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Type studies on some North American Lepiota species reveal that several
well-known European names have to be changed. 1. Lepiota magnispora
replaces L. ventriosospora 2. Leucoagaricus barssii comb. nov. is an older
name for L. pinguipes and L. macrorhizus; and 3. Leucoagaricus americanus
comb. nov. replaces L. bresadolae.
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INTRODUCTION

‘The genera Lepiota (Pers.) Gray and Leucoagaricus (Locq.) ex Singer are relatively
well-known in Europe (Bon, 1993; Candusso & Lanzoni, 1990). Unfortunately, the
situation in North America is quite different; there there has been no modern overview
of the group, and the literature on separate species is scattered with the result that thesc
species are not well-known. Type studies on several species of Lepiota s.l. have indeed
been published (e.g. Smith, 1966; Sundberg 1976), but proper understanding has been
hampered because the species studied were not placed in a tribus or genus, nor o
attention payed to Several more recent

Akers & Sundberg, 1997) have addressed thee ssucs bu have focuscd o species rom
Florida where the more tropical climate makes them less relevant for European
mycologists. Pt thes reasons, Amercan specis are ot el known n Earope,and
have not been taken into account in European overviews of the group. This paper is a
step towards a synthesis of these two separate spheres of mycological knowledge and
gives type studies of three American species, with a comparison of their European

unterparts.

Collecting by the author in the west of the U.S.A. and in western Canada soon
makes it clear that Lepiota ventriosospora D.A. Reid, is quite common so it scemed
unlikely that it had not been described by American mycologists. A search of the
literature for possible candidates led to L. fusispora Kauffman and L. magnispora
Murrill; the type collection of the latter was studied.

Leucoagaricus pinguipes (A. Pearson) Bon was found in California and, again, a
literature search revealed a possible older American candidate for that species name:
Lepiota barssii Zeller.
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Smith & Weber (1987) studied the group of species around Lepiota americana
(Peck) Sacc. They included the European species Leucoagaricus bresadolae (Schulzer)
Bon in their study, but concluded that the two were different. However, all published
pictes of tho v spocies show strking smlaics so agan the type collection was
studied, and compared with European m:

METHODS

Al matrial was evived n 8 solution of Cango Red in ammoia. The drawings of

The nounnn 'Spons [45 2] mdu'Jm lhll mels\lrnm!nu ‘were made on 45 spores.
from two basidiocarps. The following abbreviations are used: avl (average length), avw
(average width), Q (quotient of length and width), and avQ (average quotient).

1. Lepiota magnispora Murrill in Mycologia 4: 237. 1912. — Holotype W.A.
Murrill 704, U ashington, around Seattle, 20-X - 1-XI-1911 (NY).

Lepiota ventriosospora D.A. Reid in Trans. Br. mycol. Soc. 41: 427. 1958. — Lepiota
clypeolaria var. pantherina Gillet, Hyménomycétes: 62. 1874. — Lepiota clypeolaria var.
campanetta Barla in Bull. Soc. mycol. Fr 2: 116, 1886 — Lepiota ventriosospora var. fulva
Bon in Bon & Chevassut in Doc. mycol. 4 (15): 27. 1974. — Lepiota_clypeolaria f.
unbrinisquamosa Hongo in Mean. Shiga Univ. 20: S1, 1970; Lepiota. chpeotarta var.
umbrinosquamosa (Hongo) Bon in Doc. mycol. 22 (88): 29. 1993 — Lepiota
ventriosospora var. umbrinorufescens Bon in Doc. mycol. 22 (88): 46. 1993.

The type collection consists of two basidiocarps, in reasonable condition, with these
notes: "With bay eyes and scales. Found before. Always about same size and
appearance. As expmds 10 plane, eye fades". The following microscopical characters
were observed (Fig. 1).

Spores [JS 2] 15.2-20.7 x 4.5-5.8 um, avl = 169

9 pm, avw = 5.1 4034
um, Q = 2.9-38, avQ = 3.3 £0.27, with the same shape as some Boletus spores, i.c.
with straight abaxial side, convex adaxial side and suprahilar depression ("penguin-

"), congophilous, and dextrinoid. Basidia 30-37 x 10-14 um, 4-spored. Lamella
edge not yielding any cystidia. Pleurocystidia absent. Pileus covering with long
elements, c. 175-255 x 10-15 um, with rounded apex, with pale brown intracellular
pigment, some short clavate elements at base present as well. Clamp-connections
present

D000001aq00D

Fig. 1. Lepiota magnispora — Spores (from holotype).
Fig. 2. Lepiota clypeolaria— Spores (from O.K. Miller 8085, VPI).
Scale bar is 10 um.
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The shapeandsize of the spores, thepresnce oflongand shrt clavatselements i the
the material, clearly show that this species
et o, venlnoxa:pom DA, Reid (1958). Lepiota magnispora was publshed
in 1912, and has priority over L. ventriosospora.

Cheilocystidia could not be observed.

Smith (1966) also studied the type material of L. magnispora, and considered L.
magnispora a synonym of L. clypeolaria (Bull.: Fr.) P. Kumm. Unfortunately, the
drawing of the spores she gave does not reveal any details of their form, but spore sizes
(viz. 14-20 x 4-5 pm), are congruent with the present findings.

Lepiota fusispora, described by Kauffman (1924) (non L. fusispora Henn., 1897)
is. judging from his description and the description of the type material (Smith, 1966),
also a synonym of this same specics. Lepiota fusispora Henn. i, in spite of the similar
spore size (viz. 15-18 x 4-5 um), a different species, with a radially striate pileus, and
glabrous yellow stipe, provided with an annulus.

Lepiota magnispora (and L. ventriosospora for that matter) has not, or has hardly,
been recognized in North America. However, in most cases the species depicted as L.
clypeolaria in popular guide books is L. magnispora (c.g. Arora, 1986: 309; Lincoff,
1981: pl. 176; Miller, 1985: pl. 25). Peck (1884) used the neme L. metulispora (Berk.

Broome) Sac. for this species and this name was also in use in Europe until Reid
(1958) realized that the temperate species was different from the tropical species L
metulispora. Both L. clypeolaria and L. magnispora occur throughout the United
States but L. magnispora is the more common of the tw

Horak (1968) described the microscopical characters of the holotype of Agaricus
colubrinus Pers., a synonym of L. clypeolaria. The spores of L. clypeolaria have a
slightly convex adaial and abaxial side, and a shallow suprahilar depression may be
present, giving the spores an amygdaliform-fusiform appearance. The spore size is in
general smaller in L. clypeolaria than in L. magnispora, and the spores are relatively
broader in L. clypeolaria:

L chpeolaria in sideviow 110185 X 4 S6IC6S) um, avlxavw = 126-

152 x 4. , Q = 2.1-3.4, avQ = 2.4-2.8 (based on measurements on 27

Soudagel Europe and 1 from erylmd XLy (Fig. 2

Lepiota magnispora in side-view (12.0-)13.5-25.0 x 4.0-6.0 pm, avl x avw =

15.021.1 x 4.7-5.45 pm, )2.7-4.85(-5.0), avQ = 3.0-4.25, (based on

measurements on S0 collections from Europe, 7 from U.S.A. & Canada, 1 from

China).

Besides these distinct differences in spore size and shape, the two species can also be
distinguished in the field; L. clypeolaria has more subdued colours, without a distinct
‘eye' o use Murrill's word, and the veil on the stipe is less ragged than in L.
magnispora. For a comparison of the two species, see the pictures in Breitenbach &
Krtnzlin (1995 pl. 220 for L. clypeolaria, and pl. 235 for L. magnispora (as L.
ventriosospora)).

2. Leucoagaricus barssii (Zeller) Vellinga, comb. nov. — Holotype S.M. Zeller
5765, U.S.A., Oregon, Yamhill Co., Newberg, Chehalem Mountain, 27-IX-1933 (NY).

Lepiota barssii Zeller in Mycologia 26: 211. 1934 (basionym). — Lepiota pinguipes A.
Powion fa Toay. B ool Soe35: 7. 1992, Lewsaagaricus, macroshinis . pingilpes
(A. Pearson) Alessio in Micol. ital. 17(2): ot valid); Leucoagaricus pinguipes (A.
Pearson) Bon in Doc. mycol. 11 (43): S4. 1981, — Leucocoprinus macrorhizus Locg. in
Bufl, mens, Sor. i, Tyun 12 B, 1943 fast vilid: no Tatin dingny; Leucoagaricus
macrorhizus (Locq.) Singer in Sydowia 2: 35, 1948 (not valid); Lepiota macrorhiza (Locq)
Kohner & Romagn., Fl. anal. Champ. sup.: o (not valid); Leucoagaricus
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macrorhizus (Locq. ex) E. Horak, Syn. Gen. Agar.: 344. 1968; Leucocoprinus macrorhizus
(Locq. ex E. Horak) D.A. Reid in Mycol meh 93: 421. 1989. — Leucoagaricus
macrorhizus vas. pseudocinerascens mycol. 20 (78): 58. 1990; Leucoagaricus
preadocinercscers (Bon) Bon i Doc. myool. B oy 61 1090

The type collection of Lepiota barsi comms of ten basidiocarps in good condition
with the following microscopical . 3).

Spores [36, 2] 7.6-9.1 X 4.6-5.7 pm, Ivl 8.4 40.47 um, avw = 52 2031 yum,
Q= 1.45-1.8, avQ = 1.62 £0.08, ellipsoid to oblong, some with straighter adaxial side
than abaxial side, without germ pore, though in some spores the apical wall is slightly
thinner than in other places, dextrinoid, and metachromatic in Cresyl Blue,
congophilous, Basidin 20-28 x 70-85 um, 4-spored. Lamell edge strie
cheilocystidia 23-48 x 9-12 um, narrowly clavate, ¢y with narrowed pedicel
(hippopotamus-shaped"), colourless. Some pleurocysnd close to lamella edge,
present, similar in shape and size to cheilocystidia. Pileus scales made up of radially
amanged. sdate oylindrical yphse, 8.0-15 um n dim. slighly thick-walld. with
greyish contents. Clamp-connections not observed

000] 00000

D0ADVY

Fig. 3. Leucoagaricus barssii — Spores, cheilocystidia (from holotype).
Tla. 4. Lecoagaricus pinguipes — Spores, chflocyutidi (fom holoype),
Scale bars are 10

A second cullecnon of this species, (U.S.A., Oregon, Corvallis, Sept. 1933 (NY))
Iabeled co-type, was also examined, and yielded essentially the same characters as the
holotype, iough ther f  sigh vaiation n spors nd cysadissiea,
All characters, macroscopical and microscopical, and also the habitat, are similar to
those of Leucoagaricus pinguipes (A. Pearson) Bon and L. macrorhizus (Locg. €x) E.
Horak.

The type collection of Lepiota pinguipes, preserved at K (Braunton Burrows, N
Devon, Oct. 1949, leg. Elliston Wright) has these macroscopical characters: a fusiform
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thick stipe,with ing,bafvay: piles s shrtfivillose,radily squamuloss, lamelse
are cream coloured. s has made the following annotations on this collection
(Fig.

4y

‘Spores 7.3-9.7 x 4.9-6.0 pm, without germ pore, dextrinoid, with metachromatic
endospore in Cresyl Blue; basidia 23-32 x 7-10 jm, 4-spored; cheilocystidia 20-40 x
(6-)8-13(-17-23) um, clavate, subtriform, clavate-cylindrical, with narrow pedicel, thin-
walled and colourless; pleurocystidia 38-54 x 11-16 um, scarce, difficult to see; pileus
covering with 5.0-16 jm wide hyphae; clamp-connections absent.

Horak (1968) described a lectotype for L. macrorhizus, in his treatise on the type
species of genera of the Agaricales.

Al three descriptions, viz. of L. barssii, L. pinguipes, and L. macrorhizus, come
very close; the only difference being that Horak mentioned an indistinct germ pore to be
present in some spores of L. macrorhizus, and pleurocystidia to be absent. A germ pore
was not observed in any of the examined collections (neither the type collections, nor
modem collections from both Europe and California, U.S.A.), though both light
mictoscopy and Scanning Electron Mictoscapy were employed. However, some spores
of the type collection of L. barssii do show a slightly thinner wall at the apex.

‘The synonymy of L. pinguipes and L. macrorhizus has been widely disputed. For
instance, Bon (1993) recognized both species, and even a third, L. pseudocinerascens
(Bon) Bon. Reid (1998) gave an elaborate overview of the literature on L. pinguipes
and L. macrorhizus, covering the nomenclatorial issues involved (the name
‘macrorhizus' was only validly published in 1968), and the differences between the two
taxa. His conclusion, that differentiation between the two taxa on species level is not
possible, is supported by the present author's observations.

In the Dutch material, the characteristic appearance of L. macrorhizus is an artefact
of aging. This is demonstrated by an abundant bacterial flora on the pileus covering
showing that specimens of this species have persisted for a long time, an unusual trait
in the genus Leucoagaricus. Such specimens are large, have a brownish, squamulose
pileus covering, and their spores are slightly longer than those of young specimens.
Young and fresh specimens fit the description of L. pinguipes very well, and have a
predominantly grey-fibrillose pileus.

Support for synonymy of L. barssii with L. pinguipes comes from molecular data;
a collection of L. barssii from California with the same macro- and micro-scopical
characters as a recent collection of L. pinguipes from the Netherlands, was compared
with the latter and the two were found to have the same sequences of the Internal
Transcribed Spacers (ITS) 1 and 2 of nuclear ribosomal DNA (sequences deposited in
Genbank under accession numbers AF295931 and AF295930 resp.).

Reid (1998) did not mention the American species L. barssh

Leucoagaricus barssii is one of the few species within the genus to possess
pleuracystidia, albeit only close to the lamella edge. Other species with pleurocystidia
belon; 0z to the group of L. americanus, e.g. Lepiola besseyi H.V. Sm. & N.S. Weber.

Leucoagaricus barssii is reported to grow in arable fields (Zeller, 1934; Horak,
1968), perhaps an indication that it was introduced to North America from Europe.

3. Leucoagaricus americanus (Peck) Vellinga, comb. nov. — Holotype G.W.
Clinton, U:S.A.., New York, Buffalo, without date, presumably 1869. (NYS).

Agaricus americanus Peck in Rep. N.Y. St Mus, nat. Hist. 23: 71. (1870) IMZ(blswnym)
Lepiota americana (Peck) Sace., Syll. Fung. 5: 43. 1887; Leucocoprinus americanus

Redhead in 1.W. Groves, Edible pois. Mushr. Canada, Ed. 2: 323. 1979. — Agaricus cnprnd.\'
Schulzer in Verh. kk. zool-bot. Ges. Wien 27: 112. 1877, non A. cupreus Secr., 1833 (not
valid), nec 4. cupreus (Krombh.) Krombh., 1846 (= Russula cuprea); Lepiota bresadolae
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Schulzer in Hedwigia 24: 132. 1885, non L. bresadolae Hean., 1890; Leucocoprinus
bresadolae (Schulzer) Wasser in Nov. Sist. vyssh. niz. Rast. 1977: 221. (1977) 1978,
Loucocaprinis bresadolae (Schulzer) MM. Moser, Rohlinge Bitterpilze, 4. Aufl: 248,
1978 (superfluous comb.); Leucoagaricus bresadolae (Schulzer) Bon in Doc. mycol. 7 (27-

28): 15. 1977,

Fig. 5. Leucoagaricus americanus — Spores, cheilocystidia, elements
of pileus covering (pc) (from holotype). Scale bars are 10 um

The type collection is in excellent condition, remarkably so considering its age. It
consss of six specimens, one showing signs of former damage by insecs; two
uninfested specimens yield the following microscopical data

Spores [41, 2] 8.4-10.4 x 5.8-7.2 pm, avl = 9.2 £0.56 pm, avw = 6.4 £0.33 um,
Q = 1.3-1.65, avQ = 1.44 +0.08, in side-view ellipsoid with in many cases more
convex abaxial side than adaxial side, some slightly amygdaloid, in frontal view
elliposid, with thick wall, with germ pore, congophilous, dextrinoid, metachromatic in
Cresyl blue, cyanophilous, often pale green-yellow in ammonia. Basidia 21-26 x 7.5-10
m, 4-spored, a very few 2-spored. Lamella edge sterile; cheilocystidia 36-65 x 12-19
Jim, narrowly clavate, clavate, clavate-fusiform, rarely without, often with moniliform
or cylindrical, sometimes capitulate, apical excrescence, 2050 % 2050 um, with wp
© 10 um wide capitulum, with green-brown contents in ammonia. Pleurocystidia
absent. Pileus covering squamules made up of tufts of cystidioid elements; those
clements very variable, in some squamules very dark and relatively short, in others
pale, without parietal pigment and with long slender apical excrescence; excrescences
often combined together; pigment incrusting in lower hyphae, parietal in ‘pileocystidia'
and also intracellular and soluble in ammonia. Stipitipellis a cutis of very narrow
cylindrical hyphae, with brown intracellular pigment; caulocystidia present, som
Sinilar 10 chellonysidis, but mast nacrowly iavate-fusiforma it Joug slender
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excrescences, with brownish contents. Clamp-connections not observed.

L a type collection of L bresadolae does not exist. The data
on the holotype of Agaricus americanus are compared with those of modern collections
and descriptions of L. bresadolae.

Reid (1990) gave a thorough overview of the European species that become green
in reaction with ammonia vapour but, surprisingly, did not compare L. bresadolae with
American species, like L. americanus. Smith & Weber (1987) on the other hand, did
study material of both L. americanus, and L. bresadolae and described the
discriminating character, viz. the structure of the pileus covering. They wrote that the
pileus covering (as ‘pilear cuticle’) of young buttons of Lepiota americana is
“approsimately 300-400 ym thck, of interwoven o ascending hyphae, sometimes
forming a rudimentary trichoderm with the upper cells but often the arrangement n
precise, many cells at least slightly inflated, slender hyphal tips often matted on  the
surface, no distinct pileocystidia observed, walls of cells in upper part of cuticle often
pale brown. In age, cuticle similar, some of the large cells may be embedded
pileocystidia; the layer pulling apart fo form the scales. Scales that have been teased

appear composed of cylindric, clavate, broadly ellipsoid, or fusoid-ventricose cells
77-138 um long and up to 25 pm in diameter mixed with narrower hyphae.” In
contrast, L. bresadolae’s "pilear cuticle consists of a turf of versiform elongate
pileocystidia, many of whose walls were light to dark brown at least at the base”.

Q00
Q0

A\IHO
Q0

Fig. 6. Leucoagaricus bresadolae — Spores, cheilocystidia, elements
of pileus covering (pc) (from C. Bas 7981, ). Scale bars are 10 um.
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When Reid (1990) compared L. bresadolae with other closely related species, such
as L. caldariorum D.A. Reid (nom. inval.), L. holospilotus (Berk. & Broome) DA
Reid, and L. meleagris (Sowerby) Singer, he found the most characteritic difference to
be the long, sinuous, slender, tapering pilear elements (up to 260 um lony
e structure of the pileus covering in L. americanus and L. bresadolae is very
complicated, with the shape of the clements varying as well as the pigmentation. In
th, L. americanus and L. bresadolae, narrowly clavate elements with a long tapering
excrescence occur (these are probably the "many cells at least slightly inflated, slender
hyphal tips often matted on the surface” in Smith & Weber's description (1987)).
Pigment is both intracellular, and often parietal in lower part. The more parictal
pigment there is, the more rigid the wall becomes, and the more easily the cells are
damaged when making a slide for microscopical examination. A possible reason that
Smith & Weber (1987) considered L. bresadolae and L. americanus different species,
is that they had studied a great number of collections of L._americanus, in all stages,
but only one specimen, a rather old one, of L. bresadolae. The original material, from
which this collection of L. bresadolae derived, was divided and the present author was
able to study another part of the very same material (Fig. 6); it is apparent that the
characters fit the concept of both species extremely well. In view of the absence of any
discrepancy in the descriptions and characters of the two species, L. americanus and L.
bresadolae must be considered to refer to the same species. The name Agaricus
americanus has priority as it was published $ years before Schulzer von Muggenburg
(1877) described Agaricus cupreus

As with L. barssii and L. pinguipes, molecular data support this conclusion
Modern material of L. americanus and L. bresadolae (specifically including the
collection from Italy, studied by Smith & Weber), have virtually identical sequences of
ITS1 and ITS2 (sequences deposited in Genbank under accession numbers AF295928
and AF295929 resp.). The sequences in Genbank, under the name L. americanus with
accession numbers U85282, U8S349, and U8S317 (Vilgalys & Johnson, 1998;
Johnson, 1999), refer to a different, much smaller, species, which is more closely
related to L. badhamii (Berk. & Broome) Singer.

Leucoagaricus americanus shows considerable variation in size and shape of the
basidiocarps, and the size of the squamules on the pileus. These variants may be
weather dependent. The shape of the stipe is quite constant and always fusiform. When
cut, all show first a yellow discoloration, followed by red; all tum a vinaceous pink on
drying. Microscopical differences between the variants could not be found.

as been considerable confusion in Europe over the name L. bresadolac.
First of all, the name L. badhamii has been used for this taxon although the sporc
shape in the two species is quite different: broad and ellipsoid with a germ pore in L.
bresadolae, and distinctly amygdaloid, without a germ pore in L. badhamit. With
further differences in discoloration of the basidiocarp on bruising and drying, and the
structure of the pileus covering, it is casy to distinguish these two taxa. Demoulin
(1966) has unravelled the entangled history of their confusion. Secondly, L. bresadolae
and L. meleagris have been considered o be conspecific (Krieglsteiner, 1991). As
pointed out by Reid (1990) the differences between those two species are to be found in
the shape of the pilear elements and cystidioid elements on the stipe. Macroscopically
the two are easily told apart, L. meleagris being the smaller with small dark brown to
blackish squamules on the pileus. The North American species Lepiota sanguifiua
Murrill is very close to L. meleagris and may well be identical.
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