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PISOLITHACEAE

“Fructifications mostly stalked, rarely sessile (in Pusolithus);
stems root-like or hard and wood-like; sporocarps subglobose,
pear-shaped, or hemispherical; peridium thin or layers not
scparating readily, breaking away irregularly; gleba dark, made
up of roundish or irregular basidia-bearing sectors or peridioles
which loosen and break away at maturity; capillitium none;

spores colored, sculptured™ (Zeller, 1949: 52).

KEY TO GENERA OF PISOLITHACEAE

1. Fructification sessile or with a rootlike stalk; peridium thin....... Pisolithus
1. Fructification with a hard woodlike stalk; peridium thick and hard....
......................................................... Dictyocephalos

Pisolithus Albertini and Schweinitz

Fructification with a pseudostipe as in some species of Sclero-
derma or with a stipe more compactly organized; wall of spore
case very thin and soon fragmenting to expose the peridioles.

The genus is distinguished from Scleroderma by the thin
wall of the spore case and the presence of peridioles which con-
tain masses of powdery spores.

Pisolithus tinctorius (Pers.) Coker and Couch
(PL. XXXVII)

Fructification typically large, 5—18(25) cm. high, 4--10(15) cm.
in diameter, usually with a thick rooting base, rarely sessile;
outer wall very thin and soon breaking up exposing the perid-
ioles; interior yellowish olivaceous becoming brownish or
darker; peridioles yellowish (pallid at first according to some
authors) becoming watery vinaceous and soon darker, about 1-2
mm. thick and up to 4 mm. or more long, variously shaped and
smaller in the base, separated by a gelatinous dark-colored
matrix.

Spores 8-12 p in diameter, globose, cinnamon color in mass,
verrucose with a hyaline envelope into which the blunt warts
project (mounted in both Melzer’s reagent and KOH).
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Habit, habitat, and distribution.—This species 1s not known
from Michigan, but should occur here.

Discussion.—1 have included this most unattractive of all
species of fungus in the hope of getting more information on
its distribution. It is common in Washington and Oregon along
road cuts, where the massive fruiting bodies stick out like half-
rotted stumps of large saplings. When fresh it stains everything
with which it comes in contact, and when dried the spore powder
covers everything in the near vicinity so that it is a disagreeable
fungus to handle in any condition. The specimen photographed
was found in the Olympic National Park, Washington, and
represents Pisolithus crassipes, if that fungus is actually distinct
from P. tinctorius. Cunningham put the former name in synon-
ymy, and I have followed him here. P. tinctorius has been re-
ported for the Great Lakes region but appears to be rare there.

GLISCHRODERMATACEAE

“Fructifications subglobose, on a superficial mycelium; perid-
ium simple, thin but hard and tough, opening by an apical
pore; gleba with evenly distributed basidia (without sterile
veins), capillitium arising from the inner side of the peridium
(as in Calvatia); spores sculptured” (Zeller, 1949: 52).

Glischroderma Zeller

There is “one genus, Glischroderma, found in Europe only”
(Zeller, 1949: 52) in the family.

TULOSTOMATACEAE

“Fructifications at first hypogeous, sporocarp elevated by the
prolongation of a basal tissue into a stout, fibrous, stemlike or
cushion-like process; peridium duplex, outer layer partly evanes-
cent, partly remaining as a cuplike volva at the base of the stem,
inner layer thin, dehiscing by an apical pore, several pores, or
circumscissilely; gleba without chambers or chambered by the
labyrinthine separation of the tissues from one another; basidia
regularly and evenly distributed in the glebal tissue or forming
a rudimentary hymenium on the walls of chambers; capillitium
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well-developed, attached to the inside of the peridium; spores
variously sculptured” (Zeller, 1949: 53).

KLY TO GENERA OF TULOSTOMATACEAE

1. Endoperidium dechiscing circumscissilely or through numcrous pores;

basidia borne in an elementary hymenium..................... Battarraca
1. Typically not as above........... ... .. il 2
2. Stem more or less readily breaking from sporc sac or out of a socket.... 3
2. NOE @S @DOVE. ..ottt i i i i it i e e e e i 4
3. Spore case opening by an apical stoma.................. ... ..., Tulostoma
3. Spore casc opening by a roughly stellate stoma.................. Scliizostoma
3. Spore casc opening irregularly......... ... ... ... il Queletia
4. Exoperidium continuous with outer layer of stem; stipc not volvate. ..

............................................................ Phellorinia
4. Exoperidium not continuous with stem; stem volvate......... Chlamydopus

Tulostoma Persoon

Fructification at maturity consisting of a spore case, a stalk
and a mycelial bulb at base; spore case globose to onion-shaped,
with a thin outer coating which i1s usually deciduous over upper
half or adheres as small particles but is more persistent around
the base as a sand collar (mycelium binding a rather thick layer
of sand), rarely membranous; inner layer smooth or nearly so,
membranous, opening by an apical stoma which may be in-
definite, definite, fibrillose, tubular, umbonate, or plane; stalk
inserted in a socket at base of spore case, woody, smooth to
scaly, interior stuffed; gleba of spores and capillitium; capil-
litium threads attached to wall of spore case, long, septate,
branched, and usually the walls thick and almost hyaline in
KOH under the microscope; spores variable in shape, smooth
or roughened.

This is an interesting genus, but apparently examples of it
have been rarely collected in Michigan. Potter has collected
sevcral species in the region around Ithaca, Gratiot County.

KEY TO MICHIGAN SPECIES OF Tulostoma

1. Spores with conspicuous more or less parallel ridges; outer layer of
spore-case wall membranous and often surrounding the base of the

spore sac in the manner of an acorn cup..................... T. striatum
1. Not with above combination of characters............................ 2
2. Stipe more or less covered with coarse, hairlike fibrils......... T. fibrillosum

2. Stipe not with hairlike fibrils........... ... ... . oo iiillialla L, 3
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3. Spore case membrane smooth. ..o oo ool ool T. brumale
3. Sporc case with persistent sand particles held to surface by remains of

o108 73 o 1 4
4. Mouth with smooth edges, round and slightly clevated.......... T. simulans
4. Notas above..... ... o e 5
5. Spores verrucose (under high dry optical system)............... T. campestre
5. Spores appearing smooth under high dry system.............. T. volvulatum

Tulostoma striatum Cunningham
(PL. XXXVIII, Fig. 1)

Fructification 1.5-2.5 cm. high, consisting of a mycelial bulb
at the base which contains much sand, a short stipe about 1 cm.
long, and an acorn-shaped spore case about 1 cm. broad; spore
case at first nearly enveloped by a membranous, pallid, outer
wall (exoperidium) which flakes off from upper part but leaves a
loose fitting lobed or irregular-margined cup over lower half, the
under side of the cup thick because of the amount of aggluti-
nated sand; wall of spore case pallid tan, minutely furfuraceous
under a lens; mouth area raised, distinct, fibrillose, opening by
a pore; gleba ferruginous salmon; stipe 1-1.5 cm. long, 2—3 mm.
thick (when dried), tan to sordid tan (in 1 specimen it is paler
than the spore case), longitudinally striate.

Spores 6-8 x 47 u in diameter, ellipsoid, ovoid, angular or
subglobose, rusty yellow in iodine, pallid yellowish in KOH,
marked by parallel or nearly parallel ridges extending almost
around the spore, and then doubling back by a U-shaped bend,
ridges in some specimens convergent toward the poles; capil-
litium of threads 4-8 y in diameter, slightly enlarged at the
septa, walls thickened (very irregularly so in main branches),
hyaline in KOH, pale yellowish in 1odine.

Habit, habitat, and distribution.—Until 1948 the only North
American collection of this species known to me was one made
October 24, 1948, by F. K. Sparrow in sandy soil on the H. V. S.
Ogden tract, near Dixboro, Washtenaw County. During the
season of 1948, mostly in November, Potter collected it in quan-
tity in abandoned fields near Riverdale, Gratiot County. To
judge from his collections it was second in abundance there
only to T. campestre.
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Discussion.—The conspicuously ridged spores clearly dis-
tinguish this fungus from T. poculatum, in which it would
otherwise be placed. Since this is the main difference between
the 2 species, a microscopic examination is necessary to dis-
tinguish them. Potter took the following notes on fresh speci-
mens of striatum: “Spore case when fresh and moist ‘dark
indian red’ or red brown (338-3), occasionally mineral brown
(339-3), fading rapidly to pallid tannish and becoming minutely
furfuraceous; mouth area pale tan from first and sharply de-
limited in color. Stipe 2—5 mm. thick, pure white, becoming
pallid or finally pallid tan in age, smooth.”

Tulostoma fibrillosum White
(Pl. XXXVIII, Fig. 2)

Fructification consisting of a bulbous base 6-8 mm. in di-
ameter, a stipe 5—8 cm. long and 3-5 mm. thick when dried, and
a spore case 10-15 mm. broad; spore case globose to depressed-
globose, whitish to ashy, smooth to obscurely pitted, sand usually
adhering on under side as a basal zone, original outer cover-
ing of spore case sometimes remaining as a few small brownish
flecks; mouth area indistinct, opening by a pore, with a lobed
to fibrillose margin; stipe pulling away from sand case to leave
a narrow circular free zone between it and spore case; buried
part of stipe at first covered by a loose copious to sparse fibril-
losity with rather numerous coarser fibrils extending some dis-
tance into sand; surface with a dull ochraceous tawny cortex
which bleaches to white or ashy when exposed and soon scales
off after first becoming areolate, pallid beneath.

Spores ellipsoid, ovoid to globose or more irregular, 5-47 p
or 57X 4.5 u with a thin hyaline envelope into which minute
warts project; capillitium of hyaline threads with thick hyaline
walls in KOH, yellowish 1n iodine, swollen at septa, 4—7 p in
diameter.

Habit, habitat, and distribution.—Gregarious to scattered in
sand. The description is based on a collection made by Morten
Lange at Sleeping Bear Dune, Leclanau County, July 24, 1947.
It is the only typical material I have scen from Michigan.
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Discussion.—The comment by Lloyd that this name applies to
a condition rather than a species may be true, but I illustrate
the species here in order that it may be easily recognized if
found. In the characters of the mouth and the spore case, and
in such microscopic features as the spores and capillitium, it
is obviously very close to T. campestre. One point should be
kept in mind, however, by those who ascribe the differences to
habitat. Both T'. campestre and T. fibrillosum occur in sand and
the former has a stipe practically free of fibrils, whereas the
latter is distinctly fibrillose. This character may become ob-
scured in herbaria, for the stems may finally become more or
less polished from handling. Long (1946: 1%75-%6) has given a
detailed account of the type.

Tulostoma campestre Morgan
(Pl XXXIX, Fig. 1)

Fructification stipitate with a depressed-globose head; head
(spore case) 10-20 mm. broad, 10-15 mm. high, outer layer of
wall containing much sand and breaking up into small, areolate
to almost granular, subpersistent scales consisting of sand parti-
cles held to surface by remains of outer layer, these scales finally
deciduous at least over the upper part revealing the smooth
inner surface, region around stipe attachment (or whole under-
side) covered by a persistent sandy coating not separating from
spore-case wall as a membrane; spore-case wall pale tan to ashy
gray depending on degree of weathering; mouth area a some-
what distinct spongy, somewhat elevated disc and opening by
a pore, the margins of which vary from lobed to lacerate; stipe
2-5(6) cm. long, 2.5-4(5) mm. thick when dried, usually with
a marginate basal mycelioid bulb; surface more or less pale
rusty brown, longitudinally striate when dried, the brown
covering often broken up into lacerate scales and shrinking away
from spore case in drying so that the latter extends down and
around point of attachment as a collar; interior whitish.

Spores 4.5-6.2 p 1n diameter, globose to subglobose, quite
irregular in shape; verrucose with a layer of hyaline material
collapsed around the warts; near ochraceous tawny in iodine;
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capillitium of thick-walled threads up to 7 u in diameter, slightly
enlarged at the septa, hyaline in KOH, only faintly yellowish
in iodine.

Habit, habitat, and distribution.—Single to gregarious in
sandy fields. Kauffman reported the species as probably occur-
ring throughout the state, but Potter appears to have been the
first person to make extensive collections of it. It fruits during
the summer and fall, but as the fructifications are rather hard
after drying they persist a long time.

Discussion.—The description is based upon material identi-
fied by Lloyd. The manner in which the sand adheres to the
spore case is a distinctive feature of the plant.

Tulostoma brumale Persoon

Fructification subglobose, 1-1.5 cm. high, 1-2 cm. in diameter,
the brown outer peridium soon retreating, leaving the inner
peridium smooth and membraneous; mouth short-tubular, en-
tire, prominent; collar inconspicuous; stipe usually pallid,
slender, lacerate-scaly or nearly smooth, with a small mycelial
bulb stuffed with loose silky threads, 1—5 cm. long, 2.5 mm.
thick, capillitium 47 p thick, septate somewhat swollen at the
joints, light-colored, hyaline; spores subglobose, g-5pu in di-
ameter, minutely verrucose, some with short pedicels.

Habit, habitat, and distribution.—In sandy soil. Longyear
reported the species as not common in the state.

Discussion.—I have seen no material of this species. The
description has been adapted from White (1go1: 429). Longyear
reported the fungus under the name T'ylostoma mammosum Fr.
White used the name Tulostoma pedunculatum, but according
to the International Rules the correct name is T. brumale.

Tulostoma simulans Lloyd
(Pl XXXIX, Figs. 2-3)
Fructification 2-4 cm. high, consisting of a bulbous to ir-
regular mycelial basal mass of fibrils and sand, a stipe 1.5~§ cm.

long and §—-4 mm. thick, and an acorn-shaped to globose spore
case 10-15 mm. across the base; spore case dark reddish brown
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when fresh, but so covered with sand and earth as to obscure
all details, with a thin weft of fibrils at first covering the debris-
coated surface, debris slowly wearing away to expose the brown-
ish to pallid spore-case wall, mouth small, round, edges smooth,
slightly and abruptly elevated, area surrounding the mouth at
first concolorous with remainder of wall, but in extreme age be-
coming grayish and hence darker; stipe with a surface covering of
rusty brown, appressed to lacerate scales, paler but dull brown-
ish between, becoming grayer to pallid in age; inside pallid;
some longitudinally striate when dried, spore case shrinking
away from stipe in drying leaving a collar.

Spores 4-6 i in diameter, globose to subglobose, surrounded
by a gelatinous layer into which plugs of material project to
produce a finely tuberculate appearance; sand color in mass,
under the microscope pale yellowish; capillitium of flexuous
hyaline threads with thick walls, 4-6 i in diameter, occasionally
branched, a few cross walls present, and joints in some of the
threads slightly swollen.

Habit, habitat, and distribution.—Gregarious on sandy soil at
cdge of white pine groves near Ithaca, Gratiot County, and
Carson City, Montcalm County. Potter collected this species in
some quantity.

Discussion.—Potter found overwintered material in July and
by visiting the same localities later finally obtained exccllent
fresh material from November 1 to 1. The only fruiting bodies
which showed any tendency to darken around the mouth were
those which overwintered in the field.

Tulastoma volvulatum sensu Coker and Couch

“Peridium up to 1 cm. thick, covered until age with a rather
thin, brown, sandy coat which wears away slowly and about
cqually over the surlace, exposing the nearly white inner perid-
ium. Mouth plane, not regularly circular, margin clean and
smooth, single in all nine plants of our collection. There is no
cortical cup at the base of the peridium. Collar short, imbriate.
Stem 2-3 ¢m. long, 1.5—¢ mm. thick, with a brown, more or less
scaly but not conspicuously lacerate surface, cespitose at times,

in which cases the peridia may be fused.
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“Spores subspherical, irregular, somewhat angled, practically
smooth (even under oil immersion), 4.2-5.5X5—7.4 p. Capil-
litium threads very irregular, nearly hyaline, paler than the
spores, up to ; u thick, with walls of varying thickness” (Coker
and Couch, 1928: 155).

Habit, habitat, and distribution.—Gregarious on sand in an
abandoned field, Riverdale, Gratiot County.

Discussion.—One collection by Potter (Potter-6776) appears
to belong here. It consists of 4 fruiting bodies. The spore case
ol the largest is 7 mm. broad and the stipe 10X 1., mm. The
stipe is whitish beneath a thin coating of a wood-brown color
which tends to scale oft. The spores are as Coker and Couch
described them, that is, irregular, smooth under ordinary mag-
nifications, and about 5-6.5 p in diameter. Coker and Couch re-
garded their material as representing a slender form of the
species. I have not been able to examine authentic specimens
of the species, and consider the identification of the Potter col-
lection tentative.

ASTRAEACEAE

“Fructifications epigeous or at first hypogeous, sessile; perid-
ium of several layers, the outer two or three becoming the very
heavy exoperidium, which dehisces stellately; the endoperidium
thin, membranous; columella none; gleba separated by deli-
cate sterile veins into basidia-bearing sectors in which the
basidia are regularly distributed throughout the context; basidia
broadly club-shaped; spores spherical, sculptured; capillitium
none.*

“One genus, Astracus” (Zeller, 1949: 53).

Astracus Morgan

“Mycelium fibrous, procecding from all parts of the surface.
Peridium subglobose, composed of two persistent coats; outer
peridium thick, coriaccous-cartilaginous, at first concrete with
the inner peridium, then at maturity burst into segments and
torn away; inner peridium thin, membranaccous, sessile, de-

2 But sec generic description and that of 4. liygrometricus.
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hiscent at the apex by a single mouth. Columella none. Capil-
litium originating from the inncr surface of the peridium;
threads long, much branched and intcrwoven; spores large,
globose, minutely warted, brown.”

The original description of the genus by Morgan is quoted.
Astraeus differs from Geastrum, from which it was segregated
by Morgan, in the lack of open chambers in the gleba, and con-
sequently no organized hymenium, and by the long, much-
branched capillitial threads which are scarcely different from
the elemental hyphae of the peridium and continuous with it.
The columella i1s lacking and the spores much larger than in
Geastrum. The genus is represented in Michigan by 1 species.

Astracus hygrometricus (Pers.) Morgan
(Pl. XL, Fig. 1)

Fructification 1-2(3) cm. in diameter, globose to depressed-
globose when young; arising from black hairlike rhizomorphs
some of which may adhere to the basc as appressed hairs; outer
wall thick, splitting into 7 to 15 pointed rays which expand
(bend backward so as to expose spore sac) when wet and curve
in again over spore sac when dry, that is, they are hygroscopic;
the outer wall distinctly layered, outer layer (under surface of
expanded rays) composed of a thin matted-fibrillose layer with
sand adhering to it or embedded in it, interior to this is a fibrous
layer which is quite hard in dried plants, the next layer is that
on the exposed upper surface of expanded rays and is deep
purple drab, thick, and variously rimose; between the rays and
the spore sac in {reshly matured specimens is a thin pallid
papery layer usually visible as fragments around base of the
spore sac; spore sac sessile, globose to depressed-globose, 1-2
cm. broad, wall pliable, matted-fibrillose or somewhat fibrillose-
reticulate, usually pallid grayish when collected; opening by
a slit or tear or with an irrcgular pore (no characteristically
formed mouth); gleba white when young, cocoa brown at ma-
turity.

Spores 7-10.5 p, globose, with a very thin hyaline envelope;
interior to this envelope is a thickened colored wall with many
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pores (both round and irregular) so that the outer surface of
the colored wall does not appear entirely smooth; hyaline plugs
extending through pores into hyaline envelope and at maturity
the plugs persist as hyaline or yellowish warts; capillitium as
1n most species of Geastrum, that is, of pallid to yellowish thick-
walled cells with incrusting material, but is as a rule more
branched.

Habit, habitat, and distribution.—In colonies, gregarious to
scattered, developing near the soil surface and becoming ex-
posed at maturity. It is a characteristic species of waste sandy
areas throughout the state. Old fruiting bodies may be found
any time during the year, but freshly matured specimens are
to be found during the fall months only. It is then one of
the commonest of Michigan puftballs. Large numbers can fre-
quently be collected in abandoned sandy fields, as those in the
Waterloo Area, Jackson County, in the lake region in north-
western Washtenaw County, and in similar arcas.

Discussion.—The manner in which the fruiting bodies open
and close as they become wet or dry is an interesting feature
and one which has always attracted much attention. This, in
addition to the habitat, matted-fibrillose surface of the spore
sac, rimose inner (or upper) surface of the rays, and cocoa-
colored gleba are the field characters to learn. The structure of
the spore is very interesting though details cannot be made out
with ordinary optical equipment. The description of the spores
given is bascd upon an examination made with an oil-im-
mersion apochromatic objective (2 mm. N. A. 1.3). The interest-
ing feature is that the highly colored, thick spore wall is punc-
tured with numerous pits which are mercly large cnough so
that the outer surface of the colored wall appears slightly
uneven, not warty. The warts are produced by the drying down
or solidifying of the hyaline material extruded through the
pores of the colored wall. The hyaline material, in immature
spores, forms an even envelope over the colored wall; hence
immature spores are smooth or nearly so, and very old spores
roughly treated may have most of the warts knocked off. In
order to evaluate properly the spore markings as taxonomic
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characters in the Gasteromycetes, one must study carefully the
origin of such markings, for it is likely to shed light on the
manner in which the markings vary.

CALOSTOMATACEAE

“Fructifications epigeous or at first hypogeous, stalked with
a root-like, lacunose basal process; peridium duplex, exoperid-
ium cartilaginous, extended below into a rootlike stalk and
often cupulate around the base of the sporocarp; endoperidium
cartilaginous, with an ornate apical stellate stoma below which
the spore sac is suspended; gleba pulverulent; spores spherical
or ellipsoid, smooth or sculptured” (Zeller, 1949: 53-54).

Calostoma Zeller

There 1s “one genus, Calostoma” (Zeller, 1949: 54-54), in the
family.
NIDULARIALES

“Fructifications small, sessile, cupulate, campanulate or de-
pressed globose; peridium of one to four layers, dehiscing by
rupture of an epiphragm or lid over the top, or when this is
absent, by irregular fissuring of the wall; gleba enclosed in one
or many globose or lens-shaped peridioles; peridioles attached
to the inner wall of the peridium by a mucilaginous secretion or
by threadlike funiculi, escaping singly or they may be forcibly
ejected from the exoperidium; capillitium none” (Zeller, 1949:
54)-

These fungi are popularly known as the “bird’s-nest fungi,”
because the fructification with the peridioles reminds one of a
bird’s nest with eggs in it. It is hard for some people to accept
the idea that these plants can be even remotely related to such
fungi as Calvatia gigantea.

KEY TO FAMILIES OF NIDULARIALES

1. Exoperidium more or less urceolate and firm at maturity; glebal cham-
bers (peridioles) egglike, remaining attached or frce within outer
peridium, empty ... ... Nidulariaceac

1. Exoperidium collapsed at maturity; single, spherical, glebal chamber
violently discharged at maturity, filled with gel or gelatinous tissue. .
....................................................... Sphaerobolaceae
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NIDULARIACEAE

“Fructifications epigeous, with hard peridium which opens
cuplike at maturity; gleba with a few mostly flattish, rounded,
closed chambers (peridioles), the hard walls of which are lined
with basidial hymenium and in the mature fructification are
1solated or freed from the cup-like fructification by ejection or
by the deliquescence of the intervening tissue” (Zeller, 1949:

54)-

KEY TO GENERA OF NIDULARIACEAE

1. At least some peridioles attached to fructification by a cord (funiculus).. 2
1. Peridioles not attached, instead embedded in mucilage............... 3
2. Wall of fructification thick but consisting of a single layer; peridioles

whitish from a thick tunica............. ... .. oo iiiiii... Crucibulum
2. Wall of fructification g-layered; tunica of peridioles thin, gray to black

............................................................... Cyathus
3. Fructification without an epiphragm; the wall thin and fragmenting at

11 110 b o 1 Nidularia
3. Epiphragm present; fructification persistent........................ Nidula

Cyathus Persoon

Fructification shaped like a vase or an inverted bell, point of
attachment truncate and narrow, wall of g layers, apex at first
closed by a thin membrane (epiphragm); peridioles lenticular,
attached to wall by a funiculus; spores hyaline, smooth, usually
thick-walled.

The g-layered wall, which is one of the main characters of
the genus, is not always clearly evident. The epiphragm and
persistent funiculi are also important. Michigan has g species.
Cunningham recognized 5 in Australia.

KEY TO MICHIGAN SPECIES OF Cyathus

1. Inner surface of fructification striate at least near upper edge...... C. striatus
I. NOL @5 @DOVE. ottt i i i it e it ittt e 2
2. Spores 20-g5u long.. ... ... C. stercoreus
2. Spores 8-12(15)p Jong. ... .. C. olla

Cyathus striatus Persoon

Fructification 10-15 mm. high, 2-3 mm. broad at point of
attachment, 5-10 mm. broad at apex, attached to substratum
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by a pad of cinnamon-brown mycelium, at maturity vase-shaped
to somewhat trumpet-shaped, exterior coarsely fibrillose or in
unopened vases almost fibrillose scaly, color pale to dark cin-
namon brown or sometimes grayish brown (apparently from
weathering), sometimes slightly striate above when hairs are
more or less worn off; mouth at first closed by a thin epiphragm
which is at first covered over by a shaggy-fibrillose covering,
breaking and disappearing at maturity; inner surface glabrous,
shining, distinctly striate, pallid to nearly black but usually
some shade of drab or purplish drab; peridioles about 1-2 mm.
in diameter, flattened (more or less disc-shaped or angular from
pressure), usually occupying lower half of cup, usually attached
to cup by an elastic cord; spores (12)15-20(22) X (6)8—12 , hya-
line, thick-walled, but wall becoming thinner as they mature.

Habit, habitat, and distribution.—Subcespitose to gregarious
on sticks, bark, and ligneous and vegetable debris generally. It
1s a much more common species in the state than the number
of collections preserved in herbaria would indicate.

Discussion.—This 1s a very interesting little fungus easily
recognized in the field by the brown, shaggy-fibrillose covering
of the exterior and the conspicuously striate, glabrous interior.
In drying, however, the striations often become obscured so that
they are not conspicuous in herbarium specimens.

Cyathus stercoreus (Schw.) de Toni

Fructification 5-10(15) mm. high, 4-8 mm. broad at top, 1-3
mm. at point of attachment and with or without a basal brown-
ish mycelioid pad, vaselike to goblet-like in shape, outer sur-
face densely fibrillose, color of fibrils variable, whitish, cinna-
mon buff, or darker brownish, sometimes brownish around base
and whitish over upper expanded part, fibrils gradually weather-
ing away so that in age the outer surface may be nearly smooth
and in some with depressed circular zones; inner surface smooth,
shiny, pale to dark lead color; epiphragm present but soon
breaking and all traces vanishing; peridioles 1-2 mm. in di-
ameter, black, compressed, attached to cup by a funiculus (those
on top not always attached), smooth and shiny; spores (22)25-30
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(35) X (18)20-2%7(85) p, nearly hyaline, subglobose to nearly ellip-
soid, thick-walled.

Habit, habitat and distribution.—Cespitose to scattered on
dung, manured ground, or around edges of sawdust piles.
Rather common in Michigan in early summer or in the fall.
Potter (Potter—4254) found it on old sawdust in a meadow near
Ithaca, Gratiot County. Such a habitat is generally regarded as
unusual.

Discussion.—The fibrils extend up to and beyond the edge
of the fruiting body to create a fimbriate appearance at first,
but as the fibrils disappear the edge becomes even and glabrous.
The lack of striations in the inner wall of the cup serve to
distinguish this species from C. striatus.

Cyathus olla Persoon

Fructification 8-12 mm. high, 5-10 mm. wide at top, sub-
stipitate and about 2 mm. broad at base (27 mm., according
to White), in age flaring to recurved at top, when young with
margin incurved and goblet-shaped to inverted bell-shaped,
outer surface brown (cinnamon brown to paler and about cin-
namon buff), shaggy fibrillose young, merely appressed fibrillose
to nearly glabrous at maturity and then obscurely zoned, fibrils
yellowish brown, inner surface smooth, silvery brown to lead
color, peridioles large, disc-shaped, 2—-4 mm. wide and o.5; mm.
thick in center, dull brownish, attached to cup by a strong
whitish thread (funiculus); spores 8-12(15)x (6)8-12 u, thick-
walled, hyaline, ovoid to ellipsoid.

Habit, habitat, and distribution.—The only material from this
state which I have seen was collected by M. Weideman on a
piece of wood in a greenhouse in Ann Arbor, Washtenaw
County, May 26, 18g3.

Discussion.—The small spores distinguish it from the other
species included here. It is most likely to be confused with C.
stercoreus, but at maturity it has a much more flaring margin,
and the peridioles are not black.
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Crucibulum Tulasne

Fructification short cylindric to cyathiform, sessile, wall one
layer thick, exterior fibrillose to velvety, apex covered by an
epiphragm; peridioles pale-colored, attached by a funiculus;
spores hyaline, smooth.

Michigan has only 1 species, the description of which follows.

Crucibulum levis (D.C.) Kambly and Lee
(Pl. XL, Fig. 2; Pl XLI)

Fructification j5—10(12) mm. high, 5-10 mm. across the top
and 3-5(7) mm. wide at base, when young subglobose, cup-
shaped, or short-cylindric, at maturity narrowed slightly from
the top toward the sessile truncate base which is attached to
a subiculum; surface velvety to appressed silky but almost
smooth in age; tawny yellow becoming nearly cinnamon brown,
in age somewhat sordid; inner surface smooth, shiny, whitish
to gray (pallid cinnamon, according to Cunningham); margin
erect or slightly flared, even, thick, entire, sometimes slightly
contracted; wall of a single layer of woven hyphae; epiphragm
soon disappearing; peridioles pallid (pallid brown according to
Cunningham), lenticular, circular in outline, 1-2 mm. broad,
attached to cup by a cordlike strand (funiculus); spores (4)7-10
X 4-0 u, hyaline, thick-walled (wall about 1y, according to
Cunningham).

Habit, habitat, and distribution.—Gregarious, scattered, or
solitary on ligneous or vegetable debris. A common species
during favorable weather in the summer and fall. It has been
collected mostly in the southern part of the state, but this should
not be regarded as indicative of its distribution.

Discussion.—This species is known the world over under the
name Crucibulum vulgare Tulasne, but since species names
cannot be conserved according to the International Rules, it is
necessary to use the combination given above. Cunningham
stated that there is no evidence that the Cyathus levis De Can-
dolle was the same as C. vulgare. This is apparently an instance
in which interpretation is difficult, for others believe the oppo-
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site. As the epithet levis must be accounted for, the solution
adopted here seems to me to be the most sensible one.

SPHAEROBOLACEAE

“Fructifications tiny, spherical at first; peridium of several
layers, of which the second inner layer is formed of turgescent
cells appearing as a radial palisade; gleba of basidia-bearing
sectors separated by sterile veins, or of basidia-bearing cavities
formed by the splitting of tissues; the gleba becomes gelatinized
at maturity and is ejected as a whole from the peridium” (Zeller,
1049° 55)-

KEY TO GENERA OF SPHAEROBOLACEAE

1. Basidia borne irregularly throughout the basidia-bearing sectors........
.......................................................... Sphaerobolus

1. Basidia borne in hymenia on the walls of cavities............. Nidulariopsis

Sphaerobolus Persoon

Fructification small, subglobose, 4-layered, dehiscing by stel-
late rupture of exoperidium, evagination of the endoperidium
and forcible discharge of the single viscid glebal ball; spores
smooth and hyaline.

Only 1 species is recognized from Michigan, but S. towensis
should also occur in the state.

Sphaerobolus stellatus Persoon
(PL. XLII)

Fructification small, 1.5—2.5 mm. in diameter, developing in
the substratum but so near the surface that its upper surface
soon breaks through and is exposed, dull ochraceous to pallid
at this stage, soon opening by a number (5 to g) of lobes giving
appearance of a small cup; thin receptaculum now suddenly re-
versing itself outward, throwing the flattish glebal ball several
feet, when reversed the receptaculum appears as a watery-white
sphere situated on the lobes of the outer wall; glebal ball slip-
pery, smooth, very dark chestnut brown in age; spores 7.5-10 X

3-5-5 u-
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Habit, habitat, and distribution.—Densely gregarious on rot-
ten wood, packed sawdust, and old dung of horses. It is fairly
common in the southeastern part of Michigan on the packed
sawdust around old sawdust piles. It fruits most abundantly
early in June.

Discussion.—In many respects this little fungus is truly a
small cannon. Miss Walker calculated that it can throw its glebal
ball to a height of 14 feet. Walker and Anderson discovered that
the force for the discharge was obtained from the difference in
osmotic pressure of the glycogen (originally present) and the
sugars into which the glycogen was suddenly changed. The
glebal ball contains cells rich in food stuffs in addition to the
spores and the entire ball can germinate, that is, hyphae develop
from the cells just mentioned (called gemmae) as well as from
the spores. The fungus is not a spectacular sight in the field, but
a biology teacher can have much fun with it in the laboratory.

PODAXALES

“Fructifications epigeous, stalked or with percurrent colu-
mella, pileate at maturity, angiocarpic; stipe long or short, con-
tinued to the apex of the fructification as a columella; peridium
simple or 2-g-layered at maturity, left at maturity in part as
pileus, or volva, or annulus on the stem; gleba at first with
hymenium of basidia covering the walls of chambers or pores
or lamellae, persistent or pulverulent; capillitium wanting (ex-
cept in Podaxis); spores colored” (Zeller, 1949: 55).

KEY TO FAMILIES OF PODAXALES

1. Gleba not powdery at maturity.......cooeeeeiuniiinnnenennnn SECOTIACEAE 8
1. Gleba powdery at maturity..........ccouiiiiieeernnnnnnnnnn.. PODAXACEAE

SECOTIACEAE

“Fructifications mostly epigeous, stalked or sessile, at first
companulate, like an agaric button, angiocarpic; stalk continued
above as a percurrent columella; peridium mostly as a cap

3 The Secotiaceae is the only family of this order in Michigan, and its members
will be found to have a powdery gleba at maturity.
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covering the gleba, free at maturity or opening by a transverse
slit; gleba chambered or with irregular pores or with anastomos-
ing, lamelloid, tramal structures, dark brown to blackish, some-
times with cystidia, not becoming a powdery spore mass at
maturity; spores dark, smooth or sculptured; capillitium none”

(Zeller, 1949: 55-56).

KEY TO GENERA OF SECOTIACEAE

Stems not volvate, not annulate; gleba brown...................... ... 2
Stems volvate and/or annulate; spores black to dark brown............. 3

Fructifications short-stemmed or sessile; pileus mostly ovoid, obtusely
conic to globose or depressed-globose..................... ... ... Secotium
Fructifications with long slender stems; pileus cylindric to conic...Galeropsis

. Gleba lamelloid; stem volvate; gleba free from expanded stipe apex...
............................................................ Montagnea

3. Gleba of anastomosed lamellae and attached to expanded upper part of
stem (the pileus); stem annulate................ooiiiiiiiiia., Longula

§. Volva and annulus both typically present; gleba anastomosed to poroid-
lamellate ... e Gyrophragmium

10 e e

(SR ]

Secotium Kunze

Fructification stipitate; spore case with wall one layer thick,
its surface smooth, fibrillose or viscid, sometimes scaly in age,
variously colored, margin at first intergrown with stipe tissue
but in some species soon separating; stipe central, extending
through the gleba as a columella; gleba of persistent tramal
plates attached to spore-case wall or upper part of columella
(reminding one of lamellae), but anastomosed to enclose vesicu-
lose to elongated cavities; spores colored, smooth, typically
with an apical pore.

This is a relatively large genus. Cunningham reported four-
teen species from Australia, and it should be represented in
Michigan by more than the 2 species which follow. S. pingui, a
common fungus of the pine forests of the Cascade Mountains,
should occur in the jack and red pine forests in northern
Michigan.

Secotium agaricoides (Czern.) Hollds
(P1. XLIII)
Fructification 1-6 cm. wide, 1.5~7 cm. high, consisting of a
short stem and a subglobose, conic, heart-shaped or convex-
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umbonate spore sac, margin of spore sac confluent with upper
part of stem, stem extending as a reduced structure (the colu-
mella) to apex of spore sac; surface of fructification pure white
when young and fresh, glabrous to unpolished, in age discolor-
ing slightly to yellowish or pale leather color and in some speci-
mens becoming more or less fibrillose-scaly from the separation
of fibrils into fascicles, in age tending to shred or tear especially
near the zone of attachment to the stipe; gleba fleshy and white
when young, becoming yellow and finally yellowish brown or
darker, coarsely cellular to labyrinthiform, the tramal plates
forming lamellae and sparsely anastomosed, vertically arranged
and attached to the spore-sac wall.

Spores 7.8-9.3 X 5—7 u, smooth, oval to elliptic, with a thin
hyaline envelope, a thick yellow inner wall possessing an apical
pore, and a basal stump of a pedicel.

Habit, habitat, and distribution.—Cespitose, gregarious, or
scattered usually in pastures and cultivated fields. It fruits dur-
ing the summer and fall. Johnson listed it as fruiting from May
to October. Excellent specimens from Michigan were collected
in Washtenaw County as early as 1893. The collector’s name was
not given, nor date other than the year. C. D. LaRue found
some fine specimens on a rotten log on the south side of Monroe
Lake, Cheboygan County, on July 29, 1929; and Victor Potter
found luxuriant fruitings of numerous fruiting bodies in clus-
ters in September near Ithaca, Gratiot County.

Discussion.—One’s first impression of this fungus is that it
1s a mushroom which has failed to expand. In the fleshy, white,
immature stage it is edible. The fungus is apparently fairly rare
in Michigan. Because of its unusual features, however, collectors
nearly always bring it in; hence, the collections in herbaria are
likely to be more numerous for it than for some other more
common but less interesting species.

Secotium coprinoides Routien

Fructification 4 mm. high, white, consisting of a stalk and
a pileus-like upper part nearly 2 mm. in diameter, the upper
fertile region united to the stalk only near the apex of the latter
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and consisting of about 18 glebal chambers; peridium white, of
filamentous-inflated cells 25—35 u thick. Hymenium at maturity
consisting of basidia and paraphyses; basidia 2 to 4 spores; spores
ellipsoid, smooth, black, 18(23.5)-30.5 X 12.6(12.75)-16 u, pedi-
cellate, pedicel 2x 1.5y, 2, 3§, or 4 spores not uncommonly
grown together and united into a group.

Habit, habitat, and distribution.—Specimens of this fungus
developed on soil brought into the laboratory from woods near
East Lansing, Ingham County.

Discussion.—The descriptive data are taken from Routien
(1940). It would be very interesting to learn more about this
minute species and make a careful study of its spores in relation
to those of some of the species of the western United States.
Routien did not illustrate a germ pore, apical or subapical, in
his study, and since none was mentioned in his description I
assume that this is one character in which the spores of Coprini
differ.

PODAXACEAE

“Fructifications angiocarpic, like agaric buttons, epigeous at
maturity, clavate, ovoid or fusiform, stalked or almost sessile;
stem firmly fibrous, extending percurrently as a columella; pe-
ridium pileate, simple or plicately scaly, brittle, easily splitting,
margin loosening from the stipe at maturity or opening by
longitudinal splitting; gleba at first chambered by anastomosing
tramal tissues or lamelloid tramal plates, powdery at maturity;
basidia persisting in Podaxis; capillitium well developed as
elaters, or wanting; spores dark, smooth” (Zeller, 1949: 56).

KEY TO GENERA OF PODAXACEAE

1. Fructification sessile or nearly so; gleba with capillitium...... Endoptychum
1. Fructification with long stipe; gleba with capillitium (elaters)........ Podaxis
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INDEX TO GENERA AND SPECIES

Abstoma 81

Alnus 18

Alpova 3, 15, 17, 126, 127
cinnamomeus x5

Aporophallus g0

Arachnion 37
album 37

Arachniopsis 39

Araneosa 37

Arcangeliella 21, 22, 126, 127
asterosperma 22

Asero€ go

Astraeus 82, 83, 113, 114
hygrometricus 5, 113, 114
Pteridis 5

Battarraea 10, 97, 107

Blumenavia go

Boletus parasiticus 100

Bovista g, 39, 72, 74, 75, 76, 81
minor 456, 78
pila 6, 76, 77, 78
plumbea 75, 76, 77, 78, 79

Bovistella g, 38, 62, 72
atrobrunnea 72, 74, 75
echinella 72, 73, 74
radicata 7, 72

Bovistina 81

Bovistoides 39

Broomeia 79

Calbovista 79

Caloderma g8

Calostoma 116

Calvarula 2g

Calvatia 7, 8, 9, 11, 39, 40, 46, 62, 106

Bovista 40, 41, 44, 45
caelata 44, 45

craniformis 11, 40, 43, 44, 45
cyathiformis 11, 39, 40, 41, 44

elata 46
fragilis 40, 41, 42

gigantea 9, 11, 40, 42, 44, 45, 116

saccata 46
var. elata 40, 45, 46
Castoreum 81
Chlamydopus 107
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Chondrogaster 13
Clathrogaster 25
Clathrus 3o
Claustula go
Clavaria 64
Colonnaria 3o
Colus g0
Corditubera 15
Cortinarius 6g
Cremeogaster 15
Crucibulum 117, 320
levis 120
vulgare 120
Cyathus y17
levis 120
olla 117, 119
stercoreus 117, 118, 119
striatus xx17, 119
Dictyocephalos 1035
Dictyophora g0, 34
duplicata 8, 34, 35, 36
indusiata g3
multicolor g3
Diplocystis 79
Disciseda 9, 38, 68, 71
candida 69, 71
Muelleri 69, #1
subterranea 69, 70, 71
Echinophallus 3o
Elasmomyces 21, 127
Endoptychum 125
Floccomutinus 3o
Galeropsis 123
Gasterella 13, 14, 127
lutophila x4, 126
Gasterellopsis 13, 14
silvicola x4
Gastrosporium 25
Gautieria 23, 126
graveolens 24
morchelliformis 23
Geaster coronatus f. minimus 85
limbatus go
umbilicatus 84
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Geastrum 3§, 4, 9, 10, 49, 80, 82, 83,
90, 97, 99, 101, 114, 115
asper 84, 97
campestre 84, 96
coronatum 84, 85
fimbriatum g3, 94, 95
f. fimbriatum 84, g2
f. pallidum 84, ¢4
fornicatum g1
limbatum 84, 9o, 94
Morganii 84, 88
pectinatum 84, 86, 88
rufescens 84, 89, 91, 92
saccatum 84, 89, 93, 95, 96
Schmidelii 84, 87, 88
triplex 84, 89, 91, 92, 94, 96
umbilicatum 83, 84
Gellopellis 29
hahashimensis 29
Glischroderma 106
Gymnoglossum 20
Gyrophragmium 123
Holocotylon 13, 18
Hydnangium 21
Hymenogaster 20, 126
niveus 20
Hysterangium 26, 27, 126, 127
clathroides 27
Itajahya go
Ithyphallus g3
Jaczewskia 26
Jansia 3o
Kalchbrennera go
Lanopila gg
Laternea 3o
Le Ratia 18
Leucogaster 13, 15, 126
Leucophleps 13, 15
Longula 123
Lycogalopsis 79
Lycoperdon 3, 7, 9, 11, 39, 45, 46, 47,
56, 58, 59, 62, 64, 66, 70, 73, 74
coloratum 48, 51
Curtisii 47, 50, 56
echinatum 48, 67, 68
gemmatum 58, 59, 61
marginatum 48, 50, 55, 56
muscorum 48, 58
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oblongisporum 48, 53, 54
Peckii 48, 59
pedicellatum 48, 61
perlatum 48, 6o, 61
polymorphum 48, 51, 55
f. cepaeforme 51, 54
pulcherrimum 42, 48, 66, 67, 68
pusillum 48, 52, 54, 55, 74
pyriforme 48, 49, 56, 61
rimulatum 48, 65
subincarnatum 47, 48, 50
umbrinum 48, 52, 62, 64, 65, 75
var. asterospermum 65
var. atropurpureum 48, 64
var. floccosum 46, 48, 64, 67
var. umbrinum 48, 54, 62, 64, 63
Wrightii 50
Lycoperdopsis 38
Lysurus 3o
Maccagnia 15
Macowanites 127
Melanogaster x5, 17, 127
ambiguus 16
Broomeianus 16
Mesophellia 10, 81
Montagnea 123
Morganella 39
Mutinus 8, 30, 31
caninus g2
var. albus 31, 32, 33
var. caninus 31
Curtisii g1
elegans 31, 32, 33
Mycenastrum g, 36, 79, 80
corium 8o
Myriostoma 82
coliforme 82
Nidula 117
Nidularia 117
Nidulariopsis 121
Pelargonium 21
Phallogaster 26, 28, 126
saccatus 8, 28
Phallus 8, g0, 33
impudicus 11, 33
Ravenelii 83, 34
Phellorinia 107
Pirogaster ¢8
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Pisolithus 8, 105
crassipes 106
tinctorius ros, 106
Podaxis 122, 125
Polytrichum 48, 58
Pompholyx 98
Protubera 2g
Pseudocolus go
Queletia 107
Radiigera 81
Rhizopogon 18, 127
roseolus 19
rubescens 19
Rhodophyllus 20
Rhopalagaster 26
Richoniella 20
Schizostoma 10, 107
Scleroderma g, 11, 70, 98, 99, 101, 105
arenicola 99, 101, 102
aurantium 8, 99, 100
Bovista 102
flavidum 8, 99, 100, 104
Geaster 8, 99, 103, 104
lycoperdoides g9, 102
vulgare 102
Sclerogaster 21
Secotium 123
agaricoides 123

coprinoides 124
pingui 123
Sedecula 104
Simblum go
Sphaerobolus 121
iowensis 121
stellatus Y2y
Sphagnum 48
Staheliomyces go
Terrostella 82
Torrendia 15
Tremellogaster 25
Trichaster 82
Truncocolumella 18
Tuber 12
Tulostoma 4, 10, 107
brumale 108, yx1x
campestre 108, 110

fibrillosum 6, 107, 109, 110

pedunculatum 111
poculatum 109
simulans 108, rxx

striatum 71, 107, 108, 109

volvulatum 108, 112
Tylostoma 126
mammosum 111

Vaccinium corymbosum 100

Xylophallus go
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F1Gc. 2. Geastrum coronatum Persoon. X 1
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Fic. 1. Geastrum triplex Junghuhn, X 34
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Fic. 2. Geastrum saccatum Fries. X %
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PLATE XXXIV
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Crucibulum levis (D.C.) Kambly. Enlarged. Photograph by E. B. Mains
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Sphaerobolus stellatus Persoon. Enlarged
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