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 Phylogenetic studies within the Pezizales. I. 18S rRNA
 sequence data and classification
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 Abstract: The order Pezizales has been divided into

 two suborders. One suborder, the Sarcoscyphineae,
 was originally described to include members whose
 asci were characterized by an unusual apical struc-
 ture, the suboperculum. Disagreements as to how
 this structure should be defined, and indeed, wheth-
 er or not it exists at all, have rendered the status of
 the suborder controversial. The two families within

 this suborder are the Sarcoscyphaceae and the Sar-
 cosomataceae. Recent ultrastructural work demon-

 strates that there is an apical thickening which is re-
 stricted to the Sarcoscyphaceae. In order to test the
 monophyly of the suborders of the Pezizales and ex-
 amine the relationships within the Sarcoscyphineae,
 phylogenetic analyses were carried out using DNA se-
 quence data from the 18S rRNA gene. The strict con-
 sensus tree based upon these data shows both the
 Sarcoscyphineae and the Pezizineae as paraphyletic.
 These data suggest that the subordinal taxa currently
 recognized within the Pezizales should be abandoned
 and the taxonomy revised to reflect phylogenetic re-
 lationships. Strongly supported clades (i.e., greater
 than 95% bootstrap value, 1500 replicates) include:
 the Pezizaceae, the Morchellaceae, the Sarcoscypha-
 ceae, the Helvellaceae, and a clade that includes the

 Sarcosomataceae (which is paraphyletic), and the
 Otidiaceae (represented only by 2 taxa). The genus
 Pindara, formerly placed in the Sarcoscyphaceae, is
 nested within the Helvellaceae, and Wynnea, assigned
 to the Sarcosomataceae by some authors, is posi-
 tioned in the Sarcoscyphaceae.

 Key Words: cladistics, Pezizineae, Sarcoscyphi-
 neae
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 INTRODUCTION

 Traditional classification schemes (e.g., Schroeter
 1893, Boudier 1907, Atkinson 1915, Nannfeldt 1932,
 Bessey 1964) classified those fungi forming apothe-
 cial ascomata into a major group, the discomycetes,
 (Ascomycetes). Phylogenetic analyses using gene se-
 quence data, however, have confirmed that morpho-
 logical characters such as apothecial ascomata, ascus
 and ascospore shape are not necessarily reliable char-
 acters for inferring phylogenetic relationships (Ber-
 bee 1996, Berbee and Taylor 1992a, b, 1995, Momol
 et al 1996, Spatafora and Blackwell 1994, Saenz et al
 1995). Phylogenetic analyses of 18S rRNA gene se-
 quence data (Gargas and Taylor 1995, Spatafora
 1995, Landvik 1996, Landvik et al 1997) have shown
 the discomycetes to be a paraphyletic assemblage and
 have confirmed earlier suppositions that the two
 principle orders, the Pezizales and the Helotiales, are
 not closely related (Nannfeldt 1932, van Brummelen
 1978, Eckblad 1968, 1972). The order Pezizales, how-
 ever, has been considered a monophyletic group,
 though not strongly supported (Spatafora 1995,
 Landvik 1996, Landvik et al 1997).

 Because the ascus has been the single most-studied
 anatomical character within the Pezizales, this study
 focuses on the relevance of the ascal apex on the
 classification of this group. Members of the Pezizales
 have a dehiscence mechanism that typically involves
 an apical circumscissile rupture of the ascus wall to
 produce a lid, the operculum. Some pezizalean spe-
 cies, however, have asci in which the operculum has
 been lost or reduced (Trappe 1979), or in which the
 ascus ruptures by a slit. Asci with opercula are also
 found in taxa outside the Pezizales, such as Orcadia

 (Kohlmeyer and Kohlmeyer 1979), but these fungi
 have never been classified within Pezizales and their

 relationship to other Ascomycota is uncertain.
 The significance of the operculum (FIGS. 2, 3) for

 discomycete classification was first recognized by
 Boudier (1879, 1885, 1907). He divided the disco-
 mycetes by the mode of dehiscence. Two series were
 recognized, those with an operculum and those with-
 out. Many of Boudier's peers (e.g., Cooke 1892, Kar-
 sten 1885, Rehm 1895, Saccardo 1889, Schroeter

 1893) however, did not agree with this division. Seav-
 er's classic treatments (1927, 1928, 1942, 1951) divide
 the discomycetes along Boudier's lines. Two French
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 1 2 3
 FIGS. 1-3. Ascal apices according to Boudier and LeGal. 1. Apical chamber seen from different perspectives in Sarcosoma
 X 1500. The stippled structure is LeGal's coussinet or suboperculum (redrawn from LeGal 1946b). 2. Boudier's interpretation
 of Ascobolus asci and paraphyses with an empty ascus on the left showing an operculum X450 (redrawn from Schroeter, J.
 1893). 3. Boudier's interpretation of the lid on the ascus of Ascobolus X 1200 (redrawn from Schr6eter, J. 1893).

 workers (Chadefaud 1942, 1943, 1946, Le Gal 1946a,
 b, 1953) focused their observations on the mecha-
 nisms of ascal dehiscence in the Pezizales (operculate
 discomycetes). Using light microscopic observations
 on the ascal apex morphology, Le Gal distinguished
 an ascal apex that was characterized by having a
 thickened sub-apical pad ("coussinet") in the apical
 chamber-the suboperculum (FIG. 1). In 1953, she
 presented the view that this was a link between those
 taxa she considered the Pezizales, and the evolution-

 arily primitive inoperculate Helotiales. She described
 the family Sarcoscyphaceae as the "natural" inter-
 mediary group for these species with subopercula. Le
 Gal (1947) proposed two tribes, the Sarcoscypheae
 for species with brightly-colored apothecia and the
 Urnulae for those with brown to black apothecia.

 Many classification schemes (Nannfeldt 1949, Korf
 1957, 1958, 1970, 1972, 1973, Dennis 1953, 1960,
 1978, Denison 1963, 1965, 1972) followed Le Gal's
 separation of the suboperculate from the operculate
 taxa. Eckblad (1968) was the first to raise issue with
 the definition and the structure of the suboperculate
 ascus. He noted (1968, 1972) that some taxa includ-
 ed in the Sarcoscyphaceae did indeed have the thick-

 ened eccentric opercula but other taxa, traditionally
 placed in the family, had no such structures. The sub-
 operculate ascus became the locus for ultrastructural
 studies; details of its structure interpreted from light
 microscopy were questioned by investigators using
 TEM (van Brummelen 1975, 1978, 1994, Samuelson
 1975, Samuelson and Kimbrough 1978). Structurally
 some of the taxa show two thickened apical sublayers
 (Bellemere 1994, Bellem&re et al 1990). This inter-
 pretation differed from Le Gal's original concept
 (1946b) and Samuelson's (1975) revised version, but
 is similar to that of Samuelson et al (1980). Numer-
 ous researchers (Das and Pant 1984, Denison 1963,
 1965, 1967, 1969, 1972, Gamundi 1957, 1959, 1971,
 Korf 1957, 1963, 1970, 1972, Korf and Waraitch 1971,
 Korf and Zhuang 1991, Paden and Tylutki 1968,
 1969, Paden 1983, Pant and Tewari 1970, Rifai 1968,
 Wang and Zhuang 1997, Zhuang 1991, 1993) how-
 ever, have used the term suboperculate without de-
 scribing it or fully accounting for the range of vari-
 ability seen with the light microscope. When Rifai
 (1968) proposed a suborder for the operculate taxa
 (Pezizineae) and one for the suboperculates (the Sar-
 coscyphineae), he was codifying the commonly held
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 view that ascus morphology was fundamentally differ-
 ent between the two groups and that it was an im-
 portant character in the classification of Pezizales. At
 the time Korf (1970) reviewed the classification of
 the suborder he noted: (i) the family Sarcoscypha-
 ceae as proposed by Le Gal (1946b, 1947) was a no-
 men nudum; (ii) Eckblad (1968) provided a Latin
 diagnosis for the family; and (iii) both Eckblad
 (1968) and Le Gal (1969) had overlooked the fact
 that Kobayasi (1937) had properly described a family
 as Sarcosomataceae, which included one of the gen-
 era treated in the Sarcoscyphaceae. Thus, the Sarcos-
 cyphaceae was superfluous if Sarcosoma was included.
 Korf (1970) provided a choice: either maintain the
 currently accepted taxonomic arrangement of one
 family (Sarcosomataceae) with two tribes (Sarcoso-
 mateae and Sarcoscypheae) or recognize two emend-
 ed families, each with two tribes: the Sarcoscyphaceae

 (Sarcoscypheae Korf, Boedijnopezizeae Korf) and
 the Sarcosomataceae (Sarcosomateae Korf, Galiel-
 leae Korf). Later tribes added to each family includ-
 ed Pithyeae (Sarcoscyphaceae, Denison 1972) and
 Pseudoplectaniae, a nomen nudum (Sarcosomata-
 ceae, Bellemere et al 1990). The family distinctions
 were supported by cytological investigations of Ber-
 thet (1964). Members of both families have asco-
 spores that are plurinucleate while the Sarcoscypha-
 ceae has plurinucleate paraphyses, and the Sarcoso-
 mataceae has uninucleate paraphyses, though com-
 plete cytological data for some taxa are absent. The
 Sarcoscyphaceae was not universally accepted as a val-
 id family name until 1991 (Eriksson and Hawks-
 worth).

 Several recent phylogenetic studies using the 18S
 rRNA gene sequence data have shown that the Pezi-
 zales are a monophyletic group within the discomy-
 cetes (Gargas and Taylor 1995, Spatafora 1995, Land-
 vik 1996, Landvik et al 1997). Thus, for this study, we
 tested the hypothesis that the suborder Sarcoscyphi-
 neae is monophyletic and analyzed the phylogenetic
 relationships among the genera and families.

 MATERIALS AND METHODS

 Sampling. -The fungi used in this study (TABLE I) were from
 herbarium or personal collections. Due to scarcity and/or
 poor condition of collections, only 20 of the 24 genera of
 the Sarcoscyphineae were used in this analysis. DNA was iso-
 lated from lyophilized mycelia or from herbarium specimens.
 When possible, mycelia for DNA extraction was obtained
 from ascospore-germinated cultures, either from fresh or
 herbarium specimens less than five yr then lyophilized. DNA
 was extracted from fresh or herbarium material as described

 in O'Donnell et al (1997) using the phenol-based method.
 Approximately 1-5 ng of extracted DNA was used as template

 reactions. The 18S rRNA gene was either amplified as a sin-
 gle fragment with primer pairs PNS1 and NS8, or as two
 overlapping fragments with the primer pairs PNS1/NS41 and
 NS 51/ITS 2 (http://www.botany.duke.edu/fungi/mycolab).
 PCR protocol/amplification and thermal cycling parameters
 followed Harrington (1998). The PCR products were gel pu-
 rified then cleaned with QIAquick PCR purification kit (Qia-
 gen Inc, Chatsworth, California) following the manufactur-
 er's instructions and were used directly for the sequencing
 procedures. The DNA mass was estimated using ethidium
 bromide staining with GibcoBRL's Low DNA Mass Ladder
 (Life Technologies, Gaithersburg, Maryland). For DNA se-
 quencing reactions, approximately 10-30 ng/1 pIL of DNA
 added to a 10 iL reaction with the ABI PRISM dye termi-
 nator cycle sequencing reaction kit (Perkin-Elmer Corp., Fos-
 ter City, California). Nucleotide sequences were determined
 in both directions. Sequences were analyzed in an Applied
 Biosystems 373A DNA sequencer using 5% acrylamide gels
 (Long Ranger, AT Biochem, Malvern, Pennsylvania; or Se-
 quagel-6, National Diagnostics, Atlanta, Georgia), and were
 edited with Sequencher (ver. 3.0, Gene Codes Corp., Inc.,
 1995).

 Orbilia was chosen as the outgroup taxon to test the po-
 tential monophyly of the Sarcoscyphineae and root the
 cladograms. Preliminary cladistic analyses of the 18S rRNA
 gene sequence data of various discomycete taxa (Harring-
 ton unpubl) placed Orbilia as the sister group to the Pezi-
 zales.

 Sequence alignment and phylogeny reconstruction.-Sequenc-
 es were aligned with MALIGN (Wheeler and Gladstein
 1993) using the pair and build options, an internal gap cost
 of 6 and a substitution cost of 4, and further adjusted by
 eye. The complete alignment is available from Treebase
 (http://www.herbaria.harvard.edu/treebase). All sites from
 the alignment were included in the phylogenetic analyses.
 Cladistic analyses using unweighted parsimony were per-
 formed on microcomputers. The heuristic option in NONA
 (Goloboff 1993) was used to search for trees using random
 taxon addition and branch swapping. The tree searching
 command was multlOO, which for 100 replications random-
 izes the taxon addition order, creates a Wagner tree, and
 then submits it to tree bisection-reconnection branch swap-
 ping (TBR). Phylogenetic bootstrapping (1500 replications,
 Felsenstein 1985) was implemented in PAUP (Swofford
 1993) with the following options, simple taxon addition se-
 quence, tree bisection-reconnection branch swapping, and
 mulpars (retains all shortest trees) options not in effect.

 RESULTS

 We found no introns in any of the 18S rRNA gene
 sequences. The sequences ranged from 1655-1765
 bp. In order to expedite alignment, all were edited
 to begin and end with the same highly conserved
 sequences. The final alignment of complete 18S
 rRNA sequences included 1710 sites. Of these, 369
 were variable and 199 were potentially phylogeneti-
 cally informative. Phylogenetic analysis of the 18S
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 TABLE I. Fungi included in this study

 Genus Species Family Locality GenBank

 Balsamia Vittad.

 Byssonectria P. Karst.
 Chorioactis Eckblad

 Cookeina Kuntze

 Desmazierella Lib.

 Discina (Fr.) Fr.
 Donadinia Bellemere &

 Melendez-Howell

 Galiella Nannf. & Korf

 Glaziella Berk.

 Helvella L.

 Kompsoscypha Pfister
 Microstoma Bernstein

 Morchella Pers.

 Nanoscypha Denison
 Neournula Paden & Tylutki
 Orbilia Fr.

 Otidea (Pers.) Bonord.
 Peziza Fr.

 Phillipsia Berk.
 Pindara Velen.

 Pithya Fuckel
 Plectania Fuckel

 Pseudopithyella Seaver
 Pseudoplectania Fuckel
 Sarcoscypha (Fr.) Boud.
 Sarcosoma Casp.
 Strobiloscypha Weber & Denison
 Tuber Bull.: Fr

 Urnula Fr.

 Wolfina Eckblad
 Wynnea Berk. & M. A. Curtis
 Wynella Boud.

 magnata
 aggregata

 geaster
 tricholoma

 acicola

 macrospora

 sp.

 rufa
 aurantiaca

 lacunosa

 chudei

 floccosum
 elata

 tetraspora

 pouchetii
 fimicola
 onotica

 sylvestris

 domingensis
 terrestris

 cupressina

 sp.
 minuscula

 nigrella
 austriaca

 mexicana

 keliae

 aff. gibosum
 craterium

 aurantiopsis
 sp.
 silvicola

 rRNA gene sequences of 31 ingroup taxa with Orbilia
 as the outgroup resulted in ten trees of 817 steps with
 a consistency index (CI) of 0.54 and a retention in-
 dex (RI) of 0.63. Bootstrap values are given above
 the corresponding nodes in the strict consensus tree
 (FIG. 4). The bootstrap majority rule tree (not
 shown) is the same with the exception of the position
 of the genus Glaziella. In the strict consensus tree
 Glaziella is sister to the Sarcoscyphaceae, whereas in
 the bootstrap tree Glaziella is sister to a clade of four
 sarcosomateous genera currently placed in the Sar-
 cosomataceae. Four major clades are resolved in the
 consensus tree and the phylogram of branch lengths
 (FIG. 5): the Tuberaceae/ Helvellaceae clade, the
 Morchellaceae/Discinaceae clade, a restricted

 though unresolved clade including Sarcosoma with
 five other genera, and a superclade composed of el-
 ements of the following: Otidiaceae, Sarcoscypha-
 ceae, Glaziella, and four genera (Wolfina, Desmazi-
 erella, Chorioactis and Neournula) at present assigned

 Helvellaceae

 Otideaceae

 Sarcosomataceae

 Sarcoscyphaceae
 Sarcosomataceae

 Discinaceae

 Sarcosomataceae

 Sarcosomataceae

 Glaziellaceae

 Helvellaceae

 Sarcoscyphaceae
 Sarcoscyphaceae
 Morchellaceae

 Sarcoscyphaceae
 Sarcosomataceae

 Orbiliaceae

 Otideaceae

 Pezizaceae

 Orbiliaceae

 Sarcoscyphaceae
 Sarcoscyphaceae
 Sarcosomataceae

 Sarcoscyphaceae
 Sarcosomataceae

 Sarcoscyphaceae
 Sarcosomataceae

 Pezizaceae?

 Tuberaceae

 Sarcosomataceae

 Sarcosomataceae

 Sarcoscyphaceae
 Helvellaceae

 CA, USA
 Sweden

 TX, USA
 Puerto Rico

 Norway
 MI, USA

 NY, USA

 GA, USA
 Sweden

 OR, USA

 Uganda
 PA, USA

 MI, USA
 Puerto Rico

 OR, USA

 MA, USA

 MA, USA

 MA, USA
 Puerto Rico

 Norway
 OR, USA
 Puerto Rico

 CA, USA

 Japan
 Norway
 OR, USA

 OR, USA

 OR, USA

 NH, USA

 OH, USA

 Japan
 ID, USA

 U42656

 Z30241

 AF104340

 AF006311

 AF104341

 U42651

 AF104342

 AF004948

 Z49753

 U42654

 AF006316

 AF006313

 U42641

 AF006314

 AF104666

 AF006307

 AF006308

 AF006309

 AF006315

 AF006306

 AF023613

 AF104344

 AF006317

 AF104345

 AF006318

 AF104346

 AF006310

 AF023609

 AF104347

 AF104664

 AF006319

 U42655

 to the Sarcosomataceae. The first and last of these

 were strongly supported (>95% bootstrap value).
 Other strongly supported clades include those cor-
 responding to the families Sarcoscyphaceae and Hel-
 vellaceae; Pindara, which was formerly classified in
 the Sarcoscyphineae (Korf 1970, 1972, 1973), is nest-
 ed within the Helvellaceae. Strobiloscypha originally
 placed in the Sarcosomataceae (Weber and Denison
 1995) is sister to a clade, which contains Glaziella,
 Otidiaceae, Sarcoscyphaceae (all taxa) and six sar-
 cosomataceous genera (Sarcosoma, Urnula, Plectania,
 Pseudoplectania, Galiella and Donadinia).

 DISCUSSION

 The molecular data presented here support Landvik
 (1996) and Landvik et al (1997) conclusions that two
 of the Pezizalean suborders, Sarcoscyphineae and Pe-

 zizineae, are paraphyletic. As in Landvik's tree (Land-
 vik 1996, Fig. 1), Peziza is sister to all other taxa in
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 Orbilia

 72 !- Galiella
 Plectania

 70 Umula
 Pseudoplectania

 -I Donadinia
 Sarcosoma

 44 r Nanoscypha
 38 Phillipsia

 79 _...4 Pithya
 Kompsoscypha

 60 47 Pseudopithyella
 95 ..1 Sarcoscypha

 99 70 - Microstoma
 ' Cookeina

 Wynnea
 Glaziella

 59 | Chorioactis
 30 I86 Neoumula

 97 Desmazierella

 7- Wolfina
 67 51 Otidea

 Z Byssonectria
 Strobiloscypha

 97 I Tuber
 -100 I Balsamia

 . Wynella
 61 81 Helvella

 Pindara

 100 Discina
 100 Morchella

 Peziza

 FIG. 4. Strict consensus of 10 most parsimonious trees
 (length = 817; CI = 0.54, RI = 63; resulting from analyses
 using NONA and PAUP 3.1.1). Numbers above the branch-
 es represent bootstrap support values for 1500 replicates.

 the order which were included in this study (FIG. 2).
 In addition, Pindara, though currently classified in
 the Sarcoscyphineae, is nested within a clade corre-
 sponding to the family Helvellaceae (Pezizinae). Fi-
 nally, the remaining included taxa of Pezizineae (Oti-
 dea and Byssonectria) form a clade within a larger
 clade whose other members are all classified in Sar-

 coscyphineae. The paraphyly of the suborder Sarcos-
 cyphineae is not surprising since the suboperculum
 has been variously interpreted in the literature. Based
 upon ultrastructural studies (Bellemere 1994, Belle-
 mere et al 1990), the two families placed in the sub-
 order (Sarcosomataceae, Sarcoscyphaceae) differ in
 ascal apex morphology. All the Sarcoscyphaceae have
 a thickened apical wall distally (or at the apex). Such
 thickenings are lacking in members of the Sarcoso-
 mataceae.

 Velenovsky's (1934) initial placement of Pindara
 was close to Helvella. This position was later con-
 firmed by Svrcek (1947). Based on examinations of
 the original illustrations, Eckblad (1968) concluded

 dara was inoperculate rather than operculate. On the
 other hand, Korf (1970, 1972, 1973), placed Pindara
 within the Sarcoscyphineae, stating that the asci were
 "suboperculate." Kristiansen (1984) called for more
 evidence to determine whether or not Pindara really
 did possess suboperculate asci. Our molecular data
 support Cabello's (1988) morphological analysis,
 which places this rarely collected genus in Helvella-
 ceae. We have confirmed (scanning electron micro-
 photographs, FIG. 6c, d) that Pindara does not have

 a thickened or eccentric ascal apex (cfr. Sarcoscypha
 coccinea FIG. 6b), but is more like those found in the

 Pezizineae (e.g., Caloscypha FIG. 6a). Furthermore, in
 Pindara, the ectal excipulum structure agrees with
 that found in members of the Helvellaceae. Specifi-
 cally, in Pindara the cells of the outer excipulum
 form a palisade of longitudinally elongated cells.

 Of the two families that comprise the Sarcoscyphi-
 neae, the Sarcoscyphaceae are monophyletic, while
 the Sarcosomataceae are paraphyletic. The relation-
 ships among the genera in the Sarcoscyphaceae s.s.
 do not agree completely with current tribal classifi-
 cations; two tribes Sarcoscypheae which included:
 Sarcoscypha, Phillipsia, Nanoscypha, Kompsoscypha,
 Geodina) and Pithyeae (Desmazierella, Thindia, Pseu-
 dopithyella, Pithya) are paraphyletic, but the remain-
 ing tribe, Boedijnopezizeae (Cookeina, Microstoma) is
 monophyletic. The last tribe is united by simulta-
 neous ascus/ascospore development. The placement
 of genera in the Sarcoscyphaceae have rarely been
 disputed with the exception of Phaedropezia (= Acer-
 vus), Wynnea, Nannfeldtiella and Desmazierella. Komp-
 soscypha has been included with the Sarcosomataceae
 by Eriksson and Hawksworth (1996) and in Hawk-
 sworth, (1995), but it should be treated in the Sar-
 coscyphaceae as initially intended (Pfister 1989).
 Based upon anatomical and developmental studies,
 Phaedropezia as Acervus (Pfister 1972, 1975, 1985)
 and Nannfeldtiella (= Pseudombrophila, Harmaja
 1979, van Brummelen 1995) have been excluded
 from these families. At different times both Wynnea
 and Desmazierella have been placed with either the
 darkly colored members of the Sarcoscyphaceae,
 tribe Sarcosomateae or with the brightly-colored gen-
 era, tribe Sarcoscypheae. The brown shades (i.e., as-
 suming absence of carotenoids) of the mature ascom-
 ata of Wynnea have led some authors (Le Gal 1947,
 Eckblad 1968, Rifai 1968, Denison 1969, Cabello
 1988) to classify it with dark colored members. Har-
 rington (unpubl), using HPLC with fresh specimens
 at different stages of maturity, indicated that carot-
 enoids are present. Korf (1972) has also stated that
 the paraphysis cells in Wynnea are plurinucleate, a

 that Velenovsky's drawing of the asci indicated Pin-
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 FIG. 5. Phylogram representing one of the ten most
 equally parsimonious trees derived from nucleotide se-
 quences from the 18S rRNA. Numbers indicated above
 branches are branch lengths.

 cosomataceae. The 18S rRNA data support the as-
 signment of Wynnea to the Sarcoscyphaceae.

 Nannfeldt (1949) moved Desmazierella from the Pe-
 zizaceae to the Sarcoscyphaceae, tribe Urnuleae, a
 position that was followed by Berthet (1964), Eckblad
 (1957, 1968) and Korf (as the Sarcosomataceae,
 1972). Huhtinen and Makinen (1984) agreed how-
 ever, with Denison's (1972) decision to include it as
 a member of the tribe Pithyeae (Sarcoscyphaceae)
 while Dennis (1978) thought its affinities were with
 the Humariaceae. Our analyses agree with recent se-
 quence data (Landvik 1994, 1996, Landvik et al
 1997) that this genus is not closely related to either
 the Sarcosomataceae s.s. or the Sarcoscyphaceae. In
 addition, morphological characters in Desmazierella,
 such as bristle-like hymenial hairs, support its place-
 ment outside of these two families.

 The odd genus Glaziella, was classified in the Zy-

 gomycota because its large zygosporelike structures
 are similar to one-celled spores (chlamydospores)
 (Hohnel 1913, Thaxter 1922, Boedijn 1933) found
 in the Endogonales. This was understandable be-
 cause the single-spored ascus deliquesces early in
 spore development, leaving the ascospores embed-
 ded in the sporocarp (Gibson 1985) where they re-
 semble chlamydospores. Ultrastructural and light mi-
 croscopic studies of the ascospores, septa and asci,
 provided evidence for the transfer of Glaziella to the
 Ascomycota. An order and family were created for it
 since the authors (Gibson 1985, Gibson et al 1986)
 could not accommodate it within existing orders. Re-
 cently Glaziella has been shown to have affinities with
 members of the families Otidiaceae and Pyronema-
 taceae (Landvik 1994, 1996, Landvik et al 1997). In
 the present study, the bright orange-colored Glaziel-
 la, is sister to the Sarcoscyphaceae. The exact posi-
 tion of the genus within the Pezizales, however, is not
 strongly supported in either Landvik's studies (1996,
 1997) or this one (Bootstrap value of 36%), and re-
 quires further investigation.

 Six of the ten genera of the Sarcosomataceae are
 grouped in one major clade, but that clade lacks in-
 ternal resolution. Although formerly proposed tribes
 Galielleae Korf (Galiella, Neournula, Wolfina) and
 Sarcosomateae sensu Korf (Chorioactis, Pseudoplecta-
 nia, Plectania, Urnula, Sarcosoma, Desmazierella),

 have no support, there is, however, support for the
 restricted tribe Pseudoplectanieae (Donadinia and

 Pseudoplectania).
 The morphologically similar genera Plectania and

 Pseudoplectania differ most markedly in spore shape
 (ellipsoidal vs. globose in Pseudoplectania), but some
 authors (e.g., Paden 1983, Korf and Zhuang 1991)
 have suggested that they should be united. The 18S
 rRNA gene sequences for Plectania and Pseudoplec-
 tania differed at 19 positions and these 2 sequences
 are not sister to one another in any of the 10 most
 parsimonious trees. Plectania is sister to Galiella while
 Pseudoplectania is with Donadinia (FIG. 5). Li and
 Kimbrough (1995) have also provided evidence that
 Plectania and Pseudoplectania differ in spore wall on-
 togeny. These results suggest that Plectania and Pseu-
 doplectania are distinct, but an analysis, including
 data from more species of these four genera, as well
 as those of Sarcosoma and Urnula, is needed in order
 to determine whether or not changes in the generic
 level taxonomy of this group are warranted. If either
 Plectania or Pseudoplectania is shown to be paraphy-
 letic with respect to the other, they should be united
 or additional taxa recognized. If both are monophy-
 letic, then the decision becomes one of ranking.
 Though studies suggest excluding Galiella from the
 Sarcoscyphineae (Bellemere et al 1990, van Brum-
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 FIG. 6. SEM photomicrographs of pezizalean ascal apices. A. Calosypha fulgens, X8000. B. Sarcoscypha coccinea X9000.
 Pindara terrestris X5200. Several ascal apices with black circles of Pindara terrestris XI 000.

 melen 1994) our study indicates a sister relationship
 (bootstrap value 70%) between Galiella and Plecta-
 nia. Li and Kimbrough's (1996) ultrastructural study
 of spore development also suggest retaining Galiella

 as a member of the Sarcosomataceae. With the ex-

 ception of Strobiloscypha, the remaining genera of the
 family (Chorioactis, Wolfina, Neournula, and Desma-
 zierella) are sister to the clade including the Sarcos-

 - - qV -- L'
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 cyphaceae and Glaziella. The only sarcosomataceous
 taxon not included in this study was Korfiella for
 which suitable material was not available.

 When Strobiloscypha keliae was described (Weber
 and Denison 1995), its placement in the family Sar-
 cosomataceae was tentative. In this study, this taxon
 is sister to a larger clade including members of the
 Otideaceae, the Sarcoscyphaceae, and the Sarcoso-
 mataceae, as well as Glaziella. The inclusion of more

 genera, especially of Otideaceae, is needed to help
 resolve the placement of this species.

 Genera of the Sarcoscyphaceae not included in
 this analysis but listed by Systema Ascomycetum (Er-
 iksson and Hawksworth 1996) are Rickiella, Auropho-
 ra, Geodina and Thindia. Aurophora is of question-
 able status and is currently under study. It is held as
 distinct from Phillipsia based on the presence of a
 gelatinous excipular layer. Rickiella is considered a
 synonym of Phillipsia (Korf 1973), but has lacunose
 excipular tissues which is unlike any found in Phillip-
 sia; further studies are needed on whether or not

 Rickiella should be merged with Phillipsia (Pfister
 1987). Adequate material was not available of Geodi-
 na and Thindia.

 Taxonomic changes supported by this study in-
 clude transfer of Pindara to the Helvellaceae and

 emendation of the family Sarcosomataceae s.s. to in-
 clude only Galiella, Plectania, Urnula, Pseudoplecta-
 nia, Donadinia, and Sarcosoma. The results presented
 here also suggest that the subordinal ranks within Pe-
 zizales should be abandoned, and tribal ranks within
 the Sarcoscyphaceae and Sarcosomataceae revised. It
 is premature; however, to make formal taxonomic
 modifications based solely on the inferences from a
 single gene. Certain clades appear here that have not
 been previously detected (e.g., the clade of Chorioac-
 tis, Neournula, Wolfina and Desmazierella). The
 monophyly of these groups should be tested with ad-
 ditional data. Currently we are completing a study
 that combines morphological and molecular charac-
 ters for most of the taxa used in this study to further
 elucidate relationships in this order.

 ACKNOWLEDGMENTS

 We would like to thank Richard P. Korf (Cornell Universi-
 ty), Nancy S. Weber (Oregon State University) and Roy Kris-
 tensen (Norway) for the loan of specimens, and Kerry
 O'Donnell for many of the primers. Support from the Na-
 tional Science Foundation (DEB 9521944) to Donald H.

 Pfister and Michael J. Donoghue is gratefully acknowl-
 edged.

 LITERATURE CITED

 Atkinson GF. 1915. Phylogeny and relationships in the As-
 comycetes. Ann Missouri Bot Gard 2:315-376.

 Bellemere, A. 1994. Asci and ascospores in ascomycete sys-
 tematics. In: Hawksworth DL, ed. Ascomycete system-
 atics, problems and perspectives in the nineties. New
 York: Plenum Press. p 111-126.

 , Malherbe MC, Chacum H, Melendez-Howell LM.
 1990. L' etude ultrastructurales des asques et des as-
 cospores de 1' Urnula helvelloides Donadini, Berthet et
 Astier et les concepts d'asque subopercules et de Sar-
 cosomataceae. Cryptog Mycol 11:203-238.

 Berbee ML. 1996. Loculoascomycete origins and evolution
 of filamentous ascomycete morphology based on 18S
 rRNA gene sequence data. Molec Biol Evol 13:462-470.

 , Taylor JW. 1992a. Two ascomycete classes based on
 fruiting-body characters and ribosomal DNA sequence.
 Molec Biol Evol 9:278-284.

 , . 1992b. Detecting the morphological con-
 vergence in true fungi, using 18S rRNA gene sequence
 data. BioSystems 28:117-125.

 , . 1995. From 18S ribosomal sequence data
 to evolution of morphology among the fungi. Canad J
 Bot 73 (Suppl. 1):S677-S683.

 Berthet P. 1964. Essai biotaxonomique sur les discomycetes
 [These]. Lyon: Universite de Lyon. 157 p.

 Bessey EA. 1964. Morphology and taxonomy of fungi. New
 York: Hafner Publ. 791 p.

 Boedijn KB. 1933. The genera Phillipsia and Cookeina in
 Netherlands India. Bull Jard Bot Buitenzorg 3:57-76.

 Boudier JLE. 1879. On the importance that should be at-
 tached to the dehiscence of asci in classification of the

 discomycetes. Grevillea 8:45-49.
 1885. Nouvelle classification naturelle des disco-

 mycetes charnus connus generalement sous le nom de
 Pezizes. Bull Soc Mycol France 1:91-120.

 . 1907. Histoire et classification des discomycetes
 d'Europe. Paris: Klincksieck. 221 p.

 Brummelen J van. 1978. The operculate ascus and allied
 forms. Persoonia 10:113-128.

 . 1994. Problems in the systematics of Pezizales. In:
 Hawksworth DL, ed. Ascomycete systematics, problems
 and perspectives in the nineties. New York: Plenum
 Press. p 303-314.

 . 1995. A world-monograph of the genus Pseudom-
 brophila (Pezizales, Ascomycotina). Libri Bot 14:1-117.

 Cabello MN. 1988. Estudio sistematico del suborden Sar-

 coscyphineae (Pezizales, Ascomycotina) empeando tec-
 nicas numericas. Bol Soc Argent Bot 25:394-413.

 Chadefaud M. 1942. Etudes d'asques, II. Structure et ana-
 tomie comparee de l'appareil apical des asques chez
 divers Discomycetes et Pyrenomycetes. Rev Mycol (Par-
 is) 7:57-88.

 . 1943. Sur les divers types d'elements dangeardiens
 des Ascomyetes, et sur la formation des asques chez la
 pezize Pustularia catinus. Rev Sci 81:77-80.

 . 1946. Les asques para-opercules et la position sys-
 tematique de la pezize Sarcoscypha coccinea Fries exJac-
 quin. Compt-Rend Hebd Seances Acad Sci 222:753-
 755.

 Cooke MC. 1892. Handbook of Australian fungi. London:
 Williams and Norgate. 457 p.

 48

This content downloaded from 140.247.98.12 on Mon, 03 Oct 2016 15:04:27 UTC
All use subject to http://about.jstor.org/terms



 HARRINGTON ET AL: PHYLOGENY WITHIN THE PEZIZALES

 Das CM, Pant DC. 1984. Genus Nanoscypha in India. Indian
 Phytopathol 37:294-298.

 Denison WC. 1963. A preliminary study of the operculate
 cup-fungi of Costa Rica. Revista Biol Trop 11:99-129.

 . 1965. Central American Pezizales I. A new genus of
 the Sarcoscyphaceae. Mycologia 57:649-656.

 . 1969. Central American Pezizales III. The genus
 Phillipsia. Mycologia 57:649-656.

 . 1972. Central American Pezizales IV. The genera

 Sarcoscypha, Pithya and Nanoscypha. Mycologia 64:609-
 623.

 Dennis RWG. 1960. British cup fungi and their allies. Lon-
 don: Ray Society. 280 p.

 . 1978. British ascomycetes. 2nd ed. Vaduz: Cramer.
 585 p.

 Eckblad, F.-E. 1957. Norges sarcoscyphaceeer. Blyttia 15:2-
 12.

 . 1968. The genera of operculate discomycetes. A re-
 evaluation of their taxonomy, phylogeny and nomen-
 clature. Nytt Mag Bot 15:1-191.

 . 1972. The suboperculate ascus-a review. Persoonia
 6:439-443.

 Eriksson E, Hawksworth DL. 1991. Outline of the ascomy-
 cetes. Syst Ascomycetum 9:39-271.

 , . 1996. Index to notes 1-2139. Syst Ascomy-
 cetum 14:135-175.

 Felsenstein J. 1985. Confidence limits on phylogenies: an
 approach using the bootstrap. Evolution 39:783-791.

 Gamundi de Amos IJ. 1957. El genero Cookeina en la re-
 publica Argentina. Bol Soc Argent Bot 6:212-222.

 . 1959. Addenda a las especies Argeninas de Cookeina
 Kuntze. Bol Soc Argent Bot 13:201-204.

 . 1971. Algunos discomycetes de Chile. Bol Soc Ar-
 gent Bot 13:260-289.

 Gargas A, Taylor JW. 1995. Phylogeny of discomycetes and
 early radiation of the apothecial Ascomycotina inferred
 from SSU rDNA sequence data. Exp Mycol 19:7-15.

 Gibson JL. 1985. Morphology, cytology and ultrastructure
 of selected species of Endogonaceae (Endogonales: Zy-
 gomycetes) [PhD Dissertation]. Gainesville, FL: Uni-
 versity of Florida. 166 p.

 , KimbroughJW, Benny GL. 1986. Ultrastructural ob-
 servations on Endogonaceae (Zygomycetes). II. Gla-
 ziellales ord. nov. and Glaziellaceae fam. nov.: new taxa

 based upon light and electron microscopic observa-
 tions of Glaziella auranatiaca. Mycologia 78:941-954.

 Goloboff PA. 1993. Pee-Wee and NONA. Computer pro-
 grams and documentation by the author. New York.

 Harmaja H. 1979. Studies on vernal species of Gyromitra
 and Pseudombrophila (syn. Nannfeldtiella). Ann Bot
 Fenn 16:159-162.

 Harrington FA. 1998. Relationships among Sarcoscypha spe-
 cies: evidence from molecular and morphological char-
 acters. Mycologia 90:235-243.

 Hawksworth DL, Kirk PM, Sutton BC, Pegler DN. 1995.
 Ainsworth and Bisby's dictionary of the fungi. 8th ed.
 Wallingford, UK: CAB International. 616 p.

 Hohnel F von. 1913. Fragmente zur Mykologie. XV. Mittei-

 zungsber Kaiserl Acad Wiss, Math-Naturwiss Kl, Abt 1.
 Bd. CXXII:294-296.

 Huhtinen S, Makinen Y. 1984. Finnish records of discomy-
 cetes: a new species in the monotypic genus Desmazi-
 erella (Pezizales). Mycotaxon 20:551-557.

 Karsten PA. 1885. Revisio monographia atque synopsis As-

 comycetum in Fennia hucusque detectorum. Acta Soc
 Fauna Fl Fenn 2:174.

 Kobayasi Y. 1937. On the gelatinous cup fungi, Bulgaria-
 group. J Jap Bot 13:510-520.

 Kohlmeyer J, Kohlmeyer E. 1979. Marine mycology: the
 higher fungi. New York: Academic Press. 690 p.

 Korf RP. 1957. Two bulgarioid genera: Galiella and Plecta-
 nia. Mycologia 49:107-111.

 . 1958. Japanese Discomycetes notes I-VIII. Sci Rep
 Yokohama Natl Univ Sect 2, Biol Sci 7:9-35.

 . 1970. Nomenclatural notes. VII. Family and tribe
 names in the Sarcoscyphineae (Discomycetes) and a
 new taxonomic disposition of the genera. Taxon 19:
 782-786.

 . 1972. A synoptic key to the genera of the Pezizales.
 Mycologia 64:937-994.

 . 1973. Discomycetes and Tuberales. In: Ainsworth
 GC, Sparrow FK, Sussman AS, eds. The fungi: an ad-
 vanced treatise. Vol. 4A. New York: Academic Press. p
 249-319.

 , Waraitch KS. 1971. Thindia, a new genus of the
 Sarcoscyphineae (Pezizales). Mycologia 63:98-103.

 , Zhuang W-y. 1991. A preliminary discomycete flora
 of Macaronesia: Part 11, Sarcoscyphineae. Mycotaxon
 40:1-11.

 Kristiansen, R. 1984. F0rste funn av Pindara terrestris Velen.

 (Pezizales) utenfor Tsjekkoslovakia. Agarica 5:105-110.
 Landvik S. 1994. Relationship of the genus Glaziella (As-

 comycota) inferred from 18S rDNA sequences. Syst As-
 comycetum 13:13-23.

 . 1996. Phylogenetic rDNA studies of discomycetes
 (Ascomycota) [PhD Dissertation]. Umea', Sweden:
 Umea University. 42 p.

 , Egger KN, Schumacher T. 1997. Towards a subor-
 dinal classification of the Pezizales (Ascomycota): Phy-
 logenetic analyses of SSU rDNA sequences. Nordic J
 Bot 17:403-418.

 Le Gal M. 1946a. Mode de dehiscence des asques chez le

 Cookeina et les Leotia, et ses consequences du point de
 vue phylogenetique. Compt-Rend Hebd Seances Acad
 Sci 222:755-757.

 . 1946b. Les discomycetes subopercules. Bull Soc My-
 col France 62:218-240.

 . 1947. Recherches sur les ornementations sporales
 des discomycetes opercules. Ann Sci Nat Bot 11 Ser. 8:
 73-297.

 . 1953. Les discomycetes de Madagascar. Prod Fl My-
 col Madagascar 4:1-465.

 . 1969. Position taxinomique du genre Phaedropezia
 Le Gal et revision de la famille des Humariaceae. Bull

 Soc Mycol France 85:5-19.
 Li L-T, Kimbrough JW. 1995. Spore wall ontogeny in Pseu-

 doplectania nigrella and Plectania nannfeldtii (Ascomy-
 lung. Nr. 805. Endogonella n.g. (Endogoneae). Sit-

 49

 cotina, Pezizales). Canad J Bot 73:1761-1767.

This content downloaded from 140.247.98.12 on Mon, 03 Oct 2016 15:04:27 UTC
All use subject to http://about.jstor.org/terms



 MYCOLOGIA

 . 1996. Spore ontogeny of Galiella rufa (Pezizales).
 Canad J Bot 74:1651-1656.

 LindauJ. 1897. Pezizaceae. In: Engler A, Prantl K, eds. Die
 naturlichen. Pflanzenfamilien. Leipzig: W. Engelmann.
 p 178-242.

 Momol A, Kimbrough JW, Eriksson OE. 1996. Phylogenetic
 relationships of Thelebolus indicated by 18S rDNA se-
 quence analyses. Syst Ascomycetum 14:91-100.

 NannfeldtJA. 1932. Studein Yber die Morphologie und Sys-
 tematik der nicht-lichenisierten inoperculaten Disco-
 myceten. Nova Acta Regiae Soc Sci Upsal IV. 8:1-386.

 . 1949. Contribution to the mycoflora of Sweden 7.
 A new winter discomycete, Urnula hiemalis Nannf. n.
 sp., and a short account of the Swedish species of Sar-
 coscyphaceae. Svensk Bot Tidskr 43:468-484.

 O'Donnell K, Cigelnik E, Weber NS, TrappeJM. 1997. Phy-
 logenetic relationships among ascomycetous truffles
 and the true and false morels inferred from 18S and

 28S ribosomal DNA sequence analysis. Mycologia 89:
 48-65.

 Paden JW. 1983. Sarcosomataceae. (Pezizales, Sarcoscyphi-
 neae). Fl Neotrop 37:1-17.

 , Tylutki EE. 1968. Idaho discomycetes. I. A new ge-
 nus of the Sarcoscyphaceae. Mycologia 60:1160-1168.

 Pant DC, Tewari VP. 1970. Korfiella, a new genus of Sarcos-
 cyphaceae. Trans Brit Mycol Soc 54:492-496.

 Pfister DH. 1972. Notes on Caribbean Discomycetes. I. Cy-
 tological evidence for the exclusion of Phaedropezia
 from the Sarcoscyphaceae. Caribbean J Sci 12:39-40.

 . 1975. The genus Acervus (Ascomycetes, Pezizales).
 I. An emendation. II. The apothecial ontogeny of Acer-
 vus flavidus with comments on A. epispartius. Occas
 Pap Farlow Herb 8:1-11.

 1987. The placement of Peziza edulis in Rickiella
 (Sarcoscyphaceae, Pezizales). Mycotaxon 29:329-333.

 . 1989. Kompsoscypha: a new genus related to Nano-
 scypha (Sarcoscyphaceae). Mem New York Bot Gard
 329-333.

 , Bessette AE. 1985. More comments on the genus
 Acervus. Mycotaxon 22:435-438.

 Rehm H. 1895. Ascomyceten: Hysteriaceen und Discomy-
 ceten. In: Rabenhorst GL, ed. Kryptogamen-Flora von
 Deutschland, Oesterreich und der Schweiz 1:1-1272.

 Rabenhorst GL 1887-1896 Abtheilung: Ascomyceten: Hys-
 teriaceen und Discomyceten. Leipzig. 482 p.

 Rifai MA. 1968. The Australasian Pezizales in the herbarium

 of the Royal Botanic Gardens Kew. Verh Kon Ned Akad
 Wetensch ii. 57(3):1-295.

 Saccardo PA. 1889. Sylloge fungorum. Discomycetum et
 Phymatosphaeriacearum. Vol. 8. Padua: Publ by author.
 1143 p.

 Saenz GS, Taylor JW, Gargas A. 1995. 18S rRNA gene se-
 quences and supraordinal classification of the Erysi-
 phales. Mycologia 86:212-216.

 Samuelson DA. 1975. The apical apparatus of the subop-
 erculate ascus. Canad J Bot 53:2660-2679.

 , Benny GL, Kimbrough JW. 1980. Asci of the Pezi-
 zales. VII. The apical apparatus of Galiella rufa and
 Sarcosoma globosum: re-evaluation of the suboperculate
 ascus. Canad J Bot 58:1235-1243.

 , Kimbrough JW. 1978. Asci of Pezizales. V. The api-
 cal aparatus of Trichobolus zukalii. Mycologia 70:1191-
 1200.

 Schroeter J. 1893. Die Pilz Schlesiens. Kryptogamen-Flora
 von Schlesien. 3:1-597.

 Seaver FJ. 1927. A tentative scheme for the treatment of the

 genera of Pezizaceae. Mycologia 19:86-89.
 . 1928. The North American Cup-Fungi (Opercu-

 lates). New York: Publ by author. 284 p.
 . 1942. The North American Cup-Fungi (Opercu-

 lates) supplemented edition. New York: Publ by author,
 New York. 377 p.

 . 1951. The North American Cup-Fungi (Inopercu-
 lates). New York: Publ by author. 428 p.

 Spatafora JW. 1995. Ascomal evolution of filamentous as-
 comycetes: evidence from molecular data. Canad J Bot
 73 (Suppl. 1):S811-S815.

 , Blackwell M. 1994. The polyphyletic origins of
 ophiostomatoid fungi. Mycol Res 98:1-9.

 Svrcek, M., 1947. Pindara terestris Vel.- Pindarovka zemni na
 Taborsku. Ceska Mykol 1:45-47.

 Swofford DL. 1993. PAUP-phylogenetic analysis using par-
 simony, ver. 3.1. Champaign, IL: Illinois Natural His-
 tory Survey.

 Thaxter R. 1922. A revision of the Endogonaceae. Proc
 Amer Acad Arts 57:291-3561.

 Trappe JM. 1979. The orders, families, and genera of hy-
 pogeous Ascomycotina (truffles and their relatives).
 Mycotaxon 9:297-340.

 VelenovskyJ. 1934. Monographia discomycetum bohemiae.
 Prague: Publ by author. 436 p.

 Wang Z, Zhuang W-y. 1997. Taxonomic studies of the genus
 Sarcoscypha in China. Mycosystema 8-9:39-52 (1996).

 Weber NS, Denison WC. 1995. Western American Pezizales.

 Strobiloscypha keliae Gen. and sp. nov. (Pezizales, Sar-
 cosomataceae) from Oregon. Mycotaxon 54:129-135.

 Wheeler W, Gladstein D. 1993. MALIGN, ver. 1.01. Program
 and documentation. New York: American Museum of

 Natural History.
 White TJ, Bruns T, Lee S, Taylor J. 1990. Amplification and

 direct sequencing of fungal ribosomal RNA genes for
 phylogenetics. In: Innis MA, Gelfand DH, Sninsky JJ,
 White TJ, eds. PCR protocols: A guide to methods and
 applications. San Diego: Academic Press. p 315-322.

 Zhuang W-y. 1991. Some new species and new records of
 discomycetes in China. IV. Mycotaxon 40:45-52.

 . 1993. The genus Sarcoscypha in Jiaohe, Jilin Prov-
 ince, with notes on surface morhpology of ascospores.
 Mycosystema 5:65-72.

 50

This content downloaded from 140.247.98.12 on Mon, 03 Oct 2016 15:04:27 UTC
All use subject to http://about.jstor.org/terms


	Contents
	p. 41
	p. 42
	p. 43
	p. 44
	p. 45
	p. 46
	p. 47
	p. 48
	p. 49
	p. 50

	Issue Table of Contents
	Mycologia, Vol. 91, No. 1 (Jan. - Feb., 1999) pp. 1-218+i-ii
	Front Matter
	Presidential Address
	Mycology and World Trade: A View from the Front Line [pp. 1-12]

	John S. Karling Annual Lecture
	Saprotrophic Cord-Forming Fungi: Meeting the Challenge of Heterogeneous Environments [pp. 13-32]

	Ecology
	Effects of Mycorrhizal-Associated Streptomycetes on Growth of Laccaria bicolor, Cenococcum geophilum, and Armillaria Species and on Gene Expression in Laccaria bicolor [pp. 33-40]

	Molecular Evolution and Systematics
	Phylogenetic Studies within the Pezizales. I. 18S rRNA Sequence Data and Classification [pp. 41-50]
	Microbotryum, Kriegeria and the Changing Paradigm in Basidiomycete Classification [pp. 51-66]
	Molecular Systematics of the Herpotrichiellaceae with an Assessment of the Phylogenetic Positions of Exophiala dermatitidis and Phialophora americana [pp. 67-83]
	Phylogeny of Ophioceras spp. Based on Morphological and Molecular Data [pp. 84-94]
	Three New Species of Epichloë Symbiotic with North American Grasses
[pp. 95-107]

	Physiology/Biochemistry
	Occurrence and Properties of an Extracellular Lipase in Mortierella vinacea [pp. 108-113]
	Biotransformation of Phthalazine by Fusarium moniliforme and Cunninghamela elegans [pp. 114-116]
	Geosmin, a Sesquiterpenoid Compound Responsible for the Musty-Earthy Odor of Cortinarius herculeus, Cystoderma amianthinum, and Cy. carcharias [pp. 117-120]

	Plant Pathogens
	Tilletia walkeri, a New Species on Lolium multiflorum and L. perenne [pp. 121-131]

	Systematics
	Verdipulvinus, a New Aconidial Genus with Prosenchymatous Propagules [pp. 132-135]
	A New Species Polynema muirii on Fagus grandifolia [pp. 136-140]
	Freshwater Ascomycetes: Isthmosporella pulchra Gen. and sp. nov. [pp. 141-144]
	Freshwater Ascomycetes: Ophioceras Species [pp. 145-156]
	Cribraria zonatispora, Development of a New Myxomycete with Unique Spores [pp. 157-165]
	Agaricales of the Hawaiian Islands. 5. The Genera Rhodocollybia and Gymnopus [pp. 166-176]
	Aphyllophoricolous Species of Hypomyces with KOH-Negative Perithecia [pp. 177-199]
	Emendation of the Genus Wangiella and a New Combination, W. heteromorpha [pp. 200-205]

	Techniques
	An Optimized Method for the Isolation of Protoplasts from Penicillium simplicissimum to Produce Sealed Plasma Membrane Vesicles [pp. 206-212]

	Back Matter [pp. 213-ii]



