vol. 102 no. 5
e 2010

OFFICIAL BIMONTHLY PUBLICATION of the MYCOLOGICAL SOCIETY OF AMERICA



MYCOLOGIA

Published by THE MYCOLOGICAL SOCIETY OF AMERICA

EDITORS AND ADVISORY BOARD
Karen Snetselaar, managing editor (2009-2014)

Jeffrey K. Stone, editor in chief (2009-2014)
Oregon State University

Dept. of Botany & Plant Pathology

Cordley 2082, Corvallis, OR 97331-2902

Phone: 541-737-5260 Fx: 541-737-3573 E-mail: stonej@science.oregonstate.edu
John M. Donahue, assistant editor

University of New Mexico

Biology Dept. MSC 03 2020

Albuquerque, NM 87131

E-mail: jmdonahue2@cox.net

Gerard Hebert, assistant editor

University of New Mexico

Biology Dept. MSC 03 2020

Albuquerque, NM 87131

E-mail: mycology@unm.edu

M. Catherine Aime 2010-2012 Susan G. Kaminskyj 2009-2011
Dept. of Plant Pathology and Crop Physiology Dept. of Biology,
Louisiana State University University of Saskatchewan
Baton Rouge, LA 70803 Saskatchewan, CA S7N 5E2
Manfred Binder 2009-2011 Julia Kerrigan 2007-2011
Dept. of Biology, Dept. of Entomology, Soils, and Plant
Clark University Sciences, Clemson University
Worcester, MA 01610 Clemson, SC 29634
Philippe Callac 2006-2012 mg[;f\";\'g'scgrfggum
INRA, MycSA Al
Villenave d’Ornon, France 33883 Food and Feed Safety Research
! New Orleans, LA 70124

Lori M. Carris 20092011 Peter M. Letcher 20072011
Plant Pathology, Dept. of Biological Sciences,
Washington State University University of Alabama
Pullman, WA 99164 Tuscaloosa, AL 35487
David M. Geiser 2005-2011 Francois M. Lutzoni 2009-2011
Dept. of Plant Pathology, Dept. of Biology
Pennsylvania State University Duke University
University Park, PA 16802 211:13'"& NCM27J103 20052011

. . Brandon Matheny -
Steven D. Harris 2006-2012 -
Dept. of Plant Pathology, Dept. of Ecology and Evolutionary Biology

University of Te
University of Nebraska K:]]:]\;smyfn 3e7ngngesS e
Lincoln, NE 68588 '

Steven L. Miller 2008-2011
Bruce Horn 2010-2012 Botany Dept.

USDA, ARS National Peanut Research Laboratory University of Wyoming
Dawson, GA 39842-0509 Laramie, WY 82071

OFFICERS OF THE MYCOLOGICAL SOCIETY OF AMERICA

Rytas Vilgalys, president (2009-2010)
Dept. of Biology, Duke University, Durham, NC 27708
Ph: 919-660-7361 Fx: 919-660-7293 E-mail: fungi@duke.edu

Thomas D. Bruns, president elect (2008-2009)

Dept. of Plant & Microbial Biology, 111 Koshland Hall, University of California,
Berkeley, CA 94720-3102

Ph: 510-642-7987 Fx: 510-642-4995 E-mail: boletus@socrates.berkeley.edu

Jessie A. Glaeser, secretary (2009-2012)
USFS Northern Research Station, 1 Gifford Pinchot Dr., Madison, Wl 53726
Ph: 608-231-9215 E-mail: jglaeser@fs.fed.us

Sahine Huhndorf, treasurer (2007-2010)
Dept. of Botany, The Field Museum, 1400 S. Lake Shore Dr., Chicago, IL 60605-2496
Ph: 312-665-7855 Fx: 312-665-7158 E-mail: shuhndorf@fieldmuseum.org

Roy E. Halling, past president (2008—2009)
New York Botanical Garden, Southern Blvd. at 200th St., Bronx, NY 10458-5126
Ph: 718-817-8613 Fx: 718-817-8648 E-mail: rhalling@nybg.org

Don E. Hemmes, past president (2007-2008)
Biology Discipline, University of Hawaii, Hilo, HI 96720
Ph: 808-974-7383 Fx: 808-974-7693 E-mail: hemmes@hawaii.edu

Anthony Glenn, councilor, Cell Biology/Physiology (2009-2011)

USDA-ARS Russell Research Center, Toxicology & Mycotoxin Res. Unit, 950 College Station

Rd., Athens, GA 30605
E-mail: anthony.glenn@ars.usda.gov

St. Joseph’s University
Biology Dept., 5600 City Ave.
Philadelphia, PA 19131

http://msafungi.org

Phone: 610-660-1826 Fx: 610-660-1832 E-mail: ksnetsel@sju.edu

Lori Carris, chair (2004-2009) E-mail: carris@mail.wsu.edu

Christopher Schardl (2004-2009) E-mail: schardl@uky.edu

Rick W. Kerrigan (2005-2010) E-mail: rwk@sylvaninc.com

Kerry 0’Donnell (2006-2011) E-mail: kodonnell@sunca.ncaur.usda.gov

Mary L. Berbee, ex officia (Past Chair) (2002—2007) E-mail: berbee@unixg.ubc.ca
David M. Geiser, ex officio (2001-2006) E-mail: dgeiser@psu.edu

Gerald F. Bills, ex officio (2000-2005) E-mail: gerald_bills@merck.com

James B. Anderson, ex officio (1999-2004) E-mail: janderson@utm.utoronto.ca

ASSOCIATE EDITORS

Mary Palm 2005-2011
Beltsville Agricultural Research Lab
Beltsville, MD 20705

Stephen A. Rehner 2010-2012
USDA-ARS, Insect Biocontrol Lab
Beltsville, MD 20705

David M. Rizzo 2009-2011
Dept. of Plant Pathology,
University of California
Davis, CA 95616

Robert Roberson 2009-2011
School of Life Sciences
Arizona State University
Tempe, AZ 85287

Conrad Schoch 2008-2011

National Center for Biotechnology Information
National Institutes of Health

Bethesda, MD 20892

R. Paul Schreiner 2007-2011
USDA-ARS Horticultural Crops Research
Laboratory

Corvallis, OR 97330

Brian Shaw 2008-2011

Dept. of Plant Pathology and Microbiology,
Texas A&M University

College Station, TX 77843

Margaret Silliker 2006-2010
Dept. of Biological Sciences,
DePaul University

Chicago, IL 60614

Frances Trail 2008-2010
Depts. of Plant Biology and Plant Pathology,
Michigan State University

East Lansing, MI 48824

Lisa J. Vaillancourt 2005-2011
Dept. of Plant Pathology,
University of Kentucky
Lexington, KY 40546

Elsa Vellinga 2010-2012

861 Keeler Ave

Berkeley, CA 94708-1323
Merlin M. White 2006-2010
Dept. of Biology,

Boise State University

Boise, ID 83725

Loretta M. Winton 2008-2010
Forest Health Protection

USDA Forest Service, State & Private Forestry
Anchorage, AK 99503

Tom Horton, councilor Ecology/Pathology (2009-2011)
SUNY-ESF, Environmental and Forest Biology, 350 lllick Hall, Syracuse, NY 13210-2712

E-mail: trhorton@esf.edu

Tim James, councilor, Systematics/Evolution (2009-2011)
University of Michigan, Ecology and Evolutionary Biology, Ann Arbor, MI 48109

E-mail: tyjames@umich.edu

N. Louise Glass, councilor, Cell Biology/Physiology (2008-2010)
University of California, Plant and Microbial Biology Department, 111 Koshland Hall,
Berkeley, CA 94720-3102 E-mail: Iglass@uclink.berkeley.edu

D. Lee Taylor, councilor, Ecology/Pathology (2008—2010)
University of Alaska Fairbanks, Institute of Arctic Biology, 311 Irving | Bldg, Fairbanks, AK

99775-7000 E-mail: fflt@uaf.edu

Georgiana May, councilor, Genetics/Molecular Biology (2008—2010)
Dept. Ecology, Evolution and Behavior, University of Minnesota, 100 Ecology Building,
1987 Upper Buford Circle, St. Paul, MN, 55108 E-mail: gmay@umn.edu

Jean-Marc Moncalvo, councilor, Systematics/Evolution (2008—2010)
Royal Ontario Museum, Dept. of Natural History, 100 Queen’s Park, Toronto, ON M5S 2C6

Canada E-mail: jeanmarcm@gmail.com

Cover image — 7huemenidium arenarium and Fmpetrum njgrumon sand dune near the seashore by Jersey Trail, Newfoundland and Labrador, Canada,

taken by Andrus Voitk. See article by Ohenoja et al. in this issue.



Mycologia, 102(5), 2010, pp. 1089-1095. DOI: 10.3852/09-317

© 2010 by The Mycological Society of America, Lawrence, KS 66044-8897
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Abstract:  Thuemenidium is a small earth tongue
genus with three recognized white-spored species.
Within Thuemenidium, T. atropurpureum and T.
arenarium have been reported only from the north-
ern hemisphere while 7. berteroi is known solely in the
southern hemisphere. We reviewed the ecology,
examined the morphology and inferred the system-
atic positions of northern species of Thuemenidium
from LSU-rDNA gene phylogeny of 48 taxa in
Pezizomycotina including recent collections. Our
results suggest that Thuemenidium in its current sense
is polyphyletic and that 7. atropurpureum, closely
related to Microglossum and Leotia species, is a
member of Leotiaceae (Helotiales, Leotiomycetes).
Our phylogeny placed the other northern species, 7.
arenarium, in Geoglossaceae (Geoglossales, Geoglos-
somycetes), retaining genus 7Thuemenidium, pending
further investigation.

Key words: ecology, Geoglossomycetes,
omycetes, phylogeny, 7Thuemenidium

Leoti-

INTRODUCTION

Early morphological classification of ascomycetes
assigned terrestrial species with club-like fruiting
bodies, commonly known as earth tongues, to
Geoglossum (Persoon 1794). Since then the taxonomy
of the earth tongues has been tempestuous. Many
additional genera have come and gone. Myriad
interpretations have been advanced for the genera
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(Imai 1941, Maas Geesteranus 1964, Korf 1973, Pfister
and Kimbrough 2001, Spooner 1987, Wang et al.
2006, Schoch et al. 2009b). Part of the difficulty stems
from an attempt to erect a taxonomic ranking based
on morphology for organisms whose key characters
for defining genera, such as color, size and septation
of ascospores, change with age (Spooner 1987).
Diversity in ecology usually has been documented
with little detail for many earth tongue fungi, leading
to a lack of consideration as to its impact on
classification, until very recently (Wang et al. 2006,
Schoch et al. 2009a).

Saccardo (1884) split earth tongues on the basis of
spore color, transferring white-spored species to
Microglossum, and Kuntze (1891) further proposed a
new genus, Thuemenidium, in honor of the Austrian
mycologist Baron Felix von Thiimen, for species of
Microglossum with dark fruiting bodies. Five names for
four species, T. arenarium (Rostr.) Korf, T. atropur-
pureum (Batsch) Kuntze, 7. berteroi (Mont.) Ga-
mundi, and 7. hookeri (Cooke) Kuntze) and 7.
multiforme (Henn.) Kuntze (= 7. hookeri), had been
used (http://www.indexfungorum.org), but the tax-
onomy of the four species is not straightforward. The
type species, T. hookeri, was described on the basis of a
single dried specimen from an unrecorded locality
sent to Hookerian Herbarium of Kew Gardens.
Neither fresh nor other dried specimens of the
species were available at the time, and the species
has never been identified. Massee (1897) attributed
the matter to a misinterpretation of the original
microscopic findings and thought that the specimen
described as Thuemenidium hookeri is what we now
know as Thuemenidium atropurpureum, an opinion
shared by Durand (1908) and Nitare (pers comm
2009). This explanation however has not been
universally accepted (http://www.indexfungorum.
org). The other difficulty with the species is a
controversy concerning the synonymization of T.
arenarium and T. atropurpureum by Seaver (1951)
and Cannon et al. (1985). Those authorities who do
recognize the two as separate species do not always
accept genus Thuemenidium; for example Lumbsch
and Huhndorf (http://www8.umu.se/myconet) kept
T. arenarium in Geoglossum (Note 271), based on the
work of Nitare (1982), and assigned 7T. atropurpureum
to Microglossum (Note 270) on the basis of the work
of Wang et al. (2006). Index fungorum (http://www.
indexfungorum.org), Nordic Macromycetes (Ohe-
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noja 2000), Dictionary of the Fungi (Kirk et al. 2008)
and many other authorities support the assignment,
retention or reassignment of all Thuemenidium
species to Geoglossum. Despite a potentially straight-
forward construction of Thuemenidium based solely
on morphology, the validity of its type species is
doubtful, the separation of T. arenarium and T.
atropurpureum in the genus has been invalidated by
some workers, and the genus itself has not gained
universal acceptance (Kirk et al. 2008).

The ability to determine phylogenetic ranking with
DNA sequence data has introduced additional taxo-
nomic unrest to mycology, but over the years a new
sense of the validity of diverse morphological charac-
ters has begun to develop based on new rankings of
fungi (Hibbett et al. 2007). An understanding is
growing that some traditional taxonomic relation-
ships defined by morphology appear to lack a
singularly evolved genetic basis, while some potential
morphological groupings thought to be divergently
evolved seem to share unexpected genetic propinqui-
ty. Sorting out the rates of evolutionary change of
fungal morphological traits has been key to recent
advances. Those morphological traits evolving at the
right rate (not too fast or too slow; Townsend 2007)
also will be the traits that best define taxonomic
groupings at various levels. Thus, instead of further
complicating things, genetic sequencing sometimes
has introduced a semblance of clarity into areas where
confusion had remained because of unrecognized
variability of the morphological characteristics, such
as in Helotiales (Schoch et al. 2009a). In many
instances it appears that confusion had arisen because
genetically labile morphologic features were stressed
and more conserved ones downplayed. The advent of
genetic analysis has let us select and stress more
accurately morphological characteristics that are
evolving at appropriate rates to define coherent
taxonomic groupings. For instance it has been
demonstrated that two morphologic characteristics
(the presence of hyaline spores and the presence of a
distinct hymenial boundary) have a phylogenetic basis
in earth tongue fungi, which now are recognized as at
least two lineages, including a sole family in Geoglos-
somycetes (Schoch et al. 2009b) as well as Rhytisma-
tales and Leotiales in Leotiomycetes.

Of the four Thuemenidium species only T. arena-
rium and T. atropurpureum are known to occur in the
northern hemisphere. 7. atropurpureumis a grassland
species. It is fairly common across the continent and
is probably a saprotroph, although its ecology has not
been determined with certainty. Durand (1908)
mentioned distribution of 7. arenarium in North
America from Labrador and Newfoundland, and later
it was recorded from Rankin Inlet and Baker Lake,

North West Territories, Canada, in 1971 and 1974
(Ohenoja 2010), and from Great Whale River area,
Québec (Huhtinen 1985). In northern Scandinavia,
where T. arenariumis more common, it grows in sand
dunes near the seacoast, often with Clavaria argillacea
Fr. (Ohenoja 1976, 2000), and has mycorrhizal
relationships with Empetrum nigrum L. (Nitare,
1982). However association between 7. arenarium
and E. nigrum is neither ubiquitous nor strict; the
plant has a much wider distribution in geography and
ecology than the fungus. E. nigrum, also known as
black crowberry, is a perennial shrub in order
Ericales, of which many species live in mycorrhizal
association with various fungi, and has been regarded
as threatened or endangered in northern USA
(http://plants.usda.gov). The plant has no significant
commercial value, although its roots have been used
as an eye medicine (Moerman 1998).

In this study we examined collections of T.
arenarium from Labrador, Canada and Finland; and
T. atropurpureum from Finland, Québec, Canada, and
Northern Ireland for morphology. We also performed
genetic sequencing and reviewed species ecology to
(a) evaluate the question of possible synonymy of 7.
arenarium and T. atropurpureum, (b) assign both to a
respective group, and (c) speculate on the validity of
Thuemenidium as a genus.

MATERIALS AND METHODS

Taxon sampling.— Thuemenidium was studied from the
Herbarium at the University of Oulu, Finland (OULU),
the Fungarium of le Cercle des mycologues de Montréal
(CMM), and from 2005 and 2008 forays conducted by Foray
Newfoundland & Labrador and kept in the Herbarium of
Gros Morne National Park, where morphology was assessed
and molecular data were collected. A LSU-rDNA sequence
data matrix was constructed containing 48 taxa of Pezizo-
mycotina including 35 from Leotiomycetes and five from
Geoglossomycetes. Species of Pezizales have been suggested
to manifest a basal position in Pezizomycotina (Schoch et al.
2009a) and therefore were included to provide a root for
trees.

Molecular techniques.—DNA was isolated from dried her-
barium material following protocols of Wang et al. (2005).
The LSU-rDNA region, bounded by primers LROR and LR5,
and the ITS1-5.8S rDNA-ITS2 region, bounded by primers
ITSIF and ITS4, were successfully amplified from two
isolates of 7. arenarium at Yale University. The sequences
are available from GenBank (GU324764, 324765, 324766,
324767). We used sequence data generated in Wang et al.
(2006).

Phylogenetic analyses.—Sequences were aligned with Clustal
X using the default setting (Thompson et al. 1997) and
further adjusted by eye in the data editor of PAUP* 4.0b
(Swofford 1999). Introns were deleted and ambiguously
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aligned positions were excluded from the datasets before
performing analyses. All datasets were analyzed in PAUP*
4.0b and MrBayes 3.1.1 (Huelsenbeck and Ronquist 2001)
with gaps treated as missing data. Parsimony analyses were
performed with equal weighting of characters and transfor-
mations. Heuristic searches were performed with 1000
replicate searches, each with one random taxon addition
sequence, MAXTREES set to auto-increase, and TBR branch
swapping. Robustness of individual branches was estimated
by maximum parsimony bootstrap proportions (BP) based
on 500 bootstrap replicates, each consisting of a single
heuristic search with 50 random taxon addition sequences,
MAXTREES set to auto-increase, and TBR branch swapping.
Bayesian phylogenetic analyses were performed with the
Metropolis-coupled Markov chain Monte Carlo method
(MCMCMC) under the GTR + I" + I model in MrBayes 3.1.1
by running four chains for 2000000 generations. Trees
were sampled every 100th generation. Likelihoods con-
verged to a stable value after ca. 500 000 generations in the
analysis, and all trees obtained prior to convergence were
discarded before computing a consensus tree in PAUP.
Bayesian posterior probabilities (PP) were obtained from
the 50% majority rule consensus of the remaining trees.
Clades with PP higher than 0.95 and BP higher than 80%
were considered to be significantly supported (FIG. 1).

RESULTS

BRIEF MORPHOLOGY
Thuemenidium arenarium (Rostr.) Korf in Petersen

and Korf, Nordic JI Bot., 2:152, 1982.

Microglossum arenarium Rostr., Med. Grgnl., 3:606, 1892.

Corynetes arenarius (Rostr.) E. J. Durand, Ann. Myc.,

6:417, 1908.

Geoglossum arenarium (Rostr.) Lloyd, Mycol. Notes, 5, 1916.

Dry ascocarps brownish black to black, fertile head
darker but not distinct from the stalk, club-shaped to
spathulate, up to 35-40 mm high. Hymenium surface
smooth while stalk surface furfuraceous. Asci J+, eight-
spored, thin-walled, club-shaped, 165-180 X 15-17 pm.
Paraphyses much longer than asci, well separated from
each other, brown, curved and somewhat enlarged at
apex, septate, branched, 3-6 pm diam. Ascospores
hyaline, thin-walled, smooth, cylindrical with one end
slightly larger, (27-)31-34(-36) X (4-)4.5-5.5(=6.0) pum,
rarely septate when mature.

Habitat. Dry, open, sandy heaths on dune areas or
on shores. Associated with Empetrum nigrum and at
times with Clavaria argillacea.

Phenology. Aug-Oct.

Distribution. Boreal-montane and arctic-alpine, oc-
curs in Europe and N. America.

Specimens examined. Finland, Kalajoki, dry dune field
along seashore, around Empetrum nigrum mats, 14-X-2007,
OULU F77201; Labrador, Canada, Labrador Straits, near
Forteau, sand dune near First Pond Trail, 8-1X-2005; sand
dune by Jersey Trail, 9-IX-2005 (9335); sand dune near
seashore close to Anse Amour, 16-VIII-2008.

Thuemenidium atropurpureum (Pers.) Kuntze, Rev.
Gen. PL., 2:873, 1891.
Geoglossum purpurascens Pers. In Holmsk., Coryph., 171,
1797.

Leotia atropurpurea (Pers.) Corda, Ic. Fung., 5:79, 1842.

Microglossum atropurpureum (Pers.) Sacc., Syll. Fung.,
8:40, 1889.

= Geoglossum atropurpureum Cooke, Mycographia, 10,
1875.

Dry ascocarps brownish black to black, fertile head
distinct from the stalk, club-shaped, up to 50 mm high.
Hymenium surface smooth while stalk surface furfura-
ceous. Asci J+, mostly eightspored, thin-walled, club-
shaped, 90-130 X 13-15 pm. Paraphyses regular,
slightly longer than asci in the hymenium, thin-walled,
hyaline, no septa observed at apex; cell wall surface
covered with amorphous purplish brown to brownish
matter that unites paraphyses into an epithecium, 3 pm
diam. Ascospores hyaline, thin-walled, smooth, almost
cylindrical or slightly curved, with rounded ends,
(16-)23-33(-41) X (3.8-)4.0-5.0 um, mostly three- to
six-septate when matured.

Habitat. Grassy meadows and pastured forests, both
on calcareous and acid soil.

Phenology. Sep—Oct to late Dec.

Distribution. The fungus is known to occur in North
America, Europe and Macaronesia. In many countries
of Europe it is considered a threatened fungus. It is
used as an indicator species of meadows and pastured
forests (Ohenoja 1995).

Specimens examined. Finland, Leivonmaki, on rock shelf
covered with Dicranum polysetum Swartz, 26-VIII-1990,
OULU F71890; Northern Ireland, County Down, on dune
grassland, 5-XI-1998, 1100803 (J64235728), K(M)59206;
Northern Ireland, Antrim, acidic upland, on grassland, 9-X-
2001, 1136126 (D095515); Canada, Knowlton, 19-IX-1990,
CMMFI1235.

PHYLOGENETIC ANALYSES

Molecular inference from the LSU-xDNA dataset.—
Relationships of the two northern species of Thueme-
nidium were investigated with LSU-rDNA (FiG. 1). The
data matrix had an aligned length of 566 base pairs,
including 257 parsimony informative positions and 87
uninformative variable positions. Bayesian and parsi-
mony analyses on this dataset provided nearly identical
topologies regardless of different measurements of the
branch length, and the higher-level LSU-rDNA topol-
ogy was congruent with the topology published recently
with multilocus data (Schoch et al. 2009a). Two isolates
of T. atropurpureum formed a clade (BP = 100%, PP =
1.0) with Microglossum rufum (Schwein.) Underw. in
the well supported Leotia-Microglossum clade (BP =
98%, PP = 1.0). Two isolates of T. arenarium formed a
clade (BP = 100%, PP = 1.0) in the Geoglossomycete
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Ascocoryne sarcoides
Eeocoryne turficola
Chloroscypha sp.

Chlorencoelia versiformis

Hemiphacidium longisporum
Heyderia abietis

Fabrella tsugae

Piceomphale bulgariocides
Scleromitrula shiraiana

Sclerotinia sclerotiorum
Dermea acerina
{Neofabraea malicorticis
Rhytisma sp.
i _:Spathuiar_a'a flavida
Bryoglossum gracile
-:Lachnum virgineum

Hyaloscypha daedalae

T. arenarium

Loramyces juncicola
Vibrissea flavovirens
Vibrissea truncorum

Hydrocina chaetocladia

Mitrula borealis
Mitrula paludosa

Chlorovibrissea sp.
Leotiornycetes Vibrissea albofusca
Cudoniella clavus
\‘ Ombrophila violacea
Hymenoscyphus scutula

_E Bulgaria inguinans
Holwaya mucida

Leotia lubrica

= | Microglossum rufum
Thuemenidium atropurpureumll00803
Thuemenidium atropurpureumll36126

Leotiomyceta . :
Microglossum olivaceum
\ Dothidea sp.

—— [ Dothidea sambuci

Geoglossum glabrum

Geoglossum umbratile
Thuemenidium arenariumF077201
Thuemenidium arenarium9335

Trichoglossum hirsutum
Sarcolecotia globosa
Sarcoleotia globosa
Orbilia delicatula
{ Orbilia auricolor
Peziza phyllogena
Peziza varia — 10 changes

Fic. 1. Phylogenetic relationships of Thuemenidium. Parsimony and Bayesian analysis based on the LSU-rDNA sequences.
One most parsimonious tree (length = 1247, CI = 0.425, RI = 0.614). Bootstrap values greater than 50% and posterior
probability higher than 0.95 are indicated as bold branches. Inset: habitat pictures of 7. atropurpureum (kindly provided by
Roy Anderson) and 7. arenarium.
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clade (BP = 95%, PP = 1.0). A clade of Geoglossum
glabrum Pers. and G. umbratile Sacc. (BP = 99%, PP =
1.0) was the sister group of 7. arenarium without

support in the Trichoglossum-Geoglossum clade (BP =
80%, PP = 1.0).

DISCUSSION

We have met our original goals with variable degrees
of certainty: (i) Our studies demonstrate unambigu-
ously that 7. atropurpureum and T. arenarium are
distinct and separate species. (ii) With respect to
assigning them to appropriate groups, our work,
combined with studies cited, support reassigning 7.
atropurpureum to the Leotia-Microglossum clade in
Helotiales. We are less certain about the correct
placement of 7. arenarium; more robust phylogeny of
the Geoglossum-Trichoglossum clade with proper
sampling of type species is required to either confirm
it as G. arenarium or suggest a new ranking. Pending
further investigation, we leave it in Thuemenidium as a
practical solution. (iii) Our results lacked the
robustness and latitudinal scope to definitively con-
firm or reject Thuemenidium as a genus. Under these
circumstances it seems most prudent to accept it pro
tempore. If an examination of the type specimen of 7.
hookeri does confirm its synonymy with 7. atropurpur-
eum and if the latter’s reassignment to Microglossum is
established, Thuemenidium will be in the awkward
position of having an extrageneric type species with 7.
arenarium as the sole species left in this now depau-
perate genus. Our preliminary analysis placed 7.
arenarium in the Geoglossomycete clade, raising the
possibility that further work could lead to its reranking
as a species of Geoglossum or a new genus, thus
eliminating the need for Thuemenidium altogether.
Our examination of morphology in Thuemenidium
arenarium and T. atropurpureum suggested that these
fungi are distinct. However no key characters have
been identified to link either confidently to Micro-
glossum or Geoglossum. Morphological differences,
especially in paraphyses, between the two northern
Thuemenidium species have been identified by Dennis
(1968) and Nannfeldt (1942). Also we observed that
T. arenarium has larger asci and ascospores that are
rarely septate even after release from the ascus.
However classification of these two fungi based on
morphology has been controversial because it is
partially evident by the synonyms of these two species
in Microglossum and Geoglossum. With doubt about
Batsch’s identification of Corynetes arenarius (Batsch
1783) we followed Seaver (1951) citing the synonyms
here. Many mycologists argue that colorless asco-
spores alone should not separate Thuemenidium from
Geoglossum, especially because some Geoglossum spe-

cies produce spores that exhibit an extended dura-
tion of hyaline coloration during development. Maas
Geesteranus (1964) noted that the inflated longitu-
dinal hyphae with narrower branches that compose a
dense network in the stalk of 7. atropurpureum were
not found among other white-spored Geoglossaceae
species, and he proposed to recognize Thuemenidium
at the genus level as a nomenclatural solution, instead
of as a taxonomic suggestion. For that reason Maas
Geesteranus did not transfer Corynetes arenarius to
Thuemenidium. He also pointed out that the hyphal
structure in the stipe of 7. arenarium is somewhat
different from that of 7. atropurpureum. The charac-
teristic inflated hyphae in the stalk of 7. atropurpur-
eum probably are seen only in fresh specimens; in this
study we did not see such structures in dried
specimens of T. atropurpureum or T. arenarium.

Thuemenidium is distinguished from white-spored
Microglossum by having dark apothecia, while those of
species of Microglossum can be yellow, brown, green
or dark green (Mains 1955). However favoring
apothecial color over spore color in the classification
of Thuemenidium is probably equally controversial.
Because ascoma development is hemiangiocarpous in
Microglossum viride but gymnocarpous in Geoglossum
and Trichoglossum species some workers have suggest-
ed it as a criterion for placement of Thuemenidium
(Nannfeldt 1942). Recent molecular phylogenies
suggest that Sarcoleotia, Geoglossum and Trichoglossum
species share a similar development type and are
distantly related to other earth tongues with a distinct
hymenial border (Wang et al. 2006). Unfortunately
Thuemenidium specimens in early stages of develop-
ment were not available for this study.

The ecology of earth tongue fungi in Geoglossum,
Trichoglossum, Microglossum and Thuemenidium was
once considered homogenous, not only because all
were found commonly in more or less damp lawns or
pastureland (Nannfeldt 1942) but also because the
ecology of these fungi, indeed of most Leotiomycetes,
has been both understudied and overlooked for a
long time. Although there is no available hard
evidence many species of Geoglossum and Trichoglos-
sum are believed to be associated in some way with
bryophytes. The ecology of 7. arenarium is unique
because it grows in sand dunes near the seacoast. Of
note it often grows with Clavaria argillacea (Ohenoja
1995, 2000) and has been confirmed to form mycor-
rhizae with the black crowberry Empetrum mnigrum
(Nitare 1982). In contrast 7. atropurpureum usually is
collected from acidic grasslands where diverse mosses
are common. So far no relationships between 7.
atropurpureum and specific mosses have been pro-
posed. Lumbsch and Huhndorf kept 7. arenarium in
Geoglossum following Nitrare (1982) and assigned only
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T. atropurpureum to Microglossum on the basis of
molecular evidence (http://www8.umu.se/myconet).

Molecular phylogenies with intensive samplings
from the Leotiomycetes were rare until very recently
with the development of the Assembling Fungal Tree
of Life project. Only two sequences of LSU-rD+NA of
T. atropurpureum were deposited in GenBank before
this study. This is the first study of the molecular
phylogenetic relationships of the two northern 77hue-
menidium species in relation to all genera of other earth
tongue fungi and present or previous Geoglossaceae in
Pezizomycetes. The LSU-rDNA tree that we constructed
had strong statistical support suggesting that (i) 7.
atropurpureum is closely related to Microglossum rufum
and (ii) 7. arenarium shares a clade with Trichoglossum
and Geoglossum; these relationships are consistent with
the ecological differences observed in previous studies.
However the rDNA phylogenies in both the Leotia-
Microglossum clade and the Geoglossum-Trichoglos-
sum clade were not fully resolved, making it premature
to propose a formal reclassification for these 7hueme-
nidium species.

Although we did not answer all our questions
definitively, this investigation did raise several inter-
esting questions for further study. We did not have
sufficiently fresh specimens of 7. berteroi to allow
reliable molecular studies, and morphologic re-
examination of recently collected Thuemenidium
species from New Zealand unfortunately showed
them to be species of Microglossum (Peter Johnston
pers comm). Based on Gamundi (1977) and Spooner
(1987), T. berteroi is lignicolous, a saprotroph like 7.
atropurpureum, and resembles T. atropurpureum
morphologically. We suspect that further investiga-
tions will reassign 7. berteroi to the Leotia-Microglos-
sum clade in Helotiales, alongside 7. atropurpureum.
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