititious stipes. Within Marasmius, members of sects. Androsacei,
Epiphylli, Hygrometrici, Marasmius, and Rhizomorphigena form
insititious stipes, while members of sects. Alliacei, Globulares, and
Sicci, form non-insititious stipes. All members of the'genera
Micromphale and Marasmiellus form insititious stipes (rarely
subinsititious, i.e., arising directly from the substrate but with a
few inconspicuous basal fibrils). Many taxa with insititious stipes
are also rhizomorph-formers, whereas no taxa with non-insititious
stipes form rhizomorphs.

There appear to be distinct physiological differences between taxa
with insititious stipes versus those with non-insititious stipes. In
many (but by no means all) cases, taxa with insititious stipes are
highly substrate specific (e.g., M. felix on Platanus; M. ilicicola on
Ilex; M. buxi on Buxus). In comparison, taxa with non-insititious
stipes are more often capable of utilizing the debris of various host
plants. In addition, insititious taxa form basidiomata on debris in
the uppermost litter layers (L and Fy layers), in niches with frequent
alternating wet/dry periods. Some insititious taxa are arboreal (e.g.,
M. brevipes). In comparison, non-insititious taxa tend to fruit from
debris deeper in the litter (Fl and F, layers) or from the soil (Al
horizon), areas that retain moisture for longer periods of time. Such
conditions allow for the development and proliferation of copious basal

mycelium.
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Rhizomorphs.

Many insititious taxa form rhizomorphs. In Marasmius, rhizomorphs
are narrow, wiry, typically darkly pigmented strands of tightly packed
mycelium similar in micromorphology to stipe tissue. They are often
found closely associated with stipe bases, and in some cases,
basidiomata arise directly from rhizomorphs. Rhizomorphs function as
an overwintering stage in the life cycle, as well as a dispersal or
proliferation agent. Rhizomorphs can be collected from the litter
layer year-round, although basidiomata develop only during specific
periods of the year. 1In addition, rhizomorphs are corticated with
tightly packed, thick-walled, darkly pigmented, long-celled, cylindric
hyphae which protect and inhibit dessication of the thinner-walled,
broader, unpigmented medullary hyphae. Rhizomorphs may be frequently
branched, and are attached to the substrate at various intervals along
the length of the strand by small mycelial pads (adhesion zones).
Hyphae grow from these attachment points into or over the substrate
where substrate-degradation and nutrient uptake occur. This structural
arrangement allows rhizomorphs to inhabit the uppermost, driest litter
layers (L and Fl layers), and even grow upward from the litter layer
into arboreal regions. Aerial rhizomorphs have been observed to grow
up to 8 mm in length per day (Hedger, 1985). Rhizomorphs function also
to "capture'" senescent material at the source in the aerial zone, and
to bind terrestrial litter layers together. Such roles are important
in nutrient retention in the biome. Presence or absence of
rhizomorphs, and rhizomorph pigmentation and surface ornamentation are

important taxonomic characters.
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Odor and Taste.

Odor and taste of most Marasmii are not distinctive, or at most
slightly fungal. There are, however, a number of taxa with quite
distinct odor and taste. Several species form odors similar to cyanic
acid or chlorine, and a few are spermatic or somewhat fruity. Although
taste is generally mild, basidiomata of several taxa taste bitter or
have a raphanoid (radish-like) component. Some marasmioid fungi have a
strong alliaceous odor and taste. Alliaceous is generally interpreted
as onion-like or garlic-like, but because human perceptions of taste
and smell are so subjective, alliaceous odors have been variously
reported as skunk-like, cabbage-like, rancid or fetid. This odor may
be very strong, enabling one to detect it from great distances (it may
permeate the forest), or it may be apparent only after crushing the
basidiome. Likewise, an alliaceous taste may be immediately apparent
or develop only after chewing for several minutes. Alliaceous odors
are known to be produced by members of sects. Alliacei and Androsacei.
The compound responsible for an alliaceous odor has recently been
isolated (Gmelin et al., 1976). This substance, gamma-glutamyl-
marasmine, is a natural dipeptide with a cysteine sulphoxide moiety.
When enzymatically cleaved in a two-step process, an unstable sulphur
compound results which decomposes to form the odorous secondary

products.

Substrate Affinity.

As mentioned above, many species of Marasmius are highly

substrate-specific, and consequently, substrate affinity is a valuable
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taxonomic feature. Basidiome formation in some taxa is restricted to
coniferous debris, in others to monocotyledonous debris, and in others
to dicotyledonous debris. Some species are restricted even further,
and capable of utilizing the senescent material of only a single family
(e.g., Fagaceae) or genus (e.g., Quercus). Many taxa can utilize only
leafy material, while others are restricted to woody material. Rarely,
basidiomata may form only on leaf petioles, never on leaf blades, or
only on bark and not on decorticated wood. Few species can utilize
both monocotyledonous or dicotyledonous debris, or both gymnospermous
and angiospermous material. It is important to collect enough
substrate in the field to allow for accurate diagnosis of the host
material. When accompanied by other supportive features, substrate
specificity is a valuable taxonomic character at the specific or

infraspecific level.

MICROMORPHOLOGICAL FEATURES

Basidiospores.

Basidiospores of Marasmius species are hyaline, inamyloid and
acyanophilous. Spore walls are smooth and thin, although occasionally
very mature spores may develop firm walls (up to 0.3 um thick). Many
spores are often collapsed in artificially revived material. Very
mature spores lodged on the surface of the pileus or stipe rarely show
a secondary septum. The ultrastructure of spore walls has not been
elucidated.

Most species produce white basidiospore deposits, although spore
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color may range from white or buff, to pale yellow, cream, pale
olivaceous or rarely greyish red. Basidiospore color should be
determined from fresh, thick deposits on glass slides placed over white
paper. Deposits obtained directly on white paper vary in color
depending on quality of paper used. Presumably some compound(s) in the
paper influence pigmentation. In addition, spore prints housed in
herbaria for a number of years are differently pigmented than fresh
deposits, often showing yellowish tones. Spore color is of little
taxonomic value in Marasmius. Refer to the commentary on M. decipiens
in Chapter IV for a discussion of infraspecific variability in spore
c&lor.

Basidiospore shape and size are diagnostically valuable
characters, and have been used taxonomically at the specific and
infraspecific levels. In southern Appalachian Marasmii, spores range
in shape from ovoid or broadly ellipsoid, to ellipsoid, amygdaliform,
lacrymoid, elongate-ellipsoid, subfusiform or clavate. They are often
inequilateral in profile and have a distinct hilar appendage. Clavate
spores are often curved. Basidiospores are typically round in
transverse section, rarely slightly ovoid.

Basidiospore size is a very useful diagnostic feature if data are
based on a sample size of 20 or more spores per specimen (Parmasto &
Parmasto, 1987). It must be emphasized that basidiome age,
environmental conditions and possibly substrate-type influence spore
size. A sample size of less than 20 basidiospores is inadequate to
accurately assess range of variation or mean spore size in a given

specimen. For an accurate assessment of basidiospore size in a given
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species, spore size data from many specimens representing different
populations (and preferably collected at different times during the
season) are needed. My studies have indicated that basidiospore mean
length, mean width and/or mean length/width ratio can be used to
separate species of Marasmius.

Basidiospore mean length of southern Appalachian Marasmii ranged
from 6.6 ym (M. spissus) to 22.7 um (M. decipiens), while mean width
ranged from 3.2 um (M. floridanus, M. minutus, M. spissus) to 5.0 um
(M. oreades). Some infraspecific spore size variation was observed.

As a general rule, basidiospores of short-spored taxa varied less in
length within species than spores of long-spored taxa. For example,
many short-spored species formed spores that ranged in length from
approximately 6.5-9 uym, a range spanning 2.5 um. Intermediate-spored
species formed spores 8-11 um or 12-16 um long (a 3-4 um span), while
many long-spored species formed spores 16-22 um long (a 6 um span).
This pattern of variation was not observed in spore width data, where
basidiospores of narrow-spored taxa varied as much as those of broad-
spored taxa. These observations indicate the need for large sample
sizes when determining mean spore size, especially in long-spored taxa.
The data also suggest that when comparing short-spored taxa, a
variation in mean spore length of 1-2 um may be more significant than a
similar variation in long-spored taxa.

The length/width ratio of a single spore is termed the "E-value,"
and is cited as a range of variation in the spore population measured.
The arithmetic mean of E-values is termed the "Q-value" and is often a

statistically significant measure reflecting average spore shape.
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Approximately 2/3 of all known southern Appalachian Marasmii have a Q-
value of 2.0 + 0.2. About 1/6 have a Q-value from 2.5-4.0, while the
remaining 1/6 show values >4.0. Relating these values to spore shape,
the majority of southern Appalachian Marasmii form ellipsoid,
amygdaliform or lacrymoid spores, while a small percentage form
elongate-ellipsoid spores, and some form long-clavate spores. Q-value
data may be valuable when comparing taxa with spores showing
overlapping size ranges, but should not be used to compare taxa that
differ greatly in spore size. For example, a species with mean spore
size of 6 X 3 ym will have the same Q-value as a species with mean

spore size of 10 X 5 um.

Basidia.

Basidia of southern Appalachian Marasmii were typically
tetrasporic, although a few taxa formed both tetrasporic and bisporic
basidia. Only two species known to occur in North America are
bisporic, viz., M. tremulae Vel. and M. limosus Quél. Basidia shape
ranged from cylindric to clavate, and size ranged from approximately
20-40 X 5-8 uym. Some taxa formed short and broad basidia, while other
taxa formed long and narrow basidia, and still other taxa were
intermediate in size or showed sizes overlapping these values. In the
taxa examined, basidia size, shape and number of sterigmata were not

taxonomically significant.
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Basidioles.

Basidioles are defined as immature basidia. They are described as
hymenial elements that arise from the same level as basidia, are of the
same approximate size as basidia, and are thin-walled, non-refractive
and hyaline. Basidioles may differ in shape from basidia, ranging from
cylindric to clavate or commonly fusoid or ventricose. Formation of
fusoid basidioles is characteristic of many marasmioid and collybioid
fungi. Occasionally, the apical region of basidioles may collapse in
dried material and when artificially revived the basidioles appear
mucronate. Such structures have been misinterpreted as pleurocystidia
by some workers. Basidiole morphology is of little taxonomic value in

Marasmius.

Pleurocystidia.

Pleurocystidia are interpreted here as sterile, differentiated
cells located on the sides of lamellae. The term implies location
rather than morphology. If based on morphology, pleurocystidia of
Marasmius species may be further categorized as leptocystidia,
lamprocystidia, setae, pseudocystidia or gloeocystidia. In the species
descriptions in Chapters IV and VIII, hymenial cystidia are classified
only as pleurocystidia or pleurosetae. Developmentally, pleurocystidia
typically arise from deeper in the subhymenium than basidia or
basidioles, or arise from the lamellar trama. Moreover, pleurocystidia
usually project well beyond the upper surface of the hymenium, although
sometimes they project little beyond the level of the basidioles and

are somewhat inconspicuous. In a few species, pleurocystidia arise
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from the same level of the subhymenium as other hymenial elements, but
then show distinctly different shapes and project well beyond the
basidioles. Pleurocystidia are often highly optically refractive due
to oily cytoplasmic contents. They may be thin-walled or firm-walled
(if very thick-walled and acuminate they are called setae), and are
usually hyaline or pale yellowish. Pleurocystidial shape ranges from
cylindric or flexuous, to clavate, fusoid, fusoid-ventricose,
strangulate, or lageniform, and apices may be obtuse, acute, capitate,
mucronate or appendiculate.

Pleurocystidia are absent in members of sects. Androsacei,
Marasmius and Rhizomorphigena, and are present or absent in the
remaining sections of Marasmius. Several series in sect. Sicci are
distinguished by presence or absence of pleurocystidia, and
consequently it is extremely important to determine the occurrence of
these elements in specimens diagnosed as belonging to this section.
Members of ser. Haematocephali typically form conspicuous, refractive
pleurocystidia (a few species form non-refractive pleurocystidia),

while members of ser. Leonini lack pleurocystidia.

Cheilocystidia.

Cheilocystidia are defined as sterile, differentiated elements
located on the edges of lamellae. Here, too, the term implies location
rather than morphology. The lamellar edge may be sterile and composed
entirely of cheilocystidia, or cheilocystidia may be scattered along a
fertile lamellar edge or absent altogether. When present,

cheilocystidial morphology is usually similar to the morphology of



46
pileipellis elements. For example, if Siccus-type or Rotalis-type
pileipellis elements are present, cheilocystidia are usually Siccus-
type or Rotalis-type broom cells, respectively. If pileipelli are
formed of broadly clavate, non-setulose cells, then cheilocystidia are
usually similar. Rarely, taxa with broom-cell-type pileipellis
elements form non-setulose cheilocystidia (e.g.,. M. ciliatomarginatus).
Taxa with non-setulose pileipellis elements, however, have never been
observed to form setulose cheilocystidia. Where cheilocystidia and
pleurocystidia are morphologically indistinguishable, the elements are
called "hymenial cystidia." Occurrence and type of cheilocystidia are

diagnostically important.

Hymenial Setae.

Hymenial setae are a specialized type of cystidia. They are
usually acuminate or lanceolate, although some may approach ventricose-
mucronate, and are very thick-walled (1-5 um). They arise from deep in
the lamellar trama and project up to 25 um or more beyond the
basidioles. Often cell walls of setae are pigmented reddish or
brownish and show a dextrinoid reaction in Melzer's reagent (e.g., M.
cohaerens). Hymenial setae may be located on lamellar sides, termed

""'pleurosetae," or may also occur on the lamellar edge, wherein they are

termed '"cheilosetae."

If the morphologies of pleurosetae and
cheilosetae are indistinguishable, the elements are simply termed
"hymenial setae." The presence of pleurosetae signifies inclusion in

ser. Spinulosi of sect. Sicci. Three southern Appalachian taxa develop

pleurosetae. Setae may occur also in the pileipellis ("pilosetae") or
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on the stipe surface ('"caulosetae'"). Occurrence of setae is

taxonomically significant.

Pileipellis Arrangement and Cell-type.

One of the primary taxonomic characters in Marasmius, significant
at the sectional or subsectional levels, is the arrangement and type of
cells forming the cuticular layer of the pileus (termed the
"pileipellis"). Cells forming the pileipellis layer in species of
Marasmius may be organized in one of two possible arrangements: 1) a
non-hymeniform layer of interwoven, repent, diverticulate hyphae with
broom cell-type or coralloid terminal cells (and then with dextrinoid
stipe cortical hyphae, insititious stipe and rhizomorphs); or 2) a
hymeniform layer of smooth (non-setulose) or setulose (broom-cell-type)
elements.

Species forming non-hymeniform pileipelli of the first type
described above belong to sects. Androsacei and Rhizomorphigena. In
this group of species, pileipellis elements form knob-like, rod-like or
irregular diverticula located on lateral or terminal regions of the
cells, and in some cases pileipelli approximate what has been called a
Rameales-structure [see Singer (1973) and Desjardin (1987b) for
descriptions and illustrations of this pileipellis-type diagnostic of
Marasmiellus]. Terminal cells are usually erect and strongly
diverticulate, setulose or coralloid, and are similar in some taxa to
Siccus-type broom cells. Often, pileipellis elements have darkly
pigmented cell walls and/or are heavily incrusted with dark pigment

deposits. Pileipelli exhibiting the combination of features outlined
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above have been termed Androsaceus-type pileipelli. Recently, Antonin
(1987) segregated sect. Androsacei from Marasmius as the new genus
Setulipes based entirely on formation of non-hymeniform pileipelli. He
restricted Marasmius to species with hymeniform pileipelli. I do not
accept at present the exclusion of sect. Androsacei from Marasmius
based on this criterion. A number of species in sect. Androsacei show
immature pilei (or the disc region of mature pilei) formed of a
subhymeniform or nearly hymeniform arrangement of broom-cell-type
elements. As pilei of these taxa mature, the terminal elements become
more widely spaced and the pileipellis appears non-hymeniform with
scattered broom cell-type terminal cells. In comparison, in some taxa
in sect. Marasmius, where members show well-developed hymeniform
pileipelli composed of broom cells, as pilei mature the broom cells may
become widely spaced and the cuticle appears subhymeniform or non-
hymeniform. When comparing selected taxa from these two sections, it
is difficult to find a distinct hiatus between non-hymeniform and
hymeniform arrangement of pileipellis elements. Moreover, taxa in both
sects. Androsacei and Marasmius form bristle-like, wiry, darkly
pigmented stipes, black rhizomorphs, spores usually in the range 6.5-10
X 3-4.5 pym, and lack pleurocystidia. Based on these observations, I
consider members of sect. Androsacei congeneric with members of the
type section of Marasmius.

Hymeniform pileipelli may be formed of a number of different types
of cells. If elements are smooth (i.e., lacking diverticulate or
setulose outgrowths), and range in shape from cylindric or clavate, to

ventricose, vesiculose or sphaeropedunculate, they form what I term a
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Globularis-type pileipellis [after M. globularis Fr. in Quél., type
species of sect. Globulares]. This type of pileipellis is diagnostic
for sects. Alliacei, Epiphylli and Globulares. 1f pileipellis elements
possess thick-walled outgrowths of various shapes [termed '"setulae;"
fide Singer (1976)], several types of arrangements are possible.

If pileipellis elements are covered on the lateral and apical
regions with divergent, thick-walled or solid, pigmented or
unpigmented, rod-like outgrowths ('divergent setulae'"), they form what
is called a Rotalis-type pileipellis [fide Singer (1976); after M.
rotalis Berk. & Br.]. Rotalis-type pileipelli are diagnostic for sect.
Marasmius subsect. Marasmius and sect. Hygrometrici. Divergent setulae
of this cell-type are nearly always cylindric and broadly obtuse (''rod-
like"), never conic and acute, and never long and irregular in outline.
They may be sparse and scattered over the upper half of cells, densely
crowded over the upper 1/2 or 1/3, or in isolated clusters over various
portions of the upper half of cells.

If pileipellis elements show strictly apical, cylindric, conic or
irregular outgrowths that are typically pigmented and thick-walled or
solid ("apical setulae'"), the arrangement is called a Siccus-type
pileipellis [fide Singer (1976); after M. siccus]. Siccus-type
pileipelli are diagnostic for sect. Marasmius subsect. Penicillati and
sect. Sicci. Apical setulae of this cell-type range from narrowly
cylindric to conic, wavy or irregular in outline, with obtuse, subacute
or acute apices. In addition, setulae may be verrucose and/or
branched. There is wide variation in setula morphology of Siccus-type

elements. Some taxa form short, broad, irregular setulae (M.
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graminum), others show densely crowded, narrow, moderately long,
irregular and verrucose setulae (M. similis Berk. & Curt.), while other
taxa form long, conic, acute, smooth setulae (M. floridanus). Setulae
morphology is a useful taxonomic character.

Pileus coloration in taxa forming hymeniform pileipelli of
setulose elements is the result of intraparietal pigments located in
setulae and in the apical portion of the cells. The basal portion of
pileipellis cells is typically hyaline and thin-walled.

Pilocystidia or pilosetae occur in some taxa, and when present are
similar in morphology to corresponding hymenial cystidia or hymenial
setae. Presence or absence of these elements is taxonomically

significant at the series or species levels.

Pileus Trama.
Hyphae comprising the pileus trama of Marasmius species are
interwoven in arrangement, and consequently the tramal tissue has been

described as '"'interwoven." Hyphae are usually frequently-branched, and
cylindric or inflated but never pseudoparenchymatous as in some Mycena
species. Cell walls are generally hyaline and smooth, but in a few
species in sect. Androsacei, walls may be pigment-incrusted. In
addition, walls are usually thin, although on occasion they may be up
to 0.5 pm thick and herein termed "firm-walled." Tramal tissue is
invariably non-gelatinous, one feature distinguishing Marasmius sensu
stricto from Micromphale and Gloiocephala.

An important feature of tramal hyphae is the reaction to Melzers

reagent, an iodine-chloral hydrate solution. If tramal tissues mounted
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in Melzer's reagent become dark tawny, red or reddish brown, they are
said to be '"dextrinoid." If no reaction occurs (i.e., hyphae remain
unchanged), hyphae are said to be "inamyloid." Results of the reaction
are important in separating sect. Alliacei (tramal hyphae inamyloid)
from sect. Globulares (tramal hyphae dextrinoid). Singer (1958a)
subdivided sect. Sicci into subsect. Inaequales (inamyloid) and
subsect. Siccini (dextrinoid), and subdivided sect. Epiphylli into
subsect. Epiphyllini [Singer (1965); inamyloid] and subsect.
Eufoliatini [Singer (1976); dextrinoid]. It should be noted that
different species show varied degrees of dextrinoidity, and care must
be taken when evaluating results of the reaction. Sometimes a
pretreatment in 37 ammonium hydroxide (mot potassium hydroxide)

followed by treatment in Melzers will yield more striking results.

Lamellar Trama.

Hyphae comprising the lamellar trama of Marasmius species are
parallel or subparallel in arrangement, with the outermost hyphae
curving slightly outward and becoming ramified and short-celled in the
subhymenium. This type of organization has been termed "regular" (fide
Singer, 1949). There is never a well-delimited, narrow mediostratum
surrounded by broad lateral strata of divergent hyphae (i.e., bilateral
trama) characteristic of Pseudohiatula. Regular tramal tissue is a
generic character and therefore, deviations from this type of
arrangement are taxonomically significant. 1In all other features,

lamellar tramal hyphae are similar to pileus tramal hyphae.
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Stipe Tissues.

Stipe tissues are monomitic in all known species of Marasmius. No
skeletal or binding hyphae (sensu Corner, 1932, 1953) have been
observed, although occasionally medullary hyphae become heavily
skeletalized, especially near the stipe base. In many species, the
stipe is corticated with a layer of thick-walled, often deeply
pigmented hyphae, in striking contrast to interior hyphae that are
often slightly broader, and typically thinner-walled and hyaline. 1In
such cases, the outermost hyphae have been termed '"cortical hyphae,"

' In cases

while the innermost hyphae are called "medullary hyphae.'
where there is not a morphological distinction between the outermost
and innermost hyphae, the stipe tissue is reported as "cortical and
medullary hyphae undifferentiated." The reaction to Melzer's reagent
exhibited by pileus and lamellar tramal hyphae is often paralleled by

hyphae forming the stipe.

Cortical Hyphae. The outermost layer of tissue is formed of

parallel, cylindric, long-celled hyphae with cell walls that are
typically smooth (non-incrusted) and 0.5-2.5 um thick. Walls range in
pigmentation from hyaline through various shades of yellow, orange,
reddish or brownish, and may be inamyloid or dextrinoid. Cortical
hyphae range in width from 2.5-8(-10) um. Few species form incrusted
hyphae, and the presence of such elements is taxonomically important.
If a stipe vesture is present (discussed below), component
elements arise as terminal cells, intercalary outgrowths or branches

from cortical hyphae.



53

Medullary Hyphae. The stipe medulla is formed of parallel or
subparallel, cylindric or seldom slightly inflated, long-celled hyphae
with cell walls that are smooth and typically thin-walled or firm-
walled. Rarely, medullary tissue is heterogeneous, composed of very
narrow, thin-walled hyphae plus broad, very thick-walled hyphae. The
latter arrangement is diagnostic for sect. Rhizomorphigena. Refer to
the commentary on M. brevipes in Chapter IV for a further discussion.
Medullary hyphae range in width from 2.5-16 um, are generally hyaline,
and may be inamyloid or dextrinoid. In some taxa, optically refractive
oleiferous hyphae are interspersed among normal medullary hyphae.
Unless medullary tissue is heterogeneous, features of medullary hyphae
are of limited taxonomic value.

Stipe Vesture. The stipe vesture in southern Appalachian Marasmii

may be formed of scattered or dense, erect cystidiiform elements that
arise directly from cortical hyphae, or may constitute a layer of
loosely interwoven hyphae which overlays cortical hyphae or
undifferentiated stipe tissue and gives rise to cystidiiform elements.
Cystidiiform stipe surface elements are termed '"caulocystidia'" if
they are morphologically or chemically differentiated from other stipe
hyphae, and '"caulosetae" if they are lanceolate or acuminate and very
thick-walled. Caulocystidia, like cheilocystidia, are often similar in
morphology to corresponding pileipellis elements. They range in shape
from cylindric, clavate or sphaeropedunculate and non-setulose, to
Siccus-type broom cells. Taxa that form hymenial setae and/or
pilosetae, often form caulosetae of similar morphology. In a few

species, cortical hyphae are covered on their outermost surface with
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numerous erect setulae or diverticula (e.g., M. minutus). Several
species form structures that I have termed "dendrotrichomoid elements."
These elements are hyaline or slightly pigmented, dextrinoid, short,
broad-based side-branches of cortical hyphae that give rise apically
and subapically to a cluster of unbranched, long, aseptate, thick-

' The structures are reminescent of leaf

walled, filiform "arms.'
trichomes of various Fagaceous trees. Similar structures with longer
arms are found in tissue cultures of several species (refer to Chapter
VI for examples).

A stipe vesture may be located on the stipe apex only, on the
stipe base only, or form over the entire stipe surface. The

occurrence, distribution and type of cystidiiform stipe elements are

taxonomically significant at the series or species levels.

Clamp Connections.

In Marasmius, clamp connections are consistently present in
members of all sections except sects. Androsacei and Epiphylli. In the
latter sections, clamp connections are present in the majority of
species, but may be absent in a number of taxa. In addition, in some
taxa, clamps are present but not in all tissues of basidiomata. If
clamps are present, they are easily observed in pileus tramal tissue
and stipe medullary tissue, and are invariably present at the base of
basidia. If clamps are seemingly absent, all tissues of basidiomata
must be checked to verify the supposition. Occurrence of clamp
connections is taxonomically important in sects. Androsacei and

Epiphylli.



For additional comments on micromorphological features of
marasmioid fungi, refer to Singer (1965, 1973), Gilliam (1976), and

Desjardin (1985a).
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CHAPTER IV

SOUTHERN APPALACHTAN TAXA

MARASMIUS E. M. Fries, Fl. Scan. 339. 1835
LECTOTYPE SPECIES: Agaricus rotula Scopoli: E. M. Fries, Syst.
Mycol. 1: 136. 1821. [= Agaricus rotula Scopoli, Fl. Carniol. 2: 456.
1772.]
= Androsaceus (Persoon) Patouillard, Hyménomyc. Eur. 105. 1887.

TYPE: Agaricus rotula Scop.: Fr., ibid.

Heliomyces Léveillé, Ann. Sci. Nat. Bot. III, 2: 177. 1844
TYPE: Heliomyces elegans Léveillé, ibid.
= Chamaeceras Rebentisch sensu 0. Kuntze, Rev. Gen. Pl. 3, 2: 454,
1898.
TYPE: Agaricus androsaceus Linnaeus: Fries, Syst. Mycol. 1: 137.

1821.

Collybiopsis (Schroeter in Cohn) Earle sensu Singer, Agaricales
Mod. Tax. 417. 1962; non sensu Earle, Bull. New York Bot. Gard. 5:
415. 1909. [= Marasmius subgen. Collybiopsis Schroeter in Cohn,
Krypt.-F1l. Schlesien 3(1), 5: 559. 1889]

TYPE: Agaricus calopus Persoon: Fries, Syst. Mycol. 1: 130. 1821.

Mycenitis Earle, Bull. New York Bot. Gard. 5: 414. 1909.
TYPE: Agaricus alliaceus Jacquin: Fries, Syst. Mycol. 1: 140.

1821.

Scorteus Earle, Bull. New York Bot. Gard. 5: 415. 1909.

TYPE: Agaricus oreades Bolton: Fries, Syst. Mycol. 1: 127. 1821.
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Tephrophana Earle, Bull. New York Bot. Gard. 5: 427. 1909.
TYPE: Collybia fimicola Earle, Bull. New York Bot. Gard. 3: 298.

1904.

Polymarasmius Murrill, N. Amer. F1l. 9: 286. 1915.
TYPE: Marasmius multiceps Berkeley & Curtis, J. Linn. Soc., Bot.

10: 298. 1869.

Setulipes Antonin, Ceska Mykol. 41: 85. 1987.

TYPE: Agaricus androsaceus L.: Fr., ibid.

Pileus small or large (0.5-100% mm diam), campanulate, obtusely
conic, convex or plane, sometimes depressed or umbilicate, sometimes
papillate or umbonate, even, rugulose, striate, sulcate or plicate;
surface typically dry and opaque, sometimes moist and subtranslucent,
rarely hygrophanous, glabrous, pruinose, hispid or subvelutinous;
coloration variable, from white or buff to various shades and mixtures
of yellow, orange, olive, red, purple and brown; odor and taste mildly
fungal, alliaceous, or not distinctive, rarely raphanoid or of cyanide;
taste rarely bitter. Lamellae typically well-developed, rarely vein-
like, sometimes intervenose or anastomosing, adnexed, adnate or short-
decurrent, with or without a collarium, crowded, close, subdistant,
distant or remote, narrow, moderately broad or broad; coloration
variable, from white, buff or cream-colored, to pale yellow, pale pink,
pale orange, greyish red or pale brown; edges even or crystalline-
granulose, concolorous with lamellar sides, or often colored like the
pileus; lamellulae absent or in 1-4 series. Stipe central or
eccentric, rarely lateral or absent, terete or compressed, even, cleft

or striate, equal, or enlarged above or below, rarely narrowed to a
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radicating base, insititious, subinsititious or non-insititious;
texture soft, tough, cartilaginous, or bristle-like; surface dull or
shiny, glabrous, pruinose, pubescent, hispid, velutinous or tomentose,
basal mycelium often strigose; coloration variable, from white or
buff, to various shades of cream, yellow, orange, red, brown or black;
rhizomorphs present or absent.

Basidiospores smooth, hyaline, inamyloid, acyanophilous,
ellipsoid, amygdaliform, limoniform, subfusoid or clavate, sometimes
curved, often inequilateral in profile, typically white in deposit,
rarely yellow, cream, pale olivaceous or greyish red. Basidia
subcylindric, subclavate or clavate, (2)- or 4-spored, lacking
siderophilous granules, hyaline, inamyloid, thin-walled. Basidioles
cylindric, clavate, fusoid or ventricose, hyaline, inamyloid, thin-
walled. Pleurocystidia present or absent, cylindric, flexuous,
clavate, fusoid or ventricose, sometimes mucronate or apically
constricted, non-setulose, refractive or non-refractive, hyaline or
yellowish, inamyloid, thin-walled or firm-walled. Cheilocystidia
typically present (absent in some species), cylindric, clavate,
acuminate, fusoid, ventricose, or irregular in outline, rarely
capitate, with or without apical or divergent setulae; main body thin-
walled or firm-walled, rarely thick-walled, hyaline or weakly
pigmented. Hymenial setae present in some species, lanceolate, acute,
thick-walled, hyaline, pale yellowish, ochraceous, brownish orange or
reddish, inamyloid or more commonly dextrinoid. Pileipellis of two
possible morphologies: 1) a hymeniform layer of smooth (non-setulose)

or setulose elements (broom cells); main body cylindric, clavate,
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turbinate, or subvesiculose, sometimes lobed, typically thin-walled or
firm-walled, hyaline or weakly pigmented; setulae divergent or apical,
knob-like, rod-like, conic or irregular in outline, obtuse or acute,
even or verrucose, thick-walled or solid, ranging from hyaline to
deeply pigmented; or 2) a non-hymeniform layer of interwoven, repent,
diverticulate hyphae with broom cell-like terminal cells (and then with
dextrinoid stipe cortical hyphae, insititious stipe and rhizomorphs);
hyphae irregular in outline, usually pigment-incrusted, non-gelatinous.
Pileus trama composed of interwoven hyphae; lamellar trama of
subparallel hyphae (i.e., "regular"); hyphae cylindric or inflated,
smooth or weakly incrusted, non-gelatinous, thin-walled or firm-walled,
hyaline or weakly pigmented, inamyloid or dextrinoid. Stipe tissue
monomitic; cortical hyphae parallel or subparallel, cylindric, smooth
or pigment-incrusted, thin-walled or thick-walled, inamyloid or
dextrinoid, ranging from hyaline to pale yellow, brownish orange,
olivaceous, reddish brown or brown; medullary hyphae homogeneous or
rarely heterogeneous, parallel or subparallel, cylindric or inflated,
smooth, thin-walled or thick-walled, inamyloid or dextrinoid, hyaline
or weakly pigmented. Stipe vesture present or absent, composed of non-
setulose elements, broom cells, setae or dendrotrichomoid elements.
Clamp connections present or absent.

Habitat on or amongst decaying leaves or wood of conifers,
monocotyledonous or dicotyledonous plants, occasionally on soil,

saprophytic, rarely parasitic, none known to be mycorrhizal.
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KEY TO THE SECTIONS OF MARASMIUS

1. Pileipellis not hymeniform, composed of interwoven,
diverticulate and often heavily incrusted hyphae with
coralloid terminal cells; stipe insititious; rhizomorphs
typically well-developed ......cciiiiiiiiiiinnnnrnnenosensnnnnsns 2
1. Pileipellis hymeniform, composed of a monolayer of
cylindric, clavate or sphaeropedunculate cells with or
without setulae; stipe insititious or non-insititious;

rhizomorphs present or absent .........cciiiiiiiiiiiiiiiiinennns 3

2 (1). Stipe eccentric or central; stipe length / pileus
width ratio = 1:1; stipe medullary hyphae heterogeneous,
of narrow, thin-walled, much-branched binding-type hyphae
plus broad, thick-walled, unbranched hyphae .............
....................................... sect. Rhizomorphigena
2. Stipe central; stipe length / pileus width ratio >2:1;
stipe medullary hyphae homogeneous, of thin- or firm-

walled, unbranched hyphae (i.e., lacking binding-type

hyphae in combination with skeletalized hyphae) .....
............................................ sect. Androsacei

3 (1). Lamellae with a collarium; stipe insititious .........
.................................................. sect. Marasmius

3. Lamellae lacking a collarium; stipe insititious or

NON=INSIt It d0US 4ttt ittt teeeeeeeeeeeeeeeeeeeeeessssssssssssannsns 4
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4 (3). Pileipellis composed of non-setulose elements,

typically entire or rarely lobed (Figs. 15C, 18D) ......... 5
4. Pileipellis composed of broom cells of the Rotalis-
type (Fig. 7D) or Siccus-type (Fig. 35E) ...iuiiiiinnnnnnnn 7

5 (4). Stipe insititious; pileus and stipe apex at maturity
typically white or pallid, not deeply pigmented; pileus
generally <8 mm broad; lamellae often poorly developed
.................................................. sect. Epiphylli

5. Stipe non-insititious; pileus typically more deeply

pigmented; pileus generally >8 mm broad; lamellae always

well-developed ...viiiiiiiiiiiiititititeeetsetstetostsetsternneanns 6
6 (5). Tramal hyphae dextrinoid ............... sect. Globulares
6. Tramal hyphae inamyloid .........cciiiivinnnnn. sect. Alliacei

7 (4). Stipe insititious; pileipellis composed of Rotalis-type
elements ...ttt ittt i it et e sect. Hygrometrici

7. Stipe non-insititious; pileipellis composed of Siccus-type
elements, or rarely with a few non-diverticulate elements

...................................................... sect. Sicci
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KEYS TO SOUTHERN APPALACHIAN SPECIES OF MARASMIUS

Sect. RHIZOMORPHIGENA

One species within the range. Pileus brown, 2-6 mm broad;
lamellae brownish grey, distant; stipe <3 mm long, often

arising directly from rhizomorphs ........ ..o 1. M. brevipes

Sect. ANDROSACEI

1. Stipe and rhizomorphs stramineous or golden-melleous ........... 2
1. Stipe and rhizomorphs reddish brown, brown or black ............ 3
2 (1). Clamp connections absent; basidiomata formed on

coniferous needles (generally Pinus) .........ce....
.......................... 2. M. straminipes var. straminipes
2. Clamp connections present; basidiomata formed on oak

leaves tviiiiiiietittiecnnnnn 3. M. straminipes var. fibulatus

3 (1). Clamp connections absent; cheilocystidia absent; pileus
margin greyish orange or pallid ....... 4. M. pallidocephalus
3. Clamp connections present; cheilocystidia present; pileus

margin brown or greyish brown .................. 5. M. androsaceus
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Sect. MARASMIUS

Pileipellis of Siccus-type elements (Fig. ); basidiomata

on decayed grasses; pileus reddish brown or brownish orange,
sulcate, umbilicate, 3-8 mm broad [subsect. Penicillati]
................................................... 6. M. graminum
Pileipellis of Rotalis-type elements (Fig. ); basidiomata

on hardwood leaves or wood [subsect. Marasmius] ....eeeeeeeenenn 2

2 (1). Basidiomata formed on hardwood leaves, typically oak;
pileus margin cream-colored, ochraceous or pale brown;
pileus disc with a pallid zone surrounding a dark central
spot; stipe <0.4 mm thick ........... ... 7. M. capillaris
2. Basidiomata formed on hardwood logs or sticks; pileus
dingy white overall except for dark central spot (i.e.,
margin lacking brown tones); stipe typically >0.4 mm

thicK ittt ittt ittt eeeeeeneeeeeacaeaaansannns 8. M. rotula

Sect. EPIPHYLLI

Pileipellis elements mainly lobed, i.e., with 1-4 subconic
obtuse projections; pileus <2 mm broad, pale yellow or pale
orange when young; basidiomata formed on Fagus leaves

................................................... 9. M. epifagus
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Pileipellis elements entire, lacking projections; pileus
generally >2 mm broad, differently colored; substratum

different than AboVe . .ii ittt teeeeeeeeeeeeeseesesesnasanananas 2

2 (1). Pileus white or cream-colored; pileipellis elements
hyaline; basidiomata formed on leaf blades or petioles
of Betulaceae, Fraxinus, Populus, or Cornus (extra-
1imital) iiiiiii it i i ittt it e 10. M. epiphyllus
2. Pileus pinkish white or pale orange-white; pileipellis
elements hyaline, yellow and pale brown; basidiomata

formed on petioles of Platanus or Liquidambar .......

Sect. GLOBULARES

Spores clavate, 19.5-28 um long (L = 23 um); pileus

sulcate; basidiomata similar in macromorphology to species

in sect. SICCI tiiiiiiiititetetetssesesscnenonans 12. M. decipiens
Spores ellipsoid, 5.6-10 um long (L = 6.5-8.5 um); pileus

even or seldom short-striate, never sulcate; basidiomata

o 2 B 2 o o T e 2

2 (1). Hymenium with conspicuous fusoid or ventricose-
mucronate pleurocystidia, projecting well beyond
o= =3 e s 1 L 3

2. Hymenium lacking pleurocystidia ......cciviiiiiiiiinennnnn. 4
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3 (2). Stipe white or buff-colored overall and drying pallid;

opaque, striate, pruinose or pulverulent at apex; pileus disc

brown, margin cream-colored; caulocystidia abundant;

spore x = 7.5 X 4.4 um, Q = 1.7 ..., 13. M. nigrodiscus
3. Stipe white above, brown below, drying reddish brown;

polished and translucent, not striate, glabrous overall;

pileus disc ochraceous-tawny, margin pinkish buff;

caulocystidia absent; spore x = 8.6 X 3.6 um, Q = 2.4

............................................... 14. M. cystidiosus

4 (2). Cheilocystidia absent; pileipellis with many lobed
elements; odor of chlorine or cyanic acid; basidiomata
formed in lawns or open grassy areas ......... 15. M. oreades

4, Cheilocystidia present; pileipellis elements not lobed;
odor variable but not of chlorine or cyanic acid; basidio-

mata formed in wooded areas ......iiiiiiii ittt nnn 5

5 (4). Pileus 10-25 mm broad, disc greyish brown, margin buff;
spores 5.6-7.2 um long (L = 6.5 um); cheilocystidia
broadly clavate .....ciiiiiiiiiiiiiiiiaann 16. M. "albogriseoides"
5. Pileus 10-60 mm broad, disc yellow, often with rusty brown
splotches, margin yellow; spores 6.5-10 um long (L = 8.4 um);

cheilocystidia cylindric, often lobed .......... 17. M. strictipes




66

Sect. ALLIACEI

Odor mild, not alliaceous; pleurocystidia conspicuous,

capitate; stipe pubescent, often rooting, 20-170 mm long
............................................ 18. M. pyrrhocephalus
Odor alliaceous; pleurocystidia absent; stipe glabrous or

pubescent, not rooting, generally <60 mm long ....ceeeeevenennes 2

2 (1). Stipe glabrous; spores 7-10 um long ......eceveueunn

2. Stipe pubescent; spores 12.8-17.2 um long .....cevuuun

Sect. HYGROMETRICI

One species within the range. Pileus brown or greyish brown,
<3.5 mm broad; lamellae distant, pallid; stipe glabrous
but cortical hyphae diverticulate; hymenial cystidia and
pilocystidia subcapitate; basidiomata formed on leaves of

Fraxinus OT PYUIUS «eveereetoesoesoessssssssnnsnnsns 21. M. minutus
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Sect. SICCI

KEY TO SERIES:

1. Lanceolate, thick-walled setae present on hymenophore ......

................................................... ser. Spinulosi
[= ser. Actinopodes Singer pro parte]

1 Setae absent on hymenophore .........ciiiiiiiiiiiieiiienennnnnns 2
2 (1). Stipe pruinose or pubescent overall, due to numerous
cylindric or clavate caulocystidia ........ ser. Atrorubenses

= ser. Actinopodes Singer pro parte]
2. Stipe glabrous overall, or pruinose only at apex or
extreme base, pruinosity due to broom cells or dendro-

trichomoid elements ...iiieeteeeeeeeeeeeeeeeeaeaasenenansnnes 3

3 (2). Pleurocystidia present, typically refractive and
conspicuous, rarely non-refractive ........... ser. Haematocephali

3. Pleurocystidia absent .......ciiiiiiiiiiiiiiiiiiiennn ser. Leonini

Sect. SICCI ser. SPINULOSI

1. Pileus dingy white or cream-colored overall; hymenial setae
hyaline or rarely pale yellow .......vivvevreeens 22. M. delectans
1. Pileus brown, reddish brown or yellowish brown, darkest over

disc; hymenial setae ochraceous, brownish orange or reddish
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2 (1). Lamellae subdistant or distant, broad; stipe
glabrous or weakly pruinose at the apex .........
............................. 23. M. cohaerens var. cohaerens
2. Lamellae close or crowded, narrow; stipe pruinose

or subvelutinous overall ........ciieiiieeeeannns

Sect. SICCI ser. ATRORUBENSES

Stipe <3 mm long, typically eccentric, curved, white

overall; pileus brownish orange, brownish grey or yellowish
brown, 1-7 mm broad (ser. Haematocephali) ...... 26. M. falcatipes
Stipe >10 mm long, central, straight, base brown or reddish

brown; pileus reddish brown or brownish orange, 5-25 mm

2 (1). Spores 13.5-18 um long (L = 15.7 um); cheilocystidia
mostly gloeocystidioid, flexuous, with reddish orange
contents; pleurocystidia absent; caulocystidia cylin-
dric or strangulate-contorted; broom cells absent on
stipe surface ......... . i il 25. M. ciliatomarginatus

2. Spores 6.4-9.6 ym long (L = 7.6 pm); all cheilocystidia
Siccus-type broom cells; pleurocystidia present;
caulocystidia of cylindric cells plus Siccus-type broom

cells (ser. Haematocephali) «...eeeeeeeaan 28. M. sullivantii




69

Sect. SICCI ser. HAEMATOCEPHALI

Stipe pruinose at apex or extreme base due to numerous

setulose or dendrotrichomoid elements .........ceiiieeeineneenns 2
Stipe glabrous overall, typically shiny .....ciiiieiieriernnenns 4
2 (1). Pileus 1-7 mm broad, brownish orange, brownish grey

or yellowish brown; stipe <3 mm long, eccentric, white

overall ...iiiiiiiiiii ittt ittt 26. M. falcatipes
2. Pileus 8-35 mm broad, reddish brown, pinkish brown or

pinkish orange; stipe >10 mm long, central, apex

white or buff, base brown ......c.iiiiiiiiiiiiriererennenanas 3

3 (2). Pileus pinkish brown or pinkish orange, 10-35 mm broad;

lamellae crowded, narrow, soredioid spots absent; stipe

pruinose at base only; spores 5.8-8.0 um long (L = 6.6 um);
pleurocystidia narrowly cylindric, flexuous, non-refractive
................................................... 27. M. spissus
Pileus reddish brown, 8-25 mm broad; lamellae close,

moderately broad, often with soredioid spots when dried;

stipe pruinose overall; spores 6.4-9.6 um long (L = 7.6 um);

pleurocystidia ventricose, refractive ......... 28. M. sullivantii

4., Spores <12 um long (L = 9 um or 1esSsS) .vevvernnnennnnnnnnns 5

4, Spores >12 pum long (L > 13.3 Um) .ivviineinnreneenenneannnn 8
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5 (4). Basidiomata formed on decayed grasses; pileus <10 mm

broad (sect. MarasmiluS) «eeeeeeeeeeeenaeeenaeeennas 6. M. graminum
5. Basidiomata formed on hardwood leaves or wood; pileus >10 mm
5 oo - ' 6

6 (5). Lamellae distant or remote, broad; pileus striate

or plicate, typically 10-20 mm broad; spores 4-5.6 um

broad (Q = 2.0) teivrriinieeennneaneenennnns 29. M. glabellus
6. Lamellae close, narrow or moderately broad; pileus

smooth or striatulate, typically 20-30 mm broad; spores

2.8-3.6 pm broad (Q = 2.4-2.9) ...ttt 7

7 (6). Lamellae distinctly intervenose near pileus margin;
spores 6.4-8.4 um long (L =~ 7.4 ym) .....covivuinannn.
............................... 31. M. floridanus var. virginianus
7. Lamellae not intervenose; spores 7.2-11.2 um long (L = 9 um)

................................ 30. M. floridanus var. floridanus

8 (4). Basidiomata formed on decayed grasses; pileus

1.5-4.5 mm broad, deep reddish orange or brownish

orange; smooth (non-striate)........ 32. M. pseudobambusinus
8. Basidiomata formed on hardwood debris, rarely grass

leaves; pileus typically broader, striate or sulcate ..... 9

9 (8). Lamellae remote, broad .......eieieeeenneennaceenanenaannns 10

9. Lamellae subdistant or distant, NArrow .......eceeeeeceeccecens 11
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10 (9). Pileus deep purplish red or deep red; lamellar
edge red-marginate or non-marginate; stipe apex

pinkish red or purplish red; spores 16-22 um long

................. 33. M. haematocephalus var. haematocephalus
10. Pileus pale brownish orange or orange-white; lamellae
non-marginate; stipe apex white; spores 14.4-19.2 um

long (L = 16.8 HM) tivirnineneineneneenennenennenennns

..................... 34. M. haematocephalus var. anomaloides

11 (9). Spores 15.2-20.8 um long (L = 18.0 um; Q = 4.7); pileus

11.

deep orange or brownish orange; lamellae distant; stipe

apex white or pale yellow; pleurocystidia yellow-refractive,
CONSPICUOUS v it vttt eeeseeseseseesessosessessassansas 35. M. siccus
Spores 12-16 um long (L = 13.3 um; Q = 3.4); pileus red,

pink or yellowish brown; lamellae subdistant; stipe apex

pink, rarely pale yellow; pleurocystidia hyaline, non-

refractive, inconspicuous ........ .. 0., 36. M. pulcherripes

Sect. SICCI ser. LEONINI

Spores <9 um long (L = 6.6 um); pileus 10-40 mm broad,
non-striate; lamellae crowded, narrow; stipe with numerous

dendrotrichomoid elements (ser. Haematocephali) ......eee...
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1. Spores >9 um long; basidiomata without the above

combination of characters ....iiiiiitrieeeieeeeeeeeeeeeaneaanannns 2

2 (1). Spores 8-12 um long (L = 10.2 um); pileus 4-15 mm

broad, deep purplish red; lamellae distant, broad;

stipe apex purplish red ........... .0t 37. M. bellipes
2. Spores generally >12 um long (L >13.8 um); basidiomata

without the above combination of characters ........ccoc... 3

3 (2). Spores 12-16 um long (L = 13.8 um); pileus 3-15 mm
broad, striate, yellowish brown or pinkish red; lamellae
subdistant, narrow (ser. Haematocephali) ..... 36. M. pulcherripes
3. Spores 14.8-19.2 um long (L = 17 um); pileus 15-45 mm
broad, sulcate, deep reddish brown; lamellae distant, broad

.......................................... 38. M. fulvoferrugineus
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MARASMIUS sect. RHIZOMORPHIGENA (Singer) Desjardin & Petersen,
Mycologia 81: 76. 1989.
2 Micromphale sect. Rhizomorphigena Singer, Sydowia 2: 32. 1948.
TYPE SPECIES: Marasmius westii Murrill, Proc. Florida Acad. Sci.

7: 110. 1945.

Pileipellis non-hymeniform, composed of interwoven, diverticulate
hyphae with coralloid or broom cell-like terminal cells; hyphae non-
gelatinous, pigment-incrusted. Tramal hyphae inamyloid, clamped, often
thick-walled. Pleurocystidia absent. Stipe central or often
eccentric, glabrous, insititious. Stipe cortical hyphae dextrinoid.
Stipe medullary tissue heterogeneous, composed of narrow, much-
branched, thin-walled binding-type hyphae plus broad, unbranched,
heavily skeletalized hyphae. Rhizomorphs well-developed, often giving

rise directly to basidiomata.

1. MARASWMIUS BREVIPES Berkeley & Ravenel in Berkeley & Curtis, Ann.
Mag. Nat. Hist. ser. 2, 12: 426. 1853.
= Micromphale brevipes (Berk. & Rav. in Berk. & Curt.) Singer in
Dennis, Kew Bull. 8: 42. 1953.
= Marasmius westii Murrill, Proc. Florida Acad. Sci. 7: 110. 1945.
= Micromphale westii (Murr.) Singer, Sydowia 2: 32. 1948.
HOLOTYPE: United States, South Carolina, Santee Canal, June,
Ravenel no. 1527 [also numbered 1922], dead twigs of oak (K!).
Basidiomata (Fig. 1A) marcescent. Pileus 2-6 mm diam, convex or
plano-convex, sometimes undulate in age; disc smooth or weakly

rugulose; margin even or striate; surface dull, dry, opaque, glabrous
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Figure 1 A-F. Features of Marasmius brevipes. A. Basidiomata, X3
(Desjardin no. 4367). B1-B3. Basidiospores. Bl. Ravenel no.
1527 (holotype). B2. Desjardin no. 4367. B3. Dennis no. 114.
C. Basidium and basidioles. D. Cheilocystidia. E. Pileipellis
elements. F1-F2. Heterogeneous stipe medullary hyphae.
F1. Thin-walled, branched, binding-type hyphae.
F2. Skeletalized, unbranched hyphae. Standard bar = 5 um for A;
10 um for C-F (drawn from holotype).

or minutely suede-like, brown (7E5-7) or dark reddish brown overall, or
with a slightly darker disc (to 7-8F5), fading somewhat in age.
Context thin, buff-brown. Lamellae adnate, distant (8-10 complete

lamellae), narrow or moderately broad (up to 1 mm), sometimes forked,
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rarely weakly intervenose at maturity, brownish grey (6C3) when young,
darkening to light brown (7D4-5) in age, edges concolorous. Stipe
central or eccentric (never lateral), 1-2.5 X <0.5 mm, terete, equal or
narrowed slightly at the base, curved, glabrous, dull or shiny, solid,
dark reddish brown (8F6-8) or black overall, insititious, arising from
the bark of hardwoods or from rhizomorphs. Rhizomorphs abundant,
branched, wiry, black. Odor not distinctive. Taste mild or weakly
astringent.

Basidiospores (Figs. 1 B1-B3) 6.4-10(-10.8) X 3-5 um [X = 8.3 *
0.6 X4+ 0.2 ym, E =1.8-2.6, Q = 2.1 + 0.1; TL90(90%): x = 7.2-9.4 X
3.7-4.4 ym, Q = 1.9-2.2; n = 10-40 spores per 13 specimens], ellipsoid
or amygdaliform, with a prominent hilar appendix, smooth, hyaline,
inamyloid, white in deposit. Basidia (Fig. 1 C) 18-27 X 5.5-8 um,
cylindric or clavate, 4-spored, readily collapsing after spore
discharge. Basidioles (Fig. 1 C) clavate or cylindric-acuminate.
Pleurocystidia absent. Cheilocystidia (Fig. 1 D) not differentiated on
some lamellae, scattered or rather common on others and then more
common nearest the pileus margin, 12-30 X 3.5-7 um, ranging from
basidiomorphous to irregularly cylindric and diverticulate, sometimes
lobed, typically hyaline and thin-walled, rarely pale brown and
moderately thick-walled; diverticula 1-5 X 1-2.5 pym, irregular in
outline, obtuse. Pileipellis not hymeniform, composed of interwoven,
repent hyphae; hyphae 3-8 um diam, irregular in outline, heavily
incrusted with brown pigment deposits, sparcely diverticulate, non-
gelatinous, thick-walled (0.5-2 um), hyaline or pale brown, inamyloid,

clamped; diverticula 1-5 X 0.5-2.5 um, knob-like or irregular in
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outline, obtuse; terminal cells (Fig. 1 E) irregularly lobed,
diverticulate or coralloid, some broom cell-like. Hypodermium of
interwoven, heavily incrusted hyphae 2.5-6.5 uym diam, frequently-
branched, moderately thick-walled; incrustations granular, plaque-
like, helical or amorphous, colored ochraceous, brown or dark brown.
Pileus trama interwoven; lamellar trama regular; hyphae 2.5-9 pm
diam, cylindric, smooth or weakly incrusted, non-gelatinous, hyaline or
pale brown, inamyloid, with walls up to 2 um thick. Stipe tissue
monomitic, but composed of three distinct types of generative hyphae:
1) cortical hyphae 2.5-7 um diam, parallel, cylindric, heavily
incrusted with granular brown pigments; walls brown, strongly
dextrinoid, up to 2 um thick; 2) thin-walled medullary hyphae (Fig. 1
F1) 2.5-4.5 pym diam, short-celled, frequently-branched, cylindric,
smooth, hyaline, inamyloid; and 3) skeletalized medullary hyphae (Fig.
1 F2) up to 1000 X 6-20 um, parallel, cylindric or inflated,
unbranched, smooth or roughened, hyaline, inamyloid, with walls up to 5
um thick; terminal cells sometimes acuminate. Stipe vesture absent.
Rhizomorphic tissue similar to that of the stipe, i.e., with three
types of generative hyphae. Clamp connections common in all tissues.

Habit, habitat, and distribution. Scattered or gregarious on
sticks of Quercus, Rhododendron or other hardwoods in mixed woodlands.
April - October. Locally abundant. Southeastern United States, West
Indies and Colombia.

Specimens Examined. Refer to Appendix A.

Commentary. Features diagnostic for Marasmius brevipes include:

a) small, dark brown, convex pileus; b) distant, pale brown lamellae;
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c) short, eccentric, glabrous, black stipe which often arises directly
from black rhizomorphs. In addition, distinctive micromorphology
includes: d) diverticulate and brown pigment-incrusted pileipellis
elements; e) moderately thick-walled, inamyloid contextual hyphae; f)
diverticulate cheilocystidia; g) dextrinoid stipe cortical hyphae;
and h) stipe tissue composed of three distinct types of generative
hyphae. Discussions of taxonomically important characters are itemized
below.

1. Pileipellis morphology. In young basidiomata, the pileipellis
is composed of numerous diverticulate hyphae with coralloid terminal
cells (Fig. ), forming a layer similar in morphology to pileipelli of
members of sect. Androsacei. In age, however, the diverticulate
elements become widely dispersed and the surface layer is formed from
generally non-diverticulate, heavily incrusted hypodermal elements.
Oversight of this ontogenetic sequence is possibly responsible for the
various interpretations of pileipellis morphology cited in the
literature [cf. Dennis (1953), Pegler (1983)].

2. Spore variability. Marasmius brevipes exhibits substantial
intrabasidiome and infraspecific spore size variability. Within a
single basidiome, spore length may range from 6.4-9.6 um, and within
the species from 6.4-10.8 um. Mean spore length ranges from 7.2 um in
a collection from Trinidad (Dennis no. 114), to = 9 um from the type
specimens of M. brevipes from South Carolina (Ravenel no. 1527), and M.
westii Murr. from Florida (West no. 17211). Intermediate values were
observed in collections from North Carolina (Desjardin no. 3813),

Mississippi (Desjardin no. 4367), and Texas (Lewis no. 276).
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Overlapping spore size ranges do not justify recognition of
infraspecific taxa.

3. Stipe tissue morphology. The stipe is composed of three types
of generative hyphae arranged in two distinct layers. The exterior or
cortical layer is composed of cylindric (i.e., non-inflated), pigment-
incrusted, dark brown, dextrinoid hyphae with moderately thick walls
(up to 2 uym). The interior or medullary layer is composed of two types
of generative hyphae: 1) very narrow (<5 pm), frequently-branched,
thin-walled, hyaline, inamyloid hyphae that are interspersed among and
appear to bind together the second type of hyphae; 2) inflated (6-20
um diam), very long-celled (up to 1000 um), unbranched, hyaline,
inamyloid hyphae with walls up to 5 um thick. Although this morphology
is analogous to that described by Redhead (1987)for members of the
Xerulaceae, I hesitate to call the arrangement 'sarcodimitic' as
defined by Corner (1966) and amended by Redhead (1987). The inflated
hyphae of the stipe medulla in the sarcodimitic condition typically
have only slightly thickened walls (i.e., not over 1-1.5 um thick), and
voluminous lumens. In M. brevipes, walls of inflated medullary hyphae
are commonly 4-5 um thick (often with occluded lumen), a feature
presumably responsible for the toughness of the stipe. I conclude that
M. brevipes is not closely allied to genera with sarcodimitic tissues.
I also hesitate to call the stipe tissue dimitic or trimitic as defined
by Corner (1932, 1953). Dimitic tissue is composed of generative
hyphae plus thick-walled, terminal, non-septate ''skeletal hyphae,"
while trimitic tissue is formed of generative hyphae, skeletal hyphae,

and thick-walled, profusely branched, slender, rarely septate 'binding
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hyphae'" of limited growth. In M. brevipes, the hyphae which presumably
serve a binding function are entirely thin-walled, frequently-septate
and much less coralloid than those present in fungi described with
typical trimitic tissue (e.g., aphyllophoraceous fungi). In addition,
skeletalization of medullary hyphae in M. brevipes is not restricted to
the terminal cell, as in the dimitic condition, but usually occurs in
successive cells as well. The distinctive heterogeneous stipe
medullary tissue of M. brevipes is an important diagnostic feature of
sect. Rhizomorphigena, clearly separating members of this section from
members of sect. Androsacei.

4. Odor and taste. There is some question about the presence or
absence of a discernible odor in M. brevipes. Berkeley and Ravenel (in
Berkeley and Curtis, 1853) made no mention of odor and taste. The
first mention of a distinctive odor was by Singer (in Dennis, 1953),
where it was described as '"slight or distinct, of sauerkraut (like that
of Micromphale foetidum).'" Pegler (1983) again noted a sauerkraut
odor. I have not noticed an odor in any of the fresh material
collected, nor in any of the reconstituted fragments of herbarium
specimens. Moreover, Murrill (1945a) indicated M. westii as odorless,
but with an astringent taste. In most of the fresh material I
examined, the taste was not distinctive, but several basidiomata were
slightly astringent.

The protologue of Marasmius brevipes cited a single collection,
viz., Ravenel no. 1527 from Santee Canal, South Carolina, undoubtedly
the holotype specimen. There are, however, several other specimens

numbered 1527 deposited at various herbaria which were collected at
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different locations. For example, a collection in the Curtis Herbarium
(FH) and a duplicate in BPI are labeled '"Sulphur Springs, North
Carolina, Aest. 1852, Ravenel no. 1527.'" Furthermore, two collections
deposited at Kew are labeled '"Pineville, South Carolina, no. 1527"
(Pegler, pers. comm.). One may presume from these label data that the
number ''1527" was a '"taxon' number and not exclusively a 'collection"
number. All of Ravenel's material numbered 1527, but not from Santee
Canal, are considered only as authentic material.

Although originally described in Marasmius, M. brevipes was
transferred to the genus Micromphale by Singer (in Dennis, 1953). For
a discussion of our reasons for retaining M. brevipes in Marasmius, see

Desjardin and Petersen (1989c).
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MARASHIUS sect. ANDROSACEI Kiihner, Le Botaniste 25: 91. 1933.
= Setulipes Antonin, Ceska Mykol. 41: 85. 1987.
TYPE SPECIES [implied, Kiihner (1933)]: Agaricus androsaceus

Linnaeus: Fries, Syst. Mycol. 1: 137. 1821.

Pileipellis non-hymeniform or rarely subhymeniform (and then
usually only in immature pilei), composed of interwoven, diverticulate
hyphae with coralloid or broom cell-like terminal cells; hyphae non-
gelatinous, non-incrusted or more often pigment-incrusted. Tramal
hyphae inamyloid or seldom weakly dextrinoid, thin-walled or firm-
walled. Pleurocystidia absent. Stipe central, glabrous, pruinose or
pubescent, insititious. Stipe cortical hyphae dextrinoid. Stipe
medulla homogeneous; hyphae unbranched, thin- or thick-walled (medulla
lacking thin-walled binding-type hyphae in combination with heavily
skeletalized hyphae). Clamp connections present or absent.

Rhizomorphs well-developed.

2. MARASMIUS STRAMINIPES var. STRAMINIPES Peck, Bull. Buffalo Soc.
Nat. Sci. 1: 59. 1873.

HOLOTYPE: United States, New York, Albany Co., Center (= Karner),
Oct. 1872, C. H. Peck (NYS!).

Basidiomata marcescent, reviving. Pileus 1.5-6 mm diam,
hemispherical or convex, expanding to plano-convex; disc smooth or
weakly rugulose; margin rugulose-striate; surface dull, dry, opaque,
glabrous or minutely suede-like; context thin, buff; color light
brown (7D4-5) or pale greyish brown (7D3) overall when young, disc soon

fading to pale brownish orange (7C3) or pale brownish grey (6C3),
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margin soon fading to greyish orange (6C2) or pale greyish orange
(5B2), in age disc with a hint of grey and margin buff, or faded to
off-white, buff or pinkish buff overall. Lamellae adnate, subdistant,
narrow, white or buff when young, becoming greyish buff or pale
brownish grey (6C3) in age; edges even or crystalline-fimbriate, not
intervenose or anastomosing; lamellulae in 1-2 series. Stipe 10-35 X
<0.5 mm, terete, equal, tough, wiry, glabrous, shiny, hollow,
insititious; yellow (4A5-6) overall when young or with a slightly
paler apex, darkening overall with age to stramineous, golden-melleous
or brownish orange (5-6C4); base sometimes becoming slightly more
brown at maturity, never dark brown or black. Rhizomorphs uncommon or
abundant, hair-like (narrower than the stipe), often branched,
glabrous, pale yellow or stramineous. Odor and taste not distinctive.

Basidiospores (Fig. 2 A) 6.5-9.5 X 3.2-4.5 ym [X = 8 + 0.2 X 4 *
0.1 um, E = 1.7-2.4, Q =2 + 0.1; TL90(90%): x = 7.6-8.4 X 3.7-4.3
um, Q = 1.9-2.1; n = 30 spores per 10 specimens], ellipsoid or
amygdaliform, hyaline, inamyloid, smooth, white in deposit. Basidia
(Fig. 2 B) 19-27 X 6.4-9 um, clavate, 4-spored, rarely 2-spored.
Basidioles (Fig. 2 B) clavate or fusoid-ventricose. Pleurocystidia not
differentiated. Cheilocystidia (Fig. 2 C) abundant, 13-23 X 4.5-8(-11)
um, cylindric, clavate or irregular in outline, often lobed,
diverticulate, hyaline, inamyloid, thin-walled; diverticula 1-4 X 0.5-
2 ym, irregular in outline, obtuse, sometimes lobed, nodulose or not,
hyaline, thin-walled. Pileipellis not hymeniform, composed of a well-
developed Rameales-structure, of interwoven diverticulate hyphae with

repent or erect broom cell-type terminal cells (Fig. 2 D); hyphae
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Figure 2 A-D. Features of Marasmius straminipes var. straminipes
(Peck, Oct. 1872, holotype). A Basidiospores. B. Basidium and
basidioles. C. Cheilocystidia. D. Pileipellis elements.
Standard bar = 5 uym for A; 10 pum for B-D.

2.5-8(-12) um diam, irregular in outline, often lobed, smooth or
pigment-incrusted, hyaline or pale brown, inamyloid; diverticula 1-8 X
1-3 pym, knob-like or irregular in outline, obtuse, thin-walled;
diverticulate elements often widely spaced at pileus maturity and
interspersed among tramal hyphae. Pileus trama interwoven; lamellar
trama regular; hyphae 2-8(-11) um diam, cylindric or inflated, smooth
or pigment-incrusted, hyaline, inamyloid, thin-walled; incrustations
granular or often helical, yellow or pale brown. Stipe tissue
monomitic; cortical hyphae 2.5-6.5 ym diam, parallel, cylindric,
smooth, yellow or pale brownish orange, dextrinoid; walls up to 2.5 um
thick; medullary hyphae 2-10 ym diam, subparallel, hyaline, inamyloid;

walls up to 2 um thick. Stipe vesture absent. Rhizomorphic tissue
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similar to that of the stipe, with dextrinoid cortical hyphae. Clamp
connections absent on all tissues.

Habit, habitat, and distribution. Scattered or gregarious on
senescent coniferous leaves (Pinus, Picea) or rarely on spruce cone
scales, in pine, pine-hardwood or spruce-fir woodlands. June -
October; uncommon. Eastern United States (AL, NC, NJ, NY, OH, TN, VA).

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius straminipes var. straminipes is
characterized by: a) small, pallid, rugulose-striate pileus; b)
subdistant, narrow, buff-colored lamellae; c) glabrous, stramineous,
insititious stipe; d) stramineous rhizomorphs; e) absence of clamp
connections; and f) fruiting on coniferous leaves. Although the
protologue states '"pileus ... whitish," I have found that the pileus
fades to whitish only in very mature basidiomata. More typically, the
disc region retains some shade of greyish brown or avellaneous-grey
surrounded by a buff-colored margin. The glabrous and shiny straw-
colored stipe and rhizomorphs are excellent field characters. No other
North American marasmii exhibit this combination of features, and
consequently, M. straminipes is not likely to be confused with other
taxa.

Marasmius straminipes var. straminipes was first recognized as a
distinct taxon by M. J. Berkeley and M. A. Curtis, and provisionally
named Marasmius subcretaceus (nom. herb., Curtis Herbarium, FH!).
Material seen by Berkeley and Curtis was collected by J. M. Peters in
Alabama in 1864. The species was not validly published until July

1873, when Peck (1873) described it as Marasmius straminipes from
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material collected by him in Center, Albany Co., New York. The
protologue was published again unaltered (Peck, 1874) with the addition
of the following observation: "The pale yellow stem becomes pallid in
the dry state and is sometimes tinted with brown at the base.'" 1In
Peck's notebook for 1871-1873 (archived at NYS), entry number 110, from
which he derived the protologue, adds the following note: "Very
distinct by its dull yellowish stem. At first sight it might be taken
for small M. rotula." Peck (1873) indicated the substrate as ''fallen

' and all subsequent reports of

leaves of the pitch pine, Pinus rigida,'
this species cite the same substrate (Morgan, 1905; Peck, 1874;
Pennington, 1915a, 1915b). In addition, J. B. Ellis distributed
material collected on pine leaves from Newfield, New Jersey in his
North American Fungi Exsiccati (as no. 701, issued 1882). My herbarium
research and extensive field studies in the southern Appalachian
Mountains indicate that although the most common substrate for variety
straminipes is pine leaves, basidiomata may also develop on spruce
leaves (Picea rubens Sarg.). When fruiting on spruce, however, the
basidiomata are typically only about half the size of those found on
pine.

Since Pennington (1915a), only two brief mentions of M.
straminipes have been recorded. Gilliam (1976) noted a few details of
the macro- and micromorphology of the holotype specimen and suggested
that M. straminipes belonged in the genus Marasmiellus because of its

pileipellis of "narrow hyaline diverticulate hyphae."

Subsequently,
Redhead (1984) was the first to indicate that M. straminipes lacked

clamp connections and belonged in sect. Androsacei of Marasmius because
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of the "presence of rhizomorphs and a glabrous insititious wiry stipe."
I concur with Redhead's diagnosis. An additional character more
indicative of Marasmius than Marasmiellus is the glabrous, wiry stipe
with dextrinoid cortical hyphae. Because of the paucity of published
data on M. straminipes, we recently redescribed the species (Desjardin
and Petersen, 1989a).

During field studies in the southern Appalachian Mountains, I
encountered several anomalous specimens fruiting on oak leaves rather
than a coniferous substrate. Careful scrutiny of this material
revealed abundant clamp connections localized on the hymenial elements
and stipe tramal hyphae (rare elsewhere). [When grown in culture,
clamp connections were also present, but inconstant; e.g., clamps were
present but not at every septum in aerial hyphae and rhizomorphic
tissue, whereas clamps were absent in submerged hyphae.] All other
macro- and micromorphological features of basidiomata were
indistinguishable from those of the type variety of M. straminipes on
coniferous leaves. To emphasize the significance of clamp formation
and substrate-type in the species, we described the clamped, oak leaf-

degrading taxon as a distinct variety of M. straminipes.

3. MARASNIUS STRAMINIPES var. FIBULATUS Desjardin & Petersen, Mem. New
York Bot. Gard. 49: 184. 1989.
HOLOTYPE: United States, North Carolina, Transylvania Co., Pisgah
National Forest, Black Mt. trail N of Brevard, 24 July 1986, D. E.

Desjardin no. 3948 (TENN 47644!).
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Basidiomata marcescent, reviving. Pileus 2-5 mm diam, convex;
disc even or shallowly depressed; margin rugulose-striate in age;
surface dull, dry, opaque, granulose or suede-like; context thin,
buff; disc color brown (7E3) or pale brown (7D4) when young, soon
fading to brownish grey (6-7E3) or nearly pinkish grey in age, margin
brownish grey (6E3) when young, fading in age to pinkish buff, buff or
nearly white, most commonly buff with an avellaneous-grey disc.
Lamellae adnate, subdistant, moderately broad (to 1.5 mm), white, buff
or pale greyish orange (<5B3); margin white-crystalline, not forked
nor intervenose; lamellulae in 1-2 series. Stipe 11-22 X <0.5 mm,
terete, equal, bristle-like, shiny, glabrous, insititious, hollow;
apex at first translucent, yellowish white (4A2) or pinkish buff, deep
yellow (4A5-6) below, in age greyish orange (5B4), golden-melleous or
brownish yellow (5C5-7) overall. Rhizomorphs common, thin, wiry,
stramineous. Odor and taste not distinctive.

Basidiospores (Fig. 3 A) 6.4-9.5 X 3.2-4.7 um [X 8.2 + 0.5 X 3.9 +
0.2 um, E =1.8-2.3, Q = 2.1 £ 0.1; n = 30 spores per 4 specimens],
amygdaliform, hyaline, inamyloid, smooth. Basidia (Fig. 3 B) 18-28 X
7-9 um, clavate, 4-spored, rarely 2-spored. Basidioles (Fig. 3 B)
broadly clavate or fusoid-ventricose. Pleurocystidia absent.
Cheilocystidia (Fig. 3 C) numerous, (8.5-)10-16(-24) X 4.5-6.5(-9) um,
irregularly cylindric or clavate, diverticulate, hyaline, inamyloid;
diverticula 2-6 X 1-2 pym, irregularly cylindric-contorted, obtuse,
sometimes branched, thin-walled. Pileipellis not hymeniform, in

immature pilei composed of a well-developed Rameales-structure plus

broom cell-type terminal cells (Fig. 3 D); hyphae 4-12 um diam, highly
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Figure 3 A-D. Features of Marasmius straminipes var. fibulatus
(Desjardin no. 3948, holotype). A. Basidiospores. B. Basidium
and basidioles. C. Cheilocystidia. D. Pileipellis elements.
Standard bar = 5 ym for A; 10 um for B-D.

irregular in outline, densely diverticulate, smooth or weakly pigment-
incrusted, hyaline, inamyloid; diverticula 2-9 X 1.5-4 um, knob-1like
or irregular in outline, obtuse, sometimes branched, hyaline, thin-
walled; terminal cells similar to the cheilocystidia; pileipellis of
mature pilei with scattered diverticulate elements interspersed among
tramal hyphae. Pileus trama interwoven; lamellar trama regular;
hyphae 2.5-11 pym diam cylindric or rarely inflated up to 22 um diam in
the lamellar trama, smooth or pigment-incrusted, non-gelatinous,
hyaline, inamyloid; clamps absent or rare; incrustations granular,
pale brownish. Stipe tissue monomitic; cortical hyphae 2-5 um diam,
parallel, cylindric, smooth, ochraceous, dextrinoid, unclamped; walls

up to 2.5 ym thick; medullary hyphae 2-8 um diam, subparallel,
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hyaline, inamyloid; walls up to 1.5 um thick; clamps common. Stipe
vesture generally absent, except for rare, scattered, irregularly
cylindric, ochraceous, thick-walled caulocystidia located only near the
stipe base. Rhizomorphic tissue similar to the stipe tissue. Clamp
connections common on basidia, basidioles and stipe medullary hyphae,
absent or exceedingly rare elsewhere.

Habit, habitat, and distribution. Solitary or scattered on
senescent leaves of Quercus sp. in mixed deciduous woodlands. July -
September. Uncommon. North Carolina, South Carolina, Tennessee.

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius straminipes var. fibulatus is
macromorphologically indistinguishable from var. straminipes, but
differs in the presence of clamp connections and fruiting on oak
leaves. Basidiomata of variety straminipes lack clamp connections and
form on coniferous leaves. In areas where conifers and oaks are
sympatric, all appropriate basidiomata located on coniferous leaves
lacked clamp connections (= var. straminipes), while all those located
on oak leaves were clamped (= var. fibulatus).

Marasmius straminipes var. fibulatus is similar to M. quercophilus
Pouzar (PRM!), another clamped, oak leaf-degrading member of sect.
Androsacei, but the latter differs in having a reddish brown, pruinose
stipe, reddish brown rhizomorphs, and more densely diverticulate
pileipellis elements. Marasmius quercophilus, known from Europe
(Pouzar, 1982) and western North America (Desjardin, 1987a, 1987b), is

thus far unknown from eastern North America.
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4. MARASMIUS PALLIDOCEPHAILUS Gilliam, Mycologia 67: 818. 1975.

HOLOTYPE: United States, Michigan, Chippewa Co., Tahquamenon
Falls State Park, Lower Falls, 22 July 1971, M. S. Gilliam no. 1165
(MICH!).

Basidiomata marcescent, reviving. Pileus 2.5-6(-10) mm diam,
convex when young, becoming plano-convex or rarely plane in age,
sometimes with a shallow central depression, seldom papillate; disc
even; margin decurved and even when young, in age becoming striate or
rugulose-striate, rarely uplifted; surface dull, dry, opaque, glabrous
or minutely suede-like; when young colored brown (7E4-6), light brown
(6-7D4-6) or light greyish brown (7D3) overall, or with a slightly
paler margin, in age the disc remains light brown or greyish brown, or
fades slightly to pale brownish grey (6C3), and the margin fades to
greyish orange (5-6B2-4), pale yellowish white (4A2), pale orange white
(5A3) or buff, typically older pilei with greyish brown disc and pallid
margin. Context thin, pale greyish orange or buff. Lamellae adnate,
subdistant (8-15 complete lamellae), narrow (up to 1 mm), not forked
nor intervenose; white or buff-colored at first, becoming pale orange
white (5A2) or pale greyish orange (<5B2-3) in age, edges concolorous;
lamellulae in 1-2 series. Stipe 15-40 X 0.5-0.8 mm, central, terete,
equal, glabrous, shiny, bristle-like, solid when young, becoming hollow
in age, insititious; apex at first pale brownish grey (6C3) or greyish
brown (6-7D-E3), becoming brown (7D5-6) in age; base brown or dark
brown (7F4-8) throughout maturation. Rhizomorphs scattered, narrower
than the stipes, frequently-branched, dark brown or black. Odor and

taste not distinctive.
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Figure 4 A-C. Features of Marasmius pallidocephalus (Desjardin no.
3581). A. Basidiospores. B. Basidia and basidioles. C.
Pileipellis elements. Standard bar = 5 um for A; 10 um for B-C.

Basidiospores (Fig. 4 A) 6.4-9(-9.6) X 3.2-4.4 ym [X = 7.6 + 0.3 X
3.7+ 0.1 ym, E =1.6-2.5, Q = 2.1 £ 0.1; TL90(90%): x = 7.1-8.1 X
3.6-3.8 ym, Q = 2-2.2; n = 13-25 spores per 10 specimens], ellipsoid
or subamygdaliform, inequilateral in profile, hyaline, inamyloid,
smooth, white in deposit. Basidia (Fig. 4 B) 18.5-24 X 5-7 um,
clavate, 4-spored, very rarely 2-spored. Basidioles (Fig. 4 B)
clavate, fusoid or ventricose. Pleurocystidia absent. Cheilocystidia
absent; lamellar edge fertile. Pileipellis not hymeniform, composed
of a well-developed Rameales-structure with contorted, lobed or broom
cell-like terminal cells (Fig. 4 C); hyphae 3-6(-8) um diam,
interwoven (not radially arranged), frequently-branched, irregular in
outline, densely diverticulate, non-gelatinous, smooth or incrusted
with granular or plaque-like, pale brown pigment deposits (cells on
pileus disc commonly incrusted, whereas cells from pileus margin
typically non-incrusted); walls hyaline, subhyaline or pale brown

(disc region), inamyloid, up to 1 um thick; diverticula 1.5-4(-6) X 1-
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3.5 pym, knob-like, rod-like or irregular in outline, obtuse, rarely
lobed, thin-walled; terminal cells 8-35 X 5-16 um, repent, suberect or
erect, cylindric, clavate, vesiculose or highly irregular in outline,
lobed and diverticulate. Hypodermium of heavily incrusted, non-
diverticulate hyphae 3-8 pym diam, irregular in outline, frequently-
branched, non-gelatinous. Pileus trama interwoven; lamellar trama
regular; hyphae 2-9.5 ym diam, cylindric or inflated, smooth or weakly
incrusted, non-gelatinous, hyaline, inamyloid, thin-walled or firm-
walled. Stipe tissue monomitic; cortical hyphae 2.5-5 um diam,
parallel, cylindric, outermost hyphae incrusted with granular, pale
brown pigment deposits; walls subhyaline (at stipe apex), dark
ochraceous or brown (stipe base), strongly dextrinoid, up to 1.5 um
thick; medullary hyphae 2-9.5 uym diam, parallel, smooth, hyaline or
pale yellow, inamyloid or weakly dextrinoid, with walls up to 1 um
thick. Stipe vesture absent. Rhizomorphic tissue similar to the stipe
tissue. Clamp connections absent in all tissues.

Habit, habitat, and distribution. Gregarious or densely
gregarious, sometimes in troops on leaves (needles) of Picea rubens
Sarg. and Abies fraseri (Pursh) Poiret. April - September. Locally
abundant. Northeastern North America, spruce-fir zone of southeastern
United States, and the Pacific Northwest.

Specimens Examined. Refer to Appendix A.

Commentary. Diagnostic features of M. pallidocephalus include:

a) small, striate pilei with greyish brown disc and pale greyish orange
or buff-colored margin; b) non-collariate, subdistant, narrow

lamellae; c) glabrous, wiry, dark brown, insititious stipe accompanied
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by dark brown rhizomorphs; and d) habit on spruce or fir needles. 1In
addition, absence of clamp connections and hymenial cystidia, plus
pigment-incrusted stipe cortical hyphae are distinctive.

Marasmius pallidocephalus has been commonly misdetermined as M.
androsaceus (L.: Fr.) Fr. Micromorphologically, basidiomata of M.
androsaceus differ in forming clamp connections in all tissues,
numerous diverticulate cheilocystidia, and generally non-incrusted
stipe cortical hyphae. In addition, pilei of M. androsaceus are
typically darkly pigmented overall, and only rarely show a pallid
margin surrounding a dark disc. In the southern Appalachian Mountains,
substrate preference may be a useful field character to separate M.
androsaceus, fruiting on leaves of Pinus, Quercus, or various other
hardwoods, from M. pallidocephalus, restricted to spruce or fir
needles. Marasmius pallidocephalus is also similar to another
clampless, coniferophilous taxon, viz., Marasmius straminipes var.
straminipes. The latter taxon differs, however, in forming basidiomata
with stramineous or golden melleous stipes and rhizomorphs, and in
forming cheilocystidia and non-incrusted stipe cortical hyphae.

Marasmius pallidocephalus is one of the more commonly collected
early-fruiting litter-decomposing agarics in the spruce-fir zone of the
southern Appalachians. Basidiomata have been collected as early as
late April, oftentimes forming dense troops soon after spring rains.

In northeastern North America, M. pallidocephalus fruits from July to
September on needles of spruce or hemlock (Gilliam, 1976), while in
California, the species fruits from September to December on needles

of spruce, fir, hemlock or Douglas fir (Desjardin, 1987b).
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5. MARASMIUS ANDROSACEUS (L.: Fr.) Fries, Epicr. Syst. Mycol. 385.
1838.
= Agaricus androsaceus L.: Fries, Syst. Mycol. 1: 137. 1821.

[Agaricus androsaceus Linnaeus, Sp. Pl. 1175. 1753]

tn

Chamaeceras androsaceus (L.: Fr.) O. Kuntze, Revis. Gen. Pl. Pars

3(2): 454. 1898.

H

Setulipes androsaceus (L.: Fr.) Antonin, Ceska Mykol. 41(2): 86.

1987.

= Marasmius melanopus Morgan, J. Cincinnati Soc. Nat. Hist. 18: 36.
1895.

TYPE SPECIMEN: Not located.

Basidiomata marcescent, reviving. Pileus 3-10(-12) mm diam,
convex or plano-convex, sometimes centrally depressed and rarely
papillate at maturity; disc smooth or weakly rugulose; margin even or
weakly striate when young, becoming rugulose-striate in age; surface
dull, dry, opaque, glabrous or minutely suede-like; disc colored dark
brown (7F4-8) or dark reddish brown (8F4-8) when young, remaining so in
age or fading to brown (7E4-6), light brown (7D4) or reddish brown
(8E4-6); margin colored brown (7-8E4-5) when young, fading slightly in
age to greyish brown (7D3), brownish grey (6C-D3) or greyish orange (5-
6B3), rarely fading to buff or greyish buff; context thin, buff or
pale greyish brown. Lamellae adnate or rarely slightly adnexed,
subdistant, narrow (up to 1 mm), not forked nor intervenose; cream-
buff (4A2), orange white (5A2) or pale greyish orange (5-6B2-3) when
young, becoming pale brownish grey (6C2-3) or greyish brown (6-7D3) in

age, edges concolorous with the sides or sometimes white-crystalline;
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lamellulae in 1-2 series. Stipe 15-50 X 0.5-1 mm, central, terete or
seldom compressed, equal, shiny, glabrous, bristle-like, solid when
young, becoming hollow in age, insititious; apex at first concolorous
with the lamellae or brown (7E7-8) to reddish brown (8E7-8), darkening
in age to dark brown; base dark brown, dark reddish brown (8-9F6-8) or
black throughout development. Rhizomorphs scarce or abundant, wiry,
narrower than the stipe, branched, glabrous, black. Odor and taste not
distinctive.

Basidiospores (Fig. 5 A) 6.4-8.8(-9.2) X 3-4(-4.4) um [X = 7.4 #
0.2X3.6+0.1 ym, E=1.8-2.5, Q =2.1%0.1; TL90(90%): x = 7.1-
7.7 X 3.5-3.7 ym, Q = 2-2.2; n = 12-25 spores per 10 specimens],
ellipsoid or amygdaliform, inequilateral in profile, hyaline,
inamyloid, smooth, white in deposit. Basidia (Fig. 5 B) 17.5-24 X 5-8
um, 4-spored, clavate. Basidioles (Fig. 5 B) clavate or fusoid.
Pleurocystidia absent. Cheilocystidia (Fig. 5 C) abundant on some
basidiomata and then lamellar edge sterile, scarce on other basidiomata
and lamellar edge composed of cystidia, basidioles and few basidia;
main body 12-24 X 5-12(-16) um, cylindric, clavate, turbinate or
irregular in outline, often lobed, diverticulate, hyaline, inamyloid,
thin-walled; diverticula 1.5-5 X 0.5-2.5 um, typically apical, seldom
divergent, cylindric or more often irregular in outline, often lobed,
obtuse, thin-walled, hyaline. Pileipellis not hymeniform or seldom
subhymeniform, composed of a well-developed Rameales-type structure
with erect broom cell-like or coralloid terminal cells (Fig. 5 D);
hyphae 3.5-8 um diam, interwoven, irregular in outline, frequently-

branched, densely or sparcely diverticulate, smooth or more often
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Figure 5 A-D. Features of Marasmius androsaceus (Desjardin no. 4328).
A. Basidiospores. B. Basidium and basidioles. C. Cheilo-
cystidia. D. Pileipellis elements. Standard bar = 5 um for A;
10 yum for B-D.

incrusted with granular or amorphous brown-pigment deposits, non-
gelatinous, thin-walled or with walls up to 1 um thick, hyaline or pale
brown; diverticula 1.5-5(-7) X 1-3.5 um, divergent along length of
hyphae or clustered terminally, irregular in outline, often lobed,
obtuse, thin-walled, smooth or incrusted, hyaline or pale brown.
Hypodermium composed of interwoven, frequently-branched, typically non-
diverticulate hyphae; hyphae 2.5-10 um diam, cylindric or irregular in
outline, usually heavily incrusted with brown pigment deposits, non-
gelatinous, inamyloid. Pileus trama interwoven; lamellar trama
regular; hyphae 3-10 ym diam, cylindric or inflated, smooth, non-
gelatinous, hyaline, inamyloid, thin-walled or firm-walled. Stipe
tissue monomitic; cortical hyphae 3-6.5 um diam, parallel, cylindric,

smooth or weakly incrusted, brown or dark brown, strongly dextrinoid,
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with walls up to 2 um thick; medullary hyphae 2.5-8 um diam, parallel,
smooth, hyaline, inamyloid or weakly dextrinoid, thin-walled. Stipe
vesture absent. Rhizomorphic tissue similar to that of the stipe.
Clamp connections common in all tissues.

Habit, habitat, and distribution. Scattered or gregarious,
sometimes in troops, most commonly forming on leaves of Quercus, seldom
on leaves of Fagus, Rhododendron or other hardwoods, rarely on Pinus,
Tsuga, or Picea, rarely on sticks of these plants, or on fern rachises.
May - September in the southern Appalachian Mts. Common throughout
North America, Europe and north-temperate regions of Asia.

Specimens Examined. Refer to Appendix A.

Commentary. Basidiomata of Marasmius androsaceus are
characterized by: a) reddish brown, brown or dark brown, rugulose-
striate pilei; b) greyish orange to greyish brown, non-collariate
lamellae; c) black, glabrous, insititious stipes accompanied by wiry,
black rhizomorphs; d) indistinctive odor and taste; and e) habitat on
oak leaves. Diagnostic micromorphological features include: f) non-
hymeniform or subhymeniform pileipellis of diverticulate hyphae and
broom cell-like terminal cells; g) abundant clamp connections; h)
broom cell-like cheilocystidia; and i) monomitic stipe tissue with
dextrinoid, typically non-incrusted stipe cortical hyphae.

In North America, M. androsaceus might be confused with M.
pallidocephalus Gilliam, M. thiersii Desjardin, and M. quercophilus
Pouzar. For a comparison of M. androsaceus with M. pallidocephalus
refer to the commentary on the latter species. Marasmius thiersii

differs in forming basidiomata with minutely velutinous and slightly
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broader (1-3 mm) stipes, alliaceous odor and taste, habit on pine
needles, and absence of cheilocystidia (Desjardin, 1987a). Marasmius
quercophilus differs in forming pilei colored light brown on the disc
and greyish orange or pinkish buff on the margin, white lamellae,
pruinose stipes and slightly longer spores (Desjardin, 1987a).

Marasmius androsaceus is one of the few temperate species with
insititious stipes that is not highly substrate-specific. The species
is commonly collected on needles of various conifers (Pinus, Picea,
Juniperus, Sequoia) in western and northeastern North America (Gilliam,
1976; Desjardin, 1987b), and Europe (Linnaeus, 1753; Fries, 1821;
Saccardo, 1887; Lange, 1936; Ryman & Holmasen, 1984). 1In addition,
the species has been reported from leaves of Betula, Fagus, Olea,
Quercus, Rubus and Scirpus (Fries, 1821; Saccardo, 1887; Dennis,
1948), as well as various ferns and mosses (Hooker, 1821; Massee,
1893; Desjardin, 1987b). Macdonald (1949) reported M. androsaceus as
parasitic on heather (Calluna, Erica), being the primary cause of
dying-out of heather in Scotland. In the southern Appalachian Mts.,
oak leaves are the most common substrate for this fungus, although
basidiomata have been collected occasionally on pine, hemlock or spruce
needles, various deciduous leaves and fern rachises. Apparently,
physiological requirements for basidiomata formation are not as
restricted in M. androsaceus as they are in other taxa with insititious
stipes. Indeed, culture studies on this species indicate that at least
three distinct culture mat morphologies were formed by different
isolates collected in the southern Appalachians (refer to Chapter VI

for details). This variability in cultural morphology, unusual in
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Marasmius, warrants further investigation. Mating studies on selected
populations of M. androsaceus, as well as electrophoretic
investigations and analysis of restriction-fragment length
polymorphisms, may yield valuable data to aid in elucidating genetic

divergence in this species.
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MARASMIUS sect. MARASMIUS

sect. Collariati Bataille, Fl. Monogr. Marasmes d'Europe 26. 1919.

sect. Rotulae Kithner, Botaniste 25: 98. 1933.

= tribus Mycena subtribus Rotulae Fries, Epicr. Syst. Mycol. 384.
1838.

= [subgen.] Insititii [sect.] Setipedes [subsect.] Stipiticolae
Quélet, Fl. Mycol. France 312. 1888.

= [subgen.] Mycena [sect.] Insititii Morgan, J. Mycol. 11: 244. 1905.

= sect. Pararotulae Singer, Sydowia 18: 339. 1965. [T: Marasmius

pararotula Singer]

TYPE SPECIES: As for the genus.

Pileus convex, sulcate, usually umbilicate, often papillate.
Lamellae with an indistinct or well-developed collarium. Stipe
central, insititious, glabrous, darkly pigmented. Rhizomorphs present
or absent. Pleurocystidia absent. Cheilocystidia present and similar
to the pileipellis elements. Pileipellis hymeniform, composed of
Rotalis-type or Siccus-type elements. Tramal hyphae inamyloid or
weakly dextrinoid. Stipe tissue monomitic; cortical hyphae

dextrinoid. Clamp connections present.

MARASMTIUS sect. MARASMIUS subsect. PENICILLATI Singer, Fl. Neotrop. 17:
121. 1976.
TYPE SPECIES: Marasmius graminum (Lib.) Berkeley & Broome
Pileipellis composed of Siccus-type elements. Lamellae with an

indistinct or well-developed collarium.
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6. MARASMIUS GRAMINUM (Lib.) Berkeley & Broome in Berkeley, Outl.
Brit. Fungol. 222. 1860.

= Agaricus graminum Libert, Pl. Crypt. Arduennae II. no. 119. 1832.

Marasmius curreyi Berkeley & Broome, Ann. Mag. Nat. Hist. 3: 209.

1879.

Marasmius tritici Young, Phytopathology 15: 118. 1925.

Marasmius culmisedus Singer in Singer & Digilio, Lilloa 25: 193.

1952.

LECTOTYPE: Belgium, Pl. Crypt. Arduennae, Fasc. II, no. 119,
Libert (FH!).

Basidiomata marcescent, reviving. Pileus 1.5-9 mm diam, convex at
first, soon expanding to plano-convex with a central umbilicus, with or
without a central papilla; margin striate when young, becoming sulcate
or plicate in age, often scalloped, sometimes uplifted; surface dull,
dry, opaque, minutely granulose or subvelutinous; disc with or without
a dark central dot colored reddish brown (8-9E-F7-8); pileus colored
reddish brown (8D-E6-8) or brownish orange (6-7C6-7) overall when
young; area surrounding central dot fading slightly in age; margin
remaining brownish orange in age or becoming light brown (6D6-8),
greyish orange (5-6B-C3-5), or fading to orange white (5A2-3), often
margin streaked with paler sulcae; context thin, buff-colored.
Lamellae adnate to a thin, free collarium, or sometimes merely
anastomosing at stipe juncture, distant (10-15 complete lamellae),
moderately broad (up to 1.5 mm), not forked, rarely weakly intervenose
in age; white when young, becoming yellowish white (4A2) or pale cream

(4A3) in age, non-marginate; lamellulae absent. Stipe (5-)10-30 X
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0.1-0.5 mm, terete, equal, shiny, glabrous, bristle-like, insititious;
apex buff, cream-colored or pale greyish orange (5B3) when young,
becoming brown (6E4-6) in age; base dark brown (6-7F4-6) throughout
maturation; substrate often becoming black around stipe insertion.
Rhizomorphs absent or poorly developed, short, wiry, dark brown;
sterile stipes absent or rare. Odor and taste not distinctive.

Basidiospores (Fig. 6 A) 7.2-10.6(-11.2) X 4-5.6 um [X = 8.8 + 0.5
X 4.6 0.2 ym, E=1.5-2.4, Q =1.9 £ 0.1; TL90(90%): x = 8-9.6 X
4,2-5 ym, Q = 1.7-2.1; n = 10-25 spores per 12 specimens], ellipsoid
or amygdaliform, inequilateral in profile, hyaline, inamyloid, smooth,
white in deposit. Basidia (Fig. 6 B) 14.5-24(-28) X 5.5-8.5 um, 4-
spored, clavate. Basidioles (Fig. 6 B) clavate or broadly ventricose.
Pleurocystidia absent. Cheilocystidia (Fig. 6 C) abundant, similar to
the Siccus-type pileipellis elements; main body 10-16 X 6-10 um,
cylindric, clavate or irregular in outline, hyaline, thin-walled;
apical setulae 1-4 X 0.5-1.5 pm, rod-like or more commonly irregular in
outline, often lobed, obtuse, hyaline, ranging from thin-walled to
thick-walled. Pileipellis hymeniform, not mottled or weakly mottled,
of Siccus-type broom cells (Fig. 6 D); main body 8-18 X 5-12.5 um,
cylindric, clavate or subvesiculose, basal portion of cells typically
hyaline and thin-walled, apical portion firm-walled or thick-walled and
ranging from hyaline to yellowish orange, golden or tawny, inamyloid;
apical setulae 1.5-4(-6) X 0.5-1.5(-2.5) um, numerous and crowded on
most cells, infrequent on some cells, knob-like, rod-like or irregular
in outline, often lobed, obtuse, thick-walled or solid, colored

subhyaline, yellowish orange, golden or tawny; some elements thicker-
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Figure 6 A-D. Features of Marasmius graminum (Desjardin no. 4386).
A. Basidiospores. B. Basidium and basidioles. C. Cheilo-
cystidia. D. Pileipellis elements. Standard bar = 5 um for A;
10 pym for B-D.

walled, more deeply pigmented and with fewer setulae. Pileus trama
interwoven; lamellar trama regular; hyphae 3-8(-12) um diam,
frequently-branched, cylindric, non-gelatinous, smooth, hyaline,
inamyloid or weakly dextrinoid, thin-walled or with walls up to 0.8 um
thick. Stipe tissue monomitic; cortical hyphae 2-5.5 um diam,
parallel, cylindric, smooth or with few pigment incrustations, dark
ochraceous or brown, dextrinoid, with walls up to 1 um thick;
medullary hyphae 3-6.5 uym diam, parallel, hyaline, inamyloid, thin-
walled. Stipe vesture absent. Clamp connections common in all
tissues.

Habit, habitat, and distribution. Solitary, scattered or
gregarious on senescent leaves of various grasses, rarely on leaves of
Carex, Carya or fern rachises; in mixed woodlands, marshy areas or

open grasslands. May - August in the southern Appalachian Mts. Common
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throughout eastern North America, Europe and temperate Asia, less
common in the neotropics.

Specimens Examined. Refer to Appendix A.

Commentary. In the field, M. graminum is distinguished by
a) small, sulcate, umbilicate pilei colored reddish brown or brownish
orange and often with a dark central dot; b) collariate lamellae; c)
shiny, glabrous, dark brown insititious stipe; and d) habit on grass
leaves. Micromorphologically, the species is characterized by Siccus-
type pileipellis elements, spore size and absence of a stipe vesture.

Singer (1958) proposed a number of provisional varieties of M.
graminum based primarily on spore size, habit and reaction of the
tramal tissues to Melzer's reagent. He also indicated variability
in these characters within a population and noted that there was not
enough information available to propose formally the taxa as distinct
varieties. Based on my knowledge of M. graminum from eastern North
America and Europe, I concur that M. graminum is morphologically
variable. Variable features include spore size, tissue amyloidity,
length of setulae on pileipellis elements, and pileus coloration.

In basidiomata collected from the southeastern United States, mean
spore size ranged from 8.2 X 4.7 um (L = 6.8-9.6 um) [Ravenel Exs. no.
105, SC (PH)] to 9.7 X 4.8 um (L = 8-11.2 um) [Hesler no. 3784, TN
(TENN)]. Some populations, or some basidiomata comprising a
population, showed inamyloid tramal tissues, while other basidiomata
showed a dextrinoid reaction. In many specimens, apical setulae on
pileipellis elements were short and knob-like, whereas in other

specimens, setulae were longer and rod-like. Pileus coloration varied
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from deep reddish brown to pale brownish orange, or rarely orange
white. Because no distinct character combinations could be established
at the infraspecific level to clearly separate various populations, I
cannot at present support recognition of infraspecific taxa.

In the southeastern United States, M. graminum might be confused
with several other graminicolous species, viz., M. octifolius Murr.,
and M. pseudobambusinus Desjardin. Marasmius octifolius, provisionally
accepted as a distinct species, differs from M. graminum in forming
consistently smaller pilei (2-3 mm diam), each with a prominent, conic,
black central papilla. Marasmius pseudobambusinus differs in forming
non-sulcate pilei, non-collariate lamellae, non-insititious stipe,
conspicuous pleurocystidia, and much larger spores (13.6-19.2 X 3.6-
5.2 um).

Singer (1958a, 1965, 1976) considered M. pruinatus Berk. & Curt.,
a species originally collected in New England, as a synonym of M.
graminum. My re-examination of the holotype specimen of M. pruinatus
indicated that the latter is not conspecific with M. graminum.
Marasmius pruinatus differs in forming non-collariate lamellae, non-
insititious stipe and longer spores (L = 11.2-14.4 pym; L = 12.6 um).
Refer to Chapter VIII for a description and discussion of M. pruinatus.

I have observed occasional basidiomata formed on leaves of living
grass plants. In such cases, basidiomata were located on decaying leaf
blade tips, not on living leaf blade bases. Whether M. graminum was
the cause of leaf decay or only a secondary invader is unknown. Young
(1925) reported that M. graminum was parasitic on wheat and other small

grain crops.
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MARASMIUS sect. MARASMIUS subsect. MARASMIUS
= sect. Pararotulae Singer, Sydowia 18: 339. 1965
= subsect. Pararotulae (Sing.) Singer, Fl. Neotrop. 17: 92. 1976.

TYPE SPECIES: As for the genus.

Pileipellis composed of Rotalis-type elements. Lamellae with a

well-developed collarium.

7. MARASMIUS CAPILLARIS Morgan, J. Cincinnati Soc. Nat. Hist. 6: 194.
1883.

NEOTYPE: United States, Ohio, Montgomery Co., Preston, Oct. 1890,
Morgan (ISC!), [designated as lectotype by Gilliam (1976: 121)].

Basidiomata marcescent, reviving. Pileus 2-7 mm diam, at first
truncate-convex or trapezoidal, umbilicate, expanding in age to plano-
convex, remaining umbilicate, with or without a bluntly conic papilla;
surface dull, dry, opaque, granulose; disc non-striate, buff colored,
or with a dark brown or black central dot surrounded by a zone colored
buff or pale cream (4A2-3); margin decurved and striate at first,
becoming sulcate or plicate, sometimes scalloped in age, colored
yellowish brown (5D4-5) or greyish brown (6C-D3-4), sometimes slightly
paler when wet, but darkening when dried; context very thin, buff or
beige. Lamellae adnate to a well-developed, free collarium, distant
(13-18 complete lamellae), broad (up to 2 mm), not forked nor
intervenose; white or buff-colored when young, buff or pale yellowish
white (4A2) in age, non-marginate; lamellulae absent. Stipe 15-45 X
<0.3 mm, terete, equal, shiny, glabrous, bristle-like, hollow in age,

insititious; apex concolorous with the lamellae at first, becoming
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dark brown (6-8F4-5) in age; base dark brown or black throughout
maturation. Rhizomorphs rare or abundant, wiry (0.1-0.2 mm diam),

black. Odor and taste not distinctive.

8.5+ 0.7 X 4.1

Basidiospores (Fig. 7 A) 7.2-11.2 X 3.4-5 pm [X

+ 0.2 ym, E =1.7-2.7, Q = 2.1 £ 0.2; TL90(90%Z): x = 7.2-9.7 X 3.8-
4.4 ym, Q = 1.8-2.4; n = 20-30 spores per 10 specimens], ellipsoid or
amygdaliform, inequilateral in profile, hyaline, inamyloid, smooth,
white in deposit. Basidia (Fig. 7 B) (16-)20-28 X 5-8.5 um, 4-spored,
clavate. Basidioles (Fig. 7 B) cylindric, clavate or fusoid.
Pleurocystidia absent. Cheilocystidia (Fig. 7 C) numerous, similar to
the Rotalis-type pileipellis elements; main body 8-24 X 5-19.5 um,
cylindric, clavate, turbinate or subvesiculose, typically thin-walled
or rarely firm-walled, hyaline, inamyloid; divergent setulae 0.5-2 X
0.5-1.5 pym, rod-like, obtuse, thick-walled or solid, hyaline.
Pileipellis hymeniform, not mottled, of Rotalis-type broom cells

(Fig. 7 D); main body 9.5-24 X 6-24, cylindric, clavate, turbinate,
subvesiculose or sphaeropedunculate, ranging from thin-walled and
hyaline, to thick-walled and ochraceous or pale brown, inamyloid;
divergent setulae 1-2.5 X 0.5-1.5 um, knob-like or rod-like, obtuse,
thick-walled or solid, subhyaline, ochraceous or pale brown. Pileus
trama interwoven; lamellar trama regular; hyphae 2-10 um diam,
cylindric or rarely inflated, smooth, non-gelatinous, hyaline,
inamyloid, thin-walled. Stipe tissue monomitic; cortical hyphae 3.5-8
um diam, parallel, cylindric, smooth, ochraceous (stipe apex) or brown

(stipe base), strongly dextrinoid, with walls up to 2 pum diam;

medullary hyphae 2-8 um diam, parallel, hyaline, inamyloid or weakly
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Figure 7 A-D. Features of Marasmius capillaris (Desjardin no. 4345).
A. Basidiospores. B. Basidia and basidioles. C. Cheilo-
cystidia. D. Pileipellis elements. Standard bar = 5 um for A;
10 ym for B-D.

dextrinoid, with walls up to 1 um thick. Stipe vesture absent.
Rhizomorphic tissue similar to that of the stipe. Clamp connections
common in all tissues.

Habit, habitat, and distribution. Gregarious or densely
gregarious on leaves of Quercus, rarely on leaves or sticks of other
deciduous hardwoods; in mixed hardwood forests (Quercus, Acer, Carya,
Liquidambar, etc.). May - September in the southern Appalachian Mts.
Common in oak woods throughout eastern North America.

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius capillaris has been misdiagnosed commonly
as M. rotula (Scop.: Fr.) Fr. Diagnostic features of M. capillaris
include: a) small, convex, umbilicate, sulcate pilei with a pallid

central zone and greyish brown margin; b) broad, pallid, non-
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marginate, collariate lamellae; c) black, glabrous, insititious stipe
and black rhizomorphs; and d) habit on oak leaves. In comparison,
basidiomata of M. rotula are characterized by pilei colored entirely
white or buff (i.e., lacking greyish brown margin) and habit on bark or
wood of various hardwoods. In addition, stipes of basidiomata of M.
rotula are generally thicker than those formed by M. capillaris (viz.,
0.5-1 mm vs. <0.3 mm). Gilliam (1976) reported a number of specimens
of M. capillaris that fruited on needles of conifers. After re-
examination of these specimens, I consider the coniferophilous
basidiomata to represent M. wettsteinii Sacc. & Sydow. Refer to
Chapter VIII for a description and discussion of the latter species.

Gilliam (1976) aptly described the morphological variation
exhibited by specimens of M. capillaris and M. rotula from northeastern
North America, and noted that occasionally basidiomata were
encountered with morphology intermediate between the two species. She
suggested that perhaps culture studies could supply additional
diagnostic data, useful in separating problematic specimens. The
same patterns of variation described by Gilliam (1976) occur in
basidiomata collected from the southern Appalachians. Studies on
axenic tissue cultures of both species indicated that culture
morphology is useful in separating taxa. PDA-grown isolates of M.
capillaris formed crustose, often zonate culture mats colored '"clay" or
"cinnamon," (i.e., with orange tints), whereas PDA-grown isolates of M.
rotula formed azonate crustose mats colored "avellaneous," '"fawn color"
or "wood brown" (i.e., with pink to drab tints, lacking orange shades).

Refer to Chapter VI for descriptions of culture morphology.
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Several other phenetically similar species occur in North America
that may be confused with M. capillaris, viz., M. limosus Quél. and M.
ilicicola Desjardin in Desjardin & Petersen. Marasmius limosus differs
in forming consistently bisporic basidia and in fruiting on
monocotyledonous debris in marshy environments (fide Quélet, 1877;
Redhead, 1981). Marasmius ilicicola differs in forming pilei that lack
a pallid central zone (i.e., pilei evenly pigmented light brown), fewer
lamellae, and fruiting on leaves of Ilex opaca (Desjardin & Petersen,
1989b). I have encountered one herbarium specimen that differs from M.
capillaris only in pileus coloration. Jennings 13 Aug 1905 (NY!),
collected at Finleyville, Pennsylvania, contains basidiomata with pilei
evenly pigmented brownish orange or ferruginous. I have provisionally
named the latter specimen M. ferrugineocapillaris nom. prov. and
included it in the key to North American species of Marasmius (Chapter
V). More material should be collected and compared with M. capillaris

before the taxon is proposed formally as distinct.

8. MARASMIUS ROTULA (Scop.: Fr.) Fries, Epicr. Syst. Mycol. 385. 1838.

Agaricus rotula Scop. : Fries, Syst. Mycol. 1: 136. 1821.

[Agaricus rotula Scopoli, Fl. Carniol. 2: 456. 1772.]

Androsaceus rotula (Scop.: Fr.) Patouillard, Essai Tax. Hyménomyc.
141. 1900.

TYPE SPECIMEN: None located.

Basidiomata marcescent, reviving. Pileus 4-16 mm diam, at first
convex or bluntly conic, very rarely with a small central papilla, in

age becoming flattened-convex or bluntly campanulate, umbilicate;
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surface dull, dry, opaque, minutely granulose; central depression
even, colored buff or pale cream-buff, or seldom with a dark greyish
brown (6F3-4) central spot; margin striate, sulcate or plicate to edge
of central depression, becoming scalloped in age, colored pale
yellowish white (4A2), cream-buff (4A3) or pale greyish orange (5-6B3-
4), sometimes with paler sulcae, often fading to buff or white overall
in age; context thin, buff-colored. Lamellae adnate or arcuate-
adnate to a well-developed, free collarium, distant (16-26 complete
lamellae), broad (up to 3 mm), not forked nor intervenose; white or
buff at first, often cream (4A3) in age, non-marginate; lamellulae
absent or rarely in 1 series. Stipe 20-80 X 0.5-1.25(-2) mm, terete or
seldom compressed, equal or sometimes narrowed downward, shiny,
glabrous, bristle-like, hollow, insititious; apex at first concolorous
with the lamellae, darkening in age to brown or dark brown (7E-F5-8);
base dark brown (7F5-8) or black throughout maturation. Rhizomorphs
rare or abundant, wiry, often contorted, dark brown or black. Odor not

distinctive. Taste not distinctive or mildly bitter.

Basidiospores (Fig. 8 A) 6.4-9.6(-10.4) X 3.2-4.4(-4.8) um [X

8.0+ 0.3X3.8%0.2um, E=1.7-2.6, Q =2.1% 0.1; TL90(90%):

it
1]

7.4-8.6 X 3.5-4.2 ym, Q = 1.9-2.3; n = 20-30 spores per 12 specimens],
ellipsoid or amygdaliform, inequilateral in profile, hyaline,
inamyloid, smooth, white in deposit. Basidia (Fig. 8 B) 20-32 X 5-8
um, 4-spored, subclavate or clavate. Basidioles (Fig. 8 B) cylindric-
acuminate, subclavate or fusoid. Pleurocystidia absent.

Cheilocystidia (Fig. 8 C) numerous, similar to the Rotalis-type

pileipellis elements; main body 10-28(-32) X 6-18(-20) um, cylindric,



112

Figure 8 A-D. Features of Marasmius rotula (Desjardin no. 4241).
A. Basidiospores. B. Basidia and basidioles. C. Cheilo-
cystidia. D. Pileipellis elements. Standard bar = 5 um for Aj;
10 ym for B-D.

clavate or sphaeropedunculate, basally thin-walled, apically firm-
walled, hyaline, inamyloid; divergent setulae 0.5-3 X 0.5-1.5 um,
knob-like or rod-like, thick-walled, hyaline. Pileipellis hymeniform,
not mottled or weakly mottled, of Rotalis-type broom cells (Fig. 8 D);
main body 9-30 X 6-20 um, cylindric, clavate, broadly clavate,
turbinate, subvesiculose or sphaeropedunculate; majority of elements
thin-walled or firm-walled, hyaline or pale yellowish; few elements
thick-walled, yellow or pale brown, these interspersed among paler
elements resulting in a weakly mottled appearance with low
magnification; divergent setulae 0.5-3.5 X 0.5-1.5 um, numerous and
crowded over upper 1/3 - 1/2 of cell, knob-like or rod-like, thick-

walled or solid, hyaline, pale yellow or pale brown; all elements
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inamyloid. Pileus trama interwoven; lamellar trama regular; hyphae
3-10(-14) pm diam, cylindric or inflated, frequently-branched, smooth
or weakly roughened, hyaline, inamyloid, thin-walled or with walls up
to 1 um thick. Stipe tissue monomitic; cortical hyphae 2.5-6 um diam,
parallel, cylindric, smooth, ochraceous, brownish orange or brown,
inamyloid or weakly dextrinoid, with walls up to 1.5 um thick;
medullary hyphae 2.5-9 um diam, parallel, hyaline, inamyloid or weakly
dextrinoid, with walls up to 1 um thick. Stipe vesture absent.
Rhizomorphic tissue similar to that of the stipe. Clamp connections
common in all tissues.

Habit, habitat, and distribution. Gregarious or densely
gregarious, sometimes in troops, on decayed bark or wood of various
deciduous hardwoods (Quercus, Acer, Carya, Betula, Ulmus), rarely on
stems of Rubus, in mixed hardwood forests. May - September in the
southern Appalachian Mts. Common throughout eastern North America and
Europe.

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius rotula is one of the more commonly
encountered species of Marasmius in the southern Appalachians, fruiting
in great abundance on decayed bark or wood of various hardwoods.
Basidiomata of this species are characterized by: a) flattened-convex,
sulcate, umbilicate pilei colored cream-buff or white overall in age;
b) buff-colored, non-marginate, collariate lamellae; c) shiny,
bristle-like, glabrous, insititious stipe up to 1.25 mm thick; and d)

lignicolous habit.
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Although no type specimen exists for M. rotula (representative
material from Europe has been chosen and is described in Chapter VIII),
a well-characterized species circumscription has been established and
accepted for many years in European and American literature. North
American material matching this circumscription is conspecific with
European material. I concur with Gilliam's (1976) observations that
North American specimens of M. rotula, as well as European material,
show variation in macro- and micromorphology. Variation between
populations occurs in basidiomata size, pileus coloration and spore
size. In the southern Appalachians, basidiomata of M. rotula are
generally well-characterized by the diagnostic features outlined above,
in combination with spores ranging in mean length from 7.4-8.6 um.
If, however, specimens collected show smaller, bicolorous pilei,
narrower stipes and foliicolous habit, they should be compared with M.
capillaris. Refer to the commentary on that species for a comparison
with M. rotula.

Gilliam (1975c) investigated the periodicity of spore release in
M. rotula and reported that spore discharge did not follow the
circadian rhythm found in other agarics and boletes, but showed a rain-
dependent pattern. As with many other species of Marasmius,
basidiomata of M. rotula can dry out in situ and revive when sufficient
moisture in the form of rain or high humidity is available. In her
study (Gilliam, 1975c), basidiomata were capable of spore discharge

over a period of at least three weeks.
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MARASMIUS sect. EPIPHYLLI Kiithner, Botaniste 25: 93. 1933 [ut
Epiphylleael].
TYPE SPECIES [implied, Kiihner (1933)]: Agaricus epiphyllus

Persoon: Fries, Syst. Mycol. 1: 139. 1821.

Pileus small (<7 mm diam), white, buff, pink, pale yellow or
orange-white, not deeply pigmented, even or weakly striate. Lamellae
poorly developed and vein-like or well-developed, rarely absent, non-
collariate, pallid, non-marginate. Stipe central, pruinose,
insititious, brown. Rhizomorphs absent. Basidia 2- or 4-spored.
Hymenial cystidia typically present, fusoid, fusoid-ventricose or
ventricose-rostrate. Pileipellis hymeniform, composed of non-
diverticulate, non-setulose cells; cells clavate, ventricose,
lageniform, vesiculose or irregular in outline, sometimes lobed, thin-
walled or thick-walled; pilocystidia present or absent. Tramal hyphae

inamyloid or weakly dextrinoid; clamp connections present or absent.

9. MARASMIUS EPIFAGUS Gilliam, Mycologia 67: 821. 1975.

Fresh material not seen. Description of macromorphological
features compiled from Gilliam (1975a, 1976) and from dried herbarium
specimens.

Pileus 0.2-2 mm diam, convex or plano-convex, even or weakly
rugulose-striate in age; surface dull, dry, opaque at first,
translucent in age, pruinose; color pale yellow, moderate orange
yellow, avellaneous or light yellowish pink when young, becoming
yellowish white or white in age; context thin, white. Lamellae absent

or poorly developed, vein-like, remote (1-7 reach the stipe), narrow,
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pruinose, not intervenose, white. Stipe 1-9 X 0.1-0.2 mm, central or
slightly eccentric, terete, equal, white-pruinose, insititious; white
overall when young, hysterochroic, base becoming brown, reddish brown
or dark brown in age. Sterile stipes and rhizomorphs absent. Odor and
taste not recorded.

Basidiospores (Fig. 9 A) 8.8-9.6 X 3.8-4 um (4 recovered),
ellipsoid or amygdaliform, hyaline, inamyloid, smooth. Basidia (Fig. 9
B) 18-28 X 5-8 um, 4-spored, clavate. Basidioles (Fig. 9 B) cylindric
or clavate. Hymenial cystidia (Fig. 9 C) numerous on lamellar sides
and edges, 28-54 X 6.5-9 pym, fusoid or fusoid-ventricose, not capitate,
arising from the subhymenium and projecting up to 26 um beyond the
basidioles, non-refractive, thin-walled apically and basally, thick-
walled centrally (up to 1 um), hyaline, inamyloid. Pileipellis
hymeniform, not mottled, composed of versiform elements (Fig. 9 D);
main body 12-32 X 6.5-19 um, ranging from clavate to ventricose,
lageniform, vesiculose or sphaeropedunculate, often with 2-5 cylindric
or conic, obtuse apical projections, these 4-10 X 3.5-7 um; cell
surface smooth or with apical portion incrusted or coated with resinous
or subgelatinous exudate; elements inamyloid, mostly thin-walled and
hyaline or pale yellow, with a few thick-walled and yellowish orange or
golden elements interspersed, few with refractive walls or refractive
contents. Pilocystidia (Fig. 9 E) rare, interspersed, similar to the
hymenial cystidia; walls smooth or roughened. Pileus trama
interwoven; lamellar trama regular; hyphae 1.5-8 um diam, cylindric,
smooth, non-gelatinous, hyaline, inamyloid, thin-walled or with walls

up to 1 um thick. Stipe tissue monomitic; cortical hyphae 1.5-7 um
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Figure 9 A-F. Features of Marasmius epifagus (Vilgalys no. 82/342).
A. Basidiospores. B. Basidium and basidioles. C. Hymenial
cystidia. D. Pileipellis elements. E. Pilocystidia.

F. Caulocystidia. Standard bar = 5 um for A; 10 um for B-F.

diam, parallel, cylindric, smooth, hyaline (stipe apex) or brown (stipe
base), inamyloid, with walls up to 1.5 um thick; medullary hyphae 2.5-
10 pym diam, similar but hyaline and thinner-walled. Stipe vesture of
numerous versiform caulocystidia (Fig. 9 F) 8-30 X 5-10 um, cylindric,

conic, clavate, ventricose or irregular in outline, rarely subcapitate,
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hyaline at stipe apex, ochraceous or pale brown at stipe base,
inamyloid, with walls up to 2 um thick. Clamp connections common in
all tissues.

Habit, habitat, and distribution. Scattered or gregarious on
leaves of Fagus in beech-maple woodlands. Rare. June - October.
Northeastern United States from Massachusetts to Michigan and southward
to Virginia.

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius epifagus, known to date from seven
specimens, produces tiny, rarely collected basidiomata. I suspect that
the species may be more common than herbarium records indicate, but due
to the small size of basidiomata, the species may be easily overlooked
in the field. The southernmost known distribution is Botecourt County,
Virginia. Marasmius epifagus is characterized by the following
features: a) pale yellow or yellowish pink pilei less than 2 mm broad;
b) poorly developed hymenophore; c) pruinose, brownish, short,
insititious stipe; and d) habit on beech leaves. In addition,
pileipellis morphology is distinctive. The majority of pileipellis
elements have 2-5 conic or cylindric apical outgrowths (not setulae nor
diverticula), and are often apically incrusted or coated with resinous
or subgelatinous exudates. This morphology is unlike any other known
species of Marasmius. Marasmius epiphylloides (Rea) Sacc. & Sydow,
accepted by many authors in sect. Epiphylli (Kiihner, 1933; Kiihner &
Romagnesi, 1953; Singer, 1943; Clémengon, 1982; Noordeloos, 1987),
forms pileipelli composed of elements with apical outgrowths, but here

the elements are distinctly Rotalis-type cells.
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Singer (1986) suggested that M. epifagus belongs in the genus
Gloiocephala. I concur with Gilliam (1975a, 1976) that the species is
best placed in Marasmius sect. Epiphylli. I restrict Gloiocephala to
species with capitate, metuloid, oleocystidioid or long-rostrate (often
pigmented) pilocystidia, and/or gelatinous tissues. Recently,
Noordeloos (1981) re-evaluated the criteria used by Singer (1976) to
separate Gloiocephala from Marasmius and concluded that Gloiocephala
was best considered as a section of Marasmius (based in part on
Gilliam's observations on M. epifagus). Unfortunately, when
transferring Gloiocephala as Marasmius sect. Gloiocephala, Jansen and
Noordeloos (in Noordeloos, 1981) failed to validly transfer the type
species of Gloiocephala (viz., G. epiphylla Massee) to Marasmius. A
transfer of G. epiphylla to Marasmius would require a name change,
because the epithet is preempted by M. epiphyllus (Pers.: Fr.) Fr.
Until an in-depth examination of the worldwide species of Gloiocephala
sensu Singer and Marasmius sect. Epiphylli sensu mihi is undertaken, I

choose to retain Gloiocephala as a genus distinct from Marasmius.

10. MARASMIUS EPIPHYLLUS (Pers.: Fr.) Fries, Epicr. Syst. Mycol. 386.
1838.

Agaricus epiphyllus Pers.: Fries, Syst. Mycol. 1: 139. 1821.

[Agaricus epiphyllus Persoon, Syn. Meth. Fung. 468. 1801.]

Androsaceus epiphyllus (Pers.: Fr.) Patouillard, Essai Tax.
Hyménomyc. 141. 1900.
= Marasmius subvenosus Peck, Annual Rep. New York State Mus. 23: 125.

1869 (1872).
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NEOTYPE: Sweden, Ulfiilt, near Femsjo, 19 Aug. 1964, Singer no.
C4130 (BAFC).

Basidiomata fragile when young, becoming membranous in age;
marcescent. Pileus 1-10 mm diam, convex at first, expanding to plano-
convex or plane, sometimes slightly depressed in age; surface dull,
dry, opaque or rarely translucent in age, minutely pruinose; disc even
or slightly rugulose; margin even or obscurely striate or crenate;
color white or yellowish white (2-4A2) overall when young, disc
darkening slightly in age to pale yellow (4A3) or light yellowish
orange (4A4); context thin, buff or pale yellow. Lamellae poorly
developed or well-developed, adnate or slightly subdecurrent, rarely
attached to a thin, adherent partial collar of tissue, distant (5-10
complete lamellae) or sometimes absent or vein-like, narrow, sometimes
intervenose; white or pale yellowish white when fresh, drying yellow,
non-marginate; lamellulae 1-5, vein-like. Stipe 6-20 X 0.2-1 mm,
terete, equal or slightly enlarged at both or either end, shiny,
translucent when young, base becoming opaque in age, hollow,
insititious, pruinose overall with pruinae colored yellowish white
(4A2) at stipe apex or reddish brown (7D4-5) at stipe base; surface
color yellowish white overall when young, hysterochroic, apex remaining
yellowish white in age, base becoming pale yellowish brown (5D4-5),
yellowish brown (5E4-5), reddish brown (7D4-5) or dark brown (6F5-6).
Sterile stipes rare; rhizomorphs absent. Odor and taste not
distinctive.

Basidiospores (Fig. 10 A) 8.4-12.8(-13.6) X 3.6-4.8(-5.4) um [X =

11.0 £+ 0.9 X 4.2 + 0.3 pym, E = 2.2-3.1, Q = 2.6 + 0.1, n = 15-30 spores



121

NS

o WU
W ongng 4

Figure 10 A-F. Features of Marasmius epiphyllus (Romell, 1911).
A. Basidiospores. B. Basidia and basidioles. C. Hymenial
cystidia. D. Pileipellis elements. E. Pilocystidia. F.
Caulocystidia. Standard bar = 5 uym for A; 10 um for B-F.

per 6 specimens], elongate-ellipsoid, subclavate or ventricose,
hyaline, inamyloid, smooth, white in deposit. Basidia (Fig. 10 B) 20-
35 X (5-)7-10 pm, 4-spored, clavate. Basidioles (Fig. 10 B) cylindric
or subclavate. Hymenial cystidia (Fig. 10 C) common on lamellar sides
and edges, 28.5-48 X 6-9 um, fusoid-ventricose, narrowly lageniform or
narrowly ventricose-rostrate, obtuse, not capitate, arising from the
subhymenium and projecting well beyond the basidioles, non-refractive,
hyaline, inamyloid, typically thin-walled, sometimes firm-walled (up to
0.8 um) in central or basal portion of cell. Pileipellis hymeniform,
not mottled, composed of versiform elements plus scattered

pilocystidia; versiform elements (Fig. 10 D) 12-30 X 7-13(-20) um,
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cylindric, clavate, subvesiculose, ventricose, broadly lageniform,
turbinate or sphaeropedunculate, non-gelatinous, hyaline or pale
yellow, inamyloid; in some specimens nearly all pileipellis elements
thick-walled (0.5-1 pm), in other specimens, elements mostly thick-
walled with thin-walled cells interspersed, yet in other specimens,
elements mostly thin-walled with thick-walled cells interspersed;
pilocystidia (Fig. 10 E) 24-36 X 6-10.5 um, fusoid-ventricose, narrowly
lageniform or irregularly fusoid, projecting, thin-walled or more
commonly with walls 0.5-1 um thick, hyaline. Pileus trama interwoven;
lamellar trama regular; hyphae 2-8 um diam, cylindric, smooth, non-
gelatinous, hyaline, inamyloid, thin-walled. Stipe tissue monomitic;
cortical hyphae 2.5-6.5 ym diam, parallel, cylindric, smooth, hyaline
or pale yellow at stipe apex, ochraceous, brownish orange or brown at
stipe base, inamyloid, with walls up to 2 um thick; medullary hyphae
2-8 ym diam, similar but hyaline and thinner-walled, with few
oleiferous hyphae interspersed. Stipe vesture of scattered
caulocystidia (Fig. 10 F) 8-36 X 4-8 um, cylindric, clavate, ventricose
or acuminate, obtuse or subacute, hyaline (stipe apex) or pale brown
(stipe base), inamyloid, with walls 0.5-1.5 um thick. Clamp
connections common in all tissues.

Habit, habitat, and distribution. Scattered or gregarious on
leaves of Betula, Fraxinus, Cornus, Populus or rarely Quercus. August
- October. Common in montane regions of western North America, the
Rocky Mts., and northern United States and Canada.

Specimens Examined. Refer to Appendix A.
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Commentary. Although to date no specimens accurately diagnosed as
M. epiphyllus have been discovered from the southern Appalachian Mts.,
I include the species here because I suspect that it occurs in this
region. Marasmius epiphyllus is commonly collected on leaves of birch,
ash, dogwood, poplar, aspen or rarely oak in montane regions of western
and northeastern North America and quite possibly extends southward
along the Appalachian chain. It should be looked for in cooler, higher
elevation areas populated by the tree species mentioned above.

Diagnostic features of M. epiphyllus include: a) small, white,
convex, even or obscurely striate pilei; b) distant, poorly developed
lamellae; c) pruinose, insititious, apically white and basally brown
stipe; and d) habit on leaves of birch, ash, dogwood, poplar or oak.
In addition, tetrasporic basidia, inamyloid tramal tissues, clamp
connections and spore size are characteristic.

In North America, M. epiphyllus may be confused with M. tremulae
Velenovsky and M. felix Morgan. Marasmius tremulae, recently reported
for the first time from North America (Redhead, pers. comm.), differs
in forming bisporic basidia and lacking clamp connections. Marasmius
felix differs by forming pinkish white or orange-white pilei, more
deeply pigmented pileipellis elements (yellow, ochraceous or brownish
orange), subcapitate hymenial cystidia, slightly shorter spores (L =
9.6 um), and habit on leaf petioles of Platanus or Liquidambar.

Because no type specimen of Agaricus epiphyllus Pers.: Fr. was
known to exist, Singer (1969) designated a specimen collected from
Femsjo, Sweden as neotype. Until recently, the circumscription of

Marasmius epiphyllus encompassed taxa with thick-walled pileipellis
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elements as well as those with thin-walled elements. The species
commonly encountered in the environs of Femsjo, Fries' collecting area,
possesses thick-walled pileipellis elements and consequently, this is
the form chosen by Singer to represent M. epiphyllus. The taxon with
thin-walled pileipellis elements, which also grows in Europe (as well
as South America, fide Singer, 1969, 1976), was described by Singer
(1969) as M. tenuiparietalis Sing. It should be noted that cells
comprising the pileipellis of basidiomata of the holotype specimen of
M. subvenosus Pk. [collected from New York and considered by me a
synonym of M. epiphyllus], ranged from thick-walled to thin-walled,
with some basidiomata exhibiting mostly thin-walled elements with
thick-walled cells interspersed, while other basidiomata showed mostly
thick-walled elements. This infrapopulation phenomenon must be
considered when evaluating the taxonomic disposition of M.

tenuiparietalis.

11. MARASNIUS FELIX Morgan, J. Mycol. 12: 2. 1906

NEOTYPE: United States, Ohio, Montgomery Co., Preston, 1906, A.
P. & L. V. Morgan no. 129 (ISC!) [ISONEOTYPE: 1ISC!].

Basidiomata marcescent, reviving. Pileus 0.5-5(-7) mm diam,
convex, often expanding to plano-convex, with or without a shallow
central depression; disc even when young, remaining so in age or
becoming slightly rugulose; margin even at first, soon striate or
rugulose-striate; surface dull, dry, opaque, minutely granular or
pruinose; coloration when young pale orange white (5A2-3), pinkish

white (7A2), pinkish buff or pale greyish red (7B3-4) overall, disc
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remaining so colored in age or fading slightly, margin fading to pale
orange white, pinkish white or buff in age, rarely margin colored
greyish orange (6B-C3-4), sometimes fading overall in age to buff or
nearly white; dried material often with pale brownish orange or pale
reddish brown shades; context thin, buff-colored. Lamellae well-
developed, adnate, often attached to a thin, complete, adherent collar
of tissue (not a true collarium, never free), subdistant or distant (7-
12 complete lamellae), narrow or moderately broad (up to 0.5 mm),
sometimes forked, sometimes weakly intervenose, edges pruinose or
crystalline-fimbriate; buff, pale orange white (5A2) or pale pinkish
white (6-7A2), rarely with pale orange spots; with or without several
short lamellulae. Stipe 10-55(-115) X <0.5 mm, terete, equal, bristle-
like, pruinose overall, insititious; upper half at first white, pale
orange white (5A2) or pinkish buff, lower half brown (7E4-8), in age
upper few mm remaining white, pale orange white or pinkish buff, base
becoming dark brown (7-8F4-8) or nearly black. Sterile stipes absent
or rare; rhizomorphs absent. Odor and taste not distinctive.

Basidiospores (Fig. 11 A1-A2) (7.2-)8-11.4 X (3.2-)4-4.8(-5.6) um
[k =9.6 + 0.6 X 4.1 + 0.3 ym, E=1.6-2.9, Q =2.3 + 0.2; TL90(90%):
x = 8.5-10.7 X 3.5-4.7 ym, Q = 1.9-2.7; n = 15-30 spores per 10
specimens], ellipsoid, elongate-ellipsoid, subamygdaliform,
inequilateral in profile, hyaline, inamyloid, smooth, white in deposit.
Basidia (Fig. 11 B) (18.5-)24-32 X 5.5-8(-9) um, 4-spored, clavate.
Basidioles (Fig. 11 B) subcylindric or clavate. Cystidioles (Fig. 11
C) fusoid or narrowly ventricose-rostrate. Hymenial cystidia (Fig. 11

D) common on lamellar edges, common or uncommon on lamellar sides,
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Figure 11 A-G. Features of Marasmius felix. Al-A2. Basidiospores.
Al. Desjardin no. 4528. A2. Desjardin no. 4486. B. Basidium
and basidioles. C. Cystidioles. D. Hymenial cystidia.

E. Pileipellis elements. F. Pilocystidia. G. Caulocystidia.
Standard bar = 5 pym for A; 10 um for B-G (drawn from Desjardin
no. 4486)

32-54 X 5.5-8(-10) um, fusoid, ventricose or ventricose-rostrate,
usually subcapitate, some non-capitate, arising from the subhymenium
and projecting well beyond the basidioles, non-refractive, thin-walled
or with walls up to 0.5 um thick, hyaline, inamyloid. Pileipellis
hymeniform, weakly mottled, composed of clavate, ventricose, broadly
lageniform or vesiculose elements (Fig. 11 E) 10-20 X 4.5-18 um; walls

ranging from 0.5-4 um thick, apical region of cell often thicker-walled



127
than basal portion, non-gelatinous, hyaline, yellow or brownish orange,
inamyloid; thicker-walled and deeper pigmented elements interspersed;
pilocystidia (Fig. 11 F) scattered, 20-32(-44) X 5.5-9 um, fusoid,
ventricose or ventricose-rostrate, thick-walled, smooth or occasionally
roughened, ochraceous or brownish orange. Pileus trama interwoven;
lamellar trama regular; hyphae 2-8 ym diam, cylindric, frequently-
branched, non-gelatinous, thin-walled or with walls up to 0.8 um thick,
hyaline, inamyloid. Stipe tissue monomitic; cortical hyphae 1.5-5 um
diam, parallel, cylindric, smooth, hyaline (stipe apex) or brownish
orange to brown (stipe base), inamyloid, with walls up to 2 um thick;
medullary hyphae 2-9 ym diam, similar but hyaline and thinner-walled.
Stipe vesture of numerous caulocystidia (Fig. 11 G) 8-45(-60) X 4.5-8
pm, cylindric, clavate, acuminate, fusoid or ventricose, obtuse or
acute, sometimes subcapitate, hyaline (stipe apex), ochraceous or
brownish orange (stipe base), inamyloid, with walls 1-4 um thick.

Clamp connections common in all tissues.

Habit, habitat, and distribution. Solitary or scattered on leaf
petioles of Platanus (southern Appalachians northward) or Ligquidambar
(Florida) in riparian habitats. July - December. Uncommon. Eastern
United States from Ohio southward to Florida.

Specimens Examined. Refer to Appendix A.

Commentary. Diagnostic field characters for M. felix include: a)
small, orange-white, pinkish or greyish red pilei; b) distant, narrow,
pallid, usually well-developed lamellae; c) pruinose, insititious,
wiry stipe with a pallid apex and brownish base; and d) habit on leaf

petioles of sycamore or sweet gum. Micromorphologically, M. felix is
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distinct because of pigmented pileipellis elements and subcapitate
hymenial cystidia.

Basidiomata formation of Marasmius felix is highly substrate-
specific. In the southern Appalachian Mts. and regions northward, M.
felix fruits on senescent leaf petioles of sycamore, while in Florida,
the species fruits on sweet gum petioles. Although I have collected
the species on numerous occasions, I have never observed basidiomata
arising from debris of any other vascular plants, or from any other
type of sycamore or sweet gum debris. Apparently, basidiome formation
is restricted to the petiole region of senescent leaves.

Interestingly, in the southern Appalachians in areas where sycamore and
sweet gum are sympatric, M. felix is known only from sycamore petioles,
while in Florida where both trees also occur, M. felix is known only
from sweet gum petioles.

Although spore size may be a valuable character in separating
phenetically similar taxa, spore size in M. felix may vary considerably
within a population or even within an individual fruiting under varied
conditions. The following examples are provided to illustrate the
degree of variation in spore size exhibited by M. felix. A specimen
collected in Knox County, Tennessee during November, 1986 (Desjardin
no. 4219, TENN), showed spores 8.8-11.2 X 4-4.8 um [x = 10.1 X 4.2 um,
n = 16]. During the same month of the following year, another specimen
collected at the same site (Methven, s.n., TENN) yielded spores 7.2-
10.4 X 3.4-4.2 pym [x = 8.5 X 3.8 ym, n = 22]. In September, 1987, a
specimen collected in Buncombe County, North Carolina (Desjardin 4471,

TENN) yielded spores 8.8-10.8 X 3.8-4.2 um [x = 10.1 X 4.0 um, n = 20].
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Axenic tissue cultures were obtained from basidiomata of this specimen
and maintained on malt extract agar. After nine weeks growth in the
dark at 20-23° C, basidiomata with pinhead-sized pilei formed. The
isolate was removed from the dark and placed in a room with natural
light, and after one week pilei expanded and spores were formed and
discharged. These spores measured 7.4-9.6 X 3.8-4.6 um [x = 9.0 X 4.2
um, n = 30]. Hence, within a single individual, mean spore length may
vary from 9.0-10.1 pym, dictated presumably by growth conditions.
Consequently, spore size measurements alone may be insufficient to
separate M. felix from phenetically similar taxa, such as M.
epiphyllus. If, however, a specimen shows pigmented pilei, subcapitate
hymenial cystidia, mean spore length of 9.6 + 0.6 um, and growth on
sycamore or sweet gum petioles, it may be assigned to M. felix. In
comparison, if the specimen shows non-pigmented pilei, non-capitate
hymenial cystidia, mean spore length of 11.0 *+ 0.9 um, and growth on
leaves of various other deciduous trees, it may be assigned to M.

epiphyllus.
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MARASMIUS sect. GLOBULARES Kithner, Botaniste 25: 100. 1933 [ut

Globularinae].

Scorteus Earle, Bull. New York Bot. Gard. 5: 415. 1909 [T: M.

oreades (Bolt.: Fr.) Fr.].

Marasmius sect. Globulares subsect. Collini Singer, Agar. Mod. Taxon.
326. 1949 [T: M. collinus (Scop.: Fr.) Sing.].
TYPE SPECIES [implied, Kiihner (1933)]: Marasmius globularis Fr.
in Quélet, Mem. Soc. Emul. Montbéliard II, 5: 220. 1872 [= Marasmius

wynnei Berkeley & Broome fide Singer (1951)].

Pileus medium-sized or large, sometimes umbonate, mostly even or
rarely sulcate, sometimes hygrophanous, often fleshy and putrescent,
variously colored. Lamellae well-developed, non-collariate, often
broad, distant to crowded, pallid. Stipe central, stout, not bristle-
like, glabrous to pubescent, non-insititious, often pallid.
Rhizomorphs absent. Spores ellipsoid to clavate. Pleurocystidia
present or absent. Cheilocystidia present or absent. Pileipellis a
hymeniform layer of non-diverticulate, non-setulose cells ranging from
cylindric or clavate to turbinate, vesiculose or sphaeropedunculate
(i.e., Globulares-type elements). Tramal hyphae dextrinoid. Stipe
tissue monomitic, dextrinoid. Stipe vesture present or absent. Clamp

connections present.

12. MARASMIUS DECIPIENS Halling, Desjardin & Tish, Mycotaxon 22: 474.
1985.
HOLOTYPE: United States, North Carolina, Transylvania Co., Cedar

Mt. near Brevard, Sherwood Forest, 19 June 1980, Tish no. 1602-F (NY!).
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Basidiomata marcescent or slightly putrescent. Pileus 8-25(-35)
mm diam, convex, bluntly conic or campanulate when young, expanding to
broadly convex or plano-convex in age, often with a broad, low umbo;
surface dull, dry or moist and subhygrophanous, opaque, glabrous; disc

even or rugulose, colored "avellaneous,'" watery greyish brown (6D-E3),
brownish grey (7-8D-E2-3) or light brown (7D4-6); margin at first
sulcate, becoming deeply plicate, rugulose-plicate or radially
irregularly-ridged in age, colored light yellowish brown (5D4), pale
brownish orange (5C3-4), greyish orange (5B3) or dingy yellowish grey
(4B3), often fading in age to dirty buff or tan; context thin, buff.
Lamellae adnexed, seceding in age, distant or remote (12-16 complete
lamellae), broad (1-4 mm), thick, not intervenose; dingy buff-colored
or pale greyish orange (5B2-3), sometimes slightly darker in age, non-
marginate; lamellulae absent or in l-series. Stipe 45-75 X 1-2.5 mm,
terete, equal or sometimes with a flared apex and/or slightly enlarged
base, cartilaginous, hollow, upper 1/3 or 1/2 glabrous, lower portion
pubescent or tomentose, non-insititious; apex concolorous with the
lamellae, base brown (6-7E5-8) or dark brown (6-7F5-8), tomentum
colored buff, orange white (5A2), greyish orange (5B3) or brownish
orange (6C3). Odor mildly sweet or fungal. Taste not distinctive.

Basidiospores (Fig. 12 A) 19.5-25.6(-28) X 4-5.6(-6.3) um [X

22.7 £+ 0.7 X 4.6 £ 0.1 ym, E = 4-6, Q = 4.9 £+ 0.2; TL90(90%): x

21.4-24.0 X 4.4-4.8 ym, Q = 4.5-5.3; n = 10-25 spores per 10
specimens], subfusiform or clavate, sometimes curved in profile,
hyaline, inamyloid, smooth, white, buff or rarely pale greyish red in

deposit. Basidia (Fig. 12 B) 30-45 X 6.5-10 pum, 4-spored, cylindric or



132

)
AD GG
g%g@ =l

Figure 12 A-E. TFeatures of Marasmius decipiens (Desjardin no. 4608).
A. Basidiospores. B. Basidium and basidioles. C. Cheilo-
cystidia. D. Pileipellis elements. E. Caulocystidia from stipe
apex. Standard bar = 5 um for A; 10 um for B-E.

clavate. Basidioles (Fig. 12 B) cylindric or subclavate.
Pleurocystidia absent. Cheilocystidia (Fig. 12 C) abundant, lamellar
edge sterile, (7.2-)13.5-28(-32) X 5.5-15 um, cylindric, clavate,
ventricose, saccate or irregular in outline, rarely lobed, rarely
rostrate, thin-walled, collapsing in age, hyaline, inamyloid or weakly

dextrinoid. Pileipellis hymeniform, not mottled, composed of clavate,
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turbinate, pyriform, subvesiculose or sphaeropedunculate cells (Fig. 12
D), 10-20 X 5-13 (-18) um, non-diverticulate, rarely lobed, thin-walled
or with walls up to 0.5 um thick, hyaline or pale ochraceous, weakly
dextrinoid. Pileus trama interwoven; lamellar trama interwoven;
hyphae 3.5-10(-14) um diam, frequently-branched, cylindric or slightly
inflated, smooth, non-gelatinous, hyaline, dextrinoid, thin-walled.
Stipe tissue monomitic; cortical hyphae 2.5-5.5 pym diam, parallel,
cylindric, smooth, brownish orange, dextrinoid, with walls up to 1 um
thick; medullary hyphae 2.5-8 um diam, similar but hyaline and
thinner-walled. Stipe vesture at stipe apex absent, or of rare,
scattered or clustered caulocystidia (Fig. 12 E) 9-28 X 4-9 um, these
cylindric, clavate or rarely ventricose-rostrate, erect or recurved,
hyaline, weakly dextrinoid, thin-walled or with walls up to 0.5 um
thick; vesture at stipe base a loosely interwoven layer of hyphae 3-6
pum diam, cylindric or irregular in outline, often contorted, terminal
cells erect or repent, hyaline or pale yellowish, dextrinoid, with
walls up to 2 um thick. Clamp connections common in all tissues.

Habit, habitat, and distribution. Solitary, scattered or
subcespitose on leaf debris of Rhododendron or various deciduous
hardwoods. May - September, most commonly collected in June. Uncommon
in the southern Appalachians (Tennessee and North Carolina).

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius decipiens is a distinct and easily
recognized component of the North American Globulari. The species
differs from all other North American representatives of the section in

stature and spore size. Marasmius decipiens is characterized by a)
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rugulose-plicate or radially ridged pilei colored greyish brown; b)
distant, broad, non-marginate and non-collariate lamellae; c) non-
insititious stipe with copious greyish orange basal tomentum; and d)
clavate spores with mean spore size 22.7 X 4.6 um (Q = 4.9). The
species has the stature of a typical member of sect. Sicci, and might
be confused with M. paludigenus Desjardin in Desjardin & Petersen.
The latter species differs, however, in Siccus-type pileipellis
elements and cheilocystidia, and shorter spores. Refer to Desjardin
and Petersen (1989b) for a description and discussion of M.
paludigenus.

Marasmius decipiens is apparently closely allied with M.
purpureostriatus Hongo, a species described from Shiga Prefecture,
Japan. Although I have not examined the type specimen of M.
purpureostriatus, data provided by Hongo (1958) match quite closely
those from M. decipiens. Micromorphological features of both species
are nearly identical, although there are distinct differences in
macromorphology. Basidiomata of M. purpureostriatus show pilei with
brownish purple or dark purple disc and striations. In comparison,
pilei of M. decipiens show a greyish brown disc and typically lack
contrasting striations. In addition, both M. decipiens and M.
purpureostriatus are quite similar to M. bekolacongoli Beeli, a species
described from the Belgian Congo (Zaire). Until material of M.
purpureostriatus and M. bekolacongoli is examined and compared with M.
decipiens, all three taxa will be retained as distinct species. It

would be interesting to obtain and cross monosporous isolates of these
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three taxa to determine whether or not they belong to one biological
species.

Smith and Hesler (1940) treated M. decipiens as M. epodius
Bresadola, and reported two specimens from the Great Smoky Mountain
National Park, Tennessee. 1 consider M. epodius to be a synonym of M.
anomalus Lasch in Rabenhorst. The latter species differs from M.
decipiens in forming pilei composed of Siccus-type broom cells,
numerous pleurocystidia, and shorter spores. Refer to Chapter VIII for
descriptions and discussions of M. epodius and M. anomalus.

Spore deposit color of basidiomata from the holotype specimen
(Transylvania Co., NC) was recorded by Tish as reddish grey (Halling et
al., 1985). The spore print was obtained on thick, white, non-cotton
paper and is now colored pinkish buff. 1In comparison, spore deposits
obtained on glass slides from several specimens collected in Blount
County, Tennessee, were initially white or buff, and have remained
unchanged for several years. As another example, notes with a specimen
collected by Hesler (TENN 35579) reported spores as white in deposit.

A spore print taken on a white, 3" X 5" card and included with this
specimen is now colored greyish orange (5B4). Apparently spore deposit
color in M. decipiens may range from white or buff to greyish red when
fresh, and when obtained on white paper of unknown quality, may change
color through time in herbaria. A further investigation of the color

of fresh spore deposits when obtained on glass slides is warranted.
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13. MARASMIUS NIGRODISCUS (Pk.) Halling, Brittonia 35: 323. 1983.

Collybia nigrodisca Peck, Annual Rep. New York State Mus. 50: 98.

th

1896 (1897).

Gymnopus nigrodiscus (Pk.) Murrill, N. Amer. F1. 9(5): 356. 1916.

t

= Gymnopus glatfelteri Murrill, N. Amer. F1l. 9(5): 358. 1916.
= Collybia glatfelteri (Murr.) Murrill, Mycologia 8: 219. 1916.

= Gymnopus tenuifolius Murrill, N. Amer. F1l. 9(5): 358. 1916.

i

Collybia tenuifolia (Murr.) Murrill, Mycologia 8: 219. 1916.
= Marasmius tenuifolius (Murr.) Singer, Ann. Mycol. 4: 130. 1943.
= Collybia delicata Thiers, Mycologia 50: 519. 1958.

HOLOTYPE: United States, New York, Suffolk Co., Wading River,
July, C. H. Peck (NYS!).

Basidiomata putrescent, seldom marcescent. Pileus 25-60(-100) mm
diam, obtusely conic, convex and often umbonate when young, expanding
in age to broadly campanulate, plano-convex or plane, with or without a
broad, low umbo; surface dull, opaque, dry or moist and then
subhygrophanous, sometimes lubricous, glabrous; disc smooth, rarely
weakly rugulose; margin decurved, striatulate or pellucid-striate at
first, often becoming uplifted, wavy, and radially-rugulose in age;
coloration light brown (6D4-5), greyish brown (6E3-4) or brown (6E5-6)
overall when young, disc remaining so in age, fading slightly, or
darkening to dark greyish brown (7E3-5) or dark brown (7F3-4), margin
fading in age to pale yellowish brown (5D4), cream (4A3), pale
yellowish white (4A2), tan, or buff-colored, sometimes fading to tan or
dingy buff overall. Context thick (up to 3 mm), buff or watery-

concolorous with the surface. Lamellae adnate or adnexed, seceding in
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age, close or subdistant (20-30 complete lamellae), broad or very broad
(3-7.5 mm), typically not forked nor intervenose (rarely slightly
intervenose near pileus margin), minutely pruinose; buff-colored when
young, becoming cream (4A3), tan or dingy greyish orange (5B3) in age,
non-marginate; lamellulae in 2-4 series. Stipe 45-100(-160) X 3.5-6(-
7) mm, terete, equal above a slightly enlarged base, often twisted;
base sometimes slightly curved, stuffed or hollow; apex often striate
or longitudinally-ridged; surface dull, dry, pruinose or pubescent
over upper portion, sometimes centrally glabrescent, base typically
tomentose or covered with copious white or cream-colored mycelium, non-
insititious; coloration white or buff overall, rarely lilac tinted at
the apex. Odor mild or often strong, acidulous, with a faint raphanoid
component. Taste mild or distinctly resinous or acidulous (similar to

some non-acrid Lactarius spp.).

Basidiospores (Fig. 13 A) 6.4-8.8(-9.6) X 3.8-5.2(-5.6) pm [X =
7.5+ 0.3 X 4.4 % 0.1 umy, E=1.5-2, Q =1.7 £ 0.05; TL90(90%): x =
6.9-8.1 X 4.2-4.6 ym, Q = 1.6-1.8; n = 20-25 spores per 10 specimens],
ellipsoid or lacrymoid, rarely obovoid, hyaline, inamyloid, smooth,
white, buff or sometimes cream-olivaceous or olivaceous-buff in fresh
deposit, often becoming yellow or cream in time in the herbarium.
Basidia (Fig. 13 B) 21-30(-34) X 5-8 um, 4-spored, clavate. Basidioles
(Fig. 13 B) cylindric, subclavate or clavate. Pleurocystidia (Fig. 13
C) abundant, 40-85(-170) X 8-15(-18) um [W = 11.4 pm; n = 20-30
cystidia per 10 specimens], fusoid, fusoid-ventricose, or ventricose-

rostrate, obtuse, refractive, arising from the lamellar trama (often

from oleiferous hyphae) and projecting well beyond the basidioles,
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Figure 13 A-F. Features of Marasmius nigrodiscus (Desjardin no. 4301).
A. Basidiospores. B. Basidium and basidioles. C.
Pleurocystidia. D. Cheilocystidia. E. Pileipellis elements.

F. Caulocystidia. Standard bar = 5 um for A; 10 um for B-F.

thin-walled, hyaline, inamyloid. Cheilocystidia (Fig. 13 D) numerous,
14.5-44(-60) X 5.5-16(-20) um [W =12 um; n = 20-30 cystidia per 10
specimens], cylindric, clavate or sphaeropedunculate, suberect or
erect, typically non-refractive, thin-walled, hyaline;
pleurocystidioid elements séattered, refractive. Pileipellis
hymeniform, not mottled, composed of cylindric, clavate, broadly
clavate, subvesiculose or sphaeropedunculate elements (Fig. 13 E), 12-
32 X 6.5-17.5(-21.5) um, thin-walled or few with walls up to 1 um

thick, pale ochraceous or pale brown on pileus disc, hyaline or pale
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yellow on pileus margin, inamyloid or weakly dextrinoid. Pileus and
lamellar trama interwoven; hyphae 3-16(-28) um diam, frequently-
branched, cylindric or inflated, smooth, non-gelatinous, hyaline,
strongly dextrinoid, thin-walled. Stipe tissue monomitic; cortical
and medullary hyphae similar, 2.5-12(-15) pm diam, subparallel,
cylindric, smooth, hyaline or pale yellow, strongly dextrinoid, with
walls up to 1.5 um thick. Stipe vesture of scattered or clustered
caulocystidia (Fig. 13 F) 12-48 X 5-10 um, cylindric, clavate,
vesiculose, ventricose or sphaeropedunculate, thin-walled, hyaline,
inamyloid or weakly dextrinoid. Clamp connections common in all
tissues.

Habit, habitat, and distribution. Solitary, scattered, gregarious
or subcespitose on soil or leaf debris in deciduous woods or mixed
forests, rarely on lawns. May - October, most commonly collected in
July and August in the southern Appalachians. Common in eastern North
America from New England southward to Florida and Texas.

Specimens Examined. Refer to Appendix A.

Commentary. Basidiomata formed by Marasmius nigrodiscus are
characteristically collybioid in stature, and larger than those formed
by any other known North American Marasmius. In some specimens, pilei
may be up to 100 mm broad, and stipes more than 100 mm long. Other
salient features of M. nigrodiscus include: a) umbonate pilei with
greyish brown disc and buff margin; b) close, broad, buff-colored
lamellae; c) twisted, striate, pruinose or pubescent, buff-colored
stipe with copious basal mycelium; d) conspicuous, refractive, fusoid

hymenial cystidia; e) small spores; and f) numerous caulocystidia.



140
Another North American species that shares many features with M.
nigrodiscus is M. cystidiosus (Smith & Hesler) Gilliam. Both species
form large, collybioid basidiomata with hymeniform pileipelli,
dextrinoid tramal tissues, and refractive hymenial cystidia. Marasmius
cystidiosus differs in forming pilei colored ochraceous-tawny on the
disc and pinkish buff on the margin (often distinctly rugose-pitted or
reticulate in age), and in forming glabrous, smooth (not striate),
polished and somewhat translucent stipes that are reddish brown when
dried. In addition, M. cystidiosus lacks caulocystidia and forms
longer and narrower spores (X = 8.6 X 3.6 ym, Q = 2.4). Culture mat
morphology is also helpful in differentiating M. cystidiosus from M.
nigrodiscus. PDA-grown isolates of M. cystidiosus are characterized
by: a) slow growth rate (12.5 mm radius at Week VI); b) thinly felty,
brownish orange culture mat; c) brownish orange to dark brown reverse
coloration; d) absence of crystals among aerial hyphae; and e)
absence of dendrotrichomoid elements. In comparison, PDA-grown
isolates of M. nigrodiscus have a faster mean growth rate (34 mm radius
at Week VI), cream or greyish cream-colored aerial mycelium, yellowish-
tinted reverse (not orange-tinted), and form deep yellow acicular
crystals among the aerial hyphae as well as dextrinoid dendrotrichomoid
elements. Refer to Chapter VI for further details on cultural features
of these two species.

Hesler (1951) treated M. nigrodiscus as Collybia glatfelteri

(Murr.) Murr., and reported numerous collections from the southern
Appalachian Mountains. Re-examination of these specimens indicated

that they were conspecific with the holotype specimen of C.
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glatfelteri, considered here a synonym of M. nigrodiscus. A photograph
illustrating typical material from the southern Appalachians (TENN
19190) was provided by Hesler (1951).

Halling (1983b) suggested that M. nigrodiscus and M. lilacinus
(Coker & Beardslee) Singer were closely related, differing basically in
basidiomata pigmentation and cheilocystidial morphology. I concur with
Halling's observations, but consider M. lilacinus to represent a
variety of M. nigrodiscus. For a discussion of evidence supporting the
status change of M. lilacinus, and a comparison of M. lilacinus with M.

nigrodiscus, refer to the type studies of each taxon in Chapter VIII.

14. MARASMIUS CYSTIDIOSUS (Smith & Hesler) Gilliam, Mycotaxon 4: 47.
1976.
£ Collybia cystidiosa Smith & Hesler, J. Elisha Mitchell Sci. Soc.
56: 305. 1940.
= Marasmius leighii A. H. Smith, Mycotaxon 9: 344. 1979.

HOLOTYPE: United States, North Carolina, Swain Co., Great Smoky
Mts. National Park, Indian Creek, 30 July 1939, L. R. Hesler no. 12195
(MICH!).

Basidiomata putrescent or marcescent. Pileus 30-60(-100) mm diam,
hemispheric or obtusely conic when young, expanding to convex,
campanulate or plano-convex, often with a low, broad umbo; surface
somewhat lubricous when fresh and moist, subhygrophanous, glabrous, at
first even but soon rugulose, in age often becoming rugose and pitted
or nearly reticulate; margin at first incurved, pellucid-striatulate,

spreading in age and becoming opaque; disc light brown (6D4-5), brown
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(6E5), '"sayal brown," or "ochraceous tawny;'" margin '"clay color," tan,
"pinkish buff," or cream (4A3), fading slightly in age; context thick
(up to 3 mm), white, somewhat waxy. Lamellae adnexed, seceding in age,
close (28-42 complete lamellae), moderately broad (3-6 mm), not forked
nor intervenose; white or buff at first, cream-buff in age, non-
marginate; edges even or slightly pruinose; sides minutely pruinose;
lamellulae in 3-5 series. Stipe 60-105(-180) X 3-8 mm, terete or
compressed, equal or with a flared apex and/or an enlarged base,
glabrous and often shiny, somewhat translucent when fresh, not striate,
hollow, base covered with strigose or downy, white or buff-colored
mycelium, non-insititious; stipes single or fasciculate; upper 1/2 to
2/3 white or buff, lower portion greyish orange (5B3), brownish orange
(5C4) or light brown (6D4). Odor mild, fungoid, slightly alkaline or
faintly raphanoid. Taste mild, acidulous or slightly bitter.

Basidiospores (Fig. 14 A) 6.8-11.2 X 3-4.2 um [X = 8.6 *+ 0.4 X 3.6
+ 0.1 ym, E = 1.9-3.1, Q = 2.4 + 0.1; TL90(90%): x = 7.9-9.3 X 3.4-
3.8 um, Q = 2.2-2.6; n = 20-30 spores per 10 specimens], narrowly
ellipsoid, subfusoid or subcylindric, slightly inequilateral in
profile, hyaline, inamyloid, smooth, white in deposit. Basidia (Fig.
14 B) 17.5-24 X 4.5-6.5 uym, 2- and 4-spored (some specimens
predominantly 2-spored, others predominantly 4-spored, others with an
equal distribution of 2- and 4-spored basidia), clavate. Basidioles
(Fig. 14 B) cylindric, subclavate or clavate. Pleurocystidia (Fig. 14
C) abundant, (30-)40-70(-80) X (5-)6.5-10(-12) um [W = 8.3 * 0.2 um, n
= 20 cystidia per 5 specimens], fusoid or ventricose, few cylindric or

clavate, often apically strangulate, arising from the subhymenium or
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Figure 14 A-E. Features of Marasmius cystidiosus (Desjardin no. 4594).
A. Basidiospores. B. Basidia and basidioles. C. Pleuro-
cystidia. D. Cheilocystidia. E. Pileipellis elements.

Standard bar = 5 ym for A; 10 um for B-E.

lamellar trama and projecting well beyond the basidioles, refractive,
hyaline or very pale yellow, inamyloid, thin-walled. Cheilocystidia
(Fig. 14 D) numerous, 12-24(-29) X 4-6.5(-10) um, cylindric, clavate or
broadly clavate, sometimes fusoid or ventricose-acuminate, erect or
recurved from repent hyphae, non-refractive, hyaline, inamyloid, thin-
walled or with walls up to 0.5 pum thick. Pileipellis hymeniform, not
mottled, composed of cylindric, clavate, broadly clavate, vesiculose or
sphaeropedunculate cells (Fig. 14 E), 12-36 X 7-18 um, non-gelatinous;
cells from disc region ochraceous or brownish orange with walls up to 1

pum thick; cells from marginal region hyaline, pale yellow or



144
ochraceous, thin-walled or with walls up to 0.5 um thick; all cells
smooth, inamyloid. Pileus trama interwoven; lamellar trama regular;
hyphae 4-16(-20) um diam, cylindric or inflated, non-gelatinous, thin-
walled, hyaline, strongly dextrinoid. Stipe tissue monomitic;
cortical hyphae 3-13 um diam, parallel or subparallel, cylindric,
smooth, hyaline (stipe apex), ochraceous or brownish orange (stipe
base), strongly dextrinoid, thin-walled or with walls up to 1.5 um
thick; medullary hyphae inflated up to 23 um diam, hyaline, otherwise
similar to cortical hyphae; medulla with scattered refractive
oleiferous hyphae. Stipe vesture absent. Clamp connections common in
all tissues.

Habit, habitat, and distribution. Solitary, gregarious or
cespitose, on leafy debris or much-decayed wood in mixed forest. June
- September. Uncommon. Michigan, Minnesota, New York, North Carolina,
Tennessee.

Specimens Examined. Refer to Appendix A.

Commentary. Diagnostic features of M. cystidiosus include: a)
large, collybioid basidiomata; b) rugose, pitted pilei colored light
brown or ochraceous-tawny on the disc, and pinkish buff or cream on the
margin; c) close, broad, pruinose lamellae; d) glabrous,
subtranslucent, polished, non-striate stipe; e) hymeniform pileipellis
of Globulares-type elements; f) strongly dextrinoid tramal hyphae; g)
refractive hymenial cystidia; and h) absence of caulocystidia.
Although the species has been collected numerous times at the type

locality, it is known from Minnesota, Michigan and New York only by
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single specimens. The specimen collected in New York was included as
part of the holotype assemblage of Collybia strictipes Peck.

As mentioned above, M. cystidiosus is closely allied with M.
nigrodiscus (Pk.) Halling. Refer to the commentary on the latter
species for comparison.

Smith (1979) recently described Marasmius leighii Smith, which he
considered close to yet distinct from M. cystidiosus. Smith separated
the two taxa based on habit, habitat and taste. Marasmius leighii was
described as forming mild tasting, fasciate basidiomata on decaying
hardwood, whereas M. cystidiosus was described as forming bitter-
tasting basidiomata that fruited solitarily on leafy humus. With the
availability of additional topotypical material of M. cystidiosus, the
criteria utilized by Smith (1979) to separate the two taxa are no
longer tenable. One topotype specimen (TENN no. 14266) contains
fasciate basidiomata arising from leafy humus, while another topotype
specimen (TENN no. 16349) contains solitary basidiomata attached to
woody debris. Likewise, several specimens with solitary and fasciate
basidiomata (TENN nos. 20893, 21413) were reported by Hesler (personal
notes) as tasting mild or acidulous. The latter specimens are
illustrative of the wide range of habit, habitat and taste displayed by
M. cystidiosus at the type locality and suggest that these features are
not taxonomically significant. The holotype specimens of M.
cystidiosus and M. leighii (both MICH!) are microscopically
indistinguishable. Based on these observations, I consider M. leighii

a synonym of M. cystidiosus.
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The protologue of M. nuptialis Morgan (1905), a species described
from material collected in the Miami Valley of Ohio, matches quite
closely the protologue of M. leighii. Both taxa share the fasciate
habit on rotten wood, subumbonate pileus with wrinkled or pitted
surface, crowded or close lamellae, glabrous stipe with white basal
mycelium, basidiomata coloration and spore size (fide Morgan, 1905).
Unfortunately, no material determined by Morgan as M. nuptialis exists
in the Morgan Herbarium at ISC, nor in any other major North American
herbaria. It is quite possible that the material Morgan had in hand at
the time he published M. nuptialis was conspecific with material
currently determined as M. cystidiosus. Until specimens matching the
protologue of M. nuptialis are collected in the Miami Valley of Ohio
and designated neotype, the epithet will remain a nomen incertae sedis.
If material conspecific with M. cystidiosus is selected, the epithet M.
nuptialis would have priority.

Hymenial cystidia of M. cystidiosus have been described as thick-
walled (Smith & Hesler, 1940; Smith, 1979) or thin-walled (Gilliam,
1976; Halling, 1983b). Halling (1983b) presented an excellent
discussion of the various interpretations, and concluded that hymenial
cystidia in the species are thin-walled. I fully concur with Halling's
diagnosis.

An examination of the mating system functioning in M. cystidiosus
indicates that the species is probably amphithallic, i.e., bipolar
heterothallic as well as secondarily homothallic. Several single spore
isolates developed directly into hyphae with clamp connections.

Providing no error was made in isolating these spores, it is probable
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that the spores were discharged from bisporic basidia which are common
in the basidiomata from which the spores were obtained. Crosses
between monokaryotic (i.e., non-clamped) single spore isolates

indicated that the specimen examined (Desjardin no. 4594) was bipolar.

15. MARASMIUS OREADES (Bolt.: Fr.) Fries, Epicr. Syst. Mycol. 375.

1838.

Agaricus oreades Bolton: Fries, Syst. Mycol. 1: 127. 1821.

[Agaricus oreades Bolton, Hist. Fung. Halifax 3: 151. 1789.]

Collybia oreades (Bolt.: Fr.) Kummer, Fiihrer Pilzk. 116. 1871.

Scorteus oreades (Bolt.: Fr.) Earle, Bull. New York Bot. Gard. 5:

415. 1909.
= Agaricus caryophylleus Schaeffer, Fung. Bavar. Palat. Nasc. 4: 38.
1774.
= Marasmius caryophylleus (Schaeffer) Schrdter in Cohn, Krypt. FI.
Schlesien 3A: 561. 1889.
TYPE SPECIMEN: None located.
Basidiomata pliant, marcescent or slightly putrescent. Pileus 15-
45 mm diam, at first campanulate, obtusely conic or convex, expanding
in age to broadly convex or plano-convex with a broad, low umbo;
margin at first even and incurved, in age remaining even or becoming
slightly short pellucid-striate, then crenulate or wavy and uplifted,
rarely cleft; surface dull when dry, shiny when moist,
subhygrophanous, even or slightly rugulose in age; coloration brown
(6E5-7) overall when young, disc remaining so in age or fading to light

brown (6D4-5), margin soon fading to light brown, pale greyish brown
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(6C3), tan, pale orange white (5A2), pale yellowish white (4A2) or
buff, very rarely becoming buff-colored overall; context soft, 2-4 mm
thick, white or buff. Lamellae adnexed, seceding in age, close or
subdistant (20-35 complete lamellae), broad (3-7 mm), rarely
intervenose and/or forked; yellowish white (4A2) at first, remaining
so or becoming orange white (5A2) in age, non-marginate; lamellulae in
1-3(-5) series. Stipe 15-70 X 2-5 mm, terete or slightly compressed,
equal or ventricose, often with a short pseudorhiza, solid or stuffed;
surface dull, dry, even or striate, sometimes twisted; apex pruinose
or pubescent, colored buff or yellowish white (4A2); central portion
downy, furfuraceous or felty, colored yellowish white or pale orange
white (5A2); base tomentose, colored dingy greyish orange (5B3) or
rarely pale ochraceous or light reddish brown, with white or buff
tomentum. Odor of cyanic acid or chlorine, mild or strong. Taste mild

or not distinctive.

Basidiospores (Fig. 15 A) (6.4-)7.2-9.6(-10.4) X 4-6 um [X = 8.3 *

0.3 X5.0% 0.2 ym, E=1.2-2.1, Q = 1.7 £ 0.07; TL90(90%): x = 7.8-
8.8 X 4.6-5.4 ym, Q = 1.6-1.8; n = 20-30 spores per 10 specimens],
ellipsoid, ovoid or lacrymoid, sometimes with an abaxial bulge,
hyaline, inamyloid, smooth, white in deposit. Basidia (Fig. 15 B) 28-
35 X 4.5-8 um, clavate, 4-spored. Basidioles (Fig. 15 B) cylindric or
subclavate. Pleurocystidia absent. Cheilocystidia typically absent,
lamellar edge rarely with a few contorted, flexuous, lobed subhymenial
hyphae intercalated between basidiomorphous elements. Pileipellis

hymeniform, not mottled, composed of cylindric, clavate, broadly

clavate, sphaeropedunculate or irregular cells (Fig. 15 C), 12-20 X
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Figure 15 A-D. Features of Marasmius oreades (Massee, 1899).
A. Basidiospores. B. Basidium and basidioles. C. Pileipellis
elements. D. Caulocystidia. Standard bar =5 um for A; 10 um
for B-D.

4-12(-14.5) ym, sometimes lobed, non-diverticulate and non-setulose,
non-gelatinous, thin-walled or rarely with walls up to 0.8 um thick,
hyaline or pale yellow, dextrinoid; elements becoming dispersed at
maturity and pileipellis appearing subhymeniform. Pileus trama
intricately interwoven; lamellar trama regular; hyphae 4-8(-16) um
diam, frequently-branched, cylindric or irregular in outline, smooth,
non-gelatinous, thin-walled or firm-walled (up to 0.5 pm thick),
hyaline, strongly dextrinoid. Stipe tissue monomitic; cortical and
medullary hyphae undifferentiated, 4-10 ym diam, subparallel,
cylindric, smooth, hyaline, strongly dextrinoid, thin-walled or firm-
walled. Stipe vesture a layer up to 200 pym thick composed of loosely

interwoven hyphae, 4-8 ym diam, with suberect or erect terminal cells
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(caulocystidia); caulocystidia (Fig. 15 D) 24-50 X 4-7(-10) pm,
irregularly cylindric or strangulate, often lobed or with broad, obtuse
outgrowths, hyaline, dextrinoid, thin-walled. Clamp connections common
in all tissues.

Habit, habitat, and distribution. Scattered, gregarious or
subcespitose, often growing in '"fairy rings" in lawns, open meadows or
grassy woods. May - October. Infrequently collected in the southern
Appalachian Mts. Cosmopolitan.

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius oreades, commonly called the fairy ring
mushroom, is one of the more widely distributed species in the genus,
reported from every continent except Antarctica. It is primarily a
temperate species, but it has been introduced into subtropical regions.
The species usually grows associated with grasses in lawns or open
meadows, although Gilliam (1976) reported several specimens collected
in spruce forests. Marasmius oreades is easily recognized by the
following features: a) broadly umbonate, even, glabrous, pale brown or
tan pileus; b) subdistant, broad, yellowish white lamellae; c) non-
insititious, pubescent or felty, buff-colored or yellowish white stipe;
and d) odor of chlorine or cyanic acid. Furthermore, moderately long
and broad spores (Q = 1.7), irregularly cylindric or strangulate
caulocystidia, and absence of hymenial cystidia distinguish M. oreades
from similar taxa. North American specimens of M. oreades are
identical in all respects to specimens collected in Europe, and
concordant with the Friesian concept of the species. Refer to Chapter

VIII for a description of representative European material.
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Marasmius oreades may be confused with another member of sect.
Globulares that lacks hymenial cystidia, viz., M. albogriseus (Pk.)
Singer. The latter species differs, however, in forming pellucid-
striate, greyish brown pilei, greyish stipe, broadly clavate or
sphaeropedunculate caulocystidia, smaller spores (x = 7.3 X 4.1 um),
and typically grows in soil or among wood chips in disturbed areas.

The mating system of M. oreades has been determined by several
workers to be unifactorial (bipolar) (Burnett & Evans, 1966; Mallett &
Harrison, 1988).

Photographs or watercolor illustrations of North American
material of M. oreades have been published by numerous workers.
Selected examples include: Murrill, 1910; Smith, 1938b, 1949, 1975;

Miller, 1972; Lincoff, 1981; Arora, 1986.

16. MARASMIUS ALBOGRISEOIDES Desjardin nom. prov.

Basidiomata marcescent. Pileus 11-25 mm diam, convex when young,
expanding in age to plano-convex, often with a broad, low umbo;
surface dull, dry, opaque, glabrous; disc even at first, colored
brownish grey (6C2), becoming rugulose in age and darkening to greyish
brown (7D-E3) or slightly paler; margin even at first, colored greyish
buff, becoming short-striate in age and remaining greyish buff or
fading to buff; when dried in situ colored pale brownish grey overall
(6C2) or with a slightly darker disc; context thick, white. Lamellae
adnexed, subdistant, broad, not forked, not intervenose or rarely
weakly intervenose nearest the margin in age; buff or pale yellowish

white (4A2), drying dark greyish brown, non-marginate; lamellulae in
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2-3 series. Stipe 20-45 X 2-5 mm, terete, equal or with a slightly
enlarged base, fibrous-cartilaginous, hollow, sometimes twisted, often
curved, non-insititious, arising from an extensive mat of white or
yellowish white mycelium; upper 2/3 pruinose, buff or greyish buff
(concolorous with the pileus margin), lower 1/3 pubescent or tomentose,
greyish brown (7D3) or dark greyish brown (7E-F3), drying darker
overall. Odor mild or faintly raphanoid. Taste mild.

Basidiospores (Fig. 16 A) 5.6-7.2 X 3.2-4 um [x = 6.5 ¢t 0.5 X 3.6
+ 0.3 um, E=1.7-2.0, Q = 1.8 £ 0.1, n = 31], ellipsoid or lacrymoid,
inequilateral in profile, hyaline, inamyloid, smooth, white in deposit.
Basidia (Fig. 16 B) 20-32 X 5.5-7 um, 4-spored, clavate. Basidioles
(Fig. 16 B) cylindric or subclavate. Pleurocystidia absent.
Cheilocystidia (Fig. 16 C) scattered, common on some lamellae, absent
on others, 16-28 X 7-10 um, clavate, broadly clavate or seldom
sphaeropedunculate, sometimes irregular in outline, thin-walled,
hyaline, inamyloid. Pileipellis hymeniform, not mottled, composed of
cylindric, clavate, broadly clavate or subvesiculose cells (Fig. 16 D),
16-36 X (6.5-)8-16(-24) um, non-gelatinous, smooth, thin-walled,
hyaline or pale greyish yellow, dextrinoid. Pileus and lamellar trama
interwoven; hyphae 3-12(-16) um diam, frequently-branched, cylindric
or inflated, smooth, thin-walled or firm-walled (up to 0.5 um thick),
hyaline, dextrinoid. Stipe tissue monomitic; cortical and medullary
hyphae undifferentiated, 3-12 um diam, parallel or subparallel,
cylindric or slightly inflated, hyaline or pale greyish yellow,
dextrinoid, thin-walled or firm-walled. Stipe vesture of numerous,

scattered or clustered caulocystidia (Fig. 16 E) 16-28 X 7-10 um,
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Figure 16 A-E. Features of Marasmius albogriseoides (Desjardin no.
4147). A. Basidiospores. B. Basidia and basidioles.
C. Cheilocystidia. D. Pileipellis elements. E. Caulo-
cystidia. Standard bar = 5 uym for A; 10 um for B-E.

similar to the cheilocystidia but often in erect chains of 2-3 cells,
cylindric, clavate, ventricose or irregular in outline, thin-walled,
hyaline, weakly dextrinoid. Clamp connections common in all tissues.

Habit, habitat, and distribution. Gregarious or subcespitose on
leaf mulch of oaks and various other hardwoods in mixed woods.
September. Known from a single collection. Tennessee.

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius albogriseoides is a provisionally named
taxon, known at present from a single specimen collected in Knox
County, Tennessee. The epithet signifies the phenetic similarity of

this taxon to M. albogriseus (Pk.) Singer. Both taxa form small
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basidiomata with greyish brown, non-sulcate pilei, pallid, subdistant,
non-intervenose lamellae, greyish brown stipes, small spores, and lack
pleurocystidia. Marasmius albogriseus differs in forming convex pilei
(not distinctly umbonate) with pellucid-striate margins, has an odor
similar to M. oreades (i.e., of cyanic acid), and lacks
cheilocystidia. In comparison, M. albogriseoides forms umbonate pilei
with opaque margins, has a slightly raphanoid odor, and forms distinct
cheilocystidia.

Marasmius albogriseoides is also similar to M. cohortalis var.
alachuanus (Murr.) Singer, described from Florida. The latter taxon
differs in forming strongly reticulate-sulcate pilei with depressed
disc, strongly intervenose lamellae, castaneous or tawny-russet stipe,
and has an odor faintly of crabs or anise (fide Singer, 1976). The
micromorphology of var. alachuanus is nearly indistinguishable from
that of M. albogriseoides. Refer to Chapter VIII for a type study of
M. alachuanus Murr. (basionym of M. cohortalis var. alachuanus).

Marasmius albogriseoides is similar in many respects to M. wynnei
Berk. & Br. [= M. globularis Quél.], a species common in beech woods in
Europe. The binomial M. albogriseoides will not be proposed formally
until additional specimens are collected and compared with the holotype

specimen of M. wynnei.

17. MARASMIUS STRICTIPES (Pk.) Singer, Ann. Mycol. 41: 130. 1943.

Collybia strictipes Peck, Annual Rep. New York State Mus. 41: 62.
1887 (1888).

Gymnopus strictipes (Pk.) Murrill, N. Amer. F1l. 9(5): 357. 1916.
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LECTOTYPE: United States, New York, Catskill Mts., Sept., C. H.
Peck (NYS!).

Basidiomata marcescent or slightly putrescent. Pileus 17-50 mm
diam, convex when young, expanding to plano-convex in age, with or
without a low umbo, seldom with uplifted margin, even or rarely
radially-wrinkled, smooth or rarely subrugulose; surface dull or
shiny, dry or moist, lubricous or waxy, subhygrophanous, glabrous;
disc colored yellow (4A4), yellowish orange (4-5A5-6), orange (6B5-8)
or brownish orange (6C6-8) when young, remaining so in age or often
fading slightly and with scattered patches of brownish orange or
orange; margin at first concolorous with or slightly paler than the
disc, fading in age to greyish orange (5B5-6), light yellow (4A4),
cream (4A3) or yellowish white (4A2), sometimes with scattered orange
patches; context up to 3 mm thick, white or yellowish white. Lamellae
adnexed, close or crowded, narrow (1-2 mm), thin, not forked nor
intervenose; white or pale yellowish white (4A2), non-marginate;
lamellulae in 4-5 series. Stipe 30-70 X 3.5-7 mm, terete, equal or
with a slightly enlarged base, hollow, dull, pruinose overall,
appearing somewhat canescent at first, glabrescent, non-insititious,
arising from copious white or yellowish white basal mycelium; white
overall when young, often becoming yellowish white in age. Odor mild
or fragrant (somewhat like Collybia dryophila). Taste mild.

Basidiospores (Fig. 17 A) (6.8-)7.2-10(-10.6) X 3.2-4(-4.4) um [X

8.3+ 0.3X3.7+0.1 ymy E=1.8-2.7, Q =2.2 + 0.07; TL90(90Z): x

7.7-8.9 X 3.5-3.9 ym, Q = 2.1-2.3; n = 20-40 spores per 10

specimens], ellipsoid or elongate-lacrymoid, seldom ovoid,
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Figure 17 A-E. Features of Marasmius strictipes (Desjardin no. 4439).
A. Basidiospores. B. Basidium and basidioles. C. Cheilo-
cystidia. D. Pileipellis elements. E. Caulocystidia. Standard
bar = 5 ym for A; 10 um for B-E.

inequilateral in profile, hyaline, inamyloid, smooth, white in deposit.
Basidia (Fig. 17 B) 20-28 X 5.5-8 um, 4-spored, clavate. Basidioles
(Fig. 17 B) subclavate or fusoid. Pleurocystidia absent.
Cheilocystidia (Fig. 17 C) numerous, lamellar edge sterile; elements
14.5-34 X (3-)4.5-10 um, versiform, cylindric, clavate, ventricose,
often bifid or variously lobed, broadly obtuse, non-refractive, thin-
walled, hyaline, inamyloid. Pileipellis hymeniform, not mottled,
composed of cylindric, clavéte, vesiculose or sphaeropedunculate
elements (Fig. 17 D), 12-25 X 5-17.5 pum, non-gelatinous, smooth,
hyaline or pale yellow, dextrinoid, thin-walled or with walls up to 1
pum thick. Pileus trama interwoven; lamellar trama regular; hyphae 3-

8(-12.5) um diam, cylindric or inflated, smooth, non-gelatinous,
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hyaline, strongly dextrinoid, thin-walled. Stipe tissue monomitic;
cortical hyphae 4-8 um diam, parallel, cylindric, smooth, hyaline or
pale yellow, strongly dextrinoid, with walls up to 1 um thick;
medullary hyphae 3-12(-18) um diam, thin-walled, otherwise similar to
cortical hyphae; medulla with scattered, refractive oleiferous hyphae.
Stipe vesture of numerous, often clustered, suberect or erect
caulocystidia (Fig. 17 E) 20-50(-80) X 5-8(-10) pm, cylindric, clavate
or irregular in outline, often lobed or with few knob-like or broad
rod-like outgrowths, sometimes in short chains of 2 or 3 cells, thin-
walled or slightly firm-walled (<0.5 um thick), hyaline, inamyloid or
dextrinoid. Clamp connections common in all tissues.

Habit, habitat, and distribution. Solitary, scattered or
gregarious on leaf mulch of various hardwoods, often oak; in deciduous
woods with scattered pines and/or hemlock. May - November; most
commonly collected in August and September in the southern Appalachian
Mts. Common throughout eastern North America; also reported from
Mexico (Singer, 1958c).

Specimens Examined. Refer to Appendix A.

Commentary. As noted in Chapter VIII, the type specimen is a
mixed collection. Five basidiomata match the protologue and are
designated the lectotype; one basidiome is M. cystidiosus; six
basidiomata represent an undetermined species belonging in Collybia
sect. Subfumosae. Marasmius strictipes is characterized by: a)
collybioid stature; b) convex, glabrous, even pilei colored yellowish
or orange on the disc and pale yellow on the margin; c) crowded,

narrow lamellae; d) pruinose, white or pale yellow, non-insititious
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stipe with copious basal mycelium; and e) habit on leaf mulch of
deciduous trees. In addition, cheilocystidial and caulocystidial
morphologies are distinctive.

Coker and Beardslee (1921) reported numerous specimens from North
Carolina as Collybia nummularia Fr. [correctly cited (Bull.) Gillet].
Re-examination of these specimens indicated that they were all
conspecific with the lectotype specimen of C. strictipes. As noted by
Coker and Beardslee, M. strictipes is a common species in North
Carolina, as well as throughout the southern Appalachians.

In the southern Appalachians, M. strictipes is
macromorphologically similar to Collybia subsulphurea Pk. The two
species are easily separated in the laboratory by pileipellis
morphology, tramal tissue chemistry and spore size. In C.
subsulphurea, the pileipellis is a non-hymeniform layer of frequently-
branched, interwoven hyphae (a Dryophila-type cuticle), tramal tissues
are inamyloid, and spores measure 5.5-6.5 X 2.5-3.5 um (fide Vilgalys &
Miller, 1983).

Kauffman (1920) reported the development of basidiomata of M.
strictipes in the laboratory from leaf mulch containing copious
white mycelium. A mass of moldy, partially decayed leaves was placed
in a glass dish 8.5" in diam by 4.5" deep, watered, partially covered,
and kept in the dark at 15°-18° C. After three months, three
basidiomata developed fully and shed spores. As far as I can discern,

this experiment has not been replicated.
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For additional contemporary descriptions of M. strictipes refer to
Bigelow and Barr (1963), Singer (1958c, 1976), Gilliam (1976) and

Lincoff (1981). A color photograph was published by Lincoff (1981).
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MARASMIUS sect. ALLIACEI Kihner, Botaniste 25: 87. 1933 [ut Alliateae].

[subgen.] Mycena [sect.] Longipedes Morgan, J. Mycol. 11: 237. 1905.

sect. Chordales Fries sensu Gilliam, Contr. Univ. Michigan Herb. 11:
26. 1975 [T: Marasmius chordalis Fr.]; non Marasmius sect.
Chordales sensu Singer, Agaricales Mod. Tax. 323. 1949 (1951)

[= Xeromphalina Kiihner & Maire].

= [subgen.] Chordales (Fr.) Patouillard, Essai Tax. Hyménomyc. 145.
1900.

TYPE SPECIES [implied, Kiihner (1933)]: Agaricus alliaceus

Jacquin: Fries, Syst. Mycol. 1: 140. 1821.

Pileus small or medium-sized, convex, smooth or rugulose, even or
striate, glabrous, variously colored; context thin, membranous.
Lamellae well-developed, non-collariate, adnate or adnexed, distant to
close, narrow or moderately broad, pallid, non-marginate. Stipe
central, narrow, tough, hollow, glabrous to pubescent, non-insititious,
usually darkly pigmented. Rhizomorphs absent. Odor and taste not
distinctive or often alliaceous. Spores ellipsoid to clavate.
Pleurocystidia present or absent. Cheilocystidia usually present.
Pileipellis a hymeniform layer of non-diverticulate, non-setulose cells
ranging from cylindric or clavate, to vesiculose or sphaeropedunculate
(i.e., Globulares-type elements). Tramal hyphae inamyloid. Stipe
tissue monomitic, inamyloid. Stipe vesture present or absent. Clamp

connections present.
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18. MARASMTUS PYRRHOCEPHALUS Berkeley, London J. Bot. 6: 316. 1847.

Marasmius macrorrhizus Montagne, Syll. Gen. Sp. Crypt. 142. 1856.

Marasmius longipes Peck, Bull. Buffalo Soc. Nat. Sci. 1: 58. 1873;
non Marasmius longipes Montagne, Ann. Nat. Sci. Bot. IV, 1: 114.
1854.

= Marasmius elongatipes Peck nom. nov., Bull. Buffalo Soc. Nat. Sci.

4: 181. 1882.

Marasmius hirtipes Clements, Bot. Surv. Nebraska 4: 21. 1896;

non Marasmius hirtipes Spegazzini, Anales Mus. Nac. Hist. Nat.

Buenos Aires 6: 112. 1898.

Marasmius morganianus Sumstine, Mycologia 6: 35. 1914.
HOLOTYPE: United States, Ohio, Wayne Co., Waynesville, 23 Aug.
1844, T. G. Lea (K!).

Basidiomata marcescent. Pileus 5-20 mm diam, convex when young,
expanding to plano-convex in age, sometimes with a shallow central
depression; disc even or subrugulose; margin at first even, soon
striate or rugulose-striate, in age sometimes crenulate, rarely
uplifted; surface dull or subshiny, moist or dry, opaque, glabrous;
when young colored cream (4A3), yellow (4A4-5) or brownish yellow (5B-
C6-7) overall, disc region darkening in age to brownish orange (6C5-8),
light brown (6D5-6) or with irregular patches of brown (7D-E5-7),
margin remaining cream, yellow or brownish yellow, or becoming greyish
orange (5B4-5) or light orange (5A4) in age; context thin, buff or
yellowish white (4A2). Lamellae adnate or adnexed, close, narrow or
moderately broad (1-2 mm), thin, not forked nor intervenose; white or

buff when young, becoming yellowish white (4A2) or cream (4A3-4) in
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age, sometimes spotted pale brown, non-marginate; lamellulae in 2-3
series. Stipe 20-170 X 1-2 mm, terete, equal above substrate,
typically radicating below substrate level, straight or curved, tough,
pliant, dull, apex densely pruinose, pubescent or subvelutinous, base
and radicating portion tomentose; coloration white or buff overall at
first, upper portion remaining so in age, base becoming yellowish brown
(5D-E5-8), greyish brown (6E2-4), brown (6-7E5-8), dark yellowish brown
(6F5-8) or dark brown (6-7F4-8), sometimes darkly pigmented overall in
age, surface hairs concolorous with underlying tissue; basal mycelium
buff, yellowish white or cream-colored. Odor and taste not
distinctive.

Basidiospores (Fig. 18 A) 6.8-10.4 X 3.4-4.8 pym [X = 8.3 + 0.3 X
4.0 £+ 0.1 ym, E =1.6-2.9, Q = 2.1 £ 0.1; TL90(90%): x = 7.7-8.9 X
3.8-4.2 ymy, Q = 1.9-2.3; n = 20-30 spores per 10 specimens],
subcylindric, ellipsoid or elongate-ellipsoid, inequilateral in
profile, hyaline, inamyloid, smooth, white in deposit. Basidia (Fig.
18 B) 15-29 X 5-7.5 um, 4-spored, clavate. Basidioles (Fig. 18 B)
cylindric or subclavate. Hymenial cystidia (Fig. 18 C) numerous on
lamellar edges, numerous or uncommon on lamellar sides, 28-60 X 6.5-10
um (W = 7-8 pm], capitulate, fusoid, ventricose or lageniform,
typically capitate, rarely non-capitate, arising from the subhymenium
and projecting well beyond the basidioles, often capped with a golden
or yellow, refractive, resinous exudate or internal globule, sometimes
with tawny contents, hyaline elsewhere, inamyloid, thin-walled or firm-
walled (up to 0.5 pum thick). Pileipellis hymeniform, not mottled,

composed of cylindric, clavate, turbinate, subvesiculose or
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Figure 18 A-E. TFeatures of Marasmius pyrrhocephalus (Desjardin
no. 4467) A. Basidiospores. B. Basidium and basidioles.
C. Hymenial cystidia. D. Pileipellis elements. E. Caulo-
cystidia. Standard bar = 5 um for A; 10 um for B-D; 20 um
for E.

sphaeropedunculate cells (Fig. 18 D), 16-32 X 8-20(-24) um, broadly
obtuse, non-gelatinous, yellow or ochraceous, inamyloid; walls 0.5-2
pum thick, smooth. Pileus trama interwoven; lamellar trama regular;
hyphae 2.5-6(-9) um diam, frequently-branched, non-gelatinous,
cylindric, smooth, hyaline, inamyloid, thin-walled or firm-walled.
Stipe tissue monomitic; cortical hyphae 2.5-6.5 ym diam, parallel,
cylindric, smooth, yellow, ochraceous or brown, inamyloid, with walls
up to 3 um thick (some cells with lumen nearly occluded); medullary
hyphae 2.5-8(-12) um diam, subparallel, hyaline, inamyloid, with walls

up to 1.5 um thick. Stipe vesture of numerous suberect or erect
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caulocystidia (Fig. 18 E) 40-200 X 6.5-12 um, cylindric or acuminate,
obtuse or subacute, rarely lobed, hyaline, yellow or ochraceous,
inamyloid; walls up to 5 um thick, thinning towards cell apex, some
cells with lumen nearly occluded, few cells with tawny, globular,
resinous contents. Clamp connections common in all tissues.

Habit, habitat, and distribution. Solitary, scattered or
gregarious in hardwood leaf mulch, often on much decayed wood (often
oak), in deciduous woods or mixed forests. May - November. Common
throughout eastern North America.

Specimens Examined. Refer to Appendix A.

Commentary. Basidiomata of M. pyrrhocephalus are characterized
by: a) convex, rugulose-striate, yellowish or brownish orange pilei;
b) close, pallid lamellae; c) pubescent, yellowish brown or greyish
brown, radicating stipe; and d) habit on decayed, often buried
hardwood logs. In addition, pileipellis morphology, inamyloid and
clamped tramal tissues, capitate hymenial cystidia, spore size and very
thick-walled caulocystidia are distinctive. Gilliam (1975b) indicated
that the species was one of the first agarics to appear in the spring
in oak-hickory woods around Ann Arbor, Michigan, and one of the last
to cease fruiting in the fall. This same pattern holds true for M.
pyrrhocephalus in the southern Appalachian Mountains.

Marasmius pyrrhocephalus is superficially similar to members of
Strobilurus Sing., a genus characterized by basidiomata with pubescent,
radicating stipes, hymeniform pileipelli, inamyloid tramal tissues and

capitate hymenial cystidia. Strobilurus differs, however, in forming
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pilocystidia, in lacking clamp connections in all tissues, and in
forming spores typically less than 7 um long.

Arnold (1935) reported that M. pyrrhocephalus (ut Marasmius
elongatipes Pk.) was tetrapolar (bifactorial) heterothallic. These
data were based on mating studies within and between three specimens
collected in the vicinity of Ann Arbor, Michigan. It is interesting
that crosses between tester strains of all three collections were
"completely fertile" (Arnold, 1935), suggesting a multiple allele

system.

19. MARASMIUS SCORODONIUS (Fr.) Fries, Epicr. Syst. Mycol. 379. 1838.

Agaricus scorodonius Fries, Syst. Mycol. 1: 130. 1821.

[Agaricus scorodonius Fries, Observ. Mycol. 1: 29. 1815.]
= Agaricus calopus Persoon: Fries, Syst. Mycol. 1: 130. 1821.
[Agaricus calopus Persoon, Syn. Meth. Fung. 373. 1801 [ut A.

callopus].

1]

Marasmius calopus (Pers.: Fr.) Fries, Epicr. Syst. Mycol. 379. 1838.

Marasmius scorodonius var. calopus (Pers.: Fr.) Kauffman, Agar.
Michigan 1: 72. 1918.
= Marasmius alliatus (Schaeff.) Schrdter in Cohn, Krypt. Fl. Schlesien
3A: 559. 1889.
[Agaricus alliatus Schaeffer, Fung. Bavaria 4: 43. 1774.]
TYPE SPECIMEN: None located.
Basidiomata marcescent, reviving. Pileus 4-25 mm diam, convex at
first, expanding to plano-convex or plane in age, sometimes with a

shallow central depression, rarely with a low umbo; disc even; margin
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at first incurved or decurved, even or striatulate, in age becoming
reflexed or uplifted, wavy, short-striate or short-rugulose-striate;
surface dull, dry, opaque, glabrous; coloration when young greyish
orange (6B3), brownish orange (5C4-5), brownish grey (6C3-4), light
brown (6-7D4-5), brown (7E4-8) or reddish brown (8E5-7) overall, in age
disc often remaining darkly pigmented or fading slightly, margin fading
in age to brownish grey (6C3-4), greyish orange (6B2-3), orange white
(5A2), or buff, sometimes fading overall to cream or buff-colored;
context thin (0.5-1.5 mm), buff or pale yellowish white. Lamellae
adnate, sinuate or adnexed, seceding in age, close or subdistant,
narrow (rarely up to 2 mm broad), sometimes forked, not or rarely
slightly intervenose; buff, pale yellowish white (4A2) or pale orange
white (5A2), sometimes becoming pale greyish orange (6B3) in age,
rarely white, non-marginate; lamellulae in 2-3 series. Stipe 15-50(-
60) X 0.5-1.5(-2.5) mm, terete or seldom compressed and cleft, equal or
with a slightly flared apex, tough, hollow, dull or shiny, glabrous,
subinsititious, stipe insertion with a few brownish orange fibrils;
apex colored buff, greyish orange (6B3), brownish grey (6C3), brownish
orange (6C4-5) or light brown (6D4); base colored brownish
orange (6-7C6-8), brown (6-7E5-8), dark brown (7F5-7), reddish brown
(8E5-8) or dark reddish brown (8F5-8). Odor and taste alliaceous.

Basidiospores (Fig. 19 A) 7.2-10.4 X 3.2-5(-5.6) pm [X = 8.5 + 0.3
X 4.1 0.3 umy, E=1.7-2.5, Q = 2.1 £+ 0.1; TL90(90%): x = 7.9-9.1 X
3.5-4.7 ym, Q = 1.9-2.3; n = 20-25 spores per 10 specimens], ellipsoid
or amygdaliform, slightly inequilateral in profile, hyaline, inamyloid,

smooth, white in deposit. Basidia (Fig. 19 B) 22.5-30 X 5-7.5 um,
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Figure 19 A-D. Features of Marasmius scorodonius (Desjardin no. 4339).
A. Basidiospores. B. Basidia and basidioles. C. Cheilo-
cystidia. D. Pileipellis elements. Standard bar = 5 um for A;
10 ym for B-D.

clavate, some basidiomata equally 2-spored and 4-spored, other
basidiomata mainly 4-spored. Basidioles (Fig. 19 B) cylindric, fusoid
or subclavate. Pleurocystidia absent. Cheilocystidia (Fig. 19 C)
abundant, lamellar edge often sterile, elements apically diverticulate
and irregularly lobed; main body 16-36 X 4-8.5 um, cylindric, clavate
or irregular in outline; lobes or diverticula 1.5-5.5(-7.5) X 1-3.5
pum, broadly cylindric, knob-like or irregular in outline, often
nodulose, obtuse; elements hyaline, inamyloid, thin-walled or with
walls up to 0.5 ym thick. Pileipellis hymeniform, evenly pigmented
when young, mottled at maturity, composed of Globulares-type elements

plus scattered broom-cell-type elements (Fig. 19 D); majority of cells
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16-30 X 5.5-17.5(-21) pm, cylindric, broadly clavate or sphaero-
pedunculate, smooth or weakly roughened, non-gelatinous, non-
diverticulate or non-setulose, thin-walled or with walls up to 4 um
thick (thickest in apical portion of cell), ranging from hyaline or
pale yellow, to ochraceous or brownish orange, inamyloid; Siccus-type
elements interspersed, subhyaline, ochraceous or brownish orange,
thick-walled, with few, apical setulae 2-8 X 1.5-3(-4) um, these knob-
like or irregular in outline, obtuse, sometimes nodulose, thick-walled
or solid. Pileus trama loosely interwoven; hyphae 3-10 m diam, smooth
or incrusted with granular or plaque-like, ochraceous or pale brownish
orange pigment deposits, cylindric or weakly inflated, hyaline,
inamyloid; lamellar trama regular, similar to the pileus trama but
hyphae less incrusted, typically smooth. Stipe tissue monomitic;
cortical hyphae 3-6.5 um diam, parallel, cylindric, smooth, ochraceous,
brownish orange or brown, inamyloid, with walls up to 2 um thick;
medullary hyphae 3.5-13 um diam, similar but hyaline and thinner-
walled. Stipe vesture absent. Clamp connections common in all
tissues.

Habit, habitat, and distribution. Solitary, scattered or
gregarious on conifer needles or twigs (Pinus, Tsuga, Abies), bark of
dead or living hardwood trees or shrubs (Quercus, Acer, Rhododendron,
Leucothoe), rarely leaves of deciduous trees, or rarely grass leaves;
in deciduous woods, pine forests or mixed forests. May - September in
the southern Appalachian Mts. Common throughout eastern North America
and Europe; also reported from California (Desjardin, 1987b).

Specimens Examined. Refer to Appendix A.
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Commentary. Marasmius scorodonius is easily recognized in the
field by the following combination of features: a) convex, short-
striate pileus colored brownish orange on the disc and yellowish brown
or cream on the margin; b) close, non-collariate, narrow, pallid
lamellae; c) glabrous, shiny, subinsititious, brownish stipe; and d)
strong alliaceous odor. No other known North American taxon displays
this suite of characters, and consequently, M. scorodonius is not
likely to be confused with other species. Although no type specimen of
M. scorodonius exists, North American material is identical to Swedish
specimens determined as such by E. P. Fries (refer to Chapter VIII for
a description of representative material). In addition, North American
specimens match quite well the Friesian protologue (1821) and
watercolor painting of M. scorodonius sanctioned by E. M. Fries (1862,
Plate 32).

Marasmius scorodonius is one of the few temperate species in the
genus capable of utilizing debris of both gymnospermous and
angiospermous plants. In the southern Appalachian Mts., M. scorodonius
is commonly collected on pine needles and twigs in pine forests, as
well as on sticks and leaves of various hardwoods in deciduous woods.
It is also one of the few species that fruits on both monocots and
dicots. Although M. scorodonius is primarily saprophytic, basidiomata
of the species have been observed occasionally growing from living
plants. Indeed, Tehon (1924) reported M. scorodonius as parasitic on

Red Wave wheat.
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20. MARASMIUS COPELANDII var. OLIDUS (Gilliam) Desjardin, Mycologia
79: 129. 1987.
= Marasmius olidus Gilliam, Mycologia 67: 822. 1975.
HOLOTYPE: United States, Michigan, Oakland Co., Proud Lake,
1 Nov. 1970, leg. W. W. Patrick, Gilliam no. 997 (MICH!).

Basidiomata marcescent or slightly putrescent, reviving. Pileus
2-15(-20) mm diam, convex when young, expanding to plano-convex with a
shallow central depression; disc at first even, becoming rugulose in
age; margin striate or rugulose-striate, sometimes uplifted and wavy
in age (i.e., pileus concave); surface dull, dry, opaque, glabrous or
minutely granulose; coloration light brown (6D4) overall when young,
disc remaining light brown in age or fading slightly, margin becoming
brownish grey (6C3), or greyish orange (5B4, 6B3), sometimes pale
yellowish brown; context thin, pallid. Lamellae adnate, seldom
slightly adnexed or subdecurrent, subdistant or distant, narrow or
moderately broad (0.5-1.5 mm), thin, rarely weakly intervenose, rarely
forked; pale greyish orange (<5B3), concolorous with the pileus margin
at maturity; edges even or minutely crystalline-fimbriate; lamellulae
in 1-2 series. Stipe 10-30(rarely -60) X 0.2-2 mm, terete, equal or
with a slightly flared apex and/or subbulbous base, pliant, hollow,
dull, dry, pruinose or pubescent above, tomentose-villose below, non-
insititious or subinsititious; when young upper half concolorous with
the lamellae, base light brown (7D4-5), in age upper few mm pallid,
base greyish brown (7E3), brown (7E4-6), dark brown (7F4-6) or reddish

brown 8E4-6). Odor and taste strongly alliaceous.
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Basidiospores (Fig. 20 A) 10.4-17.2 X 2.8-4 pym [X = 13.2 + 1.3 X
3.4 £+ 0.2 um, E = 2.8-5.2, Q = 4.0 £ 0.5, n = 25-42 spores per 4
specimens], clavate, often curved in profile, hyaline, inamyloid,
smooth, white in deposit. Basidia (Fig. 20 B) 20-35 X 5-8 um, 4-
spored, clavate. Basidioles (Fig. 20 B) subclavate or clavate.
Pleurocystidia absent. Cheilocystidia (Fig. 20 C) numerous, lamellar
edge typically sterile, 16-32 X 4-9 um, cylindric, clavate or more
often irregular in outline, often lobed or with 1-4 broad diverticulate
outgrowths, hyaline, inamyloid, thin-walled. Pileipellis hymeniform,
mottled, composed of Globulares-type elements (Fig. 20 D), 16-40 X 8-
17.5(-28) pym, clavate, obovate, turbinate, vesiculose or
sphaeropedunculate, broadly obtuse, seldom bifid or irregularly lobed,
many cells subhyaline or pale yellow, thin-walled, others ochraceous or
brownish orange, with walls 0.5-1.5 pum thick; all elements inamyloid,
non-gelatinous. Pileus trama interwoven; lamellar trama regular;
hyphae 3-8(-10) um diam, cylindric or inflated, smooth, non-gelatinous,
hyaline, inamyloid, thin-walled. Stipe tissue monomitic; cortical
hyphae 3-10 ym diam, parallel, cylindric, smooth, pale ochraceous or
brown in water, olivaceous in 37 KOH, inamyloid, with walls up to 1.5
pum thick; medullary hyphae subparallel, hyaline, inamyloid, thin-
walled. Stipe vesture a layer of tangled, suberect or erect
caulocystidia (Fig. 20 E) 30-150 X 6.5-10 um, cylindric, strangulate or
irregular in outline, obtuse, seldom lobed, hyaline, pale yellow or
ochraceous, inamyloid, with walls 1-2.5 um thick. Clamp connections

common in all tissues.
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Figure 20 A-E. Features of Marasmius copelandii var. olidus (Hesler,
TENN 14441). A. Basidiospores. B. Basidia and basidioles.
C. Cheilocystidia. D. Pileipellis elements. E. Caulocystidia.
Standard bar = 5 ym for A; 10 um for B-D; 20 um for E.

Habit, habitat, and distribution. Scattered or gregarious on
senescent leaves of Quercus spp. in deciduous woods or mixed forests.
August - December. Uncommon in eastern North America, from Michigan
southward to Florida.

Specimens Examined. Refer to Appendix A.

Commentary. Diagnostic features of basidiomata of M. copelandii
var. olidus include: a) convex-depressed pileus colored pale brown or
yellowish brown; b) adnate, subdistant, non-collariate lamellae
concolorous with the pileus margin; c) pubescent to tomentose,

brownish, non-insititious stipe; d) strongly alliaceous odor and
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taste; and e) habit on oak leaves. Furthermore, cheilocystidial
morphology and long clavate spores are distinctive.

Marasmius copelandii var. olidus was described from material
collected in Michigan [ut Marasmius olidus Gilliam (1975a)]. Since the
original report, only three specimens collected outside of Michigan
have been discovered. Two of these were collected in North Carolina,
and a third specimen was recently collected in Florida. The Florida
material differs slightly from the holotype specimen in forming
slightly shorter spores. In the holotype basidiomata, mean spore
length was 14.9 um, whereas in the Florida material mean spore length
was 11.9 uym. In all other taxonomically important criteria, the
Michigan specimens and Florida specimen are indistinguishable. It is
interesting to note that the two specimens from North Carolina formed
spores with intermediate mean spore lengths, viz., 12.5 pym and 13.4 um.
Overlapping spore size ranges do not justify recognition of distinct
forms of var. olidus. See Desjardin (1987a) for a discussion of the
differences between var. copelandii, known at present only from western
North America, and var. olidus.

In eastern North America, there occur three species of litter-
decomposing marasmioid fungi with strong alliaceous odor; viz.,
Marasmius scorodonius (Fr.) Fr., M. copelandii var. olidus, and
Marasmiellus praeacutus (Ellis) Halling. Marasmius scorodonius differs
from M. copelandii var. olidus in glabrous stipe, strongly
diverticulate cheilocystidia, and smaller spores (refer to the
description above for details). Marasmiellus praeacutus differs in

paler pilei (white or buff-colored), fusiform-clavate stipe with
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attenuated base, pileipelli composed of a poorly-developed Rameales-
structure, and smaller spores (refer to the type study in Chapter VIII

for details). See Halling (1987) for a contemporary description of M.

praeacutus.
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MARASMIUS sect. HYGROMETRICI Kithner, Botaniste 25: 95. 1933 [ut
Hygrometriceae).
TYPE SPECIES [implied, Kiihner (1933)]: Agaricus hygrometricus

Briganti, Hist. Fung. Neapol. 87. 1844.

Pileus small (1-5 mm diam), convex or plano-convex, margin even or
striate, glabrous or minutely granulose, darkly pigmented. Lamellae
non-collariate, adnate or adnexed, distant or remote, narrow or
moderately broad. Stipe central, filiform, bristle-like, glabrous or
pruinose, insititious, typically darkly pigmented. Rhizomorphs absent.
Basidiospores medium-sized. Basidia 4-spored. Hymenial cystidia
usually present and conspicuous, often capitate. Pileipellis
hymeniform, of Rotalis-type broom cells, sometimes with scattered non-
setulose cells or chains of setulose cells, often with pilocystidia
similar to the hymenial cystidia. Tramal hyphae inamyloid. Stipe
tissue monomitic, inamyloid. Stipe vesture present or absent. Clamp

connections present.

21. MARASMIUS MINUTUS Peck, Annual Rep. New York State Mus. 27: 97.

1874 (1875).

Marasmius capillipes Saccardo, Nuovo Giorn. Bot. Ital. 8: 162. 1876

[sensu Gilliam (1976)].

Marasmius pyrinus Ellis, Bull. Torrey Bot. Club 8: 64. 1881.

Marasmius capillipes var. macrosporus Kiihner, Botaniste 25: 96. 1933.
HOLOTYPE: United States, New York, Catskill Mts. and Sandlake,

July, 1873, C. H. Peck (NYS!).
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Basidiomata marcescent, reviving. Pileus 0.1-2(-3) mm diam,
obtusely conic or bullet-shaped at first, expanding to convex in age,
sometimes with a shallow umbilicus, striate or sulcate; surface dull,
dry, opaque, glabrous or minutely granulose; colored greyish brown
(7E3-4), brown (7E5-7) or reddish brown (8D4-5) when young, fading
slightly in age to pale greyish brown (6D3-4), light brown (6D5) or
yellowish brown (5D4-5), drying dark brown (7F4-8); context very thin,
pale brown. Lamellae non-collariate, adnate, distant or remote,
narrow, thin, sometimes forked and/or weakly intervenose, pruinose;
buff or pale yellowish white, non-marginate; lamellulae typically
absent. Stipe 2-20 X <0.1 mm, terete, equal, filiform, wiry, solid,
dry, shiny, glabrous, insititious; apex yellowish brown (5E5-6) or
brown (6-7E5-6), base brown, reddish brown (8E5-7), dark brown (7-8F4-
7) or black. Rhizomorphs absent. Odor and taste not distinctive.

Basidiospores (Fig. 21 A) (6.2-)7-10(-10.4) X (2.6-)3.0-3.8 um [X
=8.,2+1.0X3.2+0.2um, E=2-3.3, Q=2.54%0.2, n=20-30 spores
per 6 specimens], ellipsoid, elongate-ellipsoid or amygdaliform,
hyaline, inamyloid, smooth, white in deposit. Basidia (Fig. 21 B) 15-
24 X 5-7(-10) pm, 4-spored, clavate. Basidioles (Fig. 21 B) clavate or
ventricose. Hymenial cystidia (Fig. 21 C) abundant on lamellar edges,
abundant or uncommon on lamellar sides, 16-26 X 4-6.5 um, lageniform,
often subcapitate, arising from about the same level as the basidioles
and projecting little or not at all, non-refractive, thin-walled,
hyaline, inamyloid. Pileipellis hymeniform, composed of Rotalis-type
broom cells, pilocystidia, and elements intermediate in morphology

(Fig. 21 D); main body of broom cells 10-20 X 5-12 um, clavate,
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Figure 21 A-D. Features of Marasmius minutus (Peck, East Berne).
A. Basidiospores. B. Basidia and basidioles. C. Hymenial
cystidia. D. Pileipellis elements. Standard bar = 5 um for A;
10 ym for B-D.

pyriform, turbinate or vesiculose, typically with basal portion thin-
walled and apical portion thick-walled, ranging from subhyaline or
ochraceous, to reddish brown or brown; divergent setulae 0.5-1.5 X
0.5-1 pm, knob-like or rod-like, obtuse, densely crowded, solid, dark
ochraceous, reddish brown or brown; pilocystidia uncommon,
interspersed, 14-24 X 4-7.5 uym, fusoid-ventricose or lageniform, often
subcapitate, hyaline, thin-walled; some elements intermediate between
Rotalis-type broom cells and pilocystidia, i.e., lageniform with the
central inflated region covered with divergent setulae and apical neck
smooth. Pileus trama interwoven; lamellar trama regular; hyphae 1.5-
5 ym diam, cylindric, smooth, non-gelatinous, thin-walled, hyaline,
inamyloid. Stipe tissue monomitic; cortical hyphae 3-5 um diam,
parallel, cylindric, non-incrusted, hyaline or yellow (stipe apex) to

reddish brown or dark brown (stipe base), inamyloid, with walls up to
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1.2 pym thick; exteriormost surface of outermost hyphae strongly
diverticulate; diverticula 0.5-1.5 X 0.5-1 um, similar to divergent
setulae of broom cells, rod-like, solid, concolorous with hyphal walls;
medullary hyphae 1.5-6.5 uym diam, parallel, hyaline, inamyloid, thin-
walled. Caulocystidia absent. Clamp connections common in all
tissues.

Habit, habitat, and distribution. Scattered or gregarious on much
decayed leaves of Fraxinus, Ulmus, Pyrus, Populus, rarely on Lactuca or
Ligustrum (Charles, 1939), in elm-ash swamps (Gilliam, 1976) or
deciduous woods. June - November. Uncommonly collected in eastern
North America; also reported from Europe [as M. capillipes; Saccardo
(1876); Kiithner (1933)].

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius minutus was described by Peck (1875) based
on material collected from undetermined '"fallen leaves in woods and
swamps.' Subsequently, Ellis (1881) published M. pyrinus Ellis, based
on material collected from decayed pear leaves. Re-examination of the
holotype specimens of these two species indicates that they are
conspecific. These observations are in concordance with Gilliam's
(1976) diagnosis. Gilliam (1976) reported that basidiomata of M.
minutus were most commonly collected on curled, blackened leaves of
Fraxinus in elm-ash swamps. Marasmius minutus is rare in the southern
Appalachian Mts, know at present from a single specimen. I suspect
that the species is more common in this region than herbarium records
indicate, but due to the very small size of basidiomata, the species is

easily overlooked in the field.
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Key features of M. minutus include: a) brown, striate pilei
typically less than 2 mm broad; b) non-collariate, distant, narrow
lamellae; c) wiry, insititious stipe 2-20 X <0.1 mm; and d) fruiting
usually on ash, elm, pear or poplar in swampy areas. Moreover,
pileipellis, stipitipellis and hymenial cystidial morphologies are
distinctive.

In North America, M.minutus is macromorphlogically similar to M.
magnoliae Singer, a species forming minute, darkly pigmented
basidiomata on leaves of Magnolia grandiflora L. The two species
differ, however, in micromorphology, substrate and distribution.
Basidiomata of M. magnoliae show pileipelli formed of erect chains of
Rotalis-type elements, ventricose-rostrate, non-capitate
cheilocystidia, absence of pleurocystidia, and broader spores (W = 4.3
um). In addition, M. magnoliae fruits exclusively on evergreen
magnolia leaves and is known at present only from Florida. Refer to
Chapter VIII for a type study of M. magnoliae.

Marasmius minutus is also similar to several European taxa, viz.,
M. hudsonii (Pers.: Fr.) Fr., and M. buxi Fr. in Quél. Marasmius
hudsonii differs in forming pileipelli with lanceolate, reddish brown
pilosetae, numerous thick-walled, acuminate caulocystidia, broader
spores (W = 5.0 pm), absence of pleurocystidia, and fruiting on Ilex
leaves. Marasmius buxi differs in forming much longer cheilocystidia
(35-44 um), broader spores (W = 4.7 um), absence of pleurocystidia, and
fruiting on Buxus. Refer to Chapter VIII for descriptions of

representative specimens of M. hudsonii and M. buxi.
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MARASATUS sect. SICCI Singer, Mycologia 50: 106. 1958.
£ sect. Globulares subsect. Siccini Singer, Agar. Mod. Tax. 326.
1951.
TYPE SPECIES: Agaricus siccus Schweinitz, Schr. Naturf. Ges.
Leipzig 1: 84. 1822 [= Marasmius siccus (Schw.) Fries, Epicr. Syst.

Mycol. 382. 1838].

Pileus small to large (1-50 mm broad), campanulate, convex, or
plano-convex, even, striate, sulcate or plicate, typically
subvelutinous, variously colored. Lamellae well-developed, non-
collariate, adnexed or nearly free, crowded to remote, narrow to broad,
rarely weakly intervenose, pallid. Stipe central, terete, typically
equal, solid or hollow, glabrous or pruinose to velutinous, non-
insititious, variously colored. Rhizomorphs absent. Odor and taste
usually not distinctive, rarely spermatic, fragrant or resinous.
Basidiospores ellipsoid to clavate. Pleurocystidia present or absent.
Cheilocystidia typically present and similar to the pileipellis
elements. Hymenial setae present or absent. Pileipellis a hymeniform
layer of Siccus-type broom cells, i.e., clavate or irregular-shaped
elements with apical setulae; setulae rod-like, conic or irregular in
outline, seldom verrucose, obtuse to acute, thin-walled to thick-walled
or solid, variously pigmented. Tramal hyphae hyaline, dextrinoid
(sometimes weakly so). Stipe tissue monomitic. Stipe vesture present

or absent. Clamp connections present.
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MARASMIUS sect. SICCI ser. SPINULOSI (Clémencon) Desjardin, stat. nov.
= subsect. Spinulosi Clémengon, Z. Mykol. 48: 15. 1982.
= ser. Actinopodes Singer pro parte, Fl. Neotrop. Monogr. 17: 236.
1976 [T: Marasmius actinopus Montagne].
TYPE SPECIES: Agaricus cohaerens Persoon: Fries, Syst. Mycol. 1:

253. 1821 [= Marasmius cohaerens (Pers.: Fr.) Cooke & Quélet].

Lanceolate, thick-walled setae present on the hymenophore; setae
present or absent in the pileipellis and/or stipitipellis, hyaline or

deeply pigmented, typically dextrinoid.

22. MARASMIUS DELECTANS Morgan, J. Mycol. 11: 206. 1905.

LECTOTYPE: United States, Ohio, Montgomery Co., Preston, 1895,
A. P. & L. V. Morgan no. 21 (ISC!).

Basidiomata marcescent, reviving. Pileus 5-25(-40) mm diam,
convex, campanulate or obtusely conic when young, expanding to plano-
convex or plane in age, sometimes with a shallow central depression or
umbilicus, sometimes subumbonate, seldom with uplifted, wavy margin;
disc even or rugulose; margin even at first, soon striate or rugulose-
striate; surface dull, dry, opaque or slightly translucent on the
margin when moist, pruinose; coloration pale yellowish white (4A2),
cream (4A3) or pale orange white (5A2-3) overall when young or with a
slightly darker disc, often fading in age to buff or nearly white,
usually retaining a slightly darker disc; context 1-2 mm thick, white.
Lamellae adnate or adnexed, close or subdistant, narrow or moderately
broad (1-2 mm), sometimes intervenose in age; concolorous with the

pileus margin, non-marginate; lamellulae in 1-3 series. Stipe 15-65 X
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1-2 mm, terete, equal or centrally slightly narrowed, typically shiny,
dry, hollow, cartilaginous, glabrous above, lower portion pruinose,
non-insititious, arising from a thick mat of downy, suede-like or
fibrillose, buff-colored mycelium; upper half colored buff, pale
yellowish white (4A2) or pale orange white when young, base brownish
yellow (5C6-7), brownish orange (6C5-7), brown (6D-E5-6) or dark brown
(6F5-6) when young, in age upper few mm concolorous with the lamellae,
remainder of stipe dark brown (7F4-8). Odor mildly fungal, acidulous
or like M. oreades. Taste mildly fungal or not distinctive.

Basidiospores (Fig. 22 A) (5.6-)6.0-8.0(-8.8) X 3.2-4.4 um [X =
7.1+ 0.1 X3.8%0.1um, E=1.6-2.3, Q=1.9 % 0.06; TLI0(90%): x =
6.9-7.3 X 3.6-4.0 ym, Q = 1.8-2.0; n = 20-30 spores per 10 specimens],
ellipsoid or ovoid, sometimes lacrymoid, inequilateral in profile,
hyaline, inamyloid, smooth, white in deposit. Basidia (Fig. 22 B)
17.5-32 X 4-6.5 um, 4-spored, clavate. Basidioles (Fig. 22 B)
cylindric or subclavate. Pleurosetae (Fig. 22 C) 24-65 X 4-8 um,
abundant, lanceolate, fusoid, fusoid-ventricose, ventricose-rostrate,
or irregular in outline, acute, sometimes branched near the apex,
arising from the subhymenium and projecting up to 35 um beyond the
basidioles; walls refractive, hyaline or pale yellow, strongly
dextrinoid, up to 3 um thick. Cheilocystidia (Fig. 22 D) abundant,
similar to the pileipellis elements; majority of cells cheilosetae,
35-55 X 4-6.5 um, lanceolate or fusoid, often apically branched, acute,
hyaline, dextrinoid, with walls up to 2.5 pm thick; Siccus-type broom
cells few, interspersed; numerous elements transitional in morphology

between Siccus-type broom cells and setoid elements; main body 16-24 X
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Figure 22 A-F. Features of Marasmius delectans (Desjardin no. 4518).
A. Basidiospores. B. Basidia and basidioles. C. Pleurosetae.
D. Cheilocystidia (cheilosetae, Siccus-type broom cells and
elements intermediate in morphology). E. Pileipellis elements
(Siccus-type broom cells and non-setulose elements).
F. Transitional elements from pileipellis. Standard bar = 5 um
for A; 10 pm for B-F.

5.5-8 um, irregularly cylindric or subclavate, thick-walled, hyaline,
dextrinoid; apical setulae 3-16 X 1.5-3.5 pm, few (2-6), conic or
irregular in outline, subacute or acute, solid, hyaline. Pileipellis
hymeniform, not mottled; in primordia composed of irregularly-shaped
(strangulate, contorted, wavy), obtuse, thick-walled, hyaline elements;
at maturity composed of Siccus-type broom cells, pilosetae, and
elements transitional in morphology: 1) Siccus-type broom cells (Fig.

22 E) with main body 12-20 X 5-10 um, cylindric, clavate or turbinate,
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typically thick-walled, hyaline, weakly dextrinoid; apical setulae
1.5-7 X 1.5-3 um, ranging in number from 4-12 per cell, conic or rod-
like, subacute or acute, thick-walled or solid, subhyaline or pale
yellow; with few smooth (non-setulose), clavate or subvesiculose
elements 10-20 X 6.5-10 um interspersed; 2) pilosetae scattered,
uncommon or numerous, similar to pleurosetae; 3) transitional elements
(Fig. 22 F) similar to Siccus-type broom cells but with fewer and
longer setulae; setulae up to 24 um long, conic, acute, 2-5 per cell,
yellow, dextrinoid, with walls up to 2 um thick. Pileus trama
interwoven; lamellar trama regular; hyphae 3-12 um diam, cylindric or
inflated, smooth, non-gelatinous, hyaline, inamyloid or weakly
dextrinoid, thin-walled. Stipe tissue monomitic; cortical hyphae 2.5-
8 um diam, parallel, cylindric, smooth, subhyaline or ochraceous (stipe
apex), or brown (stipe base), strongly dextrinoid, with walls up to 2
um thick; medullary hyphae 2.5-10 ym diam, subparallel, hyaline,
dextrinoid, with walls up to 1 pum thick. Stipe vesture absent overall,
or rarely present only on stipe base, consisting of scattered
caulosetae similar to the pleurosetae. Clamp connections common in all
tissues.

Habit, habitat, and distribution. Scattered or gregarious on
decayed leaves of various hardwoods (Quercus, Acer, Liriodendron,
Carya) in deciduous woods or mixed forests. June - October. Common
throughout eastern North America.

Specimens Examined. Refer to Appendix A.

Commentary. Distinctive features of M. delectans include pale

yellowish white pileus, glabrous stipe colored yellowish white at the
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apex and brown at the base, hyaline, dextrinoid hymenial setae and
small spores. Marasmius delectans is the only known North America
Marasmius with this combination of characters.

In primordia, pileipelli are composed of a palisade of
irregularly-shaped, thick-walled elements lacking apical setulae. As
basidiomata mature, numerous Siccus-type broom cells develop,
interspersed among pilosetae and elements transitional in morphology
between pilosetae and broom cells. The presence of setulose elements
indicates that the species is best placed in sect. Sicci, as proposed
by Gilliam (1976). Singer (1962a, 1975b) initially placed M. delectans
in sect. Globulares, but later (Singer, 1986) included the species in
sect. Sicci ser. Haematocephali. Because of the presence of hymenial
setae and pilosetae in M. delectans, I consider the taxon closely
allied with M. cohaerens (Pers.: Fr.) Cooke & Quél., and include M.
delectans in ser. Spinulosi. 1 reserve ser. Haematocephali for species
that form non-setoid pleurocystidia and lack pilosetae.

Three taxa with hymenial setae occur in eastern North America: M.
delectans, M. cohaerens var. cohaerens (Pers.: Fr.) Cooke & Quél., and
M. cohaerens var. lachnophyllus (Berk.) Gilliam. Marasmius delectans
differs from M. cohaerens in pileus coloration and setae pigmentation.
Both varieties of M. cohaerens form basidiomata with reddish brown,

brownish orange or brown pilei, and brownish orange hymenial setae.

23. MARASMIUS COHAERENS var. COHAERENS (Pers.: Fr.) Cooke & Quélet,
Clav. Syn. Hymenomyc. Eur. 153. 1878.

= Agaricus cohaerens Pers.: Fries, Syst. Mycol. 1: 253. 1821.
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[Agaricus cohaerens Persoon, Syn. Meth. Fung. 306. 1801.]
= Mycena cohaerens (Pers.: Fr.) Kummer, Fiirher Pilzk. 111. 1871.
= Agaricus ceratopus Persoon, Mycol. Eur. 3: 131. 1828.
T Marasmius ceratopus (Pers.) Quélet, Fl. Mycol. France 319. 1888.

TYPE SPECIMEN: None located.

Basidiomata marcescent, reviving. Pileus 10-30 mm diam,
campanulate or obtusely conic when young, expanding to broadly
campanulate, convex or plano-convex, often with a low, broad umbo,
seldom centrally depressed; disc even or weakly rugulose; margin even
or striatulate; surface dull, dry, rarely subhygrophanous, opaque,
subvelutinous or velutinous; coloration dark brown (7F5-7) or dark
reddish brown (8F5-7) overall when young, disc and extreme margin
remaining so in age or fading slightly, median region becoming reddish
brown (8E5-7), brown (7E4-6), light brown (7D4-6), light yellowish
brown (5-6D5-6) or slightly paler in age; context 0.5-1.5 mm thick,
pale ochraceous or dingy buff. Lamellae adnate or adnexed, subdistant
or distant, moderately broad or broad (2-5 mm), pruinose, seldom
intervenose, not forked; coloration buff, pale yellowish white (4A2)
or cream-buff (4A3) when young, becoming pinkish buff or pale reddish
brown in age (due to colored setae), non-marginate or with a slightly
darker margin; lamellulae 2-4 series. Stipe 25-70 X 1-2.5 mm, terete,
equal or with a slightly fl#red apex and/or slightly enlarged base,
dull or shiny, dry, hollow, cartilaginous, glabrous or sometimes
minutely pruinose at the apex, non-insititious, arising from pad of
copious, buff or pale yellowish buff mycelium; upper half when young

yellowish white (4A2) or pale yellowish pink, base pale yellowish brown
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(5-6D5-6) or brown (6-7E4-7); in age apex darkening to pale yellowish
brown, light brown (7D5-6) or ochraceous, base becoming dark brown
(7F4-6) or nearly black. Odor not distinctive. Taste not distinctive

or with a slightly bitter aftertaste.

Basidiospores (Fig. 23 A) (6.8-)7.2-10.4(-11.2) X 3.8-5.6 um [X

8.3+ 0.4X 4.6 0.3 um, E=1.4-2.2, Q =1.8+0.1; TL90(90%): x

7.6-9.0 X 4.0-5.2 ym, Q = 1.6-2.0; n = 20-25 spores per 10 specimens],
ellipsoid, broadly lacrymoid or pip-shaped, inequilateral in profile,
hyaline, inamyloid, smooth, white in deposit. Basidia (Fig. 23 B) 22-
30 X 5-9.5 um, clavate, 4-spored. Basidioles (Fig. 23 B) cylindric or
subclavate. Hymenial setae (Fig. 23 C) 44-80 X 6.5-14 uym [W = 10.0 %
0.6 pym, n = 30 cystidia per 3 specimens], numerous on lamellar sides
and edges, lanceolate, fusoid or ventricose-acuminate, sharply acute,
rarely forked, arising from deep in the subhymenium and projecting well
beyond the basidioles; walls pale yellowish brown, ochraceous or
brownish orange, dextrinoid, 1-4 pum thick in upper portion of cell,
thinner in basal portion. Cheilocystidia (Fig. 23 D) scattered,
similar to Siccus-type pileipellis elements; main body 10-20 X 5-10
pm, cylindric or clavate, firm-walled or thick-walled, hyaline; apical
setulae 3.5-13 X 1-2.5 pym, conic, acute, thick-walled or solid, hyaline
or pale yellow. Pileipellis hymeniform, composed of Siccus-type broom
cells, plus pilosetae; Siccus-type broom cells (Fig. 23 E) with main
body 8-16(-20) X 5-8(-10) um, cylindric, clavate or irregular in
outline, typically hyaline and thin-walled, some elements pale brownish
orange and firm-walled; apical setulae 2.5-10 X 1-2(-3) um, conic,

acute, thick-walled or solid, yellow, brownish orange or pale reddish
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Figure 23 A-G. Features of Marasmius cohaerens var. cohaerens (Miller
no. 9577). A. Basidiospores. B. Basidium and basidioles.
C. Hymenial setae. D. Cheilocystidia. E. Siccus-type
pileipellis elements. F. Pilosetae. G. Caulosetae. Standard
bar = 5 uym for A; 10 um for B-F; 20 um for G.

brown, dextrinoid; pilosetae (Fig. 23 F) scattered, similar to
hymenial setae but often thicker-walled, typically brownish orange,
seldom apically forked; some elements intermediate in morphology
between broom cells and setae, with 2-5 solid, apical setulae up to 20"
um long. Pileus trama interwoven; lamellar trama regular; hyphae
2.5-10(-13) pm diam, cylindric or inflated, frequently-branched,
hyaline, dextrinoid, thin-walled. Stipe tissue monomitic; cortical

hyphae 2.5-6(-9) um diam, parallel, cylindric, smooth, ranging from



189
pale yellow to brownish orange or brown, dextrinoid, with walls up to 2
um thick; medullary hyphae 3-8(-10) pum, parallel, hyaline or pale
yellow, dextrinoid, thin-walled or with walls up to 1 um thick. Stipe
vesture poorly-developed, of few, scattered caulosetae (Fig. 23 G)
similar to the hymenial setae. Clamp connections common in all
tissues.

Habit, habitat, and distribution. Scattered, gregarious or
subcespitose on decayed hardwood leaves or rotten logs in deciduous
woods or mixed forests, seldom in coniferous forests with scattered
hardwoods. September - October in the southern Appalachian Mts., July
- October elsewhere. Common in northeastern North America and Europe;
rare in southeastern North America.

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius cohaerens is easily distinguished from
other members of sect. Sicci by presence of conspicuous, pigmented
hymenial setae and pilosetae, in combination with a deeply pigmented
pileus. Variety cohaerens, described from material collected in
Europe, is characterized by the following features: a) reddish brown,
brown or yellowish brown, subvelutinous, convex pileus; b) subdistant
to distant, broad, pallid lamellae with reddish pruinosity; and c)
nearly glabrous stipe. Although this variety is commonly collected in
Europe, it is uncommonly encountered in North America. In North
American, var. cohaerens is more common in the northeast, although it
does occur in the southern Appalachian Mountains, and has been

collected as far south as Florida.
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The majority of North American specimens of M. cohaerens are
correctly referred to var. lachnophyllus (Berk.) Gilliam, described
from material collected in Ohio (ut Agaricus lachnophyllus Berk.). The
latter variety differs in showing basidiomata with close to crowded,
narrow lamellae, and strongly pruinose or hispid stipe. Refer to the
commentary on var. lachnophyllus for further comparison with var.

cohaerens.

24. MARASMIUS COHAERENS var. LACHNOPHYLLUS (Berk.) Gilliam, Mycotaxon
4(1): 64. 1976 (September).

Agaricus lachnophyllus Berkeley, London J. Bot. 6: 312. 1847.

14

Collybia lachnophylla (Berk.) Saccardo, Syll. Fung. 5: 203. 1887.

= Marasmius lachnophyllus (Berk.) Morgan, J. Mycol. 11: 239. 1906.

Gymnopus lachnophyllus (Berk.) Murrill, N. Amer. F1l. 9(5): 360.
1916.

= Agaricus spinulifer Peck, Annual Rep. New York State Mus. 24: 62.

1871.

1

Collybia spinulifera (Pk.) Peck, Annual Rep. New York State Mus.
49: 62. 1895 (1896).
£ Marasmius spinulifer (Pk.) Morgan, J. Mycol. 11: 238. 1906.

= Marasmius setulosus Murrill, Bull. Torrey Bot. Club 67: 150. 1940
[non Marasmius setulosus (Murr.) Singer, Lilloa 22: 326. 1951.].

= Marasmius cohaerens var. americanus Singer, Fl. Neotrop. Monogr. 17:

247. 1976 (December).

HOLOTYPE: United States, Ohio, Wayne Co., Waynesville, 5 Sept.

1844, T. G. Lea (K!) [ISOTYPE: FH!].
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Basidiomata marcescent, reviving. Pileus 10-45(-65) mm diam,
campanulate, convex or obtusely conic, with an inrolled or incurved
margin when young, expanding to broadly campanulate, convex-umbonate,
plano-convex or plano-umbonate in age, rarely plane with uplifted
margin; disc even or weakly rugulose in age; margin even when young,
typically remaining even in age, seldom striatulate; surface dull,
dry, opaque or extreme margin slightly translucent, subvelutinous or
velutinous; coloration dark reddish brown (8-9F5-8), reddish brown
(8E5-8) or brown (7E7-8) overall at first, disc (and often the extreme
margin) usually remaining deeply pigmented or fading slightly in age,
margin fading to brown (6-7E4-8), light brown (6-7D4-8), greyish red
(7B4-5), brownish orange (6-7C4-5), greyish orange (6B2-3) or finally
dingy orange white (5A2) or pinkish buff; context moderately thick
(0.5-3 mm), dingy buff-colored. Lamellae adnate or more commonly
adnexed, close or crowded (up to 5 per mm at pileus margin, including
lamellulae), narrow or moderately broad (1-2 mm), typically not forked
nor intervenose, strongly pruinose; coloration greyish orange (5-6B3)
or pinkish grey (7B3) when young, darkening in age to greyish red (7-
8C3-4) or slightly darker, due primarily to reddish brown pruinae
(hymenial setae); lamellar edges often reddish brown or brown;
lamellulae in 3-4 series. Stipe 20-85(-100) X 1.5-3.5 mm, terete,
equal or seldom with a slightly enlarged base, dull or subshiny, dry,
cartilaginous, hollow, pruinose or hispid overall, sometimes centrally
glabrescent, non-insititious, arising from copious, downy or felty,
white, cream or greyish orange (5-6B3) basal mycelium; coloration of

upper 1/2 to 2/3 at first white, cream-buff or yellowish white (4A2)
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with reddish pruinae, basal region brownish orange (6-7C5-8), brown (6-
7D-E5-8) or dark brown (6-7F5-8); in age apex dingy buff, pale yellow,
greyish red (7-8C3-4), brownish yellow (5C5) or brownish orange, base
becoming dark brown (6-7F4-8) or dark reddish brown (8F4-8), with
pruinae concolorous with the surface or slightly paler. Odor not
distinctive or sometimes slightly spicy. Taste not distinctive or
astringent.

Basidiospores (Fig. 24 A) 6.4-8.8(-9.6) X 3.2-4.8(-5) um [X = 7.6

+ 0.3X 4.1 0.2 ym, E=1.6-2.3, Q =1.9 % 0.08; TL90(90%): x =

7.0-8.2 X 3.7-4.5 pym, Q 1.7-2.1; n = 20-30 spores per 10 specimens],
ellipsoid or amygdaliform, inequilateral in profile, hyaline,
inamyloid, smooth, white in fresh deposit (pale yellow in old spore
prints). Basidia (Fig. 24 B) 17.5-28 X 4.5-8 um, clavate, 4-spored.
Basidioles (Fig. 24 B) cylindric, subclavate or clavate. Hymenial
setae (Fig. 24 C) densely crowded on lamellar edges, scattered but
numerous on lamellar faces, (55-)80-120(-130) X (6.5-)9-20(-25.6) um [L
=095.2 + 7.0 ym; W=15.0+ 0.6 um; n = 30 cystidia per 4 specimens],
lanceolate or ventricose-acuminate, usually pedicellate, sharply acute,
arising from deep in the subhymenium or lamellar trama and projecting
well-beyond the basidioles, subhyaline, yellow, brownish orange or
reddish brown, cell apex more deeply pigmented than cell base,
dextrinoid, with walls 1-3.5 um thick. Cheilocystidia (Fig. 24 D)
similar to Siccus-type pileipellis elements and transitional elements,
uncommon or common, interspersed among hymenial setae. Pileipellis

hymeniform, not mottled or weakly mottled, composed of Siccus-type

broom cells, pilosetae and elements transitional in morphology:
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Figure 24 A-H. Features of Marasmius cohaerens var. lachnophyllus

(Lea, 1844, holotype). A. Basidiospores. B. Basidium and
basidioles. C. Hymenial setae. D. Cheilocystidia. E. Siccus-
type pileipellis elements. F. Pilosetae. G. Transitional
elements from pileipellis. H. Caulosetae. Standard bar = 5 pm
for A; 10 pum for B-G; 20 um for H.
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1) Siccus-type broom cells (Fig. 24 E) with main body 9.5-20(-28) X 4-
10(-11.5) um, cylindric, clavate, turbinate or irregular in outline,
seldom lobed, subhyaline, pale ochraceous, pale tawny or pale reddish
brown, inamyloid or weakly dextrinoid, with walls 0.5-1.5 pm thick;
apical setulae 2.5-10 X 0.5-2 pym, cylindric or conic, subacute or
acute, thick-walled or solid, subhyaline, melleous, ochraceous or
reddish brown; 2) pilosetae (Fig. 24 F) numerous, 40-120% X 5.5-15 um,
similar to the hymenial setae, arising from deep in the pileus trama,
brownish orange, ferruginous, brown or reddish brown, dextrinoid, with
walls up to 5 um thick; 3) transitional elements (Fig. 24 G) similar
to Siccus-type broom cells but typically larger and with fewer and
longer apical setulae; setulae up to 30 X 2-4 pym, 3-6 per cell, conic,
sharply acute, thick-walled or solid, brownish orange, ferruginous or
reddish brown. Pileus trama interwoven; lamellar trama regular;
hyphae 3-10.5 pym diam, cylindric or inflated, smooth, non-gelatinous,
hyaline, dextrinoid, thin-walled. Stipe tissue monomitic; cortical
hyphae 2.5-6.5 pym diam, parallel, cylindric, smooth, pale yellow,
ochraceous or tawny at stipe apex, brown at stipe base, dextrinoid,
with walls up to 1.5 um thick; medullary hyphae 2.5-12(-16) um,
hyaline or pale yellow, dextrinoid, thin-walled or firm-walled. Stipe
vesture of numerous, erect caulosetae and rare Siccus-type broom cells
and transitional elements; caulosetae (Fig. 24 H) 30-80+ X 6-12 pm,
conic, lanceolate or ventricose-acuminate, sharply acute, ochraceous or
tawny, dextrinoid, with walls up to 3 pm thick. Clamp connections

common in all tissues.
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Habit, habitat, and distribution. Gregarious or subcespitose on
leaf mulch or much-decayed wood in deciduous woods or mixed forests.
May - October; most common from June to August in the southern
Appalachians. Common throughout eastern North America from Nova Scotia
and Ontario southward to Florida.

Specimens Examined. Refer to Appendix A.

Commentary. As mentioned earlier, var. lachnophyllus is the most
common variety of M. cohaerens occurring in North America. This taxon
is characterized by: a) convex-umbonate, velutinous, reddish brown,
brown or brownish orange pileus; b) close or crowded, narrow lamellae
with greyish red pruinae; c) pruinose or hispid, brownish, non-
insititious stipe; d) pigmented pilosetae and hymenial setae; e)
abundant caulosetae; and f) small spores. Basidiomata commonly form
subcespitose clusters on much-decayed hardwood logs, as well as
fruiting gregariously on hardwood leaf mulch.

Gilliam (1976) provided an extensive comparison of var. cohaerens
and var. lachnophyllus, reporting differences in lamellar breadth and
spacing, spore size, hymenial setae size, frequency of cheilocystidia
and caulosetae, and habitat. She also reported a number of specimens
that did not fit the patterns she observed in the majority of
specimens. My observations on southeastern specimens, as well as
numerous specimens collected in northeastern North America, confirm
most of Gilliam's observations. Characters most useful in separating
the varieties include lamellar spacing and width, lamellar coloration
and degree of pruinosity, hymenial setae size and stipe surface

features (i.e., abundance of caulosetae). Spore size is of limited
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value, while frequency of cheilocystidia and habitat are unreliable
features.

In general, basidiomata of var. lachnophyllus form close or
crowded, narrow lamellae that are greyish red at maturity or reddish
brown when dried, the coloration due to abundant, crowded, darkly
pigmented hymenial setae. In comparison, basidiomata of var. cohaerens
form subdistant or distant, broad lamellae colored cream-buff or
pinkish buff, with fewer (i.e., more widely spaced) or slightly paler
hymenial setae. The stipe surface of var. lachnophyllus is typically
densely pruinose or hispid (i.e., with abundant, dense caulosetae),
whereas that of var. cohaerens is usually glabrous or only weakly
pruinose at the stipe apex (i.e., with few, widely spaced caulosetae).

Hymenial setae of var. lachnophyllus average 95 X 15 um (n = 30
cystidia per 4 specimens), while those of var. cohaerens average 60 X
10 ym (n = 30 cystidia per 3 specimens). On the average, spores of
var. lachnophyllus are smaller than those of var. cohaerens. In
basidiomata of var. lachnophyllus, mean spore length ranged from 7.1-
8.1 um, while mean spore width ranged from 3.7-4.3 um (n = 10
specimens). The average mean spore size for this variety was 7.6 X 4.1
um. In comparison, in basidiomata of var. cohaerens mean spore length
ranged from 7.8-9.0 um, while mean spore width ranged from 4.3-5.0 um
(n = 10 specimens). The average mean spore size was 8.3 X 4.6 um.
Although mean spore size ranges were overlapping in these varieties,
spores of var. lachnophyllus tended to be slightly shorter and broader

on the average than those of var. cohaerens.



197

Gilliam (1976) reported that cheilocystidia were typically present
in var. cohaerens while usually absent in var. lachnophyllus. She also
noted that basidiomata of var. cohaerens generally formed on leaf
mulch, while in var. lachnophyllus basidiomata formed on hardwood logs.
In material collected in southeastern North America, cheilocystidia
were present or absent in both varieties, and basidiomata were
collected commonly on both leaf mulch and rotten wood. These data
suggest that cheilocystidia frequency and habitat are unreliable

taxonomic characters.
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MARASMIUS sect. SICCI ser. ATRORUBENSES Desjardin, ser. nov.
= ser. Actinopus Singer, pro parte, Fl. Neotrop. Monogr. 17: 236. 1976.

Pileipellis hymeniformis ex elementis M. sicco similibus;
pilosetae nullae. Hymenii setae nullae. Stipes pruinosus vel
pubescens, non insititius. Caulocystidia cylindrica, clavata vel
acuminata, tenuitunicata vel crassitunicata; caulosetae nullae.

TYPE SPECIES: Agaricus atrorubens Berkeley, London J. Bot. 1:
138. 1842 [= Marasmius atrorubens (Berk.) Berkeley, Hooker's J. Bot.

Kew Gard. Misc. 8: 137. 1856].

Stipe non-insititious, pruinose, hispid or pubescent overall due
to numerous, erect, cylindric, clavate or acuminate caulocystidia,
these thin-walled or thick-walled, sometimes setoid; Siccus-type broom
cells typically absent on stipe surface. Pileipellis hymeniform,
composed of Siccus-type elements; pilosetae absent. Hymenophore
lacking setae; pleurocystidia typically absent; cheilocystidia
similar to the pileipellis elements or gloeocystidioid. Tramal hyphae

dextrinoid (sometimes weakly so), clamped.

25. MARASMIUS CILIATOMARGINATUS Desjardin in Desjardin & Petersen,
Mycotaxon 34: 76. 1989.
HOLOTYPE: United States, North Carolina, Macon Co., Highlands,
Horse Cove Rd., 10 Aug. 1987, D. E. Desjardin no. 4414 (TENN 47626!).
Basidiomata marcescent, reviving. Pileus 5-20 mm broad, conic or
campanulate when young, expanding in age to broadly campanulate or
plano-convex, often with a low umbo and upturned margin; surface dull,

dry, opaque, subvelutinous; disc rugulose, margin rugulose-striate;
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coloration reddish brown (8D6-8), brown (7E7-8) or deep orange brown
(7D8) overall when young, disc remaining so in age or fading to
brownish orange (7C7-8), margin soon becoming brownish orange and
fading in age to light brownish orange (6C5-7) or rarely when old and
wet becoming light orange (5A3-4); context thin, buff-colored.
Lamellae adnate, subdistant or nearly close (20-25 reach the stipe),
narrow (<1.5 mm), yellowish white or cream (4A2-3), seldom forked near
the margin, interlamellar spaces sometimes venose and assuming pileus
tints at maturity; edges granular-crystalline, pale-concolorous with
the pileus; lamellulae in 0-2 series. Stipe 18-45 X 0.5-1 mm, terete,
equal or seldom with a small subbulbose base, solid or hollow in age,
pruinose or pubescent overall, non-insititious, arising from a small
ring of buff or cream-colored mycelium; upper half when young colored
yellowish white (4A2) or dingy buff, lower half brown (6E5-6),
hysterochroic; in age upper few mm pallid, base brown (6-7E4-6),
reddish brown (8E5-6) or dark brown (7F5-6). Odor and taste not
distinctive.

Basidiospores (Fig. 25 A) 13.5-18 X 3.2-4.7 um [X = 15.7 £+ 1.0 X 4
+ 0.3 um, E = 3-4.6, Q = 3.9 + 0.3; n = 30 spores per 3 specimens],
clavate or fusiform-elliptical, often curved in profile, hyaline,
inamyloid, smooth, white in deposit. Basidia (Fig. 25 B) 22-30 X 6.5-
8.5 um, subcylindric or clavate, 4-spored. Basidioles (Fig. 25 B)
clavate, ventricose or fusoid. Pleurocystidia not differentiated.
Cheilocystidia of two types: 1) numerous gloeocystidioid elements
(Fig. 25 Cl1), 38-56 X 3-5 um, cylindric, flexuous or strangulate,

obtuse, thin-walled, with or without tawny to reddish orange globular
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Figure 25 A-E. Features of Marasmius ciliatomarginatus (Desjardin no.
4414, holotype). A. Basidiospores. B. Basidia and basidioles.
Cl. Gloeocystidioid cheilocystidia. C2. Siccus-type
cheilocystidia. D. Pileipellis elements. El. Caulocystidia
from stipe apex. E2. Caulocystidia from stipe base. Standard
bar = 5 uym for A; 10 um for B-E.

cytoplasmic contents typically congregated nearest the apices of the
cells, or with reddish orange globular masses adherent to the external
cellular surfaces, with inamyloid walls; 2) rare (or absent),
scattered Siccus-type elements (Fig. 25 C2) similar to pileipellis

elements, with hyaline or pale orange setulae. Pileipellis hymeniform,
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weakly mottled, of Siccus-type broom cells (Fig. 25 D), with rare,
inconspicuous, clavate, thin-walled, non-setulose cells interspersed;
main body 8-16 X 3.2-8 um, cylindric, clavate or irregular in outline,
sometimes lobed, thin- or thick-walled, hyaline or tawny; apical
setulae 1.5-8 X 0.8-2 um, irregularly conic or cylindric, subnodulose
or not, thick-walled or solid, ochraceous or reddish brown, pigmented
portions weakly dextrinoid; some elements with tawny, globular
contents; some elements thicker-walled and more deeply pigmented than
average giving the pileipellis a mottled appearance under low
magnification. Pileus trama interwoven; lamellar trama regular;
hyphae 1.5-9 pym diam, cylindric or inflated, frequently-branched,
smooth, non-gelatinous, hyaline, inamyloid or weakly dextrinoid, thin-
walled. Stipe tissue monomitic; cortical hyphae 2.5-6 um diam,
parallel, cylindric, smooth, hyaline or pale ochraceous and thin-walled
apically, ochraceous or brown and thick-walled below, dextrinoid;
medullary hyphae 2.5-11 uym diam, parallel or subparallel, hyaline or
pale yellow, inamyloid or weakly dextrinoid; highly refractive
oleiferous hyphae common. Stipe vesture of abundant caulocystidia: at
stipe apex (Fig. 25 E1) 13-32 X 3-5 um, irregularly cylindric or
strangulate-contorted, rarely lobed, obtuse, hyaline, inamyloid, thin-
walled, with or without reddish orange globular contents or adherent
exudates; at stipe base (Fig. 25 E2) up to 40 X 4-8 um, cylindric,
ventricose or acuminate, pale ochraceous, inamyloid, with walls up to
1.5 uym thick. Clamp connections common in all tissues.

Habit, habitat, and distribution. Scattered or gregarious on

senescent hardwood leaves or stems (rarely on Rubus stems or hickory
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nuts) in mixed woods containing Liriodendron, Quercus, Alnus, Cornus,
Carya and Ilex with scattered Pinus and Tsuga. August - September.
Uncommon in southeastern North America. Known from North Carolina,
Tennessee, Alabama and Florida.

Specimens Examined. Refer to Appendix A.

Commentary. Features which in combination are diagnostic for M.
ciliatomarginatus include: a) reddish brown or brownish orange,
rugulose-striate pileus; b) subdistant, narrow, cream-colored, orange-
marginate lamellae; c) pubescent, apically pallid and basally brownish,
non-insititious stipe; d) clavate spores averaging 15.6 X 4 um; e)
absence of pleurocystidia; f) flexuous cheilocystidia with reddish
orange contents or adherent exudates; and g) cylindric-contorted, non-
diverticulate caulocystidia.

The most distinctive feature of this species is the abundant
gloeocystidioid cheilocystidia and relative absence of Siccus-type
cheilocystidia, resulting in a lamellar edge morphology unique in
sect. Sicci. Consequently, M. ciliatomarginatus is not likely to be
confused with any other members of the section. There are, however,
several North American taxa that are phenetically similar in many other
respects, viz. M. sullivantii Mont. (widespread in eastern North
America), and M. corrugatus var. aurantiacus (Murr.) Sing. (known from
Florida and the neotropics). Marasmius sullivantii (ser.
Haematocephali) differs in having much smaller spores, abundant
pleurocystidia and broom cell-type caulocystidia. Marasmius corrugatus
var. aurantiacus (ser. Leonini) differs in having a glabrescent stipe

with scattered broom cell-type caulocystidia, and smaller spores.
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Refer to the description of M. sullivantii presented below and the type
study of M. aurantiacus Murr. (Chapter VIII) for further details.

Singer (1965) misapplied the binomial Marasmius actinopus Mont. to
a neotropical taxon with cystidiiform elements on the stipe surface,
and subsequently established ser. Actinopodes Singer (1976) to
accommodate species in sect. Sicci with setoid bodies or cystidiiform
elements present on pileus, lamellae and/or stipe. Because the type
specimen of M. actinopus lacks such elements (refer to the type study
presented in Chapter VIII), and is therefore not conspecific with M.
actinopus sensu Singer, another name is needed for the series
comprising species with setoid bodies or cystidiiform elements on the
stipe surface. [Species with setoid elements on the pileus and
lamellae are referred to ser. Spinulosi.] Because Singer (1958)
originally grouped M. actinopus sensu Singer with M. atrorubens (Berk.)
Berk., M. bahamensis Murr., and M. rubroflavus (Theissen) Sing., in
stirps Atrorubens, 1 have chosen the latter epithet as an acceptable
name for the series in sect. Sicci comprising taxa with cystidiiform
stipe elements.

Marasmius ciliatomarginatus is the only species in ser.
Atrorubenses occurring in the southern Appalachians. Marasmius
testaceiceps Murr., another member of the series known at present from
several specimens collected in Florida (FLAS!), is similar to M.
ciliatomarginatus but differs in forming smaller spores (x = 10.8 X 4.2

um) and lacking gloeocystidioid cheilocystidia.
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MARASMIUS sect. SICCI ser. HAEMATOCEPHALI Singer, Fl. Neotrop. Monogr.
17: 201. 1976.
TYPE SPECIES: Agaricus haematocephalus Montagne, Ann. Sci. Nat.
Bot. 2(7): 369. 1837 [= Marasmius haematocephalus (Mont.) Fries, Epicr.

Syst. Mycol. 382. 1838].

Pleurocystidia present, well-differentiated, often refractive.
Pilosetae, hymenial setae and caulosetae absent. Stipe surface
glabrous or pruinose to pubescent. Caulocystidia present or absent, if
present then of Siccus-type elements, never cylindric, clavate or

acuminate. Other features as for the section.

26. MARASMIUS FALCATIPES Desjardin in Desjardin & Petersen, Mycotaxon
34: 85. 1989.

HOLOTYPE: United States, North Carolina, Macon Co., Highlands,
Horse Cove Rd., 10 Aug. 1987, D. E. Desjardin no. 4415 (TENN 47629!).

Basidiomata marcescent, reviving. Pileus 1-7(-11) mm diam,
campanulate or convex, expanding to plano-convex or plane, rarely
umbonate, often undulate in age; disc even or rugulose; margin
rugulose-striate; surface dull, dry, opaque, subvelutinous; color
exceedingly variable, when young buff, greyish cream (4C2), grey (4E2),
pale brownish grey (5E2-3), brownish orange (5C4), dark yellowish brown
(5F4) or brown (6E4-6), the more deeply pigmented pilei fading in age
to light yellowish brown (5D-E4-5), greyish yellow (5D3), pale brownish
orange (5C3) or yellowish grey (4B3), but drying darker; context thin,
white. Lamellae adnate, close or subdistant (7-14 reach the stipe),

narrow or moderately broad (-1.5 mm), rarely forked or intervenose near
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the margin; coloration white, buff or pale yellowish white (4A2) at
first, remaining so in age or becoming pale yellowish grey (4B3) or
orange white (5A2), non-marginate; lamellulae in 1-2 series. Stipe 1-
2.5 X 0.2 mm, typically eccentric, but often central or rarely nearly
lateral, terete, equal, curved or geniculate, pruinose overall, non-
insititious, arising from a small, white mycelial pad; coloration
white or buff overall when young, remaining so in age or the base
darkening to cream (4A3), pale yellowish grey (4B3) or pale brownish
orange (5C3). Odor and taste not distinctive.

Basidiospores (Fig. 26 A) (7.5-)8-10.5(-12) X 3.5-5.2 pm [X

1]
O
Pl

+0.5X3.94%+0.2 ym, E=1.9-2.9, Q =2.4 % 0.1; TL90(90%): «x

8.5-10.3 X 3.5-4.3 uym, Q = 2.2-2.7; n = 25 spores per 7 specimens],
ellipsoid or amygdaliform, often with a slight suprahilar depression
and abaxial bulge, with a prominent hilar appendix, hyaline, inamyloid,
smooth white in deposit. Basidia (Fig. 26 B) 16-22.5 X 5-6.5(-7.5) um,
clavate, 4-spored. Basidioles (Fig. 26 B) broadly clavate or
ventricose-fusoid. Pleurocystidia (Fig. 26 C) rare or numerous, 30-45
X 4.8-8 pm, irregularly cylindric, obtuse, arising from deep in the
subhymenium and projecting up to 11 um beyond basidioles, often basally
curved, refractive, hyaline, inamyloid. Cheilocystidia (Fig. 26 D)
numerous, 11-17(-20) X 4.8-8(-9) um, setulose, similar to pileipellis
elements but typically hyaline overall, only rarely with pale
ferruginous setulae; lamellar edge entirely sterile or with scattered
basidia, basidioles and rare pleurocystidia-type elements. Pileipellis
hymeniform, not mottled or weakly mottled, composed of Siccus-type

broom cells (Fig. 26 E); main body 8.5-16 X 4.5-8.5(-9.5) um,
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Figure 26 A-F. Features of Marasmius falcatipes (Desjardin no. 4415,
holotype). A. Basidiospores. B. Basidia and basidioles.
C. Pleurocystidia. D. Cheilocystidia. E. Pileipellis
elements. F. Elements of stipe vesture (thick-walled elements
from stipe base). Standard bar = 5 pym for A; 10 pm for B-F.

cylindric, clavate or irregular in outline, often lobed; basal portion
of cells hyaline, thin-walled, inamyloid; apical setulae 1-7(-9) X
0.5-2 pm, irregularly cylindric or contorted, rarely branched, obtuse,
hyaline to pale yellow and thin-walled, or ochraceous to ferruginous
and thick-walled, pigmented areas weakly dextrinoid. Pileus trama
interwoven; lamellar trama regular; hyphae 2.5-8(-10) pum diam,

cylindric or inflated, smooth, non-gelatinous, hyaline, dextrinoid,
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thin-walled. Stipe tissue monomitic; cortical and medullary hyphae
similar, 2.5-10 ym diam, parallel, cylindric, smooth, hyaline or pale
yellow, strongly dextrinoid, with walls up to 2 um thick; stipe base
hyphae strongly sclerified. Stipe vesture (Fig. 26 F) of numerous
diverticulate or setulose inflations projecting from the outermost
layer of cortical hyphae, and with scattered elements similar to those
of the pileipellis. Clamp connections common in all tissues.

Habit, habitat, and distribution. Scattered or gregarious on
senescent leaves or stems of various hardwoods, herbaceous vines or
grasses in mixed deciduous woodlands. July - September. Uncommon in
southeastern North America. Known from Virginia, North Carolina, South
Carolina and Tennessee.

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius falcatipes exhibits substantial
morphological and substrate variability. The stipe-pileus insertion
ranges from central to nearly lateral, with the full range of variation
exhibited within or between collections. Pileus coloration varies from
buff, greyish yellow or brownish yellow to brownish orange, brown or
grey. Basidiomata have been found growing on senescent leaves or stems
of various deciduous hardwoods or herbaceous vines (e.g., Rubus,
Lonicera), as well as grass leaves. Moreover, there appears to be no
correlation between degree of stipe eccentricity, pileus coloration and
substrate preference.

Marasmius falcatipes is accepted here in sect. Sicci ser.
Haematocephali based on the presence of conspicuous, refractive

pleurocystidia. Although basidiomata of M. falcatipes show distinctive
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pleurocystidia, the species appears to be most phenetically similar to
several taxa lacking pleurocystidia (i.e., belonging to ser. Leonini),
viz., M. armeniacus Gilliam and M. pusio Berk. & Curt. The holotype
specimens of Marasmius armeniacus (MICH!) and M. pusio var. pusio (FH!)
differ from M. falcatipes in longer stipes (at least two times longer
than the width of the pileus) and having more polymorphic
caulocystidia. In comparison, the stipe of M. falcatipes is usually
shorter than the width of the pileus. Refer to the type studies of M.
armeniacus and M. pusio (Chapter VIII) for further details. Marasmius
pusio var. guatopoensis (Dennis) Sing. essentially differs only in
lacking pleurocystidia (fide Dennis, 1961).

If greater taxonomic emphasis is placed on the presence of a
short, eccentric stipe, it could be argued that M. falcatipes belongs
in sect. Neosessiles Singer (1958). This section was established to
unify all taxa combining the following characters: 1) pleurotoid habit
(i.e., stipe eccentric, lateral or absent); 2) non-collariate
lamellae; 3) dextrinoid tramal tissue; and 4) hymeniform pileipellis
of diverticulate elements. Subsequently, Singer (1965) emended the
section to include both dextrinoid ("pseudoamyloid') tramal hyphae
(subsect. Neosessilini) and inamyloid tramal hyphae (subsect.
Spaniophyllini). If taxa currently placed in sect. Neosessiles are re-
evaluated utilizing characters in common usage at sectional or
subsectional levels, it appears that sect. Neosessiles is somewhat
heterogeneous. It contains taxa with Siccus- or Rotalis-type
pileipellis elements, insititious or non-insititious stipes, dextrinoid

or inamyloid tramal tissue, and with or without pleurocystidia [see
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Singer (1976) for a thorough treatment of the neotropical species].
Examination of the holotype specimens of a number of species currently
placed in sect. Neosessiles indicated that this section includes
discordant elements. For example, M. polycystis Singer (1976),
described from a specimen collected in Bolivia, exhibits all characters
diagnostic of sect. Sicci except for the presence of a short, eccentric
stipe. Indeed, when compared with M. falcatipes, M. polycystis differs
only in pleurocystidial morphology. In the latter, pleurocystidia are
broadly ventricose and average 13.6 um in width (n = 45 cystidia;
known from a single, holotype specimen), while in M. falcatipes,
pleurocystidia are cylindrical with a mean width of 5.8 pm [W = 5.1-6.5
um, n = 20 cystidia per 10 specimens). The extensive variability in
stipe-pileus insertion exhibited by M. falcatipes indicates that stipe
eccentricity may be of limited taxonomic value. These data suggest that
M. polycystis is better placed in sect. Sicci, presumably closely
allied with M. falcatipes. Since many species in sect. Neosessiles are
known only from their type specimens, which in some cases consist of a
single basidiome, it would be premature to dismantle or redefine the
section until further material is available for comparative studies.
Nonetheless, the taxonomic disposition of species currently placed in

sect. Neosessiles warrants further evaluation.

27. MARASMIUS SPISSUS Gilliam, Mycologia 67: 834. 1975.
HOLOTYPE: United States, Michigan, Washtenaw Co., Sharon Hollow,

NW of Manchester, 2 July 1960, A. H. Smith no. 62486 (MICH!).
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Basidiomata marcescent or slightly putrescent. Pileus 10-35(-40)
mm diam, campanulate or broadly convex with an incurved margin when
young, expanding to plano-convex, plano-umbonate or plane, sometimes
with an uplifted margin in age, even overall throughout development
(i.e., non-striate); surface dull, dry or moist and subhygrophanous,
opaque, subvelutinous; coloration brown (7D7-8) or reddish brown (8E5-
6) overall when young; disc soon fading to light brown (6-7D5-8),
pinkish brown, brownish orange (6C5-7) or becoming slightly paler in
age; margin fading in age to brownish grey (6C3-4), greyish orange (5-
6B3-4), pale orange white (5-6A3), cream (4A3, cream-buff, pale
yellowish white (4A2), or pinkish buff, sometimes weakly zonate or
mottled with various combinations of these colors; context watery-
concolorous with pileus surface, up to 2.5 mm thick. Lamellae adnexed,
seceding in age, very crowded, narrow (up to 1.5 mm), thin, not
intervenose, sometimes forked near the margin and/or anastomosing
elsewhere; coloration white, buff or pale yellowish white (4A2) at
first, becoming cream (4A3) or pale orange white (5A2) in age, non-
marginate; lamellulae in 4-5 series. Stipe 20-75 X 2-4 mm, terete or
compressed, equal or with a flared apex and/or slightly enlarged base,
tough, hollow; wupper 1/2 - 3/4 glabrous or minutely pruinose (14 X
mag.), glabrescent, basal region pruinose above copious basal mycelium,
non-insititious, arising from a thick mat of downy or felty, white,
yellowish white, orange white or buff-colored mycelium; apex colored
white, buff or yellowish white (4A2), grading near the middle to
yellowish orange (4-5A4) or greyish orange (5B5), base colored brownish

orange (6C5-8), light brown (6-7D6-8) or brown (6-7E6-8), or sometimes
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dark brown (7F5-8). Odor sweet, slightly fruity or fungal, sometimes
like Collybia dryophila. Taste mild, seldom slightly astringent.

Basidiospores (Fig. 27 A) 5.6-8.0 X 2.8-3.8 ym [X = 6.6 *+ 0.2 X
3.2 +0.1 ymy, E=1.7-2.4, Q =2.0 + 0.07, n = 20-30 spores per 6
specimens], ellipsoid or amygdaliform, inequilateral in profile,
hyaline, inamyloid, smooth, white in deposit. Basidia (Fig. 27 B)
17.5-24 X 4.5-6.5 pm, clavate, 4-spored. Basidioles (Fig. 27 B)
cylindric, fusoid or clavate. Pleurocystidia (Fig. 27 C) common on
some basidiomata, uncommon or seemingly absent on others, 24-36 X 3.5-
5.5 um, narrowly cylindric, flexuous or ventricose with a long, narrow
rostrum, obtuse or subacute, arising from about the same level as the
basidioles and projecting little or up to 12 um beyond, non-refractive,
thin-walled, readily collapsing, sometimes inconspicuous, hyaline,
inamyloid. Cheilocystidia of two types: 1) Siccus-type broom cells
(Fig. 27 D1), uncommon, with main body 10-16 X 5-10 pym, cylindric,
clavate or turbinate, thin-walled or with walls up to 1 um thick,
hyaline, pale yellow or pale tawny; apical setulae 2.5-7.5 X 1-2 um,
conic, obtuse, subacute or acute, thick-walled, hyaline, yellow or
tawny; 2) versiform, non-setulose elements (Fig. 27 D2), abundant,
19.5-36 X 5-11.5 uym, clavate, strangulate-clavate or irregular in
outline, often bifid or irregularly lobed, refractive, thin-walled,
hyaline, inamyloid. Pileipellis hymeniform, weakly mottled, composed
of Siccus-type broom cells (Fig. 27 E); main body 8-32 X 5-12 um,
cylindric, clavate, turbinate or irregular in outline, sometimes lobed;
majority of cells hyaline or pale yellow and thin-walled; scattered

cells orange or pale brownish orange and thick-walled; apical setulae



Figure 27 A-F. Features of Marasmius spissus (Smith no. 62486,
holotype). A. Basidiospores. B. Basidium and basidioles.
C. Pleurocystidia. Dl. Siccus-type cheilocystidia.
D2. Refractive, non-setulose cheilocystidia. E. Pileipellis
elements. F. Dendrotrichomoid elements from stipe base.
Standard bar = 5 uym for A; 10 pum for B-F.

2-8 X 0.5-2.5 ym, cylindric or conic, obtuse, subacute or acute, thick-
walled or solid, ranging from subhyaline to yellow, orange or brownish
orange; pigmented areas weakly dextrinoid. Pileus trama interwoven;
lamellar trama regular; hyphae 3.5-12 um, cylindric or inflated,
smooth, non-gelatinous but with oily cells contents, hyaline, strongly
dextrinoid, thin-walled. Stipe tissue monomitic; cortical hyphae 2.5-
8 pym diam, parallel, cylindric, smooth, hyaline (stipe apex),

ochraceous or brownish orange (stipe base), strongly dextrinoid, with
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walls up to 1.5 um thick; medullary hyphae 3-10(-12) um diam, similar
to cortical hyphae but hyaline and thinner-walled. Stipe vesture
absent at stipe apex, composed of numerous dendrotrichomoid elements or
rare Siccus-type broom cells at stipe base; dendrotrichomoid elements
(Fig. 27 F) with poorly-developed basal regions giving rise to 4-8
divergent setulae; setulae up to 247 X 1.5-3 pum, cylindric-acuminate
or conic, sometimes branched, subacute or acute, thick-walled or solid,
hyaline or ochraceous, dextrinoid. Clamp connections common in all
tissues.

Habit, habitat, and distribution. Solitary, scattered or
gregarious, rarely subcespitose, on decaying hardwood leaves in
deciduous woods or mixed forests. June - September. Uncommon in
eastern North America from New York southward to North Carolina and
Tennessee.

Specimens Examined. Refer to Appendix A.

Commentary. Diagnostic field characters of M. spissus include:

a) non-striate, plano-umbonate, pileus colored pinkish brown on the
disc and greyish orange or pinkish buff on the margin; b) crowded,
narrow, yellowish white lamellae; c) apically glabrous, basally
pruinose stipe colored yellowish white above and brownish orange below;
and d) habit on hardwood leaves. Micromorphologically, the species is
distinct because of the following combination of characters: e) small
spores; f) inconspicuous, flexuous, non-refractive pleurocystidia; g)
two types of cheilocystidia; and h) numerous dendrotrichomoid elements

on the stipe base.
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In the field, basidiomata of M. spissus might be misdiagnosed as
Collybia dryophila (Bull.: Fr.) Kummer. The latter species differs,
however, in forming non-hymeniform pileipelli composed of interwoven,
non-setulose hyphae, inamyloid tramal tissues, and lacks
dendrotrichomoid elements on the stipe surface.

Marasmius spissus is included here in ser. Haematocephali because
of the presence of pleurocystidia. It should be noted, however, that
the pleurocystidia of M. spissus are often inconspicuous or seemingly
absent in some basidiomata, and never strongly refractive as in the
majority of species comprising this series. A comparison of M. spissus
to species of Marasmius worldwide might indicate closer affinity to
taxa in ser. Leonini. The species is keyed out in both series for
diagnostic convenience.

I encountered in herbarium material what appears to be a darkly
pigmented form of M. spissus. Several collections housed at NYS show a
deep reddish brown pileus and pale greyish brown lamellae as dried
[viz., New York, Selkirk, Aug., Peck; New York, Round Lake, Aug.,
Peck; Ohio, Morgan]. Whether these colors were present in fresh
material is unknown. The pigmentation of these herbarium specimens may
represent an artifact of drying or herbarium storage. All
micromorphological features of these specimens match those of the

holotype specimen of M. spissus.

28. MARASMIUS SULLIVANTII Montagne, Syll. Crypt. 143. 1856.

HOLOTYPE: United States, Ohio, Sullivant no. 174 (PC!).
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Basidiomata marcescent, reviving. Pileus 8-25 mm diam,

hemispheric, convex, campanulate or obtusely conic when young,
expanding to broadly convex or plano-convex, with or without a broad,
low umbo, in age margin rarely uplifted, even overall throughout
maturation (i.e., non-striate) or with margin becoming short-
striatulate or pellucid-striate in age; surface dull, dry or moist and
subhygrophanous, opaque, subvelutinous, often with scattered, buff-
colored soredioid (powdery) spots when dried; coloration deep reddish
brown (8-9E-F6-8) or reddish brown (8-9D7-8) overall when young; disc
remaining reddish brown in age, or sometimes fading slightly or
becoming brownish orange (7C-D6-8); margin becoming brownish red (8C-
D6-8), brownish orange (6-7C6-8), reddish orange (7B7-8) or orange
(6B5-7) in age; context thin, white. Lamellae adnexed, close (20-26
complete lamellae), moderately broad (up to 3 mm), not forked nor
intervenose; white when young, becoming buff, dingy buff, pale
yellowish white (4A2) or pale orange white (5A2) in age; edges
concolorous with the faces, or orange, pale brownish orange, pink, red
or pale reddish brown in age, often with scattered, pallid, soredioid
spots when dried; lamellulae in 2-3 series. Stipe 10-35(-50) X 1-2
mm, terete, equal or with a flared apex and/or slightly enlarged base,
tough, cartilaginous, hollow, dull, dry, pruinose or pubescent above
the base, non-insititious; base covered with long, strigose, white or
pale yellowish white mycelial hairs; when young, upper half colored
white or buff, base brownish orange (6-7C6-8) or brown (7E6-8); in age

upper few mm concolorous with the lamellae, base grading from brownish
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orange to brown or reddish brown (8D-E6-8). Odor not distinctive or
slightly fungal. Taste mild or subastringent.

Basidiospores (Fig. 28 A) 6.4-8.8(-9.6) X 3.2-4 um [X 7.6 + 0.3

X 3.6 +0.1 ym, E = 1.8-2.6, Q = 2.1 + 0.1; TL90(90%): x

7.1-8.1 X
3.4-3.9 ym, Q = 2.0-2.2; n = 30 spores per 8 specimens], ellipsoid or
subamygdaliform, rarely ovoid, inequilateral in profile, hyaline,
inamyloid, smooth, white or pale yellowish white in fresh deposit.
Basidia (Fig. 28 B) 17.5-28 X 5-6.5 um, clavate, 4-spored. Basidioles
(Fig. 28 B) cylindric, clavate or seldom ventricose. Pleurocystidia
(Fig. 28 C) uncommon or common, 25-50 X 4.5-8 um, fusoid or irregularly
cylindric, sometimes apically attenuated or wavy in outline, sometimes
appendiculate, arising from deep in the subhymenium or from the
lamellar trama and projecting little or well-beyond the basidioles,
refractive (sometimes only weakly so), sometimes inconspicuous, thin-
walled, hyaline, inamyloid. Cheilocystidia (Fig. 28 D) common, similar
to the Siccus-type pileipellis elements; main body 9.5-16(-24) X 4-7.5
pum, cylindric, clavate or turbinate, seldom lobed, thin-walled or firm
walled, hyaline or pale yellow; apical setulae 2.5-7 X 0.5-1.5 um,
cylindric or conic, obtuse or subacute, thick-walled, hyaline, pale
yellow or pale orange. Pileipellis hymeniform, not mottled, composed
of Siccus-type broom cells (Fig. 28 E); main body 8-16 X 4.5-8 um,
cylindric, clavate, turbinate or irregular in outline, thin-walled or
firm-walled, hyaline or pale orange; apical setulae 2.5-8 X 0.5-1.5
pm, cylindric or conic, somewhat wavy, obtuse, subacute or acute,
thick-walled or solid, subhyaline, orange or tawny, dextrinoid. Pileus

trama interwoven; lamellar trama regular; hyphae 3-10 pym diam,
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Figure 28 A-F. TFeatures of Marasmius sullivantii (Sullivant no. 174,
holotype). A. Basidiospores. B. Basidium and basidioles.
C. Pleurocystidia. D. Cheilocystidia. E. Pileipellis
elements. Fl. Siccus-type caulocystidia. F2. Non-setulose
caulocystidia. Standard bar = 5 uym for A; 10 um for B-F.

cylindric or slightly inflated, smooth, non-gelatinous, hyaline,
dextrinoid, thin-walled. Stipe tissue monomitic; cortical hyphae 4-12
um diam, parallel, cylindric, smooth, hyaline or pale yellow (stipe
apex), dark ochraceous or brown (stipe base) [olivaceous brown in 3%
KOH], dextrinoid, with walls up to 2 um thick; medullary hyphae
similar to cortical hyphae but hyaline and thinner-walled. Stipe
vesture of numerous Siccus-type broom cells plus non-setulose elements;
Siccus-type broom cells (Fig. 28 F1) similar to the pileipellis
elements, present as recurved terminal cells of cortical hyphae with

apical setulae, or as repent cells with lateral, erect setulae; non-
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setulose elements (Fig. 28 F2) 8-40 X 5-10 um, fusoid, ventricose,
clavate or irregular in outline, sometimes lobed or with knob-like
outgrowths, thick-walled, hyaline. Clamp connections common in all
tissues.

Habit, habitat, and distribution. Scattered or gregarious on
decaying leaves of various hardwoods (Quercus, Acer, Carya,
Liriodendron) in deciduous woods or mixed forests with Tsuga. June -
September. Common throughout eastern North America, from Massachusetts
to Minnesota and southward to Texas and Alabama.

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius sullivantii is one of the more commonly
collected members of sect. Sicci in the Great Smoky Mountains.
Populations often number 50 or more basidiomata, fruiting gregariously
in deep hardwood leaf mulch in deciduous woods. The species is
characterized by the following combination of features: a) convex,
non-striate, subvelutinous, reddish brown or brownish orange pileus;

b) close, moderately broad lamellae that are often slightly pigmented
on the margins; c) pruinose or pubescent stipe with long, white,
strigose basal mycelial hairs; d) small spores; and e) dimorphic
caulocystidia. One feature useful in diagnosing dried herbarium
specimens is the presence of buff-colored or pale yellowish spots on
the pileus and lamellae. At low magnification, the spots are similar
in appearance to soredia in lichens (i.e., powdery or granulose), and I
have termed them '"soredioid spots.'" This feature has not been observed

on material of any other North America species of Marasmius.
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Gilliam (1976) provided an extensive comparison of M. sullivantii
and M. glabellus Pk. The two species are superficially similar at
immature stages of development, but there should be no problem
identifying mature basidiomata. Marasmius glabellus differs in forming
basidiomata with distinctly striate or sulcate pilei colored more
toward orange or yellow, distant, broad lamellae, glabrous stipe,
larger spores, and lacks caulocystidia. Marasmius sullivantii is also
superficially similar to M. ciliatomarginatus. For a comparison of the
latter two species refer to the commentary on M. ciliatomarginatus.

A photograph of southern Appalachian material of M. sullivantii
was presented by Hesler (1957) identified as M. floridanus Murr.
Although M. floridanus does occur in the southern Appalachians,
unfortunately the specimen shown in the photograph (TENN 21390) was
misdetermined. Both M. sullivantii and M. floridanus form non-striate,
darkly pigmented pilei composed of Siccus-type broom cells, and fruit
on hardwood leaf litter. Marasmius floridanus differs, however, in
forming a glabrous stipe that lacks caulocystidia, and in forming more
conspicuous pleurocystidia and longer spores. Refer to the description

of M. floridanus provided below for further details.

29. MARASMIUS GLABELIUS Peck, Bull. buffalo Soc. Nat. Sci. 1: 58. 1873
(1874).
HOLOTYPE: United States, New York, Worchester and Croghan, C. H.
Peck (NYS!).
Basidiomata marcescent, reviving. Pileus 5-20 mm diam,

campanulate or convex when young, expanding to broadly campanulate,
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broadly convex or plano-convex, with or without a small central umbo or
papilla, sometimes depressed in age; disc even at first, becoming
rugulose; margin even at first, soon striate, sometimes crenate in
age; surface dull, dry, opaque, subvelutinous; coloration light brown
(6D5-7), brownish orange (6C5-7) or brownish yellow (5C6-8) overall
when young, disc typically remaining so in age or fading slightly,
margin fading slightly in age, often with paler striae, in age pileus
usually pale brownish orange or yellowish brown with paler radiating
striae; context thin, buff or pale yellowish white. Lamellae adnexed,
seceding in age, distant or remote (12-15 complete lamellae), broad (up
to 5 mm), not forked, not intervenose or weakly intervenose in age;
colored white or pale yellowish white, seldom pale brown-marginate;
lamellulae in 1-2 series. Stipe 15-50 X 1-1.5 mm, terete, equal or
with a flared apex, tough, hollow, shiny, glabrous overall, non-
insititious, arising from a mat of fibrillose, white or orange
mycelium; apex yellowish white (4A2) or cream (4A3), darkening
slightly in age; central portion greyish orange (5B5); base yellowish
brown (5C5-7), brown (7E5-6) or reddish brown (8E5-6), darkening in
age. Odor and taste not distinctive or slightly spermatic.

Basidiospores (Fig. 29 A) 7.2-11.2 X 4-5.6 um [X = 9.1 * 0.5 X 4.6
+ 0.1 ym, E = 1.6-2.5, Q = 2.0 £+ 0.1; TL90(90%): x = 8.1-10.1 X 4.4-
4.8 ymy, Q = 1.8-2.2; n = 20-25 spores per 8 specimens], ovate, pip-
shaped or ellipsoid, hyaline, inamyloid, smooth, white indeposit.
Basidia (Fig. 29 B) 25-34 X 5.5-8 um, clavate, 4-spored. Basidioles
(Fig. 29 B) cylindric or clavate. Pleurocystidia (Fig. 29 C) uncommon

or common, (32-)40-68 X 5-10 um, irregularly cylindric or fusoid, often
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Figure 29 A-E. Features of Marasmius glabellus (Desjardin no. 4125).
A. Basidiospores. B. Basidia and basidioles. C. Pleuro-
cystidia. D. Cheilocystidia. E. Pileipellis elements.
Standard bar = 5 uym for A; 10 um for B-E.

wavy in outline, often apically constricted and appendiculate, seldom
apically lobed, arising from deep in the subhymenium and projecting up
to 16 um beyond the basidioles, refractive or sometimes non-refractive,
thin-walled, hyaline, inamyloid. Cheilocystidia (Fig. 29 D) common,
similar to the Siccus-type pileipellis elements; main body 10-21 X 5-8
pm, cylindric, clavate, subvesiculose or irregular in outline,
sometimes lobed, typically thin-walled and hyaline, some elements
thick-walled and pale orange; apical setulae 2-6.5 X 1-2 um, cylindric
or conic, obtuse or subacute, thick-walled or solid, ranging from
hyaline to pale yellow or orange. Pileipellis hymeniform, mottled or

weakly mottled, composed of Siccus-type broom cells (Fig. 29 E); main
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body 10-16(-24) X 6.5-13 pm, cylindric, clavate, subvesiculose,
turbinate or irregular in outline, sometimes lobed; many elements
thin-walled and hyaline or pale orange; many other elements thick-
walled and ochraceous or orange; apical setulae 1.5-6.5 X 0.5-2 um,
cylindric, conic or irregular in outline, rarely branched, obtuse or
subacute, thick-walled or solid, ranging from pale ochraceous to orange
or brownish orange, dextrinoid. Pileus trama interwoven; lamellar
trama regular; hyphae 2.5-10 uym, cylindric or inflated, smooth, non-
gelatinous, thin-walled, hyaline, dextrinoid (sometimes weakly so).
Stipe tissue monomitic; cortical hyphae 2.5-8 um diam, parallel,
cylindric, smooth, hyaline to pale yellow (stipe apex) or ochraceous to
brownish orange (stipe base), strongly dextrinoid, with walls up to 1.5
pum thick; medullary hyphae 3.5-16 uym diam, cylindric or inflated,
hyaline, with walls <1 pum thick. Stipe vesture absent. Clamp
connections common in all tissues.

Habit, habitat, and distribution. Solitary, gregarious or
subcespitose on decaying hardwood leaves in deciduous woods or mixed
forests. July - September. Uncommon or rare in the southern
Appalachian Mts.; uncommonly collected throughout northeastern North
America.

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius glabellus is rare in the southern
Appalachian region, known at present from four specimens. The
following combination of features are diagnostic for the species: a)
campanulate, striate pilei colored brownish orange or brownish yellow

with paler striae; b) distant or remote, broad lamellae; c) glabrous,
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non-insititious stipe colored yellowish white above and brownish yellow
below; d) broad spores (W = 4.6 ym); e) irregularly cylindric,
refractive pleurocystidia; and f) absence of caulocystidia.

Immature basidiomata of M. glabellus are superficially similar to
brownish orange forms of M. sullivantii. The latter species differs,
however, in forming pilei that only rarely become striate at maturity,
in showing closer and narrower lamellae, pruinose or pubescent stipe
with dimorphic caulocystidia, and in forming smaller spores. In the
field, M. glabellus may be misdiagnosed as M. pulcherripes Pk. or M.
siccus (Schw.) Fr. Both of the latter species differ from M. glabellus
in forming closer, narrower lamellae and much longer spores.

Another taxon very similar to M. glabellus occurs in North
America, differing only in absence of pleurocystidia. This taxon,
provisionally named M. submarginatus (Singer, ined.) was collected on
decayed oak leaves in White Pines Forest State Park, Ogle Co., Illinois
(FH!).

The binomial M. glabellus has been misapplied to several exsiccati
numbers distributed by J. B. Ellis. Ellis' North American Fungi
Exsiccati Ser. I, Cent. 10, no. 910, determined as M. glabellus is
really M. paludigenus Desjardin in Desjardin & Petersen. Refer to
Desjardin and Petersen (1989b) for a description of M. paludigenus and
a comparison with M. glabellus. Ellis and Everhart's Fungi Columbiani
Exsiccati, Cent. 6, no. 501, determined as M. glabellus is conspecific

with M. rotula.
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30. MARASMIUS FLORIDANUS var. FLORIDANUS Murrill, Bull. Torrey Bot.
Club 67: 149. 1940.
= Marasmius spadiceus Gilliam, Mycologia 67: 840. 1975.

HOLOTYPE: United States, Florida, Alachua Co., Planera Hammock,
near Gainesville, 16 July 1938, West, Arnold & Murrill no. F17347
(FLAS!).

Basidiomata marcescent, reviving. Pileus 10-50 mm diam,
hemispheric or convex when young, expanding to broadly convex, plano-
convex or nearly plane in age, sometimes subumbonate; disc even or
weakly rugulose in age; margin even, sometimes short-striatulate in
age; surface dull, dry, opaque, subvelutinous; coloration "auburn" or
"amber brown'" overall when young, fading slightly in age to "Kaiser
brown," "hazel," fulvous or brownish orange (near 'Cinnamon-rufous");
context 1-1.5 mm thick, buff. Lamellae adnexed, close or subdistant,
moderately broad (1-3 mm), thin, not forked nor intervenose; white at
first, becoming pale yellowish white (4A2) or cream (4A3) in age, non-
marginate; lamellulae in 1-3 series. Stipe 20-50(-70) X 1.5-3 mm,
terete, equal, sometimes twisted, tough, cartilaginous, hollow, dry,
shiny, glabrous, non-insititious, arising from a pad of buff-colored,
strigose mycelium; apex colored white, yellowish white or orange
white; base colored brown or reddish brown. Odor and taste not
distinctive.

Basidiospores (Fig. 30 A) 7.2-11.2 X 2.8-4 pym [X = 9.0 + 0.5 X 3.3
+ 0.1 ym, E = 2.2-3.7, Q = 2.7 £+ 0.2; TL90(90%): x = 8.0-10.0 X 3.1-
3.5 um, Q = 2.3-3.1; n = 20-30 spores per 9 specimens], ellipsoid,

elongate-ellipsoid or subamygdaliform, inequilateral in profile,



225

Figure 30 A-E. TFeatures of Marasmius floridanus var. floridanus
(TENN 10219). A. Basidiospores. B. Basidium and basidioles.
C. Pleurocystidia. D. Cheilocystidia. E. Pileipellis
elements. Standard bar = 5 ym for A; 10 um for B-E.

hyaline, inamyloid, smooth, white in deposit. Basidia (Fig. 30 B)
21.5-28 X 5.5-6.5 um, clavate, 4-spored. Basidioles (Fig. 30 B) fusoid
or clavate. Pleurocystidia (Fig. 30 C) numerous, 32-50(-58) X 6-10(-
12) um, irregularly cylindric, fusoid, subclavate, ventricose or
lageniform, often strangulate, apically constricted or with a mucronate
projection, arising from deep in the subhymenium or from the lamellar
trama and projecting well-beyond the basidioles, refractive, thin-
walled, hyaline, rarely pale yellow, inamyloid. Cheilocystidia (Fig.
30 D) numerous, similar to the Siccus-type pileipellis elements; main

body 8-17.5 X 5-9.5 um, cylindric, clavate, turbinate or irregular in
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outline, sometimes lobed, thin-walled or firm-walled, hyaline or pale
yellow; apical setulae 3-12(-17.5) X 0.5-2.5 um, cylindric, cylindric-
acuminate or conic, obtuse, subacute or acute, thick-walled or solid,
hyaline, yellow or pale ochraceous. Pileipellis hymeniform, evenly
mottled, composed of Siccus-type broom cells (Fig. 30 E); main body 8-
18 X 5.5-10.5 pm, cylindric, clavate, turbinate, pyriform or irregular
in outline, often lobed; many elements thin-walled or firm-walled,
subhyaline, pale yellow, pale orange, or pale brownish orange; many
elements thick-walled, brownish orange or pale brown; apical setulae
2.5-12 X 1-2.5 pm, cylindric-acuminate or conic, subacute or acute,
thick-walled or solid, ranging from yellow to orange, brownish orange
or tawny, dextrinoid. Pileus trama interwoven; lamellar trama
regular; hyphae 2.5-15 um diam, cylindric, sometimes inflated up to 22
um diam, smooth, non-gelatinous, thin-walled, hyaline, dextrinoid.
Stipe tissue monomitic; cortical hyphae 2.5-8(-12.5) um diam,
parallel, cylindric, smooth, yellow, ochraceous or brownish orange,
strongly dextrinoid, with walls up to 1.5 um thick; medullary hyphae
3-12 ym diam, hyaline, dextrinoid, thin-walled. Stipe vesture absent,
or rarely with few Siccus-type broom cells at extreme apex or extreme
base. Clamp connections common in all tissues.

Habit, habitat, and distribution. Scattered or gregarious on
decaying hardwood leaves or much-decayed hardwood logs in deciduous
woods. Uncommon in eastern North America; known from Michigan, Ohio,
Illinois, Tennessee, North Carolina, Alabama and Florida.

Specimens Examined. Refer to Appendix A.
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Commentary. There has been confusion in the past over the correct
binomial to apply to the organism described above. Herbarium material
has been determined as M. floridanus, M. cladophyllus Berk., M.
glabellus Pk., M. bellipes Morg. and M. spadiceus Gilliam. Material
from eastern North America conspecific with the holotype specimen of M.
floridanus is characterized by the following combination of features:
a) convex, non-striate pileus colored brown, fulvous or brownish
orange; b) close or subdistant, moderately broad lamellae; «c)
glabrous, non-insititious stipe colored yellowish white above and
reddish brown below; d) mean spore size of 9.0 X 3.3 um; e) fusoid-
strangulate, refractive pleurocystidia; and f) absence of
caulocystidia.

Marasmius cladophyllus differs from M. floridanus in forming
basidiomata with strongly intervenose or meruloid hymenophore,
pubescent stipe and absence of pleurocystidia. Marasmius glabellus
differs in forming distinctly striate pilei, distant or remote
lamellae, and broader spores (W = 4-5.6 um, W =4.6 um). Marasmius
bellipes differs in forming much smaller basidiomata (pilei 4-15 mm
diam; stipe <1 mm diam) with distinctly striate pilei, distant
lamellae, shorter setulae on pileipellis elements, and lacks
pleurocystidia.

The protologue of Marasmius spadiceus differs subtly from that of
M. floridanus in pileus and stipe coloration and substrate. Marasmius
spadiceus was described as forming basidiomata with moderate brown or
brownish orange pilei, stipes colored pale orange-yellow at the apex

and deep brown at the base, and habit on decayed leaves in oak woods
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(Gilliam, 1975a). In comparison, M. floridanus was described as
forming fulvous pilei, stipes colored white at the apex and fulvous at
the base, and habit on decayed hardwood logs (Murrill, 1940).
Micromorphologically, the holotype specimens of these two taxa are
indistinguishable. After studying numerous specimens ranging in
distribution from Florida to Michigan, I conclude that pileus and stipe
pigmentation, and substrate are variable in this taxon. Material
collected by L. R. Hesler from Tennessee (deposited at TENN) showed the
full range of pileus and stipe pigmentation outlined above.
Furthermore, material collected by W. C. Coker from Chapel Hill, North
Carolina (deposited at NCU) fruited on both hardwood leaves and woody
debris. Based on these observations, I consider M. spadiceus a synonym
of M. floridanus.

Singer (1976) considered M. floridanus a synonym of M. spegazzinii
Sacc. & Sydow [nom. nov. for M. balansae Spegazzini (1891) non
Patouillard (1890)], a species described from Paraguay. The holotype
specimen of M. balansae could not be located (i.e., no longer housed at
LPS; H. Spinedi, Curator, pers. comm.) and I cannot, therefore,
comment on the conspecificity of M. balansae (= M. spegazzinii) and M.
floridanus. Several specimens collected from Mexico (F!) and
determined by Singer as M. spegazzinii are not conspecific with M.
floridanus. Until additional material matching the protologue of M.
balansae is collected from Paraguay and compared with the holotype
specimen of M. floridanus, the North American taxon is best regarded as

M. floridanus.
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Singer (1958a) described a taxon very similar to M. floridanus
based on material collected from Richmond, Virginia, and cited the
binomial as "M. virginianus Singer spec. nov. ad. int." (without Latin
diagnosis). I accept the latter epithet to represent a distinct

variety of M. floridanus and present a formal proposal below.

31. MARASMIUS FLORIDANUS var. VIRGINIANUS Singer ex Desjardin, var.
nov.
= Marasmius virginianus Singer, nom. inval., Sydowia 12: 112. 1958.

A varietate typica lamellis intervenosus, sporis brevis, 6.4-8.4 X
2.8-3.4 um differt.

HOLOTYPE: Virginia, Richmond, 10 Sept. 1934, D. H. Linder (FH!).

Fresh material not seen. The description of macromorphological
features is taken verbatim from Singer (1958a).

"Pileus tawny, the umbo slightly darker, in dried condition "rust
sorolla" (M & P) at margin and on disc, with a lighter colored zone
between them (pl. 12 G 11, M & P), with short furrowed but not sulcate
or striate margin, slightly crenate or entire, glabrous, campanulate,
becoming more applanate, 38 mm broad. Lamellae white, between narrowly
adnexed and free, narrow, somewhat intervenose, distinctly intervenose
in marginal half of pileus, close. Stipe concolorous with the pileus
in the upper portion, '"Mars brown" (R.) toward the base, equal,
glabrous, more or less shining, 63 X 2 mm; basal strigosity present,
mycelium whitish, at stipe coarse and somewhat fulvescent. Context

very thin, white."
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Basidiospores (Fig. 31 A) 6.4-8.4 X 2.8-3.4 um [x = 7.4 + 0.5 X

3.1 + 0.2 ym, E = 2.1-2.7, Q = 2.4, n = 30 spores per 1 specimen],
ellipsoid or subamygdaliform, hyaline, inamyloid, smooth. Basidia
(Fig. 31 B) 16-21 X 5-6.5 um, clavate, 4-spored. Basidioles (Fig. 31
B) cylindric or subclavate. Pleurocystidia (Fig. 31 C) numerous, 32-44
X 6-10 pm, irregularly cylindric, fusoid, subclavate or ventricose,
typically wavy in outline or strangulate, sometimes apically
constricted and appendiculate, arising from deep in the subhymenium and
projecting little or up to 8 um beyond the basidioles, refractive,
thin-walled, hyaline, inamyloid. Cheilocystidia (Fig. 31 D) scattered,
common, similar to the Siccus-type pileipellis elements; main body 12-
17.5 X 4-6.5 ym, cylindric or clavate, sometimes lobed, thin-walled or
firm-walled, hyaline; apical setulae 2.5-10 X 0.5-2.5 um, cylindric-
acuminate or conic, subacute or acute, thick-walled or solid, hyaline
or pale yellow. Pileipellis hymeniform, weakly mottled, composed of
Siccus-type broom cells (Fig. 31 E); main body 9.5-16 X 5-8(-10) um,
cylindric, clavate, subvesiculose, turbinate or irregular in outline,
often lobed; many elements thin-walled or firm-walled and hyaline or
pale orange; many elements thick-walled and orange or brownish orange;
apical setulae 3-12 X 0.5-2.5 um, cylindric-acuminate or conic,
subacute or acute, typically solid, ranging from yellow to orange or
brownish orange, dextrinoid. Pileus trama interwoven; lamellar trama
regular; hyphae 3-12 um diam, cylindric or sometimes inflated up to 16
pum diam, smooth, non-gelatinous, thin-walled, hyaline, dextrinoid.
Stipe tissue monomitic; cortical hyphae 4-8 um diam, parallel,

cylindric, smooth, yellow (stipe apex) or brownish orange (stipe base),
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Figure 31 A-E. TFeatures of Marasmius floridanus var. virginianus
(Linder, 1934, holotype). A. Basidiospores. B. Basidium and
basidioles. C. Pleurocystidia. D. Cheilocystidia. E. Pilei-
pellis elements. Standard bar = 5 ym for A; 10 um for B-E.

dextrinoid, with walls up to 1.5 um thick; medullary hyphae 3-18 um
diam, cylindric or inflated, hyaline, dextrinoid, with walls <1 um
thick. Stipe vesture absent. Clamp connections common in all tissues.

Habit, habitat, and distribution. '"On leaf mold and petioles of
frondose trees" (Singer, 1958a). Known from a single specimen.

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius floridanus var. virginianus differs from
the type variety only in lamellar features and spore size. In var.
virginianus, basidiomata show distinctly intervenose lamellae, at least
in the marginal half of the hymenophore, and mean spore size 7.4 X 3.1
pum. In comparison, basidiomata of var. floridanus show non-intervenose

lamellae and mean spore size 9.0 X 3.3 um.
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Although var. virginianus is known from only a single specimen
collected outside of the southern Appalachian region, it might occur in
deciduous woodlands in the eastern foothills of the Appalachian chain.
The variety is described here to clarify its taxonomic disposition and

validate the epithet.

32. MARASMIUS PSEUDOBAMBUSINUS Desjardin, sp. nov.

Pileus 1.5-4.5 mm latus, convexus, aequus (non striatus),
ferrugineus vel cinnabarinus. Lamellae adnexae, remotae, angustae,
pallidae, ferrugineus-marginatae. Stipes 5-20 X 0.1-0.2 mm,
filiformus, glaber, non insititius, apice bubalinus, base brunneus.
Basidiosporae 13.6-19.2 X 3.6-5.2 um, clavatae, laeves, hyalinae,
inamyloideae. Pleurocystidia abunda, refractiva, cylindrica, clavata,
ventricosa vel strangulata, saepe constricta. Cheilocystidia elementis
pileipellis similia. Pileipellis hymeniformis ex elementis M. sicco
similibus; diverticuli ferruginei, saepe verrucosae. Trama ex hyphis
dextrinoideis, fibulatis. Caulocystidia nulla.

HOLOTYPE: United States, Tennessee, Knox Co., Knoxville,

12 July 1987, D. E. Desjardin no. 4353 (TENN!).

Basidiomata marcescent, reviving. Pileus 1.5-4.5(-6) mm diam,
convex or broadly convex, even overall when young, expanding in age to
plano-convex, usually remaining even overall or with the margin
becoming short-striate or short-sulcate, rarely crenate; surface dull,
dry, opaque, subvelutinous; coloration reddish brown (8D7-7), brownish
red (8C6-8), brownish orange (6-7C6-8) or reddish orange (7B7-8)

overall when young, remaining brownish orange or reddish orange overall
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in age, or with margin fading to orange (6B5-8) or greyish orange (6B3-
4), typically with orange or reddish orange tones at maturity. Context
thin, white. Lamellae adnate or adnexed, very rarely with a thin,
adherent (never free), collar of tissue at stipe apex (not a true
collarium), distant or remote (6-10 complete lamellae), narrow (<1 mm
broad), thin, seldom forked near pileus margin, rarely weakly
intervenose; colored white when young, becoming buff or pale yellowish
white (4A2) in age, non-marginate or more often orange-marginate;
lamellulae usually absent, or rarely with a few interspersed. Stipe 5-
20 X 0.1-0.2 mm, terete, equal, filiform, wiry, shiny, glabrous, non-
insititious, arising from a small ring of white or pale orange buff,
strigose mycelium; apex colored white when young with base brownish
orange (6C5-6); in age, upper few mm concolorous with lamellar faces,
base brown (6-7E5-8) or dark brown (6F5-8). Odor and taste not
distinctive.

Basidiospores (Fig. 32 A) 13.6-19.2 X 3.6-5.2 um [X = 16.4 + 0.6 X
4.3 + 0.1, E=3.1-4.8, Q =3.8 0.1, n=10-30 spores per 6
specimens], clavate, often curved in profile, hyaline, inamyloid,
smooth, white in deposit. Basidia (Fig. 32 B) 17.5-23 X 6.5-8.5 um,
clavate, 4-spored. Basidioles (Fig. 32 B) broadly cylindric, clavate
or ventricose. Pleurocystidia (Fig. 32 C) numerous, 25.5-50 X 5.5-12
pm, cylindric, fusoid, ventricose or irregular in outline, typically
strangulate or apically constricted 1-3 times, often appendiculate,
arising from the subhymenium and projecting little or well beyond the
basidioles, refractive, thin-walled, hyaline, inamyloid.

Cheilocystidia (Fig. 32 D) numerous, similar to Siccus-type
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Figure 32 A-E. Features of Marasmius pseudobambusinus (Desjardin no.
4353, holotype). A. Basidiospores. B. Basidium and basidioles.
C. Pleurocystidia. D. Cheilocystidia. E. Pileipellis
elements. Standard bar = 5 um for A; 10 um for B-E.

pileipellis elements; main body 8-17.5 X 4.5-11.5 um, cylindric,
clavate, subvesiculose or turbinate, thin-walled, hyaline; apical
setulae 1.5-5 X 0.5-1 pym, irregularly cylindric, wavy in outline,
sometimes verrucose, obtuse, subacute or acute, thin-walled or thick-
walled, ranging from hyaline to orange. Pileipellis hymeniform, weakly
mottled, composed of Siccus-type elements (Fig. 32 E); main body 8-20
X 5-14.5 pym, cylindric, broadly clavate, subvesiculose, turbinate or
irregular in outline, sometimes lobed; majority of elements thin-

walled, hyaline or pale orange; few elements thick-walled, deeper
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pigmented, and often with fewer, shorter, and broader apical setulae;
apical setulae 1.5-6.5 X 0.5-1.5 pym, crowded, very fine, irregularly
cylindric or conic, often wavy in outline, often verrucose, obtuse,
subacute or acute, thick-walled or solid, ochraceous, orange, tawny or
brownish orange. Pileus trama interwoven; lamellar trama regular;
hyphae 3-6.5(-8) um diam, cylindric or seldom slightly inflated,
smooth, non-gelatinous, thin-walled, hyaline, dextrinoid. Stipe tissue
monomitic; cortical hyphae 3-6 ym diam, parallel, cylindric, smooth,
hyaline (stipe apex) or brown (stipe base), dextrinoid, with walls up
to 1 um thick; medullary hyphae 4-12 um diam, parallel, hyaline,
dextrinoid, thin-walled. Stipe vesture absent. Clamp connections
common in all tissues.

Habit, habitat, and distribution. Densely gregarious on secescent
leaves of various grasses in open lawns. May - August. Uncommon;
known from Pennsylvania, Illinois, Tennessee and Louisiana.

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius pseudobambusinus is characterized by the
following combination of features: a) small, convex pileus colored
reddish orange or orange, usually remaining non-striate throughout
maturation; b) remote, narrow, orange-marginate, non-collariate
lamellae; c) filiform, glabrous, non-insititious stipe; d) habit on
grasses; e) long, clavate spores; f) conspicuous, refractive, broad,
strangulate or apically-constricted pleurocystidia; g) pileipellis
elements with crowded, very fine, often verrucose apical setulae; and
h) absence of caulocystidia. This species has been misdiagnosed as M.

graminum (Lib.) Berk. & Br., but the latter differs in showing
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basidiomata with umbilicate, striate pilei, collariate lamellae,
insititious stipe, smaller spores (X = 8.8 X 4.6 ym), and absence of
pleurocystidia.

The epithet pseudobambusinus reflects the affinity of this
organism to M. bambusinus (Fr.) Fr., a phenetically similar species
described from material collected on bamboo in Brazil. Because type
material of M. bambusinus could not be located, I am accepting Singer's
(1976) concept of the species (representative material has been
selected and described in Chapter VIII). Marasmius bambusinus and M.
pseudobambusinus are macromorphologically nearly indistinguishable.
Marasmius bambusinus differs, however, in pileipellis and
pleurocystidial morphologies. Siccus-type broom cells comprising
pileipelli of basidiomata of M. bambusinus show stout apical setulae
that are typically conic, even in outline, non-verrucose and 1.5-2.5 um
diam. In addition, pleurocystidia are irregularly cylindric, broadly
obtuse, and neither appendiculate nor constricted. In comparison,
setulae of pileipellis elements in M. pseudobambusinus are very fine
(0.5-1.5 pm diam), crowded, typically wavy in outline and verrucose,
while pleurocystidia are usually strangulate or apically constricted
and often appendiculate.

Marasmius pseudobambusinus is also similar to M. bambusiniformis
Singer, described from Ecuador, and M. puniceus Thiers, described from
Texas. Marasmius bambusiniformis differs in forming distinctly sulcate
pilei, slightly longer spores (L = 18.6 um), and in lacking
pleurocystidia. Marasmius puniceus differs in forming basidiomata with

bright red ["eugenia red;" Thiers (1958)], sulcate pilei, pinkish and
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non-marginate lamellae, clavate, non-appendiculate and non-constricted

pleurocystidia, and habit on cow dung.

33. MARASMIUS HAEMATOCEPHALUS var. HAEMATOCEPHALUS (Mont.) Fries,
Epicr. Syst. Mycol. 382. 1838.
= Agaricus haematocephalus Montagne, Ann. Sci. Nat. Bot. 2(7): 369.
1837.

TYPE SPECIMEN: None located.

Basidiomata marcescent, reviving. Pileus 3-12 mm diam,
campanulate or obtusely conic when young, expanding to broadly
campanulate or nearly plane with a small umbo; disc smooth at first,
remaining so in age or becoming minutely rugulose; margin at first
even and decurved, soon becoming striate, finally sulcate and often
uplifted, crenulate; surface dull, dry, opaque, subvelutinous;
coloration when young dark purplish red (12F7-8), "Hydrangea red,"
"deep Corinthian red," dark violet brown (10-11F6-8) or violet brown
(11E7-8) overall or only on the disc, with the margin colored greyish
purplish red (11C5-6) or brownish red (10D-E7-8); in age disc
remaining dark purplish red, deep red or violet brown, or fading
slightly; margin in age fading to greyish purplish red (11C-D5-6) or
greyish red (9-10C5-6); context thin, buff or concolorous with the
pileipellis. Lamellae adnexed or free, non-collariate, remote (10-15
complete lamellae), broad (up to 2.5 mm in the largest basidiomata),
not forked, typically non-intervenose, rarely weakly intervenose near
the margin in age; lamellar faces white or pale pink; interlamellar

spaces pale-concolorous with the pileus (i.e., pink or pale purplish
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red); lamellar edges pinkish red, deep reddish or violet red,
sometimes non-marginate; lamellulae usually absent, rarely with a few
short lamellulae present. Stipe 15-35 X 0.2-0.5 mm, terete, equal,
filiform, wiry, dull or shiny, hollow, glabrous, subinsititious or non-
insititious, arising from a small ring of white, strigose mycelium;
colored greyish red or greyish purplish red (11-12C-D5-6) overall when
young; apex in age remaining greyish red or purplish red, or becoming
violet brown (11E6-8), base becoming dark brown (7F4-8) or dark reddish
brown (8F4-8). Odor and taste not distinctive or mildly fungal.

Basidiospores (Fig. 33 A) 16-22 X (3.6-)4-5.6 um [X = 18.6 * 0.7 X
4.5+ 0.2 ym, E = 3.3-5.1, Q = 4.2 + 0.3, n = 15-20 spores per 6
specimens], clavate or subfusiform, often curved in profile, hyaline,
inamyloid, smooth, white in deposit. Basidia (Fig. 33 B) 22.5-30 X
5.5-8 um, clavate, 4-spored. Basidioles (Fig. 33 B) clavate or
ventricose. Pleurocystidia (Fig. 33 C) numerous on some basidiomata,
uncommon on others, 34-56(-67) X 5.5-10(-12) um [W = 8-9 um],
cylindric, subclavate or fusoid, often apically constricted in oldest
basidiomata (usually non-constricted in young basidiomata), broadly
obtuse, arising from deep in the subhymenium and projecting well beyond
the basidioles, refractive, thin-walled, hyaline, inamyloid.
Cheilocystidia (Fig. 33 D) numerous, similar to Siccus-type pileipellis
elements; main body 9-20 X 4-8 um, cylindric, clavate, turbinate or
irregular in outline, sometimes lobed, thin-walled, hyaline; apical
setulae 1-6 X 0.5-1.2 um, cylindric, subconic or more commonly
irregular in outline, often wavy, obtuse or subacute, thick-walled or

solid, hyaline, yellowish orange or pale red in H20. Pileipellis
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Figure 33 A-E. Features of Marasmius haematocephalus var.
haematocephalus (Desjardin no. 4321). A. Basidiospores.
B. Basidium and basidioles. C. Pleurocystidia. D. Cheilo-
cystidia. E. Pileipellis elements. Standard bar = 5 um for Aj;
10 ym for B-E.

hymeniform, not mottled or weakly mottled, composed of Siccus-type
broom cells (Fig. 33 E); main body 8-18.5(-22) X (4-)5-10 um,
cylindric, clavate, turbinate or irregular in outline, often lobed,
typically thin-walled and hyaline, few apically thick-walled and pale
red; apical setulae 1.5-5.5(-8.5) X 0.5-1.5 pum, cylindric, conic or
irregular in outline, often wavy, seldom branched, obtuse or subacute,
thick-walled or solid, ranging from red to maroon or reddish brown in
H,0, with pigment soluble in 3% KOH and elements becoming pale grey or
olivaceous grey. Pileus trama interwoven; lamellar trama regular;

hyphae 2.5-6.5(-9) um diam, cylindric or rarely slightly inflated,
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smooth, non-gelatinous, hyaline, dextrinoid, thin-walled or firm-
walled. Stipe tissue monomitic; cortical hyphae 2.5-6 uym diam,
parallel, cylindric, smooth, ochraceous or brown, dextrinoid, with
walls up to 1.5 um thick; medullary hyphae 2.5-8 uym diam, similar but
hyaline and thinner-walled. Stipe vesture absent. Clamp connections
common in all tissues.

Habit, habitat, and distribution. Scattered or gregarious on
small twigs or other woody debris of hardwoods (Quercus). Uncommon
in southeastern United States; more common in the American neotropics
southward to Argentina.

Specimens Examined. Refer to Appendix A.

Commentary. Agaricus haematocephalus was originally described by
Montagne (ibid.) from a specimen collected by A. de Saint Hilaire from
Rio de Janeiro, Brazil. The species has been collected commonly
throughout South America, Central America and the Caribbean region.
Singer (1976) was the first to report the species (supported with
voucher material) from continental United States, citing several
specimens from Florida. My field work indicates that M.
haematocephalus occurs as far north as Tennessee. The species is
easily recognized by the following combination of characters: a)
small, campanulate, sulcate pilei colored deep purplish red or deep
reddish; b) remote, non-collariate lamellae with pinkish faces and
reddish edges; c) glabrous, wiry, non-insititious stipe; d) habit on
woody debris of hardwoods; e) long, clavate spores; f) conspicuous,

refractive pleurocystidia; and g) absence of caulocystidia.
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Many herbarium specimens of North American material have been
incorrectly diagnosed as M. haematocephalus, including specimens better
regarded as M. siccus (Schw.) Fr., M. fulvoferrugineus Gilliam, and M.
ferrugineus Berk. & Curtis. Marasmius haematocephalus differs from all
of these species in pileus pigmentation, i.e., showing purplish red
tones. In addition, M. siccus and M. fulvoferrugineus differ in
forming larger basidiomata with closer and narrower lamellae and habit
on decayed leaves.

Singer (1976) included the following binomials as synonyms of M.
haematocephalus: M. rhodocephalus Fries; M. semipellucidus Berk. &
Br.; M. sanguineus Cooke & Massee; M. atropurpureus Murr.; and M.
vinosus Beeli. I have not examined the type specimens of any of these
taxa and cannot, therefore, comment on their conspecificity with M.
haematocephalus.

Several specimens of what appeared to be a color-variant form of
M. haematocephalus were discovered in an area where the typical
purplish red form of M. haematocephalus had been collected frequently.
These specimens showed pilei colored brownish orange on the disc and
pale orange white or buff on the margin, lacking any purplish red
tones. In most other macro- and micromorphological features, these
specimens were indistinguishable from M. haematocephalus. In addition,
culture mat morphologies of the two taxa were nearly indistinguishable
(refer to Chapter VI for descriptions of cultural morphology). The

pallid taxon is described below as a new variety.
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34. MARASMIUS HAEMATOCEPHALUS var. ANOMALOIDES Desjardin, var. nov.

A varietate pileo disco cinnamomeus, margin griseolo-aurantius vel
bubalinus, pleurocystidiis apice attenuo-strangulatis, sporis 14.4-19.2
X 3.4-4.6 uym differt.

HOLOTYPE: United States, Tennessee, Knox Co., Knoxville, 6 July
1987, D. E. Desjardin no. 4322 (TENN!).

Basidiomata marcescent, reviving. Pileus 3-8 mm diam, campanulate
or obtusely conic when young, expanding in age to broadly campanulate
or plano-umbonate; disc at first even, becoming rugulose in age;
margin at first striatulate, soon becoming sulcate, often scalloped in
age; surface dull, dry, opaque, subvelutinous; coloration brownish
orange (5C4-5) overall at first; disc remaining brownish orange in age
or fading to brownish grey (6C3) or greyish orange (5B5); margin fading
in age to greyish orange (5B4-5), orange-white (5A2-3), orange-buff or
buff; context thin, buff or pale-concolorous with the pileipellis.
Lamellae adnexed or free, remote (7-10 complete lamellae), broad (up to
2 mm), not forked nor intervenose; white, buff or pale orange-buff
(<5A2), non-marginate; lamellulae usually absent, rarely a few
lamellulae present. Stipe 15-35 X 0.2-0.5 mm, terete, equal, filiform,
wiry, dull or shiny, hollow, glabrous, non-insititious, arising from a
thin pad or white or buff-colored, downy mycelium; apex white or buff
at first, darkening slightly in age; base brown (6-7E4-6) or dark
brown (7F4-7). Odor and taste not distinctive or mildly fungal.

Basidiospores (Fig. 34 A) 14.4-19.2 X 3.4-4.6 pm [X = 16.8 + 0.7 X
3.9+ 0.1 ym, E = 3.8-4.8, Q = 4.3 + 0.1, n = 20 spores per 3

specimens], clavate or subfusiform, typically curved in profile,
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Figure 34 A-E. Features of Marasmius haematocephalus var. anomaloides
(Desjardin no. 4322, holotype). A. Basidiospores. B. Basidium
and basidioles. C. Pleurocystidia. D. Cheilocystidia.

E. Pileipellis elements. Standard bar = 5 ym for A; 10 um
for B-E.

hyaline, inamyloid, smooth, white in deposit. Basidia (Fig. 34 B)
21.5-33.5 X 7-9.5 um, clavate, 4-spored. Basidioles (Fig. 34 B)
cylindric or broadly clavate. Pleurocystidia (Fig. 34 C) numerous, 36-
54 X 7-10 ym, fusoid or clavate, usually attenuated and strangulate at
the apex, often with 2-4 successive apical constrictions, rarely
apically lobed, sometimes not constricted, arising from deep in the
subhymenium and projecting little or well-beyond the basidioles,
refractive, thin-walled, hyaline, inamyloid. Cheilocystidia (Fig. 34
D) numerous, similar to Siccus-type pileipellis elements; main body 8-

22 X 5-10(-12) pm, cylindric, clavate or irregular in outline, often



244
lobed, thin-walled, hyaline; apical setulae 0.5-5 X 0.5-1.2 um,
crowded, irregularly cylindric, wavy in outline, sometimes branched,
obtuse or subacute, thin-walled or firm-walled, hyaline or pale yellow.
Pileipellis hymeniform, weakly mottled, composed of Siccus-type broom
cells (Fig. 34 E); main body 8-20 X 5-9 pm, cylindric, clavate,
turbinate or irregular in outline, sometimes lobed; majority of
elements thin-walled, hyaline; few elements firm-walled or thick-
walled, stramineous; apical setulae 1.5-6 X 0.5-1.5 um, crowded,
irregularly cylindric or subconic, usually wavy in outline, obtuse or
subacute, thin-walled or thick-walled, sometimes solid, ranging from
hyaline to pale yellow, stramineous or pale brownish orange. Pileus
trama interwoven; lamellar trama regular; hyphae 3-9(-12) pm diam,
cylindric or inflated, smooth, non-gelatinous, thin-walled, hyaline,
dextrinoid. Stipe tissue monomitic; cortical hyphae 3-6.5 um diam,
parallel, cylindric, smooth, hyaline (stipe apex) or brownish (stipe
base), strongly dextrinoid, with walls up to 1 um thick; medullary
hyphae 3-8(-10) um diam, similar but hyaline and thinner-walled. Stipe
vesture absent. Clamp connections common in all tissues.

Habit, habitat, and distribution. Scattered, gregarious or
densely gregarious on small twigs or other woody debris of hardwoods
(Quercus), or rarely on grass leaves. Rare. Known from Tennessee.

Specimens Examined. Refer to Appendix A.

Commentary. Variety anomaloides is known from three specimens,
one of which comprises nearly 100 basidiomata collected in an area of
approximately 10 sq. meters. On several occasions, var.

haematocephalus was collected at the same site on the same day, but no
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intermediate color-forms were observed. Variety anomaloides differs
from most other varieties of M. haematocephalus in pileus pigmentation,
viz., lacking purple or deep reddish tones. In addition, var.
anomaloides differs from the type variety in forming pleurocystidia
typically apically attenuated and strangulate, and in forming slightly
smaller spores. Cultural morphology of varieties haematocephalus and
anomaloides are similar, but differ in several subtle characters.

Refer to the descriptions and commentaries on these varieties in
Chapter VI for further details.

Variety anomaloides comes closest to var. leucophyllus Sing.,
another variety of M. haematocephalus lacking purple or reddish
tones. Variety leucophyllus differs, however, in forming darker pilei
that lack cinnamon or orange tones. The latter variety was described
as showing pilei with dull brownish disc region and "hazel'" marginal
zone, lacking orange tones and not fading to buff in age (fide Singer,
1976). In comparison, mature pilei of var. anomaloides show a greyish
orange disc and orange white or buff-colored margin.

The varietal epithet was chosen to signify macroscopic similarity
to M. anomalus Lasch in Rabenhorst. Marasmius anomalus differs,
however, in forming basidiomata with closer lamallae, thicker stipes
(0.5-1 mm), habit almost exclusively on grass leaves or roots, and in
forming pileipelli with numerous thick-walled, nearly smooth elements
interspersed among Siccus-type broom cells. Refer to the type study of
M. anomalus for a description and discussion of the various taxonomic

concepts of the latter binomial.
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Marasmius haematocephalus var. anomaloides may be confused in the
field with M. subrotula Murr. and M. similis Berk & Curt. Marasmius
subrotula differs in lacking conspicuous, refractive pleurocystidia,
and in developing basidiomata on dung-covered twigs of dicotyledonous
trees or directly on dung (fide Singer, 1976). Marasmius similis
differs in lacking pleurocystidia and in forming shorter spores (L =
12.3 um). Refer to the type study of M. similis (Chapter VIII) for

comparison.

35. MARASMIUS SIccUS (Schw.) Fries, Epicr. Syst. Mycol. 382. 1838.
= Agaricus siccus Schweinitz, Schr. Naturf. Ges. Leipzig 1: 84. 1822.
= Marasmius campanulatus Peck, Annual Rep. New York State Mus. 23: 126.
1873.
= Marasmius fulviceps Clements, Bot. Surv. Nebraska 4: 20. 1896 [non
Marasmius fulviceps Berkeley, London J. Bot. 6: 490. 1847.].
£ Marasmius clementsianus Saccardo & Sydow, nom. nov., Syll. Fung.
14: 101. 1899.

HOLOTYPE: United States, North Carolina (Salem) or Pennsylvania
(Bethlehem), "Salem - Beth.," Schweinitz, no date (PH!).

Basidiomata marcescent, reviving. Pileus 5-25 mm diam, convex,
campanulate or obtusely conic when young, expanding to broadly convex,
broadly campanulate, plano-convex or plano-umbonate in age, sometimes
papillate, rarely with a shallow central depression; disc even at
first, becoming rugulose at maturity; margin decurved, striate at
first, becoming sulcate or plicate, crenate in age; surface dull, dry,

opaque, subvelutinous; coloration deep brownish orange (7C6-8), light
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brown (7D6-8) or reddish orange (7B7-8) overall when young; disc
remaining deep brownish orange in age or becoming reddish brown (8D6-8)
or fading slightly to brownish orange (6C5-8); margin becoming
brownish orange (6C6-8), orange (6B6-8), yellowish orange (5B7-8) or
finally light orange (5A5-6) in age; context thin, buff or pale orange
white (5A2). Lamellae adnexed or free, often not reaching the stipe
and with an narrow region of contextual tissue surrounding the point of
stipe attachment, distant or sometimes remote, narrow (1-2 mm), thin,
not forked nor intervenose; colored white at first, becoming buff or
pale yellowish white (4A2) in age; edges concolorous with the faces or
orange-marginate; non-lamellate region surrounding stipe apex often
concolorous with the pileus; lamellulae absent or in 1-2 series.

Stipe (17-)25-60(-85) X 0.5-1.25 mm, terete, equal or sometimes with a
slightly swollen base, tough, cartilaginous, hollow, dull or shiny,
glabrous, non-insititious, arising from a floccose pad of white or
buff-colored mycelium; apex buff or pale yellowish white (4A2); base
light brown (6D5-6), brown (6-7E5-7) or dark brown (6-7F4-8). Odor and
taste not distinctive.

Basidiospores (Fig. 35 A) 15.2-20.8 X 3.2-4.6 ym [X = 18.0 + 0.8 X
3.9+ 0.1 um, E = 3.7-5.9, Q = 4.7 + 0.2; TL90(90%): 16.5-19.5 X 3.7-
4.1 ym, Q = 4.3-5.1; n = 10-25 spores per 11 specimens], narrowly
clavate, clavate or subfusiform, often curved in profile, hyaline,
inamyloid, smooth, white in deposit. Basidia (Fig. 35 B) 20-42 X 6-7.5
um, clavate or subclavate, 4-spored. Basidioles (Fig. 35 B) cylindric,
subclavate or fusoid. Pleurocystidia (Fig. 35 C) numerous, 32-60 X 5-

9 um [W = 6-7 pm], cylindric, subclavate or fusoid, broadly obtuse or
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Figure 35 A-E. Features of Marasmius siccus (Schweinitz, holotype).
A. Basidiospores. B. Basidium and basidioles. C. Pleuro-
cystidia. D. Cheilocystidia. E. Pileipellis elements.
Standard bar = 5 ym for A; 10 um for B-E.

more often once-constricted at the apex with a knob-like outgrowth,
sometimes capitate, appendiculate or mucronate, arising from deep in
the subhymenium or lamellar trama and projecting well beyond the
basidioles, often basally curved, refractive, thin-walled, hyaline or
pale yellow, inamyloid. Cheilocystidia (Fig. 35 D) numerous, similar
to pileipellis elements; main body 10-20 X 4-8 um, cylindric, clavate,
turbinate or irregular in outline, sometimes lobed, thin-walled,
hyaline; apical setulae 1.5-8 X 0.5-1.5 pm, irregularly cylindric or
conic, sometimes branched, obtuse, subacute or acute; thin-walled to

firm-walled and hyaline, or thick-walled and yellow. Pileipellis
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hymeniform, not mottled or mottled, composed of broom cells (Fig. 35
E); main body 8-22.5(-25) X 4-8(-12) um, cylindric, clavate, turbinate
or irregular in outline, often lobed; majority of elements thin-walled
or firm-walled, hyaline or pale yellow; many elements thick-walled,
orange or pale brownish orange, seldom tawny; apical setulae 1-6 X
0.5-2 pm, cylindric, conic or irregular in outline, rarely branched,
obtuse or subacute, thick-walled or solid, ranging from yellow to
orange or brownish orange, weakly dextrinoid. Pileus trama interwoven;
lamellar trama regular; hyphae 2.5-8(-11.5) pm diam, frequently-
branched, cylindric or inflated, smooth, thin-walled, hyaline, strongly
dextrinoid. Stipe tissue monomitic; cortical hyphae 3-8(-10) um
diam, parallel, cylindric, smooth, ochraceous, brownish orange, brown
or reddish brown, dextrinoid, with walls up to 2.5 pm thick; medullary
hyphae 3-12 pym diam, similar but hyaline and thinner-walled. Stipe
vesture absent. Clamp connections common in all tissues.

Habit, habitat, and distribution. Scattered or gregarious on
decayed hardwood leaf mulch or rarely on woody debris in deciduous
woods or mixed forests. July - September. Common throughout
northeastern North America, westward to Idaho, southward to Macon Co.,
North Carolina; uncommon in the southern Appalachian Mts. Reported
from Europe (Noordeloos, 1987) and Japan (BPI!).

Specimens Examined. Refer to Appendix A.

Comrentary. The binomial M. siccus is one of the oldest and most
commonly misapplied names in literature on North American marasmioid
agarics. No less than seven species occurring in North America have

been misdiagnosed as M. siccus. The binomial is correctly applied to
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basidiomata with the following combination of features: a) convex or
campanulate, sulcate pilei colored brownish orange on the disc and
orange on the margin (i.e., alway with orange tones, rarely with
red tones); b) distant, narrow lamellae; c) glabrous, non-insititious
stipe with yellowish white apex and brown base; d) habit usually on
hardwood leaves, only rarely on woody debris; e) long spores (L = 18.0
um); f) refractive, narrow (W = 6-7 um) pleurocystidia often apically
once-constricted; and g) absence of caulocystidia. In northeastern
North America, M. siccus is commonly confused with M. pulcherripes Pk.,
M. robinianus Gilliam, M. borealis Morg., M. bellipes Gilliam, and M.
glabellus Pk. In southeastern North America, M. siccus is often
confused with M. fulvoferrugineus Gilliam, and M. ferrugineus Berk. &
Curt.

Marasmius pulcherripes differs from M. siccus in forming
basidiomata with closer lamellae, shorter spores (f = 13.3 um) and less
conspicuous, non-refractive pleurocystidia. Marasmius robinianus
differs in forming paler pilei, shorter spores (L = 12.9 um), and habit
on leaves of Robinia. Marasmius borealis differs in forming stipes
that are deep red at the apex, shorter spores (L = 15 pm), and lacks
pleurocystidia. Marasmius bellipes differs in forming pilei more
reddish brown or yellowish brown with paler striae, purplish red stipe
apices, shorter spores (L = 10.2 pm), and lacks pleurocystidia.
Marasmius glabellus differs in forming brownish orange pilei with much
paler striae, and shorter and broader spores (X = 9.1 X 4.6 pm).
Marasmius fulvoferrugineus differs in forming usually larger

basidiomata with reddish brown pilei, and lacks pleurocystidia, while
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M. ferrugineus differs in forming smaller pilei (3-10 mm diam), broader
pleurocystidia (W = 10-12 um), and with habit on hardwood sticks or
logs.

Marasmius siccus is uncommonly collected in the southern
Appalachian Mountains, where the majority of specimens labelled as M.
siccus are correctly referred to M. fulvoferrugineus. Hesler (1960)
misapplied the epithet in the description and photograph of material
from the Great Smoky Mountains. Although described from the vicinity
of Salem, North Carolina, M. siccus is more commonly encountered north
of this area. It is interesting that the species has been collected
throughout northeastern North America, in Europe (Finland, Sweden;
fide Noordeloos, 1987) and Japan, but is absent from western coastal
North America.

An examination of the mating system functioning in M. siccus
[determined from one specimen (Desjardin no. 4714)] indicates that the

species is unifactorial (bipolar) heterothallic.

36. MARASMIUS PULCHERRIPES Peck, Annual Rep. New York State Mus. 24:
77. 1871 (1872).

HOLOTYPE: United States, New York, Garrisons, June, C. H. Peck
(NYS!).

Basidiomata marcescent, reviving. Pileus (2.5-)5-15
(-20) mm diam, at first conic, obtusely-conic, convex or campanulate, often
papillate, expanding in age to broadly convex or broadly campanulate,
usually with a small central umbo or papilla; disc at first even,

becoming rugulose in age; margin striate or sulcate, sometimes wavy or



252
crenate in age; surface dull, dry, opaque, subvelutinous; coloration
variable, often occuring as two distinct color-forms: 1) ("pinkish-
red form") disc region dark reddish brown (9-10E6-8) or reddish
brown (9D6-8; 8E6-8) when young, remaining so or fading slightly in
age; margin dark reddish brown, reddish brown, red (9C6-7),
brownish red (8C6-8) or greyish red (7-8B-C4) when young, fading in age
to greyish red, pink (9A3-4), pinkish buff (9A2), greyish orange (5-
6B3-4), orange white (6A2) or pale orange white (5A2); and 2)
("brownish orange form") disc region brown (7D-E6-8) or brownish orange
(6-7C5-8) when young, remaining so or fading slightly in age; margin
brownish orange (6C5-8) at first, fading in age to greyish orange (5-
6B3-4), light orange (5A3-4), orange white (6A2) or pale orange white
(5A2); sometimes intermediate color-forms develop, with red tones
on the pileus disc and orange tones on the margin; context thin, buff.
Lamellae adnexed or free, subdistant or seldom distant (15-23 complete
lamellae), narrow or moderately broad (up to 2 mm), thin, not forked,
usually not intervenose or rarely weakly intervenose in older
basidiomata; coloration white, buff, pale yellowish white (4A2), pale
orange-white (5A2), or pale pinkish white (7A2), non-marginate;
lamellulae usually absent, or with a few interspersed lamellulae.

Stipe 25-50(-70) X 0.5-1 mm, terete, equal, tough, cartilaginous,
hollow, dull or shiny, glabrous, non-insititious, arising from a small
pad of strigose mycelium colored white, buff, pale yellow, ochraceous
or pale tawny; apex colored buff, pinkish white (7-8A2), pink (8-
9A4), greyish red (8B4) or reddish grey (11B4-6) in "pinkish-red

form", or buff, yellowish white (4A2), orange-white (5-6A2) or greyish
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orange (6B3) in "brownish orange form,"

sometimes stipe apex with
pink tones in "brownish orange form;" base colored yellowish brown
(6E6-8), reddish brown (8-9E5-8) or dark brown (6-7F4-8) in both forms.
Odor and taste not distinctive.

Basidiospores (Fig. 36 A) (10.4-)12-16 X 3.2-4.6 um [X = 13.3 %

0.6 X 3.9 + 0.2 um, E = 2.8-4.5, Q = 3.4 + 0.2; TL90(90%Z): x = 12.2-

14.4 X 3.5-4.3 ym, Q = 3.0-3.8; n 10-30 spores per 10 specimens],
clavate or subfusiform, slightly inequilateral or curved in profile,
hyaline, inamyloid, smooth, white in deposit. Basidia (Fig. 36 B) 24-
33 X 5.5-8 um, subclavate or clavate, 4-spored. Basidioles (Fig. 36 B)
cylindric, subclavate or fusoid. Pleurocystidia (Fig. 36 C) usually
uncommon, often inconspicuous, 30.5-45 X 5-8 um, cylindric, fusoid,
subclavate or flexuous, often apically once-constricted, often
mucronate, arising from deep in the subhymenium or from about the same
level as the basidioles, and projecting little or up to 147 pum beyond
the basidioles, non-refractive, thin-walled, hyaline, inamyloid.
Cheilocystidia (Fig. 36 D) numerous, similar to Siccus-type pileipellis
elements; main body 6-22.5 X 4-8 um, cylindric, clavate, turbinate or
irregular in outline, sometimes lobed, thin-walled, hyaline; apical
setulae 0.5-6 X 0.5-1.5 pym, cylindric, conic or irregular in outline,
obtuse or subacute, thin-walled or thick-walled, hyaline, pale yellow
or pale orange. Pileipellis hymeniform, mottled, composed of Siccus-
type broom cells (Fig. 36 E); main body 6.5-17(-20) X 4-8(-10) um,
cylindric, clavate, turbinate or irregular in outline, often lobed;

majority of elements thin-walled or firm-walled, hyaline, pale yellow

or pale tawny; many elements thick-walled (up to 1.5 um), orange,
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Figure 36 A-E. Features of Marasmius pulcherripes (Desjardin no.
4343). A. Basidiospores. B. Basidium and basidioles.
C. Pleurocystidia. D. Cheilocystidia. E. Pileipellis
elements. Standard bar = 5 ym for A; 10 um for B-E.

ochraceous or brownish orange, these interspersed among the thin-walled
elements; apical setulae 1.5-6(-9.5) X 0.5-2 um, cylindric, conic or
irregular in outline, obtuse or subacute, thick-walled or solid,
ranging from subhyaline or pale yellow, to orange, ochraceous or
brownish orange. Pileus trama interwoven; lamellar trama regular;
hyphae 2.5-6.5(-12) pum diam, frequently-branched, cylindric or slightly
inflated, smooth, non-gelatinous, thin-walled, hyaline, weakly
dextrinoid. Stipe tissue monomitic; cortical hyphae 1.5-7 pym diam,
parallel, cylindric, smooth, hyaline or pale yellow (stipe apex), to
brownish orange, olivaceous brown or brown (stipe base), dextrinoid,
with walls up to 2 um thick; medullary hyphae similar but hyaline or

pale yellow and thinner-walled throughout. Stipe vesture absent, or
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with scattered Siccus-type broom cells on stipe apex. Clamp
connections common in all tissues.

Habit, habitat, and distribution. Scattered or gregarious on
decayed hardwood leaf mulch, rarely on pine needles, in deciduous
woods, pine forests or mixed forests. June - October; most common in
July - August. Common throughout eastern North America; reported from
California (Desjardin, 1987b) and Japan (Imazeki & Hongo, 1987).

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius pulcherripes is one of the more commonly
collected members of sect. Sicci in the southern Appalachian Mts.
Basidiomata are characterized by the following combination of features:
a) campanulate, sulcate pilei colored either reddish brown on the disc
and greyish red or pink on the margin, or brownish orange on the disc
and pale orange on the margin; sometimes with red tones on the disc
and orange tones on the margin; b) subdistant, narrow, non-marginate
lamellae; c) glabrous, non-insititious stipe colored pink, red
or yellowish white on the apex and brown on the base; d) mean spore
size 13.3 X 3.9 um; and e) inconspicuous, non-refractive
pleurocystidia that are often mucronate. As indicated above, two
color-forms are often encountered in eastern North America, viz., a
pinkish-red form, and a brownish orange form. Occasionally,
basidiomata were observed that showed intermediate colors, i.e., with
red tones on pileus disc and orange tones on pileus margin.
Micromorphology and cultural morphologies of all color-forms are
indistinguishable, and consequently I do not propose formal recognition

of separate varieties based on pileus pigmentation. The holotype
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specimen of M. pulcherripes represents the "pinkish-red form" of
the species (pileus and stipe with red tones).

The "pinkish-red form" of M. pulcherripes may be confused with
M. bellipes Morg. or immature basidiomata of M. fulvoferrugineus
Gilliam. Marasmius bellipes differs in forming distant lamellae, and
smaller spores. In addition, dried mature pilei are usually reddish
brown with much paler striae, giving the pileus a streaked appearance.
Marasmius fulvoferrugineus differs in forming much larger basidiomata
with darker pilei and larger spores. Refer to descriptions of the
latter two species for further details.

The "brownish orange form'" of M. pulcherripes may be confused with
M. siccus and M. borealis. Marasmius siccus differs in forming more
widely-spaced lamellae, conspicuous, refractive pleurocystidia, and
longer spores (T = 18.0 um). Marasmius borealis differs in forming
pilei more deeply orange-yellow, stipe apices colored maroon or greyish
red, slightly longer spores (L = 14.8 um), and lacks pleurocystidia.

Pleurocystidia are often difficult to observe in M. pulcherripes,
and care must be taken when determining their presence or absence. In
most basidiomata examined, pleurocystidia were uncommon but definitely
present. The binomial is included in keys to both ser. Haematocephali

and ser. Leonini to aid in diagnosis.
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MARASMIUS sect. SICCI ser. LEONINI Singer, Fl. Neotrop. Monogr. 17:
160. 1976.
TYPE SPECIES: Marasmius leoninus Berkeley, Hooker's J. Bot. Kew

Gard. Misc. 8: 135. 1856.

Pleurocystidia absent. Pilosetae, hymenial setae and caulosetae
absent. Stipe surface typically glabrous, rarely pruinose.
Caulocystidia typically absent, rarely present and then of Siccus-type

broom cells. Other features the same as those for the section.

37. MARASMIUS BELLIPES Morgan, J. Mycol. 11: 207. 1905.
= Marasmius glabellus var. bellipes (Morg.) Kauffman, Agar. Michigan 1:
66. 1918.

LECTOTYPE: United States, 11 Sept. 1905, Morgan (ISC!) [no locale
given, but probably Preston, Ohio].

Basidiomata marcescent, reviving. Pileus 4-15 mm diam,
campanulate when young, expanding in age to broadly campanulate, convex
or plano-convex with a shallow central depression, often papillate;
disc even; margin even at first, becoming striate or sulcate to the
disc in age; surface dull, dry, opaque, subvelutinous; coloration
deep purplish red (12D-E6-8) overall when young, remaining so on the
disc in age or fading to brownish violet (11E5-6) or 'russet-

' reddish brown

vinaceous;" margin fading in age to 'russet-vinaceous,'
(8-9D5-6) or slightly paler; colored light brown (7D6-8) with much
paler striae when dried; context thin. Lamellae adnexed or free,

distant, broad or moderately broad, thin, not forked nor intervenose;

white or buff-colored, non-marginate; lamellulae usually absent.
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Stipe 20-40 X 0.5-1 mm, terete, equal, tough, hollow, dull or shiny,
glabrous, non-insititious, arising from a pad of buff-colored, strigose
or downy mycelium; apex purplish red (12D-E5-6) or "purplish
vinaceous;'" base '"dark livid brown" or dark greyish brown (10-11E3-4).
Odor and taste not distinctive.

Basidiospores (Fig. 37 A) 8-12(-13.6) X 3-4.2 um [X = 10.2 + 0.8 X
3.5+ 0.2 um, E=2.4-3.7, Q = 2.9t 0.2, n = 15-40 spores per 5
specimens], subclavate, ellipsoid or elongate-amygdaliform, hyaline,
inamyloid, smooth. Basidia (Fig. 37 B) 21-32 X 4.5-7 um, subclavate or
clavate, 4-spored. Basidioles (Fig. 37 B) subclavate or fusoid.
Pleurocystidia absent; many non-refractive, hyaline, fusoid basidioles
with collapsed apices present which appear pleurocystidioid in
morphology, but these all arise from the same level as the basidia and
do not project beyond the other hymenial elements. Cheilocystidia
(Fig. 37 C) numerous, similar to Siccus-type pileipellis elements;
main body 9-18 X 4.5-7 um, cylindric or subclavate, sometimes lobed,
thin-walled, hyaline; apical setulae 1.5-8 X 0.5-2 pym, cylindric,
conic or irregular in outline, seldom branched or nodulose, obtuse or
subacute, thin-walled or thick-walled, hyaline or pale yellow.
Pileipellis hymeniform, not mottled or weakly mottled, composed of
Siccus-type broom cells (Fig. 37 D); main body 8-18 X 4-10 um,
cylindric, clavate, turbinate or irregular in outline, sometimes lobed;
majority of elements thin-walled, hyaline; some elements thick-walled,
pale brownish orange or pale tawny, these interspersed among thin-

walled cells; apical setulae 1.5-7 X 1-2.5 pym, cylindric, conic or

irregular in outline, sometimes nodulose, obtuse or subacute, thick-
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Figure 37 A-E. TFeatures of Marasmius bellipes (Morgan, 1905,
lectotype). A. Basidiospores. B. Basidium and basidioles.
C. Cheilocystidia. D. Pileipellis elements. E. Stipe vesture.
Standard bar = 5 ym for A; 10 um for B-E.

walled or solid, ochraceous, brownish orange, tawny or reddish brown,
weakly dextrinoid. Pileus trama interwoven; lamellar trama regular;
hyphae 2.5-7(-10) pm, cylindric, smooth, non-gelatinous, thin-walled,
hyaline, dextrinoid. Stipe tissue monomitic; cortical hyphae 2.5-6 um
diam, parallel, cylindric, smooth, yellow, ochraceous or brown,
strongly dextrinoid, with walls up to 1.5 um thick; medullary hyphae
2.5-11.5 ym diam, subparallel, cylindric or slightly inflated, hyaline,
dextrinoid, thin-walled at stipe apex, with walls up to 1 um thick at
stipe base. Stipe vesture present at apex only, composed of scattered
clusters of setulae (Fig. 37 E) arising intercalarily from repent
cortical hyphae, or arising terminally from poorly-developed main

bodies (and then similar to Siccus-type broom cells); setulae 2.5-12 X
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1-2.5 pym, irregularly cylindric, often wavy in outline, subacute,
thick-walled or solid, ochraceous, brownish orange or tawny. Clamp
connections common in all tissues.

Habit, habitat, and distribution. Scattered or gregarious on
decayed hardwood leaves in deciduous woods. June - September.

Uncommon in eastern North America; rare in the southern Appalachian
Mts. Known from Wisconsin, Ohio, Virginia, North Carolina and
Tennessee.

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius bellipes is a rarely collected species,
known at present from ten specimens, five of which represent authentic
material from Ohio (ISC!). Diagnostic features of the species include:
a) campanulate, striate pileus colored purplish red or russet-
vinaceous; b) distant, moderately broad, non-marginate lamellae; c)
glabrous, non-insititious stipe with purplish red apex; d) mean spore
size 10.2 X 3.5 uym; e) absence of pleurocystidia; and f) scattered
clusters of setulae on stipe apex.

Gilliam (1976) reported the presence of '"clavate to cylindric,
capitellate or appendiculate, hyaline" pleurocystidia in M. bellipes.
I was unable to demonstrate the presence of clearly differentiated
pleurocystidia in the lectotype specimen or in any of the authentic
specimens. Many basidioles revived poorly and matched exactly the
"pleurocystidial" morphology described by Gilliam. All of these

elements, however, were non-refractive, arose from the same level as

other hymenial elements and did not project significantly beyond other
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hymenial elements. I consider pleurocystidia absent in M. bellipes, a
condition that dictates placement in ser. Leonini.

In the southern Appalachian Mountains, immature basidiomata of M.
bellipes may be confused with M. haematocephalus var. haematocephalus,
but the latter differs in forming basidiomata with fewer and broader
lamellae, much larger spores (X = 18.6 X 4.5 um), and conspicuous,
refractive pleurocystidia. Marasmius bellipes may be confused also
with M. pulcherripes, but the latter differs in forming basidiomata
with closer lamellae, longer spores (12-16 uym; L = 13.3 um), and paler
pilei lacking pallid striae.

Numerous specimens collected in the vicinity of Chapel Hill, North
Carolina and determined by W. C. Coker as M. bellipes (NCU!) represent
M. sullivantii and M. floridanus. Both of the latter species differ
from M. bellipes in forming dark reddish brown, non-striate pilei,
closer lamellae and shorter spores (L = 7.6-9 um). Refer to the

descriptions of these species presented above for further details.

38. MARASMIUS FULVOFERRUGINBUS Gilliam, Mycotaxon 4(1): 82. 1976.
HOLOTYPE: United States, North Carolina, Henderson Co., Elks,
Green Cove, near Tuxedo, 14 Sept. 1974, Gilliam no. 1557 (MICH!).
Basidiomata marcescent, reviving. Pileus (8-)15-35(-45) mm diam,
campanulate or obtusely conic when young, expanding to broadly
campanulate or convex, finally plano-campanulate or broadly convex,
sometimes with a shallow central depression, sometimes subumbonate or
papillate; disc even at first, soon rugulose; margin striate when

young, soon becoming sulcate, finally plicate and undulate in age,
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often crenate; mature pilei often rugulose-plicate or irregularly
ridged; surface dull, dry, opaque, subvelutinous; coloration dark
reddish brown (8F5-6), reddish brown (8-9E6-8) or brown (7E7-8) overall
when young; disc remaining so or fading slightly in age; margin
remaining so or fading to reddish brown (8D5-8), light brown (7D6-8) or
brownish orange (7C5-8); context thin, buff. Lamellae adnexed,
becoming free in age, distant or seldom remote (20-26 complete
lamellae), broad (up to 6 mm in largest basidiomata), not forked,
lamellar sides sometimes venose in age; buff or pale yellowish white
(4A2); edges concolorous with the sides or sometimes orange-marginate;
lamellulae typically absent, rarely with a few interspersed lamellulae.
Stipe 40-85(-100) X 1-1.5 mm, terete, equal or with a slightly enlarged
base, tough, hollow, dull or shiny, glabrous, non-insititious, arising
from a pad of downy mycelium colored white, buff, pale yellowish white
(4A2), cream (4A3) or pale orange-white (5A2); apex colored pale
yellowish white (4A2) or pinkish buff (7A2) when young, becoming
brownish orange or reddish brown in age; base colored brown (7E6-8),
reddish brown (8E6-8), dark brown (6-7F6-8) or dark reddish brown (8F6-
8). Odor and taste not distinctive.

Basidiospores (Fig. 38 A) 14.8-19.2(-20.8) X 3.8-5.4 pym [X = 17.2
+0.5X 4.2 0.2 ym, E=3-4.8, Q =4.1 £+ 0.3, n=15-30 spores per 5
specimensj, clavate or subfusiform, curved in profile, hyaline,
inamyloid, smooth, white in deposit. Basidia (Fig. 38 B) 25-42 X 6.5-9
um, clavate, 4-spored. Basidioles (Fig. 38 B) cylindric, subclavate or

fusoid. Pleurocystidia absent. Cheilocystidia (Fig. 38 C) numerous,

similar to Siccus-type pileipellis elements; main body 8-20 X 5-8
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Figure 38 A-D. Features of Marasmius fulvoferrugineus (Gilliam no.
1557, holotype). A. Basidiospores. B. Basidium and basidioles.
C. Cheilocystidia. D. Pileipellis elements. Standard bar = 5
pum for A; 10 um for B-D.

(-9) um, cylindric, subclavate or irregular in outline, seldom lobed,
thin-walled or firm-walled, hyaline; apical setulae 1-8 X 0.5-1.5 um,
cylindric, conic or irregular in outline, often wavy, sometimes
verrucose, sometimes branched, obtuse or subacute, thick-walled or
solid, hyaline or seldom pale yellow or orange. Pileipellis
hymeniform, mottled, composed of Siccus-type broom cells (Fig. 38 D);
main body 8-20 X 5-13 um, cylindric, clavate, turbinate or irregular in
outline, often lobed; many elements thin- or firm-walled, hyaline or
pale yellow; many elements thick-walled, ochraceous or brownish
orange; apical setulae 1.5-8 X 0.5-2.5 um, cylindric, conic or
irregular in outline, often wavy, often verrucose, sometimes branched,

obtuse or subacute, thick-walled or solid, ranging from ochraceous to
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orange, brownish orange or tawny, weakly dextrinoid. Pileus trama
interwoven; lamellar trama regular; hyphae 2.5-12 pym diam, cylindric
or inflated, smooth, non-gelatinous, thin-walled, hyaline, strongly
dextrinoid. Stipe tissue monomitic; cortical hyphae 2.5-6(-8) um
diam, parallel, cylindric, smooth, yellow or ochraceous (stipe apex),
or brown (stipe base), dextrinoid, with walls up to 1.5 um thick;
medullary hyphae 3-12 pym diam, parallel, hyaline or pale yellow,
dextrinoid, thin-walled. Stipe vesture absent, or composed of rare,
isolated Siccus-type broom cells located on stipe apex. Clamp
connections common in all tissues.

Habit, habitat, and distribution. Scattered or gregarious on
decayed hardwood leaf mulch in deciduous woods or mixed forests. July
- September in the southern Appalachian Mts; May - November along the
Gulf Coast. Common throughout southeastern North America.

Specimens Examined. Refer to Appendix A.

Commentary. Marasmius fulvoferrugineus forms the largest
basidiomata of any member of sect. Sicci occurring in the southern
Appalachian Mountains. On occasion, basidiomata have been observed
with pilei up to 45 mm diam and stipes up to 100 mm long. The
following combination of features are diagnostic for M.
fulvoferrugineus: a) large, campanulate, plicate pileus colored
reddish brown; b) distant, broad lamellae; c) glabrous, non-
insititious stipe with apex colored yellowish white or pale pink; d)
mean spore size 17.2 X 4.2 um; and e) absence of pleurocystidia. This
species has been commonly misdiagnosed as M. siccus in the southeast.

Marasmius siccus differs in forming typically smaller basidiomata with
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pilei colored brownish orange or orange (usually lacking reddish brown
or ferruginous tones), narrower lamellae, slightly longer spores (L =~
18 um), and conspicuous, refractive pleurocystidia. In addition,
cultural morphologies of the two species are distinct. Refer to
Chapter VI for comparison. Marasmius siccus is more commonly
encountered north of the southern Appalachians, while M.
fulvoferrugineus occurs more often from the southern Appalachians
southward.

Pileus coloration of M. fulvoferrugineus is similar to that of M.
floridanus, but the latter differs in forming nearly even pilei (i.e.,
not plicate), closer lamellae, smaller spores (X = 9.0 X 3.3 um), and
conspicuous pleurocystidia.

Marasmius fulvoferrugineus is similar to M. plicatulus Pk, a
species known at present only from coastal western North America, in
basidiome size, pileus coloration, lamellar features and absence of
pleurocystidia. Marasmius plicatulus differs in forming nearly even
pilei (plicate only when dried!), and shorter and broader spores (x =
13.8 X 5.5 um). Refer to Desjardin (1987a) for a description and

discussion of M. plicatulus.
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CHAPTER V

PRELTMINARY KEY TO MARASMIUS FROM NORTH AMERICA

Sect. RHIZOMORPHIGENA

1. Stipe glabrous; pileus 2-6 mm broad; clamp connections

present; spores 6.4-10 um long (L = 8.3 pum); stipe

medullary tissue heterogeneous [southeastern US] ..... M. brevipes
1. Stipe pubescent; pileus 1-3 mm broad; clamp connections

absent; spores 10-12 um long (L = 1luym); stipe medullary

tissue homogeneous [sect. Androsacei] .....ieeeeeas M. tomentellus

Sect. ANDROSACEI

1. Stipe glabrous overall ........ciiiiiiiiiiiietnntnntenacannsnnnsas 2
1. Stipe pruinose or silky (use hand lens) .......ceeeieeeneenennns 6
2 (1). Stipe stramineous, golden-melleous ........eeeeeeueensss 3
2. Stipe reddish brown, brown or black ..........ccciiiiiin.. 4

3 (2). Clamp connections absent; basidiomata formed on coniferous
needles (generally pines) [eastern NA] .....iuiiiernnnnnnnanns
................................... M. straminipes var.straminipes

3. Clamp connections present; basidiomata formed on oak leaves

[southeastern US] ..vvriiiiinennnnnn M. straminipes var. fibulatus
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4 (2). Clamp connections and cheilocystidia absent [temperate NA]
.......................................... M. pallidocephalus

4. Clamp connections and cheilocystidia present .............. 5

5 (4). Pileus brown or dark brown; stipe and rhizomorphs dark
brown or black; pileipellis and hypodermal hyphae brown,
pigment-incrusted [Cosmopolitan] .................. M. androsaceus
5. Pileus reddish brown; stipe and rhizomorphs reddish brown,

translucent; pileipellis and hypodermal hyphae pallid, weakly

incrusted [southeastern US, neotropics] ............ M. cyrillidis

6 (1). Clamp connections absent ........ceeeeeieneeeeennnaannas 7

6. Clamp connections present (at least on stipe medullary
3004 o) - =3 PN 9

7 (6). Basidiomata typically arising directly from rhizomorphs;

stipe length/pileus width ratio = 1:1; spores 10-12 um long

[GULE coastal] vviieieieeeeeeeenenenanenns M. tomentellus
7. Basidiomata not arising directly from rhizomorphs; stipe
length/pileus width ratio >2:1; spores <8.5 um long ........... 8

8 (7). Stipe nearly glabrous, weakly pruinose; pileipellis
elements and cheilocystidia strongly diverticulate;
diverticula narrow and elongate; clamp connections

present on stipe medullary hyphae but absent (or at
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least exceedingly rare) elsewhere [North Carolina,

(= = X <« 1 M. chiapasensis
8. Stipe conspicuously pruinose or pubescent overall;

ornamentation white over brown cortical hyphae;

pileipellis elements and cheilocystidia weakly

diverticulate; diverticula broad and short; clamp

connections absent throughout [Florida] ....... M. atlanticus
9 (6). Cheilocystidia absent .....iiieiiiineeenneeennneennneannenns 10
9. Cheilocystidia present, CONSPiCUOUS ..:viitivreernnronernnennns 11

10 (9). Odor and taste weakly alliaceous; pileus dark

10.

11 (9).

reddish brown or dark brown; lamellae brownish grey;

stipe subvelutinous, dark brown or black overall;

spores 8-9 um long; caulocystidia monomorphic

[CAlifornial .vveeetieieeeeeeeeeeeeeoneennennnnns M. thiersii
Odor and taste not alliaceous; pileus disc rosy-

isabelline, margin pallid; lamellae pallid; stipe

pruinose, apex pallid, base brown; spores 6.4-8.8 um

long; caulocystidia dimorphic [Floridal ..... M. subalbiceps

Spores 6-7.2 um long; caulocystidia abundant; clamp

connections absent on hymenial elements but present on stipe

medullary hyphae [North Carolina, Mexico] ........ M. chiapasensis
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11. Spores 8.4-10.2 um long; caulocystidia uncommon; clamp

connections present in all tissues [California, Europe]

.................................................. M. gquercophilus
Sect. MARASMIUS
Key to Subsections
1 Pileipellis composed of Rotalis-type elements ........ceeeeeveenns
............................................... subsect. Marasmius
1 Pileipellis composed of Siccus-type elements .......ceveeeveennenn
............................................. subsect. Penicillati

Sect. MARASMIUS subsect. MARASMIUS

1. Basidiomata formed on monocotyledonous leaves in marshy

environments; basidia bisporic [Circumboreal] ........ M. limosus
1. Basidiomata formed on coniferous or dicotyledonous leaves
or wood; basidia tetrasporicC .....iieiieiirriiiiinritntrenronnas 2

2 (1). Basidiomata formed on coniferous needles (Abies);

spores 4-5.6 um diam (W = 4.8 pm) [New York, Europe]

G ettt s e e s e ee st s e an Ceer e M. wettsteinii
2. Basidiomata formed on dicotyledonous leaves or wood;

spores typically NAarrOWer .....ieeereeeeeesecseasacananasas 3
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3 (2). Basidiomata formed on Ilex leaves; pileus brown overall,

lacking a pallid central zone; lamellae distant (9-11 reach the

stipe) [Mississippil ..... ettt M. ilicicola
3. Substratum different than Ilex leaves; pileus differently
colored; lamellae more numerous (13-25 reach the stipe) ....... 4

4 (3). Pileus ferruginous overall [Pennsylvanial ........cc0vc...
................................... M. "ferrugineocapillaris"

4. Pileus white, buff or pale brown, never ferruginous ....... 5

5 (4). Basidiomata formed on hardwood leaves, typically oak;
pileus margin cream-colored, ochraceous or pale brown;
pileus disc with a pallid zone surrounding a dark central
spot; stipe <0.4 mm thick [eastern NA] ............ M. capillaris
5. Basidiomata formed on hardwood logs and sticks; pileus dingy
white overall except for dark central spot (i.e., margin
not tending toward brownish); stipe typically >0.4 mm thick

[eastern NA, EUrope] .....viiiiirrnnnerrennreeennnnnnnns M. rotula

Sect. MARASMIUS subsect. PENICILLATI

1. Basidiomata formed on monocotyledonous leaves; lamellar edges
non-marginate; spore W D4.5 UM «uvieinrnennenenenneneannnenannns 2
1. Basidiomata formed on dicotyledonous leaves or wood; lamellar

edges marginate; spore W <4.5 UM ..ivietitinrnrnennrnennnnannans 3
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2 (1). Pileus "bay," campanulate with a prominent conic, dark
brown papilla [Florida] ......cciiveeiiiinnnnn. M. octifolius
2. Pileus reddish brown or brownish orange, often fading

marginally to orange-white, umbilicate; papilla small

or more commonly absent [cosmopolitan] .......... M. graminum

3 (1). Basidiomata formed on dicotyledonous wood [Florida] ...........
..................................................... M. ruforotula

3 . Basidiomata formed on dicotyledonous leaves [Florida] ............
................................................ M. rufomarginatus

Sect. EPIPHYLLI

1. Clamp connections absent .......ceiiiiieiiieiieineenenneennnenns 2

1. Clamp connections pPresent ......iieeeeeeeeteeestsetasnesonessncennes 3

2 (1). Basidia bisporic; spores 11-14 pm long; pileus at
maturity 3-8 mm broad; pilocystidia <40 pym long,
lageniform; basidiomata formed on Populus debris
[British Columbia, Europe] ....ieeeiiiiiiiennnnnns M. tremulae
2. Basidia tetrasporic; spores 9.6-11.2 um long; pileus
at maturity <1 mm broad; pilocystidia up to 65 um long,
ventricose-mucronate; basidiomata formed on Alnus leaves

[northeastern maritime] .....eveieineneennnnnn M. minutissimus



272

3 (1). Spores >12.5 um long; basidiomata formed on monocotyle-

donous leaves [circumboreal] ....veeeeeeeeeereeneeeenns M. caricis
3. Spores < 12.5 um long; basidiomata formed on dicotyledonous
= = 4

4 (3). Pileipellis elements mainly lobed, i.e., with 1-4
subconic, obtuse projections; pileus <2 mm broad,
pale yellow or pale orange when young; basidiomata formed
on Fagus leaves [northeastern US] ............... M. epifagus
4. Pileipellis elements entire, lacking projections; pileus
generally >2 mm broad, differently colored; substratum

different than above ...ttt teieeeeeeeneaanonens 5

5 (4). Pileus white or yellowish white; pileipellis elements
hyaline; basidiomata formed on leaf blades or petioles of
Betulaceae, Fraxinus, Populus or Cornus [temperate NA,
O o) oY= P M. epiphyllus
5. Pileus pinkish white or orange-white; pileipellis elements
hyaline, yellow and pale brown; basidiomata formed on

petioles of Platanus or Liquidambar [eastern US] ........ M. felix

Sect. GLOBULARES

1. Spores clavate, 19.5-28 pm long (L = 23 um); pileus sulcate,

disc greyish brown, margin cream-buff; lamellae distant,
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broad, not strongly intervenose; wupper half of stipe glabrous
[southern Appalachian Mts.] .......iiiiiiiinnnnnnnns M. decipiens

1. Spores 5.6-12 um long (L = 6.5-10 um); basidiomata not

with the above combination of characters .......cciiiiieeeeeennn. 2

2 (1). Pleurocystidia conspicuous, lageniform, clavate,
fusoid or ventricose-rostrate, projecting well beyond
the basidioles ....iviiieiiieiiiieieneeneeeeeonnenoseennannnns 3

2. Pleurocystidia absent .......ciiiiiiiiiiiiiiiiiiiiiiiinnn 6

3 (2). Basidiomata omphalinoid; lamellae subdecurrent; clamp
connections absent; hymenial cystidia capitate, lageniform
[Californial v veieentineeeeeeeeeeeeneesennenennnnnnn M. calhouniae

3. Basidiomata collybioid; 1lamellae adnexed, sinuate or adnate,
but not distinctly subdecurrent; clamp connections present;
hymenial cystidia clavate, fusoid or ventricose-rostrate,

typically not capitate ...iiiitiii ittt ittt nans 4

4 (3). Stipe glabrous overall, polished and translucent,
not striate, white above, brown below, drying
reddish brown; pileus disc ochraceous-tawny, margin
pinkish buff; cheilocystidia cylindric or clavate,
much smaller than the pleurocystidia and non-refractive;
caulocystidia absent [eastern US] ....... eeve. M. cystidiosus
4. Stipe apex pruinose or pulverulent, opaque, striate,

white or buff-colored overall and drying pallid; pileus
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colored differently than above; cheilocystidia and

pleurocystidia similar; caulocystidia abundant ........... 5

5 (4). Basidiomata with lilac pigmentation in pileus, lamellae
and stipe apex; cheilocystidia abundant, W = 17.5 um [North

Carolinal viieeenneerirenneeeennnnnann M. nigrodiscus var. lilacinus

5. Basidiomata lacking lilac pigmentation; cheilocystidia
infrequent, W = 12.0 pum [eastern NA] .......cccevuennn.

.................................. M. nigrodiscus var. nigrodiscus

6 (2). Cheilocystidia absSent ..uieierrnerennneeennnoeeenaeennns 7

6. Cheilocystidia present ......iiiiiiieteeinneteneenennnncnsss 8

7 (6). Pileus pale greyish brown; stipe apex glabrous or minutely
pruinose, base pubescent, vesture thin; pileipellis elements
entire, very rarely lobed; spores 6.4-8.4 um long
(L = 7.3 uym); basidiomata formed on soil or among wood
chips in disturbed soil [California, temperate South America]
................................................... M. albogriseus

7. Pileus pale brown, yellowish brown or cream; stipe
pulverulent or pubescent overall, vesture thick; pileipellis
elements often lobed; spores 7-10 um long (L = 8.5 um);
basidiomata formed in lawns or open grassy areas [cosmo-

o I - M. oreades
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8 (6). Pileus smooth, entire, neither sulcate nor pellucid-

reticulate; context = 2+ mm thick ..o ieiiiiii ittt 9
8. Pileus rugulose-sulcate or pellucid-reticulate; context
KImm thick .iiiiiiiiii ittt enetnteesnsssnansas 10

9 (8). Pileus 11-25 mm broad, disc greyish brown, margin buff-
colored; spores 5.6-7.2 um long (L = 6.5 um); cheilocystidia
broadly clavate [Tennessee] ........vevvvennns M. "albogriseiodes"

9. Pileus 17-50 mm broad, disc yellow, often with rusty brown
splotches, margin yellow; spores 7.2-10 um long (L = 8.3 um);

cheilocystidia cylindric, often lobed [eastern NA] ...........

10 (8). Pileus dark brown or brownish grey, rugulose-
sulcate, not pellucid-reticulate; lamellae distant
or remote, broad, not intervenose; spores 8.8-12 um
long (L = 10 pm) [Floridal ....civevevennnnnnnn M. heliomyces
10. Pileus cream-buff or milky white, pellucid-reticulate;
lamellae subdistant or distant, moderately broad,
strongly intervenose; spores 5.6-7.6 um long (L =

6.7 um) [Gulf coastal] ........ M. cohortalis var. alachuanus

Sect. ALLIACEIT

Y
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r
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N

1. Spores >12.5 um long (L
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1. Spores <12.5 um long (L
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2 (1). Basidiomata formed on monocotyledonous leaves in
marshy areas; basidiomata white overall; pileus
2-7.5 mm broad; odor mild; pilocystidia present
(sect. EPIipAYIIi) weueeeneeneeneeneenaeeneenseennns M. caricis
2. Basidiomata formed on dicotyledonous leaves in wooded
areas; basidiomata pigmented; pileus typically >7.5 mm

broad; odor alliaceous; pilocystidia absent ............. 3

3 (2). Basidiomata formed on Gaultheria or Berberis leaves;

spores 15-19.2 um long; pileipellis elements with few or

numerous projections or lobes [Pacific Northwest] ..... M. salalis
3. Basidiomata formed on leaves of Fagaceae; spores 10.4-17.2 um
long; pileipellis elements entire or rarely with one lobe ..... 4
4 (3). Stipe 25-65 X 1-4 mm; pileus convex or plano-convex
at maturity [California] ...... M. copelandii var. copelandii
4, Stipe 10-30 X 0.2-2 mm; pileus concave with a wavy
margin at maturity [eastern US] ... M. copelandii var. olidus
5 (1). Odor and taste AlliaCeoUS . ..veeueeereeenesoneneesnenneessnnns 6
5. Odor and taste not allidaCeoUusS ..iviviierererenencenesessncnsanns 7

6 (5). Stipe glabrous; pileus brown, yellowish brown,
greyish orange or orange-white; basidiomata formed on
hardwood debris [eastern NA, Europe, rarely California]

.............................................. M. scorodonius
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6. Stipe pubescent or velutinous; pileus dark reddish
brown, fading slightly in age; basidiomata formed on
montane coniferous debris [California] ...... M. applanatipes
7 (5). Pleurocystidia a@bSent ...iieeeieneenneeeeneneeeenaeenaneannans 8
7. Pleurocystidia present, conspicuous, capitate ........cciivennn. 9

8 (7). Hymenophore merulioid; clamp connections absent;

pileus stramineous; basidiomata formed on Scirpus

leaves in marshy areas [Quebec] ........... M. flavomerulinus
8. Hymenophore lamellate; clamp connections present;
pileus reddish brown; basidiomata formed on Dryas
leaves in arctic and alpine tundras [Canada, Greenland,
northern EUrope] ..iiiiiiiiiiiiireeeenennnnnnnnns M. epidryas
9 (7). Basidiomata formed on Dryas leaves in arctic and alpine
tUNArasS i iiiitiiiiitt it etetetettetetertersatarantena M. epidryas
9. Substratum and habitat different than above ................... 10

10 (9). Basidiomata omphalinoid, putrescent; pileus disc

10.

pale grey, margin white or buff; lamellae subdecurrent;
stipe not rooting; clamp connections absent (sect.
GlODBULATES) wvvesrenneenessoeansanesenassasnnss M. calhouniae
Basidiomata marasmioid/collybioid, marcescent; pileus

more deeply pigmented; lamellae adnate; stipe often

rooting; clamp connections present ........cciciiiiiiennn 11
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11 (10). Pileus olivaceous brown, fading to yellowish brown,

11.

pruinose due to numerous ventricose-rostrate pilocystidia;

spores 4.2-7.3 pum wide; typically in coniferous woods
[circumboreal] ....ieiiiiiiiiiiiinereneeroeenennnnnns M. chordalis
Pileus yellow or brownish orange, glabrous; pilocystihia

absent; spores 3.4-4.8 um broad; typically in deciduous

woods [eastern NA] ... iiiiiitiineeneeeeneennnnnns M. pyrrhocephalus

Sect. HYGROMETRICI

Pileipellis with chains of Rotalis-type elements interspersed
among a hymeniform layer of Rotalis-type cells; spores

3.8-5 uym wide (W = 4.3 um); lamellar edge with both fusoid-
ventricose non-setulose elements and Rotalis-type cells;
basidiomata formed on leaves of Magnolia grandiflora [Florida]
..................................................... M. magnoliae
Pileipellis a hymeniform layer of Rotalis-type elements

lacking chains of similar cells; spores 2.6-3.8 um wide

(W = 3.2 pym); lamellar edge lacking Rotalis-type cells;
basidiomata formed typically on Fraxinus leaves [north-

€ASEEYN US ] ittt tininneeeneeseesseesanasesescasasnnanas M. minutus
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Sect. SICCI

Sect. SICCI ser. SPINULOSI

Pileus dingy white or cream-colored overall; hymenial setae
hyaline or rarely pale yellow [eastern NA] .......... M. delectans
Pileus brown, reddish brown or yellowish brown, darkest over

disc; hymenial setae yellow, ochraceous or pale brown ......... 2

2 (1). Lamellae subdistant or distant, broad; stipe

glabrous or weakly pruinose at apex [eastern NA,

D300 ot oY= M. cohaerens var. cohaerens
2. Lamellae close or crowded, narrow; stipe pruinose or
subvelutinous overall [eastern NA] ......c.cvivvuvunn..

............................. M. cohaerens var. lachnophyllus

Sect. SICCI ser. ATRORUBENSES

Stipe vesture composed of numerous setulose elements, with

or without interspersed non-setulose elements .........ccceennn. 2
Stipe vesture composed only of non-setulose elements, these
typically irregularly cylindric, clavate or lanceolate, thin-

Or thick-walled ....ciiiiititeieeeeieeeeeeeeanosasecceeensnasananans 5

2 (1). Pleurocystidia present, refractive ......cceiveeeennenn. 3

2. Pleurocystidia absent ......ciiiiiiiiiiiiiii ittt 4
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3 (2). Stipe <3 mm long, often eccentric, curved, white
overall; pileus 1-7 mm broad, brownish orange, brownish
grey or yellowish brown (ser. Haematocephali) ...... M. falcatipes
3. Stipe >10 mm long, central, straight, base brown or reddish
brown; pileus 5-25 mm broad, reddish brown (ser. Haemato-

cephali) .......................................... M. sullivantii

4 (2). Pileus pale purplish brown, brown or dark brownish
orange; basidiomata formed on tree bark (ser. Leonini)
......................................... M. pusio var. pusio
4, Pileus orange, brownish orange or brownish yellow;
basidiomata formed on grass leaves or Rubus stems and

roots (ser. Leonini) «..eeeeeeeeeenn M. pusio var. armeniacus

5 (1). Cheilocystidia dimorphic, mostly gloeocystidioid, flexuous
with orange globular contents, with few Siccus-type broom

cells interspersed; spores 13.5-18 um long (L = 15.7 um)

[southeastern US] .viiiieeeeieneneeenennnnnnn M. ciliatomarginatus
5. Cheilocystidia monomorphic, all Siccus-type broom cells;
gloeocystidioid elements absent; spore L < 14 pm .............. 6

6 (5). Spores 12-16 um long (L = 13.9 pm); pileus

"isabelline" or brownish ochraceous [Florida, Bahama Islands]
.................................................... M. bahamensis
6. Spores 9.6-12 um long (L = 10.8 um); pileus

"testaceous" [Florida] «.vvevieeineereneeenennenns M. testaceiceps
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Sect. SICCI ser. HAKEMATOCEPHALI

44
—
w

[}
—
O

=
3
N

Spores >12 um long, L

®
o
C,
|
O
,
i
3

Spores <12 m long, L

2 (1). Basidiomata formed on grass leaves or cow dung;

pileus typically <4 mm broad ......ciiiiiiiiiiiiiiiiennnnns 3
2. Basidiomata formed on wood or leaves of various hard-
woods; pileus typically >4 mm broad .........ciiiiivvnnnn. 4

3 (2). Pileus deep red, sulcate; lamellae non-marginate;

pleurocystidia clavate with broadly rounded apices, only

rarely strangulate or appendiculate; basidiomata on cow

dung [TeXas] tiviiriiiinnne et eieeeeneeeeeeeenennnns M. puniceus
Pileus reddish orange or orange, smooth (non-sulcate);

lamellae often orange-marginate; pleurocystidia strangulate

or appendiculate; basidiomata on grass leaves [southeastern

US] tiiiiiieeteeeeeeeeeeeeeaososeoaaaannannnns M. pseudobambusinus

4 (2). Pileus disc pale brownish orange, greyish orange or
orange, margin at maturity orange-white or paler .......... 5

4, Pileus disc purplish red, reddish brown, greyish red,
ferruginous or brownish orange, margin slightly paler

at MAatuUrity .vveiiiniiiieieieneeeesossosossasossossnsnnsonss 7
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5 (4). Lamellae remote, broad; spores 14.4-19.2 um long (L =
16.8 um), Q = 4.3; caulocystidia absent, i.e., no Siccus-
type broom cells on stipe apex [Tennessee] ...............
.............................. M. haematocephalus var. anomaloides
5. Lamellae subdistant or distant, narrow; spores 11.6-16 um
long (L = 13-14 ym), Q = 3.6; Siccus-type broom cells

present Oon StipPe APeX ..ttt iiiiiii it it ittt e 6

6 (5). Lamellae distant (11-16 reach the stipe);
pleurocystidia weakly refractive; basidiomata on
Robinia leaves [Michigan] ...........cceiin.... M. robinianus
6. Lamellae subdistant (15-23 reach the stipe);
pleurocystidia non-refractive; basidiomata on leaves
of various hardwoods [eastern NA] ........... M. pulcherripes
(brownish orange form)
7 (4). Pileus disc dark purplish red or violet brown, margin
greyish purple or reddish brown; lamellae remote, broad;
stipe apex pinkish red or purplish red; spores 16-22 um
long (L = 18.6 um) [southeastern US, pantropicall
.......................... M. haematocephalus var. haematocephalus
7. Basidiomata not with the above combination of characters;

lamellae typically closer and NArroWer ...........oceeeeeeennnns 8

8 (7). Spores 12-16 pm long (L = 13.3 um), Q = 3.4;
pleurocystidia non-refractive, hyaline, often

inconspicuous; pileus reddish brown, greyish red or
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pink, seldom brownish orange or greyish orange;
stipe apex often red or pink [eastern NA, rarely
Californial ...ccveiirineennnnnnneecannnnnnns M. pulcherripes
Spores 15-20.5 pm long (L = 17-19 um), Q = 3.9-4.7;
pleurocystidia refractive, hyaline or pale yellow,
conspicuous; pileus ferruginous, deep brownish orange
or reddish orange; stipe apex pallid or orange-white,

not red or pink ...ttt i i i e it i it 9

Basidiomata formed on hardwood leaves; pileus 5-25 mm

broad; stipe 25-50 mm long; pleurocystidia W = 6-7 um

[eastern NA, rarely Japan and Europe] .......cevievvnnnn M. siccus

9. Basidiomata formed on hardwood sticks or logs; pileus

3-10 mm broad; stipe 10-30 mm long; pleurocystidia

W

10

10.

10-12 p [Florida, South Americal ....cevevennn. M. ferrugineus

(1). Stipe <3 mm long, often eccentric, curved, pruinose
and white overall; pileus 1-7 mm broad, brownish
orange, brownish grey or yellowish brown [southeastern
US T ittt titeeeeeeeesesesesesesesessenensnnnns M. falcatipes
Stipe >10 mm long, central, straight, glabrous or
pruinose, more deeply pigmented than above; pileus

typically >7 mm broad, variously colored ..........cccc... 11
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11.

13 (11).
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Stipe pruinose overall or only on region above basal

tomentum (use hand lens); caulocystidia Siccus-type broom

cells or dendrotrichomoid elements .....ccieeeeeeeneeeeceronans 12

Stipe glabrous from apex to basal tomentum; caulocystidia

E2 1T = o o 13

12 (11). Pileus deep reddish brown or brownish orange

12.

overall; lamellae close or subdistant, moderately
broad, often with soredioid spots when dried; stipe
pruinose overall; spores 6.4-9.6 um long (L = 7.6 um);
cheilocystidia monomorphic, all Siccus-type broom cells;
caulocystidia dimorphic, of cylindric or clavate, non-
setulose cells plus Siccus-type broom cells [eastern US]
.............................................. M. sullivantii
Pileus disc brown, brownish orange or pinkish brown,
margin pinkish orange or pinkish buff; lamellae
crowded, narrow, lacking soredioid spots; stipe
glabrous at apex but pruinose above basal tomentum;
spores 5.8-8.0 um long (L = 6.6 um); cheilocystidia
dimorphic, of irregularly cylindric, lobed, refractive
elements plus Siccus-type broom cells; caulocystidia

monomorphic, dendrotrichomoid [eastern US] ....... M. spissus

Pileus striate or plicate; lamellae distant or remote,

broad; spores 4-5.6 um wide (W = 4.6 um) [eastern US]

................................................. M. glabellus
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Pileus smooth or striatulate; lamellae close or subdistant,

narrow or moderately broad; spores 2.8-3.6 um wide

14 (13). Lamellae distinctly intervenose near pileus margin;
spores 6.4-8.4 um long (L = 7.4 um) [Virginial .........
.............................. M. floridanus var. virginianus

14. Lamellae not intervenose; spores 7.2-11.2 um long

(L ~ 9 ym) [eastern US] ....... M. floridanus var. floridanus

Sect. SICCI ser. LEONINI

Spores 12-24 um long, L range 13.8-19.4 um ...vviieinnnnnnnnnns 2
Spores 6.4-14 um long, L <12.9 um, L range 7.2-11 um .... 6

2 (1). Lamellae narrow, subdistant or distant .......cceeeeeee.. 3
2. Lamellae broad, distant or remote ......ceeeeeeeeeecaacnnns 4

Pileus smooth almost until maturity, then shallowly
sulcate, deep orange, brownish orange or orange-yellow;
pleurocystidia absent; spore L = 14.8 um [northeastern NA]
...................................................... M. borealis
Pileus striate or sulcate throughout development, reddish
brown, greyish red or pink, seldom brownish orange or

orange-white; pleurocystidia present but inconspicuous,
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non-refractive; spores L = 13.3 um (ser. Haematocephali)

.................................................. M. pulcherripes

4 (2). Pileus disc yellowish brown, margin greyish orange
or cream-colored; spores 16-24 um long (L = 19.4 um);
pileipellis composed of both smooth cells and Siccus-
type broom cells; basidiomata formed on hardwood
debris in marshy environments [northeastern coastal US]
.............................................. M. paludigenus
4. Pileus dark reddish brown, dark brown, brown, fulvous
or ferruginous overall; spore L = 14-17 um;
pileipellis composed entirely of Siccus-type broom

cells; habitat different from above ......ciiiiiiiiiinnnn 5

S5 (4). Pileus dark reddish brown, dark brown or brown, smooth
almost until maturity, then short-striate; spores 12.3-16.2
um long, x = 14 X 5.5 um, Q = 2.5; stipe apex greyish red
[Pacific coastal NA] tiviiiiiieieneeeeeeeenenenanans M. plicatulus
5. Pileus reddish brown, fulvous or ferruginous, deeply plicate;
spores 14.8-19.2 um long, x = 17.2 X 4.2 um, Q = 4.1; stipe
apex white, yellowish white or pinkish white [Eastern US]

.............................................. M. fulvoferrugineus

6 (1). Stipe white, pruinose or pubescent overall ............. 7
6. Stipe more deeply pigmented, glabrous above basal

tomentum or with rare, scattered pruinae .........covveunnn 8
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7 (6). Pileus pale purplish brown, brown or dark brownish
orange; basidiomata formed on tree bark [South Carolina,
South Americal ....iiiiiiitiiinnenreneanennnnns M. pusio var. pusio
7. Pileus orange, brownish orange or brownish yellow;
basidiomata formed on grass leaves or Rubus stems or roots

[Indiana, Californial ...vivvierininennn. M. pusio var. armeniacus

8 (6). Pileus with olivaceous pigmentation, fuliginous-
olive, olive fuscous or olive-ochraceous .......c.eeeeeeeans 9

8. Pileus without olivaceous pigmentation .........cvieuuennn 10

9 (8). Lamellar edge olivaceous-marginate; lamellae subdistant
or distant, moderately broad; basidiomata formed on
dicotyledonous debris [Florida] ............... M. olivascenticeps
9. Lamellar edge non-marginate; lamellae close, narrow or
moderately broad; basidiomata formed on monocotyledonous

or dicotyledonous debris [Florida, neotropics] ..... M. trinitatis

10 (9). Setulae on pileipellis elements and cheilo-
cystidia irregular in outline, strangulate-contorted

and densely verrucose; spore L = 12.3-12.9 pum

10. Setulae on pileipellis elements and cheilocystidia

cylindric or conic, not verrucose; spore L <11 pm ....... 12
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11 (10). Pileus white; lamellae remote, broad; basidiomata

11.

formed on hardwood twigs [South Carolina] ............. M. similis
Pileus brown or cinnamon brown; lamellae distant, narrow;
basidiomata formed on grasses [New England, South Carolina]

..................................................... M. pruinatus

12 (10). Lamellae distant, broad; basidiomata formed on
dicotyledonous 1leaves .....eeieerriitttiittiiet et onanonns 13
12. Lamellae close or subdistant, rarely distant, narrow or

moderately broad; basidiomata formed on woody debris .... 14

13 (12). Pileus deep reddish purple, reddish brown or brown;

13.

lamellae non-marginate; stipe apex purplish red; spores

3-4.2 uym wide (W =~ 3.5 um, Q = 3) [eastern US] ..........
...................................................... M. bellipes
Pileus brownish orange; lamellae often ferruginous-marginate;
stipe apex white; spores 4-5 um wide (W = 4.5 uym, Q = 2.2)

[I113n03S] tv ittt iititie e teeeeeeeseeneseanannn M. submarginatus

14 (12). Pileipellis composed of nearly equal numbers of
smooth cells and Siccus-type broom cells; stipe
lacking broom cells and dendrotrichomoid elements;
spores 6.4-8 um long (L = 7.2 um) [Florida, South

Americal ... i, M. corrugatus var. portonovensis

14. Pileipellis composed entirely of Siccus-type broom
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cells (very rarely with few smooth cells interspersed);
stipe with scattered broom cells or dendrotrichomoid

elements; spore L = 8.2-9.0 UM +..vtiiinnenennneeenrennns 15

15 (14). Spores 7.2-9 uym long (L = 8.2 um); pileus 8-22 mm
broad; stipe base with scattered irregularly cylindric
caulocystidia and rare dendrotrichomoid elements [Florida, South
America)l ..iviiiiiiiii ittt e M. corrugatus var. aurantiacus
15. Spores 8.8-10.4 um long (L = 9.9 um); pileus 15-42 mm
broad; stipe base with scattered dendrotrichomoid elements,
lacking irregularly cylindric caulocystidia [Florida, South

AMETICA] ittt ittt ittt teeeeeeeeeeeeensonsenansannns M. leoninus
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CHAPTER VI

CULTURAL STUDIES

The importance of cultural characters in taxonomy of wood-rotting
Aphyllophorales has long been established (Davidson et al., 1942;
Nobles, 1948, 1958, 1965; Stalpers, 1978). The potential value of the
use of cultural characters in taxonomy of Agaricales has been indicated
by Miller (1971) and Watling (1984), but to date, such studies are rare
(Semerdzieva, 1965; Campbell & Petersen, 1975; Mueller, 1982, 1984,
1985; Mueller & Fries, 1985; Vilgalys & Miller, 1983; Thorn &
Barron, 1986). Of these latter studies, only Mueller (1982, 1984) and
Mueller and Fries (1985) used cultural characters taxonomically, to
separate closely allied species. The following studies on cultural
morphology of southern Appalachian Marasmii were undertaken to
determine the value of cultural characters in the taxonomy of
Marasmius.

A preliminary experiment was performed to determine the degree of
morphological variability resulting from the growth of isolates on
various culture media. Isolates of fifteen species (Table 1)
representing six sections of Marasmius were grown under controlled
conditions on five different media (three replicates of each isolate):
Malt Extract Agar (MEA), Potato Dextrose Agar (PDA), Cornmeal Dextrose
Yeast Agar (CMDY), Malt Yeast Soytone Agar (MYS), and Modified Melin-
Norkrans Medium (MNM) [see Appendix B for formulae]. Isolates of all
species examined, except Marasmius delectans, M. cohaerens var.

lachnophyllus and M. strictipes, grew well on all five media, often



Table 1. Isolates of Selected Marasmius Species Utilized in

Preliminary Study of Cultural Morphology.
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Specific Epithet Section Collection #
androsaceus Androsacei 4491
straminipes

var. fibulatus Androsacei 4474
capillaris Marasmius 4239
graminum Marasmius 4386
rotula Marasmius 4466
felix Epiphylli 4471
strictipes Globulares 4453
pyrrhocephalus Alliacei 4467
scorodonius Alliacei 3875
cohaerens

var. lachnophyllus Sicci 4438
delectans Sicci 4518
falcatipes Sicci 4415
pseudobambusinus Sicci 4353
pulcherripes Sicci 4075
siccus Sicci 4314
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covering a 90 mm Petri plate in two weeks. The three exceptions grew
poorly on all five media, covering less than half the Petri plate in
five weeks. In the majority of species examined in this preliminary
experiment, somatic hyphae showed very little differentiation when
grown on MEA. In general, aerial mycelium was not formed or consisted
of a few silky, radially arranged, hyaline or white hyphal strands.
Isolates of M. scorodonius, M. pyrrhocephalus (both sect. Alliacei), M.
capillaris and M. rotula (both sect. Marasmius) grown on MEA formed
cottony or woolly, white aerial mycelium with scattered brownish or
avellaneous crustose regions.

In contrast, isolates of all taxa grown on PDA, CMDY, MYS and MNM
typically formed well-developed, often highly pigmented aerial
mycelium. Isolates of some species (e.g., M. androsaceus, M.
pulcherripes) grew faster and formed thicker mats on one or more of
these media, while isolates of a few species (e.g., M. graminum, M.
falcatipes) showed nearly identical culture mat morphology on all media
tested. Only one species, viz., M. straminipes var. fibulatus, showed
significant variation on all five media. When grown on PDA, CMDY, and
MYS, somatic hyphae of the latter species formed numerous erect
rhizomorphs by Week V, but variation was observed on each medium in mat
coloration and zonation, and reverse color. Culture mat morphology on
MNM was similar to that on CMDY but rhizomorphs were not formed, and
when grown on MEA, the isolate formed pigmentless aerial mycelium and
lacked rhizomorphs.

A comparison of somatic hyphal growth and differentiation of all

taxa examined in this preliminary study revealed that the greatest
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interspecies variability in culture mat morphology was between isolates
grown on PDA. It was surmised that this variation may be of taxonomic
significance and warranted further examination. For this reason, the
macro- and micromorphologies of somatic hyphae in culture were
determined and evaluated for each species, from isolates grown on PDA
as well as on MEA, the traditional medium used by Nobles (1948, 1965)

and Stalpers (1978).

CULTURAL CHARACTERS.

Ninety isolates representing 29 taxa were utilized in the
following studies on cultural characters in southern Appalachian
Marasmius (Table 2). Three replicates of each isolate were grown on
MEA and PDA. In 28 of the taxa examined, there was very little
variation between different isolates of a given species (i.e.,
infraspecific variation). Only one species, viz., M. androsaceus,
showed significant infraspecific variation, with isolates sorting into
three distinct culture mat morphologies. The latter observation
warrants further investigation; specifically, comparison of isolates
from the southern Appalachians with isolates obtained elsewhere in the
geographical range of the species. Clearly, more confidence can be
placed in my characterization of cultural morphology of a species when
numerous isolates were available for study, than when only a single
isolate was available. However, results obtained from taxa represented
in this study by four or more isolates indicate that cultural

morphology is fairly consistent within species.
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Isolates of Marasmius Species Utilized in Cultural Studies.

Specific Epithet Section Collection #
brevipes Rhizomorphigena 4586
straminipes
var. straminipes Androsacei 4325
straminipes
var. fibulatus Androsacei L447, L4T74
pallidocephalus Androsacei 4615
androsaceus Androsacei 3579, 3806, 3917,
3937, 4328, 4450,
4475, 4481, 4491
graminum Marasmius 3838, 4386, 4442
capillaris Marasmius 3855, 4239, 4345,
4465, 4493
rotula Marasmius 3546, 3547, 3818, 4241,
4461, 4466, 4555
felix Epiphylli 4471, 4486
decipiens Globulares 4272, 4480, 4608
nigrodiscus Globulares 4301, 4392
cystidiosus Globulares 4594
oreades Globulares 4019, Halling 5958
strictipes Globulares 4073, 4411, 4439, 4453
pyrrhocephalus Alliacei 4218, 4273, 4437, 4467,
4503, 4573, 870813/01
scorodonius Alliacei 3875, 3952, 3975,
4500, 4554
delectans Sicci 4518
cohaerens
var. cohaerens Sicci 4522
cohaerens
var. lachnophyllus Sicci 4071, 4387, 4438, 4589
ciliatomarginatus Sicci 4414
falcatipes Sicci 4415, 4456, 4490
spissus Sicci 4598
sullivantii Sicci 4072, 4342, 4434,
4452, 4595
pseudobambusinus Sicci 4353
haematocephalus
var. haematocephalus  Sicci 4321, 4640
haematocephalus
var. anomaloides Sicci 4322, 4711
siccus Sicci 4314, 4464
pulcherripes Sicci 4017, 4057, 4075, 4326,
4343, 4390, 4487, 4596
fulvoferrugineus Sicci 4324, 4420, 4501, 4656
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Macromorphological Characters.

MEA-Grown Isolates. As indicated above, very little useful

taxonomic information was obtained from isolates grown on MEA. The 29
taxa utilized in this study can be grouped in three categories based on
culture mat morphology on MEA: 1) isolates of 21 taxa formed no aerial
mycelium or only poorly-developed aerial mycelium consisting of a few
appressed radiating hyphal strands; 2) isolates of 4 taxa formed
white, cottony or woolly aerial mycelium; and 3) isolates of 4 taxa
formed pallid, woolly aerial mycelium plus irregularly-shaped, brownish
or avellaneous crustose patches. Within each of these categories, the
majority of isolates could not be separated based on morphology.
Moreover, each category contained taxa belonging to a number of
different sections of the genus. The Nobles Species Codes (Nobles,
1965) for the majority of MEA-grown taxa were nearly identical. These
results suggest that macromorphological cultural characters of isolates
grown on MEA are of limited taxonomic value.

PDA-Grown Isolates. In contrast, culture mat analyses of isolates

grown on PDA revealed distinct morphologies for nearly all species
examined. The following discussion of diagnostic features pertains
exclusively to growth on PDA. Diagnostic macromorphological characters
include: a) mean growth rate; b) color of the culture mat; c)
texture of the culture mat; and d) reverse color.

Mean Growth Rate. Growth (expressed as the radius of the culture
mat) of each replicate of each isolate was measured at one week
intervals for a period of six weeks or until the plates were covered.

Mean growth rate ranged from 7 mm at Week VI (M. strictipes) to 60 mm
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at Week I (M. graminum). Members of sect. Globulares grew slowly on
PDA [7-34(-55) mm at Week VI], while members of sect. Marasmius
exhibited very rapid growth rates, covering 90 mm plates in 2-3 weeks.
Mean growth rate (MGR) may, on occasion, be used to separate closely

allied taxa. For example, the MGR for M. nigrodiscus at Week VI was 34

mm (n = 6), compared to 12.5 mm (n = 3) for M. cystidiosus; MGR for M.
siccus at Week VI was 70+ mm (n = 6), compared to 44.6 mm (n = 24) for
M. pulcherripes; MGR for M. rotula at Week II was 70+ mm (n = 21),

compared to 50 mm (n = 15) for M. capillaris. Mean growth rate alone,
however, is insufficient to separate taxa, but when used in correlation
with other cultural characters growth rate may be of taxonomic value.
Culture Mat Coloration. Culture mats ranged in coloration from
white, cream, tan or beige, to various shades of yellow, green, orange
or red, to brown, dark brown or charcoal. In some taxa, color of the
culture mat changed as cultures aged, often initially white overall but
developing deeper pigments in older regions (i.e., adjacent to the
inoculum plug) and retaining a white advancing zone. Some taxa formed
white mats throughout 6 weeks of growth, while other taxa formed
pigmented mats from the onset of growth on PDA. In a few species
(e.g., M. rotula, M. capillaris), some isolates were initially white
overall and did not develop pigments until the fifth or sixth week of
growth, while other isolates of the same species formed pigmented
aerial hyphae by Week II. If these cultures were observed only at Week
IV, it would appear as if several distinct morphologies were formed;
however, by Week VI, once fully pigmented, all isolates of the species

showed identical culture mat morphology. Such ontogenic sequences
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signify the importance of recording culture mat development at weekly
intervals. Culture mats of some taxa were zonate, with the zones
representing areas of different coloration and/or texture.

Culture mat coloration is one of the more important taxonomic
cultural characters, useful in separating closely allied taxa. For
example, cultures of M. rotula developed azonate crustose mats of
"avellaneous," "fawn brown,'" or "wood brown'" hyphae (i.e., with pink or
dull violaceous tints, lacking orange tints) by Week VI, whereas
equally aged cultures of M. capillaris developed zonate crustose mats

" "cinnamon," or "cinnamon buff" hyphae (i.e., with

of "clay color,
orange tints, lacking pink tints) [color terms in quotation marks from
Ridgway (1912)]. Isolates of M. siccus developed subfelty mats of
cream-buff or pale ochraceous mycelium, whereas isolates of M.
pulcherripes formed felty mats of deep olivaceous mycelium. Bright
yellow spots composed of globular clusters of deep yellow acicular
crystals developed on culture mats of M. nigrodiscus, while such
pigmented crystal deposits were lacking in isolates of M. cystidiosus.
Further comparisons will be provided below in the commentaries
following the descriptions of cultural morphology.

Culture Mat Texture. Terms used to describe culture mat texture
are those of Stalpers (1978). Isolates of Marasmius species developed
culture mats ranging in texture from downy, farinaceous (granulose),
floccose, silky, cottony, woolly or plumose, to subfelty, felty or
crustose. Often, the aerial mycelium was initially downy, silky or

cottony, and later developed mats with woolly, subfelty, felty or

crustose texture. Hence, within a single culture, a full range of
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textures may be observed, grading from downy or silky in the advancing
zone to felty or crustose near the inoculum plug. In most taxa
examined, the advancing zone hyphae were submerged or only poorly
developed on the surface of the agar, while the aerial mycelia in older
regions of cultures were well-developed and often raised. In a few
species (e.g., M. cohaerens var. lachnophyllus, M. strictipes) at Week
VI the culture mats were radially ridged, grooved or folded.
Additionally, rhizomorphs developed in one species (viz., both
varieties of M. straminipes) by Week VI. The use of culture mat
texture data alone is insufficient to separate closely allied taxa. If
one does not know what species of Marasmius an isolate belongs to,
however, culture mat texture data will be useful in narrowing the
possibilities. For example, isolates of M. graminum and M. falcatipes
consistently developed thick, woolly aerial mycelium, whereas isolates
of M. delectans and M. scorodonius formed thin, felty mats, compared to
crustose mats formed by isolates of M. rotula and M. capillaris. In
the descriptions that follow, culture mat texture is described
throughout the ontogenic sequence until Week VI. Nobles (1965) and
Stalpers (1978) Species Code numbers are given for the texture at Week
VI.

Reverse Color. Reverse color is defined as the color of the agar
resulting from presence or absence of diffused pigments formed by the
hyphae. In the majority of species examined, the agar was pigmented by
Week VI, especially under or adjacent to the inoculum plug. In a
number of taxa, pigments diffused well beyond the margin of the culture

mat. Isolates of most species showed cream, yellowish, ochraceous or



299
pale brownish pigments in the agar. Two rather striking exceptions
were cultures of M. spissus and M. pulcherripes. The reverse of
isolates of M. spissus was at first yellow, but soon became golden and
developed into a deep brilliant red by Week II. At Week VI, the
culture mat had developed to a radius of 9 mm, but the deep red
pigments diffused throughout the entire Petri plate. Reverse of
isolates of M. pulcherripes showed tawny olivaceous or dark olivaceous
pigments, matching the culture mat coloration. In certain cases,
reverse color was useful in separating closely allied taxa. For
example, reverse of cultures of M. siccus was ochraceous, that of
isolates of M. fulvoferrugineus was reddish brown, while that of
cultures of M. pulcherripes was dark olivaceous.

It was difficult to select an appropriate Species Code symbol for
reverse color from those offered by Nobles (1965) and Stalpers (1978).
Nobles' code symbols for reverse color are as follows: '"38. Reverse
unchanged. 39. Reverse brown, at least in part. 40. Reverse bleached,
at least in part." In the descriptions below, if the reverse was
pallid, i.e., white, cream or pale yellow, the species was coded 38.

If the reverse was more deeply pigmented, the species was coded 39.
Stalpers' code symbols for reverse color are as follows: '"37. Reverse
bleached. 38. Reverse darkened." These choices were wholly inadequate
for recording taxonomically important cultural features of Marasmius
species. Stalpers Species Code was appended, therefore, to account for
observed variation. The following Code symbols are proposed and used
accordingly in the descriptions below: 37. Reverse bleached.

37a. Reverse unchanged. [no 38 used.] 38a. Reverse cream-colored.
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38b. Reverse orange or brownish orange. 38c. Reverse red or brownish
red. 38d. Reverse yellow or ochraceous. 38e. Reverse brown, dark
brown or charcoal. 38f. Reverse olivaceous.

Odor of Cultures. Odors of cultures of the majority of taxa
examined were not distinctive. In a few species, the odor was musty
(M. delectans, nigrodiscus, siccus, pulcherripes, fulvoferrugineus),
while in several others the odor was reminiscent of fresh coconut (M.
cystidiosus, strictipes, several isolates of M. androsaceus). In one
species (M. ciliatomarginatus) cultures were raphanoid, in another (M.
haematocephalus var. anomaloides) cultures were rancid, somewhat like
cat urine, while in a third species (M. pallidocephalus), cultures were
fruity, faintly suggestive of ripe mango. It was surprising that the
odor of cultures of M. scorodonius was not distinctive, i.e., not
alliaceous. In the field, mycelium and basidiomata of this species are
strongly alliaceous. A second alliaceous species, M. perlongispermus
Sing., recently cultured from fresh material collected in Colombia,
also produced inodorous mycelium in vitro. Presumably the volatile
compounds produced by mycelium in situ are formed either through the
degradation or synthesis of compounds not available in MEA or PDA.

Basidiomata Production in Culture. Of the 29 taxa examined, only
one replicate of one species, viz., M. felix (DED 4471), produced
basidiomata in culture. After approximately nine weeks growth in the
dark at 20-23° C, basidiomata with pinhead-sized pilei formed. The
replicate was removed from the dark and placed in a room with natural
sunlight (approx. 14 hrs light, 10 hrs dark) and after about one week

the pilei expanded and spores were formed and shed. All



micromorphological features of the basidiomata formed in culture
matched those of the basidioma from which the original isolate was
obtained. Arnold (1935) reported the formation of basidiomata of M.
pyrrhocephalus (as M. elongatipes) on six different media, plus
basidiomata formation in vitro in cultures of M. epiphyllus and M.

capillaris.

Micromorphological Characters.

Before proceeding with a discussion of diagnostic
micromorphological characters in cultures of Marasmius, a few terms
used in the descriptions must be defined. Hyphae with short,
cylindric, aseptate side-branches or projections are called
"diverticulate'" (Fig. 39 A) [Nobles Code Symbol lla; Stalpers Code
Symbol 65]. The diverticula may be scattered and sparse, termed

"sparsely diverticulate," or numerous and densely packed, termed

"densely diverticulate." If terminal cells or side-branches are

subcoralloid, coralloid or brush-like, the hyphae are termed "
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staghorn-

like" (Fig. 39 B) [Nobles lla; Stalpers 61]. Clamp connections that

give rise directly to hyphae are said to be '"sprouting clamps."

Terminology used in this study to define differentiated culture

mat tissues was originally proposed by Starbdck (1895) and amended by

Korf (1951, 1958) to describe ascomata excipular tissues. Later,
Miller (1971) indicated that the same terms were appropriate for

describing culture mat morphology of agarics. Terms used in

descriptions below are as follows: textura globulosa - tissue composed

of loosely interwoven, globose, subglobose or irregularly-shaped (but
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Figure 39 A-B. Micromorphological Features of Axenic Cultures of
Marasmius. A. Diverticulate hyphae. B. Staghorn-like hyphae.
Standard bar = 10 pm.

short-celled), thin-walled hyphae with interhyphal spaces (Fig. 40 A);
textura angularis - tissue composed of tightly adherent, irregularly-
shaped (short-celled) or polyhedral (by mutual pressure) hyphal cells,
thin- or thick-walled, often pigmented, lacking interhyphal spaces
(Fig. 40 B); textura intricata - tissue composed of interwoven, long-
celled hyphae, thin- or moderately thick-walled, typically hyaline,
with interhyphal spaces (Fig. 40 C); textura epidermoidea - tissue

composed of tightly adherent, long-celled hyphae, these often irregular
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A. Textura
C. Textura intricata.
= 10 pm.

of Marasmius.
. Standard bar

angularis.
idea

B. Textura
epidermo

globulosa.
Textura

Figure 40 A-D. Culture Mat Tissues
D.
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in outline and frequently-branched, thin- or thick-walled, often
pigmented, lacking interhyphal spaces (Fig. 40 D). These terms may
have modifiers such as: '"poorly-developed," describing a tissue not
fully formed, i.e., one not meeting all criteria in the definitions
above but suggesting the morphology of a particular tissue type;
"well-developed," a fully formed, easily definable tissue type;

"incomplete,"

a well-developed tissue type with discrete regions of
undeveloped tissue, e.g., a textura angularis with pockets of loosely
interwoven, long-celled elements. The four tissue types discussed
above were coded for Nobles and Stalpers Species Codes as follows:
textura globulosa - Nobles 10, Stalpers 63; textura angularis and
textura epidermoidea - Nobles 11, Stalpers 64; textura intricata -
Nobles 11i, Stalpers 64.

Many isolates of species belonging to sect. Sicci formed
specialized aerial side-branches herein termed "dendrotrichomoid
elements" (Fig. 41). These elements are hyaline, moderately thick-
walled, typically dextrinoid, short, broad-based side-branches which
give rise apically and subapically to a cluster of unbranched, long,

' The structures are reminescent of leaf

aseptate, filiform "arms.'
trichomes of various Fagaceous trees. They are also suggestive of the
dichophyses of Lachnocladium and Vararia species, but in these, the
apical branches are successively dichotomously branched.
Dendrotrichomoid elements were uncoded in the Nobles Code and given the
symbol ''68a" in the Stalpers Code.

Several general statements can be offered concerning

micromorphological features of cultures of the 29 Marasmius taxa
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Figure 41. Dendrotrichomoid Elements from Culture Mats of Marasmius.
Standard bar = 5 pm.

studied. No broom cells of the Siccus-type or Rotalis-type were formed
in culture. No clearly differentiated leptocystidia or gloeocystidia
were formed. No basidia were formed on somatic hyphae, and no asexual
spores were observed, i.e., no conidia, chlamydospores, nor oidia. No
pigment-incrusted hyphae were observed. Species forming basidiomata
with clamp connections formed clamped somatic hyphae in culture.
Likewise, species forming basidiomata lacking clamp connections formed
clampless hyphae in culture. Additionally, species forming basidiomata
with dextrinoid or inamyloid tissues formed dextrinoid or inamyloid
tissues in culture respectively.

MEA-Grown Isolates. Micromorphological features of MEA-grown

isolates provided limited taxonomically valuable data. Because the

majority of taxa examined formed no or little aerial mycelium on MEA,
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only a few species developed differentiated tissues (e.g., M.
androsaceus, capillaris, rotula). In isolates of the latter species,
well-developed, brownish-pigmented texturae angulari developed by Week
VI. In most isolates, hyphae were loosely interwoven, narrow (1.5-4 um
diam), hyaline, thin-walled, inamyloid, and ranged within an isolate
from non-diverticulate and infrequently-branched, to diverticulate and
frequently-branched, often staghorn-like. Very little interspecific
variation was observed and consequently, species determinations could
not be made based exclusively on micromorphology.

PDA-Grown Isolates. PDA-grown isolates yielded more taxonomically

valuable micromorphological data than isolates grown on MEA, but here
too, many taxa developed similar micromorphologies. Diagnostic
micromorphological characters include: a) culture mat tissue-type; b)
other differentiated elements, such as dendrotrichomoid elements,
irregularly swollen intercalary cells, etc.; c) clamp connection
formation; and d) crystal formation.

Culture Mat Tissue-types. In some taxa (M. pallidocephalus,
graminum, felix, oreades, falcatipes, pseudobambusinus, etc.), no
definable tissue was formed by aerial hyphae. Isolates of these
species formed downy, cottony or woolly aerial mycelium composed merely
of loosely interwoven hyphae. Other taxa, however, formed easily
definable tissues described as textura globulosa, textura angularis,
textura intricata, or textura epidermoidea. Species considered closely
allied (based on morphology and ecology of basidiomata) tended to form
similar culture mat tissues. For example, M. rotula and M. capillaris

both developed textura angularis tissue in culture, M. nigrodiscus and
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M. cystidiosus formed textura intricata, while isolates of M. siccus,
M. fulvoferrugineus and M. pulcherripes did not form distinct tissues
in culture. In isolates of some taxa, there was an ontogenetic
sequence progressing from loosely interwoven hyphae through a textura
intricata, to either a textura angularis from the inflation and
subsequent adherence of adjacent cells, or to a textura epidermoidea
where long-celled elements did not become inflated but branched
repeatedly with adjacent branches becoming tightly adherent. Results
of these studies indicate that under controlled conditions, isolates of
a given species grown on PDA formed consistent culture mat
micromorphologies, i.e., little or no infraspecific variation in
tissue-type was observed. Tissue-type data may be useful in
determining unknown isolates, when used in conjunction with other
cultural characters.

Other Differentiated Elements. As mentioned previously, many
species formed dendrotrichomoid elements in the aerial mycelium (mainly
on PDA, rarely on MEA), especially members of sect. Sicci.
Dendrotrichomoid elements were observed in isolates of eleven of
thirteen examined taxa in sect. Sicci, absent only in M. spissus and M.
pulcherripes. In addition, these structures were formed by isolates of
all members of sect. Globulares except M. cystidiosus. No isolates of
members of sections Rhizomorphigena, Androsacei, Marasmius, Epiphylli
or Alliacei formed dendrotrichomoid elements. In many of the taxa that
formed such structures, repent, thick-walled, dextrinoid hyphae with
scattered, unbranched, aseptate, filiform side-branches were observed

interwoven in the aerial mycelium. These latter skeletalized hyphae
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suggested dendrotrichomoid elements in which internodes between the
apical "arms" had become greatly elongated.

Presence or absence of irregularly swollen (up to 10+ um diam)
intercalary cells on PDA-grown submerged hyphae may be diagnostic.
Isolates of approximately one third of the taxa examined formed
submerged hyphae with swollen intercalary cells. For example, in sect.
Androsacei, swollen intercalary cells were observed on M. straminipes
(both varieties), but were lacking in isolates of M. androsaceus and M.
pallidocephalus. In sect. Globulares, swollen cells were seen only in
M. nigrodiscus, whereas all three species of sect. Marasmius examined
in this study developed such cells. In sect. Sicci, nine of the
thirteen taxa examined lacked swollen cells in submerged hyphae.

The degree of hyphal diverticulation may be diagnostic only when
extremes are considered, i.e., consistently non-diverticulate or with
rare scattered diverticula versus densely diverticulate. For example,
isolates of the majority of taxa examined formed conspicuously
diverticulate or staghorn-like hyphae throughout the cultures, while
hyphae of isolates of M. pallidocephalus and M. decipiens typically
lacked diverticula.

Clamp Connection Formation. Presence or absence of clamp
connections in cultures of Marasmius paralleled their occurrence in
basidiomata of the same taxa. Of the 29 taxa examined, two species are
clampless, viz., M. straminipes var. straminipes and M.
pallidocephalus, and likewise, cultures of these taxa were clampless.

Isolates of M. straminipes var. fibulatus and M. androsaceus formed
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clamp connections, but not at every septum, i.e., inconstant clamps.
All other clamped taxa exhibited constant clamp formation in culture.

Crystal Formation. Various types of crystals were formed in
isolates of specific taxa (as observed when mounted in KOH or water),
and their shape, pigmentation and distribution may be diagnostic.
Aerial hyphae of four taxa (M. graminum, pseudobambusinus,
haematocephalus var. haematocephalus, haematocephalus var. anomaloides)
were often incrusted with hyaline, granular crystals when grown on MEA
and/or PDA. In MEA-grown isolates of three other species (M.
strictipes, spissus, sullivantii), aerial hyphae were often incrusted
with glassy, hyaline, amorphous or plaque-like crystals which entirely
encased the hyphae. PDA-grown isolates of M. nigrodiscus formed long,
deep yellow acicular crystals grouped in clusters among aerial hyphae,
while MEA-grown isolates of M. pulcherripes formed aerial hyphae
encased in short, hyaline acicular crystals. Hyaline octahedral
crystals were observed in agar or among aerial hyphae of MEA-grown
isolates of M. decipiens and M. nigrodiscus. Additionally, glassy,
hyaline, amorphous crystals developed in PDA-grown isolates of M.
falcatipes, M. siccus, M. pseudobambusinus and M. fulvoferrugineus. In
PDA-grown isolates of M. pulcherripes, deep grass green, globular
crystals were observed in KOH-mounts of aerial hyphae. When correlated
with other cultural characters, crystal morphology and distribution may

prove taxonomically valuable.

In summary, very little variation in cultural morphology was

observed in isolates grown on MEA, whereas culture mat analyses of
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isolates grown on PDA revealed distinct morphologies for nearly all
species examined. On the latter medium, infraspecific variability in
cultural morphology was low, while interspecific variability was high.
No single cultural character can be used to clearly separate taxa,
however, a combination of selected macro- and micromorphological
features are suitable for species or species complex determination.
Diagnostic features of greatest value include: a) mean growth rate;

b) culture mat coloration and texture; c) reverse color; d) culture
mat tissue-type; e) occurrence of differentiated elements such as
dendrotrichomoid elements or swollen intercalary cells; and f)
formation and distribution of crystals. Diagnostic features of limited
taxonomic value include: a) culture odor; b) rhizomorph formation;

c) occurrence of clamp connections; and d) degree of hyphal

diverticulation.

DESCRIPTIONS OF CULTURAL MORPHOLOGY

The following descriptions of cultural morphology are organized in
the order in which the species are treated in the taxonomic portion of
this manuscript. Separate descriptions are provided for morphologies
formed on MEA and PDA. Mean growth rates were determined weekly from
all replicates of all isolates of each species. Spot tests for the
presence of specific phenoloxidases were performed at Week II and Week
VI, and the results are recorded accordingly below. A discussion of
these results is provided elsewhere in this manuscript. The Nobles

Species Code (Nobles, 1965) and Stalpers Species Code (Stalpers, 1978)
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were determined for each species, with separate codes recorded for each
growth medium. Additions or clarifications to these codes, proposed by
Boidin and Lanquetin (1983) and proposed here, are summarized in
Table 3. Color terms in quotation marks are from Ridgway (1912), all
other color terms are from Kornerup and Wanscher (1978). Where
appropriate, commentaries on taxonomically important cultural features

follow the descriptions.
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Additions or Clarifications to Nobles' and Stalpers' Species

Codes Utilized in Descriptions of Cultural Morphology.

a indicates symbols proposed by Boidin & Lanquetin (1983).
B indicates symbols proposed by Nobles (1965) [clarified]
T indicates symbols proposed by Stalpers (1978) [clarified]

& indicates symbols proposed here.

NOBLES CODE

2.
2a.
2b.
3c.
3i.
3r.
8d.
11.

1l1a.

11i.

54.

54a.

55.

55a.

56.

STALPERS

37.

37a.
38a.
38b.
38c.
38d.
38e.
38f.

39.

39a.
68a.

89.

89a.

90.

90a.

91.

Laccase and tyrosinase present. a

Laccase only present. a

Tyrosinase only present. a

Clamps constant. a

Clamps inconstant. a

Clamps rare. a

Skeletalized hyphae dextrinoid. a

Hyphae differentiated through formation of short branches,
diverticula or staghorn-like elements, tightly adherent,
interlocking to form a plectenchyma tissue (textura
angularis, textura epidermoidea). PB

Hyphae differentiated through formation of short branches,
diverticula or staghorn-like elements, but not tightly
adherent and not forming a distinct tissue. &

Hyphae forming a textura intricata. &

Substrate: Angiosperm wood. B

Substrate: Angiosperm leaves (excluding grasses). &
Substrate: Gymnosperm wood. f

Substrate: Gymnosperm leaves. &

Other substrates, including soil and grasses. B

CODE

Reverse bleached. =

Reverse unchanged. &

Reverse cream-colored. &

Reverse orange or brownish orange. §

Reverse red or brownish red. &

Reverse yellow or ochraceous. &

Reverse brown, dark brown or charcoal. &
Reverse olivaceous. &

Clamps present. <t

Clamps absent. &

Dendrotrichomoid elements present. §

Substrate: Angiosperm wood. T

Substrate: Angiosperm leaves (excluding grasses). &
Substrate: Gymnosperm wood. T

Substrate: Gymnosperm leaves. §

Other substrates, including soil and grasses. 1
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MARASMIUS BREVIPES
Medium: MEA. Mean Growth Rate: (n = 3) 1 wk, 13 mm; 2 wks, 32
mm; 3 wks, 50 mm; 4 wks, plates covered. Macromorphology: Advancing
zone submerged, silky, hyphae hyaline. Aerial mycelium poorly
developed, appressed, silky, hyaline or with a few white radiating
strands. Reverse unchanged. Odor not distinctive or faintly like
ethanol. Micromorphology: Advancing zone hyphae 1.5-3 um diam,
infrequently-branched, non-diverticulate, hyaline, inamyloid, thin-
walled, clamped, clamps rarely sprouting. Aerial hyphae rare, similar
to advancing zone hyphae. Submerged hyphae 1.5-3 pym diam, loosely
interwoven, infrequently-branched, non-diverticulate, hyaline,
inamyloid, clamped. Phenoloxidase Reactions: Week II: Laccase (-),
Tyrosinase (-), Peroxidase (-). Week VI: Laccase (-), Tyrosinase (-),
Peroxidase (weakly +). Nobles Code: 1.3c.7.36.38.44.52.54. Stalpers
Code: 8.13.20.30.37a.39.45.52.89.
Medium: PDA. Mean Growth Rate: (n=3)1wk, 10 mm; 2 wks, 28

mm; 3 wks, 46 mm; 4 wks, plates covered. Macromorphology: Advancing
zone submerged, silky; hyphae hyaline. Aerial mycelium at first
cottony or woolly, slightly raised, white overall; remaining white and
woolly at Week VI with scattered velutinous or crustose patches of
brown or dark brown mycelium. Reverse unchanged or pale cream-colored.
Odor faintly of ethanol. Micromorphology: Advancing zone hyphae same
as on MEA. Aerial mycelium of younger woolly regions forming a thick
layer of densely interwoven hyphae; hyphae 2-3 um diam, typically
infrequently-branched, non-diverticulate, hyaline, inamyloid, clamped,

with walls up to 0.6 um thick, few hyphae with walls up to 1+ pum thick.
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Aerial hyphae of older regions forming a poorly-developed to well-
developed textura epidermoidea composed of brown, dextrinoid hyphae
irregular in outline, with walls up to 1 um thick, loosely interwoven
or tightly adherent and lacking interhyphal spaces; some areas of
textura epidermoidea overlaid by loosely interwoven hyphae which arise
as side branches or erect terminal cells of the repent adherent hyphae.
Submerged hyphae 2-4.5 pym diam, hyaline, inamyloid, thin- or moderately
thick-walled, clamped. Phenoloxidase Reactions: Week II: Laccase
(+), Tyrosinase (-), Peroxidase (+). Week VI: Laccase (+), Tyrosinase
(-), Peroxidase (+). Nobles Code: 2a.3c.11.26.36.37.38.44.52.54.
Stalpers Code: 1.3.8.13.21.22.(26).28.30.34.36.38a.39.45.48.52.64.67.
80.89. Isolates Examined: DED 4586.

Commentary. PDA-grown isolates of M. brevipes were characterized
by white, woolly culture mats with isolated brown crustose regions, and
textura epidermoidea tissue. Recently, Desjardin and Petersen (1989d)
re-evaluated the taxonomic placement of M. brevipes, accepting the
species in Marasmius as originally described, rather than in
Micromphale where it was placed by other authors (cf. Dennis, 1953;
Pegler, 1983). One compelling reason for this decision was the
presence of dextrinoid tissue in the stipe cortical layer, a common
feature in Marasmius. Dextrinoid tissues are absent in all Micromphale
species studied by me. It is significant that hyphae comprising the

textura epidermoidea of cultures of M. brevipes were dextrinoid.
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MARASMIUS STRAMINIPES var. STRAMINIPES

Medium: MEA. Mean Growth Rate: (n = 3) 1 wk, 13 mm; 2 wks, 28.5
mm; 5 wks, 64 mm; 6 wks, plates covered. Macromorphology: Advancing
zone submerged, silky or rarely downy; hyphae hyaline. Aerial
mycelium at Week I cottony, white, by Week VI becoming floccose or
subfelty, white. Reverse pale cream-colored. Odor not distinctive.
Rhizomorphs not formed by Week VI. Micromorphology: Advancing zone
hyphae 1.5-3 um diam, cylindric, infrequently-branched, sparsely
diverticulate, sometimes coiled or contorted, hyaline, inamyloid, thin-
walled, unclamped. Aerial hyphae 2-4 um diam, loosely interwoven,
frequently-branched, non-diverticulate or sparse diverticulate,
otherwise similar to advancing zone hyphae. Submerged hyphae similar
to advancing zone hyphae. Phenoloxidase Reactions: Week II: Laccase
(-), Tyrosinase (-), Peroxidase (weakly +). Week VI: Laccase (+),
Tyrosinase (-), Peroxidase (weakly +). Nobles Code: 2a.6.(7).lla.
36.46.55a. Stalpers Code: 1.3.8.13.19.21.24.30.38a.39a.45.52.53.
65.90a.

Medium: PDA. Mean Growth Rate: (n = 3) 1 wk, 3 mm; 2 wks, 7 mm;
5 wks, 38.5 mm; 6 wks, 52.5 mm. Macromorphology: Advancing zone at
Week II submerged, silky or plumose; hyphae hyaline or white; by Week
VI becoming cottony, pale yellow. Aerial mycelium at Week II white and
woolly on the margin, pale brownish orange and felty in older regions;
by Week VI becoming zonate, zones white or cream and felty, yellow or
orange and felty, brownish orange and felty, and brown, velutinous or
crustose. Numerous erect, brownish orange, glabrous rhizomorphs

developed by Week IV. Reverse grading from yellow in younger regions
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to ochraceous, brownish orange or brown near the inoculum plug. Odor
not distinctive. Micromorphology: Advancing zone hyphae 1.5-3 um
diam, infrequently-branched, sparsely diverticulate, hyaline,
inamyloid, thin-walled. Aerial hyphae of felty regions forming a
textura intricata; hyphae 2-4 uym diam, loosely interwoven, frequently-
branched, non-diverticulate or diverticulate, hyaline or pale yellow,
inamyloid, thin-walled; in older, more deeply pigmented crustose
regions hyphae forming an incomplete textura epidermoidea composed of
long-celled, ochraceous or brown hyphae irregular in outline.

Submerged hyphae typically frequently-branched, non-diverticulate or
diverticulate, hyaline or pale ochraceous, inamyloid, thin-walled; in
areas near rhizomorph initiation hyphae become inflated up to 9 um diam
with walls up to 2+ um thick, with terminal cells often lobed.
Rhizomorphs composed of parallel hyphae 3.5-9 pym diam; cortical hyphae
ochraceous, dextrinoid, thick-walled; medullary hyphae hyaline,
inamyloid, thin-walled. All hyphae unclamped. Phenoloxidase
Reactions: Week II: Laccase (-), Tyrosinase (-), Peroxidase (-).

Week VI: Laccase (+), Tyrosinase (-), Peroxidase (+). Nobles code:
2a.6.11.11i1.16.26.(36).37.39.47.55a. Stalpers Code: 1.3.10.13.22.25.
28.29.30.32.34.38b.38d.38e.39a.44.45.48.52-55.64.65.67.80.81.90a.
Isolates Examined. DED 4325.

Commentary. Of the 29 taxa examined in this study, only M.
straminipes var. straminipes and M. pallidocephalus lacked clamp
connections on somatic hyphae. This feature coupled with formation of
a zonate, deeply pigmented textura epidermoidea on PDA is diagnostic

for M. straminipes var. straminipes. Isolates of the latter were
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easily distinguished from the other clampless species, M.
pallidocephalus. A distinct culture mat tissue was not formed by
isolates of M. pallidocephalus; rather, the aerial mycelium was
loosely interwoven and remained white throughout six weeks growth.
Cultures of var. straminipes differed from those of var. fibulatus in
occurrence of clamp connections and mean growth rate. Clamp
connections were present in var. fibulatus, albeit inconstant, and PDA-
grown isolates filled 90 mm Petri plates by Week IV. Other cultural
features of var. fibulatus are similar to those of var. straminipes,

including culture mat morphology and rhizomorph formation.

MARASMIUS STRAMINIPES var. FIBULATUS

Medium: MEA. Mean Growth Rate: (n=6)1 wk, 18 mm; 2 wks, 41.3
mm; 4 wks, plates covered. Macromorphology: Advancing zone
submerged, silky or rarely downy; hyphae hyaline. Aerial mycelium
cottony or floccose, white. Reverse unchanged. Odor not distinctive.
Rhizomorphs not formed by week VI. Micromorphology: Advancing zone
hyphae 2-4 ym diam, frequently-branched, diverticulate, staghorn-like,
hyaline, inamyloid, thin-walled; clamps inconstant, few sprouting
clamps. Aerial mycelium in marginal region loosely interwoven, in
older regions forming a poorly-developed textura intricata; hyphae 2-
4.5 pym diam, frequently-branched, non-diverticulate or diverticulate,
hyaline, inamyloid, thin-walled, with the majority of septa clamped.
Submerged hyphae similar to aerial hyphae but mainly unclamped.
Phenoloxidase Reactions: Week II: Laccase (-), Tyrosinase (-),

Peroxidase (weakly +). Week VI: Laccase (+), Tyrosinase (-),
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Peroxidase (weakly +). Nobles Code: 2a.3i.11i.36.38.44.54a. Stalpers
Code: 1.3.7.8.13.19.21.30.37a.40.(42).45.52.53.61.64.65.89a.

Medium: PDA. Mean Growth Rate: (n =6) 1 wk, 18 mm; 2 wks, 40.5
mm; 4 wks, plates covered. Macromorphology: Advancing zone
submerged, silky; hyphae hyaline. Aerial mycelium zonate; 2zones
moderately broad, white and woolly, orange and felty, brown and felty
or velutinous, and dark brown and crustose, seldom radially ridged;
older regions with numerous brownish orange or dark brown watery
droplets. Few erect, ochraceous or brownish orange, glabrous
rhizomorphs developed by Week VI. Reverse grading from hyaline or
yellow in the younger areas to brownish orange or dark brown near
the inoculum plug. Odor not distinctive. Micromorphology: Advancing
zone hyphae 2-4 uym diam, frequently-branched, diverticulate, staghorn-
like, hyaline, inamyloid, thin-walled; clamps inconstant, few
sprouting clamps. Aerial hyphae of felty zones interwoven, 1.5-3 um
diam, diverticulate, staghorn-like; crustose regions formed of a
textura epidermoidea; hyphae moderately short-celled or long-celled,
3-6 ym diam, irregular in outline, tightly adherent, dark ochraceous or
brown, inamyloid, thick-walled. Submerged hyphae in younger regions
1.5-4.5 pym diam, non-inflated, hyaline, inamyloid, thin-walled, mainly
unclamped; in older regions, especially near areas of rhizomorph
initiation, hyphae inflated to 9 um diam, moderately thick-walled, with
terminal cells often lobed. Rhizomorphs composed of parallel hyphae 3-
8(10) um diam; cortical hyphae ochraceous, dextrinoid, thick-walled;
medullary hyphae hyaline, inamyloid, thin-walled; clamps inconstant.

Phenoloxidase Reactions: Week II: Laccase (+), Tyrosinase (-),
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Peroxidase (+). Week VI: Laccase (+), Tyrosinase (-), Peroxidase (+).
Nobles Code: 2a.3i.11.16.26.(36).37.39.44.54a. Stalpers Code:
1.3.7.8.13.22.25.28.29.30.32.34.38b.38d.38e.40.(42).44.45.48.52-55.61.
64.65.67.80.81.89a. Isolates Examined. DED 4447, 4474.

Commentary. For a comparison with var. straminipes, see the
commentary on that variety. In the original description of this
variety (Desjardin & Petersen, 1989a), we noted that clamp connections
were common only on basidia, basidioles and stipe medullary hyphae, and
absent or exceedingly rare elsewhere. The inconstancy of clamp
formation was also apparent in cultures of var. fibulatus. When grown
on either MEA or PDA, clamp connections formed typically on aerial

hyphae but rarely formed on submerged hyphae.

MARASMIUS PALLIDOCEPHALUS

Medium: MEA. Mean Growth Rate: (n = 3) 1 wk, 12.5 mm; 2 wks, 30
mm; 3 wks, 48 mm; 4 wks, plates covered. Macromorphology. Advancing
zone submerged, silky; hyphae hyaline. Aerial mycelium poorly
developed, radiating-silky with a few woolly tufts around colony margin
at Week VI, white. Reverse unchanged. Odor mildly sweet.
Micromorphology: Advancing zone hyphae 1.5-4 ym diam, infrequently-
branched and non-diverticulate or frequently-branched and sparsely
diverticulate, often staghorn-like, hyaline, inamyloid, thin-walled,
unclamped. Aerial hyphae rare, frequently-branched and diverticulate,
similar to advancing zone hyphae. Submerged hyphae 2-4.5 um diam,
similar to advancing zone hyphae, some with false clamps.

Phenoloxidase Reactions: Week II: Laccase (+), Tyrosinase (-),
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Peroxidase (-). Week VI: Laccase (weakly +), Tyrosinase (-),
Peroxidase (+). Nobles Code: 2a.6.11a.36.38.44.50.55a. Stalpers
Code: 1.3.8.13.(16).20.30.37a.39a.45.52.53.60.61.90a.

Medium: PDA. Mean Growth Rate: (n = 3) 1 wk, 12.5 mm; 2 wks, 30
mm; 3 wks, 48 mm; 4 wks, plates covered. Macromorphology: Advancing
zone silky or rarely cottony; hyphae hyaline. Aerial hyphae white
throughout 6 weeks growth; initially slightly raised, cottony or
woolly, by Week VI with weakly-developed growth rings composed of
alternating appressed-woolly and raised-woolly regions. Reverse pale
yellow or pale cream. Odor fruity, faintly of ripe mango.
Micromorphology: Advancing zone hyphae similar in morphology to those
on MEA. Aerial hyphae 1.5-2.5 um diam, loosely interwoven,
infrequently-branched, sparsely diverticulate, hyaline, inamyloid,
thin-walled, unclamped. Submerged hyphae similar to aerial hyphae but
1.5-5 uym diam. Phenoloxidase Reactions: Week II: Laccase (+),
Tyrosinase (-), Peroxidase (+). Week VI: Laccase (+), Tyrosinase (-),
Peroxidase (+). Nobles Code: 2a.6.11a.36.38.44.50.55a. Stalpers
Code: 1.3.8.13.21.22.29.30.38a.39a.45.52.61.65.90a. Isolates

Examined. DED 4615.

MARASHIUS ANDROSACEUS

Medium: MEA. Mean Growth Rate: (n = 27) 1 wk, 11.2 mm; 2 wks,
25.6 mm,; 5 wks, 58.5 mm; 6 wks, plates covered. Macromorphology:
Advancing zone at Week I silky, hyaline; by Week II becoming plumose
or cottony, white. Aerial mycelium cottony or floccose, white, rarely

with small white, felty regions or pale brown crustose patches.
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Reverse white or pale yellow. Odor not distinctive in some isolates,
musty in some isolates, or sweet and faintly like coconut in other
isolates. Rhizomorphs not formed by Week VI. Micromorphology:
Advancing zone hyphae 1.5-4 ym diam, infrequently-branched and non-
diverticulate, or frequently-branched and diverticulate, often
staghorn-like, hyaline, inamyloid, thin-walled, clamped. Aerial hyphae
of cottony or floccose regions similar to those of the advancing zone;
hyphae of crustose regions forming tissues grading from a hyaline
textura intricata into a brown textura angularis with thick-walled,
brown, inamyloid cells. Submerged hyphae similar to advancing zone
hyphae, but some isolates with swollen intercalarly cells; hyphae
hyaline, inamyloid, thin-walled, clamps inconstant. Phenoloxidase
Reactions: Week II: Laccase (+), Tyrosinase (-), Peroxidase (+).
Week VI: Laccase (weakly +), Tyrosinase (-), Peroxidase (+). Nobles
Code: 2a.3c.(3i).11.11a.11i.(26).36.38.(45).46.(50).54a.(55a).
Stalpers Code: 1.3.(8).9.19.21.(25).(28).30.(34).(36).37a.39.45.52.
61.64.65.(67).(80).89a.(90a).

Medium: PDA. Three distinct morphologies were formed by different
isolates of M. androsaceus. The distinct morphologies, labeled A, B,
or C are described separately below.

Morphology A. Mean Growth Rate: (n = 9) 1 wk, 8.8 mm; 2 wks,
18.2 mm; 5 wks, 39.5 mm; 6 wks, 47 mm. Macromorphology: Advancing
zone silky and white at Week I, becoming cottony and pale yellow by
Week VI. Aerial mycelium initially cottony or farinose, white;
becoming zonate by Week II; zones white or pale yellow and woolly,

cream or pale brownish orange and felty, and dark brownish orange and
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crustose. Reverse grading from pale yellow to brownish orange. Odor
not distinctive. Micromorphology: Advancing zone hyphae similar to
those on MEA. Aerial hyphae of non-crustose regions, 2-4.5 ym diam,
loosely interwoven, frequently-branched, diverticulate, hyaline or pale
yellow, inamyloid, clamped; crustose regions formed of a textura
intricata; hyphae hyaline or pale tawny, with irregularly inflated or
strangulate terminal cells. Submerged hyphae cylindric and non-
diverticulate, or irregular in outline and diverticulate, hyaline,
inamyloid, clamped. Phenoloxidase Reactions: Week II: Laccase (+),
Tyrosinase (+), Peroxidase (+). Week VI: Laccase (+), Tyrosinase (+),
Peroxidase (+). Nobles Code: 2.3c.11a.11i.(26).(36).37.39.47.54a.
Stalpers Code: 1.2.3.9.13.21.22.25.28.29.30.31.32.34.38b.38d.39.45.
52.53.61.64.65.(67).(80).89a. Isolates Examined: DED 3806, 3937,
4475.

Morphology B. Mean Growth Rate: (n = 12) 1 wk, 16.6 mm; 2 wks,
36.4 mm; 5 wks, 62 mm; 6 wks, plates covered. Macromorphology:
Advancing zone similar to that of Morphology A. Aerial mycelium zonate
by Week II, zones white and woolly, white and felty, and brown and
crustose; by Week VI culture mats irregularly zonate or maculate, with
white, thickly woolly regions and irregular dark brown crustose and
lacunose regions; no orange pigments observed. Reverse grading from
yellow to ochraceous or dark brown. Odor not distinctive.
Micromorphology: Advancing zone hyphae similar to those on MEA.
Aerial mycelium developing through a four-step sequence: 1) hyphae 2-4
pum diam, loosely interwoven, sparsely diverticulate, hyaline; 2)

hyphae more tightly interwoven, forming a textura intricata, with
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elements hyaline or pale yellow, rarely swollen; 3) hyphae forming
a tissue intermediate between textura epidermoidea and textura
angularis, with many elements long and contorted, others short and
prismatic, ranging in pigmentation from yellow to ochraceous or pale
brown; 4) hyphae forming a well-developed textura angularis, with
elements deep brown and puzzle-like in outline, formed from intercalary
or terminal swellings and from gnarled lateral branches. Submerged
hyphae similar to those of Morphology A, but inconstantly clamped.
Phenoloxidase Reactions: Week II: Laccase (+), Tyrosinase (-),
Peroxidase (+). Week VI: Laccase (+), Tyrosinase (-), Peroxidase (+).
Nobles Code: 2a.31.11.11i1.26.36.37.39.46.54a. Stalpers Code: 1.3.8.
13.22.25.28.29.30.34.38d.38e.40.45.52.53.61.64.65.67.80.89a. Isolates
Examined: DED 3579, 4328, 4450, 4481.

Morphology C. Mean Growth Rate: (n =6) 1 wk, 3 mm; 2 wks, 8.5
mmn; 5 wks, 34.5 mm; 6 wks, 41.8 mm. Macromorphology: Advancing zone
similar to that of Morphology A. Aerial mycelium white throughout six
weeks growth, raised and thickly-felty overall, sometimes with a waxy
crust. Reverse white or cream. Odor faintly sweet. Micromorphology:
Advancing zone hyphae similar to those on MEA. Aerial hyphae 1.5-2.5
pum diam, densely interwoven but not forming a distinct tissue, non-
diverticulate or diverticulate, hyaline, inamyloid, thin-walled,
clamped. Submerged hyphae similar to the aerial hyphae but up to 5 um
diam. Phenoloxidase Reactions: Week II: Laccase (+), Tyrosinase (-),
Peroxidase (+). Week VI: Laccase (+), Tyrosinase (-), Peroxidase (+).

Nobles Code: 2a.3c.11a.36.38.47.50.54a.55a. Stalpers Code: 1.3.10.
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13.25.30.36.37a.(38a).39.45.52.53.61.65.89a.90a. Isolates Examined:
DED 3917, 4491.

Commentary. Marasmius androsaceus was the only taxon investigated
that exhibited substantial infraspecific variation in cultural
morphology. The three distinct morphologies described above were
observed from isolates grown on PDA. Indeed, the morphologies were as
distinct from each other as they were from other taxa. The morphology
types differed in mean growth rate, culture mat coloration and texture,
reverse coloration, culture mat tissue type, and constancy of clamp
formation. These data are summarized as follows: Morphology A:
moderately slow-growing (plates not covered by week VI); zonate
culture mats with yellow or brownish orange tints; pale yellow to
brownish orange reverse coloration; crustose regions formed of textura
intricata; and constant clamp formation. Morphology B: moderately
fast growing (plates covered by week VI); irregularly zonate or
maculate culture mats with white woolly and dark brown crustose
regions, lacking yellow or orange tints; yellow to dark brown reverse
coloration; crustose regions formed of textura angularis; and
inconstant clamp formation. Morphology C: moderately slow growing
(plates not covered by week VI); azonate, white felty culture mats;
white or cream reverse coloration; no distinct culture mat tissue
formed; and constant clamp formation.

The distinct morphological differences between isolates of M.
androsaceus are somewhat anomalous and perplexing, when compared with
the consistent infraspecific morphologies exhibited by all other taxa

examined in this study. Basidiomata from which these isolates were
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obtained belong to the same morphological species. It is probable,
however, that the three cultural morphology-types represent distinct
physiological strains, or possibly sibling species. The latter
hypotheses warrant further investigation utilizing mating studies and
electrophoretic analyses.

Replicates of isolate #4491, grown on MEA, PDA, CMDY, MYS and MNM
formed numerous rhizomorphs after six months growth in the dark at 10°
C. The other isolates used in this study did not form rhizomorphs by

three months growth, and were not examined beyond that time period.

MARASMIUS GRAMINUM

Medium: MEA. Mean Growth Rate: (n = 9) 1 wk, 60 mm; 2 wks,
plates covered. Macromorphology: Advancing zone submerged, silky,
hyphae hyaline. Aerial mycelium poorly-developed, appressed, silky or
thinly cottony; hyphae hyaline or white throughout. Reverse
unchanged. Odor not distinctive. Micromorphology: Advancing zone
composed of fascicles of hyphae; hyphae 1.5-4 pym diam, frequently-
branched and staghorn-like behind undifferentiated terminal cells,
hyaline, inamyloid, thin-walled, clamped. Aerial hyphae rare, similar
to advancing zone hyphae. Submerged hyphae 2-6.5 um diam, irregular in
outline, frequently-branched, often inflated at branch inceptions,
hyaline, inamyloid, thin-walled, clamped. Phenoloxidase Reactions:
Week II: Laccase (+), Tyrosinase (-), Peroxidase (+). Week VI:
Laccase (+), Tyrosinase (-), Peroxidase (+). Nobles Code: 2a.3c.lla.
26.36.38.42.56. Stalpers Code: 1.3.6.13.(16).20.30.37a.39.44.45.

52-54.61.65.80.91.
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Medium: PDA. Mean Growth Rate: (n =9) 1 wk, 59 mm; 2 wks,
plates covered. Macromorphology: Advancing zone cottony or plumose;
hyphae white. Aerial mycelium initially plumose or woolly and
distinctly radiating, white overall; by Week VI becoming thickly
woolly, colored white, buff or cream over majority of mat but marginal
regions which adher to the plate become pale brown or brownish orange;
no crustose tissue formed. Reverse unchanged, cream or pale orange-
cream. Odor not distinctive. Micromorphology: Advancing zone hyphae
similar to those on MEA but with less developed staghorn-like branches.
Aerial hyphae 1.5-3.5 pym diam, densely interwoven, frequently-branched
but not staghorn-like, hyaline, inamyloid, thin-walled, clamped; often
coated with hyaline, granular crystal incrustations; interwoven among
the aerial hyphae are rare, thick-walled, dextrinoid, filiform hyphae
<1.8 um diam, similar in morphology to "arms'" of dendrotrichomoid
elements. Submerged hyphae infrequently- or frequently-branched, often
swollen up to 10 ym diam, hyaline, inamyloid, thin-walled, clamped.
Phenoloxidase Reactions: Same as on MEA. Nobles Code: 2a.3c.7.12.
26.36.(38).42.56. Stalpers Code: 1.3.6.12.22.23.30.31.38a.38b.39.
44.45.52.(55).57.80.82.91. Isolates Examined: DED 3838, 4386, 4442.

Commentary. PDA-grown isolates of M. graminum grew faster than
any other taxon examined, developing culture mat radii of =60 mm in one
week. Culture mats were typically pallid and woolly overall, similar
in morphology to those of M. pallidocephalus, M. falcatipes and M.
pseudobambusinus. Isolates of M. pallidocephalus differed in slower
growth rate (plates covered in 4 wks), fruity odor, and in the absence

of clamp connections, incrusting crystals and swollen intercalary
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cells. It was more difficult to separate cultures of M. graminum from
those of M. falcatipes and M. pseudobambusinus. All three taxa grew
rapidly on PDA (plates covered by week II), lacked distinctive culture
mat tissues, formed dextrinoid filiform skeletalized hyphae, and had
similar reverse coloration. Isolates of M. falcatipes differed from
those of M. graminum in that the former produced amorphous non-
incrusting crystals, well-developed dendrotrichomoid elements, lacked
intercalary swellings on submerged hyphae, and reacted positively to
spots tests for tyrosinase. Isolates of M. pseudobambusinus differed
in slower growth rate (30 mm in one week, compared to 59 mm for M.
graminum), formation of culture mats with cinnamon tints by Week VI,
and absence of incrusting crystals when grown on PDA (although
amorphous, non-incrusting crystals were present). It is coincidental
that these three taxa, which share so many similar cultural features,

all fruit on grasses.

MARASMIUS CAPILLARIS

Medium: MEA. Mean Growth Rate: (n = 15) 1 wk, 23.4 mm; 2 wks,
49.1 mm; 3 wks, plates covered. Macromorphology: Advancing zone
submerged, silky; hyphae hyaline. Aerial mycelium of some isolates
cottony with scattered floccose regions, white or buff overall; aerial
mycelium of other isolates poorly-developed, appressed, radiating,
silky, colored white, cream-buff or pale orange white; by week VI
small crustose, "cinnamon buff' regions develop near the inoculum plug
in most isolates. Reverse unchanged. Odor not distinctive or mildly

antiseptic. Micromorphology: Advancing zone hyphae 1.5-3 pum diam,
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frequently-branched, diverticulate, staghorn-like, hyaline, inamyloid,
thin-walled, clamped. Aerial hyphae of cottony or floccose regions
1.5-3 ym diam, loosely interwoven, infrequently-branched, sparsely
diverticulate, not strongly staghorn-like; aerial hyphae of crustose
regions forming a well-developed textura angularis composed of jigsaw
puzzle-like elements up to 10 ym diam, with hyaline or pale ochraceous
walls up to 0.8 pum thick; cell contents appearing weakly dextrinoid.
Submerged hyphae similar to advancing zone hyphae, or highly irregular
in outline with numerous cells swollen up to 8 um diam, hyaline,
inamyloid, thin-walled, clamped. Phenoloxidase Reactions: Week II:
Laccase (+), Tyrosinase (-), Peroxidase (+). Week VI: Laccase (+/-),
Tyrosinase (-), Peroxidase (+). Nobles Code: 2a.3c.11.11a.26.36.38.
43.(52).54a. Stalpers Code: 1.3.7.13.(19).21.28.30.32.37a.39.44.45.
51-55.61.64.65.(67).80.89a.

Medium: PDA. Mean Growth Rate: (n = 15) 1 wk, 26.1 mm; 2 wks,
51.7 mm; 3 wks, plates covered. Macromorphology: Advancing zone
silky or cottony; hyphae hyaline or white. Aerial mycelium forming
two distinct morphologies by Week II, depending on the isolate: 1)
some isolates forming thickly woolly, white mats; 2) others forming
zonate mats, zones white and silky, white or buff and felty, orange or

brownish orange and crustose. Aerial mycelium of all isolates at Week

VI forming a crustose layer of 'clay color," "cinnamon" or "cinnamon
buff" hyphae; some isolates with raised regions of buff or cream-
colored woolly or felty mycelium scattered among the crustose regions;
some isolates exuding numerous watery droplets. Reverse cream,

"cinnamon'" or brownish orange. Odor not distinctive. Micromorphology:



329
Advancing zone hyphae similar to those on MEA. Aerial hyphae of woolly
regions 1.5-4 pym diam, interwoven, infrequently-branched, sparsely
diverticulate, hyaline, weakly dextrinoid in mass, thin-walled,
clamped; aerial hyphae of crustose regions forming a well-developed
textura angularis composed of jigsaw puzzle-like elements up to 16 um
diam, tissue mottled at 125X; hyphal walls ochraceous or brown,
dextrinoid, up to 1 um thick. Submerged hyphae highly irregular in
outline, mean width 3.5-4 um, many cells swollen up to 10 um diam,
often enlarged at branch inceptions, hyaline, inamyloid or weakly
dextrinoid in mass, thin-walled or a few with walls up to 1 um thick,
clamped. Phenoloxidase Reactions: Week II: Laccase (+), Tyrosinase
(weakly +/-), Peroxidase (+). Week VI: Laccase (+), Tyrosinase
(weakly +/-), Peroxidase (+). Nobles Code: 2.3c.11.26.37.38.43.54a.
Stalpers Code: 1.2.3.7.13.22.28.(29).32.38a.38b.39.44.45. 51-55.61.
64.(65).67.80.89a. Isolates Examined: DED 3855, 4239, 4345, 4465,
4493,

Commentary. Marasmius capillaris is considered closely allied
with M. rotula, and it is often difficult to separate specimens of the
two species based on basidiomata morphology. In general, basidiomata
of M. capillaris have tan or beige colored pilei, very narrow wiry
stipes and grow on leaves of hardwoods. In comparison, basidiomata of
M. rotula have white, slightly broader pilei, slightly thicker stipes
and grow on wood of hardwoods. Basidiomata of the two species are
indistinguishable micromorphologically. On occasion, specimens may be
encountered that show features of both taxa. Cultural morphology may

help to separate problematical specimens if cultures are available.
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PDA-grown isolates of M. capillaris formed crustose, often zonate
culture mats colored "clay" or "cinnamon," (i.e., with orange tones),
whereas isolates of M. rotula formed azonate crustose mats colored
"avellaneous," "fawn color" or "wood brown" (i.e., with pink to drab
tones, lacking orange tones). Reverse color also differed between the
species. In isolates of M. capillaris, the agar became cinnamon or
brownish orange, while in isolates of M. rotula the agar remained
unchanged. Very little infraspecific variation in pigmention was

observed.

MARASMIUS ROTULA

Medium: MEA. Mean Growth Rate: (n = 21) 1 wk, 26.4 mm; 2 wks,
68 mm; 3 wks, plates covered. Macromorphology: Advancing zone
submerged, silky or plumose; hyphae hyaline. Aerial mycelium
initially cottony or woolly with scattered tufts, white or buff-
colored; by Week VI developing scattered felty or crustose patches
colored white, cream-buff, avellaneous or pale brown. Reverse
unchanged. Odor not distinctive. Micromorphology: Advancing zone
hyphae 1.5-3 um diam, typically frequently-branched, diverticulate,
staghorn-like, seldom infrequently-branched and sparsely diverticulate;
hyaline, inamyloid, thin-walled, clamped. Aerial hyphae of cottony or
woolly regions loosely interwoven, similar to advancing zone hyphae but
not strongly staghorn-like; hyphae of crustose regions forming a
poorly-developed or well-developed textura angularis composed of jigsaw
puzzle-like elements up to 12 ym diam; hyphal walls ranging from

hyaline to pale brown, up to 1 um thick; cell contents weakly
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dextrinoid. Submerged hyphae similar to advancing zone hyphae, or
highly irregular in outline, with many intercalary cells swollen up to
6.5 ym diam, hyaline, inamyloid, thin-walled, clamped. Phenoloxidase
Reactions: Week II: Laccase (+), Tyrosinase (-), Peroxidase (+).
Week VI: Laccase (+), Tyrosinase (-), Peroxidase (+). Nobles Code:
(2).2a.3c.11.11a.26.36.38.43.54. Stalpers Code: 1.(2).3.7.13.21.22.
28.30.(34).37a.39.44.45.51-55.61.64.65.(67).80.89.

Medium: PDA. Mean Growth Rate: (n = 21) 1 wk, 31.7 mm; 2 wks,
plates covered. Macromorphology: Advancing zone submerged, or with
few aerial hyphae, silky; hyphae hyaline or white. Aerial mycelium
initially thickly woolly and white with scattered irregularly shaped
crustose patches colored "avellaneous," '"fawn color'" or '"wood brown;"
by Week VI becoming crustose overall, margin colored white, elsewhere
colored "avellaneous,'" "fawn color'" or "wood brown;" sometimes the
crustose mat is overlaid with subfelty cream-colored mycelium; some
isolates exuding numerous watery droplets. Reverse unchanged or
becoming pale cream-colored. Odor not distinctive. Micromorphology:
Advancing zone hyphae 1.5-4.5 pm diam, approx. 507 infrequently-
branched and non-diverticulate, approx. 507 frequently-branched,
diverticulate and staghorn-like; hyaline, inamyloid, thin-walled,
clamped. Aerial hyphae forming a well-developed textura angularis
composed of jigsaw puzzle-like elements up to 10t um diam; walls
brown, up to 1 um thick, weakly dextrinoid; some isolates with
tissue overlaid by hyphae similar in morphology to advancing zone
hyphae. Submerged hyphae similar to advancing zone hyphae, but some

intercalary cells swollen up to 7 uym diam. Phenoloxidase Reactions:
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Week II: Laccase (+), Tyrosinase (weakly +), Peroxidase (+). Week VI:
Laccase (+/-), Tyrosinase (-), Peroxidase (+). Nobles Code: 2.3c.
11.26.37.38.42.54. Stalpers Code: 1.2.3.6.13.(24).28.34.37a.(38a).
39.44.45.51-54.61.64.65.67.80.89. 1Isolates Examined: DED 3546, 3547,
3818, 4241, 4461, 4466, 4555.

Commentary. Culture mats of isolates of M. rotula were initially
white and thickly woolly overall, but soon discrete avellaneous or
pinkish brown crustose patches developed. As the culture mats aged,
the crustose regions enlarged until the entire mat was overlayed by a
thin crustose layer. This same pattern of development was observed in
many isolates of M. capillaris. For a comparison of the differences
between cultures of M. rotula and M. capillaris, see the commentary on

the latter species.

MARASMIUS FELIX

Medium: MEA. Mean Growth Rate: (n = 6) 1 wk, 15.8 mm; 2 wks,
34.3 mm; 3 wks, 54.5 mm; 4 wks, plates covered. Macromorphology:
Advancing zone submerged, silky; hyphae hyaline. Aerial mycelium
poorly-developed, thinly cottony or floccose, hyaline or white.
Reverse unchanged. Odor not distinctive. Micromorphology: Advancing
zone hyphae 1.5-3 pym diam, frequently-branched, staghorn-like, hyaline,
inamyloid, thin-walled, clamped. Aerial hyphae often adherent, forming
thin strands of 2-10 hyphae; hyphae infrequently-branched, non-
diverticulate, with scattered staghorn-like elements, otherwise similar
to advancing zone hyphae. Submerged hyphae 2-6 um diam, loosely

interwoven, infrequently-branched and irregular in outline, or
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frequently-branched and diverticulate, hyaline, inamyloid, thin-walled,
clamped. Phenoloxidase Reactions: Week II: Laccase (+), Tyrosinase
(-), Peroxidase (+). Week VI: Laccase (+/-), Tyrosinase (-),
Peroxidase (+). Nobles Code: 2a.3c.1l1a.36.38.44.54a. Stalpers Code:
1.3.8.13.19.21.30.37a.39.44.45.52-54.61.65.89a.

Medium: PDA. Mean Growth Rate: (n=6)1 wk, 13.3 mm; 2 wks, 32
mm; 3 wks, 49.5 mm; 4 wks, plates covered. Macromorphology:
Advancing zone submerged, silky or plumose; hyphae hyaline. Aerial
mycelium cottony or woolly-tufted, white or buff. Submerged mycelium
yellow or pale ochraceous near the margin, brown near the plug.

Reverse grading from cream to golden or brownish orange. Odor not
distinctive. Micromorphology: Advancing zone hyphae 1.5-5 um diam,
frequently-branched, staghorn-like, irregular in outline, with many
intercalary cells swollen, hyaline, inamyloid, thin-walled, clamped.
Aerial hyphae similar to advancing zone hyphae, interwoven. Submerged
hyphae often adhered together, infrequently-branched or frequently-
branched, with walls up to 1 um thick, hyaline or pale yellow,
inamyloid, clamped. Phenoloxidase Reactions: Same as those on MEA.
Nobles Code: 2a.3c.11a.36.39.44.54a. Stalpers Code: 1.3.8.13.21.
22.30.38a.38b.39.44.45.52.53.61.65.80.89a. Isolates Examined: DED
4471, 4486.

Commentary. Culture mat morphology of PDA-grown isolates of M.
felix varied little from that of MEA-grown isolates, an unusual
phenomenon. In all other species studied, there were distinct
differences in culture mat coloration and texture between PDA-grown and

MEA-grown isolates. Conversely, on both media, aerial mycelia of
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isolates of M. felix were cottony or floccose/tufted and white. In
addition, micromorphological features were similar for hyphae grown on
both media. Differences were observed in degree of culture mat
development and reverse coloration. On MEA, isolates formed very
little aerial mycelium, and the reverse remained unchanged by Week VI.
On PDA, isolates formed well-developed aerial mycelium, and the reverse
became orange or brownish orange by Week VI.

Isolates of M. felix were somewhat similar in morphology to those
of M. graminum, but the latter differed in faster growth rate, thicker
culture mats, formation of weakly-skeletalized dextrinoid hyphae with
dendrotrichomoid-1like side branches, and presence of granular crystal-

incrusted hyphae.

MARASMIUS DECIPIENS

Medium: MEA. Mean Growth Rate: (n =9) 1 wk, 6 mm; 2 wks, 11.5
mm; 3 wks, 15mm; 4 wks, 20.7 mm; 5 wks, 26.7 mm; 6 wks, 33.5 mm.
Macromorphology: Advancing zone submerged, silky or with plumose
outgrowths by Week VI; hyphae cream-buff. Aerial mycelium absent or
consisting of a few radiating, silky hyphal strands colored white,
cream or pale ochraceous. Submerged mycelium cream-colored, ochraceous
or pale brownish orange. Reverse yellow or pale ochraceous. Odor not
distinctive or faintly like ethanol. Micromorphology: Advancing zone
hyphae 2-4 ym diam, infrequently-branched, non-diverticulate or with
rare diverticula, not staghorn-like, hyaline, inamyloid or weakly
dextrinoid in mass, thin-walled, clamped. Aerial hyphae rare, similar

to advancing zone hyphae, with or without dextrinoid dendrotrichomoid
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elements; with small, hyaline, octahedral crystals scattered among
aerial hyphae. Submerged hyphae 2-7 uym diam, irregularly swollen,
infrequently-branched, non-diverticulate, hyaline, dextrinoid in mass,
thin-walled, clamped. Phenoloxidase Reactions: Week II: Laccase (-),
Tyrosinase (weakly +/-), Peroxidase (-). Week VI: Laccase (-),
Tyrosinase (-), Peroxidase (-). Nobles Code: (1).(2b).3c.7.26.36.
39.47.(52).54a. Stalpers Code: (2).9.13.16.35.(36).38d.39.44.45.
52-54.(68a).80.82.89a.

Medium: PDA. Mean Growth Rate: (n =9) 1 wk, 2.8 mm; 2 wks,
17.7 mm; 3 wks, 34.8 mm; 4 wks, 46 mm; 5 wks, 55.5 mm; 6 wks, 61.4
mm. Macromorphology: Advancing zone submerged in some isolates,
raised and thinly felty in others; hyphae ochraceous or pale brownish
orange. Aerial mycelium initially woolly or subfelty, colored white or
pale yellow; by Week VI becoming felty or farinose overall, grading
from pale ochraceous on the margin, to cream or mustard yellow near the
margin, to deep yellow or golden surrounding the inoculum plug.
Submerged hyphae brownish orange or brown. Reverse yellowish orange or
brownish orange. Odor mildly mealy or musty. Micromorphology:
Advancing zone hyphae similar to those on MEA, but many also 1.5-2 um
diam; with scattered dextrinoid dendrotrichomoid elements in raised
regions. Aerial hyphae 1.5-3 pym diam, densely interwoven, with
numerous suberect terminal cells, infrequently-branched, non-
diverticulate, cylindric or wavy in outline, some hyphae irregularly
swollen up to 6 um diam; hyphae hyaline, dextrinoid in mass, thin-
walled, clamped; with numerous dextrinoid dendrotrichomoid elements

scattered among aerial hyphae. Submerged hyphae 2-3.5 um diam,
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infrequently-branched, mostly cylindric, hyaline or pale ochraceous,
dextrinoid in mass, thin-walled, clamped. Phenoloxidase Reactions:
Week II: Laccase (+), Tyrosinase (weakly +), Peroxidase (+). Week VI:
Laccase (weakly +), Tyrosinase (weakly +/-), Peroxidase (+). Nobles
Code: 2.3c.7.26.36.37.39.47.51.54a. Stalpers Code: 1.2.3.9.12.13.
18.22.25.(30).31.35.36.38b.39.44.45.52-54.(67).68a.80.89a. Isolates
Examined: DED 4272, 4480, 4608.

Commentary. MEA-grown isolates were easily distinguished because
of the near absence of aerial mycelium and development of ochraceous or
brownish orange submerged mycelium. PDA-grown isolates were somewhat
similar to those of M. fulvoferrugineus and M. siccus. Isolates of M.
fulvoferrugineus differed in slower mean growth rate (38.9 mm by Week
VI), reddish brown reverse coloration, crystal formation, and lack of
dendrotrichomoid elements. Isolates of M. siccus differed in faster
growth rate (plates covered by Week IV), ochraceous reverse coloration,
crystal formation, and formation of numerous unbranched, dextrinoid
skeletalized hyphae. In addition, isolates of both of the latter
species differed from those of M. decipiens by forming pigmentless
hyphae when grown on MEA, as well as by reacting positively to spot
tests for phenoloxidases. Although PDA-grown isolates of M. decipiens
reacted positively to spot tests for laccase, tyrosinase and

peroxidase, MEA-grown isolates reacted negatively to all three tests.

MARASMIUS NIGRODISCUS
Medium: MEA. Mean Growth Rate: (n =6) 1 wk, 3 mm; 2 wks, 9 mm;

3 wks, 14.5 mm; 4 wks, 21.5 mm; 5 wks, 28 mm; 6 wks, 34 mm.
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Macromorphology: Advancing zone submerged, silky; hyphae hyaline.
Aerial mycelium absent or consisting of a few silky, hyaline, radiating
strands. Reverse unchanged. Odor not distinctive. Micromorphology:
Advancing zone hyphae 1.5-3 um diam, infrequently-branched, non-
diverticulate or with rare nodulose diverticula, hyaline, inamyloid or
weakly dextrinoid in mass, thin-walled, clamped. Aerial hyphae rare,
similar to advancing zone hyphae but with more well-developed
diverticula; no tissue formed. Submerged hyphae 2-6.5(10) um diam,
irregular in outline, frequently-branched, diverticulate, hyaline,
inamyloid or weakly dextrinoid in mass, thin-walled, clamped; with
numerous hyaline octahedral crystals in agar. Phenoloxidase Reactions:
Week II: Laccase (+), Tyrosinase (weakly +), Peroxidase (+). Week VI:
Laccase (+), Tyrosinase (-), Peroxidase (+). Nobles Code: 2.3c.lla.
36.38.47.54a. Stalpers Code: 1.2.3.10.13.16.30.37a.39.44.45.52-54.
65.83.89a.

Medium: PDA. Mean Growth Rate: (n=6)1wk, 3mm; 2 wks, 9 mm;
3 wks, 16 mm; 4 wks, 22.5 mm; 5 wks, 28 mm; 6 wks, 34 mm.
Macromorphology: Advancing zone appressed, silky; hyphae buff or
greyish cream. Aerial mycelium initially thinly cottony, colored buff
or pale cream; by Week VI becoming thinly felty overall and grading in
coloration from margin inward, buff, cream, greyish cream and pale
greyish brown; radially ridged and folded; with deep yellowish green
or yellow spots composed of clusters of crystals (numerous in #4392,
uncommon in #4301). Reverse zonate, zones cream, yellow, ochraceous,
greyish brown and brown. Odor mildly musty. Micromorphology:

Advancing zone hyphae 2-3 um diam, cylindric, non-diverticulate,
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hyaline, weakly dextrinoid in mass, thin-walled, clamped. Aerial
hyphae forming a poorly-developed or well-developed textura intricata;
hyphae undifferentiated or highly irregular in outline, 3-5(8) pum diam,
infrequently-branched, mostly non-diverticulate or with scattered
nodulose diverticula, hyaline, dextrinoid in mass, thin-walled,
clamped; tissue overlaid in areas with thick-walled, strongly
dextrinoid hyphae giving rise to aseptate, filiform side-branches 200+
X 0.8-2 um, these similar in morphology to "arms" of dendrotrichomoid
elements; with cluster of deep yellow or golden acicular crystals 5-20
X <0.5 pum scattered among aerial mycelium. Submerged hyphae similar to
aerial hyphae but none skeletalized, many intercalary cells swollen.
Phenoloxidase Reactions: Same as on MEA. Nobles Code: 2.3c.(8d).
11i.26.37.39.47.51.54a. Stalpers Code: 1.2.3.10.13.(21).25.31.34.
36.38a.38d.38e.39.44.45.(48).52-54.64.65.(68a).80.82.89a. Isolates
Examined: DED 4301, 4392.

Commentary. Diagnostic macromorphological features of PDA-grown
isolates of M. nigrodiscus include: a) thinly felty, cream or greyish
cream colored aerial mycelium; b) cream, yellow and ochraceous reverse
coloration; and c) deep yellow spots composed of clusters of crystals.
No other taxa examined in this study formed deep yellow acicular
crystals of the sort observed in PDA-grown isolates of M. nigrodiscus.
Micromorphologically, the textura intricata of broad, irregularly-
shaped hyphae is distinctive. For a comparison with M. cystidiosus see

the commentary on the latter species.
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MARASMTUS CYSTIDIOSUS

Medium: MEA. Mean Growth Rate: (n = 3) 1 wk, 8 mm; 2 wks, 20.5
mm; 3 wks, 32.5 mm; 4 wks, 46.5 mm; 5 wks, 56.5 mm; 6 wks, plates
covered. Macromorphology: Advancing zone submerged, silky; hyphae
hyaline. Aerial mycelium absent or consisting of a few silky or downy,
hyaline hyphal strands. Reverse unchanged. Odor not distinctive or
slightly sour. Micromorphology: Advancing zone hyphae 1.5-4 ym diam,
infrequently-branched, non-diverticulate, hyaline, inamyloid, thin-
walled, clamped. Aerial hyphae rare, 2.5-4 um diam, repent but giving
rise to numerous suberect side-branches 1.5-2.5 um diam, these
frequently-branched and diverticulate, hyaline, inamyloid, thin-walled,
clamped. Submerged hyphae 1.5-5 uym diam, frequently-branched, sparsely
diverticulate, otherwise similar to advancing zone hyphae.
Phenoloxidase Reactions: Week II: Laccase (+), Tyrosinase (+),
Peroxidase (+). Week VI: Laccase (-), Tyrosinase (-), Peroxidase
(weakly +). Nobles Code: 2.3c.(7).11a.36.38.46.54a. Stalpers Code:
1.2.3.9.13.16.30.37a.39.45.52.53.65.89a.

Medium: PDA. Mean Growth Rate: (n = 3) 1 wk, 1 mm; 2 wks, 1.5
mm; 3 wks, 3 mm; 4 wks, 6 mm; 5 wks, 9 mm; 6 wks, 12.5 mm.
Macromorphology: Advancing zone very narrow, submerged, silky, hyphae
hyaline at first, by Week VI becoming tan or pale orange buff. Aerial
mycelium appressed, thinly felty overall; at first colored white
overlaying greyish brown submerged mycelium, soon becoming buff-colored
overlaying pale brownish orange submerged mycelium, by Week VI becoming
orange buff on the margin and brownish orange near the inoculum plug

overlaying more deeply pigmented submerged hyphae; inoculum plug dark
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brown overlaid by subfelty brownish orange mycelium. Reverse grading
from margin inward, orange buff, golden orange, brownish orange and
dark brown; with a golden orange pigment diffused in the agar beyond
the colony margin. Odor musty or mildly of coconut. Micromorphology:
Advancing zone hyphae similar to those on MEA. Aerial mycelium in
younger regions composed of loosely interwoven hyphae 2-2.5 pym diam,
infrequently-branched, hyaline, weakly dextrinoid in mass, thin-walled,
clamped; aerial hyphae in older regions forming a well-developed
textura intricata; hyphae 2-10 um diam, highly irregular in outline,
with many intercalary cells swollen, frequently-branched, hyaline or
pale ochraceous, dextrinoid in mass, clamped, with walls up to 1 um
thick; some terminal elements suberect or erect, cystidioid.

Submerged hyphae 2-3 um diam, not swollen, hyaline or pale yellow,
inamyloid, thin-walled, clamped. Phenoloxidase Reactions: Week II:
Laccase (+), Tyrosinase (+), Peroxidase (+). Week VI: Laccase (+),
Tyrosinase (weakly +), Peroxidase (+). Nobles Code: 2.3c.11i.26.37.
39.47.51.54a. Stalpers Code: 1.2.3.10.13.25.32.34.36.38b.38e.39.44.
45.48.52-55.64.(67).80.89a. Isolates Examined: DED 4594.

Commentary. This species has been collected once by me, hence,
only a single isolate was available for study. Of all taxa studied,
the isolate of M. cystidiosus was one of the slowest growers on PDA,
reaching a radius of 12.5 mm at Week VI. Diagnostic features of the
PDA-grown isolate include: a) slow growth rate; b) thinly felty,
brownish orange culture mat; c) brownish orange to dark brown reverse
coloration; and d) aerial hyphae forming a textura intricata of highly

irregularly-shaped elements. Basidiomata of M. cystidiosus are nearly
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indistinguishable from those of M. nigrodiscus, the two taxa differing
significantly only in characteristics of the stipe surface (see
discussions following the descriptions of these species in the
taxonomic portion of this manuscript). Cultural features may provide
an additional aid in separating the two species. PDA-grown isolates of
M. nigrodiscus differed from that of M. cystidiosus in faster growth
rate (34 mm radius at Week VI), cream or greyish cream-colored aerial
mycelium, yellow-tinted reverse coloration (not orange-tinted),
formation of deep yellow acicular crystals, and presence of dextrinoid

skeletalized aerial hyphae with aseptate filiform side-branches.

MARASMIUS OREADES

Medium: MEA. Mean Growth Rate: (n = 6) 1 wk, 2.3 mm; 2 wks, 7.5
mm; 3 wks, 9.8 mm; 4 wks, 16 mm; 5 wks, 18 mm; 6 wks, 22.8 mm
(ranging from 15-35 mm). Macromorphology: Advancing zone submerged,
silky; hyphae hyaline. Aerial mycelium absent or consisting of a few
silky, white, radiating hyphal strands, rarely cottony near inoculum
plug. Reverse unchanged. Odor not distinctive. Micromorphology:
Advancing zone hyphae 1.5-4 pym diam, infrequently-branched, non-
diverticulate or diverticulate, hyaline, inamyloid, thin-walled,
clamped. Aerial hyphae rare, similar to advancing zone hyphae.
Submerged hyphae similar to advancing zone hyphae but some coiled or
contorted. Phenoloxidase Reactions: Week II: Laccase (+/-),
Tyrosinase (-), Peroxidase (+). Week VI: Laccase (-), Tyrosinase

(weakly +/-), Peroxidase (weakly +). Nobles Code: 2.3c.7.(1lla).
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36.38.47.56. Stalpers Code: (1).(2).3.10.13.16.(21).30.37a.39.45.
52.53.65.91.

Medium: PDA. Mean Growth Rate: (n = 6) 1 wk, 1.8 mm; 2 wks, 7.5
mm; 3 wks, 12.5 mm; 4 wks, 21.3 mm; 5 wks, 25.3 mm; 6 wks, 31.8 mm
(ranging from 16-55 mm). Macromorphology: Advancing zone silky or
cottony, white or buff-colored. Aerial mycelium woolly overall, thick
over the inoculum plug, thin and often tufted elsewhere, colored white
or buff overall, rarely with pale '"cinnamon buff" areas. Submerged
mycelium pale ochraceous near plug. Reverse unchanged or cream to
brownish orange. Odor not distinctive. Micromorphology: Advancing
zone hyphae 2-5 pym diam, infrequently-branched, non-diverticulate or
with broad, knob-like diverticula, hyaline, inamyloid, thin-walled,
clamped. Aerial mycelium of densely interwoven hyphae; uppermost
layer of hyphae 1.5-2.5 um diam, infrequently-branched, non-
diverticulate, with numerous erect or suberect terminal cells, these
tangled, cylindric or wavy in outline; subtending layer composed of
hyphae 3-6 um diam, irregular in outline, often strangulate,
infrequently-branched, hyaline or pale yellow, inamyloid, thin-walled,
clamped; interwoven among aerial hyphae are scattered dextrinoid
skeletalized hyphae giving rise to aseptate, filiform side-branches
similar in morphology to "arms" of dendrotrichomoid elements.
Submerged hyphae similar to advancing zone hyphae. Phenoloxidase
Reactions: Week II: Laccase (+), Tyrosinase (-), Peroxidase (+).
Week VI: Laccase (+), Tyrosinase (+), Peroxidase (+). Nobles Code:

2.3c.(7).11a.(8d).36.38.47.56. Stalpers Code: 1.2.3.10.13.22.30.
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37a.39.44.45.47.52-54.65.91. Isolates Examined: DED 4019, Halling
5958.

Commentary. PDA-grown isolates of M. oreades were characterized
by formation of thin, woolly or tufted white culture mats, unchanged
reverse coloration, and aerial mycelium composed of filiform hyphae
arising from a layer of broad, irregularly-shaped hyphae. Cultures of
this species were somewhat similar to those of M. pallidocephalus, but
the latter differed in growth rate, odor, and the absence of clamp

connections and dextrinoid skeletalized aerial hyphae.

MARASMIUS STRICTIPES

Medium: MEA. Mean Growth Rate: (n = 12) 1wk, 3.1 mm; 2 wks, 9.4
mm; 3 wks, 15.1 mm; 4 wks, 30.4 mm; 6 wks, 34.4 mm.
Macromorphology: Advancing zone submerged or consisting of a few
aerial hyphae, silky or thinly plumose; hyphae hyaline or white.
Aerial mycelium poorly-developed, appressed, thinly cottony or plumose,
rarely farinose in areas, colored white. Reverse unchanged. Odor
faintly sweet. Micromorphology: Advancing zone hyphae 1.5-3 um diam,
non-diverticulate or diverticulate, not staghorn-like, seldom twisted
or coiled, hyaline inamyloid, thin-walled, clamped. Aerial hyphae 1.5-
3 um diam, loosely interwoven, frequently-branched, diverticulate,
hyaline, inamyloid or weakly dextrinoid in mass, thin-walled, clamped;
many hyphae coated with thick, glassy, hyaline, amorphous or plaque-
like crystals; with occasional dextrinoid dendrotrichomoid elements in
isolate #4073, absent in other isolates. Submerged hyphae similar to

aerial hyphae but lacking crystal incrustations. Phenoloxidase
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Reactions: Week II: Laccase (+), Tyrosinase (weakly +), Peroxidase
(+). Week VI: Laccase (+), Tyrosinase (weakly +/-), Peroxidase (+).
Nobles Code: 2.3c.11a.36.38.47.50.54a. Stalpers Code: 1.2.3.10.
13.21.(23).30.(36).37a.39.45.52.57.65.(68a).82.89a.

Medium: PDA. Mean Growth Rate: (n = 12) 1 wk, 1.5 mm; 2 wks,
2.9 mm; 3 wks, 3.5 mm; 4 wks, 4.5 mm; 6 wks, 6.9 mm.
Macromorphology: Advancing zone very narrow, silky or cottony, hyaline
or white at first, becoming pale yellow, cream buff, or pale orange
buff by Week VI. Aerial mycelium initially woolly or subfelty overall,
colored white or buff near the margin and pale brown near the inoculum
plug; by Week VI forming a brownish orange, brown or dark reddish
brown crustose mat overlayed by a thin layer of velutinous or felty
mycelium colored orange buff, brownish orange or pale brown; often
radially grooved and folded. Reverse grading in color from the margin
inward, cream, yellow, orange cream, brownish orange, brown and dark
brown; with a yellow or golden pigment diffused in the agar well
beyond the colony margin. Odor faintly musty or of coconut.
Micromorphology: Advancing zone hyphae 2-3.5 ym diam, infrequently-
branched, non-diverticulate, hyaline, inamyloid or weakly dextrinoid in
mass, thin-walled, clamped. Aerial hyphae forming a textura intricata
or textura epidermoidea; hyphae long-celled, 3-8 um diam, irregular in
outline, loosely interwoven with numerous interhyphal spaces in some
areas, tightly adherent in other regions, hyphal walls up to 0.8 um
thick, ochraceous, dextrinoid; this tissue overlayed in areas with
loosely interwoven, often clustered and suberect hyphae 2-3 um diam,

strangulate and nodulose, hyaline, inamyloid or weakly dextrinoid,
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thin-walled. Submerged hyphae 2-4 um diam, irregular in outline, many
nodulose, hyaline, weakly dextrinoid, thin-walled, clamped.
Phenoloxidase Reactions: Week II: Laccase (+), Tyrosinase (weakly
+/-), Peroxidase (+). Week VI: Laccase (+/-), Tyrosinase (weakly +),
Peroxidase (+). Nobles Code: 2.3c.11.11i.26.37.39.47.51.54a.

Stalpers Code: 1.2.3.10.12.22.24.25.26.28.32.36.38a.38b.38e.39.44.
45.53-55.64.65.(67).8%9a. Isolates Examined: DED 4073, 4411, 4439,
4453,

Commentary. Diagnostic features of PDA-grown isolates of M.
strictipes include: a) extremely slow growth rate; b) darkly
pigmented, crustose, radially grooved and folded culture mat overlaid
by slightly paler velutinous or felty mycelium; c) reverse coloration
matching culture mat pigmentation; d) typically non-diverticulate
hyphae, although submerged hyphae may be slightly nodulose; and e)
textura intricata and textura epidermoidea tissues often overlaid by a
velutinous layer composed of suberect, strangulate and nodulose hyphal
end cells. These features, in combination with formation of glassy
plaque-like incrusting crystals on aerial hyphae of MEA-grown isolates,
are distinctive for M. strictipes.

The isolate of M. cystidiosus utilized in this study developed a
similar culture mat morphology on PDA, but differed from isolates of M.
strictipes in not forming crustose tissue, instead developing merely a
felty culture mat. In addition, MEA-grown cultures of the former

lacked glassy plaque-like incrusting crystals.
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MARASMIUS PYRRHOCEPHALUS

Medium: MEA. Mean Growth Rate: (n = 21) 1 wk, 14.9 mm; 2 wks,
42.4 mm; 3 wks, 61.9 mm; 4 wks, plates covered. Macromorphology:
Advancing zone submerged, silky; hyphae hyaline. Aerial mycelium at
Week II silky or downy, colored hyaline or buff, with a thinly felty
zone of pale brownish orange mycelium around the inoculum plug; at
Week VI, thinly crustose overall, colored "cinnamon" with small '"Mikado
brown" patches, also with scattered areas of floccose, buff or
"cinnamon'" mycelium, or rarely overlayed with cottony white mycelium.
Reverse unchanged or pale brown. Odor not distinctive.
Micromorphology: Advancing zone hyphae 1.5-4 pum diam, frequently-
branched, diverticulate, many staghorn-like, hyaline, inamyloid, thin-
walled, clamped. Aerial hyphae similar to advancing zone hyphae but
often with infrequently-branched elements agglutinated into bundles of
2-6 hyphae, the bundles branching to form a reticulum over the surface
of the agar; crustose areas formed of a poorly-developed textura
intricata; hyphae hyaline, brownish orange or pale brown, inamyloid,
with walls up to 0.8 um thick, clamped. Submerged hyphae 1.5-4.5 um
diam, frequently-branched, diverticulate, staghorn-like, some coiled
and contorted, hyaline or pale brown, inamyloid, thin-walled, clamped.
Phenoloxidase Reactions: Week II: Laccase (+), Tyrosinase (-),
Peroxidase (+). Week VI: Laccase (+), Tyrosinase (-), Peroxidase (+).
Nobles Code: 2a.3c.l1l1a.11i.37.(38).39.44.54.54a. Stalpers Code:
1.3.7.13.17.20.(25).28.34.(37a).38e.39.45.52.53.61.65.67.89.89a.

Medium: PDA. Mean Growth Rate: (n = 21) 1 wk, 8.5 mm; 2 wks,

24.4 mm; 3 wks, 38.6 mm; 4 wks, 53.5 mm; 5 wks, 62.8 mm; 6 wks,
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plates covered. Macromorphology: Advancing zone submerged, silky;
hyphae hyaline or tan. Aerial mycelium irregularly zonate or azonate,
with various woolly and felty regions colored white, buff, "cinnamon
buff," "cinnamon,'" '"Mikado brown," or "Vandyke brown;" some isolates
with thinly crustose regions similarly colored; with numerous dark
brown watery droplets on the surface. Reverse reddish brown, brown or
dark brown. Odor not distinctive. Bacterial contaminants inhibit
growth of colony and induce fungal production of a dark brown, agar-
soluble pigment. Micromorphology: Advancing zone hyphae 1.5-4 um
diam, frequently-branched, diverticulate, staghorn-like, hyaline,
inamyloid, thin-walled, clamped. Aerial hyphae forming a well-
developed, thick textura intricata; hyphae 1.5-3 ym diam, densely
interwoven, infrequently- and frequently-branched, diverticulate, many
staghorn-like, hyaline or brownish orange, inamyloid, with walls up to
0.8 pum thick, clamped; no irregularly swollen elements. Submerged
hyphae similar to aerial hyphae but less pigmented. Phenoloxidase
Reactions: Same as on MEA. Nobles Code: 2a.3c.l1la.11i.(36).37.39.
46.54.54a. Stalpers Code: 1.3.8.9.13.22.25.(28).(29).(30).34.38c.
38e.39.45.52.53.61.64.65.67.89.89a. Isolates Examined: DED 4218,
4273, 4437, 4467, 4503, 4573; Thorn 870813/01.

Commentary. Few taxa in this study formed pigmented tissues on
MEA. M. pyrrhocephalus was one of these, developing "cinnamon" and
'""Mikado brown" textura intricati by Week VI. PDA-grown isolates formed
similar tissues, although they were much thicker on the latter medium.
Cultural morphology of isolates of M. pyrrhocephalus was similar to

that of isolates of M. scorodonius. For a comparison, see the
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commentary on M. scorodonius. It should be noted that isolates of M.
pyrrhocephalus obtained from southern Appalachian specimens formed
cultural features identical to those of an isolate obtained from a

Canadian specimen (Thorn 870813/01).

MARASMIUS SCORODONIUS

Medium: MEA. Mean Growth Rate: (n = 15) 1 wk, 12.4 mm; 2 wks,
32.9 mm; 3 wks, 51.5 mm; 4 wks, plates typically covered, isolate
#3975 only 37 mm at Week VI. Macromorphology: Advancing zone
submerged, silky or rarely plumose; hyphae hyaline. Aerial mycelium
appressed, cottony or felty, white, with small crustose, avellaneous or
pale brown patches in older regions. Reverse unchanged. Odor not
distinctive or faintly of coconut. Micromorphology: Advancing zone
hyphae 1.5-4 pym diam, frequently-branched, diverticulate, staghorn-
like, some elements irregular in outline; hyphae hyaline, inamyloid,
thin-walled, clamped. Aerial hyphae in cottony or felty regions
grading from loosely interwoven to a well-developed textura intricata;
hyphae 1-1.5 pym diam, cylindric, infrequently-branched, or hyphae 1.5-4
pum diam, frequently-branched, diverticulate, staghorn-like, hyaline,
thin-walled, clamped; hyphae becoming progressively more irregular in
outline, thicker-walled and more tightly interwoven in older regions.
Aerial hyphae of crustose regions forming a well-developed textura
angularis composed of jigsaw puzzle-shaped cells 4-12 ym diam, some
elongate, some subglobose; surface of cells even or nodulose; walls
hyaline or pale brown, inamyloid, up to 1 um thick; with scattered

frequently-branched, cylindric hyphae interwoven in the tissue.



349
Submerged hyphae 2-4.5 pym diam, loosely interwoven, infrequently-
branched, sparsely diverticulate, somewhat swollen at branch
inceptions, hyaline, inamyloid, thin-walled, clamped. Phenoloxidase
Reactions: Week II: Laccase (+), Tyrosinase (+), Peroxidase (+).
Week VI: Laccase (+), Tyrosinase (weakly +), Peroxidase (+). Nobles
Code: 2.3c.11.26.36.(37).38.44.(53).54.(54a). Stalpers Code:
1.2.3.8.13.21.25.28.30.(34).(36).37a.39.44.45.48.52-55.61.64.65.67.

80.89.(89a).

Medium: PDA. Mean Growth Rate: (n 15) 1 wk, 5 mm; 2 wks, 19.9
mm; 3 wks, 35.8 mm; 4 wks, 47 mm; 5 wks, plates typically covered
(isolate #3975 only 43 mm at Week VI). Macromorphology: Advancing
zone narrow, submerged, silky; hyphae hyaline; surrounded by a narrow
zone of white, subfelty mycelium. Aerial mycelium at Week I mainly
white and felty, with a region surrounding inoculum plug pale brown

and crustose; by Week VI typically becoming zonate, zones alternately
thinly felty and thickly felty, ranging in coloration from buff-brown
to brown or dark brown; occasionally older regions crustose, colored
buff, beige or avellaneous; with numerous golden or dark brown watery
droplets on the surface. Reverse pale ochraceous or greyish brown.
Odor not distinctive or like pine needles. Micromorphology: Advancing
zone hyphae 2-3 um diam, infrequently-branched, non-diverticulate,
hyaline, inamyloid, thin-walled, clamped. Aerial hyphae forming a well-
developed, thick textura angularis/epidermoidea composed of jigsaw
puzzle-shaped elements up to 8 um diam, some short-celled and angular,

others long-celled and irregular in outline; hyphal walls brown,

inamyloid, up to 1.5 um thick, sometimes roughened; this tissue
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overlaid by a thin layer of loosely interwoven hyphae 2-4 pym diam, or
of hyphae agglutinated into bundles of 5-20; hyphae infrequently-
branched, non-diverticulate, hyaline or pale brown, inamyloid, clamped.
Submerged hyphae similar to advancing zone hyphae. Phenoloxidase
Reactions: Same as on MEA. Nobles Code: 2.3c.11.26.37.39.45.(53).
54.(54a). Stalpers Code: 1.2.3.8.9.13.25.(28).29.34.(36).38d.38e.
39.44.45.48.52-55.64.67.80.89.(89a). Isolates Examined: DED 3875,
3952, 3975, 4500, 4554.

Commentary. Diagnostic features of isolates of M. scorodonius
include: a) on MEA: white felty mats formed of textura intricata plus
patches of avellaneous or pale brown crustose mycelium formed of
textura angularis; and b) on PDA: zonate, felty, brown mats formed of
textura angularis/epidermoidea, overlaid by pallid interwoven hyphae.
Cultures of M. scorodonius are superficially similar to those of M.
pyrrhocephalus. MEA-grown isolates of the latter species differ,
however, in forming culture mats colored cinnamon overall and lacking
areas of textura angularis. PDA-grown isolates of M. pyrrhocephalus
differ in forming azonate, cinnamon-tinted culture mats also lacking
areas of textura angularis. In addition, isolates of M. pyrrhocephalus
reacted negatively to spot tests for tyrosinase on both media, whereas
isolates of M. scorodonius reacted positively on both media.

It is interesting that the crustose layer characterized by the
presence of a textura angularis/epidermoidea in PDA-grown isolates, is
not macroscopically obvious. Culture mats of M. scorodonius are

typically characterized as felty. The felty texture, however, is the
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result of loosely interwoven hyphae that overlay a micromorphologically

distinct crustose layer.

MARASMIUS DELECTANS

Medium: MEA. Mean Growth Rate: (n = 3) 1 wk, 12 mm; 2 wks, 27
mm; 3 wks, 43 mm; 4 wks, 58 mm; 5 wks, plates covered.
Macromorphology: Advancing zone submerged, silky; hyphae hyaline.
Aerial mycelium absent or consisting of a few silky, radiating, hyaline
hyphal strands. Reverse unchanged. Odor not distinctive or slightly
musty. Micromorphology: Advancing zone hyphae 2-4 pym diam, mainly
undifferentiated, some frequently-branched, diverticulate and staghorn-
like; hyaline, inamyloid, thin-walled, clamped, few clamps sprouting.
Aerial hyphae rare, 1.5-3 um diam, loosely interwoven, similar to
advancing zone hyphae but with scattered dextrinoid dendrotrichomoid
elements, plus repent dextrinoid skeletalized hyphae with scattered,
aseptate, filiform side-branches similar to "arms'" of dendrotrichomoid
elements. Submerged hyphae 1.5-6 uym diam, frequently-branched,
diverticulate, many twisted and contorted, few with intercalary
swellings, hyaline, inamyloid, thin-walled, clamped. Phenoloxidase
Reactions: Week II: Laccase (-), Tyrosinase (weakly +), Peroxidase
(-). Week VI: Laccase (-), Tyrosinase (weakly +), Peroxidase (+).
Nobles Code: 2b.3c.(8d).11a.26.36.38.45.51.54a. Stalpers Code:
2.3.8.13.16.30.37a.39.(42).45.52.53.61.68a.80.89%a.

Medium: PDA. Mean Growth Rate: (n = 3) 1 wk, 4 mm; 2 wks, 8 mm;
3 wks, 11 mm; 4 wks, 15 mm; 5 wks, 20 mm; 6 wks, 24 mm.

Macromorphology: Advancing zone silky or plumose; hyphae white or
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cream-colored. Aerial mycelium at first appressed, subfelty, white or
buff; remaining so on the margin at Week VI, central region becoming
felty or farinaceous and colored cream or ochraceous, inoculum plug
greyish brown with a thinly felty covering of creamy ochraceous
mycelium. Reverse grading from cream to ochraceous or brown. Odor not
distinctive. Micromorphology: Advancing zone hyphae similar to those
on MEA. Aerial hyphae in younger regions 1.5-4 um diam, frequently-
branched, diverticulate, staghorn-like, hyaline, inamyloid, thin-
walled, clamped; with scattered, repent, dextrinoid skeletalized
hyphae with aseptate, filiform side-branches -200 X <1.5 uym, similar to
"arms" of dendrotrichomoid elements. Aerial hyphae of older regions
forming an incomplete textura globulosa; hyphae interwoven, highly
irregular in outline, strangulate or with subglobose intercalary or
terminal swellings up to 8 um diam, hyaline or pale yellow, dextrinoid
in mass, thin-walled, clamped; with scattered dextrinoid
dendrotrichomoid elements. Submerged hyphae 2.5-4 pum diam, strongly
coralloid, wavy in outline, frequently-branched, hyaline, inamyloid,
thin-walled, clamped. Phenoloxidase Reactions: Week II: Laccase (-),
Tyrosinase (+), Peroxidase (+). Week VI: Laccase (-), Tyrosinase (+),
Peroxidase (+). Nobles Code: 2b.3c.(8d).10.11a.26.37.39.47.54a.
Stalpers Code: 2.3.10.13.(18).25.31.35.38a.38d.38e.39.45.52.53.61.
63.65.68a.75.80.89a. Isolates Examined: DED 4518.

Commentary. Tissue isolates of M. delectans were difficult to
obtain from fresh basidiomata, as were axenic spore prints from which
polysporous cultures could be obtained. In most attempts, the cultures

became contaminated within a few days, even when the youngest
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basidiomata were sampled. Consequently, of the seven specimens
cultured, only one axenic isolate was obtained. Spot tests for laccase
production on replicates of this isolate yielded negative results on
both MEA and PDA. This was an unexpected result (since all other
taxa tested positive for laccase, and the genus is considered a "white-
rot'" genus) and may not be representative of the species. More
isolates should be obtained and tested before concluding that somatic
hyphae of M. delectans do not produce laccase.

PDA-grown isolates are characterized by: a) slow growth rate; b)
formation of felty, cream or ochraceous colored mats with matching
reverse coloration; c) formation of incomplete textura globosa tissue;
d) strongly coralloid submerged hyphae, wavy in outline; and e)
formation of dextrinoid dendrotrichomoid elements on both MEA and PDA.

No other taxa examined exhibited this combination of features.

MARASMIUS COHAERENS VAR. COHAERENS

Medium: MEA. Mean Growth Rate: (n=3)1 wk, 3 mm; 2 wks, 10
mm; 3 wks, 16 mm; 4 wks, 26 mm; 5 wks, 35 mm; 6 wks, 40 mm.
Macromorphology: Advancing zone submerged, silky; hyphae hyaline.
Aerial mycelium absent or consisting of a few silky, white hyphal
strands. Submerged mycelium radiating-silky, hyaline. Reverse
unchanged. Odor not distinctive. Micromorphology: Advancing zone
hyphae 1.5-3 ym diam, frequently-branched, diverticulate, staghorn-
like, hyaline, inamyloid, thin-walled, clamped. Aerial hyphae rare,
similar to advancing zone hyphae but giving rise to numerous dextrinoid

dendrotrichomoid elements. Submerged hyphae loosely interwoven,
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similar to advancing zone hyphae. Phenoloxidase Reactions: Week II:
Laccase (-), Tyrosinase (-), Peroxidase (-). Week VI: Laccase (weakly
+), Tyrosinase (-), Peroxidase (+). Nobles Code: 2a.3c.lla.36.38.
47.54a. Stalpers Code: 1.3.10.13.16.30.37a.39.45.52.61.65.68a.89a.

Medium: PDA. Mean Growth Rate: (n = 3) 1 wk, 1 mm; 2 wks, 4 mm;
3 wks, 7 mm; 4 wks, 10 mm; 5 wks, 12 mm; 6 wks, 15 mm.
Macromorphology: Advancing zone raised by Week VI, silky or cottony,
colored buff, tan or pale brown. Aerial mycelium appressed, thinly
felty overall, colored white, buff or tan near the margin, beige,
greyish brown or brown near the inoculum plug, with a narrow ring of
beige farinaceous mycelium surrounding the plug. Reverse grading from
orange-cream or pale greyish brown to greyish brown or dark brown.
Odor not distinctive. Micromorphology: Advancing zone hyphae 1.5-3 um
diam, frequently-branched, diverticulate, staghorn-like, hyaline,
inamyloid, thin-walled, clamped. Aerial hyphae densely interwoven, in
some areas composed of infrequently-branched, non-diverticulate hyphae
1.5-3 pym diam, in other areas composed of frequently-branched hyphae 2-
5 pm diam, irregular in outline, strangulate; hyphae hyaline or pale
ochraceous, dextrinoid in mass, thin-walled or with walls up to 0.8 um
thick, clamped; with scattered dextrinoid dendrotrichomoid elements
with filiform "arms'" up to 170+ um long. Submerged hyphae similar to
advancing zone hyphae, 2-4 um diam, many cells empty. Phenoloxidase
Reactions: Week II: Laccase (+), Tyrosinase (+), Peroxidase (+).
Week VI: Laccase (+), Tyrosinase (+), Peroxidase (+). Nobles Code:
2.3c.11a.37.39.47.54a. Stalpers Code: 1.2.3.10.12.(18).25.34.38a.

38e.39.44.45.52.53.61.65.(67).68a.89a. Isolates Examined: DED 4522.
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Commentary. PDA-grown isolates of M. cohaerens var. cohaerens
differed from other slow-growing taxa (e.g., M. cystidiosus,
strictipes, spissus) in culture mat coloration and micromorphology,
reverse coloration, and formation of dextrinoid dendrotrichomoid
elements. In PDA-grown isolates of M. cohaerens var. cohaerens,
culture mats were beige or greyish brown with cream-colored or greyish
brown reverse. No distinct tissue was formed by the aerial mycelium,
but numerous dextrinoid dendrotrichomoid elements were present.
Isolates of M. cystidiosus, M. strictipes and M. spissus formed
brownish orange or reddish brown culture mats with matching reverse
coloration, distinct culture mat tissues (i.e., textura intricata or
textura epidermoidea), and lacked dendrotrichomoid elements. For a
comparison of cultural features of M. cohaerens var. cohaerens with

var. lachnophyllus, see the commentary on the latter variety.

MARASMIUS COHAERENS VAR. LACHNOPHYLIUS

Medium: MEA. Mean Growth Rate: (n=12) 1 wk, 4.5 mm; 2 wks,
10.9 mm; 3 wks, 18.5 mm; 4 wks, 24 mm; 5 wks, 30.6 mm; 6 wks, 35.5
mm. Macromorphology: Advancing zone submerged, silky or with plumose
outgrowths at Week VI; hyphae hyaline or buff. Aerial mycelium absent
or consisting of a few appressed, silky, radiating white hyphal
strands. Submerged mycelium weakly zonate, colored buff, tan or pale
greyish orange. Reverse unchanged. Odor not distinctive.
Micromorphology: Advancing zone hyphae 1.5-3.5 um diam, mostly
frequently-branched and diverticulate, some infrequently-branched and

sparsely diverticulate, hyaline, inamyloid or weakly dextrinoid in
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mass, thin-walled, clamped. Aerial hyphae similar to advancing zone
hyphae, 1.5-4 ym diam, giving rise to numerous dextrinoid
dendrotrichomoid elements. Submerged hyphae 2-5 ym diam, frequently-
branched, diverticulate, many staghorn-like or coralloid, many
intercalary cells swollen, hyaline, inamyloid, thin-walled, clamped.
Phenoloxidase Reactions: Week II: Laccase (+/-), Tyrosinase (weakly
+), Peroxidase (+). Week VI: Laccase (-), Tyrosinase (weakly +),
Peroxidase (+). Nobles Code: 2.3c.11a.26.36.38.47.54a. Stalpers
Code: 1.2.3.9.10.13.16.30.37a.39.44.45.52.53.61.65.68a.80.89a.

Medium: PDA. Mean Growth Rate: (n =12) 1 wk, 1 mm; 2 wks, 3.5
mm; 3 wks, 6.3 mm; 4 wks, 8.4 mm; 5 wks, 11.5 mm; 6 wks, 14 mm.
Macromorphology: Advancing zone very narrow, slightly raised, silky
and white at first, by Week VI becoming felty and reddish orange or
pale greyish brown. Aerial mycelium appressed, or raised and radially
folded; initially felty overall, colored white or buff, overlaying
pale orangish tan submerged mycelium; becoming zonate by Week VI,
felty on the margin, crustose in older regions, zones colored pale
greyish brown, greyish orange, or dark brown, sometimes overlaid by
orangish tan, farinose mycelium. Reverse grading from greyish orange
to "tawny" or dark brown; with a "tawny" pigment diffused in the agar
well beyond the colony margin. Odor mildly musty or of coconut.
Micromorphology: Advancing zone hyphae similar to those on MEA.
Aerial hyphae of younger regions 1.5-3 um diam, loosely interwoven,
frequently-branched, diverticulate; aerial hyphae of older regions
forming a well-developed textura intricata; hyphae 2-4 pym diam,

infrequently- or frequently-branched, with scattered broad diverticula,
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hyaline or pale yellow, dextrinoid in mass, with walls up to 1 um
thick, clamped; some regions with numerous suberect terminal cells,
these strangulate, rarely lobed; aerial hyphae giving rise to
dextrinoid dendrotrichomoid elements which often form a densely
interwoven layer overlaying the textura intricata. Submerged hyphae
2-5 pym diam, infrequently-branched, irregular in outline, hyaline or
pale ochraceous, weakly dextrinoid, thin-walled, clamped, with a KOH-
soluble brown pigment. Phenoloxidase Reactions: Week II: Laccase
(+), Tyrosinase (weakly +), Peroxidase (+). Week VI: Laccase (+/-),
Tyrosinase (weakly +), Peroxidase (+). Nobles Code: 2.3c.11i.37.39.
47.51.54a. Stalpers Code: 1.2.3.10.25.28.29.(30).34.36.38b.38e.39.
44.45,52.53.61.64.65.(67).68a.89a. Isolates Examined: DED 4071, 4387,
4438, 4589.

Commentary. PDA-grown isolates of var. lachnophyllus are
characterized by: a) felty to crustose, zonate culture mats colored
greyish brown, greyish orange and dark brown; b) matching reverse
coloration with widely diffused tawny pigment; c) textura intricata
tissue; and d) numerous dextrinoid dendrotrichomoid elements which
sometimes form a densely interwoven layer over the culture mat tissue.
Isolates of var. lachnophyllus differed from those of var. cohaerens in
formation of a distinct culture mat tissue, and in presence of a
widely diffused tawny pigment in the agar. Isolates of the former
variety differed from those of M. strictipes and M. cystidiosus in
formation of dextrinoid dendrotrichomoid elements, and in reverse
coloration. In var. lachnophyllus, the reverse of PDA-grown isolates

exhibited a diffused tawny pigment, i.e., orange with brown tints,
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whereas in isolates of M. strictipes and M. cystidiosus the reverse

showed yellow, orange or golden colors, lacking brown tints.

MARASMIUS CILIATOMARGINATUS

Medium: MEA. Mean Growth Rate: (n = 3) 1 wk, 20.5 mm; 2 wks,
49.5 mm; 3 wks, plates covered. Macromorphology: Advancing zone
submerged, silky; hyphae hyaline. Aerial mycelium absent or
consisting of a few silky, radiating white hyphal strands. Reverse
unchanged. Odor not distinctive. Micromorphology: Advancing zone
hyphae 1.5-3 um diam, frequently-branched, diverticulate, staghorn-
like, hyaline, inamyloid, thin-walled, clamped. Aerial hyphae rare,
mostly iﬁfrequently-branched, with few staghorn-like elements,
otherwise like advancing zone hyphae. Submerged hyphae 2-7 um diam,
infrequently-branched, sparsely diverticulate, hyaline, inamyloid,
thin-walled, clamped. Phenoloxidase Reactions: Week II: Laccase (+),
Tyrosinase (-), Peroxidase (+). Week VI: Laccase (-), Tyrosinase (-),
Peroxidase (-). Nobles Code: 2a.3c.l11a.36.38.43.54a. Stalpers Code:
1.3.7.13.16.30.37a.39.44.45.52-54.61.65.89a.

Medium: PDA. Mean Growth Rate: (n = 3) 1 wk, 21 mm; 2 wks, 54.5
mm; 3 wks, plates covered. Macromorphology: Advancing zone
submerged, silky; hyphae hyaline. Aerial mycelium at first cottony or
subfelty, by Week II becoming felty or subcrustose, colored '"light
buff" overall. Reverse ochraceous with scattered dark brown spots.
Odor mildly raphanoid. Micromorphology: Advancing zone hyphae 1.5-2
um diam, frequently-branched and diverticulate, and 2-4 um diam,

infrequently-branched and sparsely diverticulate; hyphae hyaline,
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weakly dextrinoid in mass, thin-walled, clamped. Aerial mycelium
forming a well-developed textura intricata; hyphae 2.5-7 um diam,
cylindric or irregular in outline, infrequently-branched, with or
without scattered broad diverticula, hyaline or pale ochraceous,
inamyloid, clamped, with walls up to 0.5 um thick; tissue of older
regions overlaid by interwoven, inamyloid or dextrinoid
dendrotrichomoid elements plus repent, narrow (-1.5 um diam),
skeletalized hyphae with aseptate, filiform side-branches similar to
"arms'" of dendrotrichomoid elements. Submerged hyphae 2-4 pum diam,
infrequently-branched, irregularly cylindric, hyaline or pale brown,
inamyloid, thin-walled, clamped. Phenoloxidase Reactions: Week II:
Laccase (+), Tyrosinase (weakly +), Peroxidase (+). Week VI: Laccase
(-), Tyrosinase (+), Peroxidase (+). Nobles Code: 2.3c.8d.11i.36.
39.43.51.54a. Stalpers Code: 1.2.3.7.13.25.31.38d.38e.39.44.45.47.
52-54.64.65.(67).68a.89a. Isolates Examined: DED 4414,

Commentary. Diagnostic features of PDA-grown isolates of M.
ciliatomarginatus include: a) moderately fast growth rate; b) felty
or subcrustose culture mats evenly colored "light buff'"; c¢) ochraceous
reverse with brown spots; d) raphanoid odor; e) textura intricata
tissue; and f) numerous dextrinoid dendrotrichomoid elements.
Although cultures of this species are superficially similar to those of
other fast growing taxa with pallid culture mats (e.g., M. graminum,
falcatipes, pseudobambusinus), when taken in combination, the suite of

characters described above is distinctive for M. ciliatomarginatus.
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MARASMIUS FALCATIPES

Medium: MEA. Mean Growth Rate: (n =9) 1 wk, 30.7 mm; 2 wks,
plates covered. Macromorphology: Advancing zone submerged, silky;
hyphae hyaline. Aerial mycelium at first downy or subcottony, white;
by Week VI becoming cottony, remaining white or in older regions
becoming pale ochraceous or brownish orange. Reverse unchanged. Odor
not distinctive. Micromorphology: Advancing zone hyphae 1.5-3.5 um
diam, infrequently-branched and non-diverticulate, or frequently-
branched and diverticulate, hyaline, inamyloid, thin-walled, clamped.
Aerial hyphae rare, 1.5-4 pym diam, typically frequently-branched,
densely diverticulate, with scattered bundles of infrequently-branched
and sparsely diverticulate hyphae; hyphae hyaline, inamyloid, thin-
walled, clamped. Submerged hyphae similar to aerial hyphae but many
staghorn-like, some contorted. Phenoloxidase Reactions: Week II:
Laccase (+), Tyrosinase (weakly +/-), Peroxidase (weakly +). Week VI:
Laccase (-), Tyrosinase (-), Peroxidase (+). Nobles Code: 2.3c.lla.
36.38.42.54a.56. Stalpers Code: 1.2.3.6.13.17.21.30.37a.39.45.52.
53.61.65.89a.91.

Medium: PDA. Mean Growth Rate: (n =9) 1 wk, 29.7 mm; 2 wks,
plates covered. Macromorphology: Advancing zone submerged, silky;
hyphae hyaline. Aerial mycelium thickly woolly overall, initially
white, by Week VI becoming cream buff with scattered patches of
ochraceous or pale brown mycelium. Submerged mycelium ochraceous.
Reverse grading from cream to golden, brownish orange or brown. Odor
not distinctive. Micromorphology: Advancing zone hyphae 1.5-3.5 pm

diam, mostly infrequently-branched and non-diverticulate, few
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frequently-branched and diverticulate, hyaline, inamyloid, thin-walled,
clamped. Aerial hyphae 1.5-3 um diam, densely interwoven, many
infrequently-branched and non-diverticulate, many frequently-branched
and diverticulate, hyaline, inamyloid; with or without narrow
dextrinoid, skeletalized hyphae and dextrinoid dendrotrichomoid
elements; with glassy, hyaline, amorphous crystals among aerial
mycelium. Submerged hyphae 2-4 pum diam, interwoven, frequently-
branched, densely diverticulate, hyaline or pale ochraceous, inamyloid,
thin-walled, clamped. Phenoloxidase Reactions: Week II: Laccase (+),
Tyrosinase (+), Peroxidase (+). Week VI: Laccase (weakly +/-),
Tyrosinase (+), Peroxidase (+). Nobles Code: 2.3c.8d.11a.36.(37).
39.42.54a.56. Stalpers Code: 1.2.3.6.13.22.30.31.(32).38a.39b.39%e.
39.45.52.53.61.65.(67).(68a).82.89a.91. Isolates Examined: DED 4415,
4456, 4490.

Commentary. Marasmius falcatipes is one of the faster growing
species in culture, with isolates covering 90 mm Petri plates in two
weeks (on MEA and PDA). Of the taxa studied, only M. graminum grew
faster (60 mm at Week I). Compared with M. falcatipes, PDA-grown
isolates of M. rotula and M. pseudobambusinus displayed similar growth
rates (31.7 mm and 30 mm at Week I, respectively), but these species
formed different culture mat morphologies. Isolates of M. rotula were
easily distinguished by formation of avellaneous or brown crustose mats
composed of textura angularis tissue, whereas isolates of M.
pseudobambusinus were more difficult to separate from cultures of M.
falcatipes. In most macro- and micromorphological features, cultures

of M. pseudobambusinus and M. falcatipes were indistinguishable.
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Several subtle features may be used, however, to separate the species.
PDA-grown isolates of M. pseudobambusinus tended to form weakly zonate
culture mats with zones colored "clay" or "cinnamon buff,'" the aerial
hyphae were often overlaid by a dense tangle of dextrinoid
dendrotrichomoid elements, and spot tests for tyrosinase were negative.
In comparison, culture mats of PDA-grown isolates of M. falcatipes were
never zonate and only isolated patches of pigmented aerial mycelium
were observed. Moreover, dendrotrichomoid elements were less well-
developed, and spot tests for tyrosinase were positive.

For a comparison of the differences between isolates of M.

falcatipes and M. graminum, see the commentary on the latter species.

MARASMIUS SPISSUS

Medium: MEA. Mean Growth Rate: (n=3)1 wk, 5mm; 2 wks, 10
mm; 3 wks, 17 mm; 4 wks, 24 mm; 5 wks, 30 mm; 6 wks, 35 mm.
Macromorphology: Advancing zone submerged, silky; hyphae hyaline.
Aerial mycelium absent or consisting of a few silky, radiating, white
hyphal strands. Reverse unchanged. Odor fragrant, slightly spicy.
Micromorphology: Advancing zone hyphae 1.5-3.8 um diam, frequently-
branched, densely diverticulate, staghorn-like, hyaline, inamyloid,
thin-walled, clamped. Aerial hyphae rare, 1.5-5 pym diam, strongly
contorted and diverticulate, otherwise similar to advancing zone
hyphae; with clusters of glassy, hyaline, somewhat triangular crystals
among hyphae. Submerged hyphae similar to advancing zone hyphae, but
many irregularly swollen at branch inceptions. Phenoloxidase

Reactions: Week II: Laccase (+), Tyrosinase (-), Peroxidase (+).
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Week VI: Laccase (+), Tyrosinase (-), Peroxidase (+). Nobles Code:
2a.3c.11a.(26).36.38.47.50.54a. Stalpers Code: 1.3.10.13.16.30.36.
37a.39.45.52.53.61.65.(80).82.89a.

Medium: PDA. Mean Growth Rate: (n = 3) 1 wk, 3 mm; 2 wks, &4 mm;
3 wks, 6 mm; 4 wks, 7 mm; 5 wks, 8 mm; 6 wks, 9 mm.
Macromorphology: Advancing zone raised, somewhat lumpy, at first
silky, but crustose by Week VI, colored deep red or reddish brown.
Aerial mycelium forming two distinct zones: marginal region lumpy-
crustose, deep reddish brown; region surrounding inoculum plug felty
or velutinous, colored dark ferruginous. Submerged mycelium deep
reddish brown. Reverse yellowish at Week I, but becoming deep red by
Week II, with a deep red or reddish orange pigment diffused in the agar
well beyond the colony margin. Odor not distinctive. Micromorphology:
Advancing zone hyphae 2-5 pym diam, infrequently-branched, non-
diverticulate or sparsely diverticulate, irregular in outline, hyaline,
inamyloid, clamped. Aerial mycelium of crustose regions forming a
well-developed textura epidermoidea composed of irregularly-shaped,
long-celled hyphae 2-5 ym diam, infrequently- or frequently-branched,
non-diverticulate or sparsely diverticulate, occasionally with
intercalary or terminal swellings up to 15 um diam; cells hyaline or
reddish brown, clamped, with walls 0.5-1.5 um thick. Aerial mycelium
of velutinous regions composed of numerous suberect or erect hyphae 2-4
pm diam, strangulate, irregular in outline, hyaline or pale ochraceous,
thin-walled, arising from and overlaying a textura epidermoidea tissue.
Submerged hyphae similar to elements of textura epidermoidea, but not

tightly packed together and mostly thin-walled. Phenoloxidase
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Reactions: Week II: Laccase (+), Tyrosinase (-), Peroxidase (-).
Week VI: impossible to determine because of darkly pigmented hyphae
and agar. Nobles Code: 2a.3c.11.26.37.39.47.54a. Stalpers Code:
1.10.12.25.26.28.32.38c.39.44.45.48.52-55.64.65. 67.(75).80.89%a.
Isolates Examined: DED 4598.

Commentary. PDA-grown isolates of M. spissus are strikingly
beautiful. Culture mats grew very slowly and were characterized by
crustose and velutinous mycelium colored deep red or deep reddish
brown. Although colonies grew to only 9 mm radius by Week VI, a deep
red or reddish orange pigment diffused through the agar and filled the
entire plate. These features, in combination with textura epidermoidea
tissue and absence of dendrotrichomoid elements, are diagnostic for M.
spissus. No isolates of any other taxon studied formed such brilliant
red pigments on PDA, and consequently, cultures of M. spissus are not

likely to be confused with those of any other.

MARASMIUS SULLIVANTIIT

Medium: MEA. Mean Growth Rate: (n=15) 1 wk, 5.4 mm; 2 wks,
15.1 mm; 3 wks, 25.1 mm; &4 wks, 37.4 mm; 5 wks, 44.3 mm; 6 wks,
50.1 mm. Macromorphology: Advancing zone submerged, silky; hyphae
hyaline. Aerial mycelium absent or consisting of a few, silky,
radiating, white hyphal strands and a few white farinose regions.
Reverse unchanged. Odor not distinctive. Micromorphology: Advancing
zone hyphae 2-4 ym diam, mostly frequently-branched and diverticulate,
few infrequently-branched and non-diverticulate, hyaline, inamyloid,

thin-walled, clamped. Aerial hyphae rare, loosely interwoven, mostly
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infrequently-branched and non-diverticulate or sparsely diverticulate,
otherwise similar to advancing zone hyphae; with numerous, small,
dextrinoid dendrotrichomoid elements; some hyphae with glassy,
hyaline, plaque-like incrusting crystals. Submerged hyphae similar to
advancing zone hyphae, but many irregularly swollen up to 6.5 um diam.
Phenoloxidase Reactions: Week II: Laccase (+), Tyrosinase (-),
Peroxidase (+). Week VI: Laccase (+), Tyrosinase (-), Peroxidase (+).
Nobles Code: 2a.3c.11a.26.36.38.47.54a. Stalpers Code: 1.3.9.13.
16.(20).30.37a.39.44.45.52-54.61.65.68a.80.82.89%a.

Medium: PDA. Mean Growth Rate: (n = 15) 1 wk, 4.6 mm; 2 wks,
10.2 mm; 3 wks, 16.4 mm; 4 wks, 22.4 mm; 5 wks, 24.7 mm; 6 wks, 27
mm. Macromorphology: Advancing zone initially submerged, silky,
white; by Week VI becoming raised, felty, colored buff or pale cream.
Aerial mycelium initially appressed, felty, colored white or buff,
overlaying pale yellowish grey or pale olivaceous brown submerged
mycelium; by Week II becoming slightly raised and radially folded,
crustose; by Week VI becoming zonate, zones colored cream buff, "olive
buff," "deep olive buff" or pale greyish brown; sometimes the crustose
layer is overlaid in spots by farinose, buff or cream colored mycelium.
Reverse cream, or grading from cream to greyish cream, '"olive buff,"
"deep olive buff'" or greyish brown. Odor not distinctive.
Micromorphology: Advancing zone hyphae 1.5-3 pym diam, cylindric, non-
diverticulate, hyaline, weakly dextrinoid in mass, thin-walled,
clamped. Aerial mycelium of marginal region forming a textura
intricata; hyphae irregularly-shaped, swollen, hyaline, strongly

dextrinoid in mass, thin-walled, clamped. Aerial mycelium of crustose
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regions forming an incomplete textura globulosa composed of highly
inflated, intercalarly and terminally swollen elements up to 20 um
diam, loosely interwoven in some areas, more tightly interwoven in
other areas, with undifferentiated, cylindric hyphae interspersed among
the swollen cells; some areas of tissue with erect, strangulate or
cylindric terminal cells; with or without scattered dextrinoid
dendrotrichomoid elements; hyphae hyaline, dextrinoid, thin-walled,
clamped. Submerged hyphae 2-5 pum diam, ranging from infrequently-
branched and non-diverticulate, to frequently-branched and
diverticulate, often irregular in outline, hyaline, inamyloid, clamped.
Phenoloxidase Reactions: Week II: Laccase (+), Tyrosinase (+/-),
Peroxidase (+). Week VI: Laccase (+), Tyrosinase (+), Peroxidase (+).
Nobles Code: 2.3c.10.26.37.39. 47.54a. Stalpers Code: 1.2.3.9.10.
12.(18).25.28.29.31.(34).38a.38e.38f.39.44.45.52-55.63.65.68a.75.
80.89a. Isolates Examined: DED 4072, 4342, 4434, 4452, 4595,

Commentary. Distinctive features of PDA-grown isolates of M.
sullivantii included: a) zonate, crustose culture mats (with
farinaceous areas) ranging in coloration from cream buff to olive buff
and greyish brown; b) reverse coloration matching that of culture
mats; and c) incomplete textura globulosa tissue. PDA-grown cultures
of this species were superficially similar to those of M. nigrodiscus,
but the latter formed felty culture mats composed of textura intricata
tissue, and deep yellow acicular crystals were clustered throughout the

culture mat.
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MARASMIUS PSEUDOBAMBUSINUS

Medium: MEA. Mean Growth Rate: (n =3)1 wk, 27.5 mm; 2 wks,
plates covered. Macromorphology: Advancing zone submerged, silky;
hyphae hyaline. Aerial mycelium absent at Week II, becoming downy and
white by Week VI. Reverse unchanged. Odor not distinctive.
Micromorphology: Advancing zone hyphae 1.5-3.8 um diam, typically
infrequently-branched, sparsely diverticulate, some staghorn-like
especially side branches away from the growing tip. Aerial hyphae
rare, similar to advancing zone hyphae but many frequently-branched and
densely diverticulate; some hyphae incrusted with small, glassy,
hyaline, granular crystals. Submerged hyphae similar to advancing zone
hyphae, with some swollen at branch inceptions. Phenoloxidase
Reactions: Week II: Laccase (+), Tyrosinase (-), Peroxidase (+).

Week VI: Laccase (+), Tyrosinase (-), Peroxidase (+). Nobles Code:
2a.3c.11a.36.38.42.56. Stalpers Code: 1.3.6.13.16.(17).30.37a.39.
45.52.53.61.65.82.91.

Medium: PDA. Mean Growth Rate: (n = 3) 1 wk, 30 mm; 2 wks,
plates covered. Macromorphology: Advancing zone silky or woolly,
hyaline or white. Aerial mycelium woolly overall at Week II, by Week
VI majority of plate woolly but with a narrow appressed cottony or
felty zone surrounding the inoculum plug; woolly region weakly zonate,

' and "cinnamon buff." Reverse

zones colored "light buff,'" '"clay color,'
"cinnamon buff' with patches of pale brownish orange. Odor not
distinctive. Micromorphology: Advancing zone hyphae 1.5-5 um diam,

infrequently-branched, diverticulate, hyaline, inamyloid, thin-walled,

clamped. Aerial mycelium a thick layer of loosely interwoven hyphae;
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hyphae 1.5-4 ym diam, infrequently- or frequently-branched, sparsely
diverticulate, hyaline, inamyloid, thin-walled; overlaid by a dense
tangle of skeletalized hyphae 0.5-1.5 pym diam, these frequently-
branched, aseptate, hyaline, inamyloid or weakly dextrinoid, similar to
"arms" of dendrotrichomoid elements; with glassy, hyaline, amorphous
crystals interspersed among aerial hyphae. Submerged hyphae 2-6.5 um
diam, frequently-branched, diverticulate, irregular in outline, some
intercalary cells swollen, some hyphae coiled and contorted, hyaline,
inamyloid, thin-walled, clamped. Phenoloxidase Reactions: Same as on
MEA. Nobles Code: 2a.3c.8d.11a.26.37.39.42.56. Stalpers Code:
1.3.12.(21).22.25.32.38b.39.44.45.47.52-54.61.65.68a.80.82.91.

Isolates Examined: DED 4353.

Commentary. PDA-grown isolates of M. pseudobambusinus were
characterized by: a) fast growth rate; b) weakly zonate woolly
culture mats with zones colored "clay" or "cinnamon buff;" c) aerial
hyphae overlaid by a dense tangle of dendrotrichomoid-like elements;
and d) negative tyrosinase reactions. For a comparison of cultural
features of isolates of M. pseudobambusinus with those of M. graminum

and M. falcatipes, see the commentaries on the latter species.

HARASMIUS HAEMATOCEKEPHAILUS var. HAEMATOCEPHALUS

Medium: MEA. Mean Growth Rate: (n = 6) 1 wk, 14.8 mm; 2 wks,
36.5 mm; 3 wks, 55 mm; 4 wks, plates covered. Macromorphology:
Advancing zone submerged, silky; hyphae hyaline. Aerial mycelium
absent or consisting of a few silky, radiating, white hyphal strands.

Submerged mycelium white or pale orange white under inoculum plug.
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Reverse unchanged or cream-colored. Odor not distinctive.
Micromorphology: Advancing zone hyphae 1.5-3 um diam, frequently-
branched, diverticulate, hyaline, inamyloid, thin-walled, clamped.
Aerial hyphae rare, similar to advancing zone hyphae but many staghorn-
like; some hyphae incrusted with numerous small, glassy, hyaline,
granular or acicular crystals. Submerged hyphae 2-6 uym diam,
frequently-branched, some strongly coralloid, irregular in outline,
some intercalary cells swollen, hyaline, inamyloid, thin-walled,
clamped. Phenoloxidase Reactions: Week II: Laccase (+), Tyrosinase
(-), Peroxidase (+). Week VI: Laccase (weakly +), Tyrosinase (weakly
+/-), Peroxidase (+). Nobles Code: 2.3c.11a.26.36.38.44.54.(54a).
Stalpers Code: 1.2.3.8.13.16.20.30.37a.39.44.45.52-54.61.65.80.82.
89.(89a).

Medium: PDA. Mean Growth Rate: (n =6) 1 wk, 5 mm; 2 wks, 23.8
mm; 3 wks, 39.5 mm; &4 wks, plates covered. Macromorphology:
Advancing zone submerged, silky, hyphae hyaline or pale cream buff.
Aerial mycelium zonate; inward side of zones appressed-silky and buff-
colored, marginal side of zones tomentose and colored "cinnamon buff;"
inoculum plug felty, colored '"light buff." Submerged mycelium near
plug colored orange, brownish orange or brown. Reverse unchanged.
Odor not distinctive. Micromorphology: Advancing zone hyphae of
several types: a) 1.5-3 um diam, infrequently-branched; b) 1-2 um
diam, frequently-branched, diverticulate; c) 2-4 pm diam, staghorn-
like; all hyphae hyaline, inamyloid or dextrinoid in mass, thin-
walled, clamped. Aerial hyphae interwoven, similar to advancing zone

hyphae, but overlaid in areas with narrow (0.5-1.5 p diam), dextrinoid,
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skeletalized hyphae, these infrequently-branched or with numerous
aseptate, filiform side-branches similar to "arms" of dendrotrichomoid
elements; some aerial hyphae with hyaline, granular or acicular
crystal incrustations. Submerged hyphae similar to advancing zone
hyphae but with intercalary cells swollen up to 8 um diam, dextrinoid
in mass, clamped. Phenoloxidase Reactions: Week II: Laccase (+),
Tyrosinase (+), Peroxidase (+). Week VI: Laccase (+), Tyrosinase (+),
Peroxidase (+). Nobles Code: 2.3c.8d.11a.26.36.38.44.54.(54a).
Stalpers Code: 1.2.3.8.9.13.20.22.25.31.32.37a.44.45.47.52-54.61.
65.80.82.89.(89a). Isolates Examined: DED 4321, 4640.

Commentary. Diagnostic features of PDA-grown isolates of M.
haematocephalus var. haematocephalus include: a) moderately fast
growth rate; b) pallid, zonate, silky and tomentose culture mats;

c) submerged hyphae near and under the inoculum plug colored brownish
orange or brown, and agar lacking diffused pigments; and d)
interwoven, inamyloid, thin-walled aerial hyphae overlayed by
dextrinoid skeletalized hyphae with aseptate filiform side-branches.

Isolates of var. haematocephalus are not likely to be confused
with isolates of other species if all of the features enumerated above
are considered. For a comparison with var. anomaloides see the

commentary on that variety.

MARASMIUS HAEMATOCEPHAILUS var. ANOMALOIDES
Medium: MEA. Mean Growth Rate: (n=6) 1 wk, 14.8 mm; 2 wks,
30.8 mm; 3 wks, 44 mm; 4 wks, 56.5 mm; 5 wks, plates covered.

Macromorphology: Advancing zone submerged, silky; hyphae hyaline.
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Aerial mycelium absent or consisting of a few silky, radiating hyaline
hyphal strands. Reverse unchanged. Odor not distinctive.
Micromorphology: Advancing zone hyphae 1.5-3 pym diam, infrequently- or
frequently-branched, diverticulate, many staghorn-like, hyaline,
inamyloid, thin-walled, clamped. Aerial hyphae rare, 1.5-4 pm diam,
similar to advancing zone hyphae; some hyphae incrusted with glassy,
hyaline, granular or acicular crystals. Submerged hyphae 2-7 pym diam,
frequently-branched, diverticulate, hyaline, inamyloid, thin-walled,
clamped. Phenoloxidase Reactions: Week II: Laccase (+), Tyrosinase
(-), Peroxidase (+). Week VI: Laccase (+), Tyrosinase (-), Peroxidase
(+). Nobles Code: 2a.3c.l11a.36.38.45.54.(54a). Stalpers Code:
1.3.8.13.16.20.30.37a.39.44.45.52-54.61.65.82.89.(89a).

Medium: PDA. Mean Growth Rate: (n = 6) 1 wk, 14 mm; 2 wks, 39.8
mm; 3 wks, 60.5 mm; 4 wks, plates covered. Macromorphology:
Advancing zone silky or cottony, hyaline or white. Aerial mycelium
zonate; inward side of zones felty, colored 'light buff," marginal
side of zones woolly, colored '"cinnamon buff;" inoculum plug
appressed-felty, colored "light buff." Submerged mycelium near and
under plug greyish brown or brown. Reverse with a pale brownish orange
diffused pigment. Odor slightly rancid, like cat urine.
Micromorphology: Advancing zone hyphae 1.5-4 pym diam, infrequently- or
frequently-branched, diverticulate, some staghorn-like, hyaline, weakly
dextrinoid in mass, thin-walled, clamped. Aerial hyphae interwoven,
similar to advancing zone hyphae, but with scattered, inamyloid or
weakly dextrinoid skeletalized hyphae <1.5 ym diam, these with numerous

aseptate filiform side-branches similar to "arms" of dendrotrichomoid
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elements; some aerial hyphae with glassy, hyaline, granular or
acicular crystal incrustations. Submerged hyphae similar to advancing
zone hyphae but with intercalary cells swollen up to 7 um diam.
Phenoloxidase Reactions: Week II: Laccase (+), Tyrosinase (+),
Peroxidase (+). Week VI: Laccase (+), Tyrosinase (+), Peroxidase (+).
Nobles Code: 2.3c.8d.11a.26.36.39.44.53.54.(54a). Stalpers Code:
1.2.3.7.8.13.22.25.31.32.36.38b.39.44.45.47.52-54.61.65.80.82.89.(89a).
Isolates Examined: DED 4322, 4711.

Commentary. Isolates of M. haematocephalus var. anomaloides were
nearly indistinguishable from those of var. haematocephalus, differing
in only a few macromorphological characters. PDA-grown isolates of
var. anomaloides grew slightly faster than those of var.
haematocephalus (60.5 mm at Week III v.s. 39.5 mm, respectively), had a
slightly rancid odor, and showed a pale brownish orange pigment
diffused in the agar. In contrast, isolates of var. haematocephalus

lacked a distinctive odor and did not develop diffused pigments.

MARASMIUS SICCUS

Medium: MEA. Mean Growth Rate: (n = 6) 1 wk, 16.3 mm; 2 wks,
37.3 mm; 3 wks, 58.5 mm; 4 wks, plates covered. Macromorphology:
Advancing zone submerged, silky; hyphae hyaline. Aerial mycelium
poorly-developed, consisting of a few silky, radiating, hyaline or
white hyphae. Reverse unchanged. Odor not distinctive.
Micromorphology: Advancing zone hyphae 1.5-4 ym diam, frequently-
branched, non-diverticulate or diverticulate, some coiled, hyaline,

inamyloid, thin-walled, clamped. Aerial hyphae rare, similar to
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advancing zone hyphae but with scattered, dextrinoid dendrotrichomoid
elements. Submerged hyphae loosely interwoven, highly irregular in
outline, with numerous intercalary and terminal swellings up to 13 um
diam, hyaline, inamyloid, thin-walled, clamped. Phenoloxidase
Reactions: Week II: Laccase (+), Tyrosinase (weakly +/-), Peroxidase
(+). Week VI: Laccase (-), Tyrosinase (-), Peroxidase (+). Nobles
Code: 2.3c.(11a).26.38.44.54a. Stalpers Code: 1.2.3.8.13.(16).20.
30.37a.39.44.45.52-55.65.68a.80.89a.

Medium: PDA. Mean Growth Rate: (n =6) 1 wk, 11.5 mm; 2 wks, 33
mm; 3 wks, 53 mm; 4 wks, plates covered. Macromorphology: Advancing
zone silky or plumose, hyphae white or pale yellow. Aerial mycelium
initially cottony, colored white or buff, with rare pink, subfelty
areas, overlaying pale pinkish brown submerged mycelium; by Week VI
mycelium becoming appressed and weakly zonate, pink tones disappearing;
zones cottony, colored buff, cream or pale yellowish white, and
subfelty, colored cream buff, greyish yellow or pale ochraceous; all
zones overlaying dark ochraceous ('"Saccardo umber") submerged mycelium.
Reverse splotchy, with areas colored cream, ochraceous, brown or dark
brown; with a golden or ochraceous pigment diffused through the agar.
Odor slightly musty. Micromorphology: Advancing zone hyphae 1.5-4 um
diam, frequently-branched, non-diverticulate or diverticulate, hyaline,
inamyloid, thin-walled, clamped. Aerial hyphae 2-5 um diam, densely
interwoven but not forming a distinct tissue, frequently-branched,
sparsely diverticulate, hyaline, inamyloid, thin-walled, clamped; with
scattered, narrow, dextrinoid skeletalized hyphae, these typically

unbranched, but occasionally with aseptate, filiform side-branches
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similar to "arms'" of dendrotrichomoid elements. Submerged hyphae 2-5
um diam, frequently-branched, diverticulate, hyaline or pale
ochraceous, inamyloid, thin-walled, clamped; with hyaline,
irregularly-shaped, globular crystals in the agar. Phenoloxidase
Reactions: Week II: Laccase (+), Tyrosinase (weakly +), Peroxidase
(+). Week VI: Laccase (-), Tyrosinase (+), Peroxidase (+). Nobles
Code: 2.3c.8d.11a.37.39.44.51.54a. Stalpers Code: 1.2.3.8.13.21.
24.31.35.36.38a.38d.38e.39.45.46.52.53.65.(67).83.89a. Isolates
Examined: DED 4314, 4464.

Commentary. PDA-grown isolates of M. siccus were morphologically
similar to those of M. fulvoferrugineus and M. decipiens. All three
species formed cottony to woolly or subfelty to felty culture mats
colored buff, cream buff, ochraceous or with grey tones, and all had
similar phenoloxidase reactions. PDA-grown isolates of M.
fulvoferrugineus differed from those of M. siccus in slower growth
rate, reddish brown or dark brown reverse coloration with "orange
rufous" diffused pigments, and in absence of dextrinoid skeletalized
aerial hyphae. In PDA-grown isolates of M. siccus, red tones were
absent in the agar. For a comparison with cultures of M. decipiens,

see the commentary on that species.

MARASMIUS PULCHERRIPES

Medium: MEA. Mean Growth Rate: (n = 24) 1 wk, 11.9 mm; 2 wks,
29.4 mm; 3 wks, 43.6 mm; 4 wks, plates covered. Macromorphology:
Advancing zone submerged, silky; hyphae hyaline. Aerial mycelium

absent or poorly-developed, appressed, silky or subcottony, hyphae
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hyaline or pale olive buff. Submerged mycelium grading in color from
margin inward, hyaline, pale yellowish olive, greyish olive and olive
brown. Reverse pale yellowish olive. Odor mildly fruity.
Micromorphology: Advancing zone hyphae 1.5-3.5 ym diam, frequently-
branched, diverticulate, staghorn-like, hyaline, inamyloid, thin-
walled, clamped. Aerial hyphae rare, similar to advancing zone hyphae,
but many with hyaline, short-acicular crystal incrustations. Submerged
hyphae 2-5 ym diam, loosely interwoven, frequently-branched, many
coralloid, many swollen at branch inceptions; hyaline, pale yellow or
pale yellowish olive, inamyloid, thin-walled, clamped. Phenoloxidase
Reactions: Week II: Laccase (+), Tyrosinase (weakly +), Peroxidase
(+). Week VI: Laccase (+/-), Tyrosinase (weakly +/-), Peroxidase
(weakly +/-). Nobles Code: 2.3c.11a.37.38.44.50.54a. Stalpers Code:
1.2.3.8.13.16.(35).36.384.38f.39.45.52.53.61.65.(67).82.89a.

Medium: PDA. Mean Growth Rate: (n = 24) 1 wk, 8.1 mm; 2 wks,
16.9 mm; 3 wks, 24.1 mm; 5 wks, 36.2 mm; 6 wks, 44.6 mm.
Macromorphology: Advancing zone submerged or with few aerial hyphae,
silky or cottony, forming plumose outgrowths after several weeks,
colored white, buff, olive buff, greyish buff or rarely with pink
tints. Aerial mycelium initially thickly cottony or woolly, colored
buff, pinkish buff, olive buff or olivaceous, overlaying dark
olivaceous submerged mycelium; by Week VI becoming zonate, zones buff
or olive buff and woolly, yellowish olive and subfelty, olive or dark
olive and felty, dark olive or charcoal and subcrustose, rarely
avellaneous and felty. Submerged mycelium olive or dark olive.

Reverse colors matching those of the culture mat, with a tawny or tawny
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olive pigment diffused in the agar. Odor musty, slightly like pipe
tobacco. Micromorphology: Advancing zone hyphae similar to those on
MEA, staghorn-like, weakly dextrinoid in mass. Aerial hyphae 2-4 um
diam, forming a densely interwoven layer with suberect or erect
terminal cells; hyphae frequently-branched, sparsely diverticulate,
hyaline, pale yellow or pale olive, thin-walled, inamyloid, clamped;
with deep green globular crystals (in KOH) among aerial hyphae, also
some hyphal contents deep green. Older subcrustose aerial mycelium
formed of interwoven, irregularly swollen hyphae up to 14 um diam,
ochraceous or olivaceous, with walls up to 1 um thick. Submerged
hyphae 2-3 uym diam, frequently-branched, sparsely-diverticulate, pale
olive, inamyloid, thin-walled, clamped; hyphal contents globular,
olivaceous. Phenoloxidase Reactions: Week II: Laccase (+),
Tyrosinase (weakly +), Peroxidase (+). Week VI: Laccase (+),
Tyrosinase (+), Peroxidase (+). Nobles Code: 2.3c.l1la.26.37.39.47.
51.54a. Stalpers Code: 1.2.3.9.13.21.22.25.29.36.38e.38.39.44.45.
52-55.61.65.67.80.82.89a. Isolates Examined: DED 4017, 4057, 4075,
4326, 4343, 4390, 4487, 4596.

Commentary. Isolates of M. pulcherripes were distinct from those
of all other species in this study because of the formation of
olivaceous pigments. When grown on MEA, pale yellowish olive or
greyish olive pigments developed in most isolates by Week II. On PDA,
deep olivaceous pigments were present from the onset of growth. Eight
isolates were examined from material collected in various areas of the
southern Appalachian Mountains, and very little variation in

pigmentation was observed between isolates. The presence of olivaceous
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pigments in PDA-grown cultures of M. pulcherripes is an unusual
phenomenon, considering that no such pigments are formed in basidiomata
of this species. In general, the members of sect. Sicci examined in
these cultural studies formed similar pigments in culture to those
exhibited by their basidiomata (cf., M. siccus, fulvoferrugineus,

falcatipes, spissus, pseudobambusinus, etc.).

MARASMIUS FULVOFERRUGINEUS

Medium: MEA. Mean Growth Rate. (n = 12) 1 wk, 9 mm; 2 wks,
16.5 mm; 3 wks, 26.9 mm; 5 wks, 44.7 mm; 6 wks, 51.7 mm.
Macromorphology: Advancing zone submerged, silky; hyphae hyaline.
Aerial mycelium poorly-developed, appressed, silky, hyaline; with
plumose outgrowths developed on margin by Week VI. Reverse unchanged.
Odor not distinctive or mildly of coconut. Micromorphology: Advancing
zone hyphae 1.5-3 pym diam, frequently-branched, diverticulate, hyaline,
inamyloid, thin-walled, clamped. Aerial hyphae rare, similar to
advancing zone hyphae, but giving rise to scattered dextrinoid
dendrotrichomoid elements. Submerged hyphae 1-5 um diam, loosely
interwoven, frequently-branched, many cells empty, hyaline, inamyloid,
thin-walled, clamped. Phenoloxidase Reactions: Week II: Laccase (+),
Tyrosinase (weakly +/-), Peroxidase (+). Week VI: Laccase (+/-),
Tyrosinase (-), Peroxidase (+). Nobles Code: 2.3c.1la.26.38.47.54a.
Stalpers Code: 1.2.3.9.13.16.(20).30.37a.39.45.52.53.65.68a.89a.

Medium: PDA. Mean Growth Rate. (n = 12) 1 wk, 2.6 mm; 2 wks, 12
mm; 3 wks, 21.4 mm; 5 wks, 33.9 mm; 6 wks, 38.9 mm.

Macromorphology: Advancing zone silky or cottony, colored buff or
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"tawny." Aerial mycelium near margin woolly or tomentose, colored
white, buff, cream buff or pale greyish brown; aerial mycelium near
inoculum plug felty, colored cream, mustard yellow or orange buff.
Submerged mycelium dark brownish orange. Reverse reddish brown or dark
brown with scattered brownish orange areas; with an "orange rufous'
pigment diffused in the agar. Odor mildly musty. Micromorphology:
Advancing zone hyphae 1.5-3.5 pym diam, infrequently-branched, rarely
diverticulate, hyaline, inamyloid, thin-walled, clamped. Aerial hyphae
1.5-5 ym diam, interwoven, frequently-branched, non-diverticulate or
sparsely diverticulate, some hyphae irregular in outline, hyaline,
inamyloid or weakly dextrinoid in mass, thin-walled or with walls up to
0.8 p thick, clamped; with numerous hyaline, irregularly-shaped or
globular crystals among hyphae; no dendrotrichomoid elements observed.
Submerged hyphae similar to aerial hyphae; with scattered hyaline,
octahedral crystals in agar. Phenoloxidase Reactions: Week II:
Laccase (+), Tyrosinase (weakly +), Peroxidase (+). Week VI: Laccase
(-), Tyrosinase (+), Peroxidase (+). Nobles Code: 2.3c.7.(lla).
36.39.47.51.54a. Stalpers Code: 1.2.3.9.13.22.25.30.31.36.38b.38c.
38e.39.45.52.53.(65).82.83.89a. Isolates Examined: DED 4324, 4420,
4501, 4656.

Commentary. Diagnostic features of PDA-grown isolates of M.
fulvoferrugineus included: a) moderately slow growth rate; b) woolly
and felty culture mats ranging in color from white, buff or cream buff,
to orange buff, mustard yellow or greyish brown; c) reddish brown
reverse coloration with an "orange rufous'" diffused pigment; d)

crystal formation; and e) absence of conspicuous dendrotrichomoid
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elements. Cultures of this species were superficially similar to those
of M. decipiens and M. siccus. For a comparison of cultural

morphologies, see the commentaries on the latter species.

SYNOPTIC KEY

A synoptic key is included with the hope that it may facilitate
identification of cultures of Marasmius species. Unlike a dichotomous
key, where entry into the key must be at the first couplet, the
synoptic key may be entered at any point. Only those cultural
characters which have been determined as taxonomically valuable have
been included. Important diagnostic features of MEA-grown isolates are
itemized separately from those of PDA-grown isolates. All character
states have been determined from six week-old cultures. Parentheses
indicate that the taxon only rarely exhibits that particular feature or
that not all isolates of the taxon show the feature. Species are

indicated in the key by the number given in the list below.

brevipes

straminipes var. straminipes
straminipes var. fibulatus
pallidocephalus
androsaceus

graminum

capillaris

rotula

felix

10. decipiens

11. nigrodiscus

12. cystidiosus

13. oreades

14, strictipes

15. pyrrhocephalus

Voo~NOTULTEEWN -
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16. scorodonius

17. delectans

18. cohaerens var. cohaerens

19. cohaerens var. lachnophyllus

20. ciliatomarginatus

21. falcatipes

22. spissus

23. sullivantii

24. pseudobambusinus

25. haematocephalus var. haematocephalus
26. haematocephalus var. anomaloides
27. siccus

28. pulcherripes

29. fulvoferrugineus

MEA-GROWN ISOLATES
CULTURE MAT TEXTURE
Aerial mycelium absent or poorly-developed: 1, 4, 6, 9, 10, 11,
12, 13, 14, 17, 18, 19, 20, 22, 23, 24, 25, 26, 27, 28, 29.
Aerial mycelium well-developed, cottony or woolly, lacking
crustose regions at Week VI: 2, 3, 5, 21.
Aerial mycelium with crustose regions by Week VI: (5), 7, 8, 15,

16.

SUBMERGED MYCELIUM COLORATION
Submerged mycelium distinctly pigmented, ochraceous, brownish
orange or olivaceous: 10, (15), (19), 28.

Submerged mycelium unpigmented, hyaline or white: all other taxa.

CULTURE MAT MICROMORPHOLOGY
Distinct tissues formed, i.e., textura intricata or textura
angularis: 5, 7, 8, 15, 16.

No distinct tissues formed: all other taxa.
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Dendrotrichomoid elements formed (at least in some isolates): 10,
(14), 17, 18, 19, 23, 27, 29.

No dendrotrichomoid elements formed: all other taxa.

Aerial hyphae with hyaline, crystal incrustations: 14, 23, 24,
25, 26, 28.

Aerial hyphae lacking crystal incrustations, although non-
incrusting crystals may be present among hyphae or in agar:

all other taxa.

PDA-GROWN ISOLATES

GROWTH RATE

Plates covered by Week II: 6, 8, 21, 24.

Plates covered by Week III: 7, 20.

Plates covered by Week IV: 1, 3, 4, 9, 25, 26, 27.

Plates covered by Week V: 16.

Plates covered by Week VI: 5, 15.

Plates 40-70 mm radius at Week VI: 2, (5), 10, 13, (16), 28, (29)
Plates <40 mm radius at Week VI: 11, 12, 13, 14, 17, 18, 19, 22,

23, 29.

CULTURE MAT COLORATION

Aerial mycelium entirely white, buff, tan or cream-colored: 1, 4,
(s), 6, 9, 10, 13, 17, 20, 21, 23, 24, 25, 26, (27), 29.
Aerial mycelium orange or brownish orange (at least in part): 2,

3, 5, 6, 7, 12, (13), 14, 15, 19, 24, 25, 26.
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Aerial mycelium red or brownish red (at least in part): (14), 22.
Aerial mycelium yellow or ochraceous (at least in part): 5, 10,
17, (21), 29.
Aerial mycelium brown, greyish brown or dark brown (at least in
part): 1, 2, 3, 5, 8, 11, 14, 15, 16, 18, 19, (21), 23, 29.

Aerial mycelium olivaceous (at least in part): 23, 28.

CULTURE MAT TEXTURE
Silky, downy, cottony or floccose: 4, 9, (24), 25, 27.
Woolly: 1, 2, 3, 4, 5, 6, (7), 9, 10, 13, 15, 21, 24, 25, 26, 28,
29.
Subfelty or felty: 2, 3, 5, (7), (8), 10, 11, 12, 14, 15, 16, 17,
18, 19, 20, 22, 24, 26, 27, 28, 29.
Crustose: 1, 2, 3, 5, 7, 8, 14, (15), (16), 19, 22, 23.

Zonate: 2, 3, 5, 7, 15, 16, 19, 23, 25, 26, (27), 28.

REVERSE COLORATION

Unchanged: 1, 6, 8, 13, 25.

Cream: 1, 4, 5, 6, 7, 8, 9, 11, 13, 14, 17, 18, 21, 23, 25, 27.

Orange or brownish orange: 2, 3, 5, (6), 7, 9, 10, 12, 13, 14,
(18), 19, 21, 24, 26.

Red or brownish red: 15, 22, 29.

Yellow or ochraceous: <2, 3, 4, 5, 11, 14, 16, 17, 20, 27.

Brown, greyish brown or dark brown: 2, 3, 5, 10, 11, 12, 14, 15,
16, 17, 18, 19, 20, 21, 27, 29.

Olivaceous: 23, 28.



383

ODOR OF CULTURES
Sweet or fruity: 4, (5).
Musty or of coconut: 10, 11, 12, 14, 19, 27, 28, 29.
Antiseptic or of ethanol: 1.
Rancid or raphanoid: 20, 26.

Not distinctive: all other taxa.

TISSUE-TYPE
No distinct tissue formed: 4, (5), 6, 9, 10, 13, 18, 21, 24, 25,
26, 27, 28, 29.
textura globulosa: 17, 23.
textura angularis: 5, 7, 8, 1l6.
textura intricata: 2, 5, 11, 12, 14, 15, 19, 20, 23.

textura epidermoidea: 1, 2, 3, 5, 14, 16, 22.

OTHER DIFFERENTIATED ELEMENTS
Dendrotrichomoid elements and/or dextrinoid skeletalized hyphae
with aseptate, filiform side-branches present: (6), 10, 11,
13, 17, 18, 19, 20, 21, 23, 24, 25, 26, 27.
Dendrotrichomoid elements and dextrinoid skeletalized hyphae

absent: 1, 2, 3, 4, 5, 7, 8, 9, 12, 14, 15, 16, 22, 28, 29.

Submerged hyphae with swollen intercalary or terminal cells:
2, 3, 6, 7, 8, 9, 11, (22), 24, 25, 26.
Submerged hyphae lacking swollen cells: 1, 4, 5, 10, 12, 13, 14,

15, 16, 17, 18, 19, 20, 21, 23, 27, 28, 29.



CLAMP CONNECTIONS
Absent: 2, 4.

Present: all other taxa.

CRYSTAL FORMATION

Hyphae with crysfal incrustations: 6, 25, 26.

Non-incrusting crystals present among aerial hyphae:

28, 29.
Non-incrusting crystals present in agar: 27, 29.

Crystals absent: all other taxa.

384
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CHAPTER VII

PHENOLOXIDASE STUDIES

Species of Marasmius and allied genera [i.e., Marasmieae and
Collybieae sensu Singer (1986)] constitute a large part of the litter-
decomposing mushrooms of the world. Most are saprophytic, but a few
are parasitic on economically important plants (e.g., grasses, rubber,
tea, coffee, sugarcane). In addition, many Marasmii are host-specific,
capable of utilizing the litter of only a single host genus or family
(Singer, 1976; Desjardin, 1985a,b). Lindeberg (1944, 1955) indicated
that many saprophytic basidiomycetes, such as Collybia and Marasmius,
were able to decompose lignin as well as polysaccharides present in
forest litter. Although the specific effects of these organisms on
lignin are poorly understood, Kirk (1971) suggested that their mode of
attack was by the production of the extracellular phenol-oxidizing
enzymes laccase (p-diphenol: oxygen oxidoreductase, EC 1.10.3.2),
tyrosinase (o-diphenol: oxygen oxidoreductase, EC 1.10.3.1) and
peroxidase (donor: hydrogen peroxide reductase, EC 1.11.1.7). This
hypothesis was later confirmed by Harkin and Obst (1973) and others.
Traditionally, the term "white-rot" has been applied to those fungi
capable of degrading lignin plus carbohydrates, while the term "brown-
rot" has been applied to fungi that degrade only the carbohydrate
portion of litter, leaving a brownish, crumbly residue composed
primarily of lignin (Davidson et al., 1938, 1942; Nobles, 1948;

Stalpers, 1978).
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Until 1958, presence or absence of phenoloxidases was determined
by the Bavendamm test (Bavendamm, 1928). As described by Bavendamm,
fungi were grown on malt extract agar containing 0.57 gallic acid or
tannic acid. Fungi producing phenoloxidases (i.e., corresponding to
white-rot fungi) formed darkly pigmented diffusion zones around the
culture mat, whereas brown-rot fungi did not form dark discolored
areas. Although originally white-rot versus brown-rot data were used
only as a means of easily dividing cultures into two groups (cf.,
Nobles, 1965; Stalpers, 1978), recently this difference has been
considered fundamental and used taxonomically at the generic level
(Gilbertson, 1980; Redhead & Ginns, 1985).

For the majority of taxa examined in the pioneering works on
cultural morphology of Basidiomycetes (Davidson et al., 1938, 1942;
Nobles, 1948), rot-type was diagnosed using the Bavendamm test. A
number of taxa, however, gave inconclusive results. Moreover, it was
noted by these workers and others (Lyr, 1958) that the high
concentration of gallic or tannic acid suggested by Bavendamm inhibited
mycelial growth or induced abnormal growth in some taxa. To avoid such
complications, Lyr (1958) suggested reducing the concentration of
gallic or tannic acid to 0.08-0.17%, and Boidin (1951) suggested
avoiding the use of these acids altogether, instead using guaiacol in
malt agar at pH 4.5. Around the same time, several other workers
suggested additional ways to avoid the shortcomings of the Bavendamm
test while yielding comparable results; e.g., Jorgensen and Vejlby

(1953) used red cabbage extract in malt agar, and Etheridge (1957) used
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a casein hydrolyzate medium with wood meal from which the phenolic
substances had been removed.

All of the above-mentioned tests for phenoloxidase production
shared the same problem: preparation of the media was laborious and
the incubation period was too time-consuming. Another problem was the
inability of the tests to differentiate between laccase, tyrosinase or
peroxidase. Nobles (1958) was the first to develop a rapid spot test
for the determination of extracellular oxidases. This test involved
placing a drop of gum guaiac solution (0.5 gm gum guaiac in 30 ml 957
ethanol) on actively growing cultures. If extracellular oxidase was
present in the cultures, a blue color appeared in 2 to 3 minutes after
application. Although this test was originally thought to be specific
for laccase (Nobles, 1958), it was shown later by Harkin and Obst
(1973) that tyrosinase and peroxidase catalyzed the same reaction. To
summarize, if one wanted to determine the presence of phenoloxidases in
cultures, most of the tests noted above would be satisfactory (some
more so than others depending on the species examined). However, if
one wanted to differentiate the different phenoloxidases present, none
of the aforementioned tests were satisfactory.

During a search for enzyme-specific spot tests, Harkin and Obst
(1973) discovered that syringaldazine [N, N'-bis-(3,5-dimethoxy-4-
hydroxybenzylidene) hydrazine] was an excellent substrate for the rapid
detection of laccase, or in its absence, of peroxidase. Syringaldazine
proved to be specific for laccase because: a) when added directly to
tyrosinase, no positive reaction resulted; and b) it did not

autooxidize and form organic hydroperoxide, so interference from
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peroxidase plus endogenous hydroperoxide was excluded. A positive test
was indicated by a red, reddish violet or purple reaction. In the
absence of laccase in cultures, Harkin and Obst (1973) indicated that
peroxidase production could be tested with syringaldazine plus a drop
of aqueous 0.37% hydrogen peroxide (positive reaction = purple). Taylor
(1974) and Stalpers (1978) noted that peroxidase could be detected by
application of 0.47 hydrogen peroxide plus 17 pyrogallol (1,2,3-
trihydroxybenzene), resulting in a yellowish brown positive reaction.
Additionally, Marr (1979, 1984) indicated that L-tyrosine and p-cresol
were excellent substrate-specific reagents for the detection of
tyrosinase (i.e., not oxidized by laccase or peroxidase, and non-
autooxidizable in vitro). A positive test was indicated by a brownish
orange or reddish brown reaction.

Recently, Marr et al. (1986) revealed the taxonomic potential of
substrate-specific spot tests for laccase and tyrosinase. In a study
of 222 species representing 22 families of Basidiomycetes, Marr et al.
segregated the taxa into four categories delimited by the quantities of
laccase and tyrosinase present. Their study did not entail a
comparison of phenoloxidase type or quantity in cultures of somatic
hyphae. Rather, they examined phenoloxidase activity in freshly
obtained basidiomata of each taxon. The four categories established by
Marr et al. (1986) were: Group I - Laccase and tyrosinase absent;
Group II - Tyrosinase dominant; Group III - Laccase dominant; Group
IV - Laccase and tyrosinase reactions equivalent. Only two species of
Marasmius sensu stricto were included (M. pallidocephalus, M. rotula),

but each was placed in a different category. No data on laccase and
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tyrosinase production by cultures of Marasmius species could be located
in the literature.

With Marr's et al. (1986) analyses and the paucity of published
data in mind, the following questions were asked. Can the presence or
absence of laccase, tyrosinase and peroxidase in Marasmius species be
used as a taxonomic character? If so, then at what taxonomic level:
infrageneric, interspecific or infraspecific? Is phenoloxidase
production consistent within species? Does age or culture medium
affect phenoloxidase production? Is the occurrence of phenoloxidases
in cultures of Marasmius directly correlated with their occurrence in
basidiomata? Answers to these questions were sought through an
investigation of phenoloxidase production in southern Appalachian

Marasmii.

RESULTS AND DISCUSSION

Spot tests for presence or absence of laccase, tyrosinase and
peroxidase were performed on somatic hyphae of 90 isolates representing
29 taxa of Marasmius. The isolates tested were the same as those
utilized in the studies on cultural morphology (Table 2, Chapter VI).
In addition, spot tests for laccase and tyrosinase were performed on
living basidiomata of the same collections from which the 90 isolates
were obtained, plus an additional 25 collections representing various

of the 29 taxa (Table 4).
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TABLE 4. Collections of Marasmius Species from which Basidiomata were
Spot Tested for Phenoloxidase Production.

Specific Epithet Collection #
androsaceus 3579, 3694, 3806, 3917, 3937, 3955, 4107,
4328, 4450, 4475, 4481, 4491
brevipes 4367, 4586
capillaris 3855, 4077, 4239, 4345, 4465, 4493
ciliatomarginatus 4414
cohaerens
var. cohaerens 4522
cohaerens
var. lachnophyllus 4056, 4065, 4071, 4167, 4262, 4387,
4438, 4589
cystidiosus 4594
decipiens 3612, 4272, 4480, 4608
delectans 4066, 4146, 4518
falcatipes 4415, 4456, 4490
felix 4471, 4486
fulvoferrugineus 4074, 4324, 4420, 4501, 4656, 4713
graminum 3838, 4386, 4615
haematocephalus
var. anomaloides 4322, 4711
haematocephalus
var. haematocephalus 4321, 4640
nigrodiscus 4055, 4301, 4392, 4443, 4599, 4666
oreades 4019
pallidocephalus 3581, 3691, 4615
pseudobambusinus 4353
pulcherripes 4017, 4057, 4075, 4326, 4343, 4390,
4487, 4596
pyrrhocephalus 4218, 4273, 4437, 4467, 4503, 4573
rotula 3550, 3583, 3818, 4241, 4461, 4466, 4555
scorodonius 3952, 4238, 3875, 3975, 4500, 4554
siccus 4156, 4314, 4464
spissus 4391, 4433, 4598
straminipes
var. fibulatus L4447, L4474
straminipes
var. straminipes 4325
strictipes 4067, 4073, 4129, 4411, 4439, 4453

sullivantii 3854, 4072, 4342, 4434, 4452, 4595
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Spot Tests on Cultures

The reagents used in spot tests for the presence of phenoloxidases
in cultures of Marasmius were as follows: 1) to test for laccase:
syringaldazine (Harkin & Obst, 1973) and a-naphthol (Stalpers, 1978);
2) to test for tyrosinase: L-tyrosine (Marr, 1979) and p-cresol (Marr,
1979); 3) to test for peroxidase: hydrogen peroxide plus pyrogallol
(Stalpers, 1978). Spot test reactions were recorded for all reagents
at 5, 10, 15, 30 and 60 minutes, and at 3 and 24 hours. In the
majority of tests, alternate reagents for a specific enzyme yielded
similar results, albeit the time required for a positive reaction to
develop varied between reagents. Marr (1979) indicated that in spot
tests on basidiomata of agarics, positive reactions should develop
within 30 minutes; e.g., positive syringaldazine reactions typically
developed within 5-15 minutes and often decolorized by 30 minutes. He
suggested recording all reactions at 0, 5, 15 and 30 minutes. My
observations of spot tests on cultures indicated that for most
reagents, longer reaction periods were required. This may be because
the quantity of mycelium reacting with the drops of reagent in cultures
is much less than that in corresponding basidiomata where hyphae are
tightly packed, and consequently positive reactions in cultures may be
more difficult to visualize. In comparison, Stalpers (1978) suggested
reading spot test results at 3, 24 and 72 hours. In the majority of
Marasmius isolates yielding positive syringaldazine reactions, a
purplish pigment formed within 10 minutes and often decolorized by 60
minutes (however, some isolates did not decolorize by 24 hours).

Correlator tests with a-naphthol, however, yielded positive reactions
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typically after 60 minutes, with the darkest reactions apparent at 3-24
hours. In spot tests for tyrosinase activity in cultures, positive
reactions with L-tyrosine and p-cresol did not develop in most isolates
until 3 hours after reagent application and were strongest at 24 hours.
Positive reactions to spot tests for peroxidase typically developed by
15-30 minutes and were directly correlated with spot tests for laccase.
The latter result suggests that either laccase and peroxidase always
occur concurrently in cultures of Marasmius, or that the test for
peroxidase used in this study was not substrate-specific (i.e., laccase
interfered with the test). The latter hypothesis will be discussed
further below.

Minimal attempt was made to quantify spot test reactions (viz.,
positive, weakly positive or negative). It was assumed that rapidity
of reaction (relative to the reagent in question) correlated with
quantity of enzyme present. If no reaction occurred within 24 hours,
it was recorded as negative. If a positive reaction occurred within 30
minutes for syringaldazine and hydrogen peroxide plus pyrogallol, or
within 3 hours for a-naphthol, L-tyrosine and p-cresol, it was recorded
as positive. If a positive reaction occurred after these time periods,
it was recorded as weakly positive (wk +). If a positive reaction
occurred in some isolates of a given taxon but not in other isolates,
it was recorded as positive or negative (+/-). Positive reactions for
the various reagents were described as follows: Syringaldazine -
pinkish purple or purple; a-naphthol - greyish blue, greyish purple or

deep blue; L-tyrosine and p-cresol - brownish orange or reddish brown;
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hydrogen peroxide plus pyrogallol - yellowish orange, ochraceous or
dark yellowish brown.

During preliminary studies it was noticed that some isolates
yielded positive spot tests for phenoloxidases on some media, but
negative results on other media. Likewise, it was observed that some
isolates yielded positive spot test results at Week II, but negative
results at Week VI, or vice versa. To examine these phenomena further,
spot tests were performed at Week II and Week VI on all isolates grown
on MEA and PDA. Results of these tests for laccase, tyrosinase and
peroxidase activity in cultures of Marasmius are itemized separately
below.

Laccase Activity. In the majority of isolates tested, both

laccase-specific substrates yielded similar results, albeit reaction
times for syringaldazine were much faster than those for a-naphthol.

In a few isolates, syringaldazine tests were positive but a-naphthol
tests were negative [M. capillaris isolates #4465 & 4493 on MEA at Week
II, 4345 on MEA at Week VI, 4345 & 4465 on PDA at Week VI; M. felix
isolates #4471 & 4486 on PDA at Week VI; M. oreades isolate Halling
#5958 on MEA & PDA at Week VI]. In rare cases, syringaldazine tests
were negative while a-naphthol tests were positive [M. decipiens
isolates #4272 & 4480 on PDA at Week II, 4480 & 4608 on PDA at Week VI;
M. haematocephalus var. anomaloides isolate #4711 on PDA at Week VI].
It must be noted, however, that in all other isolates of the taxa
mentioned above, or in the same isolates but grown on different media
or sampled at different ages, results of spot tests with both reagents

were the same. In cases where results of both reagents were not the
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same, if either reagent induced a positive reaction, the taxon was
recorded as positive. Only when no reaction was observed in both
reagents was the taxon recorded negative. Results of spot tests for
laccase activity are listed in Table 5.

In all taxa examined except M. delectans, positive spot test
reactions for laccase were observed on at least one medium at Week II
and/or Week VI. These data indicate that isolates of various taxa
react differently to spot tests for laccase dictated by growth medium
and age of cultures. MEA-grown isolates of certain taxa (e.g., M.
straminipes, selected isolates of M. androsaceus) tested negative for
laccase at Week II, but positive at Week VI. All or selected MEA-grown
isolates of other taxa (viz., M. capillaris, felix, cystidiosus,
oreades, cohaerens var. lachnophyllus, ciliatomarginatus, falcatipes,
siccus, pulcherripes, fulvoferrugineus) tested positive for laccase at
Week II, but yielded negative results at Week VI. The latter
phenomenon was also observed in isolates of various PDA-grown taxa
(cf., M. rotula, felix, strictipes, etc.).

One must be very careful in diagnosing presence or absence of
laccase in cultures of Marasmius. For example, all or selected MEA-
grown isolates of M. brevipes, decipiens, oreades, and cohaerens var.
lachnophyllus yielded negative results throughout six weeks of growth.
If these taxa were tested only from MEA-grown cultures (as was the case
in early cultural studies), one would conclude that laccase was not
produced by these taxa. When these taxa were grown on PDA, however,
all isolates yielded laccase-positive results. Because 28 of 29

Marasmius taxa tested in this study produced laccase in culture,
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TABLE 5. Results of Spot Tests for Laccase Activity in Cultures of
Marasmius Species.

MEA-grown Isolates PDA-grown Isolates
Specific Epithet Week II Week VI Week II  Week VI Sect.
brevipes - - + + Rhi.
androsaceus Morph. A +/- + + + And.
Morph. B +/- + + +
Morph. C - wk+ + +

pallidocephalus + wk+ + + And.
straminipes

var. fibulatus - + + + And.
straminipes

var. straminipes - + - + And.
felix + +/- + +/- Epi.
pyrrhocephalus + + + + All.
scorodonius + + + + All.
capillaris + +/- + + Mar.
graminum + + + + Mar.
rotula + + + +/- Mar.
cystidiosus + - + + Glo.
decipiens - - + wk+ Glo.
nigrodiscus + + + + Glo.
oreades +/- - + + Glo.
strictipes + + + +/- Glo.
ciliatomarginatus + - + - Sic.
cohaerens

var. cohaerens - wk+ + + Sic.
cohaerens

var. lachnophyllus +/- - + +/- Sic.
delectans - - - - Sic.
falcatipes + - + wk+/ - Sic.
fulvoferrugineus + +/- + - Sic.
haematocephalus

var. anomaloides + + + + Sic.
haematocephalus

var. haematocephalus + wk+ + + Sic.
pseudobambusinus + + + + Sic.
pulcherripes + +/- + + Sic.
siccus + - + - Sic.
spissus + + + ? Sic.
sullivantii + + + + Sic.
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laccase occurrence is of limited taxonomic value at the species or
infrageneric levels.

Marasmius delectans was the only taxon in this study that yielded
negative results in spot tests for laccase. As mentioned in the
commentary on cultural morphology, only one isolate of this species was
available for study, and it is possible that this isolate did not
adequately represent the species. Conversely, it is possible that the
species does produce laccase, but not on the media used in this study.
Harkin and Obst (1973) cited a similar example. Cryptoderma yamanoii
Imaz. causes white rot of wood, but when cultures were grown on MEA,
syringaldazine spot tests yielded negative results. When grown in
vitro on sterilized wood, however, laccase production was readily
detectable with syringaldazine. Several other examples of white-
rotters yielding negative phenoloxidase results in culture were

provided by Harkin et al. (1974).

Tyrosinase Activity. Marr (1984) indicated that L-tyrosine and p-

cresol were equally substrate-specific for tyrosinase, but he preferred
to use L-tyrosine because it is not carcinogenic. Past problems with
the insolubility of L-tyrosine were overcome by Marr by dissolving L-
tyrosine in boiling water and applying the reagent hot (95-100 °C).
Other workers (Kdarik, 1965; Capellano & Demoulin, 1969) preferred the
use of p-cresol over L-tyrosine because p-cresol gave a more intense
and faster reaction. In this study with cultures of Marasmius, p-
cresol gave more satisfactory results than L-tyrosine, undoubtedly a

consequence of L-tyrosine's insolubility. 1In those taxa with
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presumably high concentrations of tyrosinase, positive p-cresol
reactions developed within 10-15 minutes, whereas positive L-tyrosine
reactions required up to 30 minutes or longer to develop (e.g., PDA-
grown isolates of M. scorodonius, delectans). In taxa with presumably
low concentrations of tyrosinase, positive p-cresol reactions developed
by 1-3 hours, whereas positive L-tyrosine reactions required up to 24
hours to develop. In many cases, L-tyrosine tests read negative at 24
hours where p-cresol reactions were positive. Results of spot tests
for tyrosinase activity are listed in Table 6.

Isolates of various taxa reacted differently to spot tests for
tyrosinase dictated by growth medium and age of cultures. Isolates of
some taxa yielded negative results on MEA but positive results on PDA
(e.g., morphology A isolates of M. androsaceus; some isolates of M.
capillaris, rotula, decipiens, oreades, falcatipes, fulvoferrugineus,
haematocephalus var. haematocephalus, siccus, sullivantii; all
isolates of M. ciliatomarginatus, cohaerens var. cohaerens,
haematocephalus var. anomaloides). In a few taxa, some isolates were
negative at Week II but positive at Week VI (e.g., on MEA: M. oreades,
haematocephalus var. haematocephalus; on PDA: M. capillaris, oreades,
strictipes, sullivantii), while others were positive at Week II but
negative at Week VI (e.g., on MEA: M. decipiens, cystidiosus,
strictipes, falcatipes, fulvoferrugineus, pulcherripes, siccus; on
PDA: M. capillaris, rotula, decipiens, nigrodiscus).

A few patterns of tyrosinase activity at the infrageneric level
are indicated by the data in Table 6. All members of sect. Androsacei

tested negative for tyrosinase activity, with only morphology A
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TABLE 6. Results of Spot Tests for Tyrosinase Activity in Cultures
of Marasmius Species.

MEA-grown Isolates PDA-grown Isolates
Specific Epithet Week II  Week VI Week ITI  Week VI Sect.
brevipes - - - - Rhi.
androsaceus Morph. A - - + + And.

Morph. B - - - -

Morph. C - - - -
pallidocephalus - - - - And.
straminipes

var. fibulatus - - - - And.
straminipes

var. straminipes - - - - And.
felix - - - - Epi.
pyrrhocephalus - - - - All.
scorodonius + wk+ + + All.
capillaris - - wk+/- wk+/ - Mar.
graminum - - - - Mar.
rotula - - wk+ - Mar.
cystidiosus + - + wk+ Glo.
decipiens wk+/ - - wk+ wk+/- Glo.
nigrodiscus wk+ - wk+ - Glo.
oreades - wk+/ - - + Glo.
strictipes wk+ wk+/ - wk+/- wk+ Glo.
ciliatomarginatus - - wk+ + Sic.
cohaerens

var. cohaerens - - + + Sic.
cohaerens

var. lachnophyllus wk+ wk+ wk+/+ wk+ Sic.
delectans wk+ wk+ + + Sic.
falcatipes wk+/- - + + Sic.
fulvoferrugineus wk+/ - - wk+ + Sic.
haematocephalus

var. anomaloides - - + + Sic.
haematocephalus

var. haematocephalus - wk+/ - + + Sic.
pseudobambusinus - - - - Sic.
pulcherripes wk+ wk+/ - wk+ + Sic.
siccus wk+/ - - wk+ + Sic.
spissus - - - ? Sic.
sullivantii - - +/- + Sic.
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isolates of M. androsaceus yielding positive spot tests. It is
interesting that the morphology A isolates of M. androsaceus were
obtained from basidiomata testing positive for tyrosinase activity;
basidiomata of all other collections of M. androsaceus tested negative
(see below for a further discussion). In addition, the members of
sects. Rhizomorphigena and Epiphylli tested negative for tyrosinase
activity. Isolates of all members of sect. Globulares tested positive,
and all but one species of sect. Sicci tested positive for tyrosinase
(M. pseudobambusinus tested negative). Data on PDA-grown isolates of
M. spissus were inconclusive due to a dark reddish brown pigment
present in culture mats which interfered with visualizing a positive or
negative reaction. Whether the patterns outlined above hold true for
all known members of these sections remains to be tested. Of the two
members of sect. Alliacei examined, M. scorodonius tested positive for
tyrosinase activity on both media, while M. pyrrhocephalus tested
negative. Although basidiomata of these two species are readily
separated by morphological features, cultures are quite similar and
spot tests may be a valuable aid in diagnosing cultures (see
commentaries on these species in Chapter VI). In addition, sect.
Marasmius contains members which tested positive (M. capillaris,
rotula) and negative (M. graminum) for tyrosinase. Thus, presence or
absence of tyrosinase may be taxonomically significant at the

infrageneric and interspecific levels.

Peroxidase Activity. Harkin and Obst (1973) indicated an

excellent spot test for peroxidase was syringaldazine plus hydrogen
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peroxide. This test is effective, however, only in the absence of
laccase since laccase can oxidize syringaldazine and interfere with the
test. Because all taxa examined in this study (except M. delectans)
were syringaldazine-positive, the test for peroxidase suggested by
Harkin and Obst (1973) could not be used. Instead, a spot test reagent
used by Taylor (1974) and Stalpers (1978) was utilized. This reagent
was equal parts of 0.47 hydrogen peroxide and 17 pyrogallol in water,
freshly prepared and added separately to the cultures. Apparently,
however, this reagent is not substrate-specific. Marr (1979) noted
that laccase and tyrosinase also can oxidize pyrogallol resulting in a
complex mixture of products with the principal product being
purpurogallin, an orange pigment. Results of spot tests with hydrogen
peroxide plus pyrogallol are listed in Table 7.

In these tests, positive reactions were determined by the
development of yellowish orange, ochraceous or dark yellowish brown
pigments. Isolates of all taxa in this study yielded positive
reactions with this reagent. Because of the probable interference from
laccase and/or tyrosinase with the pyrogallol reactions, I hesitate to
suggest that peroxidase was formed by cultures of all species of
Marasmius tested. Unfortunately, no substrate-specific spot test for
peroxidase has been discovered that is effective in the presence of
laccase and/or tyrosinase. The only valid conclusion that can be drawn
from the data in Table 7 is that phenoloxidases of some type were
produced by isolates of all taxa examined. From these data and those
in Tables 5 and 6, it can be postulated that Marasmius is a white-rot

genus.



401

TABLE 7. Results of Spot Tests with Hydrogen Peroxide plus Pyrogallol
on Cultures of Marasmius Species.

MEA-grown Isolates PDA-grown Isolates
Specific Epithet Week ITI  Week VI Week II  Week VI Sect.
brevipes - wk+ + + Rhi.
androsaceus Morph. A + wk+ + + And.
Morph. B + wk+ + +
Morph. C + + + +

pallidocephalus - + + + And.
straminipes

var. fibulatus wk+ wk+ + + And.
straminipes

var. straminipes wk+ wk+ - + And.
felix + + + + Epi.
pyrrhocephalus + + + + All.
scorodonius + + + + All.
capillaris + + + + Mar.
graminum + + + + Mar.
rotula + + + + Mar.
cystidiosus + wk+ + + Glo.
decipiens - - + + Glo.
nigrodiscus + + + + Glo.
oreades + wk+ + + Glo.
strictipes + + + + Glo.
ciliatomarginatus + - + + Sic.
cohaerens

var. cohaerens - + + + Sic.
cohaerens

var. lachnophyllus + + + + Sic.
delectans - + + + Sic.
falcatipes wk+ + + + Sic.
fulvoferrugineus + + + + Sic.
haematocephalus

var. anomaloides + + + + Sic.
haematocephalus

var. haematocephalus + + + + Sic.
pseudobambusinus + + + + Sic.
pulcherripes + wk+/ - + + Sic.
siccus + + + + Sic.
spissus + + - ? Sic.
sullivantii + + + + Sic.
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Spot Tests on Basidiomata

Marr (1984) and Marr et al. (1986) recommended spot testing of
entire radial sections of basidiomata for phenoloxidase activity
instead of testing small samples in depression plates as was the common
practice. This technique allowed a means of visualizing localization
of enzymes in basidiomata as well as a means of quantifying the
results. He used a point system to score the reaction patterns
observed, which converted reaction-area to a numerical 5-point scale
(0-4), and mean values were recorded for each taxon. This scale
indicated the extent rather than the intensity of the reaction. This
methodology was attempted with basidiomata of Marasmii, but because of
the small size and lack of substantial tramal tissues in the majority
of Marasmii tested, scoring the reaction areas was nearly impossible.
Moreover, the majority of Marasmii form basidiomata with very narrow
(<2 mm), darkly pigmented stipes and many develop deeply pigmented
pilei, so visualizing positive reactions was inherently difficult.
Instead, spot test reactions were scored as weakly positive (small
portions of the external surface or basal mycelium positive), positive
(all or nearly all of the external surface, and/or basal mycelium, and
often internal tissues positive), or negative (no reactions observed on
basidiomata or basal mycelium). Spot tests were read at 15, 30 and 60
minutes. In general, if basidiomata reacted positively, a distinct
diagnostic pigment developed within 30 minutes. In a few cases,
presumably in basidiomata with low conce