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Abstract

Epigeous genera ofthe Helvelaceae (Perizales, Ascomycoi)are separatd ino ribes
Helvelleae and Gyromitreae on the basis of excipulum structure, while hypogeo
are included a5 incertae sedls at the tbe level. Ommamentation of ascospores. (SEM) 16
valuable in the delimitation of genera, subgenera, and species. New subgenera proposed
are Gyromitra subgenus Melalewcoides subgen. nov.. with warted, nonapicula,
bigutulate ascospores; Gyromitra subgenus Caroliniana subgen. nov.. with coarsely
etculate sscospores with mulple spicules at the polcs: Hefelia subgenns Cupuliformae
subgen. nov., with regularly cupulate apothecia, solid terete_stipes, and broad
ellipsoidal, finely rugose ascospores; and Hydnotrya subgenus Cercbriformae subgen.
nov., with globose, echinate ascospores. Gyromitra subgenus Discina is emended. New
combinations include Helvella subgenus Leucomelaenae comb. nov, Helvella subgenus
Silvicolae comb. nov., Helvella_subgenus Macropodes comb. nov., and_Helvella
subgenus lasicae comb,.ov. Epigeous 1axa and bypogeous wna with chambered

ocarps were studied in detail. Collections of 44 species in six genera (Gyromitra,

Rhisina, Pocudorhicina, Helvella, Underwoodia, . and Hidnotya) from norther and
northwestern North America are described. One extralimital genus (Gymnohydnotrya)
and 15 species ouside the study,arca are included with systematie nolcs. The known
geographic range for many species is extended and there are several new records for
North America (Helvella rivlaris, H. verruculosa, H. unicolor). Maps and keys for taxa
in northem and northwestern North America are provided.

Keywords: ~ Ascomycete  systematics, Pezizales, Helvellaceac, ~ Gyromitra,
Pseudorhizina, ~ Rhizina,  Helvella, ~Underwoodia, Hydnotrya,
Gymnohydnotrya



Introduction

‘The Helvellaceae comprise a diverse array of macroscopic discomycetes. The family
has a global distribution but reaches its peak of diversity in northem temperate regions.
Apothecia vary from simple cupulate to complex, lobed or convoluted and may be sessile
or stipitate. Some attain considerable size, being among the largest fruiting bodies
produced by ascomycetes of any kind (c.g., the “false morcls” Gyromitra gigas, G.
esculenta). Some species are mycorrhizal, while others are saprophytic or parasitic.

aprophytic species occur on a variety of substrata including soil, coniferous and
deciduous litter, and rotted wood. Rhizina undulata is a serious pathogen of conifer
seedlings in northwestern North America.

“This monograph focuses on epigeous taxa and hypogeous taxa with chambered
ascocarps (except Barssia linked to Helvellaceae by Kimbrough ef al. 1996) of northern
and northwestern North America and presents a comprehensive family outline (Table 1)
Taxa with a solid or veined ascocarp interior were not considered in detail due to the
limitations of the project.

ily characters were reviewed by Dissing (1972) and Harmaja (1969a, 1974a,
1976b), and have been discussed briefly in comprehensive works on Pezizales (Eckblad
1968; Korf 1972, 1973a; Trappe 1979). Monographs have focussed on genera (e.g.,
Dissing 1966b; Weber 1972; Zhang and Minter 1989b), have treated the genera in a more
restricted sense than accepted here (McKnight 1969; Kempton and Wells 1973), or have
considered only a selection of specics within a gemus (¢.2.. McKnight 1971, 1973;
Hammju 1969b, 1977a, b, 197924 b).
e literature concerning the Helvellaceae in North America is abundant (c.g
chcr 1972 1975; McKnight 1969, 1971, 1973; Kempton and Wells 1970, 1973
Ginns 1968, 1974a, b, <, d, ¢, 1975 Abbott and Currah 1988; Callan 1990; Anderson
and Ickis 1921; Pfister 1980; Scaver 1921; Morse 1945; Kanouse 1946; Groves and
Hoare 1953; Dissing and Lange 1967; Harmaja 1981; Gilkey 1916, 1930, 1047, 1954,
only a few authors have concentrated on material from the arctic, coastal, boreal,
montane,and alpine regions in ou study res (Kempton and Wells 1970, 1973; Abbor
and Curah 1988; Weber 1975). Additional reports occur in floristic accounts from the
a (c.g., Larsen and Denison 1978; Abbott and Currah 1989; Currah er al. 1989;
Schalkuryik 1977; Snyder 1936; Kanouse 1047, Hawker 1968b; Cummins 1930; Zeller
1927; Fogel and Trappe 1976; Fogel 1976; Groves and Hoare 1954; Huhtinen 1984;
Hutchison er al. 1988) or in collections listed in broader taxonomic treatments dealing
primarily with restricted groups of taxa and often extralimital material (e.g., Pfister 1980;
Gilkey 1947, Hamnaja 1979a; Ginns 1974a, b, c; McKnight 1969, 1971 Seaver 1921,
 1945; Kanouse 1949).

ety ( =Felvela, orthographic variant) was erected by Linnaeus in 1753 to
accommodate Elvela mitra (=Helvella e of Frics, 1823). Linaeus cied P.A
Michel 1729, Nova Plantarum Genera 2 7 (=H. crispa) and Valliant,

1727, Botanicon Parisienne 57, Pl 13, n;, T CH nceisiulam), e oo evords of
specics from this family. The Elvellaceae were established by Fries in 1823 an
published as Helvellaceae by Dumorticr in 1829 and Corda in'1842. Fries restricted the
family to stipitate taxa including Morchella and Leotia. Taxa treated by Fries (1821-1832,
Systema_Mycologicum) are sanctioned under the Intemational Code of Botanical
Nomenclature (ICBN Articles 13.1 and 15.1: Greuter et al. 1994) and established names
for two genera (Helvella and Rhizina) as well as epithets for Helvella crispa, H.
lacunosa, H. acetabulum, H. macropus, H. atra, H. pezizoides, H. elastica, Gyromitra
esculenta, G. infula, G. caroliniana, G. perlata, and Rhizina undulata. Although Fries
distributed these specics among Helvella, Morchella, Rhizina, and Peziza, he clearly
recognized the affinities among these various species. The first three genera were placed
in his broadly conceived Elvellaceae, with the cupulate forms in the tribe Helvelloidea: of
the Pezizaccac where affinity with Helvella and Rhizina was noted. Many taxa included
by Fries originated in the earlier works of Linnaeus (1753), Schaeffer (1762-1774),




3

Soopoll (1772), Aflivs (1783), Bullaed (1780-1798), Persoon (1 796, 1800),
Holmskjold (1790), and Bosc (18
Gyromitra and Hebvella e cnrn“dcred separate genera by Fries in 1849 although
this was not universally ©.g., Seaver 1928; Kanouse 1946). Quélet (1873),
Cooke (1878). and Gillet (1379) adopicd lhe two genus concept for these taxa. Frics
(1849) also separated the cupulate species of Gyromitra from Peziza placing them in the
genus Discina, Quélet (1873) and s (1881-1900) still retained many cupulate
taxa in the genus Pezi
 Anothes Classification was proposed by Boudier (1885, 1907) and was based, in
1t on earlier works of Fries (1849) and Fuckel (1869). Three of Boudier's ten genera
(Boudicr 1907), namely Helvell, Gyromitra, and Rhizina, are used here while the
others at least reinforce the ition of taxa we have defined as subgenera. In
Helvella, we include Boudier's Helvella, Leptopodia, Cyathipodia, Acetabula,
Macropodia, and Wynnella. The genus Gyromitra ncludes Gyromitra, Physomitra, and
Discina. Rhizina was accepted as monotypic by Boudier in agreement with the concept of
Fries (1823). Boudier's genus names which embody a narrow concept of genera defined
on the basis of ascomatal morphology are used by both Dennis (1981) and Breitenbach
and Keanzlin (1981)
broader approach was initiated by Quélet in 1886 and later supported by Nannfeldt
(1937 see below) who felt that variation in ascocarp morphology was too substantial to
be considered a feature of taxonomic value at the generic level. Broad generic concepts
e been adopted by many recent authors including Dissing (1966b), Weber (1972),
Harmaja(l969a 1974a), and Kimbrough et al. (1990).
The remaining epigeous genera of Helvellaceac include Underwoodia, established by
Peck in 1890, and Pseudorhizina, erected by Jacevskij in 1913.
 affinity of indehiscent hypogeous taxa, many considered Tuberales sensu Korf
wma), to the Helvellaceae was suggested by Trappe (1979). Genera which have been
alled 10 the Helvellaceae include: Choiromyces and Balsamia described in 1831 by
Vitiadini; Hydnotrya, described in 1846 by Berkelcy and Broome; Barssia des
Gilkey in 1925; Fischerula described in [928 by Mattirolo; Dingleya described in o7y
by Trope: G described in 1989 by Trappe; Gymnohydnotrya described in 1989 by
Zhang and Mint

T concept of the Helvellaceae accepted by us, i founded on the concept ou&lmed
by Nannfeldt (1937) wh red the unique a unifying feat

e family. Ascospores also have ou reserves, visible as Iargc guttules (upm dmplr:ls fde
Gibson and Kimbrough 1988a, b; Kimbrough er al. 1990). This cor
adopted by Dissing (1966b), Harma]a (1976b), Korf(l?72), Kvmbmugh (1970 1991).
and Eriksson and Hawksworth (1993). Kimbrough and others (Gibson and Kimbrough
1988a, b; Kimbrough and Gibson 1989; Kimbrough et al. 1990; Kimbrough 1991) have
illustrated the uniformity of ascospore ontogeny and septal structures among epigeous
taxa of the Helvellaceae.

etranucleate ascospores support the inclusion of the hypogeous taxa Hydnotrya,

Gymnohydnotrya, Choiromyces, Barssia, and Balsamia (Berthet 1982; Zhang and
Minter 1989, b; Eriksson and Hawksworth 1989, Zhang 1991; Klmbmugh etal. 1996
Donadini 1986b). Cazia, Fischerula, and Dingleya were considered possible members of
the Helvellaceae based on morphological grounds (Trappe 1975b, 1979, 1989), but
recent investigations have excluded them from the family (Trappe et al. 1992; Trappe
pers. c




Materials and methods

The study region includes arctic, coastal, boreal, parkland, prairie, montane, and
alpine areas of northwestern North America. The boundaries encompass Yukon Tcmmry
(YT), Northwest Territories (NWT), British Columbia (BC), Alberta
Saskatchewan (SK), Manitoba (MB), Alaska (AK), Washington (WA), Idaho (ID)
Montana (MT), Oregon (OR), and Wyoming (WY). Collections were made at boreal,
parkland, montane, and alpine sites in the interior northwest (Alberta, British Columbia,
Yukon).

Over 2,500 specimens were examined and included collections from within the study

a, type material and selected extralimital collections. New collections were made
Guring 1987-1996. Most were photographed in situ using Kodacolor 400 ASA.film but
some were photographed in the laboratory using a copy stand with Ektachrome 100 ASA
film. Macroscopic features of fresh specimens were deseribed within six_hours of
Collection. Spocimens were air dredl and packaged with dichlorobenzene crysials i
plastic bagsand then boxed. Macroscopc observations and measurements reported here

were from dried xcept where noted. Herbarium material was supplied by
ATTABPL.C. CFB, cup DAOM, DAVFP, H, IMI, K, L, MICH, MU, NY, NYS,
0, OULU, PC, PRC, S, TRTC, TUR, UAMH, UBC, UPS. UVIC, WIN. WSP, and
WTU (acronyms follow Holmgren et al. 1981, Index Herbariorum). In addition,
material was obtained from the private herbaria of Abbott(SA), Dariclson (RMD), Wels
and Kempton (WK), and Krisansen (RK). The Daniclson collscions nd the mjorty
o1 Abbot colloctions are now deposted in ALTA; a few specimens ffom the Abbott
collcton re deposited n UAMH and K. Collectionsat OSC and MICH from witin the

tudy area were not examined due to cunsmmv.s in time and resot

Microscopic details of the hymenium and ascospores Were observed from dried
material rehydrated in distlled water. Squash mounts n distilled water were sed
primarily, but some additional mounts were made in 5% KOH, Melzer's reagent (Groves
1962), o lactophenol Cotion Blue (distiled watcr 20 ml, lctc scid 20 ml, phercl

tals 20 g, Cotton Blue 0.05 g, glycerol 40 ml). Measurements were

Goular micrometer using distilled water mounts and an Olympus bright- ﬁeld hgh(
microscope. Spore measurements are of mature spores including all ormamentation, and
spores of unusually small or large size are in parentheses. Apothecial cross-sections were
made with a freezing microtome and mounted in distilled water. De Barry bubbles were
observed in KOH, Melzer’s Reagent or lactophenol Cotton Blug mounts. Ascospore
nuclei were stained via the Feulgen reaction with Schiffs reagent (Ostergren and Heneen
1962).
SEM observations of ascospores were made using air-dried fragments of apothecia
mounted with a double sided adhesive. A double coating of gold-paladium, applied with
a Nanotech sputter coater, was the only pretreatment used before specimens were
amined and photogrsphed with a Cambridge 250 SEM. Only ascospores which had

ed and were adhering 1o the excipular surface were examined, except for
Hydnmrya for which apothecil tissue was crushed 0 iberse or expose the scospores
Observations of hymenium and excipulum used fresh apothecial tissue fixed in 4%
glutaraldehyde in 0.07 M sodium phosphate buffer, rinsed in buffer, and postfixed in
bullered osmiumttroxide. Tissuc was dehydrated i radod seris of acctore from 70
10 100%, placed in a 1:1 ratio solution of acetone:Peldri 11 for one hour, and then
immersed jn 100% Peldsi 1 for another hour before drying (Kennedy et al. 1980).

Culturing of some species was attempted by placing tissue explants  and/or
ascospores on agar media and incubating al room temperaturc (20-24°C). Media included
Potato Dexlmse ‘Agar (PDA; Difco), Phytone Yeast Extract agar (PYE; Difco), Nobles'
Malt Agar (NMA; 12.5 g malt extract, 20 g agar, 1000 ml water), and Commeal Agar
e leco)\ wih and without. antibiotics andor chalk Cultires are deposited in




Characters and their use in systematics

Delimition of the twxa of the Helvelacese requires consideraton of both
‘macroscopic and microscopic characters. Some of these may vary in importance among
v and esites Of chatamters, tay, differ from taxon o toan depending on Which
characters show the most stability. The following is an assessment of the usefulness of

ditional features such as fruitbody size, shape, colour, etc., microscopic characters,
and an evaluation of the taxonomic potential of more recent data from scanning electron
‘microscopy.

Macroscopic characters (Figs. 1-17). Apothecial size varies from a few
‘millimetres in some species of Helvella (.g., H. rivularis)(Fig. 10) to 20 cm in species
of Gyromitra (e.g., G. esculenta) and Pseudorhizina (c.g., P californica)(Fig. 13).

s ofien been used for taxonomic purposes, but
delimitation of genera and species should allow for considerable variation. For example,
cupulate species (Figs. 2b-c, 3a-e, 9-11) were placed in separate genera from those with
auricloid(rect, clongate, one-sided apothecia remiiscent of @ rabbit's can(Fi, db-c)
or imegularly lobed apothecia (Fig. la-b, 2a, 6-8, 13, 14). However, there is a
morphelogical gradation fiom simple  cupute forms o speccs with more claboraely
folded or convoluted and reflexed apothecia. Specics in the genera Helvella, Gyromitra,
and Pseudorhizina may have saddle-shaped or bilobate (Fig. 8) apothecia. These species
also exhiit simple convex, trilobate, or egulary lobed spotheci, ofin in the same
collection with bilobate forms. Auriculoid apothecia are known in only one species
(Helvela sibvicola)(Fig. 4, but strongly onc.sided cupulate forms ¢ also Known i
other members of the genus (e.g., H. leucomelaena).

‘The apothecial margin is also useful for distinguishing among species. In Helvella,
the margin can b strongly inrolled over the hymenium when immature and gradually
expands with age (e.g., H. maculata, H. compressa, H. crispa)(Figs. 6, 7). In contrast,
H, lacunosa and H. elastica are reflexed towards the stipe when young (Figs. Sb, 8) and

often become fused to the stipe at maturity. Margin characters are not significant at the
subgenus level in Helvella (see the sections of Dissing 1966b and Weber 1972). There is
a m inrolled to reflexed in several groups of related species (i.e., from
strongly inrolled to incurved to reflexed in the £. compressa, H. albella, H. elasiica
group, and the . crivpa, H. fusca, H. lacunosa group). Spocies of Gyromina are
Similar, with the cupulate spec . perlata) typically having a strongly inrolled
margin initially (Fig. 2¢), hile stipitae specics (e 8. G infule) ahways have 3 reflexed
il margin (Fig. 1) typicaly ingrown wih Stpe tissuc. Rhizina is simiar to
sessile cupulate members of Gyromitra, but the apothecium is sessile and discoid or
somewhat lmgnlur at all sages. 1t s unique in its indeterminate marginal growth and
specics alvays have @ strongly reflxed
apolh S margin which initially s rolled over the xipular surface on the underside of
the apothecium (Figs. 13, 14). The margin typically remains free. Species of
Underwoodia are unique in that the apothecium is fused over the entire surface o the
apical region of the stipe (Fig. 12). Fusion may occur in Helvella and Gyromirra (c.g.,
unosa, G. esculenta), but only at intervals along the apothecial margin. In
Hydnoirya,th sesil uscocap i nitall a subglobose or sparingly inflded siucure
with the hymenium lining the intemal surface (Fig. 17). As development connn\lcs e
2scocarp becomes highly infolded creating mimerous internal charmbers 16).
margin in species of Hydnotrya is often entirely fused to form an neiosed fnlmng body
at maturity, but may be only partially fused at the base of the ascocarp in immaturc
stages.

“The hymenium may be smooth, undul ngly
Cupulate species of Helvella and Gyromitra are typically smooth (Figs. 2b, 3a, 4, 9.
10), especially when young (c.g.. H. chinensis, G. olympiana), but most species
slightly to strongly are unrlulale rugose at maturity (Figs. 1, 2a, 5-8, 13, 14), and a few
Specics in Gyromira (6.8, G. esculenia) are strongly Gamvoluted-rugose.




The excipular surface is typically smooth (Figs. 2b, 3a, 4a, 9), but may have distinct
ribs continuous with those of the stipe (Figs. 3¢, 11, 14b). The presence and degree of
ribbing on the excipular surface is of taxonomic value at the species level.

‘Apothecia may be sessile, subsessile, or prominently stipitate. Helvella and
Gyromitra contain both sessile and stipitate forms. This feature has used o
subdivide these taxa into several genera, but like apothecial shape, this feature also
shows a progression from sessile through subsessile or indistinctly stipitate to distinctly
stipitate and is not useful for generic delimitation (Harmaja 1969a; Donadini 1983). Stipe
development is relatively constant within species, but some taxa (.g., H. leucomelaena)
may vary from subsessile to short stipitate, even within a single collection. Stipes of
Helvella may be slender and terete (e.g., H. macropus, H. elastica)(Figs. Sb-c, 9),
sulcate, fluted or ribbed (e.g., H. solitaria, H. leucomelaena)(Fig. 3a-b), or highly
ribbed with anastomosis between ribs (c.g., H. crispa, H. costfera)(Figs. 3e, 8).
Internal stipe construction may be solid (e.g.. H. corium, H. verruculosa), hollow (e.g.,
H. elastica), or highly chambered (e.g., H. crispa, H. lacunosa). These features are
generally constant within species, but may vary. For example, H. solitaria usually has a
sparingly ribbed, solid stipe, but some are only slightly fluted while others are highly
ribbed with occasional anasomosis between ribs and may have a few intemal chambers.
Stipitate species of Gyromitra have stipes which are infolded or less frequently terete
(Fig. 1a), and are intemally solid or chambered. Pseudorhizina species are prominently
stipitate with strongly ribbed, solid or chambered stipes (Figs. 13, 14). Underwoodia
stipes are prominently ribbed and chambered (Fig. 12). Hydnotrya species are sessile
(Figs. 15-17)

Most members of the Helvellaceae are shades of grey and' brown. In Helvella,

enia are white (c.g., H. laciea, H. crispa)(Fig. 6) o black (e.g., H. corium, H.
atra)(Fig. 5a, 8). Reddish browns oceur in several species of Gyromitra (G. esculenta),
Helvella (H. silvicola), and Hydnotrya (H. tulasnei). Bright yellow brown or orange
brown pigmentation is seen in some members of Gyromitra (€.g., G. leucoxantha) and
Hydnotrya (c.g.. H. variiformis). Excipular pigmentation is frequently paler than the
hymenium (Fig. 2b, 7). White o cream excipular surfaces are common in Helvella,
Gyromitra, Pseudorhizina, and Rhizina. The stipe is concolourous with the excipular
surface, or paler, with the basal region usually white or pallid. Some species of
Gyromitra (¢.g.. G. ambigua, G. esculenta) and species of Pseudorhizina have purplish
red tints on the stipe. A mottled hymenium is evident in some specimens (e.g., Helvella
maculata, Gyromitra esculenta), but is not diagnostic.

Vestiture (or lack thercof) on the excipular surface and stipe varies with development
and between collections, but is constant enough to be important at the species level. For
example, the species of Helvella vary from glabrous through pubescent (o villose. H.
latispora and H. albella are finely pubescent initially, but may be nearly glabrous by
maturity. Some variation occurs between the excipulum and stipe. Helvella aira, for
example, has a glabrous excipulum, but a finely pubescent stipe. Some species (c.g., /1.
corium, H. verruculosa) or individual specimens are often most densely pubescent at the
margin, and have progressively finer vestiture towards the base and on the stipe.
Variation is frequently seen in arctic and alpine species which have heavier vestiture in
arctic regions than in temperate regions. Correlated with this is the presence of a white
marginal region (Fig. 11a). The white margin is composed of fascicles of hyaline hyphal
hairs and sometimes crystalline, probably calcium, deposits (Harmaja 1977b) (e.g., H.
corium, H. verruculosa, and H. aestivalis). This feature has been used to subdivide
species into several axa (Nannfeld: 1937; Dissing 1964), but is not considered to have
taxonomic value here since it likely reflects environmental rather than genetic differences.
Vestiture in other genera is more uniform, and therefore of less use in defining specs
Gyromitra species initially have a loose weft-like pubescence, but this often disappears at
maturity.

Apothecium flesh is brittle in all specics. Gyromitra species have thick flesh (2-5
mm), while Helvella and Pseudorhizina species have thin flesh (1-2 mm). Odour is
usually indistinct in Helvellaceae, but is noticeable in dried ascocarps of H. silvicola and
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strong in fresh specimens of at least some species of Hydnotrya. Strong odour in
hypogeous species is associated with dispersal by mammals.

i pic cha x and from light P
(LM) were from distilled water mounts. McKnight (1968) reports alteration of spore
size, shape, apiculation, and surface omamentation in Gyromira subgenus Discina when
viewed in KOH, a commonly used rehydrant. KOH mounts are useful for observation of
setoid paraphyses of Helvella crassitunicata. Some microscopic features of the
hymenium and excipulum are presented in Figs. 18-

“The apothecium is divided into hymenium, subhymenium, medullary excipulum, and
ectal excipulum (terminology following Korf 1973a)(Fig. 20), bul a distinct ectal
excipulum layer is not found in some taxa, and the subhymenium may be indistinct (Fig.
19). Excipulum anatomy has been used t0 delimit genera and species (Dissing 1966b;
Harmaja 1977b, 1979; Weber 1972; Eckblad 1968). We agree that this character is of
great value in the recognition of tribes and genera within the family, but the thickness and
pigmentation of tissue layers are highly variable and of limited use to delimit species (in
agreement with Haffner 1987). The ectal excipulum is morphologically distinct from the
medullary tissue in Hebvella (Fig. 20), Underwoodia, and Hydnotrya. The medullary
layer is fextura intricata while the cctal_excipulum is teura angularis o textura
prismatica (terminology following Korf 1973a). The pubescence on the excipular surface
of Helvella is composed of chains of cells and/or fascicled hyphal chains extending from
the cctal excipulum (Fig. 18). In Gyromitra, Pseudorhizina, and Rhizina, the excipulum
is textura intricata throughout, and is not divided into distinct medullary and ectal layers
(Fig. 19) at maturity. The pubescence in some species of these genera is made up of
undifferentiated protruding hyphac or an evanescent ectal excipulum present on immature
apothecia.

PO Asci are hyaline, octosporous and cylindrical (Fig. 27), and tapered below the
uniseriate ascospores (Figs. 23, 24). Some species of Hydnotrya (e.g.. H. tulasnei)
have clavate asci, especially when immature, with irregularly biseriate or clustered
ascospores. Asci range from 10 um diam. in Pseudorhizina to 30 um diam. in
Hydnotrya, and are usually 100-400 um long. The indehiscent asci in Hydnotrya
represent a derived feature associated with hypogeous fruiting. Hawker (1968b) and
Zhang (1991) have also observed operculi (Fig. 28) in Hydnotrya cerebriformis.

Much attention has been given to the structure of the ascal base and mode of ascus
development in Helvella (Weber 1972; Harmaja 1977a). Pleurorhynchous asci have a
forked ascus base (Fig. 23) originating from a crozier during ascus development, while
aporhynchous asci have a simple base (Fig. 24) from lack of a crozier during ascus
development (Weber 1972). This feature is best observed in KOH squash mounts of
immature asci and the feature is noted where taxonomically important. Differences have
been used to define sections within the genus (Weber 1972; Harmaja 1977a); however,
this feature may be variable. For cxample, H. aestivalis is described as_having
aporhynchous asci (Dissing 1983), but our observations clearly show croziers (Fig. 23).

asci (H. inicata, and H.

If the’ species with (H : 2
oblongispora) are more closely related to each other than to other species in our subgenus
Leucomelaenae, this feature would support the recognition of the section Leucomelaenae
sensu stricto within our subgenus.

araphyses are prominent in all taxa (Figs. 21, 27). Paraphyses are thin-walled,
approximately the same length as asci, and range from 3-11 um diam. at the apex. The
broadest paraphyses are scen in species of Gyromitra, while Hydnotrya species tend to
have slender paraphyses. Clavate paraphyses are typical (Fig. 27). and are gradually to
abruptly enlarged at the apex. Paraphyses may be hyaline or strongly pigmented. In
Gyromitra, the apical cells contain coarse pigmented granules, while in Helvella the
contents are finely granular o nearly homogencous. Some species (c.g.. Rhizina
undulata) have an extracellular pigmented matrix around the apex of the paraphyses.
Helvella crassitunicata has. thick-walled paraphyses similar t0 the setac of Rhizina




8

undulata (terminology following Fitzpatrick 1917). Setac are aseptate with brown wall
plgmcmzuon (Fig. 22), and arise in excipular tissue below the hymenium.
Ascospore size varies from approximately 10 to 50 um in length and spore shape
s from globose, subglobose, broadly ellipsoidal, ellipsoidal, subfusoidal, to
Tusoidal. Peeudorhicna sphaernspora s the. only epigeous. species with. globose
ascospores, and thesc are the smallest (8.5-10 um diam.) in the family. Most species of
Helvella have broadly ellipsoidal spores, but one  subgenus (Macropodes) has
subfusoidal spores. Gyromitra species have ellipsoidal o fusoidal spores up to 40 pm
long, and spore shape and size are diagnostic for subgenera of the genus. The large,
fusoidal ascospores of Rhizina are similar to species in the subgenus Discina of
Gymmura ‘Ascospores of Hydnotrya species are the largest in the family at 25-55 pm
am., and are globose to broadly cilipsoidal.
Spore size 1 quite variable within species and individual ascocarps. Spore length
may vary over a range of 2-10 um within species or collections. Kempton and Wells
(1973) reported that spore size varied in individual ascocarps of Gyromitra esculenta
over a six week perlod with carly spores lihly amalle than later $porcs and that
different regions of the hymenium on individual ascocarps matured at different times.
Donadini (1986a) observed that submature but viable spores of some Gyromitra species

are often cieted from the asci Harmaa (19770) reported that in Helvella submature
Spores withn e a¢], were oftn slightly Jarger than fuly matue ciected ascospores
Ditsing and Nanafeld: (1966) and Harmaja (1977b) reported that abnormally large

spores (macrospores) sometimes occur and this has been ebofmed i i study. Spore
Volume may be somewhat more constant than spore dimensions (i.¢., the longest spores
are often the narrowest and vice versa). All ascospores are hyaline and thin-walled with
the exception of Hydnotrya which has a thickened epispore. Spore omamentation s an

important charcte but i diffclt o ascss with the light microscope (sce SEM notes
below). By LM, spores of Helvella are smooth; the verruculose spores of subgenus
Macropodos excepted. Specics of Gyromitra vary from smooth 1o distinely warted,
roughened, or reticulate. The large nodulose warts visible on ascospores of
Underwoodia are diagnostic at the generic level. Hydnotrya spores appear greatly
thickened with a nearly smooth, nodulose, or echinate surface. The presence or absence
of spore apiculi s diagnostic a the specific, subgeneric, and/or generic levels, but may
be variable in some taxa. Spores of many species of Gyromitra and Rhizina appear
apiculate in water mounts, while all species of Helvella, Underwoodia, and
Pseudorhizina lack apiculi. One species of Hydnotrya, H. cubispora, has ascospores
with a thickened aplcal region which may appear apiculate.

Ascospores of Helvellaceac contain large lipid reserves (Gibson and Kimbrough
1988a, b; Kimbrough er al. 1990), and variation in the number and distribution of
guttulds is useful. Species of Helvella, for example, have a large central subglobose
‘guttule, while species of Gyromitra in subgenera Gyromitra and Melaleucoides have two
smaller globose guttules. Most Helvellaceae lack de Bary bubbles (Dodge 1957), but
they were observed in a small proportion of the spores mounted in KOH, Melzer's
Reagent or Cotton Blue in Gyromitra melaleucoides, G. infula, Pseudorhizina
sphaerospora (Fig. 26b), P. calformics, Rhzia, udiaa (Fi, 260, Hydiompa
(‘zmhn/ s, and H.variformis. Harmaja (1973, 1974c) suggeststhat d Bary bubbles

ba important at the gencric level, but varigbility limits their use. For example
Hammaja (19740) mpﬂrls rare de Bary bubbles in Gyromitra ambigua, but lacking in
Riizing undulata. Ascospores possess  cyanophilc (decply saned in Coton Blue)
perispore at maturity with the exception of Pseudorhizina. This character is importan
the generic levl (Harmaja 1974) and i usefl n oher geners of Pezials Tarmaja
1974d; Egger pers. comm.). The ascospores of Helvellaceae contain four nuclei at
maturity (Harmaja 1976: PAster 1980: Berthet 1982: Donadini 1986b; Kimbrough et al.
1990, 1996; Zhang and Minter 1989a,b). We have confirmed this in Pseudorhizina
sphacrospora, Helvella crispa, and Hydnotrya cerebriformis.
SEM observations on spores of Helvellaceae, including the genera Helvella,
Underwoodia, Gyromitra, Pseudorhizina, Rhizina, Hydnotrya, and Gymnohydnotrya
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indicated spore wall features are useful (McKnight and Batra 1974; McKnight 1973;
Dissing 1972; Harmaja 1976d; Donadini 1986a; Trappe 1976; Zhang and Minter 1989a,
b). We have examined with the SEM spores of all species described here. The results
have taxonomic value at the generic, subgeneric, and specific levels in various taxa of the
family but must be interpreted cautiously. Variation among species is often no greater
than that among individuals of the same species and often cannot be used as a primary
means of species identification. Intraspecific variation in spore omamentation between
different coletions andor difernt spores from the same ascocarp s atnbuted primaly
1o ascospore maturity (see notes below). For this reason, it is necessary 1o

the parameters for selecting spores for measurement and description. In our “work, we
Condared sscompores masiee f ey had been Gecied (in pigcous forme) and werc
adhering to the excipulum. Hypogeous taxa were studied by crushing apothecial tissue
on a stub; spores were considered mature if they had well developed oramentation.
Figs. 29-64 show the diversity of ascospore ornamentation and apiculation with the
SEM.

nly Gyromira has been studid inensively by SEM. MeKnight and Bara (1974)
divided specics into three groups based on ascospore morphology. They reci
closely relatod specis had simular morphology, but e spore ExoUPS o not correspond
to the subgenera proposed here. In a more comprehensive study, Donadini (1986a)
discussd th variationin spore ermamentation of th genus. He shovwed that submature
spores typically have a finer, less devel
submature spores are often ejected from the asci before development is complete. This is
significant in the interpretation of the observations by McKnight and Batra (1974) and
Harmaja (1976d). Harmaja (1976d) describes G. montana as having less omamentation
than G. gigas and used this character to separate the taxa. Our observations show a
similar degree of variation in omamentation in collections referable to both taxa sensu
Harmaja (Figs. 35-38). A similar situation occurred in the work of McKnight and Batra
(1974) who scparscd weakly and strongly omamented spores of G gigas (a5 G. gigus
and G. fastigiata respectively) and G. leucoxantha (as Di i and D. leucoxantha
respeciively). Examination of the holotype of G. laryi ‘ficates T i mn iromature
specimen of G. leucoxantha. Recognition of the variation in spore morphology (and
correlation with other features) permits the division of Gyromitra sensu lato into four
eubgeners, Subgonus Gyromitra has spores with Bncly rugose peHspore ormameatation,
only slightly inflated apiculi if present (Figs. 29, 30), and corresponds to McKnight and
Batra's (1974) Group | (although they also include a species of Pseudorhizina).
Subgenus Discina has finely to distinctly rugose submature spores (Figs. 31, 36, 37),
often with a distinct, irregular reticulum in mature spores (Figs. 33, 34, 38). Inflated
spore apicul are present and may be well developed (Figs. 31, 33:33) or reduced in
some spesis or individua spores (Figs. 32, 37, 38), This subgenus includes species in
Group 2 and some species from Group 3 of McKnight and Batra (1974). Subgenus
Cavolniana displays regular, widkly spaced retcula and prominent spicules 3t the apices
of ascospores (Fig. 39). Submature spores may be weakly omamented as in subgenus
Discu, bt vidence of the i and sl s ialy preicnt. Sperics s

subgenus are referred to Group 3 of McKnight and Batra (1974). The fundamental
difference between species with an egular, losely spaced reculum and solary
inflated apiculi and those with a regular, widely spaced reticulum and multiple apical

picules was not recognized whenMeKnight and Baira includcd all species i a
reticulum in Group 3. The apicul of specics inth subgenus Discing are inflated regions
of ispore which often have some rugosity extending onto the apiculus surface,
Shils th apical spicules of the subgenus Caroliniana are projections continuous with the
reticulum. Subgenus Melaleucoides has a distinctive patter of omamentation separating

it from all ol.h:rs in the genus; the rough omamentation visible with the LM is of isolated

wars (Fig. 40).
Pseudorhizina species have finely rugose spores (Fig. 41). This omamentation is
most similar (o specics in Helvella and Gyromitra subgenus Gyromira, although even
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less pronounced, and lead McKnight and Batra (1974) to include species of this genus in
their Group 1.

The finely rugose ascospores of Rhizina undulata (Fig, 43) are similar to Gyromitra
ambigua and other species of Gyromitra (compare Figs. 29, 30, 37, 43). The apicular
striations (Fig. 44) are identical o G. perlata (Fig. 33) in subgenus Discina.

ospores of Helvella specics appear smooth by LM and with the SEM at lower
magnifications. At 1500X or greater, the finely rugose perispore is distinctive (Figs. 46,
49, and 50). The similarity in omamentation of /. silvicola (Fig. 51) with others in the
genus supports its inclusion in Helvella and rejection of the name Wynnella. The only
Helvella species with a different omamentation is H. macropus. The verruculose
ion by SEM consists of numerous short spines (Figs. 93-36). This feature, as
spore shape and guttulation, supports Haffner's (1987) separation of the
section Macropodes (sensu siricto), which is recognized as a distinct subgenus. Some
spores may appear finely rugose (Fig. 57)(or smooth by LM), similar to other Helvella
species, and probably represent submature spores.

Underwoodia has been synonymized with Helvella by some authors (Eckblad 1968
Harmaja 1974a), but unique ascospore omamentation supports its retention in a separate
genus. The spore is covered with irregular, broadly rounded, nodulose warts (Fig. 42).
The small pits in the perispore, noted by McKnight and Batra (1974), and the irreguler
cracking of the spore surface (Fig. 42), are not of taxonomic value.

Species in Hydnotrya fall into two distinct spore groups which are given recognition
at the subgenus level. Subgenus Hydnoirya has smooth spore walls which are
extensively thickened with an_adhering amiorphous epispore, often with a_ broadly
rounded or nodulose surface (Fig. 61). In subgenus Cerebriformae, the ascospores are
echinate with distinct projections of the spore wall extending from the surface (Fig. 64).
In Hydnotrya cerebriformis, the spore surface may be partially or completely covered
with an adhering matrix similar to that obscrved by Hawker (1968a) for Elaphomyces.
Spines are often aggregated by the adhering matrix, giving a warted or cracked
appearance (Fig. 63). Specics of Gymnohydnotrya also have echinate ascospores (Zhang
and Minter 1989b).

Ecology and The a wide variety of
trophic abilities. Gyromitra and Pseudorhizina are common on wood and other plant
debris and are assumed 10 be saprophytes (c.g., Benedix 1969), although G. infiula
might be a very weak pathogen (Egger and Paden 1986b). Some species of Gyromitra
are easily cultured (Abbott unpublished data; Roponen and Kreula 1978; Raudaskoski er
al. 1976; Egger and Paden 1986b; Groves and Hoare 1953) supporting the assumption
that they are saprophytic. Rhizina is pathogenic on conifer seedlings (Ginns 1968,
1974a; Sato et al. 1974; Morgan and Driver 1973; Morgan et al. 1974; Thies et al. 1977;
Egger and Paden 1986a; Callan 1990) and can be cultured also (Sato et al. 1974; Ginns
1974b; Egger and Paden 19863, b)

The trophic strategies of Helvella are unknown, although 1. crispa and H. corium,
as well as Gyromitra esculenta and G. infula, are listed as mycorrhizal in Maia et al
(1996) and Trappe (1971) based on literature reports. Smits'ka (1981) also lists Helvella
and Gyromitra as mycorrhizal. Mycorrhizal capabilities of H. lacunosa have been
described by Martinez-Amores et al. (1991). It has not been possible to culture species of
Helvella even though numerous attempls have been made (Abbott unpublished data;
Weber pers. comm.), although one putative culture of H. lacunosa (UAMH 6474) was
oblained from Europe. In general, the nutritional fastidiousness (Helvella and
Hydnotrya) and the lack of conidia (Gyromitra) in the Helvellaceae may be evidence
supporting mycorrhizal tendencies (Hutchison 1989). Hypogeous species are probably
ectomycorthizal with coniferous and deciduous trees (Maia ez al. 1996), but experimental
evidence is lacking (Trappe 1971). The recent collections of Hydnotrya cubispora, an

Corth American species, from non-native European plantations of Picea, also
indicates a mycorrhizal relationship with conifers (Pegler et al. 1993).
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Species exhibit some seasonality with respect to fruiting with some being vernal
(e.¢.. Gyromitra esculenta, G. perlata, Helvella leucomelaena) others autumnal (c.g.,
Gyromitra infiula, Helvella lacunosa) and some, such as Helvella lacunosa, H. maculata,
H, compressa, and Gyromitra infiula, may fruit throughout the winter in coastal regions.
Some vemal species (c.g., Gyromitra gigas, G. olympiana) are often associated with
melting snowbanks. Fruiting body development may occur slowly (especially in
Gyromitra)(Kempton and Wells 1973; Jalkanen and Jalkanen 1981," 1984; Moravec
1966) and ascospores may mature at different times within different regions of individual
ascocarps (Kempton and Wells 1973; Donadini 1986a). Both tactics maximize
reproductive potential. Hypogeous species are dispersed primarily by rodents in addition
to other mammals and invertebrates which feed on the fruiting bodies (Fogel 1976).

With respect to biogeography, some species are restricted to arctic and alpine fundra
regions (e.g., Helvella aestivalis, H. verruculosa), while others are circumboreal,
occurring in similar habitats in Europe, Asia, and North America (e.g., Helvella crispa,
Gyromitra esculenta). Some are widely distributed in the northern hemisphere in a range
of habitats including deciduous and coniferous woods or tundra, and on soil, humus, or
rotted wood (e.g;, Helvella lacunosa, Gyromitra gigas). Others prefer specific substrata
such as wood (. izi leaf (Helvella macropus), or
mineral soil (H. leucomelaena). Many species of Helvella tend to fruit on calcareous soil
(Dissing 1966b; Petersen 1985; Abbott pers. obs.).

Geographic distribution can help delimit specics. Some species are endemic to
Europe or North America (c.g.. Gyromitra parma and Gyromitra melaleucoides
respectively), while others are widely distributed in northern temperate regions (e.g..
Helvella crispa, Hydnotrya tulasnei). A few have an even broader geographic range in
the northern and southern hemispheres (¢.g.. Helvella leucomelaena, H, chinensis). Few
have been described exclusively from montane tropical regions (e.g., Helvella papuensis
Dissing 1979).

Species endemic to the study area include Helvella robusta and H. crassitunicata, but
further collecting may expand this range. Several other species are restricted o western

o erica occur south of the study area (Gyromitra melaleucoides,
Pseudorhizina californica, Helvella compressa, and H. variiformis). The reported arcto-
tertiary disjunct distribution of Helvella maculata in northwestern North America and
China (Cao f al. 1990) is unique in the family.

Many closely related species arc sympatric (e.g., Helvella aceiabulum and H.
costifera) throughout their range, while others are partially sympatric, especially if one is
restricted in distribution (e.g., Helvella crispa and H. maculata).

Geographic distribution is useful in identification when two closely related species
are allopatric. For example, P. sphaerospora occurs in Europe, Asia and eastern North
America, while P. californica is only in western North America. The ranges of the two
species approach each other on ither side of the continental divide (Map 8). The species
of Underwoodia are unusually disjunct with each of the three species restricted to North
America, South America, and Australia respectively.

Morphologically distinct forms may oceur in different environmental regions and in
these cases it can be difficult to cvaluate taxonomic identity (i.e., whether the
morphological features are altered by different conditions, or if distinct species are
restricted to different habitats)(e.g.. Helvella palustris and H. lacunosa, Haffoer 1991).
Taxonomic problems lso arise from morphological differences seen between geographic
locations. For example, variations in G. gigas (sensu lato) in Europe, eastern North
America, and westem North America suggest possible taxonomic divergence, yet the
degree of overlap in morphology and distribution is great.
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Relationships within the Pezizales. The Helvellaceae are placed in the
Pezizales. Until recently this order was restricted to operculate taxa (e.g., Eckblad 1968;
Korf 1972) but a broader concept now includes taxa with indehiscent asci that are clearly
recent derivations from operculate forms (Trappe 1979; Eriksson and Hawksworth
1993). These include hypogeous members which were traditionally treated together
(Harkness 1899; Massee 1909) and often classified in the Tuberales (Gilkey 1916, 1939;
Hawker 1954, 1955, 1974; Korf 1973a). The Helvellaceae are among the few families in
the order (also Pezizaceae and Otidiaceae) that include both operculate epigeous and
indehiscent hypogeous taxa. Morphological ~similarities between epigeous and
hypogeous taxa indicate that the family is monophyletic, despite obvious differences in
ascus structure, The unified concept of the family is based on the presum
monophyletic origin of all taxa with tetranucleate ascospores.

 relationship of Helvellaceae (o other Pezizales is unclear. The family is
considered to be highly evolved because of the complex apothecia and tetranucleate
spores (Nannfeldt 1937; Eckblad 1968; Dissing 1966b). Taxa considered primitive
exhibit simple cupulate apothecia and uninucleate ascospores (Eckblad 1968). Korf
(1972, 1973a) places the Helvellaceac in the suborder Pezizineae along with the families
Pezizaceae, (sensu lato), and Ascobolaceac. This
suborder is distint from the i and
with suboperculate asci. Eckblad (1968) and Brummelen (1978) do not consider the two.
groups distinct subordinal taxa. The distinction is also not supported by Harmaja (1974c)
who' found that Sarcoscyphineac have perisporous ascospores, a characteristic also
found in many Pezizaceae, Helvellaceae, and Pyronemataceac (sensu lato)

The 'helvelloid’ taxa have been placed close to, and often in the same family with,
the ‘morchelloid" taxa (e.g., Fries 1823; Seaver 1928; Groves and Hoare 1953; Imai
1932, 1954). These groups are distinct because the Morchellaceae possesses
multinucleate rather than tetranucleate ascospores, and ascospores with extemal rather
than intemal oil guttules (Eckblad 1968; Korf 1972; Eriksson and Hawksworth 1993).
Smits’ka (1981) derives the Morchellaceae from the Helvellaceae. The similar exci
structure in the Morchellaceac and in Helvella (Eckblad 1968) may indicate relationship.
Samuelson (1978) reports that the ascal apices of Helvella and Morchella are also similar.
Nannfeldt (1937) and Eckblad (1968) suggest that the Morchellaceae and Helvellaceae
are monophyletic groups derived independently from less advanced members of the
Pezizales, and that the complex ascocarps are the result of parallel or convergent
evolution, However, given the diversity of species and genera in the Pezizales, it i likely
that the Helvellaceac and Morchellaceae are more closely related to cach other than to
other families, such as Pezizaceae or Sarcosomataceac.

Several genera have been suggested as possible ancestors of the Helvellaceae.
Nannfeldt (1937), Eckblad (1968), and Smits’ka (1981) suggest a close affinity
Helvella and Pustularia (=Tarzetta) based on similarities of excipulum, ascospores, and
paraphyses. Maas Geesteranus (1967) even included Pustularia in the Helvellacae.
Eckblad (1968) further suggested that the Helvellaceae (sensu Eckblad) is derived from

Otideaceae (sensu Eckblad containing Ofidea, Pustulina (=Tarzetta), Sowerbyella,
Geopyxis, and Ascosparassis), and he separates the Otideaceae from the polyphyletic
Pyronemataceae (supported by Kimbrough 1989). Benedix (1962) also suggests an
affinity with Geopyxis. Dissing (1966b) considers these taxa distant from the
Helvellaceae and was not able to suggest an ancestor. Recent transmission electron
microscope (TEM) studies by Kimbrough and Gibson (1990) have shown that the
structure of the ascus pore plugs and ascospore secondary wall in Geopyxis are most
similar to the Helvellaceae. The uninucleate ascospores which contain only small oil
reserves would exclude Tarzetta (=Pustularia, =Pustulina) and Geopyxis from the
Helvellaceae.

Eckblad (1968) considered the Helvellaceae (Helvella and others) and Rhizinaceac
(Gyromitra and others), as independent derivations from pezizoid ancestors. Smits’ka
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and Slavnaya (1978) and Harmaja (1969a, 1974b) also accepted the Helvellaceae and
Rhizinaceae although Harmaja (1976b) later included taxa of the Rhizinaceac in the
Helvellaceae. Harmaja (1974b) also subdivided the Helvellaceae sensu lato by erecting
the family izi © izina, but this has received litle
support (Eriksson and 1993). Our ion of ascospores
in P. sphaerospora supports the retention of Pseudorhizina in the Helvellaceae.

Smits’ka (1981) outlined different phylogenetic relationships among the genera:
cupulate species were retained in the Pezizaceae (semsu laio) as the genera Discina,
Acetabula, and Macropodia. The monotypic family Rhizinaceae (Rhizina) was derived
from Discina, The Helvellaceac (Helvella) was derived from both Macropodia and
Acetabula with Helvella giving rise to Gyromitra_and Helvellella
‘Although this scheme recognizes the relationship between Discina
Rhizina, it fails to note the even closer association of Discina and Gyromitra which are
relegated to different families. The views of Eckblad (1968), Harmaja (1974b), and
Smits'ka (1981) are untenable. Rather, the more unified concept of the family, as put
forth by Dissing (1966b, 1972), Rifai (1968), Kimbrough (1970, 1991), Korf (1973a),
Harmaja (1976b), Trappe (1979), and Eriksson and Hawksworth (1993), is supported

ere.

Relationships among genera. The subfamilies, genera and subgenera proposed
or accepted in this study are listed in Table 1.

‘The five epigeous genera of Helvellaceac accepted here are divided into two tribes,
Helvellea and Gyromitreae, considered monophyletic and sharing a common ancestor.
The Helvelleae includes Helvella and Underwoodia, while the Gyromitreae includes
Gyromitra, Pseudorhizina, and Rhizina. These tribes are distinct based primarily on the
structure of the excipulum and correspond to the families Helvellaceae and Rhizinaceae
of Eckblad (1968). The Gyromitreac is emended to include members of the Discineae of
Dissing (1966b) and Korf (1972, 1973a).

The hypogeous indehiscent gencra assigned to the Helvellaceae are Hydnoirya,
Gymnohydnotrya, Choiromyces, Balsamia, and Barssia. All have tetranucleate spores
(Berthet 1982; Donadini 1986b; Zhang and Minter 1989, b; Zhang 1991; Kimbrough et
al. 1996). The subfamilial placement of these taxa is unclear. While it may seem
justifiable to erect a tribe to accommodate the indehiscent, hypogeous taxa, it is possible
that the hypogeous ascocarp has evolved in both tribes. Further study of these genera is
needed to determine a phylogenetic placement; for now they should be considered as
genera incertae sedis at the tribe level. Morphological similarity between Helvella and
Hydnotrya has been noted by Korf (1973b) and Donadini (1983). Because species of
Helvellaceae tend to become folded or convoluted, they may have easily adapted 10 a
hypogeous existence, and the number of hypogeous genera included in Helvellaceae may
continue (o increase as relationships are recognized.

Within the Helvelleac, Helvella is considered closest to the basal taxon from which

tant genera are derived. Both Underwoodia and Hydnotrya have been assigned to
Helvella at one time or another (Eckblad 1968; Harmaja 1974; Donadini 1983; Eriksson
and Hawksworth 1993).

Eckblad (1968) and Harmaja (1974a) placed Underwoodia in Helvella but this is an
untenable placement. Underwoodia is distinet because it has no free excipular surface;
the excipulum is completely fused and continuous with the stipe tissue. The nodulose
ascospores were also ignored as a character of value at the genus level, but the siriking
difference in morphology clearly supports taxonomic separation. The uniformity in spore
morphology of all specics of Helvella examined in this study (including those of
subgenus Macropodes, see discussion in following section) is clearly diagnostic at the
generic level and supporis keeping Underwoodia separate from Helvella, although some
relationship to Helvella is indicated by excipulum anatomy and stipe morphology.

Hydnotrya was united with Helvella by Donadini (1983) on the basis of similarities
of excipulum structure and the hili i
Excipular structure is similar in all taxa of the Helvellaceae, and species typically lacking
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ctal excipulum at maturity may_have. an evaneseent el layer when immature
(Ham\ajn 1976b; McKnight 1969, 1971; Abbott unpublished data). The
excipulum in Hydnotrya michaelis as shown in Berthet (1982) and Kers (|989) i
distinct fmm Helvella as depicted in Eckblad (196K), Dlsslng (1966b), and Dissing and
Sivertsen (1980). Considering that a single guttule in a globose or broadly ellipsoidal
spore (w0 coual szed guttules in a narrowly clipsoidal spore and three, with Targest
tral guttule, in a fusoidal spore) is a physically efficient way of storing lipids

(Hzrmaja 1973), guttule number should not be relied upon as an indicator of
phylogenetic relatedness. Some members of the Gyromitreae (e.g., Pseudorhizina
sphaerospora, Gyromitra_gigas) may also have unigutwulate spores. Cyanophilic

perispore-periplasm structure of mature ascospores was demonstrated by Harmaja
C19740) for Helvella, Gyromitra, and Rhizing, and is reported here for Hydnoirya. This
feature, although absent in Pseudorhizina, is common in the Helvellaceae and does not
necessarily imply relatedness between Hydnotrya and Helvella. A more convincing link
between these two taxa is found in the description of Helvella astieri by Korf (1973b).
Although we have not examined the or other specimens, the description and
illustrations show similarities to both Helvella and Hydnotrya. The decision to place this
specics in Helvella was based on the functional operculum, although the gross
morphology of the ascocarp is more similar to Hydnotrya. In our opinion, the presence
versus absence of a functional operculum is taxonomicaily significant at the generic level,
which corresponds o the current recognition of genera by Eriksson and Hawksworth
(1993) and Egger (pers. comm.). The discovery of H. astiri is also of great importance
in assessing the direction of evolution in Helvellaceae. Because an enclosed 'sparassoid’
ascocarp has no need for a functional operculum, it can be concluded that the dehiscence
mechanism is retained from its ancestry. It is thus apparent that the indehiscent asci of
hypogeous ‘sparassoid species represents a loss and that those species are more derived
than those with functional operculate asci. The presence of an operculum in Hydnotrya
cerebriformis (Fig. 28), although it is apparently not functional, also supports the
deriyaton of hypogeous txa from epigeous one

n the Gyromitreae, the relationship of Rhizina to members of Gyromitra (e.g..

G. amb:gua and G. perlaia), is suggested by similarities in ascospore size, shape,
apiculation, and omamentation. Rhizina is retained as a distinct, taxonomically isolated
genus on the basis of the indeterminate growth in the margin, the presence of rhizoids
continuous with the excipular surface, the presence of setae in the hymenium, and its
pathogenic habit. These are specialized evolutionary traits and Rhizina is therefore a
highly derived genus.

‘The phylogenctic relationship between Gyromitra and Pseudorhizina is less clear.
The two genera were oftn placed in the same genus (g, MeKnight and Batrs 1974
Korf 1973a), but the differences in perispore staining and spore guttulation discussed by
Harmaja (1974b) support the retention of Pseudorhizina. In Pseudor
apothecium flesh is thinner than in Gyromitra, and the mxrgln is typi
prominently ribbed stipe. The structure of the excipulum is distincitive but similar o
other genera of the Gyromitreae.

Subgeneric taxa. The broad generic concepts in the Helvellaceae contain subsets
of closely related species. These subsets have been given the rank of section in Helvella
(c.g., Dissing 1966b; Weber 1972; Haffner 1987) and subgenus in Gyromitra (e.g.,
Harmaja 1973; Kimbrough ez al. 1990). In this work, the primary subdivisions of genera
are considered subgenera (sce Table 1), Subgencra are trated s & higher rank than
sections for nomenclatural purposes (ICBN Article 4.2, Greuter et al. 1994). Subgenus
names previously erected are retained, although some are emended. Some previously
published section names are raised to the rank of subgenus (ICBN Recommendation
22A.2, Greuter et al. 1994), but may include several sections described by other authors
(e.g., Dissing 1966b; Weber 1972; Haffner 1987). These smaller groups could still be
recognized as sections within the newly proposed subgenera, although no division of
subgenera is considered here. Subgenera based on species not designated as types for
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any previously described subgeneric division are newly described. To avoid confusion,

sed rather than using carlier generic names at the
subgeneric level (unless previously established; .g.. subgen. Discina). These genera
arcly corresponded exactly with the subgenera as outlined here, or the concept of the
genus included members from more than one of the subgenera recognized in this work.
The outline presented divides the genera into recognizable units of taxonomic affinity
(Table 1),

The genus Gyromitra is divided into four subgenera on the basis of ascospore and
ascocarp morphology. Subgenus Melaleucoides shares relatively small spore size and
bigutlate ascospores with subgenus Gyromitra. Pfister (1980) confirmed the
emanucleate condiion of G. melaloucoides 2sc0sporcs and Supports & broad concept of
the genus Gyromitra to accommodate it. Pfister also comments that it could not be placed
casily in cither Gyromitra or Discina sensu stricto, recognizing the taxonomic isolation of
this species. The subgenus Discina may also provide a link with subgenus Melaleucoides
through G. melaleuca, but the placement of this species is uncertain. G. melaleuca is
tentatively placed in the subgenus Melaleucoides, although it is somewhat aberrant. The
spores are smaller than typical in members of the subgenus Discina, and the apiculi
ppear 3 absent (although also inconspicuous in other species of the subgenus Discina,

olympiana). Our SEM observations of the submature ascospores of
oA along with those of Donadini (1986a), indicate that the spores appear
inermediac beoien the rugose surfae typical for Subgenus Discing and the nodulose

warted typical for G. the only other species in the
subgenus Melaleucoides. The Gaoutonof guttules within the ascospore is also
intermediate. As illustrated in Benedix (1969)., the spores are ellipsoidal, but some

appear subfusoidal. The spores are most frequently biguttulate (with a small proportion
of triguttulate spores), but the guttules are of unequal size. This patiem is also seen in a
small proportion of spores in other species of the subgenus Discina, including G. gigas.
Further investigation of G. melaleuca may reveal a closer affinity with the subgenus
Discina. Species in subgenus Caroliniana have been closely allied with members of the
subgenus Discina and were often grouped with them in the genus Discina (e.g., Eckblad
1965, The subgenus Carolnana contains subsesile (o disinely stpiate species
staring common ascospore morphology (Fig. 39) and is more closcly rel
subgenus Discina than (0 other subgenera of the genu:

Rhizina is monotypic but s likely derived from a Gyromitra-like ancestor. The genus
Pucudorhiing contains only a type subgenus with two closly rlated specis (see also
discussion under intergeneric relationships and notes under speci

Helvella is divided into six subgenera, which are emended to mclude species treated
in various ‘scctions sensu Dissing (1966b) or Haier (1987) Subgonus Hehella
represens a high level of dovelopment die 1o the complex. dpothecm nd stipe
morphology -8). The ancssiral form of species in the subgenus Hebvells may
‘solitaria placed in a basal taxonomic position of the subgenus
Tocomtiobs 1 sl e i ams large representatives of this species have
a pronounced stipe with anastomosed branches and intemal chambers reminiscent of 11,
maculata in subgenus Helvella. Species in the subgenus Leucomelaenae with compl
ribbing on stipe and excipular surface (c.g., H. acetabulum, H. costifera) (Fig. 3oy are
derived from simpler forms similar to H._leucomelaena (Fig. 3a) or H. soliaria (Fig.
3b). The subgenus Silvicolac is likely derived from an ancestor similar to species in the
subgenus Leucomelaenae. The indistinct, sparingly ribbed stipe of H. silvicola (Fig.
4ac) is similar in construction to H. leucomelaena (Fig. 3a) and H. aestivalis. The
strongly one-sided apolhcium and sscocrp coloraton typcal of 1. sibicola are also

seen to a much lesser extent in the a. The subgenus L
st allied with the subgenus Cupuliormiae. Smal sicnder forms of H. soliaia p
morphologically similar to /. cupuliformis and H. corium placed in the subgenus

Cupuliformae.” Subgenus Macropodes is most _closely et 10 Cupuliformae.
Subgenus Elasiicac is clearly derived from species in the subgenus Cupuliformac.
Similarities between members placed in a basal taxonomic position of the subgenus
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Elastcae (e.g, H. ephippium, H.pesizoides) ar only sighty more compls han some
species of subgenus Ceupularmae e.g., H. chinensis). The subgenus Flasticae

resents an advanced lineage. Spccws such as H. elastica and H. leucopus are among
the most highly derived species of subgenus Elasticae on the basis of elaborate apothecia
reflexed to stipe, glabrous excipular surface, and hollow stipe.

‘The genus Underwoodia contains only a type subgenus of at least three closely
related species. Although the species of Underwoodia have been said to differ little in
ascocarp morphology from species such as H. laciea in Helvella subgenus Helvella
(Hamaja 1974a), direct phylogenetic relaionhip berween these ta_has not been

onstrated and evidence to indicate that Underwoodia is derived from subgenus
Fotvelia s lacking (sce lso noies under intergencric relaonships).

rorrya s divided ino two subgena on the basis o sscospore morphology:

Members of the type subgenus have subglobose to broadly ellipsoidal ascospores wi
smooth wallsthatare irregularly thickened by an amorphous epispore (Figs. 59-62). .
cerebriformis s placed I a subgenus of its own on the bass of the uique globose,
ascospores (Figs. 63, 64). Trappe (1979) suggested that this may deserve
gonctic separanon, but s reained n Hyehiopys based on gross morphologicalsimilaiy,
an zdmmed]y unreliable character in hypogeous fungi (Zhang 1991). The tetranucleate
of H. cerebriformis confirms the placement of this species in the
Helvellacoac.  Ascospore morphology is. also variable in the hypogeous. genera
Choiromyces (Helvelaceae: sec Trappe 1979) and Tuber (Tuberaceac: sec Lange 1956)
SEM studies of Gymnohydrnoirya by Zhang and Minter (1989b) show similr

to Hydnotrya

TABLE 1: Taxa of Helvellaceae
FAMILY:  Helvellaceae (44)
TRIBE: Gyromitreae (1)
GENUS: Gyromitra (8)
SUBGENUS: Caroliniana (0)
Discina (4)
Gyromitra_(3)
Melaleucoides (1)
GENUS: Pseudorhizina (2)
GENUS: Rhizina (1)
TRIBE: Helvelleae (33)
GENUS: Helvella (27)
SUBGENUS: Cupuliformae (4)

Elasticae (7)
Helvella (4)
Leucomelaenae (10)

facropodes (1
Silvicolae (1)
GENUS: Underwoodia (1)
TRIBE: genera incertae sedis
GENUS: Hydnotrya (5)
SUBGENUS: Hydhotrya (4)
Cerebriformae (1)
GENUS: Gymnohydnotrya (0)

Balsamia (not examined)
Barssia (not examined)
Choiromyces (not examined)

! number of ined from north North in brackets after axon.




Taxonomic part

Generic, subgeneric, and specific taxa are described and presented in alphabetical
order within cach higher taxon (i.¢.. species amranged alphabetically within subgenera,
subgenera alphabetically within genera, genera alphabetically within tribes), with the
exception of extralimital taxa which are listed alphabetically at the end of their respective
subgeneric or generic section. Keys (o all tribes, genera, and subgenera are included
individually and should be followed sequentially. Only species found to occur within the
study area are keyed. Extralimital species are included to elucidate differences between
closely related or morphologically similar taxa, and notes are provided for all taxa
reported from the arca. Inclusion of other extralimital taxa was required to provide a
more comprehensive view of the taxonomic diversity of the Helvellaceae.

Descriptions of genera and subgencra include authority and citation, synonyms, type
species, and morphological features.

Species concepts are taxonomic (rather than biological or ecological) ones and are
defined on the basis of multiple correlation of features. Our species are "the smallest

that are consistently and persistently distinct, and distinguishable by ordinary
means" (Cronquist 1988). Characters of importance at the species level include ascocarp
size, shape, colour, excipulum vestiture, stipe construction, ascospore size, shape, and
ormamentation, and features of the paraphyses and esci.

Species are presented with authority and citation, basionym and synonyms, type
information, illustrations (included here), morphological description (in_orderof
apothecium, stipe, asci, paraphyses, and ascospores) based on dried material except
where noted, habitat (abundance, substratum, phenology, associated plant species n
order of decreasing frequency, etc.), geographic distribution, taxonomic notes, and
collections examined. Full descriptions are provided only for species from the study
arca, while on, geographic distri taxonomic notes, and
collcctions examined are provided for extralimital specics.

Synonyms provided are not exhaustive, and are provided to help users access names
from recent North American and European references (or those in current use) and names
for which type or authentic material has been examined. Type material likewise is
provided to allow quick access to the status and location of type specimens, with notation
if examined/selected in this study. Complete type specimen details are provided in the
collections examined section.

“The notes section includes a discussion of the species concept, subspecific taxa and
relationships to similar taxa. Collections are listed by location, collector (including
number) and date (month day year) together, and herbarium accession data. Further, they
are arranged by province or state, west to east from the north to the south (i.e., read each
province/state on a map from the upper left comer across, then down line by line) with

ose from the study region first (Canada first, then USA). National and provincial parks
are indicated by N.P. and P.P., respectively; counties as Co. Other collections are listed
by country in approximate order from wes o cast and north to south. Exsiccatae follow.

Helvellaceae Fries, 1823, Systema Mycologicum 2: 1. (s.n. Elvellaceae).

=Rhizinaceac Bonorden, 1851, Handbuch der allgemeinen mykologie als anleitung
zum studieum derselben p. 200. (s.n. Rhizinacei).

=Balsamiaceae E. Fischer, 1897, Tuberaceen und Hemiasceen, in Rabenhorst
Kryptogamen-Flora von Deutschland, Osterreich und der Schweiz 5: 3-81.

=Hydnotryaceae M. Lange, 1956, Dansk Botanisk Arkiv 16: 27.

=Discinaceae Benedix, 1961, Zeitschrift fiir Pilzkunde 27: 100.

=Pseudorhizinaceae Harmaja, 1974, Karstenia 14: 110.




Key to tribes and genera of Helvellaceae

1. Ascocarps hypogeous; asci indehis cent; ascospores thick-walled and
igmente .Tribe incertae sedis.....Hydnotrya
1'. Ascocarps epigeous; asci operculate; ascospores thin-walled and hyalins 2
- Apothecial excipular tissue (as scen in cross section) at maturity of
textura intricata throughout, sometimes with an indistinct evanescent ectal
layer of textura angularis (Fig. 19 .. Tribe Gyromitreac ..
. Apothecial excipular tissue (as seen in cros n) distinctly stratified
atall stages of development, with medullary excipulum of rextura
intricata and prominent ectal excipulum of textura angularis and/or
textura pr ica (Fig. 20) Tribe Helvelleae
3. Ascocarps sessile, with rhizoids extending from excipular surface;
ick-walled setae present in h: Rhizina
(R.

2

5

3" Ascocarps siipitate o sessile, excipular surface lacking rhizoi
hymenium.

selae absent 4
4. Ascospores at maturity with cyanophilic perispore (deeply stained
in Cotton Bluc); flesh of fresh apothecia relatively thick (2-5
Gyromitra
4°. Ascospores at maturity lacking cyanophilic perispore;
Tlesh of fresh apothecia relatively thin (1-2mm)...............Pseudorhizina
5. Ascospores smooth to verruculose (with SEM spore surface uniformly finely
rugose (o finely verrucose); apothecium at least partially free of stipe
with distinct excipular surface....... _Helvella
5. Ascospores nodulose (with SEM spore surface smooth with large isolated
rounded warts); apothecium entirely fused to stipe and lacking a
distinct excipular surface... _Underwoodia

(U columnaris)

=Tribe Discineac Dissing, 1966, Dansk Botanik Arkiv 25:

Notes: This tribe is emended to include both tribe Gyromitreae and Discineae of
Dissing 1966b. Three genera are recognized: Gyromitra (sensu lato), Pseudorhizina, and
Rhizina.

Tribe Gyromitreae Dissing, 1966, Dansk Botanisk Arkiv 25: 28. emend. nov.
29

Gyromitra Fries, 1849, Summa Vegetabilium Scandinaviae 2: 346. (nomen
conservandum ICBN Appendix ITIA, Greuter et al. 1994).
=Gyrocephalus Persoon, 1824, in Mémoires de la Société Linnéene (Paris) 3: 77
(nomen rejiciendum ICBN appendix IIIA, Greuter et al. 1994).
iscina (Fries) Fries, 1849, Summa Vegetabilium Scandinaviae 2: 348.
hysomitra Boudier, 1885, Bulletin de Ia Societé Mycologique de France 1: 99.
%

Neogyromitra S. Imai, 1932, The Botanical Magazine (Tokyo) 46: 174,
iscina Benedix, 1969, Die K 17:27.

Benedix, 1969, Die Ki 17:276.
Type Species: Gyromitra esculenta (Persoon) Fries, 1849, Summa Vegetabilium
Scandinaviae, 2: 346

Macroscopic Features: ascocarp epigeous, sessile, subsessile, or distinctly
stipitate; apothecium cupulate, discoid, convex, bilobate, or irregularly lobed, margin
inrolled or reflexed; hymenium yellow brown to red brown or dark brown, nearly
smooth to undulate-rugose or highly convoluted; excipular surface nearly glabrous 1o
pubescent, smooth, leathery when dry: stipe equal, flaring and merging with
Bpothecium, or tapered to base, white to red brown, or with purple tints, nearly glabrous
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to pubescent, often fluted, internally solid or with hollow chambers; flesh thick, 2-5 mm
when fresh, brittle. Microscopic Features: asci cylindrical, tapered to base, hyaline,
operculate, containing eight uniseriate ascospores; paraphyses clavate, enlarged gradually
or abruptly at apex, brown, contents finely to coarsely granular; ascospores ellipsoidal to
fusoidal, hyaline, smooth to distinctly rough with light microscope, with SEM (or oil
immersion) finely to coarsely rugose, reticulate, or distinctly warted, non-apiculate to
distinctly apiculate, with one, o, or three guttles, temmeleste, de Bary bubbles
absent or rarely present, cyanophilic perispore present at maturity; tissues in cross
bt o L e oyl st ot separation of medullary and
cctal excipulum at maturity, an evanescent cctal layer of textura angularis present initially.

Key to subgenera of Gyromitra

1. Ascospores biguttulat 2

1. Ascospores i 3
2. Aseospore omamentation finely rugose (sppearing

smooth by LM) ubgen. Gyromitra

2'. Ascospore omamentation of isolated rounded warts...subgen. Melaleucoides
(G. i

Ascospore omamentation rugose o an irregular, closely spacl:d renculnm,
distinet or indistinct solitary apiculi present, apiculi formed
inflation of perispore at spore apices . bg:n Discina
. Ascospore ornamentation a regular, widely spaced reticulum; distinct
multipl apicul present,apicul formed fmm extension of reticulum
into spine-like ! spore apices subgen. Ce

w

Gyromitra Subgenus Caroliniana S.P. Abbott, subgen. nov.
Apothecia subsessilia vel mpllum convexa vel :rregu[unlyr cupulata, hymenium
rugosum vel sporac
vel mgmmlamz reticuloice, um:que apice spinuloso.

Type Species: Gyromitra mrolmmna (Bosc : Fries) Fries, 1871, Ofvers. af Kongl
Vet. Akad Forhandl. 2: 173.

Ascocarp: subsessile to ‘llpl!al& cupulate, discoid, convex, or irregularly lobed:
hymenium orange brown to red brown, rugose. Ascospores: ecllipsoidal to
subfusoidal, uniguttulate to triguttulate, appearing distintly rough to reticulate with light
microscope, with SEM omamentation composed of coarse complete reticulum at
maturity, apices with multiple spines arising from reticulum.

Notes: The subgenus is characterized by spores covered with a coarse, regular,
widely spaced reticulum, and the apical regions are omamented with multiple blunt
spines continuous with the reticulum (Fig. 39). This is in contrast to the inflated solitary
apiculi of subgenus Discina. The spore omamentation develops slowly as in subgenus
Discina and nearly smooth :ibmitro spores may be discharged from the asci (Abbott
pers. obs.; see also Donadini 1986a). Ascospores are omn um.,uuume, but the presence
of one or two smaller apical guttules is not uncommon. Ascocarp morphology and
coloration is also similar to species in the subgenus Discina, aud fhese festares suggest
taxonomic affinity between subgenera Discina and Caroliniana.

Benedix (1969) recognized that the group of 'gyromitroid fungi with regularly
reticulate and apically spined spores deserved taxonomic recognition and erected the
genus Fastigiella o accommodate G. caroliniana. The illustration of F. caroliniana
represents G. fasiigiata as recognized in this work in agreement with the concepts of
Svreek and Moravec (1972), Harmaja (1973), and Weber (1988). Harmaja (1976b)
places Fastigiella in synonymy with Gyromitra sensu lato.

None of the three species recognized in this section is known from the study area.




Extralimital Species

Gyromitra _caroliniana (Bose : Frcs) Fries, 1571, Ofvers. af Kongl. Vet.-
Akad. Forhandl. 2 1 173.
Morchella caroliniana Bosc : Fries, 1823, Systema Mycologicum 2: 12.
forchella_caroliniana Bosc, 1811, Gesellschaft Naturforchender Freunde

Berlin. Sitzungsberichte 5: 86.
=Ehela carolnana [Bose) Nec, 1817, Das System der Pilze und Schwamme p.

(ad onal synonyms se¢ McKnight 1973; Weber 1988).
Type Material: Neotype (designated McKnight 1973) BPI, canined,
Distribution: Found in southeastern North America (McKnight

1988). G. caroliniana is reported by Larsen and Denison (1978) from BC, WA d OR,

but all specimens from UBC xamined in this study are assigned (o G. gigas

here. Reports from Eumpc e il i 2 e b oty Wik,

Jastigiata and G. gigas.

Notes: The species concept of G. carolniana has been the source of much
confusion, but the concept accepted here is based on the neotype selected by McKnight
(15735, which we believe corresponds o that of Bose (m 1) and o (1823, 1871).

Collections Examined: USA: Indiana: Greencastle, Banker (1318) 04 28 1909, NY.
Virginia: Lorton, Bland 04 24 1942, BPI (neotype). North Carolina: Curtis 2247, Herb. Berkeley
1879, K.

Gyram:trn fasnl:gmta (Krombholz) Rehm, 1896, Dic Pilze, in Rabenhorst,
lora von Deutschland, Osterreich und der Schweiz, 2nd ed. 1:

-Elvela fusigaia Kiombloz, 1834, Naturgetreue Abbildungen und Breschreit-
ungen der essbaren, schadlichen und verdachtigen Schwamme 3

*Gyromitra fastigiata sensu Mcknight, 1971 (=G. gigas).
=Gyromitra brunnea Underwood, 1894, Procccdmgs lndmna Academy of Science
1893: 33. (lectotype and authentic material NY, examined).
=Elvela underwoodii Seaver,1928, The Norlh American  Cup-Fungi
(Operculates) p. 254 (nomen novum); non Elvela brunnea Linnacus. (fide
McKnight 1973).
(additional synonyms see Weber 1988).

Type Material: none available (fde McK g 1971,

Distribution: This species is known from eastern and southern North America
(McK.mgh( 1973, s G. brinnea:; Weber 1988) and Earope (Svioek and Moraves 1972

o 1979; Kneglsmmerwm Kotlaba and Pouzar 1974). G. fastigiata reported fro
AB by and Denison (1978) follows nomenclature of McKnight (1971) and is a
synomym om gigas (a.v.).

Notes: The species concept has been variously interpreted (McKnight 1971; Svrcek
and Moraves 1972) due to the rather improcis original description by Krombholy (1831
1846) and thelck of exant type mateal. Afler xamination of th orignal publication,

oncept outlined by Svrcek and Moravee (1972) in agreement with
Harmaja 1975 and Weber (1985) neotype from the type locality is required.

Collections Examined: CANADA: Ontario: Terma Nova, Van Gerwin 05 31 1981,
“TRTC 49016; Halton Forest near Campbellville, Thompson (JFA 8363) 05 9 1978, WTU; Rondeau
P.P., Hutchison 05 9 1987, TRTC. USA: lowa: lowa City, Kennedy 04 26 IﬂSS ALTA 668, 669,
670. Indiana: Greencastle, Underwood 05 1892, 1893, IK94 NY (Lectotype of Gyromitra hmnnm)
Greencastle, Banker (3832) 04 21 1911, NY: near Fern, Banker (1344) 03 4, 8 IOIO NY. Ohio: Red
Bank near Cincinnati, Lloyd 04 21 1895, NY.
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itra parma (J. Brei & Maas G Kotlaba & Pouzar, 1974,
Ceskd Mykologie 28: 84-95.
iscina parma J. & Maas Geest 1973, Py
Koninklijke Nedelandse Akademie van Wetenschappen. Series C. Biological
and Medical Science 76: 101-108
Type Mmrm Holotype L, examined; isotype K, examined.
Fig. 3

: G. parma s found only in cental Europe (Breitnbach and Maas
1975: Breitenpach and Keinoi 1961 Bregazzi 1978; Hocevar 1978,1982).
his species is separated from the others in the subgenus by its subsessile,
imegularly cupulate, apothecia. The apical spicules are more highly developed than in
others of the subgenus (Fig. 39).

Collections Examined: SWITZERLAND: Kanton Obwalden, near Grafenort, von Biren
05 19 1972, L (holotype), K (isotype).

Gyromitra Subgenus Discina (Fries) Harmaja, 1973, Karstenia 13: 56,
mend. nov.

Type species: Gyromitra perlata (Fries) Harmaja, 1969, Karstenia 9: 11.

Ascocarp: sessile o stipitate, cupulate, discoid, convex, or imegularly lobed;
hymenium yellow brown, orange brown, red brown, to' dark brown, undulate-rugose ©
convoluted-wrinkled. Ascospores: cllipsoidal to fusoidal, uniguttulate (o triguttulate,
appearing distinctly roughened with light microscope, with SEM spores coarsely rugose
with anastomosing ridges forming an rregular reticulum, solitary polar apiculi virtually
lacking to well develoy

Notes: Fries (1823) treated Discina as a subgeneric taxon of Peziza, but later (Fries
1849) gave Discina generic status. Harmaja reduces Discina to a subgenus of Gyromitra
and notes that the lectotype was indirectly selected by Fries (1849) by restricting Discina
to a monotypic taxon including only D. perlata. The subgenus Discina_contains
subsessile o distinctly stipitate species with highly omamented spores and solitary
apiculi. These may be slight inflations of the perispore (Figs. 32, 37, 38), or well
developed and knob-like (Figs. 35, 36),pointed (Fige. 31, 33), or depressed (Fig, 34).
‘The surface omamentation develops slowly and may be incomplete on submature but
viable spores ejected from the asci as described by Donadini (1986a). At maturity the
spores are prominently and irregularly rugose with anastomoses between ridges which
form an irregular close reticulum (Figs. 32-35, 38). The subgenus is emended to exclude
taxa with coarsely reticulate ascospores and apical spicules (subgenus Caroliniana here).

Key to specics of Gyromitra subgenus Discina

1. Ascospore apiculi depressed (concave); fresh hymenium bright yellow

rown to orange brown X
1". Ascospore apiculi broadly rounded, knob-like, or pointed; fresh hymenium
yellow brown, orange brown red brown, or brown .
2. Ascospore apiculi pointed; fresh hymenium red bro
row G. perlata
2'. Ascospors apicull bradly rounded o st ndb- ke projcions;
fresh hymenium yellow brown to orange .3
3. Ascocarps stpiat; ascospore apcul indistinct e broadly roundd
1o distinct and knob-I G. gigas
3'. Ascocarps sessile; ascospore zpicull indistinet and broadly
rounded
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Gyromitra gigas (Krombholz) Quélet, 1873, Les Champignons du Jura et des
Vosges. 2: 382.

=Elvela gigas Krombholz, 1834, und Breschreib-
ungen der essbaren, schadlichen und verdachtigen Schwamme 3: 28.
=Gyromitra moniana Harmaja, 1973, Karstenia 13: 56. (holotype H, examined;
isotypes BPI, K, examined)
Discina korfii Raitviir, 1970, Tartu riikliku dlikooli toimetised 268. Botaanika-
alased 163d 9: 371. (paratype CUP, examined).
=Gyromitra korfii (Raitviir) Harmaja, 1973, Karstenia 13: 56.

Type Material: nonc available (fide McKnight 1971)

Figs. 2a, 35-38.

Apothecium: 30-65 mm diam., 20-70 mm high (up to 140 x 90 mm fresh),
irregularly lobed, convex, appressed and fused to stipe, although some apothecial lobes
may be free, hymenium yellow brown (o orange brown fresh, medium to dark brown
when dried, undulate-rugose, excipular surface cream to yellow brown, smooth or with
broadly rounded ribs continuous with those of the stipe, glabrous to finely pubescent.
Stipe: 10-75 x 15-60 mm (up to 130 x 100 mm fresh), robust, enlarged at base, white
or cream to greyish brown with pink tints, pubescent, nearly smooth or typically fluted,
With broadly rounded ribs, intemally chambered. Asci: 400-450 x [3.0-24.0 um.
Paraphyses: 4.5-11.0 um diam. at apex, terminal cell 35-60 pm long, clavate,
enlarged gradually to abruptly at apex, brown, contents coarsely granular. Ascospores:
26.0-39.8 x 11.6-14.8 pm, ellipsoidal, subfusoidal, to fusoidal, hyaline, slightly to
gistinetly roughened, with SEM spore surface finely to coarsely rugose, omamentation
of individual ridges or anastomosing (o form incomplete or complete reticulum, apiculus
hearly absent to_prominent, 1.0-5.8 m long, broadly rounded thickening to distinct
blunt knobs, very rarely depressed; uniguttulate to triguttulate, with one large globose to
broadly llipsoidal central guttule and 0-2 smaller globose polar guttules,

Habitat: Solitary to gregarious on litier and woody debris in coniferous or mixed
woods, often near melting snow. Associated trees: Picea glauca, Pinus contorta, Abies
lasiocarpa, Abies grandis, Abies balsamea, Pseudotsuga menziesii, Thuja_plicata,
Populus tremuloides, Populus balsamifera, Betula papyrifera, Betula occidentalis, Alnus
sp.. and Acer sp. Associated shrubs: Bena pumila and Salix sp. Fruiting from April 3
in WA to July 13 in AK. June collections are most common.

Distribution: Widely distributed in boreal, montane and coastal regions from AK,
NWT, BC, AB, WA, ID, OR, and WY. Reported from MT (McKnight 1971). Also in
eastern North America (Weber 1988 as G. korfii and G. montana; Ginns 1975 as Discina
korfii), Europe (Dennis 1978; Breitenbach and Krinzlin 1981), and Asia (Imai 1954, as
Neogyromitra gigas). Map 5.

: The concept and limitations of this species are unclear because of an
inadequate original description lacking in microscopic data. Our concept agrees with
Svrcek and Moravec (1972). Two closely related species G. montana (Harmaja 1973)
and Discina korfii (Raitviir 1970) are considered conspecific. Gyromitra Korfii was
erected for North American specimens with prominently apiculate, fusoidal ascospores
which are slightly narrower and shorter (29.2-37.3 x 9.7-12.0 um, Raitviir 1970) than
European specimens. Spores of G. korfii are more delicately reticulate and paraphyses
expanded more abruptly to 13 pm diam. (Harmaja 1973). Tn North American material
examined, paraphyses do not exceed 11 um diam., and are no more distinctly capitate
{han European material. Spores by SEM vary from finely to coarsely rugose or reticulate
in both North American and European material, supporting observations (Donadini
1986a) that finely omamented spores are often ejected from submature ascocarps. The
same variation in omamentation is also observed in G. perlaia and G._ olympiana. The
spores differ only slightly in size, and cannot be used to distinguish G. korii from G
areas (sensu siricto). The species should be considered conspecific even if subile
ifferences exist between European and North American material. Gyromitra montana,
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recognized by McKnight (1971) as G. gigas, was later renamed by Harmaja (1973) after
a rcvaluation of the cxginal concepts of G gigas aud G. fasdigiata. Gyromitra moniana
has "slightly more ellipsoid, less fusoidal spores with somewhat broader ends,

inconstany of the spore apicul, variable and often ircgular shape and smallr ize ofthe
lttr when discemable,slightly more delica omamentation of the perispoe, ticker tps
of the paraphyses which may even be capitate and attain ereadin of 13 pm, carlier
fruiting ime ofen near melting snow, and dlffetem distribution in the mouniains of
western North America and Austria " (Harmaja 1973). Paraphyses do not
difer i size from G. forf (Harmaja 1973), in which spore size is more similar o G

gigas of Europe than to G. montana. The more delicate perispore omamentation is

ccted because coarsely omamented spores from collections otherwise typical of G
montana_have been observed (Fig 38), ‘and because of the variability of spore
omamentaton n other relate specie s disussed abave (compare Figs. 35-38) and by
Donadii (1986). Ascospore shape nd apiculation are perhaps the most diagnostic
harw s bu the featres overap. In most ollections pical o of G. monianc, incioding
the pores are subfusoidal and distinctly apiculate. In addition, some
\,olleumns examined from the study arca have both spor morphologies in approximately

rtions (e.g.. WTU Stz 17345). No macroscopic features have been found
Jaied distinguish these taxa. These taxa should be accepted as conspecific it rasher
broad range of ascospore morphology.

Collections Examined: CANADA: Northwest Territories: Hay River, Gron 07 |
1986, UVIC. British Columbia: Illicilwaet River, Glacier N.P., Abbott 06 9 1988, ALTA 8443;
near Bolean Lake, Falkland, leler 06 8 1966, DAOM 116828; Cook Creek north of Q\m]lcnm.
Vancouver Island, Lisson 05 S 1972, UVIC; Honeymoon Bay south of Cowichan Lake, Vancou
Island, Melburn 04 22 1967, DAOM 124683; Manning P.P., Flegel 06 20 1968, UBC F1327, F1330
DAOM 176039. Alberta: Carson-Pegasus P.P., Abbott (SA 762) 05 15 1993, SA; Poplar Creek
Natural Area near Breton, Osis (SA 667) 05 24 1993, SA: Bumt Timber Creek on Forestry Trunk roa
Danielson (RMD 1423) 07 10 1974, ALTA; Sheep River, Daniclson (RMD 1385) 06 9 1974, ALTA;
Cypress Hills P.P., Currah 05 6 1987, ALTA 8324; Cypress Hill P.P., Danielson (RMD 1944) 06 |
1976, ALTA. Ontario: south lookout trail, Algonquin P.P., Ammirati (JFA 8368) 05 16 1979, WTU.
USA: Alaska: Thunderbird Falls trail north of Anchorage, Kempton 05 22 & 06 8 & 15 1961, 06 8
& 15 1966, WK 1590, 1591, 1593, 1600, 1602, 1603; Anchorage, Kempton 05 29 1960, 06 5 1961,
06 22 & 28 & 07 6 1972, 05 29 1990, WK 1597, 1592, 5798, 5799, 6740; Indian, south of Anchorage,
Kempton 05 16 1960, WK 1598; south of Bird Flats, Kempton 05 22 1967, WK 1607; north of Palmer,
Kempton 07 13 1971, WK 5041; Finger Lake near Palmer, Kempton 06 2 1970, 06 12 1973, WK
4391, 5265; Resurrection Pass trail, Kenai Peninsula, Kempton 06 3, 9 1973, WK 5264, 5266, Lower
Russian Lake trail, Kenai Peninsula, Kempton 06 16 1973, WK 5268. Washington: Everett, Clark
04 1950, WSP CS25643; Lake Wenatchee State Park, (Stz 13569) 05 22 1966, WTU; Skykomish,
Wells (Stz 17345) 05 11 1972, WTU; Skykomish, Koch 04 3 1947, WSP 23882; below Keechelus
Lake, Brough (21) 05 5 1956, WTU; Liberty, Retnam (Stz 1885) 05 4 1946, WTU: Tacoma, Griggs 05
22 1933, WTU; Tumwater Forestry camp, (Stz 14177) 05 21 1967, WTU; Teal Spring, Umatilla
National Forest, Garfield Co., Shaw 06 5 1948, WSP CS25657; Teanaway, ly (Stz 18286) 05 5
1974, WTU; Stampede Pass, (Stz 13180) 07 1964, WTU; White Chuck River campgmund. Maguire,

unknown, (Stz 1211, 1215), Quinby (22F), WTU. Idaho: Hayden Lake area, Chariton 05 10
1989, WTU; east of Viola, Damsteegt 05 27 1959, WSP 49134; east of Viola, Shaw 05 21 1948, WSP
(CS17387; west end of Thatuna Ridge, Latah Co., Cooke 05 16 1947, WSP 24508; Goose Lake, New
Meadows, Jeanne & Smith 07 3 1962, DAOM 191998; French Creek Summit near McCall, Miller 07
IZ IOM, WSP 54594; Brundage Reservoir, Miller 06 20 1964, WSP 54304. Oregon: Mt. A:

Ashland, Isaacs (Is 1777) 06 10 1962, WTU; east of MacDougall Camp, Umatilla Co., Cooke 05
161947, 06 17 1948, WSP 24508, 19870; south of Spout Springs, Umatilla National Forest, Bl
Mountains, Union Co., Cooke 06 17 1948, WSP 19872; Horseshoe Meadows, Blue Mot \mums.
Wallowa Co., Cooke 06 10 1949, WSP AS31819. Wyoming: west side of Teton Pass, Teton Co.
MecKnight (KHM 10351) 06 24 1967, H (holotype of G. moniana) BPI, K (isotypes); Medicine Bw
Mountains, Carbon Co., Solheim & Cronin 07 3 1950, DAOM 114944. North Carolina: north of
Greensboro, Whetzel 05 4 1940, CUP 28997 (paratype of G. korfii). SWEDEN: Upland, Has:lmge
Skog, south of Bérje near Uppsala, Lundell 05 15 1945, K. FINLAND: Varsinais-Suomi, Lohja
‘commune, Harmaja 06 6 1972, H. UNKNOWN: Wynne 03 1874, Herb. Berkeley, K.
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Gyromitra leucoxantha (Bresadola) Harmaja, 1969, Karstenia 9: 11

-Discina leucoxantha Bx:smdoh 1882, Revue de Mycologie 4: 212.

=Discina leucosaniha var. fulvescens Rea, 1928,  Trnsactions of the Britsh
Mycological Society 13: 254. (isotype BP, examined).

=Discina larryi McKnight, 1974 The Ntichigan “Botanist 13: 52. (holotype BP,
examined).

romitra larryi (McKnight) Harmaja, 1976, Karstenia 15: 30,
=Discina convoluta Seaver, 1921, Mycologia 13: 70. (fide McKnight 1969).
Tape Materils Holotype S, exarinad: sotype K, cxamined.

Fig.

Apolllecmln 10-35 mm diam., 5-15 mm high (up 1o 65 x 20 mm fresh),

iregularly cupulate to reflexed, hymenium orange brown to bright orange brown fresh,
when dry bright rd brown, undulte rugose, zxclpulal surface whit (0 pallid brow,
pubescent, smooth or wih few ribs a base. Stipe: usually distnct, often |
Substratum, 5-15 x 5-10 mm (up {0 25 x 15 mm ey eaual, faring and merging with
apothecium, white o pallid brown, pubescent, fluted, ribs broadly Tounded, solid
Asciz 19.1-22.3 um diam. Paraphyses: 6.4-9.0 um diam. at apex, Y clavate, graually
enlarged to abruptly swollen at apex, brown, contents coarsely granular. Ascospores:
259311 x 11.1-13.9 um, subfusoidal to fusoidal, hyaline, distinctly roughened to
reticulate, with SEM spore surface of coarse rugose wrinkles or anastomosing 10 form
reticulum, apiculi prominent, 1.5-2.8 um long, with depressed (concave) apiculi at
maturity, submature spores with slight apical thickenings, truncate knobs, o small
depressed apiculi; uniguttulate to triguttulate, with one large central globose to ellipsoidal
guttule, with 0-2 smaller globose polar guttules.

Habitat: Solitary o gregarious on soi, ltter, or woody debris in coniferous woods.
Associated trees: Abies lasiocarpa, Picea glauca, Pinus contorta, Pseudoisuga menziesii,
Thuja plicata, and Populus balsamifera. Associated shrubs include Alnus crispa, Acer
glabrum and Berberis repens. Fruiting from May 10 to June § in B

Distribution: Rare in montane forests from BC and AB. This species is newly
reported for AB and BC. It is known from ID and OR (Larsen and Denison 1978), and
is also in castern North America (Ginns 1974d; Weber 1988; Seaver 1921) and Europe
(Breitnbach and Krinzin 1983 Ryman 1975, Rea 1928). M.

Notes: This species is easily distinguished from others in 5 “subgenus on the basis
uf the unigue depresed spiculus, athough spores of G eicas (4.v) e rarely
-Spore omamentation placs the speccs in this subgenus along with G. perlata
{q O G gigas, and G ofymplana (%), Due to similartes in ascocarp coloraton,
spore omamentation and apiculation, and the short stipe, G. leucoxantha may be m
Closely reated to G, gigas. although the species are easily recognized and Considerably
isolated taxonomically. Variety fulvescens, described by Rea (1528) for darker orange
brown specimens (rather than the typical bright yellow to yellow brown hymenium
coloration originally described), has no other correlative features. Fresh specimens from
southern Alberta exhibited orange brown hymenia, but since ascocarp coloration is
varable in other taxa, such as G. gigas and G. olympiana, there is it support for
‘maintaining this taxon above a form level. Gyromitra larryi was differentiated from G.
leucoxantha on the basis of less pronounced spore omamentation and small depressed
apiculi (McKnight and Batra 1974). After examination of the holotype, the specimens
appear to represent submature individuals of G. leucoxantha, and we therefore consider
G. larryi a synonym. Most asci were immature, and most spores lacked the typical
apiculus and reticulate omamentation, but several mature spores found were typical for
G. leucoxantha. Submature spores may be ejected from the asci before ascocarp maturity
(Bonadin 1986) and could have been collebted for SEVE examination using the methods
employed by McKnight and Batra (1974). The bright red brown dried hymenium typical
of G. leucoxantha is also present in the type of G. larryi.

Collections Examined: CANADA: British Columbia: Giant Cedars, Mount

Revelstoke N.P., Egger (1026) 06 8 1985, DAOM 199539; Kootenay Lake near Procter, Linton 05 10
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1978, UVIC, Alberta: Crandell Lake, Waterton Lakes NLE, Abbott (54 320) 05 27 1990, SA; Upper
Waterton Lake trail, Waterton Lakes N.P., Abbott (SA 336) 05 28 1990, SA. USA: Utah: west portal
of Duchesne Tunnel, Summit Co., Mcnghl (KHM 11777) 05 29 1970, BPI (holotype of G. larry).
UNITED KINGDOM: near Perth, Scotland, Menzies 05 12 1924, BPI (holotype of G. leucoxantha
var. fulvescens). ITALY: Bresadola, § (holotype), K (isotype).

Gyromitra olympiana (Kanouse) Harmaja, 1973, Karstenia 13: 56.

=Discina olympiana Kanouse, 1947, Mycologia 39: 648.
=Discina olympiana var. diluta McKnight, 1969, Mycologia 61: 625. (holotype
BPI, examine
=Discina_apiculanda McKnight, 1969, Mycologia 61: 616. (holotype BPI,
examined).
=Gyromitra apiculatula (McKnight) Harmaja, 1973, Karstenia 13: 56.
Type Material: Holotype MICH (unavailable for loan).
2b.

Apolhecmm 9-50 mm diam., 10-15 mm high (up to 54 x 25 mm fresh), deeply to
shallowly cupulate to discoid or reflexed, margin inrolled initially, margin rarely splitting
in age, hymenium (fresh) pale to dark yellow brown to brown or red brown in age,
sometimes with olivaccous tints, dark brown when dried, smooth to undulate-rugose,
excipular surface cream to pallid brown, glabrous to pubescent, leathery. Stipe: lacking
o rudimentary, up to 4 x 4 mm (to 20 x 20 mm fresh), flaring and merging with
apothecium,créam o whitish brown, smooth or slghtly led, finely pubescent, sold.
Asci: 16.7-26.6 ym diam. Paraphyses: 5.6-13.1 um diam. at apex, terminal cell 84-
218 jum long, cthvate to imegulaly lobed, gmdually enlarged or abruptly swollen at
apex, sometimes bent or branched at apex, when present bmnch bifurate af apex or
paraphyses with knobike branch bud below priiary apex, yellow brown, bro
mass, contents coatsely. granular, Ascospores: (24.4) 27.2- 2y @07 x (10.7) 12 o-

7.6 (19.5) pm, ellipsoidal o subfusoidal or fusoidal, hyaline, finely roughened, wi
SEM spore surface finely to coarsely rugose, wrinkles isolated or anastomosing into
incomplee reiculum, apieli virtually sbscnt ofbroadly rounded thickenings, sometmes
distinct broad trncaic knobs, uniguitulte or les frequenty rguttulte, Targe globose
central gutule Wit 0.3 smaller glabose polar s.

a iy, gregarions, or scatured on soil or duff in coniferous forests or
kel OBk, frequently near melting snow. Associated trees: Abies lasiocarpa, Pinus
contorta, Picea glauca, Pseudotsuga menziesii, Populus ~balsamifera, Populus
tremuloides. Associated shrub: Alnus crispa. Fruiting from May 17 in OR to June 24 in
WY.

Distribution: Infrequent in montane regions from BC, AB, WA, OR, and WY.

This species is newly reported for BC and AB. Also known from castern North America
(McKnight 1969). The identity of specimens reported as G. apiculatua from Europe
(Donadini 1986) is not confirmed. May

Notéa: Speue it gt apicultion, sscocarp colour, and hiabitat suggest
affinity with G. gigas (q.v.), while ascocarp morphology is more similar to G. per]
McKnight (1969) reh:s on the presence of the unique branching paraphyses to scpaml:
this species from G. apiculatula. However, this varies within and among collections.
Trregular or branched paraphyses are often restricted to isolated regions on an ascocarp.
Also, McKnight (1969) erected var. dilua which he described as having unbranched
paraphyses. We rarely observe apically branched paraphyses in G. ambigua (q.v.).
Furthermore, other features that were correlated with paraphysis morphology, including
size and_coloration of the ascocarp (McKnight 1969), do not correlate in our
investigations. The variation in ascospore size within and among collections exceeds the
subtle differences noted in G. olympiana and G. apiculatula by McKnight (1969).

Collections Examined: CANADA: British Columbia: Illicilwaet River, Glacier
N.P., Abbatt 06 9 1988, ALTA 8442; Lightning Lakes trail, Manning P.P., Egger (2022) 06 9 1985,
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DAOM 199544, Alberta: Watridge Lake area, Kananaskis country, Daniclson (RMD 3815) 06 9 1991,
ALTA; Lineham Creck arca, Waterton Lakes N.P., Abbort (SA 319) 05 26 1990, SA; Rowe Lake trail,
1) 05 27 1990, SA; Bauerman Creek trail, Waterton

River Co., Sicger 05 17 1986, WTU. Wyoming: west of Teton Pass, Teton Co., McKnight (KHM
10340) 06 24 1967, BPI (type of G. olympiana . diluta). Utah: north of Aspen Grove, Utah Co.,
MeKnight (KHM F$477) 06 5 1962, BPI (holotype of G. apiculatla)

Gyromitra perlata (Fries) Harmaja, 1969, Karstenia 9: 11
=Peziza perlata Fries, 1823, Systema Mycologicum 2: 43.
=Discina perlata (Fries) Fries, 1849, Summa Vegetabilium Scandinaviac 2: 348.
=Gyromitra macrospora (Bubik) Harmaja, 1973, Karstenia 13: 56. (lectotype BPI,
‘examined; authentic material BPI, examined).
=Gyromitra fluctuans (Nylander) Harmaja, 1986, Karstenia 26: 42. (fide McKnight
1969; Harmaja 1986)(see notes).

=Gyromitra warnei (Peck) Harmaja, 1973, Karstenia 13: 56. (holotype NYS,

examined; isotype K, examined).

2=Gyromitra mcknightii Harmaja, 1986, Karstenia 26: 42. (see notes).

(additional synonyms see Harmaja 1973, 1986; Weber 1988).

Type Material: unknown (fide McKnight 1969)

Figs. 2¢, 31, 33.

Apothecium: 870 mm diam., 3-20 mm high (to 120 x 40 mm fresh), shallowly
cupulate, discoid, or reflexed, margin inrolled initially, hymenium red brown to medium
or dark brown fresh, dark brown 1o blackish brown when dried, nearly smooth or
typically undulate-rugose, excipular surface white to cream o pale grey brown, nearly
glabrous to pubescent, leathery when dried, smooth or somewhat ribbed near stipe, ribs
rarely extending onto three quarters of excipular surface. Stipe: virtually lacking or with
a thickened base to distinct, up to 45 x 25 mm (to 30 mm diam. fresh), flaring and
merging with apothecium, white to cream or pale red brown, nearly glabrous to
pubescent, typically fluted with broadly rounded ribs, solid or with few chambers.
Asci: 350-375 x 17.0-25.0 um. Paraphyses: 5.1-10.7 pm diam. at apex, terminal cell
64-103 um long, clavate, gradually enlarged to abruptly swollen, brown individually,
dark in mass, contens coarsely granular. Ascospores: 27.6-45.6 x 11.6-16.1
um, subfusoidal to fusoidal, hyaline, nearly smooth to distinctly roughened at maturity,
with SEM spore surface coarsely rugose to reticulate, apiculi well developed, pointed,
1.7-5.4 um long, some spores rarely non-apiculate; uniguttulate to triguttulate, large
central guttule globose to broadly ellipsoidal, with one or two small globose polar

guttules.

Habitat: Solitary, gregarious or subcacspitose and numerous, scattered on soil,
litter, or woody debris, less frequently on rotted wood or bunt debris, under conifers or
rarely in deciduous or mixed woods. Associated trees: Picea glauca, Picea engelmannii,
Pinus contorta, Abies lasiocarpa, Abies balsamea, Pseudotsuga menzi suga sp..
Thuja plicata, Populus balsamifera, Populus tremuloides. Alnus sp., and Betula
papyrifera. Associated shrubs: Acer glabrum, Acer circinatum, Salix sp., Vaccinium sp..
and Rosa sp. Fruiting from March 27 in coastal WA to July 10 in AB. May and June
collections are typical. March and carly April collections are known from southern
coastal regions.

Distribution: Widely distributed in boreal, montane, and coastal forests from AK,
BC, AB, SK, MB, WA, D, OR, and WY. Also in castern North America (Weber 1988;
Seaver 1928, as Discina ancilis) and Europe (Breitenbach and Kranzlin 1981; Graddon
1976). Map 4.

Notes: This species constitutes G. perlata sensu lato. Forms deviating in apiculus
size and shape, as well as slight differences in spore size, are not considered distinct at
the specific level. Thus, G. macrospora and G. warnei, recognized as distinct by many
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recent authors (McKnight 1 s 1974c) are considered synonyms. This agrees

with the concept ofSeaver(wzs) Weber (1988) also rises doubts about hese species

because they are. indisungushable mactoscopically. In additon, many collctons
tudy o

spora is G rlata sensu stricto in its
Iargv. nplcuh (3 i um Iong in Mcnghl 1971) and more fuscrdal ascospores, while G.
perlata has short apiculi (1-3 um long in McKnight 1971) from subfusoidal spores.
Many collections from the study area show apiculi 2-4 um long and spore shape can vary
(even within an individual ascocarp) from subfusoidal to fusoidal. Spore shape is also
influenced by the degree of apiculation and Ihesc characters are not independent. Harmaja

d
G. macrospora. We have not examined the types but they would likely be synonymous
wuh G perlam velml lato as described here.
ined: CANADA: Bnll!h Columbia: Revelstoke, Ziller 06 8 1950,
lJ ummit Tﬂll Mount Revelstoke N.P., Shoemaker 06 23 1986, DAOM 195910; south
of prlllmachecn. Parmelee 05 20 1969, DAOM 128524; Kindensly Creek, Kootenay N.P., Rushtor
16 1969, UVIC; Procter, Linton 05 7 1977, UVIC; Cowichan Lake, Vancouver Island, Ziller 05 15
1943 DAOM 26093; Ladysmith, Vanvovvrr Island, Bandoni 04 18 1960, UBC F3220; Victoria,
04 J burn 04 20 1957,

‘Trans-Canada highway, Danielson (RMD 1420) 07 10 1974, ALTA; Marmot Creek, Kananaskis Valley,
Daniclson (RMD 2025) 07 5 1976, ALTA; BrownLowery Naral Area, Daniclson (RMD 739, 758,
763, 764, 768, 2545) 06 14 & 19 1973, 06 5 1977, ALTA; Fil iy,
27)06 9 1972, ALTA: Glenmore Park, Calgary, Daniclson (RMD 32) 06 7 1972, ALTA; Sheep River,
Daniclson (RMD 1380, 1382) 06 9 1974, ALTA; Blackiston Falls Trail, Waterton Lakes N.P., Abboti
(SA 342, 344) 05 29 1990, SA: Upper Waterton Lake trail, Waterton Lakes N.P., Abbott (SA 337, 345)
05 28 1990, SA; Cypress Hills P.P., Daniclson (RMD 1958, 1964) 06 2 & 3 1976, ALTA.
Saskatchewan: Prince Albert N.P., Zelmer (PA 2, 469) 1994 & 1995, ALTA. Manitoba: Victoria
h, Lake Winnipeg, Bisby 06 2 & 13 1925, DAOM 156364, 156990, 206827, 206828; Grand
Marais, 0529 1969, CFB WINFM 11342, 11381, 11382c; Lac du Bonnet, Bisby 06 6 1935, DAOM
206826. USA: Alaska: Anchorage, Kempton 06 5 1959, 06 20 1973, WK 1121, 5273; Beaver Lake
near Palmer, Kempton 06 15 1967, WK 1135; butte area on old Palm::r bigiway, Kespion 06 29 1961,
06 18 1962, 06 22 1967, WK. 1126, 1127, 1136; Glacier campgro s valey, Kempton 06
15 1971, WK 4872, Washington: Glcir, Paden (WP 6%, m) os b msq UVIC; F y Hwhor,

San Juan Island, Brough (Is 62) 04 21 1967, WTU: San Juan Camy Garland Spr. arca, (Stz
14189) 05 27 1967, WIU: Tuisp, Benadict Stz mmesu 1972, WU, L-ke Wenaxchee State Park,
NC (Stz 6236) 05 27 1951, WTU; cast of Skykomish, Cohen (Stz 6711

«
Deuton (S0 21647) 04 27 1983, WIU: Seatle, Ammiras (FA 9597, 03 27 1989, WTU: Seute,
Stuntz 05 1980, WTU; Seatle, Zeller (245), WTU; Seattle, CRS 03 1916, WTU; Waternain Woods
Rickmond, (5= 18237) 04 28 1974, WTU: between Suogualie Pas ecchelus Lake, Isaacs (IS
167805 121962, WTU: nor Keochels Lake, Simiz (s 17538), WI: Rachens Lake, Isaacs (Is 1669)
1962, WU, Cl Elum, Snyder (9%) 05, WTU: Olympia, Snyder (55 03, WTU: souh of Oymple
McKenny (Stz 13488) 0 1966, WIL; T Fonsty Comp, (S 6215) 04 30 1951, WTL;
between Bumett and Wilkeson, Isaacs (15 1659) 05 7 1962, WTU; Ewartsville, Duran 05 1 1983, WSP
67335 Lee Forest near Malib, Cohen (12 6699) 05 3 1952, WTU. Lec Forct nc Maliby, Stuntz (s
1653) 04 29 1962, WTU; Lee Forest near Maltby. Brough (20) 04 25 1956, WTU; Indian Creek, upper
Teanaay, Stuntz (St 6323)05 13 1951, WIU divide between :s' 1 Middle For Teansway River,
van de Bogart 05 10 1980, WTU; lower Jack Creel an de Bogart 05 10 1980, WTU;
Teanavay, Dilly 04 30 1978, WTU: Teanauay, (Sz I6550)0620|97l WTU; Fish Lnke,()d 19 1981,
Vest Mountain road, Ammirati (JFA 9270) 06 12 1986, WTU; Novelty Hill road, White (Stz
20313) 04 7 1978, WTU: unknown, Volz (tz 14731) 06 1968, Puget Sound Mycological Sacity (St
15447) 05 11 1969, (Stz 17875) 05 1973, WTU. Idaho: Sagle, van de Bogart (FVB 3523) 06 1975,
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WTU; Thatuna Ridge, Latah Co., Hisil 04 29 1964, WSP 56317; Thatuna Ridge, Latah Co., Paden 05
41964, WSP 56311. Oregon: Crater Lake N.P., Cooke 06 28 1972, MU F26575. Wyoming: Teton
Co., Mcknight (10273) 06 12 1967, DAOM 146504. New York: Oncida, Wame 1874, NYS

BPI (lectotype of G. macrospora), Bohemia, Tabor, Bubak 04 23 1905, BPL Exsiceata: Solheim.
Mycoflora Saximontanensis Exsiceata, 1539, Medicine Bow National Forest, WY, USA, Solheim 06 25
1970, s.n. Discina ancilis.

Gyromitra Subgenus Gyromitra
Type species: Gyromitra esculenta (Persoon) Fries, 1849, Summa Vegetabilium
Scandinaviae 2: 346.

Ascocarp: distinctly stipitate; apothecium imregularly convex, irregularly lobed;
hymenium orange brown to dark red brown, undulate-rugose to_highly convoluted;
excipular surface felty pubescent to nearly glabrous. Ascospores: narrowly ellipsoidal,
cllipsoidal, or subfusoidal, biguttulate, appearing smooth with LM, but finly rugose
with SEM, non-apiculate or with broadly rounded, inflated apiculi.

Notes: The subgenus has biguttulate, ellipsoidal to narrowly ellipsoidal or narrowly
subfusoidal ascospores. Apiculi are absent or present as rounded swellings of the
perispore. Spore omamentation is indistinct with the LM, but finely rugose by SEM
(Figs. 29, 30).

Key to species of Gyromitra subgenus Gyromitra

1. Fruiting period vernal G. esculenta

1'. Fruiting period autumnal 2

2. Ascospores non-apiculate, narrowly ellipsoidal, 17-23 um long..
apiculate, i 0 pm’long

.G, infula
G. ambigua

Gyromitra ambigua (P. Karsten) Harmaja, 1969, Karstenia 9: 17.
=Helvella ambigua P. Karsten, 1879, Meddelanden af Societas pro Fauna et
Flora Fennica 5: 53.
=Gyromitra infula var. apiculatispora Raitviir, Ecsti NSV Teaduste Akadeemia
Toimetised 14 (Bioloogiline Seeria 3): 322. (fide Harmaja 1969b).
(additional synonyms see Harmaja 1969b).

Type material: Holotype H, examined.

Figs. la, 21, 29.

Apothecium:* 3-46 mm diam., 2-25 mm high (up to 70 mm diam. fresh),
imregularly lobed, often bilobate, margin flared when young, becoming appressed to
stipe, usually fused to stipe and along apothecium, hymenium (fresh) red brown to dark
red brown, often with violet tints, dark red brown to blackish red brown when dry,
undulate-rugose or rarely smooth, excipular surface white to cream or light red brown,
pubescent. Stipe: 3-58 x 1.5-21 mm, equal, enlarged gradually to base, or enlarged
slightly at base and apex, pale pinkish cream or purple brown often with strong
violaceous tints, pubescent, terete or fluted at base, solid, rarely hollow at base. Asci:
220-394 x 13.9-18.6 pm. Paraphyses: 5.4-8.8 (10) um diam. at apex, clavate,
‘gradually enlarged or abruptly swollen, yellow brown (o red brown, dark red brown in
mass, contents granular, apical cell 43-66 um long. Ascospores: 21.4-30.0 x 7.7-11.2
um, typically subfusoidal, sometimes ellipsoidal and fusoidal spores also present,
smooth, finely rugose with SEM, biguttulate, very rarely with 1 or 3 guttules, distinctly
or indistinctly apiculate, apiculi 1-2 jm long, broadly rounded.

Habitat: Solitary, gregarious, or scattered in soil or duff or on rotted wood under
conifers. Associated irees: Picea glauca, Pinus contorta, Pinus banksiana, Thuja plicata,
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and Abies lasiocarpa. Associated shrubs: Alnus crispa, Arctostaphylos uva-ursi,
Viburnium edule, and Vaccinium myrtilloides. Fruiting from July 23 in AK to February 7
in BC. November through February collections are known only from southern coastal
regions.

Distribution: Widly disrbuted in borea, montanc and cosstal forsts from AK.
YT, BC, AB, SK. MB, and WA. Reported from M1 (Raiti 1965, as G. infila v.
apiulaipora. This speics s n:w] iy reported for SK and MB. Also distributed in

m Norih America (Huhtinen 1985; Weber 1988), Europe (Harmaja 1969b, 1976¢)
ond Asia (Raitvie 196,25 G. ifula v. apicularisporal, Map 3.

Notes: Gyromitra anbigua s closly rlted © G ida (.v.), the only other
autumnal species in North America. The two share similar habitat and geographic
Tegions. Macroscopically they ars dificult o Separate, athough . ambigia tende o be
darker red brown with sronger violaceous s, and isipically smallr; Altrough some
authors suggest that fresh specimens of the two species cannot be_distinguished
icroscopicaly (¢.g,. Kempton and Wells 1973). the senior author is able 10 ientify
most collections of a in the field. Spore size and apiculation are the most
important and reliable differentiating features. Altough spore size and degree of
apiculation vary somewhat i other taxa, such as G. esculenta (q.v.), they are consistent
and distinct in G. ambigua and G. infula.

Collections Examined: CANADA: Yukon: Watson Lake, Ziller 07 30 1962, DAOM
92258; Watson Lake, Abbott (SA 191, 198, 199) 08 19 & 20 1989, SA; Murphy Creek, Ginns, DAOM

)AOM 57615; Vancouver, Melburn 02 7 1957, DAOM 54645.

Ison (RMD 1726) 09 1 1975, ALTA; Riley Lake,
; Strachan, southwest of Rocky Mountain House, Nordin
Lake Mi 0 2 1961, DAOM 92260.

Prince Albert N.P., Zelmer (PA 554, 6]6) 08 9 1995, ALTA. Manitoba: Clear

R i : Al near Fais empton
231966, WK 859; WK 4778; Talkeetna junction, Kem.uonox 151570, WK 4724, 4725, 4726, 4727;
opper Centre, Kempton, WK 4886; near Palmer, Kempton 07 23 1970, WK 4536; Anchorage,
Kempton 08 30 1967, 09 28 1971, WK 869, 5673; Hope road, Kempton 07 27 1968, WK 875, §78;
umagain Pass, Kempton 09 30 1971, WK $693; Beaver Lakes, Matanuska valley, Kempton 08 20
1970, Homer, Kempton 09 2 1967, WK §70, §72; Katmai National Monument. Kempon 09 4 1971,
WK 5457. Washington: Seattle area, van de Bogart 11 15 1975. FINLAND: Karsten (PAK 3289)
07 30 1866, H (holotype). Exsiccata: Solheim, Mycoflora Saximontanensis, 302, Colorado, USA,
Shope 09 9 1937, s.n. Helvella infila, WSP.

Gyromitra_esculenta (Persoon : Fries) Fries, 1849, Summa Vegetabilium
Scandinaviae 2: 346.
=Helvella esculenta Persoon : Fries, 1823, Systema Mycologicum 2: 16.
=Elvela esculenia Persoon, 1800, Commentarius Fungorum Bavariae
indigenorum,
=Gyromitra bubacii Velenovsky, 1922, Ceské houby p. 893, Praha. (holotype
PRC, examined).
(additional synonyms see Harmaja 1979b; Weber 1988).

Type material: unknown (fide Harmaja 1979b).

Figs. 19, 30.

Apothecium: 5-90 mm diam., 5-55 mm high (up to 140 x 110 mm fresh),
imegularly lobed, highly convoluted, margin reflexed, fused to the stipe in severai
loction, rarly e when young, hymentum (fesh) medium 1o dark red brown,
som range brown or with palc 1 to orange brown regions, dark red brown (o
blackish red brown when dry, undulate-rugose. o' convoluted-wrinkled, excipular
Surace Whte o pale yellow brow o1 palt re brow, finely pubesoent Stipe: 5-90 x
330 mm (100 x 70’ mm fresh), equal, enlarged at base, or tapered to base, cream,
yellow brown, or red brown, typically with strong purple ums pubescent, slightly to
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trongly fued at base o along cnite stipe, ofen terete when young, solid or with
hollow chambers. Asci: 180- 517 um. Paraphyses: 2-9 (10) un diam. apex,
clavate, gradually enlarged or abruplly swollen, pale brown, brown in mass, contents
granular, apical cell 39-77 um long. Ascospores: (17) 19.1-28 x 10-13.1 (14) um,
ellipsoidal to subfusoidal, hyaline, spore deposit white to ochraceous, smooth, finely
rugose with SEM, biguniate, apiculus absent or apices slightly thickened to | .
Habitat: Soliary, gregarious, subcaespiose, or scatered on ground in sol, liter,
ot woody debris i o o i ined o, Ocoasionaly o el rofed i
bumt debris. Associated trees: Picea glauca, Picea engelmannii, Picea mariana, s
contorta, Pinus banksiana, Pinus ponderosa, Pinus taxicola, Pinus monticola, Populus
moides, Populs basamifers Abies lasiocarpa, Abies grandis, Betula papyrifera.
dotsuga menziesii, Thuja plicata, Larix occidentalis, Tsuga sp., Arbutus menziesii
ey A Arctosiaphylos sp. (manzanita). Associated shrubs; Potntila frutcosa, Shepherdia
canadensis, Arctostaphylos wsa-ursi, Juniperus horizontali,  Viburnum _edule
Vaccinium myrilloide, and Symphor ncarpas . Fruiting period from February 8 on
VancouverIsland, BC o July 3 n ID. withthe majricy of collections in Muy and June
Febroary through April collections are known only from southern coastal regions.
Distribution: Wldcly disributed throughout boreal, montane, and coastal forests
from AK, YT, BC, AB, MB, WA, ID, OR, and WY. Also distributed in eastern North
America (Groves and ioan 1043; Weber 1088), Europe (Harmaja 19790), and Asa
(Imai 1954; Korf and Zhuang, I‘)‘)I) Map 1.
otes: Gyromitra esculenta is separated from other species in the subgenus by the
Jarge convoluted apothecium and vernal fruiting pattern. The morphologically similar G
infla (q.v) and G. ambigua (v, are slso separated by spore size and apiculation,
ascocarpcolortion.and degrec of apothecial convolut
yja (1979b) recognized three distinct ascospore morphologies differing in size,
~hap= apxculaunn, and g\mulauon Although mm features vary considerably among
collections, there seems no correlation between these features and other characteristics
separating taxa. Furthermore, spore size and shape vary considerably within individual
ascocarps. The holowype of Guromira_pubaci, represents an exreme with lrge
ascospores, which vary in size fom 21.7 to 35.3 um long (Moravec 1986). bul the
guttules are smaller than described for Harma]a\ (1979b) Type 111 which also has large
ascospores. Moravec (1986) considers it a variety of G. esculenta. Due to the extreme
variability e in G. esculenta and lack of correlated characteristics, G. bubacii is placed
in synonym;
Co!lecliunx Examined: CANADA: Yukon: Annie's Lake, Schalkwyk 07 4 1981,
DAOM 183550, 183551, 183552, British Columbia: ms Lake, Amold 06 18 1965, DAOM
113992; Revelstoke, Macoun 05 9 1890, DAOM 44704; Mount Revelstoke N.P., Schumacker 05 23
1986, ALTA: Spuzzum Creek near Yale, Wood 05 31 1972, DAOM 143565; Procter, Linton 05 15
1978, UVIC; Lake Cowichan, Vancouver Island, Paden (JWP 1343, 1344, 1347) 05 22 1986, UVIC;
Francis Park, Victoria, Vincnuvu Island, Egger 04 26 & 28 1985, DAOM 199519, 199526; Salispring
Island, Linton 04 20 1974, UVIC; Chilliwack River, Stirling 05 8 1982, UBC F907; Manning P.P.,
Egger 06 9 I?KS DAOM IWSSD 199552, 199559; Champion Lakes near Trail, Dmlelson (RMD 709)
06 3 1973, TA. Alberta: Richardson Fire Tower 150 km north of Fort McMurray, D:me]son
(RMD 1897) M 27 1976, ALTA east of Slave Lake, Hambleton & Richardson 05 22 1995, ALTA;
Cross. L;.k: Anslev and Hichling 05 12 1977, ALTA 7488; Carson-Pegasus P.P., Abbm (SA 76I| 05
15 1993, : Whitecourt, Stewart 06 5 1963, ALTA 685; Astotin Natural
Abbott (SA]I<7 05 13 1990, SA; Maligne Lake, Jasper N.P., 06 30 1996, SA Il6n sonlh of Edson.
Vitt 06 1 1974, ALTA 7182; near Robb, 05 23 1994, SA 938; Wabamun Lake, Seymour 03 26 1963,
ALTA 684; Devonian Botanic Garden near Devon, Abbon (SA 358,939, 1061, 1144) 06 9 1990, 05 30
1994, 05 28 1995 05 26 1996, SA, K; Devonian Botanic Garden near Devon, Currah 05 18 1976, 06
30 1979, 05 15 1981, ALTA 7237, 7956, SA 13; near Dcvon. Osis and Gibson (SA 312) 05 12 1990,
A: north of Devon, Osis (SA 690) 06 13 1992, SA; North Saskatchewan River vall yon,
'3 cnlum:): near Breton, Osis (SA 20, 356' 05 14
1989, 05 27 1990, SA; Poplar Creek Natural Area near Breton, Osis (SA 666) 05 24 1992, SA; Moose
Hill, Poplar Creek Natural Area, van der Schoot 05 15 1994, SA 937; Strachan, southwest of Ilocky
Mountain House, Bourchier 05 27 1960, CFB 4040, 4041, 4044, 4045, 4046,
southwest of Rocky Mountain House, Bourchier 06 9 1961, CFB 4458; Cirque Lake, Banff N. P Be\l
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06 24 1964, ALTA 671; Forestry Trunk Road, Danielson (RMD 2722) 06 18 1978, ALTA; Sheep
River, Danicison (RMD 1383, 1520, 1925) 06 9 1974,06 1 1975, 05 23 1976, ALTA: Blackiston Fall
Trail, Waterton Lakes N.P.. Abbott (SA 341) 05 29 1990, SA. Manitoba: Victoria
Winnipeg, Biby 06 2 1938, 05 25 1931, DAOM 151579, 206571. Ontario: Lake Sim
Gilford, Ammirati (JFA §367) 05 17 1979, WTU; Nancy Lake west of King. Bell 05 21 1030, TRT(
18475; Black Sturgeon Lake, Hale 06 8 1976, WTU (JFA 7360); near Carlsbad Springs. Homer 05 23
1954, K. Québec: Masham, Darker & Shoemaker 05 31 1963, CFB WINFM 10931, DAOM ot
USA: Alaska: Willow, Bumer 06 18 1971, WK 5034; Eklutna Lake north of Anchorage, Kempton 06
221966, WK 1059; Bird Creek, Chugach National Forest, Cooke 06 21 1970, WSP 61117; Anchora
Kempton 06 101971, WK 4566 Beaver Lakes, Matanuska valley, Kempton 05 28 1988 & 1989, WK
6551, 6616; Trail River near Seward, Kempton 06 19 & 21 & 291971, WK 5021, 5022, 5023; Russian
River, Kenai Peninsula Kemplon 07 4 1971 WK 5040, Washington: Birch Bay near Blaine, Isaacs
(Is 1588) 05 2 1962, WTU; Glacier, Paden (JWP 699, 700) 05 § 1969, UVIC; Colville, Conner 06 1
1948, WSP CS17389; Ford, Smith 05 2 1928, WSP 32173; Pend Oreile Co., Slipp 06 17 1942, WSP
49791; Mutiny Bay, Island Co., van de Bogart (FVB 3354) 03 2 1975, WTU; Seattl, Fitzpatrick (Stz
seszy 49 1952, W Seatle, Parker (YNS 40) 03 24 1892, WTU; Watermain Woods, Redmond, van
gart (FVB 3599, 3404) 04 25 & 26 1975, WTU; east of Skykomish, Cohen (Stz 6711) 05 19
1952 SVTU: east of Stcvens Pass, Brough (70) 05 25 1957, WTU: below Goose Creck along Chiwawa
River, Ammirati (JFA 9394) 05 23 1987, WTU; Big Tree Park, Snoqualmie Pass, Snyder (100) 04 15
1934, WTU; Kachess Lake tumofT near Snogualmie Pass, Isaacs (Is 1679) 05 12 1962, WTU; American
River, Beeman (Stz 1219) 05 31 1942, WTU; Clearwater R.S., Garfield Co., Goheen 06 4 1948, WSP
CS25651; Amboy, Smith 04 5 1954, WSP 41138: Bingen, Suksdof 0 7 1901, WSP 27278; Lee
Forstaear Malty, Coben (Stz 6687, 6704) 05 3 & 11 1952, WTU; Bimingham, Zeller (265) 04 6
; unknown, Snyder (5, Vogel Stz 15446) 03 10 1969, Tsaacs (Is 555) 03 31 1957, (Stz
mssq)m 1955, #10 6665, 215, WU I River Experimental Forest, Slipp 06 2 1942,
WSP 49881 natural area of Pricst River Ex pcmm:nul Fores, Miler 07 5 1964, WSP 54436: cast of
Vi, Shaw 0521 1948, WSF CS17576, Co17388; north of Moscow, SMD 05 30 1954, WSP Ao,
tah Co., Cooke 05 1948, WSP AS30089, DAOM 26787; Upper Jerome Creek,
Con Tyhuki 05 1011965, WSP S6315; ayete Lake, Ammirai (FA 9276) 06 13 1986, WTU: Pa
River south of McCall, Miller 06 4 1964, WSP 544 o I nar Pordand, Hinds
03 14 1987, WTU; near MacDougall Camp, Blue Mu\mums. Uratila Co., Cooke 06 16 & 17 & 1
1948, WSP 19851, 19848; near Spout Springs in Umatilla National Forest, Blue Mount nior
Con Cooke 06 17 1948, WSP 19850; south of Gold Hill, Iases (Is 1387), WTU; Medford. (s 1349) =
221961, WTU; Mt. Ashland near Ashland, (Is 1776) 06 10 1962, WTU. Wyoming: Lower Falls on
Uncle Tom's Trail, Yellowstone N.P.. Brough (80) 06 29 1957, WTU. NORWAY: Hedmark.
Ringsaker, Muremyra, Minter 06 1 1988, IMI 328178. SWEDEN: near Storvret o, Upland, Lundell 05
1935, K. UNITED KINGDOM: Colchester, Essex, Hartley 04 10 1989, IMI Soske BELGIUM:
Meerdaal, Heinemann 04 19 1964, K. CZECHOSLOVAKIA: Dobris 05 15 1921, PRC 216
(holotype of G. bubacii). Exsiceata: Vancouver Island Fungi, 254, Sidney, BC, Canada, Macoun 02 §
1915, s, Helvella lacunosa, UBC F3270; Vancouer Island Fungi, 344, Vancouver Island, BC, ey
Macoun 02 25 1915, s.n. Gyromitra esculenta, UBC F3237; Cooké, Mycobiot of North America, 319,
Blue Mountains, Umatilla Co., OR, USA, Cooke 06 16 1948, s.n. Helvella infula, WSP 23656

Gyromitra infula (Schacffer : Fries) Quélet, 1886, Enchiridion Fungorum p.
272,

=Helvella infula Schacffer: Fries, 1823, Systema Mycologicum 2: 17.

=Hebvella infla Schaeffer, 1774, Fungorum qui in Bavaria e Palatinatu circa

nascunturicones 4 ind. 105

—Helucla *fresiana Cooke, 1875, Mycographia, seu icones fungorum 1: 195.
(lectotype, selected Harmaja | b K. examined).

9=Gyromitra columbiana Harmaja, 1986, Karstenia 2
(additional synonyms see Harmaja 1969b).

Type Material: Neotype K- (desgnated Harmaja 1969b, =lectotype of H.
friesiana), examins

Fig. 1b.

Apothecium: 17-80 mm diam. 25-70 mm high (up t0 130 x 95 mm fresh), saddle-
shapel o irregularly lobed, ofien bilobate, margin typically fused to stipe and along

:41. (see notes)
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apothecial margin, hymmmm (fr:sh) yellow brown to orange brown, sometimes dark
red brown in age, dark b o red brown or blackish bmwn when dry, typically

I: inkled- ) or ly smooth, excipular
surfnce white to pale brown, pubescenl snpe 90 x .50 mm (up 10 110 x 60 mm
f‘resh)‘ ‘pallid pinkish cream to greyish purple brown, equal or enlarged at base, terete or

en fluted at base, pubescent. Asci: F2%05300 % 1247 pm. Paraphyse 7»10 Jm
iy apex, clavate, gradually enlarged or abruptly swollen at apex, brown,
granular. Ascospores: 17-23 x (7) 8-10 (1) um, narrowly ellipsoidal, hyullne spou
deposit white to pale cream, smooth, finely rugose with SEM, biguttulate, very rarcly
with 1 or 3 guttules, non-apiculate.

Habitat: Solitary, gregarious, subcaespitose, or scattered on ground or more ohen
on rotted coniferous or deciduous wood in comfcmus or mixed woods, rarely
deciduous woods. Associated trees: Picea glauca, Picea mariana, Picea sitchensis, hma
engelmannii, Pinus contorta, Pinus banksiana, Pinus monnmla Abies balsamea, Abies
grandis, F:eudol:uga menciesii, Tsuga hmmpo.yua Larix ocrldenlalu‘ Thuja plicata,

opulus Populus Alnus sp., and Betula
papynjem Associated shrubs: Alnus crispa, Sahx sp., and Rosa sp. Fruiting from July
= ruary 17 in BC, with the majority of collections in August, September, and

et
Diviribution: Widely distributed throughout boreal, montane and coastal forests
from AK, NWT, BC, AB, SK. MB, WA, ID. MT, and WY. Also reported from OR

(Larsen and Denison 1978), eastern No nh America (Groves and Hoare 1953; ber
1988), South Aml:nca (Dennis 1970), Europe (Harmaja 1969b), and Asia (Knr( and
Zhuang 1991). M:

otes: Re]anvely small spore size, narrowly ellipsoidal shape, and lack of distinct
apiculation arc characteristic for G. infula. This species is closest to G. ambigua (q.v.).
Some early authors (e.g., Seaver 1928) united G. infula with G. e:culema (Qv.. ), Dot the
species are casily distinguished by fruiting time, in addition to macroscopic and
anatomical differences. Kanouse (1946) states that one of the " featuros scperating .
infula from G. esculenta is the consistent association of G. infula with deciduous trees.
This is questioned, but accepted by Groves and Hoare (1953). Collections of G. infula
in the northwest of North America are much more frequently associated with coniferous
wood. G. infila and G. esculenta are both associated with coniferous and deciduous
trees and are widely distributed, often at the same localities. The two species arc best
distinguished by iting time, ascocarp colorttion and structure, and. #scospore
morphology.

Harmaja (1986) described G. columbiana from British Columbia, and separated it
from G, iy based o the deasely fokled hymeniurm and large clavats paraphyscs, and
fiom G. esculenta based primarily on smale ascospores. He also noes ha i was not
possible to determine vemal versus autumnal fruiting pattern. Although we have not
Eramined the type, the description soems consistent with G. . Soveral colleciions
were examined with highly convoluted apothecia which were otherwise typical of G.
infula, and our observations of paraphyses are not substantially different from those

described for G. columbiana. Rahm (1970) describes G. infula forma gyrosa Benedix,
which is highly convoluted and similar in habit to G. esculenta. Also, given our
ity with the Shuswap region of British Columbia. we suggct that the collecton
made on July 30 represents an autumnal fruiting pattern, even given the elevation of
1500 metres.

Collections Examined: CANADA: Northwest Territories: Pine Point, Dube 09
1983, DAOM 188769. British Columbia: Muncho Lake P.P., Abbott (SA 208) 08 21 1989, SA:
Procter, Linton 09 19 1978, UVIC; Cathedral Grove near Port Alberni, Vancouver Island, Smyth 10 10
1977, UVIC; Sidney, Vancouver Island, 12 16 1913, DAOM 44705; Victor /ancouver Island,
Newcombe, K; James Island ncar Central Saanich, Simmonds 02 17 |977 UVIC; University of BC
campus, Vancouver, Kroeger 1029 1986, UBC FI2833; Vancouver, Waugh 07 15 1951, 10 16 1960,
DAOM 26944, 71910; Similkameen River, Manning P.P., Bandoni 07 16 1959, UBC F3271; near
Yahk, 10 7 1993, SA 991. Alberta: Richardson Fire Tower 150 km north of Fort McMurray,
Danielson (RMD 1703) 09 | 1975, ALTA; Fawcett Lake, Abbott 09 3 1988, ALTA 8451; Carson
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Lake, Currah 08 26 1977, ALTA 7538; Sandy Lake, Schalkwyk 08 16 1980, DAOM 180173; William

395, 396) 09 2 1990, UAMH 7349 (living culture), SA; Valley of the Five Lakes, Jasper N.P., 08 18
95, SA 1083 Frai valey, Jspes N.P., Richardson (SA 299) 09 22 1989. SA; ncar Onoway, Osis (S
£79) 08 8 1993, SA: east of Spruce Grove, Abbott (SA £97) 08 22 1993, SA: Sprce Grove aen
ennedy 08 20 1980, ALTA 8060; Wagner Natural Area, Abbott (SA 1104) 08 19 1995, SA;
University of Alberta Forest Reserve, Edmonton, Traquair 09 14 1970, ALTA 4140 Whitemud Crec.
Edmonton, Abbott 09 13 1987, ALTA 8450; Devonian Botanic iear Devon, Abbot (SA 1136)
099 1995, K; near Breton, Abbott (SA 385) 08 9 1990, SA; Fish Lake near Nordegg. Abbott (SA 283)
08 31 1989, SA; Crimson Lake, Kennedy 08 31 1976, ALTA 7239; Forestry Trunk Road, Forest
Reserve, west of Calgary, Danielson (RMD 2818) 09 3 1978, ALTA; Yamnuska near Seebe, Daniclson
(RMD 1774, 1777) 09 9 1975, ALTA: Brown Lowery Natural Area, Daniclson (RMD 451, 499, 1086,
1088, 1089, 1187) 08 27 & 09 2 1972, 08 26 & 09 3 1973, ALTA; Fish Creek P.P., Calgary,
cison (RMD 996, 1062) 08 9 & 21 1973, ALTA; Mamot Creek, Kananaskis, Danielson (RMD
2316) 09 2 1976, ALTA; Laggan, Hone 08 23 1903, TRTC. Saskatchewan: Prince Albert N.P.,
Zelmer (PA 352, 611, 914) 1994 & 1995, ALTA; Candle Lake, Zalasky 09 1 1955, CFB WINFM
1339. Manitoba: Steep Rock Lake, Lawrence 09 I8 1969, CFB WINFM 12354; Victoria Beach, Lake
Winnipeg. Bisby 09 12 1926, DAOM 206805, 206806; Minaki, Bisby 09 27 1925, DAOM 206807
Singush Lake, Parker 09 21 1975, DAOM 187879; Duck Mountain, Parker 08 7 1977, DAOM 165377.
nta under Bay District, Lahie 08 11 1978, TRTC. USA: Alaska: Fairbanks, Kempton 08 7
&8 1970, WK 4639, 4666; Talkeetna junction, Suisita valley, Kempton 08 15 1966, 08 16 1970, 08
291971, WK 856, 4723, 4728, 5239; Libenty Falls Creek, Copper River valley, Kempton 09 5 1970,
WK 4588; Eklutna Lake north of Anchorage, Kempton 08 24 & 09 21 1971, WK 5199, 5215, S614;
chorage, Kempion 08 10 & 09 9 & 26 & 28 1971, WK 7133, 3505, 3655, s672 Girdwood,
Kempton 09 23 1969, WK 4310; Kenai Lake, Kenai Peninsula, Kempton 09 6 1967, WK 866; Haines,
Kempton 09 9 1967, 09 20 & 21 1970, WK 873, 4«763 571, Washington: Whidbey island, Meeurs
(St 17552) 10 31 1972, WTU; Blwet Pas, Cuscade Mountins, Grant 08 1929, MU FI4I63; nea
Gifford, van de Bogart (FVB 834) 10 23 1971, WTU; Hermit Mount Puget Sound, Fink 07
006 MU 1535, S, Stuta 1111934, WTU: Sate, Zeller (54, 2 ms) 1911 & 03 1914, WIU;
Scattle, Murril 1020 & 11 1 1911, NY; Watermain Woods, Redmond, Williams (JWL 1683) 10 13
573, WTU: confluence ofnorth fok of Rogue and National Crock, Douglas Con Isms 03 wx) 08 27
1957, WIU; Burping Brook. Mount Spokane, Simms 10 S 1965, WSP S8171: cast of M , van
de Bogar (FVE 6911 3 1970, WTU, Sitvr Springs are, Chincok Pass s 1272) 10 1 1960,
WTU; Tahoma Creek, Mount Rainier N.P., van de Bogart (FVB 1489) 1055 1971, WIU: Taboms
Creek, Mount Rainier N.P., Brough 11 2 1963, UBC F3239; White River near Mount Raier N.P..
Laaaes (Is 673) 10’5 1958, WTU; Iron Butt, Cispus area ncar Randle, van de Bogart (FVB 1420) 10 21
1972, WTU; Bingen Mountain. Klickitat Co., Dietz 11 23 1901, WP 27475; Teanaway, Woo S
16685)07 4 1971, WIU: south of Brownis Lake, van de Bogut (FVB 988) 11 13 1971, WTU; Lake
Stuntz (Siz 19958) 09 27 1976, WTU; road 1102/1102¢ junction, van de Bogart (FVB 938) 10
541071, WU, voad 1102 ock i s, van de Bogart (VB §28) 1024 1971, WIU: Min, Park oad
Van de Bogart (FVB 2311) 10 21 1973, WTU; Moclips road, Stuntz (Stz 16859) 10'17 1971, WTU;
nknown, Stz Stz 13974, 1751 1039 1966, 10 231972, Willams (WL 67, WTU. Idahe:
Hunt Creek Road, Bonner/Boundary Co., Slipp 10 3 1940, WSP 49762; near Benton Spring, Priest
River Experiments Forest, Bomner Co. Haye 07 3 1941, WSP 49797. Coeur tAlen, Rust (1014) 10
1918, WTU; Bovil Rhoads 19 29 | mo UBC F3238; Dry Creek between Troy and Deary, Cooke 05
1948, WSP 30088; west end of Th Co., Cooke 1128 1947, WSP 24509; Laird Park,
Laah o LES 1028 1976, WSP §3356; Fal Croek at rench Creck Grade Miller 09 4, 7
Tocd, WSP S3882, $3834; Upper Payete Lake, Miler 08 29 1964, WSP 54573; Snowside Lake,
Valley Co., Miller 08 18 1964, WSP 54557; Sater Meadows, Valley Co., Miller 08 6 1964, WSP
S4187, Tecls Creck road,uan de Bogart (VB 3732) 9 9 1976, WTU: Idaho, Slipp 09 16 1944, WSP
50855 Montana: Red Meadow Road, Flathead Co., Young 07 24 1967, WSP 57826; Echo Lake,
Flathead National Forest, Cummins 07 23 1928, MICH. Wyoming: Grassy Lake, Targhce National
Forest, Ammirati (JFA 942») 08.7 1887, WIU. Califorals: Lassen Volcanic NP, Cooke 103 ms
WSP 3394, New York: Lake Pac s, Murrill 10 3-14 1912, NY 565. COSTA RICA:
c, Tolamanaca Ridge, Gomes 05 151560 K SWEDEN: Uppeain. Fres, Herbarium Berkeley
(1ecw|yp¢ OFF fiesiana wd neotype of G. inflek G skog near Uppsala, Lundell 10 3 1935, K.
CZECHOSLOVAKIA: Delroi Virgin Forest, Stovan 03 31 1964 K. Exslecata: Vancomer
Isiand Fungi, 33, Sidney, BC, Canada, Macoun 1912, s Helvella infula, UBC F3269; Vancouver
Island Fungi, 23, Sidney, BC, Canada, Macoun 1912, s.n. Helvella crispa, UBC F3247.
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Extralimital Specics

Gyromitra_sichuanensis Korf and W.Y. Zhuang, 1985, Mycotaxon 22: 490.
Type Material: Holotype and paratype HKAS: isotype and isoparatype CUP,
examined
Distribution: Known only from China (Korf and Zhuang 1985; Cao 1988)
Notes: This species is closely related o G. infia (q.v.), but differs in its more
coarsely ornamented ascospores.
Collections Examined: CHINA: Wu Geng mountains, Sichuan Province, Xing-jiang 0§
12 1981, CUP CH2522 (isotype); Xiangchen Co., Sichuan Province, Xing-jiang 08 12 1981, CUP
(CH2523 (isoparatype).

Gyromitra tasmanica (Berkley) Derkcley & Cooke, 1875, in Cooke,
Mycographia, seu icones fungorum 1: 193, €90, f.
=Helvella tasmanica Berkeley
Type Material: Holotype K. examined.
Distribution: Tasmaniz and New Zesland (Cooke 1875; Raitir 1965) and
reporid fiom Europe (Torte 1976: Calonge and Tore 197),
otes: This species is closely related to G. oty (q.v.), but is tentatively
accepled as a distinct southern hemisphere species. It differs in its smaller stature and
typically free apothecial margin. European specimens were not seen. Several specimens
with gross morphology similar to G. tasmanica were found among the collections from
northwest North America, but are included in the variable species G. esculenta.
Collections Examined: AUSTRALIA . Archer, Herbarium Berkeley 1879, K
(holotype). NEW ZEALAND: Ringaringa, Stewart Island, Traill 08 28 1959, K: Wellington, Travers.
Herbarium Cooke 1885, K; New Zealand, Colenso, K.

Gyromi ides S.P. Abbott, subgen. nov.
Apothecia. sessilia_vel substipitaa, cupulata, hymenium ~griseo-brunneum;
ascosporae elipsoideae, biguitulatae, nonapiculatae, verrucosae.

Type, species: Gyromitra melaeucoides (Seaver) Pfser, 1980, Mycologi 72

Ascoclrp subsessile (o stipitate, cupulate, discoid, or reflexed; hymenium dark
grey brown to brown, undulate-rugose; excipular surface glabrous o finely pubescent.
Ascospores: cllipsoidal to broadly ellipsoidal, biguttulate, appearing distinctly
roughened (LM), with SEM surface omamentation composed of distinct lated bmadly
rounded warts

Notes: This subgenus is described on the basis of ascospore omamentation which is
distinctively verrucose by LM, consisting of numerous isolated rounded warts (Fig. 40)
by SEM. The warts are uniform in size and distribution. Ascospores are nonapiculate
and biguttulate, and a few contain de Bary bubbles at maturity.

Gyromitra melaleucoides (Seaver) Pfister, 1980, Mycologia 72: 615.
=Peziza melaleucoides Seaver, 1928, The North American Cup-Fungi
(Operculates), p. 225.
=Paxina.recurvum Snyder, 1936, Mycologia 28: 487. (paratype and authentic
material NY, examined).
=Gyromitra recurva (Snyder) Harmaja, 1978, Karstenia 18: 57.
Type material: Holotype NY, examined: authentic material NY, examined.
Fig. 40.
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Apothecium: 9-68 mm diam., 9-50 mm high (up to 110 mm diam. fresh),
imegularly discoid, cupulate, or lobed, margin typically reflexcd, free from stipe,
hymenium dark grey brown, brown or dark red brown when dried, smooth to undulate-
rugose, excipulum cream to pale yellow brown, glabrous to finely pubescent. Stipe: 13-
50 3-26 mm, distinctly flaring al apex, below equal or enlarged at base, cream (o pale
Yellow brown, glabrous (o finely pubescent, infolded/fluted, internally with_hollow
chambers. Asci: 205235 x 11.0-14.6 um. Paraphyses: 5.4-0.0 um diam. at apex,
terminal cell 53-105 m long, clavate, enlarged gradually to apex, pale yellow brown to
brown individually, brown in mass. Ascospores: 11.6-14.4 x 8.0-9.4 ym, cllipsoidal
to broadly ellipsoidal, especially when immature, hyaline, rough, warted, ormamentation
of isolated rounded warts with SEM, non-apiculate, biguttulate or infrequently
uniguttulate, guttules spherical, de Bary bubbles present in a small proportion of mature
spores.

Habitat: Solitary, gregarious, subcaespitose, or scattered on soil, litter, or rotted
wood in coniferous or mixed forests. Associated trees: Picea sp., Pinus ponderosa,
Abies grandis, Tsuga sp., and Arbutus menziesii. Fruiting from April 11 in BC 1o July
22 in ID. May and June collections are most common.

stribution: Endemic to northwestern North America in montane sites in the
coastal and Rocky Mountains from AK, BC, AB, WA, and ID. Also reported from OR
and MT as Peziza melaleucoides and Paxina recurvum respectively by Larsen and
Denison (1978). This species is newly reported for AK and AB. Distribution extends
south of the study area to Colorado (Pfister 1980). Map 6.

Notes: This species is morphologically distinct from all others in the genus, and is
placed in its own subgenus on the basis of ascospores which are the smallest in the
Genus and relatively broader than other species. In addition, the spores bear distinct,
iolated knob-like warts. The predominantly grey ascocarp is also unique. The
biguttulate, ellipsoidal spores are more similar (o the subgenus Gyromira than subgenera
Discina and Caroliniana, but the stipe of G. melaleucoides is less distinct than typical for
spocies in the subgenus Gyromitra. Gyromitra melaleuca (q.v.) is similar to this species,
but appears intermediate between G. melaleucoides and members of subgenus Discina
(e.g. G. olympiana). Pfister (1980) regarded G. melaleucoides as morphologically
intermediate between stipitate Gyromira (sensu stricio) species and typically cupulate

ies of Discina, and therefore accepied the genus Gyromitra in a broad sense to
encompass both genera.

screpancies between the type specimens of P. recurvum at NY and the protologue
(Snyder 1936) are discussed by Harmaja (1979b). No holotype specimen was located in
‘WTU or other herbaria in this study.

Collections Examined: CANADA: British Columbia: Saltspring Island, Linton 04
11 & 20 & 21, 1974, UVIC; Manning P.P., Egger 06 9 1985, DAOM 199548. Alberta: Whirlpool
River valley, Jasper N.P., Baranyay 07 5 1960, area askis count
Danielson (RMD 3816) 06 9 1991, ALTA. USA: Alaska: Hope Kempton 06 25 1967, 07 5
1970, WK 1137, 4455; Turnagain Pass near Seward, Kempton 07 21 1970, WK 4512. Washington:
Stampede Pass, Paden (JWP 535) 06 3 1967, UVIC; Watermain woods, Redmond, Bolen (SLB 492) 04
21 1978, WTU; east of Skykomish, Cohen (Stz 6715) 05 19 1952, WTU; Snoqualmie Pass area, Stuntz
(Stz 13313) spring 1965, WTU; Lake Keechelus, Snyder 04 15 & 05 5 1934, NY (type of Gyromitra

; east end of Lake Keechelus, (Is 1732) 05 27 1962, WTU; west of Lake Easton, Stuntz (Stz
1230) 06 21 1942, WTU; Cle Elum, (Stz 12348) 05 21 1961, WTU; Cle Elum, (Stz 20342) 05 13
1978, WTU; Iron Butte Road, van de Bogart (FVB 2875) 07 13 1974, WTU; Road West Mt, Ammirati
(JFA 9271) 06 12 1986, WTU. Idaho: Priest River Experimental Forest, Miller 07 4 1964, WSP
54399; Snick's Bog, Paden (JWP 72) 06 6 1964, WSP 56310; North-South Ski Bowl, Benewah Co.,
Miller 06 1 1964, WSP 56300; Brundage Mountain, Paden (JWP 214) & Tylutki 07 22 1964, WSP
56295. Colorado: Tolland, Overholis (1792) 06 19 1914, NY (holotype); Giants Ladder, Tolland,
Overholts (1809) 06 21 1914, NY; Jennie Creek, Tolland, Overholts (1874) 07 7 1914, NY.




Extralimital Species

Gyromitra melaleuca (Bresadola) Donadini, 1975, Bulletin de la Société
Linnéenne de Provence 28: 74.
=Discina melaleuca Bresadola, 1898, Fungi Tridentini novi, vel nondum delineati

2:74.

=Peziza melaleuca (Bresadola) Seaver, 1928, The North American Cup-Fungi
(Operculates), p. 225
Type Material: Holotype S.
Distribution: Known only from Europe (Donadini 1975, 1986; Benedix 1969;
Ryman 1979). The North American repom by Seaver (1928, 1942) from Colorado and

0t G
Notes: Tl h)s specics i tenatively pluced i the subgenus Melaleucoides on the basis
imilarity and ascospores. Spores are often biguttulate,
lthough the guttules are often differen sizes and asymmerical in the spore. Spores are
warted to coarsely rugose, although material examined was of poor quality. Ascospores
of G._melaleaca wr lrger than G. melalecoides (4., Cyromitra melaleuca may
represent a taxonomic link between subgenera Melaleucoides and
Collections Examined: FRANCE: Sus le Croix Haute, Haute A]pi. Allemant 05 20
1967, K; Colmars Basses Alpes, Riousset 05 25 1969, K. GERMANY: Neustadt, Weinstr., Thate 02-
031975, K.

Pseudorhizina Jacevskij, 1913, Opredelitel gribov 1: 1913.

SHelvelll S Imai, 1932, The Botanical Magazine (Tokyo) 46 174

=Ochromitra 934, Bohemiae p. 391.

~Gyromitrodes Vassikor, 1942 Sovetskaya bounne: s

Type Species: Pseudorhizina sphacrospora (Peck) Pouzar, 1961, Ceski

Mykologie 15: 42.

Macroscopic  Features: ascocarps epigeous, dxsl.mctly stpitate; spotecia
imregularly convex, saddle-shaped, or imregularly lobed, margin reflexed: hymenium
medium brown or grey brown to blackish brown; stipe dc:ply nbbed ‘with ribs extending
onto excipular surface, cream, often with vinaceous tints at base; flesh thin (1-2 mm),
pliant to brittle. Microscopic Features: asci e lindrcal, tapered 1o base, hyaline
paraphyses clavate; ascospores globose (o ellipsoidal, appearing smooth with light
microscope, with SEM very fincly rugose to nearly smooth, non-apiculate, with one or
b oil guitles, de Bary bubbles present at maturiy, teramucleat, cyanophilc

isporc-periplasm complex absent at_maturity, excipulum of iextura
Throughout, hyphat of exeipalum thick walled (0.7:3.0 yum diam., Harmaga 19745,

Key to species of Pseudorhizina
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Pseudorhizina californica (W. Phillips) Harmaja, 1973, Karstenia 13: 56.
EHelveUa califamica W. Phillips, 1880, Transactions of the Linncan Society I
423.

-Gyramura californica (W. Phillips) Raitviir, 1965, Bent NSV Teadute

‘Akadeemia Toimetised 14 (Bioloogiline Seeria 3): 3.

Elvela umbracauliformis Seaver, 1928, The N g Cup-Fungi
(operculates) p. 251. (fide Seaver 1942).

Type Material: Holotype K, examined.

Fig. 13.

Apothecium: 23-135 mm diam., 13-80 mm high, irregularly convex to lobed,
margin reflexed, free from stipe, hymenium medium (o dark brown (fresh and dried).
uearly smooth fo undulte rugose, excipular surface cream to pale yellow brown,
ubcscent, stongly ribbed, s sharp-edged, often reaching marginal _region,
Continuous with those of the stipe. Stipe: 25-80 x 860 mm, tapering to base, flaring
and merging with apothecium at apex, pale ycllow brown, often with wine red tints near
base, pubescent, deeply ribbed, ribs sharp-edged, widely spaced, intemally sulcate and
solid or with few chambers. Asci: 160-200 x 10-12 ym. Paraphyses: 6-8 um diam. at
apex, clavate, brown in mass. Ascospores: (14) 16.1- 20.3 x (7.5) -10.7 pm.
ellipsoidal, hyaline, smooth, with SEM very finely rugose, non-apiculate, biguttulate.

Habitat:Solitary 1o grgarious on sl duff, o woody dgbrs,rrely o roted logs,
in coniferous woods. Associated trees: Tsuga heterophylla, Thuja plicata, Pseudotsuga
menciesii, Picea engelmannii, and Pinus sp. Fruiting from April 24 in BC o August 6 in
1D and inierior BC. June and July collections are common.

Distribution: Common west of the continental divide in montanc and coastal
forests from BC, WA, ID, and OR. Kaown disrbution is extended north (0 the Quocn
Charlotte Islands, BC. This species is endemic to western North America, reported from
MIT Raivir 1965) and extending south to northern Catforma, Colorado, nd Nevada
(Larsen and Denison 1978). Map 8.

Notes: This species is Glosely related to P. sphaerospora. The ellipsoidal,

ttulate, non-apiculate ascospores are similar to Gyromitra species in the subgenera
Gyromitra and Melaleucoides. The finely rugose spore surface by SEM is also similar to
speciesin Gyromiira subgenus Gromitr, bt i evnless pronounced in Pseudorhizina

califorica. The holotype () matc iches the above description in all details.
ollections Enmmed CANADA: British Columbia: ncar Masset, Graham Island,
Qucm Charlol( Islands, Egger (167) 06 9 1979, DAOM 172567; Mosquito Lake, Moresby Island.

cen Charlti Isands, Z4lr 07 2 1952, DAOM S6711; Mount Robson P.P., Wilson 07 39 1971,
ALTA 4553 it Grest Glcir, Giacer NP, Shcemaker 08 | 1963, DAOM 109931; Mount Abbott
ake, ker 08 6 1963, DAOM 109223; Cussom Creek, Amow Park,
Z|ller 75 1635, DAOM 62736: Meager Creek Hotsprings, Krocger 06 14 1987, UBC FI2874; Mount
Seymour, Norh Vancouver, Waigh 05 27 1961, UBC F3242; Confodraion Park Vancouver Waugh
0651952, DAOM 29531 west of Sooke, Vancouver sand, Ziler 06 15 1971, DAOM 134985 ear
Gooke, Vancouves and, Egger 07 10 152, DAOM 150830; Hasig 0424 1889, DAOM
44702; BC, Burda 07 9 1983, UBC F11957. USA: Washington: Big i v near Nookeack. Mount
Baker Naionl Forest, saas I 1790) 07 13,1962, WTU: Upper Bakor i, North Casades N1
Williams (JWL 199) 06 29 1969, WTU; Boulder Creck ncar Baker Lake, Leuthy (Brough §2) 06 21
1957, WTU; North Fork Quinault River, Olympic N.P., chans (s 6725, WTU.sbove Jackson Guad
Station, Olympic N.P., A.H. Smith (13378) 05 13 1939, K; Hoh River, Olympic National Forest,
‘AH. Smith (13172) 05 7 1937, DAOM 24717, K: Hoh River, Olympic National Forest, Kveruvik (Stz
20928) 05 18 1980, WTU; Mount Rainier N.P., Imshaug (488) 07 21 1948, K; Carbon River, Mount
Rainier N.P., Cohen (Stz 6824) 07 7 1952, WTU: Round Pass, Mount Rainier N.P., Knowles (Stz
3900089 1948, WTU; Mount Adams sres, Rafaull (S| mm; 07 12 1975, WTU: Tucannon River.
Gareld Co. Shaw 0T 10'1945, WSP CS25652: Hore, Soyder (15) 05 15 1932,

Meadowdale, Snyder 05 10 1934, WTU; Mucl area, van de Bogant (FVB 1920) 07 16 1973,
WTU; Washington, van de Bogart (FVB 1926)0625 1973, WTU unkxwwn PSMS (Stz 17982, 18407,
21387) 08 1973, 1974, 06 § 1981, Mackintosh (Stz 17874) 05 1973, Loty (Stz 20585) 06 1979, (Stz

14513, 14830, 20622) 07 1968, 07 1979, WTU. Idaho: Canyon Creek, Priest River Experiment
Forest, Bonner Co., Slipp 07 6 1941, WSP 49805; Boulder Creck, Pres Rver Experimental Forest,
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Harrison 08 10 1964, DAOM 107197; Gold Creek north of Nordman, Miller 07 4 1964, WSP 54388;
inarch Creek, Bonner Co., Miller 07 8 1964, WSP 54345; Granite Creek, Bonner Co., Slipp 07 4
1939, 07 | 1942, WSP 49763, 49872; Station 1, Bomner Co., Slipp 1942, WSP 49910; Kaniksu
National Forest, Bonner Co., Shaw 06 17 1948, WSP CS25646; near Emida, 06 23 1955, WSP 45128;
cast of Elk River, Clearwater Co., Paden 06 24 1965, WSP S6263; cast of Pierce, Shaw 07 9 1959,
WSP 48896; north of Bear Basin, Valley Co., Miller 07 24 1964, WSP 54640; Brundage Reservoir,
Valley Co., Miller 08 6 1964, WSP S4168: Sater Meadows, Valley Co., Miller 08 6 1964, WSP
54201; No Business Ridge, Valley Co., Hawker 08 1962, K; south of No Business Lookout, Valley
Co., Miller 07 23 1964, WSP 54597. Oregon: Lake Creek, Grayback area, Siskiyou Mountains,
Whitiaker 07 14 1949, WSP 25463. California: California, Harkness, Herbarium Cooke, K
(holoype), Squaw Valley Creek Mount Shasa, Conke 07 10 1947, WS 0304; Lower Panther Creek

Meadows, Mownt Stast, Cooke 08 24 1845, WSP 25295 Exsiceata: Ellis and Everhard:, North
Amcrices Fung, 2737, B(‘ Macoun 06 28 1892, s.n. Helvella californica, K; University of
Califoria, Caltosin Fungi, 315, Jonesville, Calfornia, USA, Copeland 07 1929, s. Ebvell
Califormica, WP 35289, TRTC, Universty of California, Califortia Fungs, 317, Jonesvill, Califonia,
USA, Copeland 07 1929, s.n. Elvella umbraculiformis, WSP 35269, WTU, TRTC.

Pseudorhizina sphaerospora (Peck) Pouzar, 1961, Ceska Mykologie 15: 42.
»Helvella xphaem.rpam Peck, 1875, Annual Report. New York State Museum

jyromitra sphaerospora (Peck) Saccardo, 1889, Sylloge fungorum omnium
‘hucusque cognitarum 8:
=Hebelells sphagrospora (Peck) . Imai, 1932, The Boanical Magavine
(Tokyo) 46:
(additional synﬂnyms see Eckblad 1968).
Type Material: unkncwn (ONYS).
Figs. 14a,b, 26b,
 Apothecium: £.90 o diam, 5-35 mm high, irregularly convex, saddle-shaped, or
bed, margin strongly reflexed at all stages, free from stipe, hymenium medium brown
oari or Bachdsn Beown e darkc bravn fo black drc, arely Slightly motlled with
lighter and darker shades of brown, margin sometimes sllghlly paler brown, undulate-
rugose, excipular surface whit to cream or pale grey brown, pubescent, with narrow-
edged ribs continuous from stipe extending half to_almost all the way to the margin.
Stipe: 5-60  4-40 mm, often enlarged at base, less frequently equal or tapered o base,
flaring and merging with apothecium at apex, white to cream, often with strong wine red
tints at base or less frequently extending over lower two thirds of stipe, pubescent,
deeply ribbed, ribs widely spaced, sharp-edged, in cross section sulcate and solid or
with few chambers. Asci: 100-150 x 10-16.3 ym. Paraphyses: 4-7.5 um diam. at
apex, namowly clavat, cxpanded gradualy to apex., brown in mass, contents ﬁnely
granular. Ascospores: 8.5-10.3 pm diam., globose, hyaline, smooth, with SEM v
finely rugose, uniguttulate, one de Bary bubble in most spores at maturity.
Habitat: Solitary to gregarious or scattered and numerous on very rotted deciduous
(or rarely coniferous) logs or woody debris, in deciduous or mixed woods. Associated
trees: Populus balsamifera, Populus tremuloides, Acer negundo, Betula papyrifera, Picea
lanica, and Ables balsamea, Ofien associated with mosses, cspecialy foather mosses
(Hylocomium splendens and Pleurozium schreberd). Fruiting from June 3 to July 6 in

Distribution: Infrequent in boreal regions in the easter portion of the study area

m AB, SK and MB. Known dissbuton in North Amercaisextendecd north o Wood

Buffslo National Park, AB, and west 10 Carson Lake, AB. Reported ffom MT by

Commins (1930, 2 Helvells ghacrospora).but 10 specimenin MICH could be Iocaed.

Also distributed in castern North America (Pomerleau 1980; Weber 1988), Europe

(Pouzar 1961; Huhlmcn 1983; Torkelscn 1985), and Asia (Imai 1954, as Helvellella
sphaerospora). Map 8.
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Note: Easily distinguished fom other cpigeous mermbers of the faily because of
its small globose spores.
californica (q.v.), but can be separated by spore shape and its_habit o growmg cn
deciduous logs. Pseudorhizina californica is primarily terrestrial and associated with
conifers. Furthermore, P. californica is restricted o areas west of the continental divide
in the Rocky Mountains. Pseudorhizina sphaerospora is found east of the Rocky
Mountains in North America, Europe, and Asia.

Collections Examined: CANADA: Alberta: east of Garden Creck, Wood Buffalo N.P.
Currah (RC 94-18) 06 9 1994, ALTA 9279; Fawcett Lake, Abbott (SA 38) 06 17 1989, SA; Cross

Lako BP. Albott (A I 1011) 06 23 1994, SA: Shaw Lake, Abbott (SA 349, 350, 351, 352, 367) 06 4
& 23 1990, La Biche fores, Cries (SA 931,932, 933) 06 3 & 6 & 23 1992 ALTA Sit
Winston Chundhill 7. Abbat (SA'1155) 06 19 1996; Carson Lake, Wong & Beliveau 07 6 1972,

ALTA 7158; Whitemud Creek, Edmonton, Abbott 06 1985, ALTA 8263, Wit Lumley (SA
1145)067 99 K. Sukatehems: Przce Alert NP, Zelmes (PA 90) 1994, ALTA. Manitoba:
Gorge Creek trail, Riding Mount Hammersay 06 30 1975, DAOM 182247 Victona Beach,
Biasy 06 22 1935, DAOM 206815, i 26845; Elk Island, Lake Winnipeg. Bisby 06 30 1924, DAOM
206829, 154797. POLAND: Biatowieza, Skirgiello 05 1957, K.

Rhizina Fries : Frie

Type Species:

(monotypic).

Macroscopic Features: ascocarp cpigeous, sessile, adjacent fruiting bodies often
fused; apothecium discoid or reflexed to convex; hymenium undulate-rugose, brown to
red brown, margin yellow 10 pallid; excipulum with white to yellow rhizoids projecting
to substratum; flesh relatively thick, 2-4 mm. Microscopic Features: asci cylindrical,
tapered 1o base, hyaline, operculate; paraphyses clavate, hyaline, with dark encrusted
pigment; thick-walled brown setac in hymenium arising from _excipular tissue;
ascospores narrowly fusoidal, rough, with SEM rugose, apiculate, with solitary pointed
opicul, with SEM apiul wisied ste (Figs, 43, ) tetranucleate, ‘ypically
biguttulate, sometimes with two smaller polar guttules in addition to two central guttules,
G Bary buotes in a smal proportion of matute spores (Fig, 26), cyanophilic perispore:
periplasm complex. present at maturity; excipulum of fextura iniricata throughout at
maturity.

1823, Systema Mycologicum 2:
Rhizina undulata Fries, 1823, Sys!cmn Myeologicum 2: 33.

Rhizina undulata Fries: Fries, 1823, Systema Mycologicum 2: 33
hizina undulata Fies, 1815, Observationes Mycologicae 1: 161.
=Rhizina inflata (Schacffer) P. Karsten, 1885, Acta Societatis pro Fauna et Flora
Fennica 2: 112. (fide Eckblad 1968).
=Rhizina zonata Berkeley (holotype K, ex:
(additional synonyms sce Eckbiad 1965: S Seaver 1928)
pe Material: unknown.
Figs. 22, 26a, 43, 44
Apn(heclnm' 14-86 mm diam. (up to 100 mm diam. fresh), discoid to convex and
reflexed, margin expanded to reflexed at maturity, sometimes fused with adjacent
apothecia, hymenium medium to dark red brown fresh to blackish brown when dried,
undulate-rugose, typically with a distinct white to yellow or yellow brown marginal
zone, excipular surlace whit fo palid brown, finly pubescent, it several to many
whitc, yellow or pallid grey brown rhizoid-like projections extending (o substrat
ingron with debis, up fo zo mm long. Stipe: absent. Asci: 375-450 x s
m. Para 4-7.9 um diam. at apex, clavate, enlarged gradually to apex,
hyaline, with brown ey pigment, contents finely granular. Setae: 6.6-8.1
diam. below, expanded to 8.8-10.9 um diam. at apex, clavate, enlarged gradually to
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pex, sometimes somewhat imegularly lobed, brown, thik-valled except apex thin-
wallod, aseptate. Ascospores; 3045 x um, narrowly fusoidal, hyaline,
bguitlate 0 tetragutuate, rough, wih SEM spore surface rugose, distinetly apiculate,
apiculi ponied,appearing twisted

Habi egarious s i seumerd o ol utf 6 woody
debris, lyplully i rosenly bumed arcas under conifers. Pathogen of conifer fe seedlings

Associaicd trees: Pseudotsuga menziesii, Tsuga heterophylla, Picea mariana, sp.,
Pins banksiana. and Pins p.Fruting fiom March in WA to November 21 in BC.
Distribution: Widely distributed. common west of the Rocky Mountains, known

from AK, NWT, BC, AB, SK, MB, WA, and ID. A detailed map ofvhedxsmhuuonm
BC is provided in Ginns (19743) Reponed from MT (Seaver 1928) and OR (Larsen and
Denison 1978). Also known America (Glnns 197417), Europe
(Breitenbach and Kranzlin 1981 ), and A<|a (Korf :md Zhuang 1991). Mt
Not This species is distinctive because of its indeterminate gmw form,
excipular rhizoid- ke p projections, hymenial setac, Aoy ascospore morphology. It is
similar to species of Gyromitra subgenus Drsrma and to G. perlata (q. vy in particular
because of the discoid to reflexed apotheci hymenium coloration, and fusoidal,
rugose ascospores with large pointed apicul i, The setac are unusual in the family, but
similar to the setoid paraphyses of Helvella crassitunicata. Large fruitings of this species
were seen in northem Alberta in 1996 following the extensive fires of 1995 i the
Mariana Lake area south of Fort McMurray.
ctions Examined: CANADA: Northwest Territories: South Rulledge Lake,
bia: Hazelton, Unger 10 21
ueen Charlott Islands, Foster 07 29 1943, TRTC; Cariboo
Lake, near Likiy, Enckion 0o 24 1989, DAVFP 24045, Lois Lake, Powell Rivr, St 1121 wm_
DAOM 129015 Lymne Valley Park, Norh Vancouver, Kroeger 11 18 1981, UBC F
Canyon Park, Norh Vancouver, Vancouver Naal Histry Society 09 30 1961, UBC 53490 Sunl:y

Fusk, Vancouver, Cumminga 07 3 1961, UEC F345¢ .y Park, Vancouver, Kroeger 1985,
UBC F12460; Stanley Park, Vancouver, Waugh 07 28 555 DAOM S9808: UBC. cnfoument Lant
Vancouver, Brough, Berne & Kowke 07 3 1969, 07 15 1970, TBC FU31, 492, UBC ankmst

Lands, Vancouver, Bandoni 09 12 1969, UBC F1326; Salisbury L ssion, Ginns 11 6 1967,
DAOM 119359; Ueluelet, Vancouver Island, Ginns & Allen 119 1967 DAOM 136245, Port Renfre;
Vancouver Island, Ginns 1115 1967, DAOM 119357: Jordan River, Vancouver Ilad, Ginns 1115
1967, DAOM 12901 1; near Sooke, Vancouver [slmd. Egger 10 13 E
199776, 199777; near Sooke, Vancouver Island E
Brothers Ceck e, Hollyurm, Bandon, 10 151966, UBC

northof Mariana Lake, Abbot (SA 1208, mo\ 0739 1006, Sh: Locg Lk P2, Sinics 06 16 1961,
ALTA 652. Saskatchewan: 15 miles south of Buffalo Narrows, Gautreau 07 10 & 11 1970, CFB
50085, 20089, 20135, 50 s north o Meadow Lake, Gautrau 07 13 1971, CFB 20576, Masitoba:
Victoria Beach, Bisby 09 12 1928, DAOM 206821. Ontario: Algoma district, Cain 09 13 195

1 C 18518,

73431, TRTC 32453, 34260; Chalk River, Riley 09 11 1941, TRT( New Brunswiche
Richibucto, Cain 07 31 1963, WSP 56995, TRTC 41416. Newfoundland: Labrador, east of Esker,
Heikkila, Makinen, & Kankainen 07 20 1967, TUR 16879, 69218. USA: Alaska: Anchorage,

Kempton 09 28 575, WK 5290; B Creek outh of Anchorage, Kempton 08 2 1967, WK 1528;
Haines, Kempton 09 20 1972, WK 5983. Washington: near Longmire, Mount Rainier N.P., Snyder

1934, G
20494) 10 28 1970, WTU: Heart-o-Hills campground, Largent (1932) 10 23 1960, WTU; unknown,
Nelson (S 16601) 03 1971, WTU. Hdabo: oarfncton Benton Creek and Priet Rivr, Rhoas 08 11

MU 4094. UNITED KINGDOM: Loch Gl
e, Hoskarum Berkeley 1675, K (oo
1959, CFB 4882 Essiccata: Vancouver stand Fungi, 105, Sidney, BC.
na undulata, UBC F349:

Cansta hing 1913, 31 : o
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Tribe Helvelleae Dissing, 1966, Dansk Botanisk Arkiv 25: 28.

Helvella Linnaeus : Fries, 1823, Systema Mycologicum 2: 13.
=Helvell Linnaeus, 1753, Species planiaram 2: 1180, (5. Evel)
=Paxina Kuntze, 1891, Revisio generum p!
=Acetabula (Fries) Fuckel, 1869, Symbolae myn,ologmae 31
=Macropodia Fuckel, 1869, Symbolae mycologicae 33
’Cvalhl odia Boudier, 1907, Histoire et classification d:s Discomycétes d’Europe

=Le;uapodm Boudier, 1885, Bulletin de la Societé de France 1: 99.
=Wynnella Boudier, 1885, Bulletin de la Societé de France 1: 102.
(additional synonyms see Weber 1972; Dissing 1966b).
: Scopnll Fries, 1823, Systema Mycologicum 2: 14.

igeous, distinctly stipifate to subsessile;
apothecium cupulate, auriculoid, sadde-shaped, convex, or negularly lobed an
reflexed; hymenium smooth to undulate-rugose, white to black or typically shades of
grey and brown; excipular surface smooth or ribbed, villose to glabrous; stipe terete o
Bighly futd orrbbed, vilose to labrous ntemaly slid, hollow, or chambered: fesh
relatively thin, 1-2 mm. Microscopic Features: asci cylindrical, tapered o base,
hyaline, operculate, ascus base aporhynchous or pleurorhynchous; paraphyses clavate,
hyaline to dark brown, contents finely granular; ascospores broadly ellipsoidal or rarely
subfusoidal, hyaline, smooth with light microscope, finely rugose or rarely finely
verrucose with SEM, non-apiculate, tetranucleate, uniguttulate or rarely triguttulate, de
Bary bubbles absent; apothecial tissues clearly separated into medullary and ectal
excipulum, medullary excipulum of fextura intricata, ectal excipulum of textira angularis
or prismatica, often with long chains of cells forming fascicled hyphal tufts on the ectal
excipular surface.

Key to subgenera of Helvella

. Apothecia convex to irregularly lobed... S s
Apothecia cupulate to auriculoid (like a rabbit’s car).
2. Stipe strongly ribbed, internally chambered.
2'. Stipe terete (o spanngly fluted, internally solid or hollow.
. Apothecium auriculoid (erect, elongate, one-sided apothecium,
reminiscent of a rabbit’s car). subgen. Silviy
(H. silvicola)
4

o3
ubgen. Helvella
subgen. Elasticae

b 58 upulat
4. Stipe dlsunclly ribbed; stipe prominent or apothecium appearing
subsessile and gathered at base; stipe typically expanded
(flared) at apex ubgen
4'. Stipe terete to shallowly fluted; stipe discrete (clongate or short);
stipe typically not enlarged noticeably at apex...
- Ascospores broadly llpsoidal nigutate, smooth (finel

rugose b EM). ubgen. Ci i) ‘m
. Ascospores subfusoidal io Fusoidal, ypically wigutlate (rarely
uniguttulate), verruculose (verrucose by SEM)............

subgen. Macrapades
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Helvella Subgenus Cupuliformae S.P. Abbott subgen. nov.
thecia cyathiforme, extra pubescens vel villosum; stipes tereti, pubescenti vel
wllo.m, ascosporae late ellipsoideae, uniguitulatae.
cies: Helvella cupuliformis Dissing & Nannfeldt, 1966, Svensk Botanisk
Tldsknﬁ 60: 326.

Ascocarp: cupulale, stipitate; hymenium medium grey brown to black, smooth;
excipular surfm king ribs, pubescent to villose; stipe terete to shallowly fluted,
internally sol pleu mynchous Ascospores: broadly ellipsoidal, hyaline,
smoo!h “with SEM finely ragose, uniguttulato, with large, central, broadly ellipsoidal oil

Typ

“otes: Ascospores are broadly ellipsoidal, uniguttulate, and are finely rugose with
SEM. This subgenus includes small species with regularly cupulate apothecia and tercte
or indistinctly fluted stipes and includes some species in section Macropodes (sensu lato

of Dissing 1966b) and section Ephippium of Haffner (1987).

Key to species of Helvella subgenus Cupuliformae

Ascocarp black; stipe ribbed H. corium
. Ascocarp grey brown; stipe terete o shallowly fluted... 2
2. Stipeelativly short (lengh es than aotheciim diameter)
stoul to 5 mm diam.).

2. Stipe rlatively long (length equal t o greaier than apothecium

diameten) and slender (up to 2 diam)
Apothecium dark brown, small (3-9 ms
. Apothecium medium to dark grey brown, largcr (|0 -25 mm diam.)

. rivularis
chinensis

ww

Helvella chinensis (Velenovsky) Nannfeldt & L. Holm, 1985, in Lundell,
Nannfeldt and Holm, Publications of the Herbarium University of Uppsala 18:5.
ia chinensis y, 1939, Novitates icac p. 200.
wielvela srenst B. Lit & JZ. Cao, 1985, in Liu, Du and Cao, Acta
Mycologi a 4: 214 (ater omonym, fide Zinang 1995).
= Helvella dnmngu Korf, 1988, Mycotaxon 3
=Octospora villosa Hedwig, 1789, Spec:es Muscomm Frondosorum 2: 54,
Table9 Figure B.
=Helvella villosa (Hedwig cx Kuntze) Dissing & Nannfeld:, 1966, Svensk
Botanisk Tidskrift 60: 330 (illegitimate, later homonym); non Helvella villosa
Schacffe, 1774, Fungorum qui in Bnaria e Palatinatu circa Ratist
untur icones 4: 114. (nomen dubium, 2=Thelephora hirsuta).
=Helvella pallduia N.S. Weber, 1972, The Michigan Botanist 11: 171, (holotype
MICH, examined).
(additional synonyms see Dissing 1966b as H. villosa).
Type Malerlnl Holotype PR.
Fig.

potheclum 10-25 mm diam., 5-10 mm high (up to 30 mm diam. fresh),
shallowly cupulate to plane, sometimes laterally compressed initially, rarely reflexed-
convex in age, hymenium grey (o grey brown when dried, smooth, excipular surface
brown, villose o densely pubescnt. Stipe: 11:30 x 1-5 mm (p 1o 40 mm long
equal or apex tapered slightly, grey brown, densely pubescent, terete and solid

Asc! 240-260 x 17-19 um. Paraphyses: 575 um diam. at apex, clavate, enlarged
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gradually 1o apex, hyaline to pale brown. Ascospores: 16.5-20 X 10-12 ym, broadly
elipsoidal,hyaline,smooth,with SEM finely rugose, uniguttulate.

Habitat: Solitary to gregarious or scattered and numerous on litter in declduous,
mixed, or coniferous woods. Associated trees: Pseudotsuga menzies
Arbutis menziesi, Populs balsamfer, Betula sp- dinus sp. Arc osiapiylos sp. and
“icer sp. Fruiting from April 9 in ID to October 26 in WA.

Dlsmblmnn Widely distributed in boreal, montane, and coastal regions from AK
AB, WA, and ID. Also in eastem North America (Weber 1972, as H. villosa and H.
pallidula), Europe (Dissing 1966b; Dissing and Nannfeldt 1966, as /. villosa), Asia
(Dissing 1966b; Cao 1988, as H. villosa) and Australia (Rifai 1968, as H. villosa). Map

Notes: The species is closely relaed 1o H. cupuliformis (q.v.) which is
distinguished by the yellow colour of dried ascocarps and short robust stipe, and /.
ivularis (4. with saaler, dark brown Pl Macroscopicaly, it i very similarto
H. macropis () in subgenus Macropodes, resulting in_some confusion and
misidentiicaion of herbarium specimens, but ascospore morphology scparates
casily. Colour and habit of H._chinensis are simila to H. soiariz (q.v), ‘but H.
chingnsis ncver has prominent ibing of the sipe and is always small. This species
provides a definite link with members of the subgenus Elasticae, and is closely related to
H. ephippium (q.v.) which is it 0 g e ot has & e, complex,
lobed apothecium, typical of the subgenus.

. Although tis taxon has been cferred most commonly to . villosa, Korf (1985)

ctied e name 11, illoca as a Iater homonym and renamed the species FL. disingil
based on the lectotype (iconotype) of Octospora villosa Hedwig. H. dissingii is @ later
synonym of H. chinensis. Helvella pallidula was described by Weber (1972) based on
the pale ascocarp colour. No correlative features were provided in the original description
and none was found in this study during examination of the holotype. Pale specimens of
H, chinensis (reported as H. cf. pallidula by Kristiansen 1983) were also examined from
Norway (RK 83.136) in the same locality as typical specimens of H. chinensis. Colour
variants also occur in H. lacunosa (q.v.), H. maculata (a.v.), and H. latispora (q..).

Collections Examined: CANADA: Albert reck P.P., Calgary, Danielson
(RMD 1300) 09 16 1973, ALTA 8289. USA: Al lut
211971, WK 5612; Birchwood, north of Anchorage, Kempton 08 11 1969, WK 412 south
of Palmer, Kempton 08 8 1960, WK 1562. Washington: Friday Harbor, San Juan Is| Jand, Stuntz Stz
11771, 12360) 06 18 1960, 06 11 1961, WTU: Mount Constance, Olympic N.P., Stuntz (Stz 3614) 07
8 1948, WTU; Tenino south of Olympia, Bennedict (Is 1753) 05 30 I%Z WTU;, P.P.P., Leatham (Stz
15087) 10 26 1968, WTU. Idaho: Upper Priest River, Bonner Co., Smith (NIS 210\) |u 1 mx
MICH; Fall Creek, French Creek Grade, Idaho Co., Smith (. 6) 04
Mhmg. : Montmorency Co., Smith (NJS 397) 07 24 1967, MICH (helm’ypc of H. ,mlhdula! lowl

City, Martin 06 29 1941, UBC F3318; Decorah, Holway NY Pennsylvania.
Bl:lhlzhem Ellis 07 1883, NY. Missouri: Meramec Heighlands, bmn

'WAY: Ostfold, Hvaler, Kirkeey, Ordal, Kristiansen 09 9 I988 09 24 l9§9 RK 88. 33
; Ostfold, Hvaler, Kirkeoy, Gronvoll-Ordal, Kristiansen 09 13 1986, RK 86.110; @stfold, Hvaler,
Kirkeey, near Brekke, Kristiansen 07 3 1983, 07 7 1985, 09 9 1988, RK 83.136, 85.07, 88.34; Ostfold,
Hvaler, Asmaloy, Enerstad, Kristiansen 08 31 1988, RK Kk{ 26; Ostfold, Krﬂkcmy. near Allered,
Kristiansen 10 4 1988, RK 88.44. SWEDEN: Halland, Onsala parish, Presse, Bjorkhamra, Karlvall
(6944) 07 8 1956, K. Exsiccata: Ellis and Evcm.udl Fungi Lolumblam. 1219, London,
Deamess 08 1897, s.n. Peziza subclavipes, NY, rican Fungi, 985, Newfield, New
Jersey, USA, 06 and 09 1882, s.n. Peziza subclay ipes, NY (packet C).
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Helvella corium (Weberbauer) Massee, 1895, British Fungus Flora 4: 463.
=Peziza corium , 1873, Die Pilze mit besonderer
Bericksichtigung Schiesicns 1: 7, Table 3 Figure 7a-d
=Helvella arctica Nannfeldt, 1937, Svensk Botanisk Tidskrift 31: 60. (isotype K.
examined).
(additional synonyms see Dissing 1966b).
Holotype WRSL, examined.

Ayoth:cmm 3.25 mm diam., 2-10 mm high (up to 40 x 12 mm fresh), deeply to
shallowly cupulate, margin inrolled initially, expanding at maturity, hymenium black
(fresh and dried), smooth, excipular surface black or blackish brown, often with white to
greyish white marginal pubescence, densely pubescent 10 villose near margin, smooth or
arely with ribs extending onto basal quarter of excipular surface. Stipe: 2-29 x 0.5-8
mm (up to 40 mm long fresh), equal or enlarged at base, black or very dark brown, often
white o pale grey at base, pubescent,terci or often gy uted espcialy at hnse,
rrelysrongly ribbed,tree or slightly sucate and solid. Ascl: 225-250

Paraphyses: 4.1-8 im diam. at apex, clavate, enlarged gradually to nbmplly i abex,
brown, Soments fincly granular, Ascospores: 161206 x 9.4-13 (13) m, broadly
llipsoidal. hyaline, smooth, with SEM finely rugose, uniguttulatc

‘Habitat: Solitary or typically gregarious to numerous and scatiered, ofien on bare
soil, typically with willows in deciduous or mixed woods or tundra. Associated trees
Populus tremuloides and Thuja plicata. Associated shrubs: Salix herbacea, Salix glauca,
Salix spp., Shepherdia canadensis, and Dryas sp. Fruiting period from May 20 in WA to
September 28 in AK. June (0 August collctons re ypicl, |

Distribution: Widely distributed but montane, alpine,
coastal, and arctic regions from AK, YT, NWT, BC AB 'S MB WA, and TD. This
species is newly reported for NWT and SK. Reported from OR by Larsen and Denison

TP578). Al i catiem North America (Weber 19 1575). Europe (Dissing 1966b; Rafiner
1987; Schumacher and Mohn Jenssen 1992), and Asia (Liu e al. 1985). Map 17.

Notes: This species is characterized by its cupulate apothecium, black ascocarp,
densely pubescent excipulum, and tercte to shallowly fluted stipe. Other black species
include A. atra (q.v.), H. pezizoides (q.v.), and H. lacunosa (q.v.), all of which have an
irregular, lobed apothecium. Helvella arctica was distinguished by the white marginal
Dubescence by Nannfeldt (1937) and Dissing (1964), but the variabilty of this feature
was later recognized (Dissing 1966b). White marginal pubescence is not seen in all
individuals and tends to be more pronounced in Farctic or alpine collections. Whtte
‘marginal pubescence occurs in other arctic and alpine taxa including H. verruculosa and
T ivalls, Datk spocimens of H. verruculosa may appear similar, but can be
iffrentisod by the strongly risbed stipe with ibs extending onto the excipular surface.

morphological similarities among H. corium, H. verruculosa, and H. solitaria
Suggests an affinity with the subgenus Leucomelacnac.

Collections Examined: CANADA: Yukon: Dempster Highway near Dawson, Ginns 07
2 1982, DAOM 195465; east of Dawson, Calder & Billard 06 24 1949, DAOM 25983; near
Conglomerate Mountain, Ginns 06 29 1984, DAOM l9529| Northwest Territories: 50 km
northwest of Dickson Canyon, District of Mackenzies, UNL 07 19 1977, UVIC; Thelon River, Baker
Lake, Ohenoja 08 16 1974, DAOM 155327; Cur-l H.nrbor Southampton Island, Savile 08 16 1959,
DAOM 67074. British Columbia: UBC endowment lands, Vancouver, Redhead 06 3 1970, UBC

P4390. Alberta: Cliftrd £ Le¢ Natural Azt Abbort (SA. 1091) 08 19 1995, Sa: Devonian Botanic
. Currah 08 20 1985, ALTA 8267; Athabasca Glacier, Columbia lce Ficlds, Jasper
N.P., Abbott (SA 373) 08 2 1990, SA; near Banff, Banff N.P., Daniclson (RMD 1644) 08 10 1975.

Susiatchewan: Prince Albert NP Zelmer (PA 485, 489, 961) 07 12 1995, ALTA; Saskatoon,
w7 1934 DAOM 204816 Manitobe: Vicura Beach, Bisby 06 23 1928, DAOM
206815, Ontario: Bow Lake, Madawasa Mine ., Malloch & Lahaie 06 16 1979, TRTC 48416,

uéb, ‘whale River Huhtinen 08 24 1982, TUR 78759
Rorth of airport, et u Kanksinen 07 10 1967, TUR 53425, 78760; MeGill Subarcic Reseach
Station, Schefferville, Kallio 07 19, 31 1978, TUR 78714, 78727; of Knob Lake,

Schefferville, Kallio 07 20 1978, TUR 69168. Newfoundland: Labrador, between Schefferville and the
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Indian village, Makinen 07 8 1967. USA: Alaska: Livengood road near Fairbanks, Kempton 08 I8
1971, WK 5336; Birch Lake near Fairbanks, Kempton 08 22 1966, WK 1530; Fielding Lake near Paxon
Lake, Kempton 09 3 1973, WK 6035 near Nome on ninsula, Kempton 08 13 1981, WK
6407; Earthquake Park, Anchorage, Kempton 08 11 1976, WK 6315; Alaska Pacific University campus,
Anchorage, Kempton 08 8 & 09 28 1971, 06 28 1972, WK 5235, 5670, 5815; Caswell Creck, Susitna
River valey Kempton 06 20 1970, WK 4388, nar Scting on Kenai Pninsuly, Kempton 08 13 1951,
; Kamai National Monument on Alasa Poninsuls, |

AnchenwcCevz‘ Glacier Bay National Monument, Sprague 553 WP AS33709: Foret ka
Giacicr Bay National Monument, Sprague 08 15 1952, wsp A533716 AS33719. Washington
Naches Pass area, Laycock 05 20 1987, WTU. Idaho: e, Valley Co., Smith & Bigelow
(AHS 4224, 44434, 44347, 45154) 06 26 & 30, 07 1078 15 1954, MlCH Wisconsin: Madiso

27 1904, WSP 52063; Columbia National Forest, Lewis Co., 07 9 1948, WSP 19572,
S SVALBARD: Loven Giacer, Cumah 08 12 1958, ALTA CWEDEN! Tome me_Lappmark,
uklasjr pars, Abisko, Namfedt (1523 07 8 1928, K (isotype of . ancrica). POLAND:
Georgenber jeberbauer 05 1870, 1871, 1873, WRSL (holotype, authentic materil).
Exvicuta: Banbolomen, Fungi Colombia, 2329, Denve, Colosdo, USA, Bt 05 1905, s.n.

Macropodia corium, WSP 3

Helvella cupullformu Dissing & Nannfeldt, 1966, Svensk Botanisk Tidskrift
Tvpe M-mm Holotype UPS, examined; paratype K, examined.

Apothecmm 9-35 mm diam., 4-16 mm high, deeply cupulate initially, expanding
to shallowly cupulate at maturity, margin inrolled initially, sometimes splitting in age,
hymenium dark brown to grey brown when dried, smooth, excipular surface grey
brown, paler than hymenium, densely pubescent to villose. Stipe: indistinct .
prominent, 2-10 x 2-8 mm, equal, white (o cream or light grey brown near apex, densel

pubescent to villose (especially al apex), terete or slightly fluted, intemally solid. perd

850300 x 1517 pn. Paraphyses: 4366 ym diam. at spor, clavate, enlrged
gradually to apex, pale brown to brown in mass, Sonteas finely granular. Ascospores:
18.4-21.0 x 11.4-12.2 pm, broadly cllipsoidal to ellipsoidal, hyaline, smooth, with
SEM finely rugose, unigutulate.

Habitat: Gregarious on clay soil under Arbutus menziesii and Arctostaphylos sp.
Collcted anly on March 23 n OR-

Distribution: Rare in the cascade range of OR. Also distributed in eastern North

America (Weber 1972), Eumpc (Dissing 1966b; Dissing and Nannfeldt 1966), and Asia
(Tewari et al, 1971). Map

Notes: This species 1 clnsely related to H. chinensis (q.v.) and H. rivularis (q.v.
but is separated by ascocarp colour, the relatively short stout stipe, and slightly longer
ascospores. The Colletion ascrbed to H. cupulformis by Kempion and Welks (1970)
belongs o H. albella (q.v.). North American colecions reported here i

ones in being vemal, Differences in paraphysis stai e B
A H. cupulformss and H. villosa (<H. chinensis) rcpoﬂeg by Dlssmg et
Nt 19605 et mot confimed i this iy,

Collections Examined: USA: Ougan reservoir hill, Gold Hill, Stuntz (Stz 10939) 03
241959, WTU Texas: Tyler, Harris 05 1892, NY. South Carolina: Aiken, Ravenel (922b), NY.
SWEI ear Kdbo, Uppsala, Uppland, Ridelius 07 30 1936, UPS (holotype); near Skogshall,
Uppsala Smdskogen. Uppland, Eriksson & Morander 0 1948, K (paratype). SWITZERLAND:
Arosa, Rahm 10 21 1963, K. Exsiceal rencl ani Exsiccati, 760, Aiken, South
Carolina, USA, Ravenel, s.n. Peziza (Sarcoscypha) :.onum NY Ellis North American Fungi, 984,
Aiken, South Carolina, USA, Ravenel, s.n. Peziza corium,

H
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Helvella rivularis Dissing & Sivertsen, 1980, Botanisk Tidsskrift 75: 101.
Tvpe Material: Holotype TRH; isotype C, examined.

Apotheclum 39 mm diam., mm high (up to 18 x 9 mm fresh), deeply
cupulate to cupulate, margin inrolled initially, hymenium dark grey brown to dark brown
fresh, when dry blackish brown, smooth, excipular surface dark grey brown to dark
brown, when dried dark brown fo blackish brown, densely pubescent to villose,
vestiture often tufted. Stipe: 2-5 x 1-2 mm (up to 10 x 2.5 mm fresh), equal, medium
grey brown to brown, when dry dark brown, pubescent, terete and intemaily solid.
Koei 13,5156 ym diam. Paraphyses: 2.4-6.2 um diam. at apex. clavate to nearly
equa, gradually nlargd 10 ap, pale brown, contents finely granular. Ascospores:
17.0-20.1 x 105129 ym. Toroadly ellipsoidal, hyaline, smooth, with SEM finely
rugose.u igut

Habitat: Sohmry 1o gregarious on bare soil or mossy humus in mixed wuud>
Associated trees: Populus. tremuloides, Populus balsamifera, Betula
Picea glauca. Associated shrubs: Salix discolor. Fruiting from July 6 in AB to Scplembcr
19 in the NWT.

Distribution: Rare in boreal and arctic regions from AB and NWT. This species is
newly eporied for North Ameria; reviously known in Europe from Scandmavla and
Greenland (Dissing and Sivertsen 1980) and Asia (Cao et . 1990). M

Notes: Helvella chinensis (q.v.) is similar, but has larger, grey apolhecm, with a
‘more clongate stipe, and has a finer vestiture on the excipulum. Haffher (1987) suggests
that H. rivularis may be conspecific with H. villosa (=H. chinensis), but specimens
examined are morphologically distinct and are tentatively retained as separate specics
Helvella macropus (q.v.) shares the villose excipulum with tufied and fascicled hairs, but
is paler in colour and has larger, subfusoidal, verrucose ascospores. The description
provided here based on North American specimens matches the features of the holotype
in all respects, although the holotype specimens reach 12 mm diam., and a stipe size of 9
x

Collectionl Examined: CANADA: Northwest Territories: Gull Creek, Inuvik area,
Huhtinen 09 19 1984, TUR 98400. Alberta: Notikewin P.P., Abbott (SA 134) 08 7 1989, SA:

segun Lake east of Fox Creek, Abbott (SA 128) 08 6 l?R‘? SA \"nglcr Natural Area, Hill-Rackette
(SA 940) 07 6 1994, SA. NORWAY: Nordland, Rana, nd, Torbekken, Dissing & Sivertsen
(72.95) 09 7 1972, C (isotype): Dstfold, Skjeberg, Hnlslund pn Kristiansen 08 11 & 16 1986, RK.
86.45; Ostiold, Krikerey, Torkopp, Kristiansen 09 1 1986, RK. Ré 93 Ostfold, Hvaler, Kirkeey, Ordal,
Kristiansen 08 2911987, RK 87.45

Helvella Subgenus Elasticae (Dissing) S.P. Abbott comb. nov.
Helvella section Elasticac Dissing, 1966, Dansk Botanisk Arkiv 25: 128,
=Helvella section Ephippium Dissing, 1966, Dansk Botanisk Arkiv 25: 114.

Type Specles: Helvella elastica Bulliard : Fries, 1823, Systema Mycologicum 2

Ammp stipitate; apothecium irregularly lobed to saddle-shaped or reflexed,
margin inrolled initially or reflexd initially; hymenium pale, medium, o dark brown to
grey or black, smooth to somewhat undulate-rugose; excipular surface white o black,
villose to glabrous, lacking ribs: stipe white to black, equal or enlarged at base, apex
typically tapered, terete (o fluted but not ribbed, intemally terete to slightly sulcate and
solid 0 hollow. Asci: pleurorhynchous. Ascospores: broadly ellipsoidal, smooth,
with SEM finely rugose, uniguttulate, with large central broadly ellipsoidal oil guttule.

Notes: The subgenus includes all species in the sections Elasticae and Ephippium of
Dissing (1966b), but only some in section Ephippium of Haffner (1987)(sce also
comments under subgenus Cupulormae). The genus Leptopodia (sensu Boudier 1907),
based on H. elastica, included many of the species ascribed to this subgenus, but not
monachella (= H. leucopus) which was retained in the genus Helvella sensu stricto.
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Key to species of Helvella subgenus Elasticae

Apothecia and stipe black (or very dark grey brown)
. Apothecia light, medium, or dark gréy to brown: stipes white o

light grey brown 3
. Excipular surface pubéscent to villose: apothecial margin strongly

inolled intally, typically remaining somevhat ncurved at

maturi!
. Excipulay urface fncly pibcscent to gabrous: apaihecia margin

ony lighty ncurved ntially,soon besoming eflex

strongly reflex H. atra
3. Apothocial margin reflexed intlly and ot mataity; xipular surface
Flabrous at all siages; stipe hollow. H. elastica

3. Apalhcial margm inrolled initially, remaining inrolled,
becoming reflexed at maturity; excipular surface fincly 1 pubcscenl
o villose ntially, remaining distinctly pubescent or becoming
glabrous at maturity: stipe solid or rarely hollow.
4. Excipular surface densely pubescent to villose
4'. Excipular surface finely pubescent or glabrous.
. Stipe grey brown, at least in dried condition; apothecium (up to 10 mm
diam.) and stipe (up to 15 x 2 mm) relatively small.. H. ephippium
5. Stipe white to cream in fresh and dried condition; apothecium (up to
20 mm diam.) and stipe (up to 50 x 6 mm) relatively large..
6. Hymenium pale brown to light yellow brown when dried;

H. compressa

16.5-21 pm | H. latispora
6'. Hymenium medium to dark grey brown to brown or blackish
brown when dried; ascospores 18.5-23.5 um long. .....H. albella

Helvella albella Quélet, 1896, Compte Rendu Assoc. Franc. Avancem. Sci. Conf.
(Bordeaux, 1895) 24 621

=Leptopodia albella (Quélet) Boudier, 1904-1911, Icones mycologicae, ou
iconographie des champignons de France 4: 123.

Type Material: none available /ide Dissing 1966b),

Apothecium: 6-24 mm diam., 5-24 mm high (up to 55 x 50 mm fresh), irregularly
obed s bilobate and saddie shaped.rarely irregalarty diseoid initaly, margia inolied 10
incurved initially, becoming flared o reflexed at maturity, free from stipe, hymenium

medium to dark brown or grey brown fresh. when dried dark brown to blackish brown,
rarely slightly mottled with paler patches, smooth to slightly undulate-rugose, excipular
surface white or pallid greyish white, when dried light grey to pale yellow bmwn‘
pubcscent t ficly pubsscen or early labrous in age. Stipe: 8-58 x 1-9 mm (up.
100 x 10 mm fresh), equal o enlarged slighty to base, apex ypcally lapered. hite,
pale yellow brown when dried, finely pubcscent (o pubescent, terete or shallowly fluted,
internally solid to hollow. Asci: 280-330 x 14.4-20.8 um. Paraphyses: 6.0-9.9 um
diam. at apex, terminal cell 35- 65 um long clava(e enlm'ged gﬁd\mlly to qunc abruptly
or imregularly at apex, pale brown to brown ass, contents finely granular.

Ascospores: 18.6-23.3 x (m ) T1.8-13.5. um, broadly ellipsoidal, hyaline, mooth,
with SEM finely rugose, uniguttulate.

Habitat: Solitary to gregarious on ground in coniferous or mixed woods.
Associated res: Pices glaucs, Pins contorte, Pseudotsuga menziesii, Tsuga sp., Betula

sp.. Alnus sp., Populus balsamifera, and Populus tremuloides. Associated shrubs: Salix
S ‘pumila. Fruiting from July 17 in Alaska to December 6 in WA.

Distribution: Widely distributed but infrequent in boreal, montane, and coastal

regions from AK, BC, AB, WA, and ID. Also distributed in Colorado (Weber 1975),
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castem North America (Weber 1972), Europe (Dising 1966b; Haffur 1987) and Asia
(Liu and Cao 1988). Map 21.

Notes: This species is closly related to H. elastica (.v.), but differs in its pubescent
excipulum and initially inrolled apothecial margin. In addition, the apothecial margin of
11 albella s always free from the o stpe Olderspecimens of . lbela with near glbrovs
excipular surface and reflexed apothecial margin ma be difful o scparte from /7
“lashca, butcan be identified if sybmature indhviduals erc scospore size for the

two specics lsed by Dissing (19665) and Weber (1975) e ok . el o
slghily broader ascospores, but this s not confimed by Haffner (1957) or here.
Helvella elastica has ascospores of Varisble widih, overlapaing the range in 1.
Helvella laispora (a.v) i 315 close and shares the initaly incurved apothecium i
becomes reflexed al maturity and the finely pubescent excipulum. These species are
easily distinguished by hymenium colour and fruiting time. The apothecial margin of 1.
latispora is also more highly inrolled over the hymenium in immature stages. Lack of
extant type material hampers clear delimitation from similar species.

Collections Examined: CANADA: British Columbia: Stone Mountain P.P., Abbott
(SA 164) 08 12 1989, SA; Kaslo, Bell 08 18 1959, UBC F3265. Alberta: Fawcett Lake, Abbott 09 3

ALTA 8316, 8317: Edmonton, Redhead 09 3 1970, UBC F3268; Glenmore Park, Calgary,
Dﬂmelson (RMD 274) 09 11 1972, ALTA 8288. USA: Alaska: Eklutna Lake, Kempton 07 27 1974,
WK juneau, Kempton 07 30 1966, WK 1587. Washington: Seattle, Stuntz 12 6 1934, WTU;

Sewand Pake Snyder 10 28 1933, WTU; Green Lake, Mount Rainier N.P., Stniz (Stz 7605) 10 19

|osz. WIU. ldako: Pee: Rivie Epesimcsil Fhea. Bosios Cos Slpp, WSP 45798, SWEDEN:
Carolinaparken, Melderis 09 30 1945, K. UNITED KINGDOM: Quantocks, Somerset,

Mxmg«. 0920 1960, IMI 83231. GERMANY: Neuensorgen Forest, Engel (423) 07 25 1974, K.

Helvella atra Holmskjold : Fries, 1823, Systema Mycologicum 2: 19.
=Helvella atra Holmskjold, 1790, Beata ruris otia Fungis Danicis impensa 2: 47,
‘Table 25.
=Helvella subglabra N.S. Weber, 1972, The Michigan Botanist 11: 179. (holotype
mined).

(additional synonyms see Dissing 1966b).
Lectotype in Holmskjold, 1790, Beata ruris otia Fungis Danicis
: 47, Table 25, (selected Dlssmg 1966b).

Apothecium: 3-16 mm diam., 3-18 mm high (up to 30 mm diam. fresh), bilobate
{0 somewhat imegulary obed. oﬁcn laterally compressed initially, margin incurved very
slightly initially, soon becoming reflexed, sometimes appressed but free from stipe,
hymenium black to blackish ;rcy brown (fresh and dried), smooth 0 undulate-rugose,
excpular surfucepale to medium grey brown, fncly pubescent. Stipe: 3-26 x 1-4
(up t0 50 x 8 mm fresh), equal or enlarged at base, medium grey brown to Backish o
brown, typically yellowish grey to white at base. pubescent, terete or shallowly fluted
(especially at base), internally solid, rarely hollow at base. Asci: 192-225 x 12.9-17
um. Paraphyses: 4.7-9 um diam. at apex, terminal cell 11.6-19.3 um long, clavate,
enlarged gradually to abruptly at apex, brown to dark brown in mass, contents finely
granular. Ascospores: 15-20.6 x 10-13.1 pm, broadly ellipsoidal, hyaline, smooth,
with SEM finely rugose, uniguttulate.

Habitat: Gregarious to scattered and numerous on ground or rotted wood in
deciduous or mixed woods. Associated trees: Populus tremuloides, Alnus tenuifolia,
Betula papyrifera, Picea mariana, and Larix laricina. Associated shrub: Salix discolor.
Fruiting period from July 14 in MT to September 2 in AB.

Distribution: Uncommon in boreal and montane regions of AB and MT. Also in
castem and southern North America (Weber 1972, as H. sabglabra and H. aira), Eutope
(Dising 19660 Haffer 1987),and Asia (Livef . 1985). Map 23.

es: This specics is most closely related to H. pezizoides (q.v.). Helvella ara has
 fnely pubescent excipulum, sightly incarved 3pothecil margin 4 Submature Stage and
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reflexcd at maturity, and a grey to black ascocarp. Both Helvella atra and H. pezizoides
re occasionally callected from rotied wood and Haffner (1987) suggests they may
synonymous. The specics are certainly closer to each other than to other species in the
genus, and intermediate collections are sometimes found, but the correlation of colour,
Vestiture, and marginal curvature warrant tentative specific recognition. Weber (1972)
separated H. subglabra from H. atra on the basis of grey 1o dark grey ascocarp and very
fine excipular vestiture, as opposed to the black glabrous apothecium of H. arra. Both of
e eires ses varebie oy oxers (o H lacumosa, H. albela, and FL. atispora) and
are insufficient to warrant specific recognition, in agreement with Haffner (1987).

Collections Examined: CANADA: Alberta: Minnie Lake near Glendon, Abbott 08 10
1983, ALTA 8265; Wagner Natural Area, Abbott (SA 1038, 1050, 1107) 08 25 & 09 4 1994, 08 19

5, SA; Devonian Botanic Garden near Devon, Abbott 07 25 & 28 1987, 09 2 1988, 07 27 1989,
ALTA 8266, 8297, 8310, SA 110. Ontario: Aubinadong River, Algoma District, Cain 08
TRTC 35344. USA: Montana: Echo Lake, Flathead National Forest, Cummins 07 14 1928, MKH
Michigan: Reese’s Bog, A.H. Smith 07 10 & 27 1963, UBC F3241, F3267.

Helvella compressa (Snyder) N.S. Weber, 1975, Beihefie Nova Hedwigia 51:
ELE

=Paxina compressa Snyder, 1936, Mycologia 28: 486.
Type Material: Holotype WTU, examined; isotype N, examined.
49.

Apothecium: 4-19 mm diam., 320 mm high, irregularly lobed, margin strongly
inrolled initially, often remaining somewhat inrolled at maturity, free from stipe,
hymenium when dry dark brown, smooth, excipular surface when dry cream to pale
grey brown, densely pubescent to villose. Stipe: 5-50 x 1-6 mm, enlarged at base to
nearly equal, typicaily tapered at apex, when dry cream to pale yellow brown, pubescent
1o villose, especially at apex, terete or fluted at base, intemally solid or rarely hollow in
large specimens. Asci: 280-349 x 15.2-22.0 pm, cylindrical, tapered to base. hyaline,
pleurorhynchous. Paraphyses: 4.3-8.6 um diam. at apex, clavate, enlarged gradually
10 apex, palc brown to brown in mass, contents finely granular. Ascospores: 19.7-
238 x 11.4-148 pm, broadly ellipsoidal, smooth, with SEM finely rugose,
uniguttulate, with large central globose to broadly ellipsoidal ol guttule.

Habitat: Solitary, gregarious, subcaespitose, or scattered and numerous on soil or
litter, rarely with burnt woody debris, in coniferous or infrequently in mixed or
deciduous woods. Associated trees: Pseudoisuga menziesii, Abies grandis, Pinus
ponderosa, Thuja plicata, Quercus garryana, Alnus rubra, and Acer sp. Associated
shrubs: Symphoricarpos sp. Fruiting from March 9 to December 25 in coastal WA. April
toJune callctions are common.
tion: In constal and moniane regions in the westem portan of th study
arca from AK, BC, WA, 1D, and OR. Endennc (o wester North America, and known
only west of the Rocky Moumams This species is newly reported from AK, BC, ID,

and OR. Known distribution extends south of the study area to California ﬂ‘leber 1975).
Map 22.

Notes: This species is closely related to H. latispora (q.v.) but is distinguished by
geographic distribution, ascocarp pigmentation, and excipulum vestiture (sce also notes
under H. latispora). Both species apparently have a prolonged fruiting period, although
vemal collections are typical

Collections Exal ed CANADA: British Columl Goldstream P.P., Vancouver
Island, Ramsay 04 5 1978, UVIC; Mount Douglas Park, Victoria, Vancouver Island, Paden (JWP 583,
584, 1383) 04 5 & 7 1968, 03 20 1987, UVIC; Mount Douglas Park, toria, Vancouver Island,

(877, 955) 04 10 1982, 03 29 1983, DAOM 199815, 199816, 199793; University of Victoria campus,
Vancouver Island, Paden (JWP 710, 743) 05 10 1969, 04 3 1970, UVIC; Roche Cove Park, East Sooke,
Paden (JWP 1326) 04 26 1986, UVIC; Sooke road, Vancouver Island, Paden (JWP 1171) 05 11 1981,
'UVIC; near Saturna Beach, Saturna Island, Kroeger 05 16 1986, UBC F12511. US. ka: Eklutna
Lake north of Anchorage, Kempton 08 29 1972, 09 11 1973, WK 5901, 6057. Washington: Friday
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Harbor, San Juan Island, Snyder (Stz 12223) 11 12 1960, WTU; Friday Harbor, San Juan Island,
McCabe (Stz 19893) 11 20 1976, WTU: Friday Harbor, San Juan Island, Brough (56, 67) 04 21 & 05 5
1957, WTU; Friday Harbor, San Juan Island, Stuntz (Stz 2378, 12143, 12173, 12270, 12371) 10 30 &
115 & 12 25 1960, 06 4 1961; Friday Harbor, San Juan Island, Isaacs (Is 17112, b) 05 19 & 20 1962,
WTU; Friday Harbor, San Juan Island, SDL-B (Stz 21688) fall 1981, WTU: Lower Priest Point Park,
Olympia, Mason & Mead (Brough 96) 03 9 1958, WTU; south of Olympia, Isaacs (Is 1754) 05 30
1962, WTU; Easton, Snyder 05 5 1934, NY (isotype), WTU (holotype); Califomnia Creck near Valley
Ford, Cooke 06 8 1947, WSP; Bingen Mountain, Klickitat Co., Suksdorf 05 1 1899, WSP 27476,
27477; unknown, FHL fire trail, SDL-B 03 25 & 04 9 1977, WTU. Idaho: northeast of Robinson
Lake, Latah Co., Koenigs 07 19 1964, WSP 55003. Oregon: Wilsonville, Ardrey (CA 1166) 04 20
1987, WTU; Mary's Peak road, Paden 03 26 1970, UVIC. Exsiccata: Vancouver Island Fungi, 499,
Vancouver Island, BC, Canada, Macoun 04 13 1915, s.n. Helvella elastica, UBC F3256.

Helvella elastica Bulliard : Fries, 1823, Systema Mycologicum 2: 21.

felvella elastica Bulliard, 1785, Herbier e la France, Plate 242.
=Leptopodia elastica (Bulliard : Frics) Boudier, 1885, Bulletin de la Societé
Mycologique de France 1: 99
(additional synonyms see Dissing 1966b).
Type Material: Lectotype in Bulliard, 1785, Herbier de la France, Plate 242
Figures A, B, D-G (sclected Dissing 1966b)
b.

Fig. 5b.

Apothecium: 5-40 mm diam., 4-20 mm high (up t0 45 x 40 mm fresh), irregularly
lobed to bilobate and saddle-shaped or iregularly convex, sometimes slightly laterally
compressed initially, margin reflexed from initial stages, may be appressed (o stipe but
typically remaining free, rarely fused o stipe, hymenium medium to dark brown or
greyish brown fresh, rarcly slightly mottled with paler patches, when dried dark brown
1o blackish brown, siightly undulate-rugose to smooth, excipular surface white o pallid
greyish white or pale yellow brown when dried, glabrous. Stipe: 5-50 x 2-5 mm (up to
105 x 11 mm fresh), cqual or enlarged at base, white to cream or pale yellow brown
when dry, glabrous to finely pubescent or pubescent, terete o fluted especially at base,
terete or slightly sulcate and internally hollow. Asci: 280 x 19 um. Paraphyses: 5-7

jiam. at apex. clavate, enlarged gradually to apex, pale brown, contents finely
granular. Ascospores: 17.9-22 x 10.8-15 um, broadly ellipsoidal, smooth, with SEM
finely rugose, uniguttulate.

Habitat: Solitary to gregarious on soil, litter, moss, or rarely rotted wood, in
coniferous or mixed woods. Associated trees: Picea glauca, Picea sitchensis,
Pseudotsuga menziesii, Tsuga heterophylla, Pinus contorta, Pinus banksiana, Abies
‘balsamea, Larix laricina, Thuja plicata, Populus tremuloides, Populus_balsamifera,
Betula papyrifera, and Betula occidentalis. Associated shrubs: Salix serissima, Salix
bebbiana, Salix discolor, Alnus sp., Prunus pensylvanica, Viburnum edule, Shepherdia
canadensis, Vaccinium vitis-idaea, Cornus canadensis, and Linnaea borealis. Fruiting

m June 5 in ID to December 25 in coastal WA.

Distribution: Widely distributed and common throughout boreal, montane, and
coastal regions from AK, YT, BC, AB, SK, MB, WA, ID, MT, and WY. Also reported
from OR by Larsen and Denison (1978). Distributed in eastern North America (Weber
1972; Groves and Hoare 1953; Anderson and Ickis 1921), Europe (Dissing 1966b;
Haffer 1987), and Asia (Liu et al. 1985; Imai 1954; Kar and Pal 1970). Map 20

Notes: This species is characterized by the apothecium, which is never inrolled and
i reflexed from initial stages, glabrous excipulum, and hollow stipe. Helvella elastica is
closest to H. albella (q.v.). The two species are similar in colour and habit, but
distinguished by excipular vestiture and margin characteristics (se also notes under /.
albella). Helvella latispora (q.v.) is also similar, but differs in its paler hymenium,
pubescent excipulum at least in initial stages, and initially strongly inrolled margin

Colle ns Examined: CANADA: Yukon: Yukon River southeast of Boundary, Ginns
07 19 1984, DAOM 195457; Campbell Highway, Ginns 08 4 1980, DAOM 195456. British
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‘olumbia: Tetsa River P.P., Abbott (SA 221, 223, 225) 08 22 1989, SA; Fort Nelson, Szczawinski
0727 1962, DAOM 14424; Mount Robson PP Abbatt (SA 526) 08 29/ 1993, SA; south of Wells
Gray P.P., Goward 09 8 1950, DAOM 86396 an ter, Goward 09 10 1982, DAOM 191772;
i Kiver south of Adams Lake, Goward. 1021 1982, DAOM 191779; Francis bk, Vietora
Vancouver Istand, Melburn 11 1 1962, DAOM 109932; Victoria, Vancouver Island, Newcombe, K.
Albarta: Staw Lako enst of La L Bche, Abbott (SA 102) 07 15 1989,

Grande Prairc, Abbott (SA 246, 247, 253, 261) 08 26 1989, SA: losegun Lake east of Fox Creck,
Abbat (SA 135 08 6 1989, SA. Willam A. Switze PP., Abbott A 25, 270,08 27 1989, SA.
Willam A. Switzer PP Osi (SA 389, 390) 092 1990, SA: Wagner Natral Area Abbott (SA 1041,

046y 08 35 & 004/ 1954, SA. K: North Suskaebewan River valey, Edmonton, 7elmer 08 22 1995,
ALTA; Devonian Botanic Garden ncar Devon, Abbott (SA 920, 1084) 07 27 1987, 08 25 1993, 08 9
1995, ALTA 8269, SA. K: Devonian Botanic Garden near Devon, Currah 08 19 1980, ALTA 8270; near
Ponoka, Stewart 08 16 1962, ALTA 667; Fish Lake near Nordegg, Abbott (SA 281, 287, 288, 382,
399) 08 31 1989, 08 4 & 09 8 1990, SA. Saskatchewan: Candle Lake, Zalasky 08 30 1955, CFB
WINFM 1289. Manitoba: Clear Lake, Bisby 08 17 1935, DAOM 206804 Ontario: Lake Temagami,
Jackson 08 21 1930, TRTC 1780; Blue Lake, Brant Co., Cain 10 14 1956, WSP 45561. Québec:
Richmond Gulf arca, Huhtinen 08 30 1982, TUR 78713; Astray Lake, Schefferville, Huhtinen &
Kosonen 08 12 1979. TUR 63423 USA: Altska:Harding Lake ese Fairbanks, Kempton 08 26 1965
Fox Springs near Fairbanks, Kempton 08 7 1970, WK 4620; Eklutna Lake north of Anchorage,
Kempton 08 29 1961, WK 580 Lower Skiak Laker Kena Peninsula, Kempion 09 27 1965, WK
1581; Bartlett River trail, Glacier Bay National Monument, Cooke 09 1 & 4 & 9 1979, 09 1 1981,
WSP 64398, 67208, MU F34794, F36152; Haines, Kempton 09 21 1970, WK 4974; Auke Bay near
Juncau, Kempton 09 13 1967, WK 1586, Washington: north of Mount Bonaparc and Lost Lake, east
of Tonasket, Brazle, WSP r. San Juan Island, Stuntz (Stz 3602, 8997, 12270,
15271) 06 8 1948, 11 13 1954, 1325 1960, 1125 1968, WTL; Fridey Hator, San Joan Island, Isaacs
(152013) 11 11 1962, WTU; Friday Harbor, San Juan Island, McCabe (Stz 19893) 11 20 1976, WTU;
riday Harbor, San Juan Isand, Tyler (Stz |212n 11 12 1960, WTU; San Juan campground, Stevens

SDLB 09 26 1976, WTU; Seale. Zellr 150), WTU lsput Crock. Mount Rainic
Williams (JWL 1228) 10 20 1971, WTU; Trout Lake-Cispus junction, van de Bogart (FVB 1015) 1
197 - WIU: ron Bult, van de Bogart (VB 380%) 10 31 1976, WTU; Iron Creek, van ce Bogar
2882) 07 13 1974, WTU; unknown, Stuntz (Stz 982, Stz 15084) 10 26 1968, WTU. Idaho: Clearwater
Canyon cast of Lenore, Nez Perce Co., Cooke 06 5 1947, WSP 24506; Fall Creek at French Creek
Grade, Idafo Co., Miller 09 4, 7 1964, WSP 53685, 53845, 54086. Montana: Echo Lake, Flathead
National Forest, Cummins 07 20 & 30 1928, MICH. Wyoming: Turpin Meadow road, Ammirati
(FA 9546)08 13 1987, WTU. Michigan: Pellton, Isacs (1 268) 07 20 1957, WTU, SWEDEN
Uppsla, Fries K. UNKNOWN; Coch 09 1872 Hertarium Berkeey. K; Toscana Bicchi autunn 1859,
K; et 08 1936, IMI 38460. Exslcata: Fungi Sucic, Hedeby paris, Gotlnd, Peteson 10 11
1946, WSP 31527; Flora Hungarici Exsiccata, 208, lgloﬁmd. 08 1913, 5. Leptopodia elastca. TRTC.

Helvella ephlpfmm Léveillé, 1841, Annales des Sciences Naturelles Botanique,

—titvcts mirina (Boudier) Saccardo & Traverso, 1910, in Saccardo, Sylloge
ﬁmgomm ‘omnium hucusque cognitarum 19: 849. (fide Dissing 1966b).
(additional synonyms see Dissing 1966b).

Type Mater availble (fde Dissing 19660). Dissng (1966b) suggests that
b llusiration in Léveilé be. chosen_as lectotype. One authenti collection
exmmm by Léveillé, discussed by Dissing ( 19660, could perhaps be chosen a5

Apnlhecmm. 5-10 mm diam., 5-10 mm high, irregularly lobed to saddle-shaped,
som:t\mes laterally compressed initially, margin strongly infolled initially, remaining
urved at maturity, hymenium medium to dark brown fresh, when dried dark
b , smooth, excipular surface medium brown to grey bmwn\ pubescent to villose.
qupe- 15 x 1.5-2 mm, equal, nearly white (o pale grey brown, pubescent, terete, not
ﬂ\lled mlemally Solid. Asciz 150-280 x 17- 19 pm, cylmd.ncal mpeud 1o base, hyalim:
aphyses: 3-7 um diam. at apex, clavate, enlarged gradually to apex, bro
cummts finely granular. Ascospores: 17-21 x 10.1-13 um, broadly elllpsoldal
hyaline, smooth, with SEM finely rugose, uniguttulate.
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Habitat: Solitary on soil or humus in deciduous, mixed, or coniferous woods
Associated trees: Picea glauca, Abies balsamea, Populus balsamifera, and Populus
tremuloides. Associated shrubs: Cornus stolonifera. Fruiting from August 1 in MB to
October 1 in AB.

Distribution; Rare in borel regions of the study area. Known from AB and MB

in eastern North America (Weber 1972), Europe (Dissing 1966b; Haffner 1987),
A (mai 1954). Map 23

Notes: This species is close to H. pezizoides (q.v.) and H. ara (q.v.) which are
distinguished by their black ascocarps, and H. latispora (q.v.) which lacks the villose
excipulum, Also, . ephippiun lacks fluting on the sender sipe. H. ephippiun s also
similar to /1. chinensis (q.v.) in the subgenus Cupuliformae w the same colour
and stature, but H. chinensis is typically cupulate, while H. eph!ppmm has a more
complex folded and lobed apothecium.

Collections Exnmlned CAhADA Alberta: Notikewin P.P., Abbott (SA 138) 08 7
1989, SA; Emily Murphy Park, Edmonton, Tsuneda 09 15 1976, ALTA 74: ily Murphy Park,
Edmonton, /clmcr(\A 930) 10 l 1993, SA; North Saskatchewan River valley, Edmonton, Zelmer 08
24 1995, ALTA; Pearce Estate, Calgary, Danielson (RMD 1278) 09 14 1973, ALTA 8287. Manitoba:
Victoria an "Bishy 08 | 1927 DAOM 154814. NORWAY: Ordal, Kirkoy, Hvaler, Ostfold,
Kristiansen 07 22 & 10 24 1982, R}

Helvella lnnspora Boudier, 1898, Bulletin de la Societé Mycologique de France

—Hepielly stevensii Peck, 1904, Bulletin of the Torrey Botrical Club 31: 182.
(holotype NYS, examined).
=Leptopodia stevensii (Peck) Le Gal, 1937, Revue de Mycologie 2: 156.
=Helvella connivens Dissing & M. Lange, 1967, Mycologia 59: 351. (fide Weber
1972; Haffner 1987).
=Leptopodia corbieri Malengon, 1927, Bulletin de la Societé Mycologique de France
43: 95, PL. 3 Fig. 7. (fide Dissing 1966b).
Tvpe Mneml Holotype PC, examined.

Apntheclum 3-16 mm diam., 5-15 mm high, irregularly lobed to bilobate and
saddle-shaped, margin inrolled initially, becoming reflexed at maturity, hymenium pale
grey brown to medium brown fresh, when dried pale yellow brown o brown, smooth to
slightly undulate-rugose, excipular surface crea to pallid grey brown, fincly pubescent
10 pubescent. Stipe: 6-20.x 1-5 mm, equal or slightly enlarged to basc, apex typically
tapered, white, when dried cream to pallid greyish vellow brown, fincly pubcscent 1o

sgent, trei o sallowly fltedat basc, infemally sold. Asc; 290-330)( 133-156
um. Paraphyses: 5.1-8.6 pm diam. at apex, clavate, enlarged gra to apex,
hyaline, contents finely granulnr Ascospores: (16.5) 186 19.9 (20 s) x (109) 1142
12.4 um, broadly ellipsoidal, hyaline, smooth, with SEM finely rugose, uniguttulate.

Habitat: Gregarious on soil or litter in deciduous, mixed, or coniferous woods.
Associated trees: Alnus rugosa, Populus sp., and Picea glauca. Fruiting from June 27 in
ID to August 29 in MB.

Distribution: Rare in boreal and montane regions from AB, MB, and ID.
Distributed in casterm North America (Weber 1972 as H. stevensi) and Europe (Dissing
1966b; Haffner 1987). This species is newly reported from Al
Denison (1978) report it (as H. stevensii and H. connivens) from OR oo WA bt hene
reports may refer to 1. compressa. Maj

Notes: This specics is closcly related 1o H. compressa (q.v.) and the two are
primarily distributed in castern and western North America respectively. They can be
casily soparated by the villose excipular surface and darker hymenium of H. compressa.
Helvella latispora is also close to H. albella (q.v.), but separable by colour. The
apothecial margin of H. latispora is also more strongly inrolled over the hymenium in
initial stages. The specimens from ID (sce also Weber 1975) and AB are extreme western
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collections of H. latispora, and share the pale hymenium and finely pubescent excipulum
typical of eastem collections. Haffner (1987) synonymizes H. stevensii with Boudier's
(1898) older H.latispora, and type of material i similar. Dlsslng (19662, b) retained /7.
latispora as distinct on the basis of the broad 18 um in Dissing 1966b).
but our measurements of spores in distilled o Do e lype specimen show a range
from 11.8 to 14.0 pum in wi

Collections Examined: CANADA: Alberta: Fish Lake near Nordega. Abbott (SA 374,
376) 08 3 1990, SA. Manitoba: Rolling River road, Riding Mounum N.P., Ginns & Hammersley 08
23 1979, DAOM 176223; near Bear Lakes, Riding Mountain Redhead 08 29 1979, DAO!
175852. Ontario: Lake Opinicon, Elliot & Groves 07 12 \DSI TUR 38572, DAOM 87941;
Nashville, Cain 10 2 1954, TRTC 30370; Nashville, Luck-Allen 09 30 1963, TRTC 43727. USA:
laho: Twin Lakes, Kootenai Co., Weber (NSW 3653) 06 27 1972, MICH. Michigas etroit,
Stevens 06 1903, NYS (holotype of H. stevensii); Pellston Hills west of Pellston, Shaffer 07 14 1964,
'UBC F951. lowa: Amana, Martin & Brasfield 06 7 1938, ALTA 664, 665, 666. NORWAY : Ostfold,

Rod, Ekheim-parken, Kristiansen 07 28 1985, RK. UNITED KINGDOM: Kirk Lane,

Priory, Yarkshlm Hoﬂlndm 13 1983, IMI 290669; Chevering Park, Kent, Reid 10 16 1982, K.
FRANCE: France, Boudier Herbier Mycologique, PC (holotype).

Helvella pezizoides Afzelius : Fries, 1823, Systema Mycologicum 2: 20.
=Helvella pezizoides Afzelius, 1783, Kongl. Vetensk. Akad. Nya Handl. 4: 308.
(additional synonyms sce Dissing 1966b).

Type Material: Lectotype in Afzelius, 1783, Kongl. Vetensk. Akad. Nya Handl.

4: 308, Plate 10 Figure 2 (selected Dissing 1966b).

Apothecium: 2.5-8 mm diam., 2-7 mm high, bilobate o irregularly lobed to
imegulaly cupulate or discoid, oceasonally Inteally compressed nially, margin
strongly inrolled initially, remaining incurved at maturity, hymenium when dry black.
smooth o rrcly slightly undulat-rugose, cxcipular surtace dark brown 1o dark grey
bmwn pubcsccnt to villose. Stipe: 3-25 x 0.5-3 mm, enlarged slightly to base, apex

, ok o e ey browm o blackssh brows, pubescent {0

Vilose, terie or futed af base, ntermally ‘solid. Asei: 100315 x T41-186 um.

Paraphyses: 4-8.6 pm diam. at apex, terminal cell 40-60 um long, clavate, enlarged

gradually to abruptly at apex, brown to dark brown in mass, contents finely granular.

Ascospores: 16.9-20.8 x 10.7-13.3 um, broadly cllipsoidal, hyaline, smooth, with

SEM finely rugose, uniguttulate.

Habitat:Soliary o gregarious on sol, humus, o rotted wood i woodland, bog or
tundra habitats. Fruiting from July 27 in AK to August 16 in the NWT and Al

y stribution: boreal, coastal, and arctic regions from AK. W and AB

s species is newly reported for the NWT and AK. Also in castern North America

(chcr 1972), southern North America (Dissing 1966b), Europe (Dissing 1966b), and

Asia (Liu et al. 1985; Tewari et al. 1971). The specimens from Jamaica (and likely the

ones described as H. atra by Denison 1963 from Costa Rica) are somewhat intermediate

tween £ peszoides and H ara, b are asigned o H. peszoides based on the
densely pubescent excipular surfac oo 2o ecial margin. Map

Notes: This species is very close to H. atra (q v), but differsin its slrcngly involute

ecial margin, densely pubescent to villose excipular surface, and strong brown

pigmentation of the excipulum and stipe (see also notes under H. aira). In addition, H.

pezizoides is occasionally irregularly cupulate to discoid, while H. atra is regularly

bilobate to irregularly lobed. Collections of H. pezizoides from Alaska were referred to

H. atra by Kempton and Wells (1970). Helvella ephippium (q.v.) is also related, but is

casily separated by the paler asc

Collections Enmmed CANADA Northwest Territories: mouth of Thelon River,

Lake, Ohenoja 08 16 1974, DAOM 155302; Williamson Lake, Rankin Inlet, Ohenoja 08 10

1971, DAOM 155313. Alberta: Kinsmen ravine, Edmonton, Elisens 08 1977, ALTA 7606. Québec:

Richmond Gulf area, Huhtinen 08 31 1982, TUR 78796. USA: Alaska: ncar Nome, S

Peninsula, Kempton 08 12 1967, WK 1533; butte area near Palmer, Kempton 07 27 & 08 16 1961, WK

1534, 1535. Michigan: Tahquamenon Falls State Park, Brough (513) 08 9 1963, UBC F3266.
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JAMAICA: Blue Mountain, Dennis 12 20 1949, K. NORWAY: Ostfold, Borge, Torp, Kristiansen
07 6 1984, 08 1 1987, RK 87.21. FRANCE: Paris, Reid 08 10 1989, K. Exsiccata: Karsten Fungi
Fenniae, 446, P4 angsbackar vid Mustiala, Karsten 08 1866, s.n. H. arra, K.

Extralimital Species

Helvella leucopus Persoon, 1823, Mycologica Europaca 1: 213.
=Helvella monachella auct; non H. monachella Scopoli : Fries (=Gyromitra
sp.)(fide Dissing 1966b).
(additional synonyms see Dissing 1966b).

Type Material: Lectotype (sclected Dissing 1966b) L, examined.

Distribution: Known from Europe (Dissing 1966b; Moravec 1980), north Africa
(Dissing 1966b) and Asia (Liu e al. 1985). No specimens referable to this taxon were
found during this investigation. Dissing (1966b) reported it from ID. Weber (1975)
could not confirm s presence in ID, but describes a specimen with some similarities.
These are the only reports, and its occurrence in North America is questionable.

Notes: This species is close to H. elastica (q.v.) and H. albella (q.v.), but has a
darker hymenium, larger ascocarp, robust stipe, and more complex lobed apothecium.
Haffer (1987) and Dissing (1966b) synonymize the older . spadicea Schaeffer, but no
type material is known for this taxon, without which we could not support adoption of a
forgotten name for this well known species. This taxon is refered to Hebella
monachella by many authors, but the original concept of H. monachella (Fries 1823) is
based on a Gyromitra species (Dissing 1966b).

Collections Examined: NETHERLANDS: Herbarium Persoon, L 8945-2 (lectotype);
Ijselmeerpolders, Flevoland, De Abbert, Bas 05 14 1977, TRTC. Exsiccata: Herbarium Mycologicum
Romanicum, 667, Mutenia, district Ilfov, Rumania, Savulescu & Alexandri 05 8 1933, s.n. Helvella
monachella, IMI 29629, TRTC.

Helvella Subgenus Helvella

=Helvella section Helvella
Helvella section Crispae Dissing, 1966, Dansk Botanisk Arkiv 25: 85.
=Helvella section Lacunosae Dissing, 1966, Dansk Botanisk Arkiv 25: 98.

Type Species: Helvella crispa Scopoli : Fries, 1823, Systema Mycologicum 2: 13.

Ascocarp: apothecium irregularly lobed to irregularly convex, margin inrolled
initilly o reflexed, free or fused to stipe; hymenium white, brown, grey, or black,
undulate-rugose; excipular surface pubescent to glabrous; stipe distinct, strongly ribbed,
usually lacunose, internally ch Asci Ascospores: broadly
cllipsoidal, hyaline, smooth with light microscope, with SEM finely rugose,
uniguttulate.

‘Notes: The type subgenus Helvella includes species treated in sections Crispae and
Lacunosac of Dissing (1966b). The broad concept employed here includes species with a
prominent, strongly ribbed stipe posessing lacunae and a chambered intemal structure.
The apothecium is highly lobed and imegularly folded. The differences in excipular
pubescence, apothecial marginal curvature, and fusion with the stipe, used (o separate the
Sections of Dissing (1966b) are not considered taxonomically significant at the subgenus
level (although they may show  relationships among_individual species within  the
subgenera). These characters show greater or lesser prominence in different species, and
form a progression of morphological intermediates between the extremes  (see also
discussion under taxonomic significance of macroscopic characters). The subgenus
Helvella corresponds closely 10 the genus Helvella in its most restricted sense (c.g.,
Boudier 1885, 1907; Breitenbach and Kranzlin 1981).




Key (o species of Helvella subgenus Helvella

1. Apothecial margin inrolled initially, remaining free from stipe at maturity........... 2
1. Apothecial margin reflexed initially, becoming fused with stipe at maturit 3
H. crispa

2. Hymenium white to cream; excipular surface pubescent..

2. Hymenium medium to dark brown; excipular surface densely
pubescent to villos H. maculata

3. Ascocarp dark grey brown (0 black................. _H. lacunosa
3'. Ascocarp  whit H. lactea

Helvella crispa Scopoli : Fries, 1823, Systema Mycologxcum 2:14.

-Phallus crispus Scopoli, 1772, Flora camiolica 2: 4

=Helvllalescophaea Persoon, 1799, Observationes mycolog)cncl 19. (holotype
K, examined)

=Helvella mitra Linnaeus, 1753, Species Plantarum 2: 1180, (fide Dissing 1966b).
(additional synonyms sce Dissing 1966).

ype Material: Lectotype (selected stsmg 1966b) in Micheli, 1729, Nova
Plantarun Genera 204, Tab 86 Fig

Figs. 6a.

Apothecium: 5-50 mm diam., 5-50 mm high (up t0 70 x 55 mim fresh), imegularly
lobed, occasionally bilobate, margin inrolled over hymenium initially, bewmml, reflxed
at maturity, free from stipe, hymenium white t0 cream fresh. often
Sellowish brown, rugose, excipular surface cream o beige, typicaily slghtly darker than
hymenium, finely pubescent (o pubescent, sometimes with few small ribs extending onto
basal third ofcxclpular surfacc from stipe. Stipe: -130 2-35 mm, equal or enlarged at
base, white to r pallid grey brown. y ribbed, often lacunose, finely
pubescentto pubescant, ntemally Shambered. Ascl: AR um. Paraphyses:

pm diam. at apex, apical cell 1437 um long, clavate, enlarged gradually or
abmp(ly apex, hyaline, contents finely granular. Ascospores: 16.5-20.6 x 10-13
um, broadly ellipsoidal, hyaline, smooth, with SEM finely rugose, uniguttulate.

Habitat: Solitary, gregarious, or scattered on soil and litter in deciduous or mixed
woods. Associated trees: Populus tremuloides, Populus balsamifera, Benla papyrifera,
Betula occidentalis, Alnus tenuifolia, Arbutus menziesii, Picea glauca, Picea sitchensis,
Pinus banksiana, Pinus contorta, Abies grandis, and Pseudotsuga menziesii. Associated
shrubs: Salix bebbiana, Sali discolor, Coylus comuta, Alnus crispa, Primss
pensylvanica, Amelanchier alnifolia, Shepherdia canadensis, Viburnum edul
lnvo/uclma, and Rosa sp. Fruiting from July 11 in AB to November 15 in

Distribution: Widely distributed in boreal, coastal, and montane. n.-gmns from AK,
YT, NWT, BC, AB, SK, MB, WA, ID, and OR. This is a very common species in
bore] and sspen parkland regions in the study arca. Also found in eastem North

ica (Weber 1972), Eump¢ (Dissing 1966b, Haffner 1987), and Asia (Liu er al.
1985 Imal 1954). Map

Notes: This distinctive species is most closely related to H. maculata (q.v.) and H.
fusca (q.v.) which share the initially inrolled, free margin and pubescent excipular
surface and stipe. Distinction is made on the basis of ascocarp coloration, degree of
vestiture, and habitat. Helvella crispa superficially resembles H. lactea (q.v.) which is
also whie o cream, bul can be scparatcd by s reflexcd margin fused 10 tipe and
‘glabrous excipular surfac

Collections Examined: CANADA: Yukon: Dempst Highvay near Dawson. Ginns 08

3 a A
Tereltries: Hay River, Green 08 30 1984, UVIC. Brllsh Calumbia: Tesa River P, Aot
(SA 218, 219, 222, 226) 08 22 1989, SA: Moberly Lake P.P., Schalkwyk 08 15 1977, DAOM
175734; rince George, Brough (€51) 09 20 1968, UBC Fiaia: 0k sou th of Quesnel, Calder, Savile
& Ferguson 09 4 1954, DAOM 45603; Wells Gray P.P., Abbott (SA 923) 08 28 1993, SA; Spahats
Creck P.P., Abbott (SA 924) 08 28 1993, SA; San Josef Bay, Vancouver Island, (SDLB 617) 08 28
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1975, WITU. Albertas norh of Meander Rver, Abbont (SA. 149 08 & |959 S; Notkewia 2.2
Abbott (SA 129, 136) 08 7 1989, SA; McKay River south o
ALTA 665; Faweert Lake, Abboti 093 1985, ALTA 8318, 8315, 320, Musrea Like, Aot (SA
245,245,255, 256, 257) 03 26 1989, SA: Sheep Crek norh of Grnde Cache, Abbot (SA 263, 269
0826 1989, SA; Long Lal 8 13 1967, ALTA 662; Sandy Lake, Schalkwyk 07 11 1975,
\LTA 7007, DAOM" 75714 oo of Redwater, Schalkowgk 05 5 1978, ALTA. T901: Willam A
Switzer P.P., Abbott (SA 269) 08 27 1989, SA; William A. Switzer P.P.. Osis (SA 386) 09 2 1990,
: near Onoway, Osis (SA 850) 08 § 1993, SA; Muir Lake area, Bozniak & Wheelock 09 14 1965,
ALTA 661; Wagner Ntal Ares, Abbott (S 1035, 1052 1111) 08 25 & 09 4 1994,08 19 1995, SA,
orest Reserve, Edmonton, Kennedy 09 15 1976, ALTA 7292; Emily Murphy Park, Edmonton,
Tiuneda 08 1976, ALTA 7355; Devonia Botanic Garden near Devon, Comh 094 1977, 07 1979, 06
311980, 07 21 1982, ALTA 7534, 7957, 8268, 8275; Devonian von,
(SA 108, 716, 764, 895, 919, 928, 1083, 1086) 09 3 1987, 07 25 1989, 508 15 & 03 toon, 08 16 &
22 09 1t 1953, 08.9& G5 11 1985 ALTA 8276, SA. K: Devonian Botanic Garden ncar Devon,
L iogs, ALTA $311: 10 ka south of Ledue, Abbort 08 § 1981, ALTA
ymm.. s & Gibson 05 14 1985, ALTA 8309: nea Bretn, Osie & Gibson 08 | & 20 xm AT
8300, 8303; Fish Lake near Nordegg Abbor (SA 282, 375, 400) 08 31 1989, 08 3 & 09 8 1990, SA.
tehewan: Turtle Lake near Turteford, Zelmer 08 1994 (not accessioned). Manitoba: Gilbert
P Provineal Hontculurelis 09 194, DAOM 5142; Victoa Beoch, Disby 09 11 & 12 & 19
1926, 08 8 1928, 09 7 1931, DAOM 206802, 206801, 206800, TRTC; Victoria Beach, Reid 09 §
1968, WIN; Pinawa, Bisby 09 2 1935, DAOM 206803; Manitoba Agriculuural College, Winnipeg.
Biky & Cordon 08 5 1928, DAOM 154794; Winnipeg, Frankton 08 28 1956, DAOM 54284;
Melboume, Oliver 09 7 1963; Darwin, Suton 09 10 1968, CFB WINFM 10304, Ontario: Apsiey
Cun 09 2 1056, TRTC 32970, Angus, Cain 10 10 1953, WSP 43051. Québec: Lac La Péche,
cau, Cain 09 22 1973, TRTC 48034. USA: Alaska: Eklutna Lake north of Anchorage, Kempton
G5 34 196, 1971 WK 1575, 5200; bt ara ot of Anchorags, Kempion 08 8 1960, 09 25 1982,
WK 1574, 6420, Washington: Seward Park, Seattle, Stuntz (Brough 48) 11 15 1956, WTU; Olympic
Hot Springs, Olympic N.P., Sm.mumzymzz m\ MICH; Money Creek, Like 09 1 1981, WIU
21467. Idaho: near Coolin, Priest Lake, Bonner C n (6355) 10 6 1966, MICH; Capoose
Creek, Seven Devils Mountain, Idaho Co., Smith (aossm 08 23 1954, MICH; Seven Devils Range,
Hawer 08 10 1962 K- Oregon: Bellview-Tolman Creek area near Ashiand, Isaacs (Is 1456) 11 11
WTU. C ‘Antioch Forest, Yellow
Spcinga, Conke 1030 1962, wsk 55743. New Mexico: east of Santa Fe, Simms 09 19 1965, WSP
8. SWEI ppsa ical Garden, Melderis 09 2§ 1946, K. UNITED KINGDOM: The
§u|vs, North Hampshire, 10 23 1960, IMI $3685. NETHERLANDS: between Bergen and Schoorl
Maas Geesteranus 10 2 1965, TRTC 14777; unknown, Persoon, K (holotype of Helvella leucophaea).
Exsiccata: Fungi Suecici, Vstmanland, Sala, Sweden, Morander (1348) 07 24 1948, s.n. Helvella
cripa, WSP 31528, Floa Hungarics Exsiccata, Scto Botana Mosei Natonis Hungaic, Cent Il
Fungi 29, 209. Igiofued, Filarssky 08 1913, s Helvella cripw, TRTC; M.C. Cooke, Fungi
Britanict Exsieeas Edito Secuada, 541, Dusncore, United Kingdom, Cooke, 5. Helvela erispa, ML
29260; E. Bartholomew, Fungi Columbiani, 3329, London, Ontario, Canada, Dearness 10 1908, 1909,
1910, . Helvela erispa, WSP 3107

Helvella lactea Boudier, 1907, Histoire et Classification des Discomycétes

Type Nvteri Holotype PC, examined.

Apothecium: 4-40 mm diar, 6-35 mm high, iregulaly lobed, oﬁcn bilobate,
margin reflexed and fused to stipe, rarely free from stipe in immature
hymenium white e when ared vight yollow brown to tedium brown, Iscking Ercy
pigmentation, undulate-rugose o nearly smooth, excipular surface white, when dry
cream to pallid yellow, glabrous or rarely very finely pubescent, ribs virtually absent or
extending onto basal alf of excipuar sirfce. Stipe: -95 x 2-20 mmy cqual, tperin,

enlarged 1o white, when dry cream to bright yellow, very finely pubescent,

smmgly Yty ntemmally chambered. occasionally sulcate and solid in smal
specimens. Asci: 287-325 X 13.0-20.1 um. Paraphyses: 3.9-7.0 ym diam. at per,
clavate, enlarged gradually to apex, hyaline, contents finely granular. Ascospores:
15.622.1 x 10.7-13.9 um, broadly ellipsoidal, hyaline, smooth, with SEM finely
rugose, uniguttulate.
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Habitat: Solitary to gregarious on soil or litter in coniferous or mixed woods.
Associate tees: biessp- Frating from July (exact date unknown) in MB to Decernber
inW.

Distribution: Infrequent in boreal and coastal regions from MB and WA. This
species is newly reported from western North America. Collections from coastal WA
significantly exiend its range to the west in North America, while collections from MB
represent the most northerly collections described from North America. The disjunct
population is locally common in WA. Also known from eastern North America (Dissing
1966a; Dissing and Lange 1967), Europe (Dissing 1966b; Calonge and Aroyo 1990),
and Asia (Liy and Cao 1988). Map .

Notes: Although simila in colour, H. crispa (q.v) i distnet n its ream 1o
brown pubescem excipular surface and inrolled free apothecial margm Helvella lactea is
distinguished from the closely related H. lacunosa (q.v.) by the lack of grey

by

pigmentation. Even pale forms of . lacunasa (66 SA 211, Smith 75904 MICH) are
grey in fresh and dry specimens, while /. lacted is entirely white when fresh and
yellow, especially on the stipe, when dried. Helvella lactea has a much more restricted
distribution than /. lacunosa. Haffner (1987, 1991) considers this species a pigmentless
form of . lacunoes. One eolecion (NTU:St2)14122) wins soaed it . lacumoss.
Close association between these two species may support recognizing H. lactea as
varicty ot fomn.

Collections Examined: CANADA: Manitoba: Indian Bay, Shoal Lake, Tan 07 1966,

VI Ontar e Timagami, Jackson 08 21 1937, TRTC 11140; Algonquin P.P.
ackson 09 15 1939, TRTC 18492. USA: Washington: Friday Harbor, San Juan Island. Stuntz (Stz
\zm) 10 30 1960, WTU; Robinswood Park, Bellevue, Martin (FVB 1702) 11 16 1972, WTU; Ts

‘acoma
s, Snyder (50) 11 10 1934, WTU; Yelm, Stuntz (Stz 4870) 10 17 1948, WTU; Rainier, (Stz

6116) 115 1950, WTU: Rainier woods, Stuntz (Stz 4931), 11 13 1848, WT: Hubvig Mouusiy sl

Ankey (901) 1225 1585, WU SWEDEN: Boack Garden, Uppaae, Hylander 07 25 8 08 2 1939,
NCE: Meaux, Dumeé 06 1902, PC (holotype). SPAIN: Cndllomn Reid 112 1985, K.

Helvella lacunosa Afzelius : Fries, 1823, Systema Mycologicum 2: 15.

=Helvella lacunosa Afzelius, 1783, Kongl. Vetensk. Akad. Nya Handl. 4:303.

=Helvella mitra Persoon, 1797, Commentario de Fungis Clavaeformibus sistens
specierum hus usque notarum descriptiones cum differentiis specificis, nec no
autorum synonomis p. 61. (type K, examined)(later homonym); non Helvella
mitra Linnacus (<. crispa),

=Helvela subcostta Cooke, 1879, Mycographis, seu icones fungorum Fig. 169.
(holotype K, examined)

~Helvell sulcata Afzelius: Fries, 1823, Systema Mycologicum 2: 15. (fide Dissing

6b).

(addmona synonyms see Dissing 1966b).
Type Materiak: not svailable fde Dissng 1966t

Apolhechﬂn 5-47 mm diam., 4-60 mm high (up to 70 mm diam. fresh),
iregularly lobed and reflexed, rarely trilobate o bilobate or irregularly saddle-shaped,
margin reflxed even when immature, margin fused (o stpe or rarely free, hymenum
black to dark grey or dark brown (fresh and dried), rarely pale grey brown or somewhat
mottled with darkly and lightly pigmentod regions, undulic-rogose, excpular surface
pallid gre ’y to dark grey brown, glabrous, ribs absent or extending to near mar
ugmns of exc1pular surface. Stipe: 20-140 x 3-35 mm, equal or enlnrged at base, mrely
tapered {0 base, dark grey brown or pallid in part especially if submerged in
subsmmm. glabmus, highly oad, Jacunose, mnema.lly champercd, rarely sulcate and
solid especially at apex. Asci: 238-268 x 13.1-17 pm. Paraphyses: 29:10) m
diam. at sper, terminal cel 124-165 um long, clavale, nlarged grachally o abruptly at
apex, brown, contents finely granular. Ascospores: 14.5-20) x 10-13 pm, broadly
ellipsoidal, hyaline, smooth, with SEM finely rugose, umgumnla(e




58

Habitat: Solitary to gregarious, subcacspitose, or seatered on soil o Jiter, rarcly
on rotted or bumt wood, in coniferous or mixed woods. Associted uees: Picea glca
ca mariana, Pieea sithensts, Pinus conorts Pinus banksiana, Pinus ponderosa,
Pseudots: e btes palsame, Abies grandis, Larix occidentalls, Ty plica
Populus remuloides, Populus basanifera, Beulapop ifera, Betula occidentalis, Alnus
Acer macrophyllum. Associated shrubs: Sale Sal
Wlanifolc, Sallx myrilfolia, Salix alaxensis, Salix )
ila, Ledum  groenlandicum, Shepherdia canadenss, - Juniperus - commnis,
“drctostaphylos viscida, Cornus stolonifera, Symphoricarpos sp., and Rosa sp. Fruiting
(ovem

o August collections are known only from AK, YT, NWT, BC, AB, SK, and MB.

Distribution: deely distributed in boreal, montane, coustal, and arctc_ regions
from AK, YT, NWT, BC, AB, SK, MB, WA, ID, and OR. Also distributed in castern
North Amcnca (Weber 197Z] Eumpe (D|ss|ng 1966b), and Asia (Liu ef al. 1985; Imai
1954; Korf and Zhuang 1991). Map 11.

Notest The species is characterized by the darkly pigmented ascocarp, reflexed
apothecial margin, and glabrous excipular surface and comprises H. lacunosa sensu laio
(sensu Dissing 1966b, Abbott and Currah 1988, Calonge and Arroyo 1990). We could
not support recognition of taxa, such as H. sulcata sensu Weber 1972 or Benedix 1972,
as eilher a spcics or vaiey. Closely reated species include H. lactea (q.v.) which
differsin colour, . palistris 4,v.). nd I, phlebophora Fevoudiars & Deass. which
has smalle ascogarps, convex apotbecia with the margin free and reflexed: and a solid
stpe. Hiffner (1987, l99[)suggesls bat H. phiebophora, H. palustrs, and H.

# raied as victics of 11 locurosa Occasionally, ascocarps appma«,hmg the

. phlebophor (1 decribed in Dissing 19600; Breitnbact and

nly) appear with typical specimens of /. lacunosa (c.g.
8314). Helvella palustris was synonymized with H. lacunosa by stsmg (l%eb] bm
was accepted by Weber (1972) and Harmaja (1977b) ‘After cxamination of the holotype
and collections from Michigan, H. palustris is tentatively accepted as distinct from .
lacunosa by the small apothecium, often with free margin, slender stipe with few or no
Jacunae and little anastomosis between ribs. Some collections (e.g., TUR 78771) are
intermediate between H. lacunosa and H. palustris. Many collections of H. palustris are
from bogs or stream banks and associated with bryophytes.

Collections Examined: CANADA: Yukon: Watson Lake, Abbott (SA 179, 150, 185
192, 193, 194) 08 14 & 20 1989, SA. Northwest Territories: Striac Hill, Axcl Heiberg Island.
Beschel 08 10 1962, DAOM 91441; Baker Lake, Ohenoja 08 1962, DAOM 155310; Hay River, Green
09 5 1982, UVIC. British Columbia: Muncho Lake P.P., Abbott (SA 211, 212, 213) 08 21 I989
SA; Tetsa River P.P., Abbott (SA 220, 227, 230) 08 22 IOKO SA; Mount Robson P.P., Al
925) 08 29 1993, SA: n¢ 3366, ake, l’c)s
10 1977, UBC F3282; 10 km north of Clearwater, Goward 09 12 1982, DAOM 191776; Shuswap Lake
near Scotch Creek, Goward 10 2 1982, DAOM 191777; Revelstoke, Funk 10 10 1962, DAOM 14578;
Brandywine Falls near Whistler, Bandoni 1021 1977, UBC F3281; Brandywine Falls P.P., Mackinnon
10 4 1980, UBC F587; Cheekye, Bandoni C F3274; Procter, Linton 10 18 1977. UVIC:
Cottonwood Lake near Nclwn. Harrison (6030A) 07 6 1966, MICH; Lions Bay, Perrin 10 8 1968, UBC
mm Lynne Valley Park, North Vancouver, Kroeger 11 18 1981; UBC F10244; Lynne Valley Park,

. Vancouser

on, Vancouver
DAOM 92265: UBC endowment lands, Vancouver, Waugh 10 291958, UBC F3272; UBC endowment
lands, Vancouver, Brough (661 1124 1972, UBC FI345, F3279; UBC endowment Imd; Bandoni 12 §
1962, UBC F3277; UBC campus, Brough (626) 113 1967, UBC F3273; UBC campus, Redhead 11 18
1969, UBC F1344; UBC campus, Bandoni 10 27 1962, 04 15 1988, DAOM S102, 199993 Linle
Qualicum Falls P.P., Vancouver Island, Lee 10 30 1979, UBC M047; Long Beach, Pacific Rim N.P.,
Brigham 11 8 1980, Wood 11 25 1974, UVIC; Spectacle Lake, Vancouver Island, Pantidou 10 19 1962,
DDAOM 92263; Robert's Bay, Vancouver Iskand, Macoun 10 21 1913, UBC F3292; Langford, Vancouver
Island, Hinders 11 111943, DAVFP 21936; Francis Park near Victoria, Vancouver Island, Egger (857)
12 27 1981, DAOM 199857; Mount Douglas Park, Victoria, Vancouver Island, Egger 09 29 1983,
DAOM 199768; Crescent Beach, Krajina 10 10 1970, UBC F3280; Saltspring Island. Paden 10 13
1969, UVIC; Satuma Island, Pillsbury 11 13 1960, UBC F3275; Cortez Island, Ring 11 11 1986,
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UVIC. Alberta: Fawcett Lake, Abbott 09 3 1988, ALTA 8314, 8315; losegun Lake, Abbott (SA 111,
112, 118) 08 4 & 5 1989, SA; Musreau Lake, Abbott (SA 248) 08 26 1989, SA; William A. Switzer
PP, Abbott (SA 267, 271) 08 27 1989, SA; William A. Switzer P.P., Osis (SA 388) 09 2 1990, SA:
Vagies N mmm. Abboll  (SA 1037, 1051, 1108) 025 & 09 4 1904, 08 19 1095, SA; Foret
Reserve, Edmonton, Kenne 976, ALTA 7291: Devonian Botanic Garden near Devon, Abbott
(S 1082, 1130, T1d0) B34 1907 08 08 54 & 09 151006, ALTA B371. SA- K- Al Pt
Zeimer (S : Riley Lake, Ji . SA:
Wabasso, Jasper N.P.. Zelmer (SA 927) 07 17 1993, SA; Athabasca River valley 3 km west of
Sunwapta Falls, Jasper N.P., Abbott (SA 372) 08 2 1990, SA. Saskatchewan: Turtle Lake near
Turleford, Zeimer 08 1994 (ot scossioned), Manitoba: Churhil, Huline 08 19,1981, TUR
T8771; Victoria Bea 729 1998, DAOM 206811:Indian By, Shoal Lk, Ta 06 1966, WIN
Ontarta: Angus, Cain 10 "0 1954, WSP 45248 a: Eagle summit 175 km north of
Fairbanks, Kempton 08 19 1971, WK 5348; F,m..nu Knnpmn 08 7 1970, WK 4619; Nome on
. WK 4793; Nancy Lake, Susitna valley, Kempton 08 151968,
0571985, WK 1570, 6470; Ekluna Lake north of Anchorage, Kempion 08 26 1971, WK 5159;
Anchorage, Kempton 08 30 1966, 08 31 1971, 09 5 1986, WK 1565, 5395, 6508; Glacier Bay National
Monument, Cooke 09 7 & 8 & 10 1979, 08 31 & 09 5 & 9 1981, WSP 65708, 64400, 64439, 64797,
SAESH. 67209, 65865, 66866, DAOM 176104, 176213, MU F34857, F36149; near Haines, Kernplon
09 20 1970, 19 16 1971, WK 4553, $5%6; near Jmteas, Kempton 09 13 1967, Washlngton:
Nooksack Falls, Mount Baker rea, Whtcom Co. Symons 11 11 1965, U an Juan Island,
Waugh 11 19 1966, UBC mz« Friday Harbor, San Juan Island, (Stz 12122, mzz) 1030& 1113
1960, WTU; Whidbey Island, Stuntz (Stz 13874, 14513, 14552) 09 § 1966, 11 5 1967, 11 14 1967,
WTU; Sandy Hook, Whidbey sland, Stz 13854) 09 8 1966, WTU, Langley, Whideey lland, Sz
14538) 09 141962, WTU; east of Springdale, Cooke 09 27 1947, WSP 24512; Bames Creek trail,
Olympic NP, Clatam Co. Cooke 16 26,1950, WSP 25049, ncar Stircase, Olympic N.5., MeKenny.
10 24 1962, UBC F3287; Bremerton. Flett 1126 1930, WSP AS29265; Marys svlle, Gaot 111931,
MU F14173; Mercer [sland near Seatle, Parker (Herbarium Young Naturalisis Socicty 200) 12 1893,
cvard Pk, Seatle, (Sz 11583) 10 19 1959, WTU: Seate, Zeler (57 1911, WIU: Seate,
Sydor (29) fll, WTU: Watermain Woods, Redmond, SDLB 11 2 1980, WTU: Califomia Creck
Valley Ford, Cooke 118 1947, WSP 24513; north of Copalis, Clallam Co., Williams (JWL 999) 10 11
1970, WTU; Bumis Lake ncarOIympm. Williams (JWL 1719) 11 3 1973, WTU; Olympia, Snyder 12 4
1933, WTU; south of Spanawsy, Smms 11 12 1966, WSP S7197: Tahom Vista, Mount Raiier N.P.
van de Bogart (FV 22459 10 58 1973, WTU southof Cisus trmoft, van de Bogart (FVB 1036) 10 23
Lo, wm Bear ek, Grouse Flas, Gafeld Co. Stav 111 551 WP 1535 Medicin Crock
in Co., Shaw 11 2 1959, WSP 47623; Bingen, Suksdorf 01 24 1900, WSP 27480;
Falcnn anlcy. Klickitat Co., Suksdorf 11 11901, WSP 27479; Lee Forest near Maltby, Brough (12) 10
6 1956, WTU; Lee Forest near Maltby, Cohen (Stz 6982) 11 16 1952, WTU; Millersylvania State
Pk, Spur (S 16987) 113 1971, WIU: Fon Lewis, Stz 1 11934, WTU: Troubesome Creek.
(5t 14954) 09 26 1968, WTU; Beoms Lake, van do Bogart (VB 2451, 2670 11 3 1973, WTU:
ns 1113 1971, WTU 906, 11 16 1974, WTU 3295, Isaacs (Is 1362) 03 21 1961, Ardery
(1290), Willams (WL 33), WTU. Idaho: Nordman, Shaw 10 16 1954, WSP 41576; Pries Lake,
Ropes 10 27,1963, WSP 56475, Prcst Rivar Experimental Forest, Slipp 10 28 1940, WSP 49792
Hayden Lake, Kootnai Co. White 101950 WSP 47630; Moscow Mountin, Ward 09 28 1947, WSP
30113; Moscow Mountains, Miller 09 14 1964, WSP 54045, 54484; Laird Park, Latah Co., Miller 10
171562, WP, 52704 Clearwater Canyon et o Lenores Cooke 1130 46, WSP 245711 RackHr
Ridge il along Sehuay River, Nez Perce Nationl Foret. Cooke 106 1946, 1 1 1947, WSP 24510,
M 26783 T Creek, Idaho Co., Cooke 10 22 1949, WSP 30112; Ticks Creek road, van d
Bogm{FVB 3729)09q 1976, WTU. Oregon: Coos Co. Forest, Ardrey (538), WTU; west of Ruch,
lesace 1 $58, $60 01 26 1958, WU Bellview-Toman Creek wes, las (1 1455 11 11 1961,
eady Springs, Paden 04 20 1972, UVIC. California: Lake Siskiyou, Bangsberg 04 25
1980, Ry 66107; Bear Springs, Mount Shasta, Cooke 10 10 1958, WSP 55868; Mineral, Cooke 09 2
&3 1977, 09 1978, 10 6 1981, WSP 63395, 63396, 60991, 67210; Jonesville, Copeland 09 30 1938,
WSP 31526; San Francisco Bay region, Morse spring 1934, UBC F3296; Walnut Creek, Contra Costa
Co. Baliz 01 € 1984, UBC FI3115. Michigan: Tabummcnco, B 08 12 1963, UBC F3285: plae
Topinabee, Smith (75904) 08 10 1968, MICH. SVALBARD: Endahlen, Currah 08 17 1988,
ALTA 0% Sverirgten, Cumah 08 16 1585, ALTA §313. UNITED KINGDOM: Tuytond
Forest, Lines, Roberts 09 9 1988, IMI 310080; Andover, Hampshire, Herbarium Berkeley 1879, K
(bolotype of Helella ubcostate). BELGIUM: Demoulin (CBS 304.74), UAIH 6474 (g cure)
SPAIN: Cuenca, Calonge & Arroyo 05 28 1985, K. NETHERLANDS: Persoon, K (type
Hehella mia), Extlceata: Mycotant of North America, 746, Rack Creck, New Farce Nhonat
Forest, Idaho, USA. Cooke 11 16 1946, s.n. Helvella lacunosa, WSP 21369; Ellis and Everhardts
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Fungi Columbiani, 1931, Stockton, Kansas, USA, Bartholomew 06 3 1903, s.n. Helvella lacunosa,
WSP 3108; Pacific Slope Fungi, 256, Stanford University, Santa Clara Co., California, USA, Banker

2 18 1902, s.n. Helvella lacunosa, WSP 23883; California Fungi, 316, Trinidad, Humbolt Co.,
California, USA, Parks 11 1931, s.n. Elvella mitra, WSP 35290, WTU, TRTC.

Helvella maculata N.S. Weber, 1975, Beihefte Nova Hedwigia 51: 27.
Type Material: Holotype MICH, examined.

Fig. 7.

Apothecium: 10-45 mm diam., 5-26 mm high (up to 40 x 30 mm fresh),
irregularly lobed, margin strongly inrolled over hymenium initially, free from stipe,
hymenium light to dark brown to grey brown (fresh and dried), sometimes mottled with
patches of paler pigmentation, undulate-rugose, excipular surface white or cream to
pallid grey, densely pubescent to villose, ribs absent or extending onto basal third of
excipular surface. Stipe: 10-120 x 3-30 mm, enlarged at base, white, ofien with
Tocalized regions of brown to grey brown pigmentation, finely pubescent, highly ribbed,
lacunose, internally chambered. Asci: 268-300 x 15.2-19 pm. Paraphyses: 5.6-0 um
diam. at apex, clavate, enlarged gradually to abruptly at apex, brown, finely granular.
Ascospores: 18-23.4 x 11-14 um, broadly ellipsoidal, hyaline, smooth, with SEM
finely rugose, uniguttulate, with large, central, broadly ellipsoidal to subglobose oil
guttule.

Habitat: Solitary, gregarious, or scattered on soil or duff in coniferous or mixed
woods. Associated trees: Picea glauca, Picea sitchensis, Pseudotsuga menziesii, Tsuga

Populus ides, Populus if Associated shrubs: Salix sp.,
Rosa sp., Viburnum edule, Cornus stolonifera, and Alnus sp. Fruiting from August 1 in
AB to November 30 in coastal WA. Collections from January to March in coastal BC,
‘WA and OR and May in BC are considered unusual for this typically autumnal species.
August and September collections are usual for AK, AB and MB, while October and
November collections are typical of WA, ID, and BC.

Distribution: Widely distributed in montane, coastal, and boreal regions, but
abundant only in the west from AK, BC, AB, MB, WA, ID, and OR. The range is
significantly expanded castward to MB and north to AK. Distributed only in western
North America (Weber 1975) and China (Cao 1988; Liu and Cao 1988). Map 10.

Notes: This species is closely related to H. crispa (q.v.) and H. fusca (q.v.)(see
notes under H. crispa). The darkly pigmented apothecium has lead to confusion with .
lacunosa (q.v.). which has a reflexed apothecium margin even in immature fruiting
bodies, and the margin fused to the stipe. Helvella maculata was originally described as
having consistently mottled apothecia (Weber 1975). This feature is found in Chinese
‘material (Cao pers. comm.; Cao and Liu 1990), but in fresh and dried material examined
in this study, many were uniform in colour. Cao (pers. comm.) has suggested that
specimens with uniform pigmentation may be referable to another taxon, but there are no
correlating features supporting this. Motiled hymenia are sometimes found in H.
lacunosa (q.v.), H. albella (q.v.), and H. elastica (q.v.), and may be due in part o the
degree of exposure of the hymenium at the surface of the substratum. Darkly pigmented
regions on the white stipe are sometimes observed in /1. maculata.

Collections Examined: CANADA: British Columbia: Brandywine Falls near
Whistler, Bandoni 10 27 1977, UBC F3281; Yale, Macoun 05 17 1889, DAOM 44703; Sidney,
Vancouver Island, Macoun 1912, UBC F3297; Mount Douglas Park, Victoria, Vancouver Island, Paden
11 11 1988, UVIC; University of Victoria campus, Vancouver Island, Paden (JWP 1378) 01 5 1987,
UVIC; University of Victoria campus, Vancouver Island, Fogarty 11 18 1988, UVIC; ravine near
Houlihan Way, Gordon Head, Goodacre 11 8 1976, UVIC. Alberta: William A. Switzer P.P., Osis
(SA 387) 09 2 1990, SA; west-end ravine, Edmonton, Osis & Gibson 08 1 1988, ALTA 8301; pear
Breton, Osis & Gibson 08 20 1988, ALTA 8304; Fish Lake near Nordegg, Abbott (SA 380) 08 3 1990,

; reck P.P., Daniclson (RMD 2343) 09 18 1976, ALTA 8202; Fish Creek P.P., :
Daniclson (RMD 359) 08 20 1972, DAOM 143866; Kananaskis, Vellinga (SA 295) 08 1989, SA, L.
Manitoba: Clear Lake, Bisby 09 23 1933, 08 17 1935, DAOM 206812, 206808. USA: Alaska:
Eklutma Lake north of Anchorage, Kempton 08 11 & 24 1963, WK 1576, 1577; butte area north of
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e, Kempton 09 22 1965, WK 1578; mile 40 Haines cutoff road, Kempton 09 20 1970, WK.
wv \'\lshlng(on Friday Harbor, San Juan Island, Isaacs (Is 2019) 11 11 1962, WTU; Friday
San Juan Island, Stuntz (Stz 8996, 11594, 12087, 15306, 15869, 17044) 11 13 1953, 11 1
1959, 10 16 1960, 11 30 1968, 11 29 1969, 11 26 1971, WTU; Friday Harbor, San Juan Tsland,
Willams (WL 564 1307) 119 1969, 117 1971, WTU: Friday Harbor  San Jua llan, van dc Bogat
(FVB 3864) 11 1976, WTU; San Juan Island, Bandoni 11 20 1966, UBC F3286; Mutiny Bay, Is
Co., ande (rvsmz)nn mﬂ WTU; st of Duval, van e Bogar 51z 14460) 11 5 e
U; ol 081933, WTU; unknown, van de Bogart (FVB 3687) 11 15 1975, (Stz
Vo3, 3 \szzl)mzxms 1110 1968, WTU. Idaho: Hoodoo Mountain, Bonner Co., Smith
QuS £134) 105 1968, MICH (holaype): erome Creek, Laah Co. Paden & Tylutki 10 11 1964, WSP
Moscow Mountain, Latah Co., Milne 10 18 1965, TRTC. Oregon: near Gold Hill, (Stz
mmm 271959, WTU.

Extralimital Species

Helvelln fusca Gillet, 1879, CI de France. Les Di
pe Material: Neotype sclected here: S, Italy, Al Deserto, Bresadola 03 53 eos,

ined.

Distribution: Restricted o Europe (Dissing 1966b).

Notes: This specics is similar to H. maculaia (q.v.) in colour, but differs in
excipular pubescence and habitat. Vemal and utumnal Collections are known for both
species. This species is reported from Alaska and Oregon (Kempton and Wells 1970;
Larsenand Denizon 1978). but g specimens wete encountered durin this investigation

reports are likely based on . maculata. Although there is no authentic material of

Gille (Dlssmg 1966b), the modem concept of H. fusca is primarily based on_the

description and excellent specimens of Bresadola preserved in S. The 'Al Deserto 05 21
1898' (1lluslmled in Dissing 1966b) is chosen as neotype.

Collections Examined: ITALY: Al Deserto, Bresadola 05 21 1898, S (neotype);
Trient, Bresadola 06 1898, S; prope Trento, Bresadola 05 18 1903, S; Gocciadora, Bresadola 10 1901, 5

Helvella palustris Peck, 1880, Annual Report New York State Museum 33: 31
<tiehella philonoti Dissing, 1964, Botanisk Tidsskrift 60: 117. (fide Weber
72).

T)pe Material, Holotype NYS, cxamined

Distribution: Known from eastern North America (Weber 1972; Huhtinen 1982)
and Burope (Hamaja 1977b, Dissing 1966, as H. phifonois, Hallgrimsson 1968, a5
H. philonotis).

otes: This species is closely related to H. lacunosa (q.v.), but is separated by its
small size, slender solid stipe with parallel ribs which show little anastomosis and no
lacunae, and the discoid to convex apothecium which remains free from the stipe.
Haffner (1987) considers it a variety of H. lacunosa, but the correlation of many
morphological features warrants tentative retention of specific status. No specimens from
ll\c sludy region have been assigned to this taxon, but several collections of H. lacunosa
DAOM 91441, TUR 78771) are intermediate. Reports from northern Manitoba

(Hn.hlmcn 1984; Hutchison et al. 1988) are based on TUR 78771, which contains some
specimens with chambered and lacunose stipes typical of H. lacunosa. Other collections
of H. lacunosa contain immature fruiting bodies resembling H. palustris. The collection
from ows. more similariics 1o the descrption of /1. philonos (Dissing
1966b) than to other collections of /. palustris examined here

Collections Examined: CANADA: Québec: Astray Lnke, Schefferville, Huhtinen &
Kosonen 08 12 1979, TUR 63425. USA: Michigan: Tahquamenon Falls State Park, Brough UBC
F3295; UMBS, Emmet Co., Rogerson 08 6 1964, UBC F}l?l south of Rose City, Ogemaw Co.,
AH. Smith 07 16 1963, UBC F3294. New York: Manlius Center, Peck 08, NYS (holotype):
Southbay near Whitchall, Bumham 08 20 1908, NYS. NORWAY: south of Kcngi\oll Oppland,
Kristiansen 08 8 1991, RK.
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Helvella Subgenus Leucomelaenae (Dissing) S.P. Abbott comb. nov.
=Helvella section Leucomelaenae Dissing, 1966, Dansk Botanisk Arluv 25:36
=Helvella section Acetabulum Dissing, 1966, Dansk Botanisk Arkiv 25
—Helvella section Solitariae Haffner, 1987, Beihefte zur Zeitschrift fir Mykolog;c A

T)pe ‘Species: Helvella leucomelaena (Persoon) Nannfeldt, 1941, in Lundell and
Nannfeldt, Fungi Exsiccati Suscct Praesidium Upsaienss Fasciculata 19-21:

Ascocnrp cnpulale 1o imegularly cupulte subsesie o short stipitate apahecium
margin incurved or reflexed; hymenium smooth or sparingly rugose, shades of brown
2nd grey: excipular surface pubescent to villose, ibe abscnt of extending to marginal
egion; stipe pmsen as fluted base or distinct and prominently nbhed, sohd or

ambered, ent. As
bmdly ligoidal 1o clipsoidal. hyaliné, smooth, surface with SEM incly ropoce 1
nearly smooth, uniguttulate, with large, central, globose to broadly ellipsoidal oil guttule.

Notes: Subgenus Leucomelaenae contains indistiney to isincly sipiate spescs
with prominently ribbed stipe and cupulate 10 reflexed apothecia. The subgenus
comprises the sections Leucomelaenae and Acetabulum of Dissing (1966b) and section
Solitariae of Haffner (1987), and closely corresponds to the genus Aceiabula (sensu
Boudier 1907).

Key to specics of Helvella subgenus Leucomelacnae

. Ascus base simple
. Ascus base forked 3
2. Ascospores 18-24 pm long; setoid paraphyses absent.......H. leucomelaena

2. Ascospores 23-28 jum Jong; seoid paraphyses present.....H. crassitunicaa

Distribution in arctic and alpine tundra regions ; 4

Distribution in boreal and montane forest regions 5

um red brown; stipe indistinct; exmpular surfice lacking

W

\H. aestivalis

4", Hymenium brown; stipe distinct; excipular surface prominerly
ribbed over basal
Ascospores very broadiy elipsoidal to subglobose (12.5-16 ym i ).
. Ascospores ellipsoidal to broadly ellipsoidal (10-13.5 um long).
6. Ascocarps small to medium (4-22 mm diam. dried); hymemum
medium to dark grey brown; excipular surface densely pubescent
o vill unicolor
6" Ascocarps large (50-90 mm diam. dried); hymenium light to medium
brown; excipular surface pubescent. -H. robusta
. Ribs on excipular surface extending to marginal arca, branched and
8

=

o

. Ribs on excipular surface, if present, extending only slightly onto basal
portion, simple and 9
. Ribs sharp-edged; excipular surface medium brown (o yellow brown:
ascospores 16-20 x 11-13.5 um.
8'. Ribs blunt-edged; excipular surface medium to light grey o
lacking yellow coloration; ascospores 14.5-20 x 9.5-12.5 pm
tipe medium 0 pale brown, it conspicuous,dar pubscenec; ibs
extending onto basal half of excipular surface. _H. hyperborea
. Stipe white (o grey brown, with hyaline pubescence; ribs absent from
excipular surface o extend only onto basal region..

H. costifera

=

©

H. solitaria
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Helvella acetabulum (Linnacus : Fries) Quélet, 1886, Enchiridion Fungorum, p.
275.

=Peziza acetabulum Linnacus, 1753, Species Plantarum 2: 1181
ries, 1823, Systema mycologicum 2: 44,
Fries) Kuntze, 1891, Revisio generum

=Peziza acetabulum Linnaeus :

(additional synonyms see Dissing 1966b).
Type Material: Lectotype in Valliani, 1727, Botanicon Parisicnne 57, Plate 13,
igure | (fide Dissing 1966b).

Apothecium: 10-80 mm diam., $-20 mm high, deeply cupulate, margin expanding
1o slightly reflexed in age, hymenium medium to dark brown (fresh and dried), smooth,
excipular surface brown near margin, yellow brown to white at “base, pubescent 16
densely pubescent, prominently ribbed. with sharp, branching and anastomosing ribs
extending to marginal region. Stipe: 3-45 x 2-30 mm, equal or tapered to base, white to
light yellow brown, pubescent, highly ribbed, rarely lacunose, ribs sharp or rarely blunt,
branched and anastomosed, intenally chambered. Asci: 260-330 x 16-18 pm,
pleurorhynchous. Paraphyses: 4-6 um diam. at apex, clavate to nearly equal, enlarged
gradually 0 apex, pale bmwn. contents finely granular. Ascospores: 16-20 x 11-13.7
ym, broadlyclipsoidal, it smooth, with SEM surfuce fincly rugose, unigutic.
tary (0 gregarious on soil or litter in coniferous, mixed or deciduous
woods. Associated tes: Popalus remuloides, Populus balsamifora, Avbutus menziesi

ercus garrvana, Alnus sp., Thuja plicata, Picea glauca and Pseudotsuga menziesii
Associated shrubs; Comus stolonierd and Amelanchier alnifolia. Fruiting from
2inORtouly IS n

Distribui Wldcly disributed, although infrequent in boresl, montzne and
coastal regions from B, AB, . ID, OR, and WY. Also in eastern North

America (Weber 1972), Europe (Dmmg 1966b; Haffner 1987), and Asia (Liu ef al.

1985). Map

Notes: This species is most closely related to H. costifera (q.v.), and perhaps
represents a single variable species. They are distinguished by ascocarp colour, ribbing

of sti excipular surface, and ruiting period. Helvella unicolor (3.v) s
distinguished on ascospore morphology and less prominent. ribbing of stpe and
excipular surface. Helvella verruculosa (q.v.)_d aller_ ascocarp size,

stronger pubescenc, les prominent stipe and nbhmg e of excnpular surface, and habitat
(see also notes under species mentioned above). The lack of extant holotype material
seriously impedes characterization of s species, and distinction from similar taxa
(espesially L costifera)is uncerain bascd on the lecotype il ustrtion.

Collections Examined: CA British Columbia: Vancouver, Waugh 07 15
1951, DAOM 27436; Bamberton P.P., Vanmuvcr Island, Paden 06 7 1974, 05 6 1987, UVIC Victoria,
Vancouver lshnd, Robertson 04 14 1973, UVIC: Winter Cove, Saturna Island, Kroeger 04 2 1984, UBC
F979. Al lic

nea Devor, er v
Abbott (SA 1159) 07 3 1996, SA; west ofM||l=L Kennedy os 30 1964, ALTA 636; Bow Valley P.P.,
Danielson (RMD 2046) 07 1 1576, Man cultural College, Winnipeg, Bisby 07 3
& 10 1932, DAOM 206814: bszmulmml College, Winnipeg, Bisby & Conners 07 14 1927,
DAOM 183375. Ontario: Queens Biological Station, Lake Opinicon, Kendrick 06 9 1963, TUR
38458, DAOM 91836; Lake Simcoe District, Taylor 06 16 1961, WIN. USA: Washington: Scattle,
e (Sycer 123 04 1929, WITU: Merer sk et of Seste, Zieler (Sz 9369) 04 24 1941,

WTU; Tacoma prairies, Snyder 05 15 1935, WTU; Bingen Mountain, Suksdorf 05 1 1899, WSP 27646,
27647 unknown, (St 7771) 07 8 1953, (5z 1009, 13408). WTU. Tdahos Pries River Experimentai
Forest, Slipp 07 4 1941, WSP 50463. Oregon: near Goldhill, (Stz 10898) 03 27 1959, WTU; near
Centm Poin, lsaacs I 1352) 03 21 1961, WITU; Antelope Creek road per Camp Wi, saes s
519) 03 31 1957, WIU. Wyomlng: Wyoming, van de Bogar, WTU_UNITED KINGDOM:
arwickshire, England, Ellis 05 6 1979, IMI 253044; Esher Common, Surrcy, England,

Spoomr 05 25 1950, K. NETHERLANDS: Herbarium Persoon, L §945-3. FRANCE: Corsica,
Reid 06 3 1965, K. SCANDINAVIA: Oland, Boda parish, road to Brinslegardarna, Scholdstrom 05 31
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1967, K. Exsiccata: North American Discomycetes, 1181, Ithaca, New York, USA,

1901, sn. Acetabula vulgaris, WSP 23744; Ellis and Everhardcs Fungi Columbiani, 1801, Stockton,
Kansas, USA, Bartholomew 06 3 1903, s.n. Acetabula vulgaris, TRTC; Petrak, Mycotheca generalis,
204, Comit. Gyor, Bonyretalap, Hungary, Nagy 05 1928, s.n. Acetabula vulgaris, WSP AS18071

Helvella aestivalis (R. Hein & Remy) Dissing & Raitviir, 1974, Eesti NSV
Teaduste Akadeemia Toimetised, Bioloogia 23(2): 105.
=Acetabula aestivalis R. Heim & Remy, 1925, in Heim, Bulletin de la Societé¢
Mycologique de France 41: 460, plate XXIX Figures 10-12.
Type Material: not available (fide Dissing and Raitviir 1974).

23.

Apothecium: 3-26 mm diam., 1-17 mm high, deeply cupulate, margin inrolled
initially, margin often splitting at maturity, rarely spiit to form a one sided lobe, rarely
laterally compressed when immature, hymenium dark red brown to blackish red brown
fresh, when dried blackish red brown, smooth, excipular surface dark brown at margin,
pale orange/yellow brown at base, densely pubescent, occasionally with dense white
Tnarginal pubescence, ribs absent or extending onto basal two thirds of excipular surface.
Stipe: virtually lacking to indistinet, 1-8 x 1-6 mm, tapered to base, white to_pallid
Vellow/orange brown, pubescent, shallowly ribbed or fluted, sulcate and intemnally solid
or with few chambers. Asci: 250-300 x 17-19 um, pleurorhynchous. Paraphyses:
6.0-8.0 pm diam. at apex, clavate, enlarged abruptly at apex, brown to dark brown in
mass. contents finely granular. Ascospores: (18.0) 20.1-23.7 (25.0) x (12.1) 12.8-
15.4 (16.6) pm, broadly ellipsoidal, hyaline, smooth, with SEM finely rugose,
uniguttulate.

Habitat: Solitary to gregarious or scattered and numerous on soil or humus.
Associated shrubs: Salix sp., Cassiope sp.. Andromeda sp., and Dryas sp. Fruiting
from July 17 in YT to August 15 in NWT.

Distribution: Widely distributed in arctic and alpine tundra regions in northern
portions of the study area from YT and NWT. This species is newly reported from YT
iind extends the known range considerably to the west in North America. Circumpolar in
North America, Europe (Dissing 1983, 1985; Schumacher and Mohn Jenssen 1992),
and Asia (Dissing and Raitviir 1974). A global distribution map is provided in Dissing
(1985). Map 14.

Notes: This species resembles H. verruculosa (q.v.). Both have northem
distributions, are subsessile to short stipitate, and share a densely pubescent excipular
Surface with ribs often extending from stipe onto the basal portion. The two can
Separated by ascocarp colour and spore size. Helvella verruculosa also tends to have
more pronounced stipe and ribbing, Dissing (1983) reported the ascal bases as
aporhynchous, but pleurorhynchous bases with croziers were observed in this study
(Fig. 23) in both North American and European material, This feature s perhaps variable
and lends support to the merging of sections Leucomelaenae and Acetabulum sensu
Dissing (1966b). Helvella leucomelaena can be distinguished by the lack of reddish
pigmentation, finely pubescent excipular surface, and spore size and shape. The only
Otkier species in the genus with a red brown ascocarp is H. silvicola (q.v.) in the
subgenus Silvicolae.

Collections Examined: CANADA: Yukon: mountain west of Blackstone River, Ginns
(18384) 07 17 1984, DAOM 195288. Northwest Territories: Hazen camp, Lake Hazen, Ellesmere
Island N.P., Richards (77) 07 25 94, ALTA; west side Blister Hil all re Island N.P. Richards (78)
07 4 94, ALTA; Alexandra Fjord, Ellesmere Island, Dissing & Raitviir (EI84.48, EI84.15, 84.16,
EI84.25, EI84.35, EI84.40, EI84.47, EI84.59, EI84.76, EI84.84) 1984, C; Sverdrup Pass, Ellesmere
Island, Cohen (LK84.41) 1984, C; Axel Heiberg Island, Beschel 07 29 1960, DAOM 75774; Axel
Heiberg Island, Kuc 08 8 1967, DAOM 124703, 124707; east of Repulse B:

OULU; Coal Harbor, Southampton Island, Savile 08 15 1959, DAOM 67075;
Island, Parmelee & Seaborn 08 9 1967, DAOM 117582, 117583. SVALBA!
Currah 08 12 1988, ALTA 8306; Loven Glacier, Currah 08 12 1988, ALTA 8307.
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Helvzlla tasufera Nannfeldt, 1953, in Lundell & Nannfeldt, Fungi Exsiccati
i Pracsidium Upsaliensis Fasciculata 41-42: 37, No. 2061. (nomen
na\um)
eziza costata Fries, 1851, Acta Regiae Societatis Scientiarum Uppsala Ser. 3
Vol. I: 120. Glegiimat, lter homonym)(holotype UPS, examined: isotype
K, examined); non Phallus costatus Batsch, 1789, Elenchus Fungorum 129.
(SH. lacunosa); non Helvella costata Schweinitz © Fries, 1823, Systema
mycologicum 2: 19. (=H. acetabulum =
=Helveila griseoalba N.S. Weber, 1972, The Michigan Botanist 11: 162. (holotype
MICH, examined).
(additional synonyms sce Dissing 1966b).
Type Material: Holotype UPS, examined; isotype K, examined. (sn. Peziza

Apnlheuum 16-42 mm diam., 10-20 mm high, deeply cupulate, margin slightly
inrolled initially, cxpanding at maturity, sometimes laterally compressed initially,
hymenium medium to dark grey brown (fresh and dried), smooth to slightly undulate-
Tugose. excipular surface mediam o pale grey brown, ofien white near base, finely to
densely pubescent, ribbed, ribs white to cream, branching and smstonicein, blunt and
rounded, extending to marginal region. Stipe: 8-20 x §-10 mm, tapering to base or
nearly equal, white to cream, finely pubescent, strongly ribbed, sometimes sparingly
lacurose, ribs blunt, branched and anastomosed, internally chambered. Asci: 313-381 x
13.3-17.1 i, pleurorhynchous. Paraphyses: 3.6-02 um diam. at apex, teminal cel
133 um long, clavate, enlarged gradually to apex. pale brown, brown in mass, contents
finely granular. Ascospores: 14.4-19.7 x 9.6-12.4 pm, broadly cll|psoxdzl hyaline,
smooth, finely rugose, uniguttulate.

Habitat: Solitary to gregarious on soil in coniferous or mixed woods. Aemcmed
troes: Popudis remaioudon Populus balsamifera, Betula papyrifera, Alnus sp.
glauca, and Pseudotsuga menziesil. Fruting from June & in coastal WA to Aot 5

Dlstrlbullun Infrequent in boreal, montane, and coastal regions from AK, YT,
WA, and ID. This species is newly reported for AB. Also distributed in castem
North America (Weber 1972; Pomerleau 1980; as H. griseoalba), Europe (Dissing
1966b; Harmmer 1987; Harmaja 1979a; Benedix 1965 as Acetabula costifera), and Asia
(Dissing and Raitviir 1974; Cao et al. 1990). Map 14.

Notes: Thls species |s often diffcult o dlsungulah from H. acetabulum (q.v.). The
two species have been s of colour, ribbing, and fruiting time
(Dissing 1966b; Harmaja 1977 1977b 19793) oot cou) ifera is greyer and the excipulum
is not yellow brown. Specimens of /. costifera from Norway (RK) are typical except
for a strong brown pigmentation (sce also Dissing 1966b). The ribs of H. costifera are
blunt and often more widely spaced than in H. acetabulum, but rare specimens otherwise
typical of H. acetabulum with blunt ribs have been examined. Helvella costifera also
fruits later (Dissing 1966b), but the collections referred to this taxon from North America
overlap with later collections of H. acetabulum. The two taxa are tentatively retained, but
more correlating features are required. Helvella unicolor (q.v.), H. hyperborea (a.v.),
and H. robusta (q.v) are also close and are distinguishable by characters discussed in
the notes under those tax

Helvella grumal.ba was described by Weber (1972) as distinct fmm H. costifera
(which was not recognized from North America) on the basis of pale grey hymenium and
lack of pigmentation in the ectal excipulum. Although Haffner (1987) " Veriied the
differences in excipulum pigmentation pattem in the type specimens, he questioned the
usefulness of this character in specific delimitation. Our observations support Haffners
concept of H. costifera.

Collections Examined: CANADA: Yukon Territory: Kluane Lake, Ahti (23071)
1967, H. Alberta: Shaw Lake near Lac La Biche, Abbott (SA 100) 07 15 1989, SA; 10 km south of
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Leduc, Abbott 07 8 1979, ALTA 8264. USA: Alaska: EKlutna Lake north of Anchorage, Kempton 08
11 & 24 1963, 07 13 1966, 08 24 1971, WK 1536, 1537, 4013, 5202. Washington: Friday Harbor,

10 1968, MICH (holotype of H. griseoalba). NORWAY: near Bodo, Nordland, Johnson 07 1 1983,
RK. SWEDEN: Uppsala Botanic G
Exsiccata: Fungi Exsiceati Succici Praesertim Upsalienses, 2061, Uppsala, Sweden, Nannfeldt (9956)
079 1948, s.n. Helvella costifera, S, K.

Helvella crassitunicata N.S. Weber, 1975, Beihefte Nova Hedwigia 51: 27.

Type Material: Holotype MICH, examined.

Fig. 52.

Apothecium: 4-50 mm diam., 3-33 mm high (up to 100 x 60 mm fresh), deeply
cupulate, margin inrolled initially, expanding to shallowly cupulate or somewhat reflexed
at maturity, hymenium medium to dark brown fresh, when dried dark brown to blackish
brown, smooth to slightly undulate-rugose, excipular surface medium (o dark brown,
sometimes paler at basal region, pubescent to densely pubescent, ribs extending onto
basal half of excipular surface (rarely extending only slightly onto excipulum). Stipe: 2-
20x2-13 mm (up to 50 x 40 mm fresh), flaring and merging with apothecium, medium
brown (o pallid (especially at base), finely pubescent to pubescent, ribs indistinct to
prominent, rounded, widely separated, may be bifurcate branched, but_with no
anastomosis between ribs, sulcate and intemally solid.* Asci: 350-400 x 17-20 um,
aporhynchous. Paraphyses: 5.4-8.8 um diam. at apex, dimorphic, most thin-walled,
terminal cell in some becoming elongated and thick-walled, clavate, expanding gradually
10 apex, often slightly irregular, terminal cell of thin-walled paraphyses 67-94 um long,
terminal cell of thick-walled paraphyses 235-300 um long, pale brown to brown,
contents finely granular, walls of thick-walled paraphyses pigmented. Ascospores:
22.7-27.6 x 12.6-14.6 pm, broadly ellipsoidal or ellipsoidal to subeylindrical, hyaline,
smooth, with SEM finely rugose, uniguttulate.

Habitat: Single, gregarious, or subcaespitose on soil under conifers. Associated
trees: Picea sp., Tsuga mertensiana, Pseudotsuga menziesii, and Thuja plicata. Fruiting
from May 20 in WA to October 13 in WA.

Distribution: Endemic to the interior and coastal mountains of northwestern North
America, but rare, from AK, BC, and WA. Not known outside the study arca. This
species is newly reported from BC, and its occurrence in AK (Weber 1975) is
confirmed. Map 16.

Notes: This specics is unique in the family in it thick-walled paraphyses, and has
the largest ascospores in the genus. Harmaja (1977b) discusses the usefulness of the
length of the terminal cell of the paraphyses. Although this character is of limited value
for some taxa, the thick-walled apical cell of the paraphyses of H. crassitunicata are the
longest in the genus. The apical cell of the more numerous thin-walled paraphyses is
much shorter and within the usual range for the genus. The thick-walled paraphyses of
H. crassitunicata are similar to the setac of Rhizina undulata (q.v.). Both are thin-walled
at the apex, pigmented, and aseptate. Setae of Rhizina are longer and arise below the
hymenium. The aporhynchous ascal base and gross morphology suggest an affinity to
H (q.v.). Helvella crassitunicata can inguis ascocarp colour,
stronger pubescence of the excipular surface and stipe, and more pronounced ribbing of
stipe and excipular surface. Helvella pocillum Harmaja (not examined) is reported to
have very large ascospores similar to H. crassitunicata, but lacks thick-walled
paraphyses (Harmaja 1976a). Specimens reported by Kempton and Wells (1970) as H.
leucomelaena are referable to this taxon as suspected by Weber (1975).

Collections Examined: CANADA: British Columbia: Mount Abbott near Marian

ake, Glacier N.P., Shoemaker 08 6 1963, DAOM 109231; Trail to Glacier crest, Glacier N.P.
Shoemaker 08 4 1963, DAOM 109227, 109230; trail to Great Glacier, Glacier N.P., Shoemaker 08 |
1963, DAOM 109228, 109229; Diamond Head, Garibaldi P.P., Abbott (SA 1029) 08 18 1994, SA:
Cypress Bowl near Squamish, Abbott (SA 1028) 08 18 1994, SA. USA: Alaska: Tumagain Pass,




67

Seward Highway, Kempton 07 21 1970, 08 27 1970, WK 4517, 4518, 4809. Washington: Bogachicl
Peak, Olympic N.P., Smith (2745) 09 27 1935, MICH: Pierce Co.. AH. Smith, MICH (holotype);
base of Carbon G oun Rainier NP, Tchudy (Snyder 103) 05 20 1934, WTU: Movat Rainice
N.P., Smith (29746, 30598, 40077, 40875, 40916) 08 2 & 25 1948, 09 20 & 10 12 & 13 1952,

; Green Lake, Rainier, (Stz 7604) WTU; Iron Butte, van de Bogart (FVB 3794). WTU; Buck
Creek area, van de Bogart (FVB 1915) 07 16 1973, WTU; unknown, 08 2 1948, WTU 3803.

Helvella hyperborea Harmaja, 1978, Karstenia 18: 57.
Type Material: Holotype ine
Apothecium: 10-18 mm diam., 5-10 mm high, cupulate, laterally compressed
initially, margin inrolled initially, hymenium dark brown when dried, smooth to slightly
undulte-rugose, excipular surface dark brown near margin, medium brown below to
yellowish brown at base, pubescent to densely pubescent, strongly ribbed, ribs blunt,
single o bifurate branched, no anastomosis benveen ribs, extending onto basal quarcr
10 two thirds of excipular surface. Stipe: 15-19 x 3-6 mm, flared at apex, cqual below,
edium brown at apex to medium or light yellowish brown below when dried,
pubescent, vestiture darker than background tisste, strongly ribbed, ribs blunt, branched
and anastomosed, rarely lacunose, intemally chambered. Asci: 300 x 19 (immature),
pleurorhynchous. Paraphyses: 4.1-6.9 um diam. at apex, terminal cell 30-40 um long,
clavate, enlarged gradually to apex, pale brown to brown in mass, contents finely
granular. Ascospores: 16.1-17.8 x 10.1-10.9 pm (immature), broadly ellipsoidal,
hyaline, smooth, uniguttulate.
Habitat: Gregarious on duff in coniferous woods. Associated trees: Picea sp. and
Tsuga sp. Collected only on July 28 in Al
Distribution: Rare in northern coastal regions from AK. This species is newly
from Alaska and significantly extends the range westward in North America.
Proviously known only from northeaster North Amenica (Hammaja 1981) and northem
Europe (Harmaja 1978, 1979a). Map 13.
(19792) suggests this species is closest to /. costifera (q.v.), but
H. acetabulum (q.v.) and H. verruculosa (q.v.) are equally close. Although immature,
the specimens fram Alaska are othérwise idemical fo the type callection from Finland
The to ascocarps were part of  large collecion of H._ leucomelacna (q.v.), but are
easily separated by their pleurorhynchous ascus base, in addition to the prominent,
slender, distinctly ribbed stipe with dark pubescence and medium brown ascocarp.
‘ollections Examined: CANADA: Newfoundland: Labrador, north end of Astray Lake.
southeast of Schefferville, Makinen (67-1371) 08 4 1967, TUR 66271. USA: Alaska: near Hope,
Kempton 07 28 1968, WK 1542b. FINLAND: Juuma, Kuusamo, Harmaja 08 27 1970, H (holotype).

Helvella leucomelaena (Persoon) Nannfeidt, 1941, in Lundel and Nannfeldt
Fungi Exsiccati Suecici Pracsidium Upsaliensis Fasciculata 19-20: 21, n
=Peziza leucomelas Persoon, 1822, Mycologica Furopaea 1: 219.
=Helvella confusa Harmaja, 1977, Karstenia 17: 43. (holotype H, examined;
isotype C, examined),
=Helvella solitaria sensu Dissing 1966b; non H. solitaria P. Karsten.
=Helvella pedunculata Harmaja, 1978, Karstenia 18: 57. (holotype OULU,
examined).
=Acetabula calyx Saccardo, 1873, Mycologieae Venetae Specimen p. 168
(holotype K, examined).
=Peziza debeauxii Roumeguére, 1882, Revue de Mycologie 4: 156. (syntype K.,
examined).
=Helvella melaleuca Rifai, (specimen labeled type at K, examined, but no reference
found to this species in Rifai 1968 or in Index of Fungi).
(additional synonyms see Dissing 1966b).
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Type Material: Lectotype selccted here: L 8945-6, Herbarium Persoon, examined.

Figs. 3a, 20, 50.

Apothecium: 4-60 mm diam., 3-34 mm high (up to 70 mm diam. fresh), deeply
cupulate, initially subglobose and nearly closed, margin expanding at maturity (o
shallowly cupulate, often becoming split and somewhat reflexed, occasionally laterally
compressed when immature, cups rarely irregular and repand when growing in clusters,
hymenium dark brown to grey brown fresh, rarely with paler regions, when dry dark
brown to blackish brown, smooth to slightly undulate-rugose, excipular surface brown
10 dark brown at margin, pallid brown below, white near base, pubescent, ribs absent or
extending onto basal quarter only. Stipe: 1-20 x 1-15 mm, expanding and merging with
apothecium, below equal or basc rarely slightly enlarged, white, finely pubescent,
Sparingly ribbed, ribs broad and rounded, internally sulcate and solid or chambered.
Asci: 225-330 X 14.6-20 pm, aporhynchous. Paraphyses: 4.9-9 um diam. at apex,
terminal cell 144-145 pm long, clavate, enlarged gradually to abruptly at apex, pale
brown to brown, contents finely granular. Ascospores: 18-242 X 10.9-15 pm,
broadly ellipsoidal to ellipsoidal, hyaline, smooth, with SEM finely rugose to smooth,
uniguulat
‘Habitat: Solitary, gregarious, subcacspitose, or scattered and numerous on bare
soil, moss, or litter in_ coniferous woods. Associated trees: Pinus contorta, Pinus
ponderosa, Abies lasiocarpa, Picea glauca, Picea engelmannii, Pseudotsuga menziesii,
Larix occidentalis, Tsuga heterophylla, Thuja plicata, Populus tremuloides, and Alnus
tenuifolia. Associated shrubs: Alnus crispa, Acer glabrum, Menziesia ferruginea, and
Juniperus sp. Fruiting from April 23 in WA and BC to September 3 in AB.

Distribution: Widely distributed in montane regions from AK, BC, AB, WA, D,
OR, and WY. Newly reporied from WY. Also distributed in eastem North America
(Weber 1972), South America (Dissing 1966b), Europe (Dissing 1966b, Haffner 1987;
Calonge and Arroyo 1990), north Africa and the Middle East (Dissing 1966b; Nemlich
and Avizohar-Hershenzon 1972, as Paxina leucomelas), Asia (Korf and Zhuang 1991;
Waraitch 1976, as H. solitaria) and Australia (reported here based on the specimen
labeled H. melaleuca). This species has the broadest global distribution of any in the
genus, and is the only one found in South America. Map 12.

Notes: Helvella confiusa, although recognized previously by Abbott and Currah
(1988) and others (Harmaja 1977a), is considered a synomym. The species, originally
treated as H. solitaria by Dissing (1966b) and described as the new species . confiusa
by Harmaja (1977a), was scparated from H. leucomelaena on the basis of ascocarp size,
prominence of stipe, spore size, and fruiting time. Ascocarp size is a dubious character,
as recognized by Dissing (1966b), and may reflect degree of maturity or differences in
environmental conditions. Stipe development may vary with individual and habitat.
Large collections of H. leucomelaena show wide variation in ascocarp size and stipe
prominence and cover a range of features typical for . leucomelaena sensu stricto and
'H. confusa. Stipe morphology varies in collections of other species including H. solitaria
(q.v.) and /1. elastica (q.v.). Our examination of type material showed that spores of
confusa are slightly shorter than H. leucomelaena, but width showed the same range of
variation, contrary to that reported by Dissing (1966b) and Harmaja (1977a). A number
of collections with rather small spores were found, but other features did not correlate
with those expected for H. confisa. Since the spore size difference is very slight and not
corelated with other features of importance, it scems reasonable to accept a slightly
greater range of variation for one widely distributed and variable species. Harmaja
(1977a) suggests that H. confusa may have a slightly later fruiting tme than
leucomelaena, although the type collection is from May. A number of collections from
northwest North America were examined from July and August. One from August
(ALTA 8290) i typical for H. leucomelaena (sensu stricto) in all other respects including
large ascocarp size, spores up to 23 um long, and short indistinct stipe. Fruiting time,

cially in montane environments, varies with environmental conditions, even for
typically vernal species. Unusual fruiting times are also known for H. maculata (q.v.)
and H. acetabulum (q..). Specimens referred o H. leucomelacna by Kempton and
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Wells (1970) represent H. crassitunicata (q.v.), while specimens described as H.
solitaria are H. leucomelaena.

Helvella pedunrulala is a synonym for similar reasons. Hm,z (1978, 1979a)
distinguished the species as having shorter ascospores, a well differentiated stipe,
slightly denser p\lbe ence on the excipular surface. In fact, the table in Harmaja (l979a)
showing key distinguishing features pmvldm a good indication of the similarity between

the three taxa (. H. confusa, H. The differences noted
mm‘ mcludmg details of the excipulum, are not diagnostic in these taxa.

The lectotype of H. leucomelaena, chosen from several excellent collections in the
Persoon Herbarium, Leiden, is consistent with the description above in all d:lall:
Helvella leucomelaena (sensu lato) is characterized by the short, whu: stipe with we

separated blunt ribs which do not extend noticeably onto the finely pubescent cxclpular
surface, darkly pigmented hymenium, relatively large amspom Loosy aporhynchous
ascus bas

Cnllecllnns Examined: CANADA: British Columbia: Canal Flats, Funk 06 26
1960, DAOM 82875; Lumby, Bandoni 05 28 1960, UBC F3398; Procter, Linton 05 15 1978, UVIC;
Jocelyn Hill, highlands near Victoria, Ceska 04 23 1977, UVIC. Alberta: near Nojack, Abbott (SA 56,
57,8006 24 & 29 1983, SA: Winflld, Swund 078 1975, ALTA 7342; Penstock Creek, Jasper N.P.,
Cumah 08 29 195 il 09 3 1980, UVIC; Marmot Creek

290; Summit Lake trail, Waterton Lakes
NP, Egger (73n TR 11080, DAOM 177781, SA: Herta Lake ral, Wateron Lakes NP
(612) 077 1980, DAOM 17713; Crndel Lako el Waterton Lakes N.P., Abbott (SA 322) 05 27
; Bauerman Creck trail, Waterion Lakes N.P., Abbott (SA 335) 05 28 1990, SA: Upper
Waeron Lak: tral, Wateron Laes ML Abbott (A 340) 03 28 1990, SA. Ontario: Halton Forest,
Halton Co. i (JFA 8022) 05 18 1978, WTU. Québec: southeast ends of John Lake and Dolly
ke Scnriervile, Kllo & Mikinen 07 28 1975, TUR 63425, Newfoundiand: Labrador, orhess
<nd Aty Lke,sohestofSchefeville, Kallio & Heiki 08 4 1967, TUR 53429, 66269, 66270,
66272, USA: Alsska: Eduna Lake norh of Anchorge, Kempton 07 13 1966, WK 1938, 1530:
pe road, Kcmpmn 0728 1968, 07 14 1970, WK 1542a, 4480; Tumagain Pass on Seward Highway,
K-:mpmn 58571968, WK. 1553, Washingtan: Friday Horbor, San Juan sland, saacs (15 1704) 03 19
1962, WTU; Entiat Mountains, Chelan Co., Ammirati (JFA 9400) 06 7 1987, WTU; Cle Elum pine
S Tzacs s 1738)05 27 1962, WTU; Cle Elum pine flats, Stuntz (Stz 12310, 11709) 05 21 & 22
60, WTU; Cle Elum pine flats, McCarkle (Stz 11691) 05 15 1960, WTU: ncar Yelm, Walters (JFA
5299) 05 4 1981, WTU: Ewariille, Whitman Co., Duran 0 1 1983, WSP 67339; Kamiak Buttc
Whitman Co, Cooke 05 17 1948, WSP 29343; WSU campus, Pullman, Sulzbach 04 23 1963, WSP
53392; WSU campus, Pullman, Waldron 05 9 1963, WSP 51810; Boulder Lake trail, (Stz 8835) 08 2
1954, WTU; unknown, Snyder 05 5 1934, (Stz 10977) 05 24 1959, WTU. Idaho: Priest Lake, Slipp
05 27 1941, WSP S0807; Priest River Experimental Forest, Bonner Co., A.H. Smith 07 5 1964, WSP
SE318; da Creck, Prist River Experimental Forest, Sipp 06 111942, WSP $5594; Cour dAlene
Narional Forest: Shoshone o Sates (1962)06 30 1972, MICH; Dy Cick between Troy and Deay,
Cooke 5, WP 30105; Laid Park, Laah Co.. Paden (WP 515) 05 20, 1967, UVIC, Pay
Lake, anlcy Co Smith (44737) 07 2 1954, MICH; Kamey Lakes, Boise Co., Truebiood 1029y 05 §
Iiabo, Englis, WSP 23548, Oregon: bear Springs, Wasco Co., Caron 06 3 1951,
i Wyomlng north Fork French Creek, Medicine Bow Mount lbany Co., Smith (35784)
08 15 1950, MICH. ARGENTINA: La Plata, Ceppi 08 1936, ex Hemaro Spegazzini (2235) Museo
De La Plata, TRTC. SWEDEN: Alvkarleby parish northeast of Gardskir, Eriksson & Lundquist 06 30
1965, K. FINLAND: Kiiminki, Keskikyld, Esteri & Ohenoja 07 2 1975, OULU (holotype of .
pedunculata). DENMARK: Klitmoller, northem Jutland, Toft & Dissing 05 15 1965, H, (holotype of
'H. confusa, C (isotype of H. confusa). NETHERLANDS: Herbarium Persoon, L 8943-7, L 894s-4,
L 8945-5, L 8945-6 (lectotype), L 8945-8. ITALY: Padova, Saccardo, Herbarium Cooke 1885, K (type
of Acetabula calyx). AUSTRALIA: K (holotype of H. melaleuca). Exsiceata: Roumeguére Fungi
Gallici Exsiceati, 2174, Algeria, Debeaux 04 1882, 5.n. Peziza debeaui, K (syntype of P. debeauxii;
Kryptogamae exsiccatae, 1824, near Baden, Austria, De Hohnel, IMI 11963
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Helvella robusta S_P. Abbott, 1988, in Abbott and Currah, Mycotaxon 33: 242.
Tvpe Mater olotype DAOM, examined; paratype ALTA, examined.

Apnlhe:mm 50-90 mm diam., irregularly cupulate or centrally depressed with
margins reflexed, hymenium when dry medium brown, undulate-rugose, excipular
Sorface when dry Wit 1o pale brown, pubcsceat, prominently ribbecl Fibs branching
and anastomosing, extending to marginal region, Stipe: 30-50 x 30-50'mm, expanding
and merging with apothecium, whie 0 pale brow, pubescen, promincnly ribbed and
lscunose, bs branching and snastomosing, internally chambered 345 x 15-

9.3 um, pleurorhynchous. Paraphyses: 4.5-7.5 ym diam. at apex prik nal | cell 65-75
ym long, clavate, enlarged gradually to apex, pale brown in mass, contents finely
granular. Ascospores: 15-19 x 10.5-14 ym, broadly ellipsoidal, hyaline, smooth, with
SEM finely rugose, uniguttulate.

Habitat: Solitary on soil under deciduous trees. Associated trees and shrubs
Populus balsamifera and Salix sp. The type locality is a dry hilly grassland with poplars
and shrubs in ravines and gullis. This habiai s wlike that of any other species of
Helvella exammed in this study. Fruiting from August 30 to September 11 in Al

Distribution: Rare in parkland regions. This specics is known only from AB
(Abbott and Cur{ah 1988, 1989). Map

Notes: The rarge size, robust prominently ribbed stipe, strongly reflexed apothecial
margins, and autumnal fruiting are characteristic. Closely related species include H.
costifera (q.v.), H. unicolor (q.v.), and H. acetabulum (q utumnal fruiting
iates & slose relaionship with 1. castiera, which differs i its grey coloration,
smaller stature, and narrower paraphyses. Helvella unicolor is similar in ascospore size
and shape, but differs in size, colour, and excipular vestiture. Helvella acetabulum is
more darkly pigmented with slightly longer ascospores, and fruits earlier.

Collections Examined: CANADA: Alberta: Nose Hill area, Calgary, Danielson (RMD
459) 08 30 1972, DAOM 143869 (holotype); Glenmore Park, Calgary, Daniclson (RMD 537) 09 11
1972, ALTA 8291 (paratype).

Helvzlln solmma P. Karsten, 1871, Bidrag Kannedom af Finlands Natur och
 37. (unintentional nomen novum).

-Peuza :Dllmrm P. Karsten, |ssc Notiser ur Smlskﬂpm pro Fnunz e Flom

10: on Peziza

solitaria Schwelitz
#Helvella solitaria, sensu Dissing 1966b (=H. leucomelaena).
=Helvella quelti Bresadla, 1882, Revue de Mycologi 4 211. (fide Harmaja
7a).

(additional synonyms see Dissing 1966b as H. queletii)
Typc Matertal Holorype H, examined.

Apn(htuum 13-60 mm diam., 444 mm bigh (up 10,120 x S0 mm frest),
cupulate, often laterally_compressed initially, often becoming bilobate, - shallowly
cupulate, or somewhat reflexed in age, margin slightly rolled i tially, hymenium grey
brown to dark brown fresh, when dry dark grey brown to blackish brown, smooth ©
slightly undulate-rugose, excipular surface medium to dark grey brown at margin, base
typically paler grey brown to white, pubescent to densely pubescent, ribs absent or
exending very slighty onto base of excipular suface. Stipe: 7-103 x 2-50 mm (1p 0
120 x 50 mm fresh), equal or enlarged at base, apex flaring slightly, white to pale or
grey brown, occasionally Gark grey brown o apex, fnely pubcscent t pubescen, highly
ribbed or rarely with sparse ribbing, ribs simple or branching and anastomosed, sulcam
and internally solid or with few chambers. Asci: 240-300 x 14-18 b
pleum!hyncho\.\s Paraphyses: 7-8 um diam. at apex, terminal cell 89-144 pm Iong
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clavate, brown, contents finely granular. Ascospores: 17-21 x 11-13.5 um, broadly
ellipsoidal, hyaline, smooth, with SEM finely rugose, uniguttulatc.

Habitat: Solitary or often gregarious to numerous and scattered on ground in soil or
it onieroe; mined, oF orsasiorelly dccidoous woods. Associated trees: Picea
sl Picea ngelmannii, Pinis contorte, reudotsuga mercicsi Abies grandis, Abies
sp.. Tsuga heterophylla, Thuja plicata, Populus emuloides, Populus balsamifera,
Betula papyrifera, and Alnus sp. Associated shrubs: Salix bebbiana, Rosa sp., Lonicera
involucratg and Cornus solonifere. Fruiing fom Api 19 in coastal WA to October 4
in eastern WA. April and May collections are known only from WA and OR, June to
August collections are typical for AR, NWT. AB. MB, 1D) and wy.

Distribution: Widely disrbuted n boreal, montane, coastal, and areic regions
from AK, NWT, BC, AB, SK, MB, WA, ID, OR, and WY'. Also ismoned n e

North America (Weber 1972, as H. quelem') and Europe (Dissing 1966b, as H. gueletii;
Harmaja 1977; Haffner 1987). Map 15

Notes: Closely related species in the subgenus Leucomelaenae include 1. costiera

V) W similar in colour, but distinguished by more prominent ribbing on stipe
{5 Sxcipular surface and relaively broader Sipe. Helvella hypérborea (q.v) is Smilar n
ascocarp shape, but can be distinguished by the prominent ribbing of the excipular
sufuce and ascocarp arout. el uneolor (q.v.) is easily disinguished by
ascospore shape. Hehela solaria s also smlar (0 H. leucomelacna (q.v.), which is
porl\ynchnus and has larger ascospore

This variable. species. may provide an indication of relationships between the
subgenus Leucomelaenae and other subgenera. Small, cupulate specimens are similar in
many respects (o species in the subgenus Cupuliformae i cupuliformis (q.v.), which
never attains a large size, has an unpigmented stipe, and lacks prominent ribbing on the
stipe with the ribs always absent from the base of the excipulum and . chinensis (q.v.)
which is a similar colour, but can be separated by ascospore size as well as the characters
mentoned above for ' cupuliormis). Large specimens of 4. solitaria are similar to
members of the subgenus Helvella. The siwongly ribbed, clongate stipe which is
Sometimes chambered. and the brown somerwhat reflexed apothecium are reminiseent of
H. maculata (q.v.) in particular.

Collections Examined: CANADA: Northwest Territories: cast of Repulse B
Ohenoja 08 4 1974, DAOM 155395; Baker Lake, Ohenoja 08 9 1974, DAOM 155395: Fort Smith,
Loan 08 8 1950, DAOM 26124. Brlﬂsh Columbia: Tetsa River P.P., Abbott (SA 229) 08 22 1989,
SA; Kokanee Glacier P.P. near Nelson, Harrison (6061) 07 11 1960, MICH; Gold Creek near Golden
Ears P.P., Rabas 06 27 1971, UBC F3!92 Golden Ears P.P., Redhead & Liu 06 7 1970, UBC F3393;

fanning P.P., Morrison 08 3 1963, UBC F3397. Alberta: Shaw Lake near Lac La Biche, Abbott (SA
99, 101, 103) 07 14 & 15 1989, (SA 362, 366) 06 22 1990, SA; Cross Lake P.P., Abbou (SA 1012)
06 23 1994, SA; near Redwater, Currah (SA 481) 07 6 1991 SA; Wagner Natural Area, Abbott (SA
941, 1045) 07 6 & 09 4 1994, SA; Devonian Botanic Garden near Devon, Abbott (5\463) 06 15 1991,
‘SA; Poplar Creek Natural Area near Breton, Osis (SA 811) 07 11 |993 SA; Forestry T near
Sundre, Abbott 07 19 1988, UAMH MS65; Fish Creck P.P., Calgary, Danielson (RMD 9II) 07 25
1973, ALTA 8295; Brown-Lowery Natural Area, Danielson (RMD 214) 07 29 1972, DAOM 143867.
Saskatchewan: Prince Albert N.P., Zelmer (PA 133) 1994, ALTA. Manitoba: Russell, Bisby 06
20 & 30 1921, DAOM 206810; Manitoba Agricultural College, Winnipeg, Bisby 06 16 1925, DAOM
206820, Birds Hill, Bisby 07 1 1927, 07 6 1935, DAOM 206809, 206819. USA: Alaska: Matanuska

Palmer, Kempton 07 13 1964, 07 18 I97I WK 1546, 5058; Eklutna Lake north of
Anchorage, Kempton 07 2 1973, WK 5290; Thunderbird Falls, Kempton 06 27 & 07 5& 11 1960, 07
10 1973, WK 1540, 1541, 1545, 5291;
1971, WK 5079, 5131; Erickson Gold Mine, Girdwood, south of Anchorage, Kempton 08 17 & 09 3
1968, WK 1543, 1544; Potter, Kempton 09 11 1971, WK 5526. Washington: Friday Harbor, San
Juan Island, Brough (Is 58) 04 21 1957, WTU; Friday Harbor, San Juan Island, Stuntz & Isaac:

/03), WTU; Seattle, Greene: (Snydﬂ' 122) 05 1929, WTU; Watermain woods, Redmond, Stuntz (Slz
21769) 04 19 1981, WTU; Watermain woods, Redmond, Jones (SLB 289) 01 1 1974, WTU;
Washmgmn, Chiltan (Stz 19075) 10 5 1975, WTU; Lowcr Tl.homu at Fish Creek, Stuntz (Stz 39!12i 08
9 1948, WTU; Gold Creek campground, van de Bogart (Stz 13496) 04 30 1966, WTU; southwest of
Fort Lewis, Hel.ly: (Stz 7364) 05 14 1961, WTU; Aspus Centre, Masford (Stz 16672) 06 25 1971,
WTU. Idaho: southwest of McCall, Miller 07 14 1964, WSP 54644; Coyote Creek, Owyhee Co.,
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Trucblood (2174) 07 6 1963, MICH. Oregon: Hood River, Kienholz 05 16 1933, WSP 15136

t, Albany Co.,

06 15 1968, TRTC 45919. NORWAY: Ostfold, Krakeroy, Fuglevik, Kirkebakken, Kristiansen 06 7 &
20 1987, RK 87.10. LAND: Mustiala, Karsten (PAK 3288) 09 21 1866, H (holotype)
RUMANIA: Mutenia, district Dimbovita-Badulesti, Racovitza & Savulescu 07 S 1944, IMI 28970.
Exsiceata: Ellis and Everhardr's Fungi Columbiani, 1801, Stockton, Kansas, USA, Bartholomew 06 3
1903, s.n. Acetabula vulgaris, K, WSP 2; Fungi Dakotenses, 502, Nyland's Grove, Kulm,
Dakota, Brenckle 07 4 1922, .. Acetabula vulgaris, WSP 23419,

Helvella unicolor (Boudier) Dissing, 1966, Revue de Mycologie 31: 219.
=Acetabula_unicolor Boudier, 1917 Bulletin de la Societé Mycologique de
France 33: 14, plate 22 Figure

Type Material: Neoype PC (seleclcd Dissing 1966a), examined.

Figs.

Apotheclum 4-22 mm diam., 2-18 mm high (up to 52 x 30 mm fresh), deeply
cupulate, becoming shallowly cupulate or somewhat repand, margin inrolled initially,
expanding to slightly reflexed at maturity, hymenium medium to dark grey brown fresh,
when dried blackish brown, smooth initially, typically becoming somewhat undulate-
rugose at maturity, excipular surface medium to dark grey brown, typically slightly paler

ymenium, when dried medium to dark brown, densely pubescent to villose, ribs
absent or extending onto basal two thirds of excipular surface. Stipe: 2-16 x 1-9 mm
(up 10 27 x 17 mm when fresh), equal, tapered to base, or base cnlarged, white to cream,
when dry cream to brown, finely pubescent o pubescent, sparingly ribbed or fluted
When immatre, bocoming prominenily ribbed at maturity, ribs blun, sulcate and solid
or with few chambers. Asei: 16.7-18.8 um diam., pleurorhynchous. Paraphyses:
4.5-6.6 pum diam. at apex, terminal cell §1:170 um fong, clavate, enlarged gradually 1o
apex, pale brown, contents finely granular. Ascospores: 17.4-20.8 x 13.1-15.2 um.
very broadly ellipsoidal, hyaline, smooth, with SEM finely rugose, uniguttulate.

Habitat: Gregarious o scattered on soil in mixed woods. Associated trees: Beula

papyrifera, Alnus. tenufolia, Populus remuloides, Populs balsamifera, and_Picea
lauca. Associated shrubs: Salix discolor and Viburnum edule. Found in the study area
only on August 7 in it

“Distribution: Rare in boreal forest region east of the Rocky Mountains from AB.
This species is newly reported for North America. Also distributed in Europe (Dissing

1966, b). Map 12.
Notes: The specis,as described here bascd on North Amercan cllections, difes
from the type collection and other European collections in several respects. European

colloctions bave a fnely pubcscent excipulum, although Dising (19664) described loose
fufs offsccled hyphac projetin from th outer exipulum, Which were also observed
European colloctions also have an carier fuiing period from March 0 May
(Dlssmg 1966b). European and North American specimens possibly represent distinct
Varieties or species, but the similarity in ascocarp morphology and the distinctive broad
ascospores suggest they are conspecific. More collections from North America and fresh
collections from Europe should be examined to provide a clear concept of this taxon
Helvella wnicolor s similax 10 H. soliaria (q.) and shares the ovenll ascoc
morphology, and in both species the stipe varies from slender and sparingly ribbed o
robust and distincly ribbed. They diffr i ascospore size and shape, and th ibs which
extend onto the excipulum in Helvella unicolor. H. unicolor is similar to H. costifera
(q.v.), H. acetabulum (q.v.), and H. verruculosa (q.v.). Helvella costi fera shares the
greyish coloration of fresh specimens and blunt ribs of stipe and excipulum. Helvella
acetabulum shares the brown coloration seen in dry specimens, but /1. unicolor lacks the
yellow pigments often seen on excipular surface and stipe. Both species have less
pubescence on the excipulum than the specimens described here. H. verruculosa shares
ascocarp coloration, smaller size, less pronounced stipe, variable degree of ribbing on
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excipular surface, blunt ribs, and densely pubescent excipular surface. Helvella unicolor
is found in boreal regions with a more southerly distribution than the arctic and alpine H.
verruculosa. Very broad ascospores are also seen in /1. robusta (q.v.) and H. aestivalis

(Q.v.).

Collections Examined: CANADA: Alberta: Notikewin P.P., Abbott (SA 131, 132,
135, 139) 08 7 1989, SA. FRANCE: commune de Savigné, Vienne, Grelet 04 22 1927, PC (neotype);
France, Riousset 03 1974, K.

Helvella verruculosa (Saccardo) Harmaja, 1978, Karstenia 18: 57
=Geopyxis verruculosa Saccardo, 1889, Sylloge fungorum 8: 68. (unintentional
nomen novum).
=Peziza verruculosa Berkley and Curtis, 1860, Proceedings of the American
Academy of Arts and Sciences 4: 127 (illegitimate, later homonym); non
Peziza verruculosa Weinmann, 1827, Sylloge plant. nov. 2: 111.; nec Peziza
verruculosa Berkley and Broome, 1875, Joumal of the Linnean Society
London 14: 105
felvella arctoalpina Harmaja, 1978, Karstenia 17: 58, (Holotype O, examined).
felvella dryadophila Harmaja, 1978, Karstenia 17: 58. (Holotype O, examined).
Type Material: Holotype K, examined; isotype FH.

Fig. 11a,b.

Apothecium: 8-30 mm diam., 3-14 mm high, cupulate, margin inrolled initially,
expanding al maturity, hymenium when dried blackish brown to black, smootl
slightly rugose, excipular surface dark brown at margin, pale brown to yellow brown at
base, densely pubescent, margin villose and sometimes with distinct white hairs, base
pubescent, with ribs extending onto basal half of excipular surface. Stipe: 5 x 6-9 mm,
nearly equal to tapered to base, when dry white to cream or rarely pale brown at apex,
pubescent to finely pubescent, distinctly ribbed, ribs sharp or blunt with ltle branching
and anastomosis, sulcate and solid or with few chambers. Asci: 250-300 x 14-16.7 pm,
pleurorhynchous. Paraphyses: 5.1-7.7 um diam. at apex, apical cell 32124 um long,
clavate, gradually enlarged to apex, pale brown to brown, dark brown in mass, contents
finely granular. Ascospores: 17.8-22.1 x 11.8-13.5 pm, broadly ellipsoidal, hyaline,
smooth, with SEM finely rugose, uniguttulate.

Habitat: Solitary to gregarious or scattered and numerous on soil or humus with
low shrubs in tundra. Associated shrubs: Salix reticulata, Salix arctica, Vaccinium vitis-
idaea, Cassiope sp., and Dryas integrifolia. Fruiting from July 30 to August 15 in NWT.

Distribution: Widely distributed in arctic and alpine tundra regions in northen
areas from NWT and AB. This species is newly for North America.

ica, Europe (Harmaja 19770; Schumacher and
13.

Circumpolar distribution in North America,
Mohn Jenssen 1992; as H. arctoalpina), and Asia (Harmaja [979a). Map

Notes: This species is most similar to H. aestivalis (q.v.)(see notes under that
species), H. costifera (q.v.) and H. acetabulum (q.v.). Dissing (1966b) and Pfister
(1977) considered it an arciic form of H. acetabulum, but Harmaja recognized distinct
species. Harmaja (1978, 1979a) verified the status of Geopyxis verruculosa Saccardo as
a valid species closely related to H. arctoalpina and H. dryadophila. Unfortunately, the
problem was complicated by Harmaa's (1977b) description of the two new species from
arctic collections. On examination of holotypes, H. verruculosa is the oldest valid name
for this arctic and alpine taxon, with H. arcioalpina and H.  dryadophila considered
conspecific. In fact, the table in Harmaja (1977b) listing pertinent distinguishing
characters is more useful if the three specics are combined. The features used by Harmaja
10 separate H. verruculosa, H. arctoalpina, and H. dryadophila include spore size and
shape, details of the excipulum in cross section, and length of the terminal cell of the
paraphyses. All of these are variable in other species of this genus and no correlation was
found that would make separation possible. Helvella acetabulum and H. costifera are
larger and have more prominent stipes, more pronounced ribbing and anastomosis of
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ribs on the :xclpnllar surface and stipe, finely pubescent excipular surface, and temperate
distributior

Cnlleulom Examined: CANADA: Northwest Territories: Blister Hill Creek delta
e Hazen Lake, llsmere Island, Powel. 07 30 1958 DAOM 67085; Skelton Creck north of Huzen
camp, Ellesmere Island, Forest 08 10 1962, DAOM 91575; southwest of Hazen camp, Ellesmere Island,
Savie 07 30 1962, DAOM 91574 Fox vally soutwest of Hazen can. Ellamere Jand, Sovile 07 30
1962, DAOM 91576; Tanquary Fiord, Ellesmere Island NP, Richards (79) 07 26 1994, ALTA
Bathirst Island, Biset 08 6 & 13 1977, DAOM wssss 165335; Stanwell-Fletcher Lake, Somerset
Island, Savile 08 11 1958, DAOM 60267; northeast of Repulse Bay, Ohenoja 08 5 1974, DAOM
159682; southeast of Repulse Bay, Ohenoja 08 4 1974, DAGM 153308; Coral Harbo, Southampton
Island, Cody 08 6 1948, DAOM 20767; Coral Harbor, Southampton Island, Savile 08 15 1959, DAOM
67075; Longstaff BIuff, Baffin Island, Parmelee & Seaborn 08 7 1967, DAOM 117583; near Melvin
Bay. Rankin Inlet, Ohenoja 08 12 1971, DAOM 159712. Alberta: Carial River Divide e
Cadomin, Annett (SA 624) 08 1982, SA. SVALBARD: Gipsvika, Currah 08 15 1988, ALTA 8308,
NORWAY: Lom, Oppland, Eckblad 08 29 1957, O (hololype of . cyodaphil Edfod, Honlalao.
Eckblad 08 1 1959, O (holotype of /. arctoalpina). USSR: Russian Magadan o
Chukotski Peninsula, Arakamachene Island, Bering Strait, Stony Hills, Wright GE T issR (hnlorypc
of Geopyis verruculosa).

Extralimital Species
Helvella oblongispora Harmaja, 1978, Karstenia 18: 57.
Type Material: Holotype C, examined.
ig. 24.
Distribution: H. oblongispora is known from Europe (Harmaja 1978, 1979,
1982; Hffner 1987) and Asia (Cao et al. 1990).

Notes: Thia specica differs from H. leucomelaena (q.v.) in having a paler brown o
ochre brown apothecium and more prominent ribbing on stipe and basal third of
excipular surface.  Hobvella oblongispora resembles . unicolor (v in gross
morphology, but can casily be separated by colour, excipulum vestiture, ascal base, and
ascospore shap

Collections Examined: GERMANY: near River lsr, Murich, Einhelinger 07 23 1969,
€ (holotype).

Helvella ulvinenii Harmsis, 1979, Karstenia 19: 42
Ty terial: Holotype H, examined; isotype OULU.
Diotribution: Known oy fiom Europe (Harmaja 19750).
Notes: This specis is {entaively accepted. Comparative studics are 0
cleay delimit thistaxon rom Helvelasolaria (v, H. lpesrs Boudie (se | Halfuer
), and H. dovrensis T. I
Joneatn 199
Collections examined: FINLAND: prov. Enontekion Lappi, par. Enontekio, Kilpisjarvi
Harmaja 08 25 1979, H (holotype).

Helvella Subgenus Macropodes (Dissing) S.P. Abbott comb. nov.
=Hebvell section Macropodes Dising, 1965, Dansk Botanisk_Arkiv 25: 62,
emend. Haffner, 1987, Beihefte zur Zeitschrift fur Mykologie 7: 92.
Type Specln Helvella macropus (Persoon : Fries) Karster, 1870, Notiser ur
Sallskapets pro Flora et Fauna Fennica Forhandlingar 11: ypic).
Ascocarp: stipiate, cupulae to discod; hymeniums brown, smooth, eacipular
surface brown to grey brown, densely pubescent to villose, lacking ribs; stipe equal o
tapered at apex, brown (o grey brown, densely pubescent 0 villose, terete to shallowly
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fluted, intemallysolid. Asci
ellipsoidal, smooth to verruculose, with SEM distinctly verrucose at maturity, with
numerous small isolated pointed warts, triguttulate or rarely umgmmlm with large
central subglobose il guttule and typically two smaller globose polar guttul

Notes: Hiffner (1987) resined the. scetion' Macropodes to_one species, H.
macropus, (based on subfusoidal and triguitulate spores which are verrucose at
maturity) The sporesare often subfusoidal, but some spores in exch mount re more or
less ellipsoidal. These ellipsoidal spores, and some of the subfusoidal ones, typically
possess only one large central guttule lyplcal of Helvella. In fact, in some collections the
unigutulate spores outnumber the triguttulate ones. Ascospore omamentation as
observed with SEM shows mature spore of . macropus with numerous sma, poired
spines (Figs, 33-56), However, submature. sporcs in he same apothecia can be finely
rugose (Fig. 57) and virtually m the pattern en in
all other members of the genus (Figs. 45- 52) "Other Specics o et Macropodes
(sensu stsmg 1966b) are referred to eubgenus Cupuliformae here. The genera
‘macropus as type, recognizing

the taxonomic isolation o this species.

Helvella macropus (Persoon : Fies) P. Karsten, 1§70, Notiser ur Sllskapets pro
Flora et Fauna Fennica Forhandlingar 11: 224,

{20 macropus Persoon : Fics, 1823, Systema Mycologicum 2: 57.
eziza macropus Persoon, 1796, Observationes Mycologicae 2: 26.
=Chathipodia macropus (Persoon : Fres) Dennis, 1960, British Cup Fungi, p

<Pesics subclavipes W. Phillips & Els, 1887, in Bllis and Bverhary, North
American Fungi, Number totype selected here: NY, Newfield, New
Jersey, USA, Phillips 13651 06 6 1552 Deaminec.

axina subclavipes (W. Phillips & Ellis) Seaver, 1928, The North American

Cup-Fungi (Operculates), p. 206.
=Macropodia subclavpes (W. Phillips & Ellis) Rehm, 1904, Annales Mycologici

(Berlin) 2:
~Hehella macroplu var. brevis Peck, 1902, Bulletin of the Torrey Botanical Club
4. (holotype NYS, examined).

elvel/a brevis (Peck) Harmaja, 1974, Karstenia 14: 104.

(additional synonyms see Dissing 1966b).

Type Material: unknown (fide Dissing 1966b).

Figs. 9, 18, 53-57.

Apothecium: 5-35 mm diam., 4-12 mm_high, deeply cupulate, expanding to
shallowly cupulate or discoid in age, often laterally compressed initally, margin inrolled
initially, hymenium dark brown (fresh and dried), smooth, excipular surface light to

um brown or grey brown, sometmes with olvaceous ins, denscly pubescent to
villose. Stipe: 4-60 x 1-9 mm when fresh, equal or enlarged at base, apex typically
tapered, light to medium grey brown, densely pubescm\l to villose, terete or fluted over
basal half, terete to slightly sulcate and intemally solid. Asei: 175-250 X 14-18 wm.
Paraphyses: 5-9.6 um diam. at apex, clavate, enlarged gradually o abruptly at apex,
pale brown o brown in mass, contents finely granular. Ascospores: 18-25.1 x 10.3-
122 um, subfusoidal, hyaline, smooth to verruculose, with SEM distinctly verrucose
with numerous small, isolated, pointed warts, triguttulate or infrequently uniguttulate

Habitat: Solitary to gregarious on litter or soil, infrequently on rotted wood, in
deciduous, mixed, of coniferous woods. Associated trees: Betula papyrifera, Alnus sp..,
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Picea glauca, Abies balsamea, and Thuja plicata. Associated shrubs: Alnus crispa and
Lonicera involucrata. Fruiting from July 18 in BC to October 19 in WA.
Distribution: Widely distributed throughout boreal, montane, and coastal regions
from AK, BC, AB, MB, WA, and ID. Also in eastern North America (Weber 1972;
Rehm 1904, as Macropodia :ubdawpes), southem North Ameries (Seavr 1928, os
Paxina subclavipes), Europe (Dissing 1966b; Haffner 1987), Asia (Dissing & Nannfe
1966; Liu et al. 1985), and Central R eicnand e Carbcan (Dissing 19660). Map 9
Notes: Variation in the di: verrucose is illustrated in
Figs. 53-56. Helvella macropus is similar in habit to species in the subgenus
Cupuliformae. Helvella cupuliformis (q.v.) and H. ehinensis (a.v) show the gratest
similarity, but differ in colour and ascospore morphology. Collections referred to as
Helvella macropus var. brevis or Helvella brevis in recent literature on the genus (Weber
197 Harmaja 1974z, Abbotand Cuah 1985) re consdered conspecific here Seaver
(1928) recognized Paxina_subclavipes and listd Felvella macropus brevis as
synonym, and Dissng (1968b) listeq P. subclavipes a5 & synonym of H. macropus
pecimens of . subclavpes from the Els collctons, as el 2
e o it Norin American Fungi Number 985, (NY). Of these, one
callction (Phllhps, June, 1882) annotated by Ellis i the oldest collection from which the
species was originally described. It s sclected as lectotype of Peziza subclavipes. Some
specimens of /. chinensis (q.v.) were distributed as Peziza subclavipes in Ellis &
Everhart Fungi Columbiani 121
Collections Examined: (‘AI\ADA British Columbia: Clearwater Lake arca, Wells
Gray Goward 08 28 1980, DAOM 186405; Clearwater River, Goward 08 20 1980, DAOM
194786; Monm Revelstoke N.P., Shoemaker 07 18 1963, DAOM 107075; near Mike Lake, Garibaldi
7 I'!M UBC F]Zl7 Golden Ears P.P., Kroeger 08 1 1982, UBC F1018. Alberta:

For M ey, on (RMD 1460) 07 31 1974, ALTA §204; losegn Lake cat of Fox
Creck, Abbott (SA 120, uo) 08 6 1989, SA: Devonian Botanic Garden near Devon, Abbott (SA 1221)
98 24 199, SA. Maaitoba: Vicula Beach, Bisby 08 § 1926, DAOM 206817, Ontario: Bl
Lake, Redhead (1084) 08 8 1974, TRTC 47330; Ottawa, Malloch & Ginns 08 10 1972, TRTC
41701 Stethan Lake, Sudbury District, Malloch 09 12 1972, TRTC 47742; U of T fores t, Miuskok
15518 ToRsLTRIC 43145 43155 Québec. Rexérve Chibosgama. Stni 0
dab Lo

north of Anchorage, Kempton 08 § 1960, WK 1554; Alaska Pacific University camy
Kempion 05 E 00 2% 1971, WK $400: 5676; Anchorage, Kemplan 07 21 1979, WK 0% Fnter
Lake, Matanuska valley, Kempton 08 5 1968, 09 25 1973; Nancy Lake, Susitna valley, Kempton 08 15
1968, WK 1559. Washington: Issaquah, van de Bogart (FVB 3565) 10 11 1975, WTU; Fall City,
Thompson 08 3 1963, WTU: Lower Tahoma River, Mount Rainier N.P., Imshaug 07 30 1948, DAOM
24706; Hood Canal are, State Park, Waugh 08 1968, DAOM 126108; unknown, PSMS (Stz 15660) 10
19 1969. Idaho: Upper Priest River, Boundary Co., Smith (NJS 2002) 09 21 1968, MICH; Tule Bay,
Beaver Creek, Priest Lake, Bonner Co., Smith (NJS 2120) 10 3 1968, MICH. Wisconsin: Algona,
Dodge 08 11 1904, WSP 52070, Michigan: Tabaamenon Falls Stte Park, AH. Smith 08 7 & 13
1963, UBC F3210, F3215; Cross Village, Emmet Co., Shaffer 08 S 1964, UBC F952; Mud Lake near
Cheboygan, Brough 07 19 1963, UBC F3214; north of Lewiston, A.H. Smith 07 31 1963, UBC
F3209; Ogemav Co., Brough 07 23, 08 5 1963, UBC F3211, 3213; Reese’s Bog, A.H. Smith 07 19
1963, UBC F3208; Grass Bay, Brough 07 9 1963, UBC F3212, New York: lthaca Long 07 22 1902,
ISP 3105, Massachusett: Masachuscts, Morris, NYS (holaypo of 1. macrpus var. brei.
Massachusetts, Davis | w Jersey: Newfed, Phillips (3051 06 6 1883, Y (leciorype of
Pesia subelavipesy, Newficd, Elis (3709 K. Newield, Els colection 09.27 1882, NY:; campground.
Newfield, Ellis collection 11 1882, NY; Newfield, Ellis Collection 09 1899, NY; Newfeld, Herbarium
, Plainfield, Meschutt 07 2 1882, NY. JAPAN: between Yuno-ko and Karikomi-ko,
Honshu Island, Cannon 08 23 1983, IMI 312582, Exslcuu Rabenhorst Fungi_europaei, 1413,
Oberdsterrcich, Schiedermayr 09 1870, s.n. Helvella macropus, K. Ellis North American Fungi, 985,
Newfield, New Jersey, USA, 06 & 09 1882, s.n. Peziza mbclnwpes NY (packets A & B). K.




Helvella Subgenus Silvicolae (S.P. Abbot) S.P. Abbott comb. nov.
=Hebvella secion Sibicoloe SP. Abbott, 1988, in Abbott and Currah,
Mycotaxon
T Hymlia nctior 1863, Buletn de Ia Société Mycologique de France 1 102,
Type Speclu Helvella silvicola (Beck) Harmaja, 1974, Karstenia 14:
(Monotypi
As " sebsessile to indistinctly stipitate; apothecium auriculoid (erect, elongate,
one-sided, reminiscent of a rabbit's ear); hymenium dark purplish red brown, smooth o
slightly rogose; excipular surface ed brown, glabrous; stpe indisinc, glabrous,
shallowly uted, sulate snd solid or becoming sparingly chambered; odour strong in
ied specimens. Asci: pleurorhynchous. Ascospores: 19-24 x 14-17 um, broadly
:llxpsmdal hyaline, smooth, with SEM finely rugose, uniguttulate, with large, central,
broadly ellipsoidal guttul
Nores: Helvlla silvicola s frequently maintained in the monotypic genus Wynnella
on the basis of apothecial structure, coloration, excipular vestiture and flesh consistency
(¢, Dissing 1972). Ascospore morphology (Fig, S1) and excipulum anatomy suggest
placément of this taxon in Helvella, but other characters warrant recognition of the
menotypic subgenric secton proposed by Abbot and Currah (1988)(see notes under .
silvicola),

03

Helvella silvicola (Beck) Harmaja, 1974, Karstenia 14: 103.
=Otidea silicola Beck, 1889, in Saccardo Sylloge Fungorum omrium hucusque
cognitarum 8: 97.
ynnella silvicola (Beck) Nannfeldt, 1966, Annales Botanici Fennici
ridea auricula auct. (see Kanouse 1949); non Schaeer (fde Hanml)n 1974).
(additional synonyms see Eckblad 1968; Abbott and Currah 1988
Type Materlal: unknow
Figs. 4a-c, 27,
Apothecium: 5- 5350 diam., 10-60 mm high (up to 50 x 80 mm fresh), auriculoid
o rarely irregularly cupulate with one enlarged lobe, margin inrolled initially, expanding
and rarely somewhat reflexed in age, hymenium dark purplish red brown to dark brown
fresh, when dry blackish brown, smooth or rarely shghlly undulate-rugose in extreme
age, excipular surface medium red brown or pale 1od browm o white near base,
glabrous. Stipe: 2-10 x 2-9 mm (up to § x 20 mm fresh), tapered to base or nearly
equal, yellow brown to pale yellow or white at base, shallowly fluted or ribbed, sulcate
and solid or with central chamber. Asci: 200 x 15-19 pm, pleurorhynchous.
Paraphyses: 5-6 um diam. at apex, clavate, brown, contents finely granular.
Ascospores: 17-24 x 11.5-17 pm, broadly ellipsoidal, hyaline, smooth,” with SEM
finely rugose, uniguttulate.

riana,
Pmu ‘contorta, Pinus ponderosa, Abies lasiocarpa, and Larix laricina. Assocmled
Salix_discolor, Shepherdia canadensis, Symphoricarpos sp., Amelanchier
alm]oha, and Rosa sp. Frting from June S 0 September 22 in AB. July and August
collections are comm
Distribution: Widely distibuted throughout borealand montane egions from AK,
C, AB, MB and MT. Reported from ID and WA (Larsen and Denison 1978, as
Wynnella silvicola). Also in eastem North America (Huhtinen 1985; Kanouse 1949, as
Oitdea auriula), Europe (Hamnaja 1974s; Cannon et al. 1955) and Asia (Dissing and
Raitviir 1974 = Wynella mv,m/a) Map 16.
Not species has been placed in the monotypic genus Wynnella Boudler
(Dissing 1966b 1972; Eckblad 1968; Larsen and Denison 1978). Asc




(size, shape, ion and ion) and excipulum anatomy, which
are primary defining characters in the genus Helvella, are comparable to other Helvella
species. The slightly to distinctly fluted or ribbed stalk, which may be elaborately
infolded or somewhat chambered in some specimens (Fig. 4a,c), is an additional
characte lnking his specics i Hehela. Supe morphology is similar n . sivicola
and I, eucomelgena (., (compare Figs. 3a and dn.0). The specis is disinctive in
having a reddish brown, auriculoid ascocarp with a glabrous excipulum. Dried asc
are homy in consistency and are difficult to rehydmw in water or KOH. Dried specimens
also have a unique strong odour (although none was detected in fresh collections).

The most smular species are in subgenus Leucomelaenae. Helvella leucomelaena and
H. aesivalls q.v.) rrely have the one sided lobe. Helvella aestivalis is also the only

other in the genus which has reddish pigmentation. They can be casily
Gistinguished on the basis of excipular surface vestiture, ascospore size and shape, and
habitat, Other species with a glabrous excipular surface include . lacunosa (q.v.) and
H. larl(a (q.v.) in the subgenus Helvella, and H. elastica (q.v.) and H. ara (q.v.) in the
subgenus Elasticae.

Collections Examined: CANADA: Yukon: Carmacks, Ziller 08 4 1962, DAVFP
14359, DAOM 93065. British Columbia: Kindersly Creek, Kootenay N.P., Rushton 06 16 1969,
UVIC: Bull River winter range, cast Kootenays, Paden spring 1976, UVIC. Alberta: Winfield, Strand
07 8 1975, ALTA 7341; Astoria River valley, Jasper N.P., Currah 07 25 1988, ALTA 8312; Highwood
Pass, Jasper N.P., Currah 07 15 & 23 1983, ALTA 8277, 8278; Fryatt valley, Jasper N.P., Richardson
(SA 300) 09 22 1989, SA; Athabasca River valley, 14 km from Sunwapta falls, ]as]lcr N.P., Abbortt
(SA 371) 08 2 1990, SA; Fish Lake near Nordegg, Abbott (SA 379) 08 3 1990, SA; Fish Lake near
Nordegg, Abbott 07 16 1987, ALTA 8272; 30 km east of Nordege, Abbott (SA 1150) 06 13 1996, SA;
50 km west of Rocky Mountain House, Abbott 07 27 1987, ALTA 8273; Raven Fish Hatchery near
Caroline, Abbott 07 6 1980, ALTA m Red Deer River vallcy on Forestry Trunk road, Abbott 07 18
1988, UAMH M552; above Lake Louise, Banff N.P., Ostafichuk 08 3 1965, ALTA 605; Sawback range
Mount Ishbell, Banff N.P., Rushion 09 5 1968, UVIC; Bow Valley P.P., Abbott (%A 750) 06 5 1993,
SA. Manitoba: east end of Whitemud Lake, Parker 07 6 1971, DAOM 134578, e Mnmlonnnk
Islands, Poste-de-la-Baleine area, Huhtinen, 07 1982, TUR 78781. USA: Alaska: l‘crﬁ Nature trail,
Glacier Bay National Monument, Cooke 07 9 & 11 & 20 & 27 1980, WSP 67850, MU FJSQBO
F36302, 36347; Bartlett Cove, Glacier Bay National Monument, Cooke 07 6 1978, 08 28 1979, 06
DAOM 179108, 179112, MU F36557. Montana: Echo Lake, Flathead National Forest,
Cummins 07 31 1928, MICH. RUMANIA: Lacul Rosu, dist. Harghita, Toma 06 16 1961, K.

Underwoodia Peck, 1890 Annual Report. New York State Museum 4’

=Geomorlun Spegazzin, 1922, Anles dela Sociedad Cientifica Argenum 94: 79,

Type Cnderwoodia columaris Peck, 1890, Annual Report. New York

e Ntuseum 533

Macroscopic Features: ascocarp epigeous, stpiate; apothecium appressed lo
upper portion of stipe, apothecial margin entirely fused to stipe; hymenium pallid to
brown, longitudinally wrinkled to undulate-rugose; excipular surface indistinct and
merging with stipe; stipe cylindrical, white, pubescent, Tighly riobed and lacunose,
internally highly chambered. Microscopic Features: ascospores broadly ellipsoidal,
Iyaline, nodulose-warted, vith arge, lsnlnlcd broadly rounded warts of unequal size,
nonapiculate, uniguttulate, tetranucleate; asci operculate, pleurorhynchous; paraphyses
clavate, enlarged gradually to apex, )lyalme Contents finely granular. apothecial Gisue in
Cross section divided distineily ino ecial and medullary layers ectal expolom of fexra
angularis, medullary excipulum of textura intricata.
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Underwoodi
Museum 43:
=Helvella columnaris (Peck) Eckblad, 1968, Nytt Magasin Botanikk 15: 91.

Type Material: Type material at NY listed by Eckblad (1968).

Figs. 12, 42,

Apothecium: 5-20 mm diam., 55-160 mm high, appressed o upper portion of
stipe, rarely covering entire stipe surface, excipular surface and margin entircly fused to
stipe surface, hymenium when dricd orange brown to red brown or medium brown
(pallid to cream when fresh), folded-wrinkled, undulate-rugose, surface
often cracking. Stipe: 60-130 x 5-30 mm, equal, when dried white to cream, pubescent,
highly ribbed and lacunose, base often folded-fluted, interally highly chambered. As
300-400 x 14.0-20 pm, pleurorhynchous. Paraphyses: 4.0-6.0 m diam. at apex,
Clavate, enlarged gradually o apex, hyaline. Ascospores: 18.8-22.1 x 11.8-13.7 um,
broadly ellipsoidal, hyaline, verrucose to nodose or smooth when immature, with SEM
warts large, isolated, broadly rounded; typically uniguttulate, rarcly aguttulate or
bigutulate.

Habitat: Solitary or gregarious on soil or leaf litter in deciduous woods. Fruiting
from July 10 to August 1 in MB.

Distribution: Rare in boreal regions in the castern portion of the study area from
MB. Also in eastern North America (Seaver 1928, 1942; Jensen 1977). This species is
endemic to eastern North America extending into the study area only in the extreme south
cast. Map

Notes: This species is close to U. beaionii (q.v.) and U. fuegiana (q.v.) from
Australia and Argentina i A i is is distinguished by its
smaller ascospores. Excipulum structure is similar between U. columnaris and U

columnaris Peck, 1890, Annual Report. New York State
32.

fuegiana, but is distinct from that in U. beatonii (Rifai 1968)(see also notes under U.
‘beatonii).
Collections Examined: CANADA: Manitoba: cast Manitoba Agricultural College,

Winnipeg, Bisby 07 13 1927, 07 28 1928, DAOM 206822, 206823; Manitoba Agricultural College,
Winnipeg, Bisby 08 1 1927, DAOM 154831; Red River, south Manitoba Agriculuural College,
Winnipeg, Bisby 08 1 1928, DAOM 1080, 206824; Winnipeg, Bisby 07 10 1932, K. USA.
Michigan: Middle Maple River, A.H. Smith & Stuntz (Stz 2800) 07 15 1947, WTU.

Extrali

ital Species

Underwoodia  beatonii Rifai, 1968, Verhandelingen der Koninklijke
Akademie van Afd. 11, 57(3): 69.
=Helvella beatonii (Rifai) Harmaja, 1974, Karstenia 14: 103.

Type Material: Holotype K, examined.

Distribution: Known only from Australia (Rifai 1968).

Notes: It is distinguished from U. columnaris (q.v.) by its larger ascospores (22.7-
25.4 um excluding omament in U. beatonii). Underwoodia beatonii differs from both U.
columnaris and U. fuegiana (q.v.) in its thin ectal excipulum layer, broader hyphac of the
medullary excipulum, and presence of large nematode-like cells in  the medullary
excipulum (Rifai 1968).

Collections Examined: AUSTRALIA: Anglesea campground, Victoria, Beaton (215) 07
18 1964, K (holotype).
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Underwoodia fuegiana (Spegazzini) Gamundi, 1957, Darwiniana 11: 419.
=Geomorium fuegianum Spegazzini, 1922, Anales de la Sociedad Cientifica
Argentina 94: 79.
=Helvella fuegiana (Spegazzini) Eckblad, 1968, Nytt Magasin Botanikk 15 92.

Type Material: unknown.

Distribution: Known from South America (Gamundi and Horak 1979).

Notes: Close 1o the other two species examined, but differs in geographi
distribution and morphology (see notes under U.  columnaris and U. beatonid)
Specimens of U. singeri, also described from South America (Gamundi and Horak
1979) were not examined.

Collections Examined: ARGENTINA: Nahuel Huapi, Gilbert 1949, K spirit collection
191.

Tribe: genera incertae sedis

Hydnotrya Berkeley & Broome, 1846, Annals and Magazine of Natural History 18:

=Geoporela Sochner, 1951 Zsitschrift i Pilskunde 8:5. e Trappe 1975%)
Hennings, erein der Provinz
Brandenburg 41: 9. ([de Trappe 1975a).
Type Species: Hydm)lr)a tulasnei (Betkelcy) Berkeley & Broome, 1846, Annals
and ‘Natural History |
Macroscopic Features: ascocup hypog ous, sessile, imegularly globose to
cllipsoidal, ofitn somewhat dorsoventrally Taicacd, irregulary lobed anl comvoluted:
hymenium enclosed within infolded chambers, may be exposed through base or extemai
oening, Imerally hollow or sparsely o bighly infolded and chambered; excipular
surface shades of brown, glabrous o pubescent; stipe absent. Microscopic Features
ascospores broadly ellipsoidal to globose, brown, hyaline when immature, nodulose-
verrucose, punctate, to cchinulate, nonapiculate to apiculate, aguttulate to uniguttulate, de
Bary bubbles absent or present in small proportion of mature spores, tetranucleate; asci
clavate to cylindrical, tapered to base, hyaline, indehiscent, containing eight uniseriate o
{irogulanty slusiered ascospores; paraphyses. Hliform (o clavale, cniarged gradualy (o
apex, hyaline, contents finely granular; tissues in cross section separated into medullary
excipulum of fextura intricata and ectal excipulum of textura angularis or textura
prismatica.

Key to subgenera of Hydnotrya

1. Ascospore wall smooth with amorphous, gulary hickened o
dulose _cpispor
L Aﬁcnepme wall echinate subgen.

(H. iformis)

bgen. Hydnotrya
g
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Hydnotrya Subgenus Hydnotr
ype Species: Hydnotrya i (Bcrkclcv) Berkeley & Broome, 1846,
Annals and Magazine of Natural History
Ascocarp: hypogeous (o erumpent, wwlc. megularly globose 1o ellipsoidal or
irregularly lobed; hymenium enclosed or exposed at base or through localized openings,
intenally hollow to sparingly or highly chambered. Ascospores: globose to broadly
ellipsoidal, brown at maturity, wall smooth, becoming irregularly thickened over entire
spore surface from adhering amorphous epispore, surfucc rregular, punctate or often
nodulose, with large, |sol:ued broadly rounded warts, thick polar regions (appearing as
apiculi) present or absent, uniguttulate to aguttulate, de Bary bubbles absent or present in
small pmporuon of mature spores.
otes: The type subgenus includes species with irregularly thickened to nodulose,
globose to broadly ellipsoidal ascospores (Figs. 59-62).

Key to species of Hydnotrya subgenus Hydnotrya

Ascospores (epispore) distinctly nodulose at maturity..
- Ascospores (eplspore) imegulaly hickened to punctate af maturi

H. tulasnei
_.H. michaelis

2' ‘Ascospores clllpwldal %o broadly ellipsoidal

3. Ascospores (epispore) at maturty cylindrial, surface irrgularly
rugose, with large apical thickenings often appearing a
depressed  apiculi H. cubispora
3'. Ascospores at maturity broadly ellipsoidal, surface roughened to
punctate, H.

Hydnotrya cubispora (Bessey & B E Thompson) Gilkey, 1939, Oregon State
Monographs, Studies in Botany 1: 23
=Genza cubispora Bessey & B.E. Thompson, 1920, Mycologia 12: 284.

Type Material: Iotype MICH, examined, isotype OSC, Tholotype MSC.

Figs. 16, 59,

Ascocarp: o i diam., 5-22 mm high, iregularly lobed, subglobose to
ellpsoidal,excipular surface (exterior) pallid grey brown 1o light brown or orunge brown
© wn_ dried, pubescent to glabrous, undulate-rugose, margin entirely fused
(enclnsed) or open i base, inierally highly Gonvoluted, chambered, wilh somc closely

appressed folds and large open chambers (rarely a single large chamber), cl
white, folty-pubescen. Sipe absent. Asci: 25:35 um diam., cylindrical. Paraphyses:
6.9-11.6 pm diam. at apex, clavate, hyaline, contents finely granular. Ascospores:
428.53.6'% 20.136.0 . ‘broadly ellipsoidal to subglobose, brown at maturity from
wall pigmentation, hyaline when immature, epispore thickening by m.’lmng resulnng in
cylindrical spores which may appear subrectangular or ‘cuboidal’,
irregularly thickened wall with the surface irregularly undulate rugose or Jlighlly oioss
with SEM, epispore extensively thickened at poles when mature giving the appearance of
large cupulate apiculi, apiculi often striate on inner surface.

Habitat: Hypogeous or in mlted d solitary to gregarious in soil or rotted
woody debris in coniferous woods. A trees: Picea sitchensis, Pinus monticola,
Pseudotsuga menziesii, Tsuga )levemphylla gt Tsuga sp. Fruiting from September 12
in WA to November 8 in BC.

Distribution: Uncommon in montane and coastal rcgmns from AK, BC, and WA.
‘This species is newly reported from BC. Also distributed in eastern and southem North
America (Gilkey 1939; Miller and Miller 1982). British colietons a1 Kew (examined
with B. Spooner) are the first reports from Europe (in Pegler et al. 1993). Map 24.
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Notes: This species is included in the type subgenus on the basis of the irregularly
thickened epispore which may become inconspicuously nodulose. This feature suggests
a closer relationship with H. tuasnei (q.v.) and H. michaelis (q.v.) than to
cerebriformis (q.v.) of the subgenus Cerebriformae. Also, ascocarp morphology an
olour are similar, Hydnotrya cubispora is casily distinguished by its cylindrical, apically
thickened spores that have large cupulate apiculi when mature. The concept of this taxon
has been somewhat confused since its original description in which the ascospores were
said to be cuboidal or polygonal. Examination of the isotype (MICH) revealed that the
description is based on immatur¢ and submature specimens which lack apiculi on most

pores. Spore measurements reporied above were taken only from mature ascospores
and are considerably larger than in the original description (2742 x 24-28 um in Bessey
and Thompson 1930) due to degree of epispore thickening. Gilkey (1954) recognized
{hat carly descriptions had been based on immature specimens, and stated that the spore
omamentation is not papillate, but irregularly thickened with the thickenings sometimes
resulting in unusually clongated spores in the apical region of the ascus. Apical
thickening of the spore wall precedes apiculus development. The collections from the
United Kingdom were likely introduced with nursery stock of Picea sitchensis and
Trappe (1971) lists this species as mycorrhizal with conifers. One specimen (IMI
311325) was somewhat atypical but was presumed to be an immature . cubispora. 1t
Should be reexamined in light of the recently described . confusa (Spooner 1992;
Pegler et al. 1993).

‘Collections Examined: CANADA: British Columbia: Forest Nursery at Haney,
‘Bandoni (Stz 13359) 11 8 1965, WTU. Québec: south of Chigoubiche River, Lac St. Jean Ouest Co.,
Redhead 09 4 1976, DAOM 160752; St. Donat, Montcalm Co., Rousseau 1965, DAOM 197990; Parc
de la Gatineau, Chemin du Lac Lapéche, Dalpé 07 30 1985, DAOM 197989. New Brunswick: Moore's
Falls, Kings Co., Harrison 08 1 1953, DAOM 143006 Glenmont, Harrison 10 10 1952, DAOM
111849; Casey's Corner, Harrison 10 12 1952, DAOM 111848. USA: Alaska: Girdwood, Kempton
09 18 1969, WK 4288; Turnagain Pass on Seward highway, Kempton 10 21 1963, WK 3033
Washington: the Pines, Copalis, Roger (Stz 20390) 09 24 1978, WTU; the Pines, Copalis, Stuntz
(Stz 20629) 09 12 1979, WTU, K; near Copalis, SDL-B (SLB 1523) 09 24 1978, WTU, K;
Troublesome Creek, Stuntz (Stz 20389) 09 25 1978, WTU, K. Michigan: between Bass and Little
Bass Lakes, Cisco Lake Chain, Gogebic Co., Bessey & Darlington (123) 08 14 1919, MICH (isotype).

., Cooke 08 ITED

KINGDOM: Scotland, Dumfries and Galloway, Forest of Ae, Redfern 10 1 1975, K ex E; Scotland,
jian, Durris, Mintbrae, Alexander 10 12 1982, K ex E; Soudley Ponds, Gloucestershire, Clark 08

Hydnotrya michaelis (E. Fischer) Trappe, 1975, Mycotaxon 2: 113.

eopora michaelis E. Fischer, 1898, Hedwigia 37: 59.

=Hydnotrya plocimeriana (Hennings) Hawker, 1974. Transactions of the British
Mycological Society 63: 68. (authentic material K, examined).

=Hydnotrya yukonensis Gilkey, 1947, Mycologia 39: 445." (holotype DAOM,

examined).

(additional synonyms sce Trappe 19752)
Type Material: Holotype TO.
Fig. 15

g. 15.
Ascocarp: 13-18 mm diam., 8-10 mm high, irregularly globose, flatiened, lobed,
exterior surface pale brown to reddish brown dried, pubescent to glabrous, undulate-
rugose, margin entirely fused (enclosed), intemally highly convoluted and chambered,
chambers white to cream, felty pubescent, odour strong when fresh. Stipe absent. Asci:
235-330 x 28.7-29.2 (38.6) fum. cylindrical. Paraphyses: 6.9-9.4 um diam. at apex,
Clavate, enlarged gradually (o apex, hyaline, contents finely granular. Ascospores:
27.533.0 x 20.5-25.5 pm, broadly ellipsoidal, brown, hyaline when immature,
aguttulate or uniguttulate especially when immature, epispore surface nodulose, with
SEM surface with large, isolated, broadly rounded warts, immature spores smooth.
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Habitat: Solitary o gregarious in soil in mixed woods. Associated trees: Picea

lauca, Teuga sp. and Al sp Fruiting from early July in YT 1o Juy 27 in AK.

ibution: Rarc in montane and coastal regions from YT and AK. Also
disbuied 1n Colorade (Fogel and Tmpvpe 1976), Europe (Kers 1989; Vries 1981;
Patoulard 1925; Teudorowicze 1928, as Geopora michaelis) and Asia (Cao 1988). A
map of global distribution is provided in Kers (1989). Map 25.

Notes: Close to H. tulasnei (q.v.). which has similar ascospore omamentation.
Hydnotrya michaelis has paler ascocarps, larger lobes and intemal chambers, and
broadly ellipsoidal ascospores. Hydnotrya cubispora (q.v.) is macroscopically similar,
but casily differentiated by its irregularly thickened cylindrical epispore which ofien
appears apiculate.

Collections Examined: CANADA: Yukon: near Pomo Hills, Mayo Landing, Broadfoot
carly 07 1943, DAOM 14081 (holotype of H. yukonensis). USA: Alaska: near Hope, Kempton 07
27, WK 3028. UNITED KINGDOM: Soudley Ponds near Lmlodean Gloucestershire, Francis 05 23
1981, IMI 259183, 259184. GERMANY: Engel (415) 07 14 1974, K: Plotmer (1325) 05
AUSTRIA: Mihr-Weisskirchen, Petrak 08 1929, WSP 31544,

Hydnotrya tulasnei (3crkcley) Berkeley & Broome, 1846, Anmals nd Magazine
of Natural History 18:
=Hydnobolires tlasnei Berkeley. 1844, Annals and Magazine of Natural History

13: 340-360.

=Hydnoirya camea (Corda) Zobel, in Corda 1854. lcones fungorum hucusque
€0 6: 1-91. (authentic material K, examined).

=Hydnotrya intermedia (Bucholiz) Soehner. 1942, Notizblatt_des Botanischen
Gartens und Museums zu Berlm 15 762-782. (fide Gilkey 1954).
(additional synonyms see Gilkey 1954)

‘Type Material: Holotype K; euthende maierisl K, examined.

Ascocarp: 10-18 mm diam., 8-16 mm high, irregularly globose to subglobose,
margin entirely fused (enclosed), excipular (exterior) surface red brown to dark red
brown dried, glabrous, undulate-rugose, intemally highly convoluted and chambered,
chambers white to pallid, felty pubescent. Stipe absent. Asei: 300-340 X 26-36 um,
cylindrical to clavate (especially when immature). Paraphyses: 5-6 um diam. at apex,
lavate, enlrged gmdually 10 apex, hyaline, contents finely granular. Ascospores:
26.8-343 x 25.5-33.2 um globose to subglobose, brown at maturity, hyaline when

immature, unlguuulale 1o aguttulate, cpispore surface nodulose, with SEM surface with
broadly rounded warts.

Habitat: Hypogeous, solitary or gregarious in duff or rotted wood under conifers.
Asscialed trocs: Pis contorta, Preudoisuga. menciesi, and Tsuga. heterophylla
Fruiting from June 20 to 27 in O}

Distribution: Rare in montane regions fiom OR (see also Fogel 1974). Also
distributed in castern North America (Gilkey 1954), Europe (Lange 1956), and Asia
(Trappe 1976; Cao 1988). Map 24.

tes: This species is characterized by dark red brown excipulum, highly
convoluted and infolded interior, and globose to subglobose, nodulose ascospores. It is
most closely related to H. michaelis (q.v.), but is separated on colour, degree o
infolding, and_ascospore shape (see also notes under H. michaelis). Ascospore
omamentation is very similar between the two species. Gilkey (1954) discusses the
variation in specimeris with clavate to cylindrical asci, and synonymizes H. carnea and
H. intermedia with H. tulasnei.

Collections Examined: USA: Oregon: southwest of Bend near Mount Bachel
11135)06 27 1984, DAOM 199694; near Bend, Miller (SM 745) 06 20 1984, WTU. Michigan:

on Falls State Park, A.H. Smuh 08 28 1951, DAOM 178576. New York: near Twin
1

Devon, Roberts 08 9 1986, IMI 311344; Westwood, Malborough, Wiltshire, Wright 08 15 1987, IMI
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318223; Collingboume Wood, Hampshire, Fletcher 08 16 1987, IMI 318214. DENMARK
ehoved, Fyn, Lange (3082) 08 11 1949, K. NETHERLANDS: De Steeg Prov. Felderland, Bas
(1055) 08 7 1936, K. CZECHOSLOVAKIA: Prague, Corda, Herbarium Berkeley 1879, K; Bohemia,
Bubdk 08, IMI 11956. Exsiccata: Sydow, Mycotheca germanica, Schlesien, bei Krummhibel,
Riesengebirge, Germany, Sydow 08 17 1922, s.n. Hydnotrya carnea, K;, Sydow, Mycotheca
Schlesien, Grenzdorf bei Schwarzbach, Isergebirge, Germany, Sydow 07 28 1922, s.n. Hydnotrya cames,
K: Petrak, Mycotheca gencralis, 433, Steiermark, Mrzzuschlag, Mitterdorf, Keissler 07 06 1940, s.n.
Hydnotrya tulasnei, WSP AS18300.

Type Material: Holotype OSC.

Figs. 17, 62.

Ascocarp: 4-19 mm diam., 5-10 mm high (up to 40 mm diam, fresh), irregularly
lobed, globose to subglobose, typically flattened, margin entirely fused or with basal
opening, excipular surface pallid to pale yellow brown or orange brown to dark red
brown dried, pubescent, intemally hollow or highly convoluted and chambered,
chambers white o cream, felty pubescent. Stipe absent. Asei: 258-264 x 2629 um,
cylindrical. Paraphyses: 5.8-10.5 um diam., nearly equal 1o clavate, enlarged
‘gradually o apex, hyaline, contents finely granular. Ascospores: 285366 x 18.0-
38.7 um, broadly ellipsoidal, yellow brown at maturity, hyaline when immature,
aguttulate or uniguttulate especially when immature, with large ceniral globose oil
guttule, de Bary bubbles present in small proportion of mature spores, epispore surface
Verruculose to punctate, with SEM surface appearing punctate and with small irregular
nodulose wall thickenings.

Habitat: Hypogeous in woody debris or embedded in rotted wood, solitary o
gregarious in_coniferous woods. Associated trees: Abies lasiocarpa and Tuga
‘mertensiana. Fruiting from July 28 to August 22 in |

Distribution: Infrequent in montane and coastal forest regions from AK, BC, ID,
OR, and WY. Reported also from Washington (Trappe pers. comm.). This species is
endemic to north west North America. It is newly reported for BC and AK, significantly
extending its range to the north, and it is distributed south of the study ara in California.
Map 24.

'Notes: Spore omamentation is less developed than other species in the subgenus,
but s irregularly thickened and slightly nodulose at maturity. The punctate spores arc
unique in the genus. Some specimens are distinctly yellow, especially when immature.
‘Al collections are from rotted wood (or no annotation of substratum was provided),
While other specics in the genus are frequently collected from soil. This species is similar
to H. michaelis (q.v.) in spore shape and size but H. variiformis lacks the well
developed nodulose epispore surface. Hydnotrya cerebriformis (q.v.) is similar in
having de Bary bubbles in a small proportion of mature spores (see also notes under .
cerebriformis).

Collections Examined: CANADA: British Columbia: Port Renfrew, Vancouver
Island, Dorworth 05 16 1988, DAVFP 23631. USA: Alaska: near Hope, Kempton 07 28 1968, WK
3016. Idaho: Brundage, Hawker 08 2 & 8 1962, K; Brundage road, Hawker 08 22 1962, K. Oregon:
Three Creek Lake southwest of Sisters, Deschutes Co., Fogel (1174) 08 20 1976, DAOM 178574, K.
Wyoming: Medicine Bow Mountains, Carbon Co., Binegar 08 10 1950, WSP 28610, MU F35625.
California: Sisson Southemn trail, Mount Shasta, Cooke 06 27 1947, WSP 39119;
Meadows, Mount Shasta, Cooke 07 1 1951, WSP 30042; horse camp area, Mount Shasta, Cooke 08 17
1962, 07 18 1966, WSP 55752, 58743.

Hydnotrya variiformis Gilkey, 1947, Mycologia 39: 444
Type M
; 4
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Hydnotrya Subgenus Cerebriformae S.P. Abbott subgen. nov.
Ascocarpae hypogaea, subglobosa, caverna fere simplice aut gleba compactis
plicis composita; ascosporae globosa, echinatae.
Type Species: Hydnotrya Harkness, 1899, ings of the
Califoria Academy of Sciences, Series 3, Botany 1: 266. (monotypic).
Ascocarp: hypogeous o erumpent, Sessile, irregularly lobed, globose to ellipsoidal,
typically flattened, margin fused (enclosed) or with basal opening: exterior surface pallid
yellow or orange brown to dark red brown, pubescent to glabrous; intemally highly
Convoluted and chambered, chambers white, felty-pubescent. Ascospores: globose (o
broadly ellipsoidal, brown at maturity, hyaline when immature, thin-walled and smooth
when immature, becoming thick-walled at maturity, aguttulate or uniguttulate especially
when immature, with large central subglobose oil guttule, de Bary bubbles in a smail
proportion of mature sporcs, appearing warted to echinulate, with SEM surface covered
with numerous long pointed spines, but often appearing warted or cracked from adhering
debris and clumping of spines.
Notes: This monotypic subgenus is established on the basis of the globose, echinate
ascospores of H. cerebriformis (Figs. 63, 64). The isolated taxonomic position of this
species was noted by Trappe (1979).

Hydnotrya cerebriformis Harkness, 1899, Proceedings of the California
Academy of Sciences, Series 3 Botany 1: 266.
~Hydnotryopsis. suevica Soehner, Notizblat_des Botanischen Gartens und
Museums zu Berlin 15: 779. (fide Trappe 1975a).
eoporella suevica (Soehner) Soehner, 1951, Zeitschrift fur Pilzkunde 8: 8.
Type Material: Holnlypc BPL
s. zx 63

Ascoca 4 mm diam., 8-13 mm high (up to 50 mm diam. fresh), irregularly
lobed, globose 10 bmadly ellipsoidal, typically flattened, margin fused or with an
opening at base, excipular surface pale orange brown to dark red brown dried, pubescent
to glabrous, undulate-rugose, intemally highly convoluted and chambered, chambers
white to cream, felty pubescent. Stipe absent 260-370 x 268368 pm,
eylindical or arely somewhat clavate. Paraphyses: 6.6-11.1 ym diam. at aper.
i ecl 4350 ym Tong, clavate, enlarged gradually 1 abmplly at apex, hyaline,
contents finely granular. Ascospores: 26.1-32.8 x 242278 pum, globose,
subglobose, or broadly ellipsoidal, brown at maturity, hyaline when |mma|ur=, aguttulate
or uniguttulate especially when immature, appearing echinate, warted or vernicose, with

face covered with numerous, long, pointed spines, but often appearing warted
or cracked due to adhering matrix.

Habitat: Hypogeous o erumpent, solitary to_gregarious in soil and litter in
coniferous woods. Associated trees: Picea engelmannii, Picea sitchensis, Pinus sp., and
Abies sp. Fruiting from July 29 to September 20 in AK.

istribution: Infrequent in montane and coastal regions from AK and ID. This
species is ncwly mporlcd from AK and greatly cxlcnds lh: nonherly range. Also
reported from OR (Trappe pers. comm.), south west ica (Gilkey 1916,
1939; Fogel and Tmppc 1976), Europe (Soehner 1951, ¢ Gcapmlla suevica) and Asia
(Ca0 1988). Map

Notes! Thiv spl:cl:s is distinct, and relationship to other Hydnotrya species is
unclear, Hydnotrya variiformis (q.v.) has de Bary bubbles in mature ascospores, but /7.
cerebriformis differs in its globose to subglobose ascospores with prominent echinate
omamentation. In many cases, the spores have distinct spines or coalesced clumps of
spines, but ofen the surface appears irregularly cracked. This is atributed to adherin
perispore or mucoid material being stuck to the spines. Hawker (1968a; Hawker er a
1967) shows that spore features of Elaphomyces are influenced by fiuiting body age and
rate of drying during preservation. This may also apply to this species since spore
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momhology resembles Elaphomyces species (Hawker et al. 1967, Hawker 1965
Trappe 1976; Samuelson et al. 1987). The cchinate spores are fundamentally different

om the irregularly thickened ones of the other species of the genus and warrant
recognition at the subgeneric level.

Collections Examined: USA: Alaska: Girdwood, Kempton 08 28 1973, WK 6037:
rumugm vak campground, Kenai Peninsula, Kempton 09 9 1965, WK 3023, DAOM 178553, K:
Chil \ear Haines, Kempton 09 20 1970, 09 16 1971, WK 4950, 5590; Juneau, Kempton 07
29 l%é WK 3022 Idaho: Upper Payette Lake, Valley Co., A.H. Smith (60171) 08 17 1958, K;
vmm Hot Springs, South Fork of Salmon River, Valley Co.. AH. Smith (66207) 08 26 1962, K:

aw Meadows, Valley Co., A.H. Smith (60274) 08 18 l9§8 DAOM 178552; Brundage Reservoir,
A II Smith 08 18 1962, K.

Gymnohydnotrya B.C. Zhang & Minte, 1989, Mycological Rescarch 92: 192
Speciés: Gymnohydnotrya australiana Zhang & Minter, 1989,
Mycological Research 92: 193.

Macroscoplc Features: ascocarps hypogeous, sesil, inegularly lobed. o
subglobose; hyms exposed at outer surface and regions on the internal surface:
intemally hollow 1 infolded and chambered; basal mycehal tuft present. Microscopic
Features: asci indehiscent, cylindrical, hyaline; ascospores ellipsoidal, hyaline, with
large central globose oil droplet and two to many smaller polar gutules, tetranucleate,
appearing rough 1 yercose, with SEM surfce echiate, spnes often wilh adhering

tramatrical tissue forming irregular reticulum of coalesced spines (Zhang and Minter
15500).

Extralimital Species

Gymnohydnotrya australiana B.C. Zhang & Minter, 1959, Mycologcal
Rescarch 92:

Type Materia ot lotype K, examined.
ibution: Known only from Australia (Zhang and Minter 1989).
“This species is distinguished from the other two members of the genus, G
et (@) and G, elipsospora (Cribb) B.C. Zhang and Miner, by its lager more
echinate ascospores. Ascocarps of G. australiana are more highly infolded and
chambered with internal hymenial surface in addition to hymerium covering (he exteror
surface. Due to the variation of infolding and resultant chambers seen in some Hydnotrya
species,such as HL, variformis (q:), . cubispora (q.v.), and . michaclis (q.v.), this

character is of dubious importance at the specific level. ~Ascospore
ormammenation ar also somewhat vanable in olher axa of he family (see notes under
Hydnotrya species)

Collections Examined: AUSTRALIA: Rye, Victoria, Keane 01 1984, K spirit collection
1032 (holotype).

Gymnuh ydnalrya erhmulam (G.W. Beaton) B.C. Zhang & Minter, 1989,
cological Rescarch
Jphat’ramne echmulamm G W. Beaton, 1978, in Beaton & Weste,
‘ransactions of the British Mycological Society 71: 165.

Type Material: Holotype MELU; authentic material K, examined.

ibution: Known only from Australia (Beaton and Weste 1978, 1982).
Notaat st s s G Ao,

Collections Examined: AUSTRALIA: Litle River near Alexandra, Victoria, Crichton

(Beaton 314) 08 20 1965, K spirit collection.
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Figure Legends

Figures 1-2: Ascocarps of Gyromina. Fig. 1 Gyromira subgen. Gyromira Fig.

1a: Gyromitra ambigua, SA 198, in situ, bar . Fig. 1b: Gyromitra
infula, SA 277, in sit, b bar— 15 mm. Fig. 2: vamuru subgen Drxclna Fig.
2a: Gyromitra gigas, ALTA 8443, in situ, bar = 20 mm. Fig. 2b: Gyromirra
olympiana, SA 331, in situ s besde ‘melting snowbank (right), bar = m mm. Fig.
2¢: Gyromitra perlata, SA 27, young ascocarps i situ, bar = 10 m

Figures 3-4; Ascocurps of Helvela, Fig. 3: Helvllasubgen, Lewcomelacnae. Fig.
3a: Hebela fewcomelaena, SA 36, ascocars in it and showing sparingly
ribbed sipe,bar = 10 mm. Fig. S Helw lla solitaria, UAMH MS65, in situ,

Fig. 3e Hclw/la unicolor, SA 131, in situ and showing

cxclpular \urface bar = Helvella unicolor, SA 135, showing
prominenly ribbed stipe, ot 19 Fig, 3e: Helvella costifera, SA 100,
Showing prominently ribbed stipe and excipulum, bar =
Helvella subgen. Silvicolae. Fig. 4a: Helvella silvicola, SA ", aryplcal
auriculoid-cupulate ascocarp showing excipulum and ribbed stipe, bar = 10 mm.
Fig. 4b: Helvella silvicola, ALTA 8284, typical auriculoid ascocarps in situ,
bar = 13 mm, Fig, 4c: Helsllaslvcole, $A'379, note auriculoid apothecia and
ribbed stipe (right), bar = 10 m

Figures S-8: Ascocarps of Helvlla. Fig. ¢ Hebells subgen. Elasticac. Fig. Sa:
Helvella aira, SA 110, i Fig, Sb: Helvlla clstca, SA

231 in sit. bar = 10 . Fig. e etocs latispora, SA 374 0 mi

Figs. 6-8: Helvella subgen. Helvella. Fig. 6: Helvella mea Fig.
ALTA 8319, young (Iefl) and mamm(nghl) ascocarps, bar = 10 mm. Flg 6

SA 256, in Siw, bar = IS mm. Fig. 7. Helvella ‘maculata, SA 380, young
Srboeas st exciplar surace (o) o acein seoigly nrolled over
hymcm\lm (right), bar = 10 mm. Fig. 8: lIelvella lacunosa, SA 111, in situ, bar

Figures 9-12: Dried ascocarps of Helvella and Underwoodia. Fig. 9: Helvella
macropus, UBC F3217, bar mm. Fig. 10: Helvella rivularis, C (part of

holotype). bar = 10 mm. Fig. N ehia verrculosa. Fige Tia: DAOM
20767, note white marginal pubescence,bar = 5 mm. Fig. 11b: DADM 20767,
showing ribbing on stipe and excipulum, bar = 5 mm Fig. 12: Underwoodia

columnaris, DAOM 206825, ascocarps including long{mdm and cross (above)
sections, bar = 10 mm.

Figures 13-17: Ascocarps of Pseudorhizina and Hydnotrya. Fig. 13: Pseudorhizina
californica, DAOM 107197, dried ascocarp, bar = 15 mm. Fig. 14:
Pseudorhizina sphaerospora. Fig. 14a: SA 38, in situ, bar = 10 mm.

Lab: SA 350, showing prominently ribbed stipe and reflexed apothecium, bar
Fig. 15: Hydnotrya mchu[u DAOM 14081 (holotype of H.

wknnenﬂx) d.ned ascocarp, bar = 5 mm. Fig.
Stz 13359), d ascocarp in lor gludmal section, bar
Hydnotrya vamﬁ)rmu, WSP 39119, dried ascocarp, bar

16: Hydnotrya cubispora, WTU
5 Fig. 17:
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Figures 18-28: Microscopic features of apothecia of Helvellaceae. Fig. 18: Helvella
‘macropus, WK 6368, fascicled hyphae of ectal excipulum outer surface, bar = 25
. Fag. 19: Gyromira esculenta, SA 20, spothectum ross section, bymeniym
and medullary excipulum, bar = 50 um. Fig. 20: Helvella leucomelaena, SA
352, apolboum cross section, bymenium (b), sublymeniumn (8
excipulum (m), and ectal excipulum (e), bar = 75 pm. Fig. 21 Gymmllm
ambigua, SA 191, fascicled/branched, scptate paraphyses, bar = 20 um. Fig.
9. Rhising undulata, WK S953, tick-wallod, hseptate seh, br = 15 p. Fig.
23: Helvella aestivalis, C E184.48, pleurorhynchous ascus base, bar = 15 um
Fig. 24: Helvella oblongispora, C (holotype), aporhynchous ascus base, bar =
15 . Fig. 25: Helvella obista, ALTA 8201 (pamlype). apex of ascus after
pore release, including operculum, bar = 10 Ascospores with de
Hary bubbles. Fip. 268: Rhizina undulaia, WK 5ok, o 20 pm. Fig. 26b:
Pseudorhizina sphaerospora, SA 350, bar = 10 jm. Fig. 27: Helvella silvicola,
SA 379, SEM of hymenium cross section, asci with uniseriate ascospores and
clavate paraphyses, bar = 20 pm. Fig. 28: Hydnotrya cerebriformis, WK 3023,
apex of ascus including ascospores and operculum {arrow), bar = 20 um.

Figures 29-34: SEM ascospores of Gyromia subgenus Gyromiirg and subgcrs
Discina. Fig. 29: Gyromitra ambigua, DAOM 195475, bar = 4 . Fig. 30:

Gyromitra esculenta, SA 358, ascospore apex, bar = | um. Fig. 31: Gyromitra
perlaia, WSP 56311, bar =4 um. Fig. 32: Gyromitra olympiana, SA 325,
ascospore apex, bar = | pm. Fig. 33: Gyromitra perlata, SA 337, bar = 5 pm

Fig. 34: Gyromitra Izucaxanlha, K. (herb. Bresadola), bar = 10 um.

Figures 35-40: SEM ascospores of Gyromira, subgenus Discna, subgenus
Caroliniana, and subgenus Melaleucoides. Flg. 35: Gyromitra_ gigas, K
(Uplang Lundell 05 13 1945), bar = 5 36: Gyromitra gigas, WSP

um.
bar = 5 um. Fig. 37: Gyromitra g , WTU (Stz 1885), bar = 4

Fig. 38: Gymrm!m sigas, DAO 191998, ascospore apex, bar = 2 um.
¥ig. 35 Gyromi Iypc), bar = 4 pm. Fig. 40: Gyromira

melaleucoides, WTU (su 5715)‘

Figures 41-46: SEM ascospores of Pseudorhisina, Rizina, Underwoodia, Helvella
subgenus Helvela, and Helvela subgens Easticae. Fig. 41: Preudorhizina
sphacrospora, SA 38, bar = 1 um, Fig. 42: Underwoodia colummaris, DAOM

4 pm. Fig. 43: Rhizina undulata, WTU ((Stz 16329) bar = - 10

um. Fig. 44: Rhizina undulata, WTU (Stz 16329), ascospore a

um. Fig. 45: Helvella crispa, SA 257, bar = 4 um. Fig. 46: et e, SA

110, bar =2 pm.

Figures 47-52: SEM ascospores Helvella subgenus Cupuliformae, _subgenus
lasticae, subgenus Leucomelaence, and subgerns Silvicolae. Fig. 47: Helvella
corium, K (isotype of H. arctica), bar = 4 um. Fig. 48: Helvella (‘hmen:u,
WTU (Stz 11771), bar = 4 um. Fig. 49: Helvella compressa, WTU (SDI
25 1977), bar = 4 pm. 50: Helvella leucomelaena, WSP 54318, b =4
pm. Fig. 51: cola, ALTA 3273 bar = 4 um. Fig. 52: Helvella
crassitunicata, MlCH (holotype) bar =

Figures $3-88: SEM ascospores Helvella subgerus Macropodes and subgmus
Cupuliformae. Fig. 3: Helvella macropus, SA 120, bar = 4 pm.
Helvella macropus, ALTA 8294, bar = 4 pm. Fig. 55: Helvella matmplu Sh
150, bar = 4 . Fig, 561 Hehwella micropus. K. (Paxina subclavipes, Eli
North American Fungi 985), bar = 4 um. Fig. 57: Helvella macropus, DAOM
24706, bar = 4 um. Fig. 58: Helvella rupuhﬁ:mls, K (paratype), bar = 4 pm.




Figures $9-64: SEM ascospores Fiydnoma subgenus Hydnoma and
Cere

enus

rebriformac. Fig. $9: Hydnotrya cubispora, WIU (SDLB 1523). barf 10
ym. Flg. 80: Fydnoira cubispord, WTU (SDLB 1523) bur = & .
Yenotya icsmer, K. (Lange 3082), bar = 10 um. Fig, 62: Hydnon
variiformis, K (Fogel 1174), bar = 10 um. Fig. 63: Hydnotrya cerebriformis,
K (Smith 08 18 1962), bar = lU um. Fig. 64 Hydnotrya cerebriformis, K
(Smith 08 18 1962), bar =

Map 6: Gyromitra melaleucoides
Map 7: Rhizina undulata
an californica,
Helvella crispa, Helvella lactea
M.p 10: tehella maculta
Map 11: Helvella la
Map 12: Helvella Ieucamlaena  Helvlla unicolor
Msp 13: Helvell . Helvella hyp:
14: Helvella costifera, Tt ovano Fetseli ooty
Map 15: Helvella soltaria
Map 16: Helvella silvicola, Helvella crassitunicata
Map 17: Helvella corium, Helvella cupuliformis
18: Helvella chinensis, Helvella rivularis
M.p 19: Helvella macropus
Map 20: Helvella elastica
Map 21: Helvella albella
Map 22: Helvella compressa, Helvella ephippium, Helvella latispora
Map 23: Helvella pezizoides, Helvella atra, Underwoodia columnaris
Map 24: Hydnotrya cubispora, Hydnotrya variiformis, Hydnotrya tulasnei
Map 25: Hydnotrya cerebriformis, Hydnotrya michaelis
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Map 1:

® Gyromitra esculenta

Map 2

® Gyromitra infula



Map 3

® Gyromitra ambigua

& Gyromitra olympiana

Map 4:

® Gyromitra periata
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® Gyromitra gigas

& Gyromitra leucoxantha

Map 6:

© Gyromitra melaleucoides
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Map 7:

® Rhizina undulata

Map 8:

® Pseudorhizina californica

& Pseudorhizina sphaerospora
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Map 9:

® Helsella crispa
& Helsella lactea

Map 10:

® Helvella maculata




Map 11:

® Helvella lacunosa

Map 12:

® Helvella leucomelaena

& Helvella unicolor
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Map 13:

® Helvella acetabulum
& Helvella verruculosa

W Helsella hyperborea.

Map 14:

® Helvella costifera
& Helella aestivalis

B Helsella robusta.
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Map 15:

o Helvella solitaria

Map 16:

® Helvella si
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Map 17:

[— %

& Helvella cupuliformis

Map 18:

© Helvella chinensis

& Helvella rivularis



119

Map 19

® Helvella macropus

Map 20:

® Helvella clastica




Map 21:
r— ¢
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© Helvella compressa
A Helvella ephippium
W Helvella latispora
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Map 23:

® Helvella pecizoides
A Helvela atra

B Underwoodia columnaris

Map 24:

® Hydnotrya cubispora
& Hydnotrya variiformis
W Hydnowrya tulasnei
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Map 25:

® Hydnotrya cerebriformis

& Hydnotrya michaclis

7
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Index

included taxa in bold type; page numbers in bold refer to primary descriptions;
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