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A MONOGRAPH OF THE GENUS UNGUICULARIOPSIS 
(LEOTIACEAE, ENCOELIOIDEAE) 

WEN-YING ZHUANGI 

Plant Pathology Herbarium, Cornell University, lthoca, NY 14853 USA 

ABSTRACT 

The genus Unguiculariopsis was coined for a single species, U. 
ilicincola. The generic name has been accepted by only a few mycologists 
and, until recently, only three additional species had been referred to the 
genus. The species accepted here were placed in eighteen genera of five 
families belonging to three different orders. Moreover, the same species 
has been put in many genera by different workers. The genus was poorly 
known and the generic concept was ambiguous. 

This monograph aims at bringing closely related fungi together and at 
giving a clear generic concept and specific delimitation. According to the 
current International Code of Botanical Nomenclature, Unguicu/ariopsis is 
1he correct generic name for a small group of fungicolous, inoperculate 
Discomycetes. Fifteen species are recognized, including four new species, 
U. acerina, U. adirondacensis, U. godroniicola, and U. rehmii; a new 
subspecies, U. robergei subspecies coelomyceticola; and eight new 
combinations, U. australiensis, U. dimorpho, U. hamatopilosa, U. 
/ivida, U. parasitica, U. ravenelii subsp. hamata, U. robergei, and U. 
thal/ophi/a. A dichotomous key to the species of Unguiculariopsis is 
provided. The taxonomic status of the genus is discussed. The genus is 
removed from the Hyaloscyphaceae, to which it was traditionally assigned, 
and transferred to the Encoelioideae of the Leotiaceae on the basis of 
apothecial anatomy. The host fungi are mainly ascomycetes, and possibly 
deuteromycetes, as well as basidiomycetes and ascomycetous lichens. The 
fungus-fungus interaction, host specificity, and world distribution of the 
genus are demonstrated. A new coelomycete genus, Deltosperma, is 
established to accommodate the anamorphs of three Unguicu/ariopsis 
species. 

Lachnum aconiti is also treated as a new combination. 

Based in part on a Ph. D. thesis presented to the Graduate School , Cornell 
University. Present address: Department of Mycology, Institute of Microbiology, 
Academia Sinica. Beijing, People's Republic of China 
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INTRODUCTION 

The genus Unguiculariopsis comprises a small group of inoperculate 
Discomycetes. They always occur on, or are associated with, other fungi, 
including various ascomycetes, deuteromycetes, and ascomycetous 
lichens. The apothecia of this genus are small, copulate to discoid, of 
brownish, vinaceous, yellowish, or rosy tint in the hymenium, and of dirty 
white, light vinaceous to greyish brown color on the receptacle. The outer 
surface appears furfuraceous because of the presence of short , 
characteristic hairs. Although only a limited number of specimens have 
been collected since 1844, species of this genus are distributed worldwide. 

Unguiculariopsis was coined for a single species, U. ilicinco/a 
(Rehm, 1909). ·The genus was poorly known and the generic concept was 
ambiguous. For decades, only three species were transferred to the genus 
(Korf, 1971; Zhuang, 1987), and the generic name has only been accepted 
by a few authors ( Korf, 1971, 1973; Raschle, 1977; Baral & 
Krieglsteiner, 1985; Spooner, 1987). Its species have been placed in 
Cenangium, Dermatea, Encoelia, Encoeliel/a, Hyalopeziza, Lachnel/a, 
Lachnel/ula, Midotis, Mollisia, Mollisiella, Pezi za, Pithyella, 
Pseudohe/otium, Pyrenopeziza, Skyttea , Trochila, and Unguiculella. 
Moreover, single species have been placed in many genera by different 
authors. 

Unguiculariopsis Rehm is a valid generic name according to the 
current International Code of Botanical Nomenclature (Voss et al., 1983). 



This monograph aims at bringing the species of Unguiculariopsis together 
and at giving a clear generic concept and specific delimitation. Sixteen 
species are accepted in this genus. Five new species and a new subspecies 
are described, and eight new combinations are made. A new genus, 
Deltosperma, has been established to accommodate the anamorphs of 
three species of Unguiculariopsis. 

MATERIALS AND METHODS 

Since the species of Unguiculariopsis are very rare, the materials 
used in this study are mostly dried herbarium specimens except for a few 
collections from New York State, from France, and from Jamaica. In order 
to locate taxa and specimens of Unguiculariopsis that have been confused 
with other genera, a careful literature search was carried out. The 
descriptions of many taxa of the genera in which Unguiculariopsis species 
had been placed were read. The fungicolous and lichenicolous species 
included in Enumeratio Systematica Fungorum (Oudemans, 1919) and in 
Die F/echtenparasiten (Keissler, 1930) were reviewed. A lot of small, 
hairy and fungus-inhabiting discomycetes were selected, and specimens 
examined. A large number of specimens of the host fungi have also been 
secured and examined to see if the relatively inconspicuous 
Unguiculariopsis may have been inadvertently collected at the same time. 

Traditional methods of anatomical study were used. The apothecium 
was wetted with a drop of 95% ethanol and transferred immediately into 
water. When the apothecium was thoroughly rehydrated, it was embedded 
in a drop of 50% aqueous mucilage and sectioned on a freezing microtome 
at 15-20 ~m. Sections through the middle of the apothecia were mounted 
in cotton blue lactic acid (0.05 g soluble blue 706 Hopkins & Williams 
Revector, 30 ml lactic acid), or in Melzer's reagent (0.5 g iodine, 1.5 g 
potassium iodide, 20 g chloral hydrate, 20 ml distilled water) with I 0 % 
aqueous KOH solution pretreatment. Squash mounts were made in cotton 
blue to see the shapes of hairs, of asci, and of paraphyses. A dry 
apothecium of one species was put on a stub, coated with gold-palladium 
and observed in an ARM-IOOOA scanning electron microscope (SEM). 
The SEM image showed the surface morphology of the apothecium and of 
hairs. The nuclear number of ascospores was observed in Belling's Iron
acetocarmine solution (I g carmine, 90 ml glacial acetic acid, a few drops 
of an aqueous solution of ferric acetate, 110 ml distilled water). 

Each species described was based on the morphology of all specimens 
examined. Terms used in descriptions followed Korf's definitions (Korf, 
1952, 1973). All drawings were done with the aid of a drawing tube. 
Nomenclatural problems were solved according to the International Code 
of Botanical Nomenclature (Voss, et a!., 1983). The abbreviations of 
references are based on Botanico - Periodicum - Huntianum (Lawrence, et 
al., 1968). The abbreviations of herbaria follow Index Herbariorum 
(Holmgren eta!., 1981). 



HISTORY OF TAXONOMY AND NOMENCLATURE 
OF UNGUICULARIOPSIS 

The genus Unguiculariopsis was established for a single species, U. 
ilicinco/a (Berk. & Br.) Rehm (Rehm, 1909), originally assigned to 
Peziza. At the time Rehm created the generic name, instead of exantining 
and describing the real Peziza ilicinco/a Berk. & Br. (Berkeley and 
Broome, 1861) which is on Myriangium, he described, in detail, his own 
Ascomycete Exsiccati #1831, a closely related fungus which grows on 
Cucurbiraria berberidis (Pers.) Gray. His material is treated as a new 
species, U. rehmii Zhuang & Korf, in this paper. Under the Sydney 
revision of the International Code of Botanical Nomenclature (ICBN), the 
type of the generic name is the type specimen of the named type species 
(Voss, et al., !983). Even though what Rehm described was not Peziza 
ilicinco/a, he used that name as the only species of the genus; we must 
accept the type specimen of Peziza i/icinco/a as representing the type of 
generic name Unguicu/ariopsis Rehm. 

Rehm (1909) listed "Mollisiella ilicincola Mass." on Myriangium on 
Jlex in England, "Cenangium ravenefii (Berk. & Br.) Sacc." on 
Patellaria nigro-cinnabarina Schw. (= Rhytidhysteron rufulum (Spreng. 
: Fr.) Speg.) in Nonh America, and "Lachnellu/a hysterigena (Berk. & 
Br.) Sacc." on Hysrerium (= R. rufulum) in Sri Lanka (as Ceylon) as 
synonyms. [The second and third species treated by Rehm as synonyms 
are accepted as distinct species in this paper.] Only three additional 
combinations in Unguiculariopsis appear to have been provided since the 
genus was erected (Korf, 1971; Zhuang, 1987). Peziza ilicincola is also 
the type of the names of several other raxa. 

In 1887 Phillips established Mollisia subgen. Mollisiel/a Phill. and 
included nine unrelated species in his subgenus. Mollisia (Mollisiella) 
Wcin co/a (Berk. & Br.) Phill. was one of them. In his book Phillips did 
not typify the subgenus (Phillips, 1887). 

In 1889 Saccardo picked up Phillips 's subgeneric epithet and 
transferred it to the genus Pseudohelorium Fckl. as Pseudohe/orium 
subgen. Mollisiella (Phill.) Sacc. Saccardo accepted three species when he 
published the combination, including two Phillips had placed in his 
subgenus, P. Wcincola (Berk. & Br.) Sacc. and P. hydnicola (Be,k. & 
Br.) Sacc. Again no type was designated for the subgenus (Saccardo, 
1889). 

When Rehm (1892) published Mollisiella myriostylidis Rehm, he 
pointed out in his discussion that Phillips's Mollisia subgenus Moflisiella 
must be raised to generic rank. Although I do not consider Mollisiella 
myriosty fidis congeneric with Peziza Wcincola , which was later chosen 
as the type of Mollisia subgen. Mollisiel/a, this was the first time that 
Phillips's subgenus Mollisiella was used at generic rank. The type of the 
genus was still undesignated. 

Massee (1895), apparently unaware of Rehm's prior action, 
independently raised Phillips's subgenus Mollisiel/a to generic rank as 
"Mollisiel/a Mass." He included the same two original species as did 



Saccardo (1889), M. ilicinco/a (Berk. & Br.) Mass. and M. hydnicola 
(Berk. & Br.) Mass. in the genus. Shortly afterwards, he (Massee, 1896) 
synonymized Peziza hysterigena Berk. & Curt. and Peziza ravenelii 
Berk. & Br. with M. ilicinco/a. He also mentioned Martin 460 as 
belonging to this species, but this was later published as the type of 
Encoe/iella australiensis H~hn . (H~hnel, 1910). These three species are 
treated as distinct from Peziza ilicincola in this paper. 

Saccardo (in Saccardo & Saccardo, 1906) raised, for the third time, 
Phillips's subgenus Mollisiella to generic rank as "Mollisiella Sacc." and 
included three additional species. 

ln 1909 Rehm published his monotypic genus Unguiculariopsis. 
Automatically U. ilicincola became the type of this genus (Voss, eta!., 
1983). 

A year after Unguicu/ariopsis Rehm was published, von Hohnel 
(1910) erected another genus, Encoeliel/a Hohn., to accommodate two 
species, £. ravenelii (Berk. & Curt.) Hohn. and £ . australiensis. He 
disagreed with Massee (1896) and with Rehm (1909), who had 
synonymized Peziza hysterigena and P. ravenelii with P. ilicincola, and 
believed that two distinct genera were involved. He synonymized P. 
hysterigena Berk. & Br. 1873 with P. ravenelii Berk. & Curt. 1875, 
mistakenly thought that P. ravenelii was an older name than P. 
hysterigena, and stated that the correct specific name was Encoeliella 
ravenelii . His description of E. ravenelii was, however, totally based 
upon the morphology of P. hysterigena. Peziza hysrerigena and P. 
ravenelii are quite different fungi and though both are on the same host, 
they occur in geographically distant areas. Encoeliel/a was not clearly 
typified when it was published, but under Peziza hysrerigena, Hohnel 
indicated that it constituted a new genus. The two species included are both 
congeneric with Peziza iii cinco/a, the type species of Unguiculariopsis. 

For the fungus Rehm described as Unguiculariopsis ilicincola, 
Hohnel (1910) incorrectly used the generic name "Mol/isiel/a (Phil!.) 
Sacc." and did not realize that Mollisiel/a (Phil!.) Rehm 1892, Mollisiella 
(Phill .) Mass. 1895, and Mollisiella {Phil!.) Sacc. 1906 are all illegitimate 
later homonyms of Mollisiella Boud. 1885. He did, however, designate 
the first species listed by Phillips, Mollisia ilicinco/a, as "der Typus des 
subgenus Mol/isiel/a Phillips." There is now a growing body of evidence 
pointing to HOhnel's typification statements as being based on the "first 
species rule," which is specifically outlawed by the ICBN. Four years 
later, Rehm accepted Hohnel ' s treatment and erroneously abandoned his 
genus Unguiculariopsis, listing U. ilicincola as a synonym of Mollisiel/a 
ilicincola (Rehm, 1914). 

ln 1931, Clements and Shear designated "Mollisiel/a ilicincola (Berk. 
& Br.) Sacc." as the type of "Mo lli s ie l/a Sacc." and listed 
Unguiculariopsis Rehm as a synonym of it (Clements & Shear, 1931). 
They thus made the same mistake as had Rehm (1892, 1914), Massee 
(1895), Saccardo (1906), and Hohnel (1910), in not recognizing that 
Mollisiel/a was an unavailable name. Seaver (1939) redesignated the type 
of "Mollisiel/a (Phil!.) Massee" as Peziza iii cinco/a. I accept Clements and 



Shear's typification as first typification of Phillips's subgeneric epithet at 
any rank or position. 

It now becomes necessary to present a brief discussion of the two 
Mollisie//ae in this paper. Mollisiella Baud. was erected with its principal 
species Mollisia perparvula (Karst.) Karst. (Boudier, 1885). According to 
Article 10 of the current 1CBN, the type of the name of a genus must be 
chosen from the types of one or more of the names definitely included 
when the genus was published. Since Mollisia perparvula is the only 
species name mentioned by Boudier (1885), it must be adopted as the type 
of Boudier's genus. The type specimen of M. perparvu/a has been 
examined, and my examination indicates that it is a Mollisia with a short 
stalk and is thus quite different from Phillips's Mollisia (Mollisiella) 
ilicincola (Korf & Zhuang, 1987). We must use the generic name 
Mollisiella in the sense of Boudier (1885). When Boudier took up the 
name Mollisie//a later (Boudier, 1907), he excluded the ho1otype of his 
1885 genus, and automatically created a later homonym, Mollisie//a Baud. 
1907, which has apparently never been typified. 

In 1980, the genus Unguiculariopsis was reduced to subgeneric rank 
as Hyalopeziza Fckl. subgen. Unguiculariopsis (Rehm) Korf & Kahn 
(Korf & Kahn, 1980). This name is incorrect, for the authors should have 
transferred Phillips's available subgeneric epithet. 

In summary, Peziza ilicinco/a is the type of Mollisia subgen. 
Mollisiella Phil!., of Pseudohelotium subgen. Mollisiella (Phill.) Sacc., 
of Mol/isiel/a (Phill.) Rehm, of Unguiculariopsis Rehm, and of 
Hyalopeziza subgen. Unguiculariopsis (Rehm) Korf & Kahn (Phillips, 
1887; Saccardo, 1889; Rehm, 1892, 1909; Clements & Shear, 1931; Korf 
& Kahn, 1980). The studies reported here convince me that 
Unguicu/ariopsis Rehm (1909) is an acceptable genus, in contrast to its 
subgeneric treatment by Phillips (1887), Saccardo (1889), and Korf & 
Kahn (1980). Mollisiella (Phill.) Rehm (1892) is an obligate synonym of 
Unguicu/ariopsis Rehm and is an unavailable later homonym. I disagree 
with Hohnel (1910), who separated Encoelie//a as a distinct genus, and 
place this generic name in synonymy with Unguiculariopsis, in agreement 
with the treatments by Korf (1973), Raschle (1977) , and Baral and 
Krieglsteiner (1985). 

Unguiculariopsis ilicinco/a was also treated as a member of the genus 
Pithyella by some mycologists (Boudier, 1907; Dennis, 1960, 1968, 
1978; Moser, 1963). The type specimen of the type species of the genus 
Pithyella Baud. (1885), P. hypnina (Quel.) Baud., is apparently lost. 
Korf and Zhuang (1987) have shown that this generic name must be 
adopted for species with marked, spherical ascospores that occur on 
mosses, ferns, and fungi, previously treated as He/otiopsis Hahn. One of 
the species placed in Pithye/la by Boudier (1907) was the type species of 
Unguiculariopsis, which has no close relationship to Pithyella Baud. 

In his study of Hyaloscyphaceae, Raitviir (1970) put the species 
which have light-colored apothecia, glassy, subhyaline, hooked hairs, and 
hooked paraphyses in the genus Unguicu/e/la Htihnel. One of the 
species, U. robergei (Desm.) Dennis, having a brick-red hymenium, 



brick-red to brownish hairs, and filiform paraphyses, does not fit the 
generic description of Unguicu/el/a (HClhnel, 1906; Dennis, 1949; 
Raitviir, 1970), but it is a good species of Unguicu/ariopsis. 
Unguicu/ariopsis is distinguished from Unguicu/el/a in excipular 
structure, excipular cell color, hair color, and shape of paraphyses. 

FUNGICOLOUS HABIT, HOST SPECIFICITY AND 
GEOGRAPHJC DISTRffiUTION OF UNGUICULARJOPSIS 

FUNGICOLOUS HABIT 

Throughout my study of the genus Unguicu/ariopsis, a phenomenon 
which has been regularly noticed is that species of this genus are clearly 
fungicolous or at least intimately associated with other fungi. 
Unguiculariopsis species either grow directly on fruit bodies of the fungal 
hosts, as happens in most species, or occur on mycelia of the host fungi. 
The word "host" may be defined as "a living organism harboring a parasite; 
sometimes, as in "host index,' in a general sense covering cenain 
substrata" (Hawkswonh, et al., 1983). In this paper it refers to fungi or 
lichens which suppon the growth and reproduction of Unguiculariopsis 
species, and which may be either living organisms or decaying fruit 
bodies. Although ascomycetes appear to be the hosts in most cases, 
ascomycetous lichens and possibly deuteromycetes (presumed to be 
ascomycetous anamorphs) are also involved. Among sixteen species 
recognized, fifteen are fungus-associated and one is lichenicolous (Fig. 1). 

The relationship between Unguicu/ariopsis and its hosts, which are 
sometimes not parasitic, is somewhat similar to hyperparasitism. Although 
the word "hyperparasite" is defmed as "a parasite parasitic on another 
parasite" (Hawkswonh, et al., 1983), the parasitism of the host fungus has 
not been critically weighed by most workers. A hyperparasite taken in this 
broad sense is perhaps better termed a mycoparasite, which merely means 
one fungus parasitic on another. Hyperparasitic fungi have been divided 
into necrotrophic and biotrophic groups, and the latter was funher 
subdivided into destructive or balanced parasites, depending on whether 
they kill the hosts (Barnett & Lilly, 1958; Boosalis, 1964; Deacon, 1984). 
In the discussion of the hyperparasites of Phyl/achora, Parbery (1978) 
indicated that there is possibly a gradation between necrotrophic 
hyperparasites and saprophytes. Hawksworth (1980) reponed that infected 
specimens of Lecanora species do not appear to be markedly damaged by 
U. thallophila (Karst) Zhuang. Even when the apothecia of Unguicu/a
riopsis are numerous, the normal grey color of the lichen thallus is 
retained, and microscopic examination shows the algal cells also to be 
healthy. 

Hyperparasitic nutrition has been studied in balanced hyperparasites 
and in a few destructive ones. There are three different ways to derive 
nutrients from cells of the host fungi : 1) production of haustoria within 
host cells, such as the mode of some species of Dispira and Piprocephalis 



AG. 1. Unguiculariopsis species and their hosts: a. U. acerina, b. U. adirondllcensis, 
c. U. australiensis, d. U. godroniicola , e. U. hysterigena, f. U. ificincola, g. U. 
infundibuliformis, b. U. livida,i . U. parasirica,j. U. ravenelii subsp. raYent!lii, 
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k. U. ravenelii subsp. hamata,l. U. rehmii, m. U. robugei subsp. robugei, n. U. 
robugei subsp. coelomyutico/a, o. U. rhallophila; all x 17.5. a, b. d, g. b, n, o from 
holotype; c, i, I, m form isotype, e from CUP·CH 259; r from ZT; j from R.P.K. 
2349, k from FH-Chco 640. 
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(Ayers, 1935; Dobbs & English, 1954; Richardson & Leadbeater, 1972); 
2) dissolution of host walls in contact with the parasites, reported in 
Chaetoc/adium and Parasitella species (Barnett & Lilly, 1958; Boosalis, 
1964); 3) production of small, specialized, contact cells at the tips of 
mycoparasitic hyphae, as in the contact cells produced by Ca/carisporium 
parasiticum Barnett (Barnett & Lilly, 1958). It has been reported that 
G/iocladium roseum (Link) Bainier, a destructive mycoparasite, invades 
its hosts in different ways which vary by host species, host age, and 
specific host structure involved (Barnett & Lilly, 1962). 

On the basis of my observations of sixteen species of 
Ungwcu/ariopsis and several other fungicolous discomycetes, I believe 
that the mode of nutrition is deterntined by the composition of each 
individual fungal pair and varies from biotrophic to necrotrophic. The 
collections of Unguicu/ariopsis that I have studied are mostly dried, 
herbarium specimens; only four taxa were observed in fresh condition. 
Unguicu/ariopsis species do not destroy their hosts, and thus they are 
similar to balanced parasites. Normal fruit bodies and mature spores are 
present both in the fungal host and in Unguicu/ariopsis . But two 
possibilities are proposed. First, some species of this genus may attack 
only mature hosts, and the fruit bodies of the hosts are not destroyed by 
late invasion of Ungwcu/ariopsis. U. ravenelii (Berk. & Curt.) Zhuang & 
Korf in Zhuang, for example, usually does not occur on the vigorously 
growing host, but only on fully mature or perhaps slightly decaying 
hysterothecia of the host fungus. The ascospores gerntinate on artificial 
medium. Germ tubes grow very slowly, but the fungus hartlly produces a 
colony before death of the culture (Zhuang, 1987). Second, 
Ungwcu/ariopsis species may develop their fruit bodies together with their 
hosts. In a fresh collection of U. adirondacensis Zhuang, the host grows 
as vigorously as does the parasite. This species resembles biotrophic 
hyperparasites, and it could not be cultured. Its ascospores when shot on 
artificial medium did 001 germinate. 

The ways by which Unguicu/ariopsis species obtain nutrition from 
their hosts are not clear. Haustoria were not observed to be produced by 
any species of Unguicu/ariopsis. Dissolution of the host walls in contact 
with Ungwcu/ariopsis is not easy to detect under natural conditions. But I 
have seen in sections of U. ravene/ii that tissues of the apothecial base 
gradually merge into the host hymenium. At a certain point one can hardly 
distinguish whether the tissue is host or Ungwcu/ariopsis. The production 
of specialized contact cells at the tips of mycoparasitic hyphae has also not 
been confirmed, even though I have seen · a few, small, short, septate 
hyphae connecting the receptacle surface of U. /ivida (Bacc.) Zhuang with 
the pseudothecium of its host 
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ln contrast to Unguicu/ariopsis, the species of Parencoelia , a genus 
of clearly hyperparasitic fungi, may affect on development of the host fungi 
and seem to be destructive. The stromata of Phy//aclwra and of Cocconia 
parasitized by Parencoelia do not give rise to normal spore-bearing 
ascocarps (Zhuang, l988a). 

HOST SPECIFICITY 

Fungus-inhabiting fungi have been catalogued in the famous work, 
"Enumerario Sysremarica Fungorum" (Oudemans, 1919). Those records 
indicate that one fungal species may be restricted to a single host fungus or 
have a relatively broad host range. The host ranges of Unguicu/ariopsis 
species seem to be narrow, perhaps restricted to single species. Collections 
from the same host species share many morphological similarities, while 
those from different hosts are often diverse. 

Host specificity has been useful in locating additional specimens of a 
species by examining collections of the host species in herbaria, and 
finding the fungicolous discomycete which was unwittingly collected at the 
same time. Although prior to this study U. hysterigena (Berk. & Br.) 
Korf was known only from the holotype taken in Ceylon, three additional 
collections all from a southern island of China have been found by 
examining several hundred specimens of its host, R hytidhysteron 
rufulum. A second species, U. dimorpha (Seaver) Zhuang, occurs on 
beaked pyrenomycetes. When several specimens on a so-called Eurypa, 
filed under the names Cenangium episphaerium Schw. and C. ausrra/e 
Pat. (non Cenangium austra/e Speg.), were borrowed, a similar host 
fungus was consistently found. The fungicolous discomycete on that host 
species turned out to be U. dimorpha. The true C. episphaerium is also 
fungicolous but occurs on a different host, differs conspicuously from U. 
dimorpha, and is certainly not congeneric. A third species, U. parasirica 
(Fckl.) Zhuang on Eurypa lata (Pers.) Tul., is closely related to U. 
dimorpha, and shares many morphological features in both teleomorph 
and anarnorph, but is undoubtedly different. I suspect that the factors 
which led to divergence of these two species are either geographical 
separation or the differences in the host fungi from which they absorb their 
nutrients. Although all known species select their own host(s), I prefer not 
to stress the effects of host range in classification. U. hysterigena and U. 
ravenelii are morphologically recognizable even though they occur on the 
same fungal genus (Rhytidhysteron), and the same situation exists with 
U. australiensis (Hohn.) Zhuang and U. ilicinco/a (on Myriangium) . 

GEOGRAPHIC DlSTRlBUTION 

The genus Unguiculariopsis is cosmopolitan. The distribution of each 
Unguiculariopsis species depends upon that of its host fungu s. The hosts 
include a variety of Ascomycetes, Deuteromycetes, and lichens that occur 
in tropical, subtropical, and temperate areas. U. australiensis has only 
been reported from Australia. U. dimorpha, U. hysterigena, U. 
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FIG. 3. Scanning electron micrograph of an apothcc ium of Unguiculariopsis acuina 
(holotype). x 270. 

infundibuliformis (Durand) Korf, U. jamaicensis, and U. ravenelii 
subsp. ravenelii are in subtropical to tropical regions. U. 
infundibuliformis is perhaps pan-tropical, for specimens of this fungus 
have been collected from Trinidad and the Philippines. U. ravenelii subsp. 
hamata (Chen.) Zhuang is found in China, France and Surinam. The rest 
of the species are located mainly in temperate areas, especially in Europe, 
where nine species are found (Fig. 2). l suspect that the genus is not as 
rare as would appear and that more taxa will be discovered. The reason that 
li mited collections have been found is that the apothecia of 
Uuguicularwpsis are usually small, inconspicuous, and easily overlooked. 
I hope that this monograph will call attention to this group of fungi and will 
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stimulate research on the fungus-fungus interaction of fungicolous fungi 
and of putative mycoparasites. 

MORPHOLOGY OF UNGU!CULAR!OPS!S 

The apothecia of this genus are copulate, discoid, or infundibuliform, 
sometimes unequal-sided, and frequently have the margin strongly enrolled 
(Fig. 3). The size varies from one species to another. Unguiculariopsis 
dimorpha, U. infundibuliformis and U. ravenelii may be recognized in 
the field by the naked eye. Most species are very easily overlooked because 
of their small size and because of the more conspicuous host fungus . The 
apothecia are usually 0.1- 1.0 mm in diam, but those of U . 
infundibuliformis may reach 4 mm. Stipes are absent in most species, 
whereas the apothecia are shortly or broadly stipitate in U. godroniicola 
Zhuang, U. parasitica , and U. ravenelii , and long-stipitate in U. 
infundibuliformis (Fig. 4). Apothecia appear solitary or several in a 
fascicle on the host fungi or sometimes on the same substrate associated 
with their hosts. Since fresh materials were not available for most species, 
the apothecial colors that I report are often from dry specimens. The 
hymenial colors of dry specimens are commonly grayish brown, chestnut 
brown, warm brown, vinaceous brown, dirty orange, or dark brown. The 
hymenial colors in fresh specimens vary with species from pale yellow, 
orange, grayish, grayish brown, pale brown, or reddish to brick-red, or 
have a purple to rosy tint. The receptacle surfaces are furfuraceous, downy 
or roughened depending upon the length and distribution of hairs. The 
colors of the receptacle when dry vary fmm grayish white, light vinaceous 
brown, or grayish brown to cinnamon-brown, and when fresh are white, 
diny white, light vinaceous, or brownish . A single collection of U. 
adirondacensis was examined in the fresh condition: the hymenium is 
vinaceous, and the receptacle is light vinaceous. Upon drying, the color 
becomes slightly darker. Three fresh collections of U. ravenelii subsp. 
ravenelii showed an orange hymenium and a grayish brown to light 
vinaceous receptacle. The fresh apothecia of U. ravenelii subsp hamata 
collected in France have a vinaceous tint 

Hairs are present in all members of Unguiculariopsis. Hairs in most 
species have a swollen base and a fine, curved apex (Fig. 5). In U . 
australiensis and U. godroniicola they are wide at the base and taper 
toward the tip, with a fine, hooked apex. Hairs are short , only 13-65 ~m 
long, glassy-walled, nonseptate in most species, and occasionally 
uniseptate in U. australiensis. The colors are light brown to pale brown at 

FIG . 4. Apothecial shapes of Unguiculariopsis species: a. U. acerina, b. U. 
adirondacensis , c. U. australiensis, d. U. godroniicola, e. U. hysterigena , r. U . 
ilidncola , g. U. infundibuliform.is , h. U. Uvida , i. U. parasitica , j . U. rav~n~lii . k . 
U. r~hmii, l U. roberg~i. m. U. thollophila. All from type specimen except m from 
H-Herb. Karsten 2579. From top to bottom. three zones showing: hymcniwn, medullary 
excipulum and ectal excipulum; four zones showing: hymcnium subhymenium, 
medullary cxcipulum and ectal e.tcipulum. " 50. 
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FIG . 5. Diagram of apothecial anatomy of Unguiculariopsis: hymenium (by) . 
subhymenium (sb), medullary excipulwn (m), Strucllue of cclal excipulwn (<), hairs (b). 

the swollen base and subhyaline to pale brown at the fine apices. The 
apices of hairs have a lumen in most species but are solid in U. acerina 
Zhuang, U. lulmatopilosa (Graddon) Zhuang, U. ravene/ii, and U. 
robergei Korf & Zhuang. Hairs are distributed on the whole receptacle 
surface in U. acerina, U. australiensis, U. hamatopilosa, U. ilidncola, 
U. /ivida , U. ravenelii, and U. relunii; and mainly at the margin and on 
the upper flanks of apothecia in U. dimorpha, U. godroniicola , U. 
hysterigena, U. infundibuliformis, U. parasitica, U. robergei subsp . 
coelomycetico/a Zhuang, and U. tlull/ophila. Their surfaces are smooth 
in most species, but in U. hysterigena there are granules on the surface 
which dissolve in aqueous KOH. Histochemical reactions of hairs with 
aqueous KOH solution, Melzer's reagent, Congo red, and cotton blue have 
been reponed in some genera of the Hyaloscyphaceae (Korf & Kohn, 
1980; Huhtinen, 1987). Generally. the glassiness of hairs of 
Ungwculariopsi.s species is not influenced by treatment with 10% aqueous 
KOH solution, and neither is the Congo red-permeability of the hair walls. 
The hair walls of U. hysterigena may become slightly less glassy after 
KOH treatment. Hairs of this genus are not dextrinoid but in some species 
their bases may become faintly to strongly purple in Melzer's reagent. 

The anatomical composition of an apothecium of this genus may be of 
three pans, i.e., hymenium, medullary excipulum, and ectal excipulum; or 
of four pans, with an additional subhymenium (Fig. 4). Ectal excipula are 
of textura globulosa to textura angularis (Figs. 5, 6). Cells are brown and 
somewhat thick- and glassy-walled, isodiarnetric to ellipsoid, and may vary 
from 3 J.lm to 22J.lm in diarn. Cells in the outermost layer are in a slightly 
looser arrangement than those inside. The axes of the ectal cells in some 
species may be perpendicular to the exterior of the apothecium. Pustules 
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FIG. 6. Photograph of transverse section of an apothccium of Ungu iculariopsis 
hystuig~na arising from the hymenium of Rhytidhysteron rufulum (CUP-CH 259), x 
100. 

are present on receptacles of Unguiculariopsis australiensis and U. 
ravenelii subsp. ravenelii, but are only noticeable in section. Medullary 
excipula are of textura intricata (Figs. 5, 6), rarely of textura angularis. 
Hypha! walls are somewhat refractive. The thickness of the medullary 
excipulum varies from one species to another. Subhymenia are of textura 
intricata and can be recognized in U. infundibu/iformis and in both 
subspecies of U. ravenelii. 

Asci are inoperculate, 8-spored, 6-spored, 4-spored, or 2-spored, 
occasionally with 5 or 7 spores. Most species have eight spores in an 
ascus. U. lramatopilosa is the only species with 2-spored asci. The young 
asci of U. robergei subsp. robergei are 8-spored, but at maturity, there 
are only four spores accompanied by cytoplasm in an ascus. The shapes of 
asci differ among species: cylindrical in U. australiensis, U. dimorpha, 
U. hysterigena, U. ilicinco/a, U. infundibu liformis, U. livida , and 
U. ravenelii; fusoid in U. rehmii ; and clavate in U. acerina, U. 
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adirondacensis , U. iulmtJtopilosa, U. robergei, and U. rha/lophila. 
Asci arise commonly from croziers. The iodine reactions of ascus pores in 
the species of Unguiculariopsis are uniformly J-, i.e., pore walls do not 
tum blue in Melzer's reagent with or without KOH pretreatment. Asci 
shoot spores eight in a group in U. adirondacensis but in groups of 
varying numbers in both subspecies of U. ravenelii. 

Ascospores are unicellular, hyaline, subhyaline to pale yellow, 
smooth- and thin-walled, spherical, subspherical or ellipsoid. Guttules can 
be seen in the spores of all species. Both spherical-spored and ellipsoid
spored species have uninucleate ascospores. and the nuclei of the ellipsoid
spored species stain in Belling's iron-acetocarmine. Spores within asci are 
uniseriate in species with cylindrical asci, biseriate or irregularly biseriate in 
species with fusoid or clavate asci. The ascospores are usually less than 6 
~m in diam in spherical-spored species and not longer than 10 ~m in 
ellipsoid-spored species. 

Paraphyses are hyaline, filiform, mostly septate, some of them 
branched, slightly to strongly deformed at the apex, and about 2 ~ wide. 
Occasionally, some paraphysis apices are hair-like and protrude from the 
hymenium surface. The length of paraphyses varies from one species to 
another. Their apices are shoner than, equal to, or longer than the asci. 

A Delrosperma anamorph is produced in U. dimorpha, U. 
infundibuliformis, and U. parasitica. No anamorph has been reponed in 
other species of this genus. 

TAXONOMY OF UNGUICULARIOPSIS 

TAXONOMIC STATUS OF UNGUICULARIOPSIS 

A historical review of the taxonomy of Ungwculariopsis shows that 
the species of this genus have been placed by early and recent mycologists 
in five families (eighteen genera) of three orders: Dermateaceae 
(Dermatea, Mollisia, Mollisiella, Pyrenopeziza , Trochila) , 
Hyaloscyphaceae (Hyalopeziza, Lachnel/a, Lachnel/ula, Unguiculella) , 
Leotiaceae (Cenangium, Encoelia, Encoeliella, Pithyella, 
Pseudohelorium, Unguiculariopsis), Odontotremataceae (Skyttea), 
Pezizaceae (Peziza) , and Midoris (the type is lost and its taxonomic 
position is not clear). 

That Ungwculariopsis has long been placed in the Hyaloscyphaceae 
is probably beeause of the presence of hairs. My examination of sixteen 
species of Unguiculariopsis has convinced me that this genus must be 
transferred from the Hyaloscyphaceae to the Leotiaceae. I think that the 
presence of shon, specialized hairs is less imponant than the apothecial 
structure in taxonomy of this group of fungi , and I treat the presence of 
hairs as one of the generic characters which differentiate Ungwculariopsis 
from other taxa of the Encoelioideae. 

The family name Hyaloscyphaceae, in which Unguiculariopsis has 
been traditionally placed, was erected to accommodate genera with the 
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following characteristics: apothecia are superficial or rarely erumpent, often 
very small, shon- or long-stipitate, light-colored, soft fleshy; excipula of 
textura prismatica, cells thin-walled, hyaline, or rarely with colored walls, 
outside almost always with distinct, more frequently rough hairs; asci 
medium to large, clavate, mostly with a positive iodine reaction; ascospores 
oblong to nearly needle-shaped, hyaline, simple or septate; paraphyses 
filiform or lanceolate, hyaline or with colored contents; anamorph very 
rarely found (Nannfeldt, 1932). This concept has been followed, with only 
minor changes, by many mycologists (Dennis, 1949; Raitviir, 1970; Korf, 
1973; Raschle, 1977). They all agree, in general, that apothecia of this 
family are soft-fleshy, excipula are mainly of textura prismatica, and 
receptacle surfaces are covered with distinct hairs, especially at the margin. 

The Hyaloscyphaceae, as a segregate of the old "Helotiaceae," is 
conspicuously different from the current Leotiaceae in the anatomical 
structure of the excipulum and in the presence of hairs on the receptacle 
surface. We have to accept the presence of hairs as a useful character for 
distinguishing the two families until we find a better substitute. 
Nevenheless, based upon the current understanding, it is difficult to say 
whether this character indicates any real affinity among fungi of the 
Helotiales. 

Sections of Unguiculariopsis species show that this genus should be 
a member of the subfamily Encoelioideae of the Leotiaceae. Unlike the 
Hyaloscyphaceae, the excipular structure is not of textura prismatica, but of 
textura globulosa to textura angularis; the cells of the ectal excipulum are 
not hyaline and thin-walled, but brown and thick-walled; funhermore, the 
cells in the outermost layer of the excipulum are usually loosely 
interconnected. AU features mentioned above are typical of the morphology 
of the Encoelioideae (Nannfeldt, 1932; Dennis, 1956; Korf, 1973; 
Torkelsen & Eckblad, 1977). Two accepted species of Unguiculariopsis 
had been separated from the others and named Encoe/iel/a by Hohnel 
(1910). Nannfeldt (1932) treated Encoeliel/a as a genus of the 
Encoelioideae, and stated that the genus was erected to include species 
related to Cenangium (Encoelia) with hairy, small apothecia and spherical 
spores. Actually, Encoelie/la shares common characteristics with all 
species of Unguiculariopsis and is a later synonym of the latter. 

GENERIC DIAGNOSIS 

Unguiculariopsis Rehm, Ann. Mycol. 7:400, 1909. 
= Hyalopeziza Fckl. subgen. Unguiculariopsis (Rehm) Korf & 

Kohn, Mycotaxon 10: 509, 1980. 
= Mollisia (Fr.) Karst. subgen. Mollisiel/a Phill., Brit. Disc. p. 193, 

1887 [lectotype: Peziza ilicinco/a Berk. & Br., selected by Clements 
& Shear, 1931]. 
= Mollisia sect. Mollisiella (Phil!.) Sacc. (ut "Phil!."), Syll. Fung. 8: 

291, 1889, pro synon. 
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= Pseudohelotium Fckl. subgen. Mollisiel/a (Phil].) Sacc., Syll. 
Fung. 8: 304, 1889. 

= Pseudohelotium Fckl. sect. Mollisiella (Phill.) Mass. (ut "Sacc."), 
Brit. Fung. Fl. 4: 221, 1895, pro synon. 

= Mollisiella (Phil!.) Rehm, Hedwigia 6: 301, 1892. (non Mollisiel/a 
Boud., Bull. Soc. Mycol. France I : 120, 1885 [holotype: Peziza 
perparvula Karst.]; nee Mol/isiel/a Rehm, in Rabenh. Krypt.
Fl. ed.2, !(3)[Lief. 36]: 534, 1891, nom. provis. ["type": 
Mollisia hamu/ara Rehm]; nee Mollisiella Boud., Hist. Classif. 
Disc. Europe p. 141, 1907 [type: non designatus]). 

= Mol/isiel/a (Phill.) Mass. (ut "Massee"), Brit. Fung.-FI. 4: 221, 
1895 (isonym). 

= Mollisiel/a (Phill.) Sacc. in Sacc. & Sacc., Syll. Fung. 18: 64, 
1906 (isonym). 

= Encoeliella Hohn., Sitzungsber. Kaiser!. Akad. Wiss. , Math.
Naturwiss. Kl., Abt. I. 119: 619, 1910 [holotype: Peziza ravenelii 
Berk. & Curt.]. 

Apothecium solitary or several in a fascicle, cupulate to discoid, 
usually with margin enrolled, sessile, broadly stipitate, shortly stipitate, or 
stipitate, O.l-4.0 mm in diam; hymenium vinaceous brown, dark brown, 
or cinnamon-brown when dry, vinaceous or orange when fresh in some 
species; receptacle surface furfuraceous, grayish white, light vinaceous, 
vinaceous brown, or cinnamon-brown when dry. Hairs occurring on the 
whole receptacle surface or only at margin and the upper flanks, with a 
swollen base and a fine, hooked apex, light brown at base, pale yellow, 
subhyaline, or hyaline at apex, becoming purple or not in Melzer's reagent 
wi th 10% aqueous KOH pretreatment, nonseptate in most species, with 
lumen or solid at apex, glassy- and somewhat thick-walled, walls smooth 
or granulate, granules dissolving rapidly in aqueous KOH solution. Ectal 
excipulum of textura globulosa to textura angularis, cells brown, walls 
somewhat refractive and thick; medullary excipulum of textura intricata, 
occasionally of textura angularis, hypha! walls subhyaline to light brown; 
subhymenium present or indistinguishable. Asci inoperculate, 8-spored, 
less commonly 2-, 4- or 6-spored, subcylindrical, clavate, or subfusoid, J
in Melzer's reagent with or without KOH pretreatment. Ascospores 
uniseriate to biseriate, spherical, subspherical, or ellipsoid, unicellular, 
hyaline or subhyaline to pale yellow, guttulate, uninucleate, smooth
walled. Paraphyses filiform, slightly to strOngly deformed at apex, hyaline, 
simple or branched, septate or nonseptate. 

Occurring on or associated with other fungi and lichens. 
Anarnorph: Deltosperma. 
HOLOTYPE: Unguiculariopsis ilicinco/a (Berk. & Br.) Rehm. 
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KEY TO THE SPECIES OF UNGUICULAR!OPS!S 

I. Ascospores spherical to subspherical . ............. .••.. .. 2 
I'. Ascospores ellipsoid ........ . .. .. . . .... . ............ 9 

2. Asci subfusoid, paraphyses shoner than asci, 
on Cucurbitaria berberidis . . . . . . . . . . . . . . . . . . U. rehmil 

2'. Asci cylindrical, paraphyses not shoner than 
asc i, on other fungi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

3. Apothecium broadly stipitate, stipe covered with 
hyphae, on apothecia of Godronia sp. . . . . . . . . . U. godronjjco/a 

3 '. Apothecium sessile or substipitate, on other fungi . . . . . . . . . . . . 4 
4. Asci 31-351!m long, hairs relatively thin-

walled, on ?Karstenu/a sp. . . . . . . . . . . . . . . . . . . U. livida 
4 '. Asci longer than 35 11m, hairs relatively thick-

walled, not on ?Karstenula sp. . . . . . . . . . . . . . . . . . . . . 5 
5. Apothecium on Myriangium species . . . . . . . . . . . . . . . . . . . . . 6 
5 ' . Apothecium on Rhy tidhysteron species .. . ..... . . . ... • .... 7 

6. Ascospores spherical, mostly equal to or less 
than 3. 7 1!ffi in diam; hairs wider at base, tapered 
towards the apex, 30-55 11m long, occasionally 
with a septum . . . . . . . . . . . . . . . . . . . . . . . U. australiensis 

6 '. Ascospores spherical to subspherical , mostly 
larger than 3.7 1!ffi in diam; hairs with a 
swollen base, narrowed abruptly toward the 
apex, Jess than 33 11m long, non septate . . . . . . . . U. iii cinco/a 

7. Hairs with granules that dissolve in KOH solution, very thick
walled, occurring only at the margin and upper flanks 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . U. hysrerigena 

7'. Hairs smooth-walled, scattered on the receptacle surface 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . U. ravenelii 8 
8. Asci less than 5.0 1!ffi wide, on Rhytidhysteron 

rufulum . . . . . . . . . . . . . . . . . . U. ravenelii subsp. ravenelii 
8'. Asci up to 6.0 1!ffi wide, on Rhytidhysteron 

hysterinum . . . . . . . . . . . . . . . . U. ravenelii subsp. hamata 
9. Apothecium on thalli of Lecanora sp. . . . . . . . . . . . U. thallophila 
9 '. Apothecium o n other substrates . . . . . . . . . . . . . . . . . . . . . . . 10 

10. Pycnidial anamorph with subaiangular 
conidia (Deltosperma) produced . . . . . . . . . • . . . • . . . . . . I I 

I 0' . Anamorph unknown .. . ..... . ...... . . . .......... 13 
I I . Apothecium infundibuliform, long-stipitate, 

up to 4 mrn in diam . . . . . . . . . . . . . . . . . . U. infundibulifomus 
I I'. Apothecium discoid, broadly stipitate, sessile 

to subsessile, 1-2 mrn in diam. . . . . . . . . . . . . . . . . . . . . . . . 12 
12. Apothecium broadly stipitate, on Eurypa lata.. . . U. parasitica 
12' . Apothecium sessile to subsessile on beaked 

pyrenomycetes . . . . . . . . . . . . . . . . . . . . . . . . U. dimorpha 
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13. Hairs with a lwnen at apex, associated with aLachnel/ula·like 
fungus . . . . . . . . . . . . . . . . . . . . . . . . . . . . U. adUondocensis 

13' . Hairs with a solid apex, associated with other fungi ... .. ... .. 14 
14. Medullary excipulum of textura intricata, with cell 

walls subhyaline, marginal hairs with a curved apex 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . U. robergei 15 

14'. Medullary excipulum of textura angularis to 
textura intricata, with cell walls brown, marginal 
hairs with a coiled apex .. . ... . ... .. ... .....••. . .. 16 

15. Ascospores 4.4-7.0 X 2.7-3.5 IUD. hairs 44-
65 IUD long, associated with Amphisp!UJerella 

xylosri . . . . . . . . . . . . . . . . . . . . . U. robergei subsp. robergei 
15'. Ascospores 6.3-10.2 X 2.2-3.0 IUD. hairs 22-

45 IUD long, associated with a Seproriel/a-like 
fungus . . . . . . . . . . . . . . . . U. robergei subsp. coelomycerico/a 
16. Mature asci 6 to 8-spored, hairs 28-37 IUD long. . . . U. acerina 
16'. Mature asci 2 to 4-spored, hairs 22-30 IUD long 

U. hamatopilosa 

ACCEPTED SPECIES 

I. Unguiculariopsis acerina Zhuang, sp. nov. (Fig. 7) 

Ab U. robergei ascsosporis minoribus, ascis 4-sporis deficientibus, 
excipulo m.edulloso varie ex textura angulari er intricata er non solummodo 
ex rextura inrricara composito, discrimine manifesto excipuli m.edullosi er 
excipuli ecra/is absente &fferens. 

Apothecium discoid to flat with an undulate margin when dry and 
strongly convex when rehydrated, sessile with apothecial base insened 
into the substrate, less than I mm in diam; hymenium vinaceous brown 
when dry; receptacle surface furfuraceous, grayish brown when dry. Hairs 
scattered from margin to the base of apothecium, smooth-walled, with a 
swollen base and a fine, hooked to coiled apex, brown at base, lighter 
towards the apex, not becoming purple in Melzer's reagent with 10% KOH 
pretreatment, nonseptate, mostly with a solid apex, very few with lumen 
extending to the apex, 28-37 IUD long. Ectal excipulum of textura angularis 
to textura globulosa, 13-23 IUD thick, cells brown, somewhat thick-walled, 
isodiarnetric to ellipsoid, if isodiarnetric ca. 4-12 IUD in diam, if ellipsoid 
up to 14 11m long, axes of cells perpendicular to the outer surface. 
Medullary excipulwn of textura angularis to textura intricata, difficult to 
separate from ectal excipulum; cells brown, ellipsoid. Subhymenium 
indistinguishable. Asci 8-spored, occasionally 6- or 7-spored, clavate, J-, 
pore walls not turning blue in Melzer's reagent with 10% KOH 
pretreatment, 30-38 x 4.5-5.0 11m. arising from croziers. Ascospores 
biseriate, ellipsoid, biguttulate, subhyaline, 4.6-6.4 x 1.8-2.4 11m. 
Paraphyses filiform, !-septate near base, sometimes branched at very base, 
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FlC. 7. Unguiculariopsis acuina (holotype): a. shape of apolhecium, from top to 
bottom showing hymenium, medullary cxcipulum and ectal excipulum, b. ascospores, 
c. paraphysis apices and asci with ascosporcs, d. hairs, three with a solid apex and one 
with lumen at apex, e. structure of ectal excipulum: ax 50, b-e x 1300. 

slightly swollen and sometimes deformed at apex, exceeding asci 3.5-5.0 
~m. up to 2.3 ~m wide. 

HABITAT: Associated with a basidiomycete (Coniciaceae) on inner 
bark of Acer rubrum and of an unidentified tree. 

HOLOTYPE: On inner bark of Acer rubrum on dead branch of a living 
tree, [associated with a corticiaceous fungus and a coelomycete], McLean, 
NY, United States, S. H. Strauss, II. X. 1977, CUP 57020. 

DISTRIBUTION: United States. 
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ILLUSTRATION: This paper, Fig. 7. 
EXS!CCATAEEXAM!NED: None. 
OTHER SPECIMEN EXAMINED: UNITED STATES: Associated with a 

corticiaceous basidiomycete on inner bark of an unidentified ttee, Canton, 
Massachusetts , J. Zygglman, 3. I. 1988, FH. 

Notes: The distinctions between this species and Unguiculariopsis 
hamaropilosa , the most similar fungus, are discussed in the notes for the 
latter. The distinctions between U. acerina and U. adirondacensis are 
indicated in the notes on the latter fungus. U. acerina differs from U. 
robergei in shorter and narrower ascospores, 8-spored asci, shorter hairs, 
dark and angular cells present in the medullary excipulum, and the strongly 
convex apothecia. Recentl y, Prof. Pfi ster kindly sent me an 
Unguiculariopsis associated with a con:iciaceous fungus. My observation 
reveals that it is con specific with the holotype U. acerina and that the host 
fu ngus of this species is a basidiomycete. 

2. Unguiculariopsis adirondacensis Zhuang, sp. nov. (Fig. 8) 

Ab U. acerina ascis constanter 8-sporis, pills brevibus lumen ad 
apicem et non apicem solidum possidentibus , cellulis excipularibus 
minoribus, excipulo medu/loso ex te.xtura intricara et non varie ex rextura 
angulari et inrricata compos ito differens. 

Apothecium cupulate to discoid, margin enrolled, sessile, 0.2-0.3(-
0.4) mm in diam when fresh ; hymenium vinaceous when fresh and dark 
vinaceous when dry; receptacle surface furfuraceous, light vinaceous when 
fresh and vinaceous when dry. Hairs distributed at margin and flanks , 
smooth-walled, with a swollen base and a fine, curved apex, light brown 
at base and pale yellow at apex, not becoming purple in Melzer's reagent 
with 10% KOH pretreatment, nonseptate, with lumen extending to the 
apex, 16-20 J.lm long. Ectal excipulum of tex tura angularis, 10-16 J.lm 
thick; cells brown, relatively th in-walled, isodiametric to ellipsoid, 4-8 J.lm 
in diam if isodiametric. Medullary excipulum of textura intricata, thin at 
margin and gradually thickened at base; hyphae subhyaline, light brown 
near ectal excipulum. Subhymenium indistinguishable. Asci 8-spored, 
clavate, J- in Melzer's reagent with 10% KOH pretreatment, (25-)27-35 x 
4.5-5.0 ~m, arising from croziers. Ascospores biseriate, ellipsoid, 
biguttulate, hyaline, 4.4-6.6 x 2.0-2.5 J.lm; spores shot 8 in a group, 
fai ling to germinate on PDA medium. Paraphyses filifonn, septate near 
base, usually not exceeding asci, 1.5-2.0 J.lm wide. 

HABITAT: On or associated with aLachnel/ula-like discomycete. 
HOLOTYPE: On or associated with a Lachnel/u/a-like discomycete on 

Abies ba/samea, Sagamore Road, Raquette Lake, NY, United States, J. 
H. Haines, 6. IX. 1986, CUP 61808. 

DtSTR.!BUTION: United States. 
ILLUSTRATION: This paper, Fig. 8. 
EXS!CCATAE EXAMINED: None. 
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AG. 8. Unguiculariopsis adirondactnsis (holotype): a. shape of apothecium, from top 
to bottom showing hymenium, medullary excipulum and ectal excipulum, b. structure 
of ectal excipulum, c. paraphysis apices and asci with ascospores, d. ascosporcs, e. hairs 
with lumen at apex; a :x. 50, b..e x 1300. 

OTHER SPECIMEN EXAMINED: None. 
Notes: This is one of the very few species of Unguiculariopsis of 

which I have seen the fruit bodies in the fresh condition. The apothecia of 
this fungus are distributed among many apothecia of a Lachnellula-like 
discomycete; very few occur directly on apothecia of the host fungus. The 
number of the host ascocarps may be more than ten times that of its 
parasite. The colors of the hymenium and receptacle remain unchanged or 
are slightly darker after drying. Apothecia may be slightly deeper when dry 
than when they are fresh. The ascospores shot on potato dextrose agar 
medium were usually eight in a group and did not germinate. 

Structurally, U. adirondacensis is somewhat similar to U. robergei 
subsp. coelomycericola. It is different from that fungus in its small and 8-
spored asci , small ascospores and ectal exc ipular cells, and shon hairs 
which have a lumen extending to the apex instead of being solid at the 
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apex. U. adirondacen.ris is similar to U. acerina in spore size and spore 
number per ascus, but it can be distinguished from U. acerina by the 
thinner-walled and smaller excipular cells, the medullary excipulum of 
textu.ra intricata instead of textura angularis to textura intricata, the short 
hairs with a lumen extending to the apex, the consistently 8-spored asci 
instead of being 6- to 8-spored, and the host fungus. 

3. Unguiculariopsis australiensis (Hohn.) Zhuang, comb. nov. (Fig. 9) 
= Encoeliella australiensis Hohn., Sitzungsber. Kaiser!. Akad. 

Wiss., Math.-Naturwiss. Kl., Abt. l. ll9: 622, 1910. 
= Unguiculariopsis ilicincola (Berk. & Br.) Rehm var. australiensis 

(Hohn.) Spooner, Bib!. Mycol. 116: 656, Fig. 135, 1987. 
MISAPPLICATION: 

Mollisiel/a ilicincola (Berk. & Br.) Mass., J. Linn. Soc. Bot. 31: 
522, I 896 (pro pane). 

Apothecium cupulate, margin enrolled, shon stipitate, 0.4-0.7 mm in 
diam; hymenium vinaceous brown when dry and vinaceous when 
rehydrated; receptacle surface furfuraceous, grayish white when dry. Hairs 
scattered from margin to base of the apothecium, smooth-walled, with a 
wide base and a fine apex, pale brown at base and nearly hyaline at apex, 
hooked or slightly bent at apex, not becoming purplish in Melzer' s reagent 
with I 0% KOH pretreatment, nonseptate or occasionally with one septum 
near base, with lumen extending to the apex, 33-55 jlm long. Ectal 
excipulum of textura angularis to textura globulosa, 15-47 11m thick, cells 
brown, somewhat thick-walled, ca. 5-14 jlm in diam; receptacle surface 
with pustules. Medullary excipulum of textura intricata, 10-55 ilffi thick, 
the thickness varying from margin to base; hyphae subhyaline, parallel 
near ectal excipulum. Subhymenium indistinguishable. Asci 8-spored, 
cylindrical, 1-, pore walls not turning blue in Melzer's reagent with 10% 
KOH pretreatment, 50-55 X 4.5-5.6 ilffi, with crozier at base. Ascospores 
uniseriate, spherical, guttulate, 3.1-3.7 jlm in diam. Paraphyses filiform, 
septate, not or slightly deformed at apex, equal to or slightly exceeding 
asci, 2.0-2.2 ilffi wide. 

HABITAT: On the fruit bodies of Myriangium sp. 
HOLOTYPE EXAMINED: On Myriangium sp., Mount Macedon, 

Melbourne, Australia, B. M. Martin 460, IV. 18??, K-Hon. Bot. Reg. 
(isotype: FH-Hohnel Herb.) (all filed under Encoeliel/a ausrraliensis) . 

DISTRIBUTION: Australia. 
ILLUSTRATIONS: Spooner, B.M., Bib!. Mycol. 116: Fig. 135, 1987. 

This paper, Fig. 9. 
EXSICCATAEEXAMJNED: None. 
OTHER SPECIMEN EXAMINED: None. 
Notes: Massee (1896) had a very broad specific circumscription, and 

listed Manin 460, the type of Unguiculariopsis australiensis, together 
with the types of Peziza hysterigena and P. ravenelii, under the name of 

· Mollisiel/a ilicincola. Hohnel (1910) separated U. australiensis (as 
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AG. 9. Unguiculariopsis australiensis (holotype): a. paraphysis apices and asci with 
ascosporcs, b. hairs with lumen at apex, c. shape of apothccium, from top to bottom 
showing hymenium, medullary excipulum and ectal excipulum, d . structure of ectal 
cxcipulum; a, b, d x 1300, c x 50. 
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Encoeliel/a australiensis) from M. ilicincola by establishing the genus 
Encoeliel/a. As mentioned earlier in the history of taxonomy and 
nomenclature of Unguiculariopsis, P. ravenelii, the type species of the 
genus Encoeliel/a, is congeneric with M. ilicinco/a, the type species of 
Unguiculariopsis . Encoeliel/a becomes a later synonym of Unguicula
riopsis. 

Among the accepted species, U. australiensis and U. ilicincola are 
both on Myriangium species. Spooner (1987) treated U. australiensis as 
a variety of U. ilicinco/a. I feel that they are distinct sufficiently at the 
specific level. The former differs from the latter in its longer, gradually 
tapered and occasionally septate hairs, smaller and uniformly spherical 
ascospores, parallel hyphae in the medullary excipulum, and the pustulate 
receptacle. 

4. Unguiculariopsis dimorpha (Seaver) Zhuang, comb. nov. (Fig. 10 a, b, 
c, d, e) 
=Dermatea dimorpha Seaver, Mycologia 16: 8, Pl. 2, Figs. 1-4, 

1924. 
= Cenangium dimorphum (Seaver) Seaver, N. Am. Cup-Fung. p. 

303, 1951. 
= Cenangium austra/e Pat., Bull. Soc. Mycol. France 11:219, 1895 [non 

Cenangium australe Speg., Bol. Acad. Nac. Ci. 11(2): 269, 1888]. 

Apothecium discoid at maturity, deeply copulate when young, margin 
slightly enrolled, sessile, subsessile to shortly stipitate, up to 0.8-2.0(-2.5) 
mm in diam when dry; hymenium dark rosy, warm brown, reddish 
vinaceous (to dark vinaceous) when dry; receptacle surface slightly 
furfuraceous, cinnamon-brown when dry (with a purplish tint, hymenium 
slightly darker when fresh according the origi nal description). Hairs 
mainly at margin and upper flanks, smooth-walled, with a swollen base 
and a fine, hooked apex, pale yellow at base, not becoming purplish in 
Melzer's reagent, nonseptate, 7-16(-18) J.lm long, marginal hairs with a 
lumen extending to the apex, others solid at apex. Ectal excipulum of 
textura angularis to textura globulosa, 18-36 J.lm thick, thicker near the 
base; cells brown, more or less thick-walled, isodiametric, ca. 4.5-13 J.lm 
in diam. Medullary excipulum of textura intricata; hyphae 3 J.lm wide, 
walls subhyaline. Subhymenium of textura intricata, not clearly 
differentiated. Asci 8-spored, cylindrical, J- , pore walls not turning blue in 
Melzer's reagent with or without KOH pretreatment, with croziers at base, 
ca. 48-55 x 4.0-4.5 J.lm (ca. 40 x 4 J.lm according to Seaver). Ascospores 
mostly uniseriate, ellipsoid, with 2(-3) guttules, 4.4-5.5 x 1.5-2.3 J.lm. 
Paraphyses filiform, septate, exceeding asci 0-6 J.lm, 1.5-2.0 J.lm wide. 

FIG. 10. Unguiculariopsis dimorpha (holotype): a. shape of pycnicUum and apotheium, 
from top to bottom showing hymenium, subhymenium, medullary excipulum and ecta1 
excipulum, b. structure of ectal excipulum, c . paraphysis apices and asci with 
ascospores, d. ascosporcs, e. hairs, lwo with a solid apex and two with lumen at ape~.f. 
conidia and conidiogcnous cells; a~ 50, b-e X 1300, rx 1580. 
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ANAMORPH: Deltosperma dimorphum. 
HABITAT: On beaked pyrenomycetes (?diatrypaceous). 
HOLOTYPE EXAMINEO: [On a beaked pyrenomycete) on dead 

branches of an unidentified plant, St. Thomas #780, United States, F. J. 
Seaver, 11. III. 1923, NY (as Dermatea dimorpho). 

DISTRmUTION: Bolivia, Brazil, Ecuador, Pueno Rico, United States, 
Venezuela. 

ILLUSTRATIONS: Seaver, F.J., Mycologia 16: Pl. 2, Figs. 1-4, 1924. 
This paper, Fig. 10. 

EXSICCATAE EXAMINED: RICK, FUNGI AUSTRO-AMERICANI: On 
stromata of a pyrenomyccte, Sao Leopolda, Brazil, Rick 147, 1905, BPI, 
BPI-Weir 20739, FH-General Herb., FH-Patouillard Herb. (filed under 
Cenangiwn episphaerium), NY (filed under Cenangium dimorphum). 

OTHER SPECIMENS EXAMINED: BOLIVIA: on wood (pyrenomycete 
associated), at 1550 m, Rio Llolosa •. Prov. Nor-Yungos, Dept. La Paz, R. 
Singer, 31. I. 1956, K-B791 (filed under Encoelia infundibuliformis). 

BRAZIL: [On fruit bodies of a long-beaked pyrenomycete]. S. 
Leopolda, Rio Grande do Sui., Rick, 1907, BPI-Theissen, Dec. Fung. 
Brazil 267 (filed under Cenangium episphaerium); [on fruit bodies of a 
long-beaked species of Diatrypaceae], Santa Maria, Rio Grande do Sui., 
Rick, 1935, FH-Rick Exped . Brazi l (filed under Cenangium 
episphaerium); on a long-beaked species of Diatrypaceae (as Eutypa 
comosa Speg.). Sao Leopolda, Rio Grande do Sui, Rick, (no date), FH
Rick Exped. Brazil (ftled under Cenangium episphoerium). 

ECUADOR: On deconicated wood [associated with a long-beaked 
spec ies of Diatrypaceae], San Jorge, (no collec tor), VII. 1892, FH
Patouillard Herb. (holotype of Cenangium australe) (filed under 
Cenangium australe). 

PUERTO RICO: [On a beaked pyrenomycete] on branches of an 
unidentified plant, Martin Pena, J. G. Stevenson, 22. II. 1914, NY (filed 
under Cenangium dimorphum). 

UNITED STATES: On wood of an unidentified plant [associated with a 
long-beaked pyrenomycete], near John Brewer's Bay, St. Thomas #795, 
F. J. Seaver, 12. Dl. 1923, NY (as Dermotea dimarpha). 

VENEZUELA: On bark of dead Citrus with moss, coffee plantations, 
near San Cristobal, aJt. 900-1000 m, Chardon, 19 IX. 1932, NY (as 
Dermatea dimorpho). 

Notes : This species is, in some ways. s imilar to U . 
infundibuliformis. But U. dimorpha differs from U. infundibuliformis 
in having small and sessile to substipitate instead of large and long-stipitate 
apothecia, shoner pycnidia, and shoner and wider conidia. 

The apothecia and pycnidia of specimens collected from St. Thomas, 
USA and from Pueno Rico are slightly smaller than those from Brazil, 
Ecuador and Venezuela. The host fungus of the holotype and of the 
collection from Pueno Rico is a pyrenomycete with beaked perithecia that 
grow solitary on the plant substrate. The other specimens examined are on 
a pyrenomycete with long-beaked, gregarious perithecia. The collections 
from Brazil have somewhat elongated excipular cells in comparison with 
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isodiametric cells of those from the other areas. The type of C. australe 
may differ slightly from that of U. dimorpha. But I do not distinguish 
them at specific level. 

Some of the specimens examined were misidentified as Cenangium 
episphaerium Schw. I examined the type of C. episphaerium . My 
observations indicate that C . episphaerium is also fungicolous, but on a 
different host fungus, and is morphologically distinct from U. djmorpha. 

The anamorphs of U. dimorpha, U. infundibuliformis and U. 
parasitica are similar to the species of Trigonosporium in conidial shape, 
but the anamorphs of Unguiculariopsis differ significantly from 
Trigonosporium in shape and size of pycnidia (elongated with beak vs. 
globose; 0.3-1.5 x 0.15-0.35 mm vs . 0.08-0.25 mm in diam.) , pale 
brown vs . hyaline conidia (Sutton, I 97 1), fungicolous habit , and the 
connection with Unguiculariopsis teleomorphs. A new genus is proposed 
and described here based on the anamorphs of Unguiculariopsis. 

Deltosperma Zhuang, gen. nov. 

Pycnidia superficia/ia, gregoria, varie breviter vel elongate conica, vel 
subcylindrica, cinnamomea vel atrobrunnea, pariete pycnidiali ex stratis 
duobus formato, strata exteriore ex cellulis brunneis angularibus (textura 
angulari), strata interiore ex hyphis intenexn·s (textura intricata)formato; 
conidjophora absentia vel djjficulter ab parietis pycnidja/is straw interiore 
distinguibilia; cellulae conidiogenae enteroblasticae, monophia/idjcae, vel 
annelidicae, varie elongate lageniformes vel subcylindricae, pal/ide vel 
dilute brunneae, parietibus laevibus praedjtae; conidjo varie deltoidea vel 
irregulariter angularia, nodulosa, pal/ide brunnea, unicellularia, parietibus 
tenuibus etlaevibus praedjUJ; cumfungis consociatum. 

Pycnidia superficial, gregarious, short to elongate conical, or 
subcylindrical, cinnamon brown to dark brown. Pycnidial wall with two 
layers, outer layer with brown, angular cells (textura angularis) , imer layer 
with interwoven hyphae (textura intricata). Conidiophores absent or 
difficult to distinguish from inner layer of the pycnidial wall. 
Conidiogenous cells enteroblastic, phialidic, elongate-lageniform to 
subcylindrical, with smooth, pale brown to brown walls. Conidia deltoid 
to irregularly angular, nodulose, unicellular, with pale brown, thin and 
smooth walls; on or associated with other fungi . Anamorphs of 
Unguiculariopsis species. 

Type: Delwsperma infun{}jbu/iformis. 

Deltosperma dimorphum Zhuang, sp. nov. (Fig. 10 a, f) 

Ab D. infundibuliformi pycnidiis brevioribus et angustioribus , 
cel/ulis conidiogenis porum longioribus et latioribus, brunneis et 
parietibus crassis praeditis, conidiis latioribus, et consocietate cum 
teleomorpha Unguiculariopside djmorphae djjferens. 
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Pycnidia arising separately or together with and often fused to the base 
of apothecia, superficial, gregarious, elongated conical, to flask- shaped, 
cinnamon-brown to reddish brown, 0.7-0.9(- 1.2) x 0.15-0.2 mm. 
Structure of pycnidial wall similar to that of apothecial excipulum, outer 
layer of texrura angularis, cells brown, somewhat glassy and thick-walled; 
inner layer hyphae light brown, slightly interwoven, more or less parallel 
to the outer surface. Conidiophores shon, scarcely distinguishable from 
cells of the pycnidial inner layer. Conidiogenous cells phialidic, elongate
lagenifonn to nearly cylindrical, light brown, smooth-walled, many of 
them with dark brown and thick-walls near the upper ponion, protruding 
into the pycnidial cavity, some with a wide collarette, 11-14.5 x 2.0-3.0 
~J.m. Conidia irregularly angular to deltoid, nodulose, pale brown , 
unicellular, uniguttulate, 2.5-3.0 x 3.0 ~J.m (2 1'-ffi in diam according to 
Seaver). 

HOLOTYPE: [On a beaked pyrenomycete] on dead branches of an 
unidentified plant, St. Thomas #780, F. J. Seaver, 11. m. 1923, NY. 

5. Unguiculariopsis godroniicola Zhuang, sp. nov. (Fig. 11) 

Ab speciebus aliis Unguiculariopsidis apothecio late stipitato, stipite 
pubescente, cellulis varie angularibus vel globosis in excipulo ectali ab 
margine per laJera ad basem U>tam et apothecii stipitem extensis differens; 
speciei U. ravene/ii artissime affinis, sed ascosporis minoribus, pi/is 
longioribus, excipulo medulloso multo tenuiore et subhymenio absente 
differens. 

Apothecium cupulate, somewhat unequal-sided, margin enrolled, 
broadly stipitate, 0.4-0.8 mm in diam when dry and less than 1.3 mm 
when rehydrated; hymenium dark to vinaceous brown when dry; receptacle 
vinaceous brown, lighter than hymenium, surface furfuraceous. Hairs 
occurring at margin and upper flanks, with a swollen base and a fine, 
hooked apex, walls pale brown, very faintl y purple in Melzer's reagent 
after 10% KOH pretreatment, usually nonseptate, with lumen extending to 
the apex, ca. 20-44 ~J.m long. Stipe covered with hyaline hyphae. Ectal 
excipulum of textura globulosa to textura angularis, thick at flanks and 
base, occupying most of the excipular tissues and extending to the stipe; 
cells dark brown to brown, thick-walled in the outer layers and becoming 
thinner toward inside, isodiarnetric to ovoid, ca. 4.5-12.5 ~J.m in diam. 
Medullary excipulum of textura intricata, 20-35 ~J.m thick; hyphae 
subhyaline, loosely interwoven. Subhymenium indistinguishable. Asci 8-
spored, subcylindrical, to subfusoid, J-, pore walls not turning blue in 
Melzer's reagent with 10% KOH pretreatment, ca. 47-55 x 4.2-4.8 ~J.m, 

FIG. 11. Unguiculariopsis godroniicola (holotype): a. paraphysis apices and asci with 
ascospores, b. shape of apothecium, from top to bottom showing hymenium, medullary 
c:x.cipulum and ectal excipulum, c. hairs with lumen at ape:x. , d . structure of ectal 
excipulum; a, c, d x 1300, b x 50. 
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with crozier at base. Ascospores uniseriate, spherical, uniguttulate, ca. 
2.9-3.0 1J.m in diam. Paraphyses filiform, 1-2 septate, not exceeding asci, 
l.5~m wide. 

HABITAT: On apothecia of Godronia confertus. 
HOLOTYPE: On Godronia confertus (Hone) Groves (as Godronia 

confertatus Hone) on Prunus cerasus, Payolle, llOO m alt., Hautes 
Pyn!n6es (Campan), France, F. Candoussau, 6. V. 1973, ZT (isotypes: 
CUP 61668; Pers. Herb. F. Candoussau 4372). 

OISTR!BtmON: France. 
ILLUSTRATION: This paper, Fig. 11. 
EXSICCATAE EXAMINED: None. 
OTHER SPECIMEN EXAMINED: None. 
Notes: This species is distinct from other species of Unguicuklriopsis 

in the unequal-sided, broadly stipitate apothecium, hairy stipe, and angular 
to globose cells in the ectal excipulum which extend from the margin 
through the flanks to the base and stipe of the apothecium. U. ravenelii 
seems similar to this species in the apothecial shape. But U. godroniico/a 
differs from U. ravenelii in thin medullary excipulum, lack of 
subhymenium, and smaller ascospores. The host fungus of the former is a 
Godronia species, while the latter is a Rhytidhysteron species. 

6. Unguiculariopsis hamatopilosa (Graddon) Zhuang, comb. nov. (Fig. 
12) 

= Unguicularia hamatopilosa Graddon, Trans. Brit. Mycol. Soc. 87: 
333, Fig. 8, 1986. 

Apothecium discoid to flat with an undulate margin when dry and 
convex when rehydrated, sessile with apothecial base inserted into the 
substrate, 0.3-0.5 = in diam; hymenium warm brown when dry; 
receptacle surface furfuraceous, whitish brown when dry. Hairs scattered 
from margin to the base of apothecium, smooth-walled, with a swollen 
base and a fine, hooked to coiled apex, walls pale yellow, not becoming 
purple in Melzer's reagent with 10% KOH pretreatment, nonseptate, with a 
solid apex, 22-30 ~J.mlong . Ectal excipulum of textura angularis, very thin 
at margin, 7.5-18.5 ~m thick at flanks; cells brown, somewhat thick
walled, isodiametric to ellipsoid, if isodiametric ca. 5-9 ~m in diam. 
Medullary excipulum of textura angularis to textura intricata, very thin; 
hyphae somewhat parallel at flanks near margin, becoming angular near 
and at base, walls brown. Subhymenium indistinguishable. Asci 2- to 4-
spored, clavate, J- , pore walls not turning blue in Melzer's reagent with 
10% KOH pretreatment, 20.5-25 x 3.8-4.8 ~ (30 x 5 ~ according to 
the original author), arising from croziers. Ascospores uniseriate to 
biseriate, ellipsoid, biguttulate, subhyaline, 4.8-8.0 x 2.0-2.5 ~m. 
Paraphyses filiform, !-septate near base, often unbranched, not or slightly 
exceeding asci, 1.7-2.2 ~wide. 

HABITAT: On fruit bodies of Didymosphaeria ?oblitescens on stem 
of Rubus fruticosus. 

HOLOTYPE EXAMINED: None. 
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FIG. 12. Unguiculariopsis ltamatopilosa (W.D.G. 4286A): a. shape of apolhccium, 
from top to bottom showing hymenium, medullary excipulum and ectal excipulum, b. 
struC ture of ectal excipulum, c . paraphysis apices and asci with ascospores, d. 
ascosporcs, t . hairs with a sol.id apex; ax 50, b,c, d, t x 1300. 

AUTIIENTIC SPECIMEN EXAMINED: [On fruit bodies of Didymos
phaeria ?oblitescens] on Rubus fruticosus stem, Chillington, Devon , 
England, XII. 1986, Pers. Herb. W.D.Graddon 4286A (filed under 
Unguicularia hamatopilosa). 

DIS1RffiUTION: England. 
ILLUS1RATIONS: Graddon, W. D., Trans. Brit. Mycol. Soc. 87: 333, 

Fig. 8. This paper, Fig. 12. 
EXSICCATAE EXAMINED: None. 
O'IHER SPECIMENS EXAMINED: None. 
Notes: Anatomically, this fungus is similar to U. acerina of Nonh 

America, but it is obviously a distinct species and on a different host 
fungus. These two species can easily be separated from each other by their 
spore number per ascus and the sizes of asci, of ascospores and of 
excipular cells. Since the holotype of this species is very scanty, Dr. 
Graddon sent me another collection which he treated as a representative of 
this species, and was collected from the same Rubus in the same area 
exactly a year later. Though I did not examine the holotype, W.D.G. 
4286A matches the original description (Graddon, 1986) quite well, and is 
authentic. 

Graddon failed to note the association with Didymosphaeria. 
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7. Unguiculariopsis hysterigena (Berk. & Br.) Korf, Phytologia 21:207, 
1971. (Fig. 13) 
= Peziza hysterigena Berk. & Br., J. Linn. Soc. 14: 106, 1873. 

=Lachnellula hysterigena (Berk. & Br.) Sacc., Syll. Fung. 8: 391, 
1889. 

MISAPPLICATIONS: 
Mollisiella ilicincola (Berk. & Br.) Mass., J . Linn. Soc. BoL 31: 

522, !896 (pro parte). 
Unguicu/ariopsis ilicincola (Berk. & Br.) Rehm, Ann. Mycol. 7: 

400, 1909 (pro parte). 
Encoeliella ravenelii (Berk. & Curt.) Ht!hn. , Sitzungsber. Kaiser. 

Akad. Wiss., Math.-Naturwiss. KJ., AbL I. 119: 619, 1910 (pro 
parte), (nom. superfl., Art. 63.1, ICBN). 

Apothecium ctiscoid to cupulate, margin enrolled, sessile, up to I mm 
in ctiam; hymenium vinaceous brown; receptacle grayish brown when dry, 
darker brown when rehydrated (hymenium grayish, receptacle whitish 
when fresh according to. Berkeley and Broome), receptacle surface 
furfuraceous . Hairs occurring at the margin and upper flanks of 
apothecium, very thick-walled, with a swollen base and a fine, hooked 
apex, light brown at base and subhyaline at apex, becoming strongly 
purple in Melzer's reagent with 10% KOH pretreatment, surface of hairs 
and some cells granulate, granules rather coarse, hyaline, and dissolving 
rapidly in KOH and slowly in cotton blue lactic acid, nonseptate, with 
lumen extencting to the apex, ca. 16-22 J.Lm long. Ectal excipulum of 
textura globulosa to textura angularis, 25-55 J.Lm thick; cells brown to 
subhyaline, very thick-walled, isodiametric, ca. 6-12 J.Lm in diam, 
outermost cells sometimes loosening. Medullary excipulum of textura 
intricata; hypha! walls light brown. Subhymenium indistinguishable, or 
occasionally presenL Asci 8-spnred, cylindrical, J-, pore walls not turning 
blue in Melzer's reagent with 10% KOH pretreattnent, 35-44 x 4.8-5.9 J.Lm, 
arising from crozier<. Ascospores irregularly biseriate in youth, uniseriate 
at maturity, spherical, 3.3-4.6 J.Lm in diam. Paraphyses filiform, 0-1 
septate, exceeding asci by up to 7 J.Lm, deformed or slightly tapered 
towards the apex, 1.2-1.5 J.Lm wide. 

HABITAT: On hymenium of Rhytidlrysteron rufullun. 
HOLOTYPE EXAMINED: On Rhytidhysteron rufulum, Central 

province, Ceylon, Thwaites 1067, XII. 1868, K-Broome Herb. (as 
Peziza hysterigena) (isotype: FH-Hohnel Herb., filed under Mollisiella 
ilicincola) . 

DISTRIB\JilON: China, Sri Lanka. 
ILLUSTRATIONS: ?Massee, G., J. Linn. Soc. 31: Pl. 18, Figs. 15-18 

(Mollisiella ilicincola). This paper, Fig. 13. 
EXStCCATAE EXAMINED: None. 
OTHER SPECIMENS EXAMINED: CHINA: On R. rufulum, Ling-shui, 

Hainan, S. Q. Deng 8299, 5. I. 1934, BPI (filed under Tryblidiel/a 
rufula); on R. rufulum, Ling-shui, Hainan, S. Q. Deng 834, 3. IV. 
!934, CUP-CH 259, HMAS 45100 (filed under Tryblidiel/a rufula); on 
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AO. 13. Unguiculoriopsis hysterigena (holotype): a. structure of ectal excipulum at 
margin and flank , with granulate hairs, b. shape of apOlhecium, from top to bottom 
showing hymcnium, medullary excipulum and eclal excipulum,c. paraphysis apices and 
asci with ascospores, d. smooth-walled hairs after KOH treauncnt; a, c, d x 1300, b 
X 50. 

R. rufulum, Ling-shui , Hainan, S. Q. Deng 2219, 23. IV. 1934, CUP
CH 857 (flied under Tryblidiel/a rufu/a). 

Notes: Hohnel (1910) synonymized this species with Unguicula
riopsis ravenelii and treated U. ravenelii as a slightly aberrant form of U. 
hysterigena. Although both species occur on Rhytidhysteron rufulum, 
type studies have revealed that they are distinct taxa. The loosely 
interconnected and very thick-walled excipular cells, presence of granules 
on the hair surface and on the outerrnost excipular cells that dissolve in 
KOH, distribution of hairs on the receptacle surface only at margin and the 
upper flanks, and larger ascospores are significant characteristics to 
distinguish U. hysterigena from U. ravenelii. 
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8. Unguiculariopsis ilicincola (Berk. & Br.) Rehm, Ann. Mycol. 7: 400, 
1909. (Fig. 14) 
= Peziza ilicinco/a Berk. & Br., Ann. Mag. Nat. Hist. Ser. 3, 7: 450, 

pl. XVI, Fig. 17, 1861. 
= Mol/isia i/icincola (Berk. & Br.) Phil!., Brit. Disc. p. 193, 1887. 

=Pseudohe/otium ilicinco/a (Berk. & Br.) Sacc. (ut 'ilicincolum', 
Syll. Fung. 8: 304, 1889. 

= Mol/isiel/a ilicincola (Berk. & Br.) Mass., Brit. Fung.-Fl. 4: 222, 
Fig., 1895. 

= Pithyel/a ilicincola (Berk. & Br.) Boud., Hist. Class if. Disc. Eur. 
p. 125, 1907. 

= Hya/opeziza ilicinco/a (Berk. & Br.) Korf & Kohn, Mycotaxon 10: 
509, 1980. 

Apothecium cupulate to discoid, margin enrolled, sessi le to 
subsessile, less than 1 mm in diam; hymenium dark brown when dry 
(when fresh cinereous tinged with rose according to Berkeley and Broome; 
pale brown, purple, rosy cinereous according to Phillips); receptacle 
surface furfuraceous, grayish white when dry (diny white when fresh 
according to Berkeley, Broome and Phillips). Hairs scattered from margin 
to base of apothecium; smooth-walled. with a swollen base and a fine, 
hooked apex, pale brown at base, not purple in Melzer's reagent with 10% 
KOH pretreatment, nonseptate, with lumen extending to the apex, (15-)20-
33(-37) ~long. Ectal excipulum oftextura angularis to textura globulosa, 
15-25 Jlm thick; cells brown, slightly thick-walled, ca. 6-14 Jlm in diam. 
Medullary excipulum of textura intricata; hypha! walls light brown. 
Subhymenium indistinguishable. Asci 8-spored, cylindrical, J-, pore walls 
not turning blue in Melzer's reagent with 10% KOH pretreatment, ca. 50-
58 x 4.7-6.6 Jlm. Ascospores uniseriate, subspherical to spherical, 
uniguttulate, 3.4-5.3(-6.0) Jlm in diam, or 3.9-4.5(-6.0) x 3.7-4.3 Jlm. 
Paraphyses filiform, septate, branched, deformed at apex, not exceeding 
asci , less than 2 Jlm wide. 

HABITAT: On Myriangium spp. 
HOLOTYPE EXAMINED: On Myriangium sp. on holly, Chiselhirst, 

Kent , England, M. J. Berkeley, XI. 1859, K-Hort. Bot. Reg. (as Peziza 
ilicincola). 

DISTRIBUTION: England, France, Italy. 
ILLUSTRATIONS: Berkeley, M.J. and C.E. Broome, Ann. Mag, Nat. 

Hist. Ser. 3, 7: Pl. XVI, Fig. 17, 1861 (Peziza ilicincola) . Massee, G., 
Brit. Fung.-Fl. 4 : 222, Fig., 1895 (Mollisiel/a ilicincola). Dennis, 
R.W.G. , Brit. Ascom. Fig. 20B, 1968 (1st. ed.), 1978 (2nd. ed.) 
(Pithyel/a ilicincola). This paper, Fig. 14. 

EXSICCATAE EXAMINED: None. 
OTHER SPECIMENS EXAMJNED: ENGLAND: [On substrate with 

Myriangium sp.], R.W.J. Keith, XII. 1844, K-Phillips (as Peziza 
ilicinco/a). 
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AG. 14. Unguiculariopsis ilicincola (holotype): a. shape of apothecium, from top to 
bottom showing hymenium, medullary excipulum and ectal excipulum, b. paraphysis 
apices and asci with ascospores, c. ascospores, d. hairs wilh lumen at apex, e. structure 
of ectal excipulwn; ax 50, b..e x 1300. 

FRANCE: On Myriangium duriae on Acer opalus, forest of St. 
Lamben, Vaucluse, E. MUller, 25. V. 1962, ZT (filed under Pithye//a 
ilicincola). 

ITALY: On Myriangium sp., Naples, (no collector), IT. 1878, K
Phillips (Nom. nud.: labelled as Peziza myriangii Ces.); on Myriangium 
sp. on holly bark, (no collector), (no date) purchased from the Herbarium 
of G. Massee in 1909, NY (ftled under Mollisie//a ilicincola). 

Notes: This is the type species of Unguicu/ariopsis. Boudier (1907), 
Moser (1963), and Dennis (1978) put this species under the genus 
Pirhye//a, which is typified by P. hypnina (Boudier, 1885), a fungus that 
grows on moss (Boudier, 1905-1911; Qu61et, 1879, 1881), which 
obviously differs from the type of Unguicu/ariopsis (Korf & Zhuang, 
1987). 

Morphologically, U. ilicincola can be separated from its closest 
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relative,U. ravene/ii, by the smaller apothecia, longer hairs which do not 
become strongly purple in Melzer's reagent, larger excipular cells, lack of 
subhymenium, and the presence of subspherical and larger ascospores. 
Saccardo (1889), Hohne1 (1910), and Korf (1971, 1973), correctly 
distinguished the two species. This study agrees with their specific 
concept. 

Massee (1896) provided an illustration under the name Mollisie/la 
ilicincola when he synonymized Peziza hysrerigena and P. ravenelii with 
P. ilicincola. But what he dzew was definitely not from the type of U. 
ilicincola. It may be from either U. hysrerigena or U. ravenelii, probably 
the latter. Seaver (1939, 1951) had the same taxonomic opinion and 
illustrated U. ravenelii under the name M. ilicincola. Their illustrations 
cannot represent U. ilicincola. 

9. Unguiculariopsis infundibuliformis (Durand) Korf, Phytologia 21: 207, 
1971. (Fig. 15) 
= Midoris infundibuliformis Durand, Proc. Am. Acad. Arts Sci. 59: 

7, Pl. II, Figs. 2-4, 1923. 
= Encoelia infundibuliformis (Durand) Dennis, Kew Bull. 1954: 

334, Fig. 43, 1954. 

Apothecium discoid, unequally sided, margin undulate, not obviously 
enrolled, long-stipitate, up to 4 mm in diam; hymenium wine red (young) 
to brown (mature) when dry; receptacle surface roughened and 
furfuraceous at margin, cinnamon-brown when dry (hymenium grey or 
brownish grey, receptacle cinnamon-brown when fresh according to 
Durand). Hairs mainly at margin and flanks near margin, smooth-walled, 
with a swollen base and a fine, hooked apex, brown at base, not becoming 
purplish in Melzer's reagent with 10% KOH pretreatment, nonseptate, 
(12-)14-231!m long, with lumen extending to the apex. Ectal excipulum of 
textura angu1aris to textura globulosa, 25-50(-75) 11m thick; cells brown, 
thick-walled, subspherical at base and ellipsoid near margin, ca. 5-17(-22) 
1!ffi in diam, the axes of cells perpendicular to the outer surface. Medullary 
excipulum of textura intricata; hyphae somewhat parallel to the outer 
surface, hypha! walls subhyaline to light brown. Subhymenium of textura 
intricata, 25-80 1!ffi thick. Asci 8-spored, cylindrical, J-, pore walls not 
turning blue in Melzer's reagent with or without KOH pretreatment, 44-51 
x 3.7-4.4 l!ffi. Ascospores uniseriate, ellipsoid, with 2-3 guttules, 3.7-
5.7(-6.0) x 1.4-2.2 11m. Paraphyses filiform, slightly deformed at apex, 
exceeding asci 0-6 l!ffi, ca. 1.5 1!ffi wide. 

ANAMORPH: Delrosperma infundibuliformis. 
HABITAT: Associated with a species of the Diatrypaceae (with 

gregarious perithecia) on rotting log. 
HOLOTYPE EXAMINED: [On fruit bodies of a long-beaked species of 

Diatrypaceae or associated with the fungus]. Emperor Valley, Port of 
Spain, Trinidad, R. Thaxter 4126, XII. 1912, FH-General Herb. (isotype: 
CUP-D 10763 (15-29) (all filed under Midoris infundibuliformis). 



41 

a b 

c 

AG. 15. Unguiculariopsis infundibulifonnis (holotype): a. shape of apothecium. from 
top to txmom showing hymenium, medullary excipulum andectal excipulum, b. hairs 
with lumen at apex, c. paraphysis apices and asci with ascospores, d. structw-e of ectal 
excipulum; ax 9.5, b-d x 1300. 

DISTIUBtmON: Philippines, Trinidad. 
ILLUSTRATIONS: Durand, E.J., Proc. Amer. Acad. Ans Sci. 59: 19, 

Pl. 11, Figs. 2-4, 1923 (Midotis infundibuliformis). Dennis, R. W. G., 
Kew Bull. 1954: 334, Fig. 43, 1954; Kew Bull. Add. Ser. 3, Fig. 7K, 
1970. This paper, Fig. 15, 16. 

EXSICCATAEEXAMINED: None. 
OTHER SPECIMENS EXAMINED: PHILIPPINES: on wood [associated 

with a long-beaked species of Diatrypaceae], Los Banos, C. F. Baker, (no 
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date), FH-General Herb., Thaxter 4128 (filed under Midotis infundibuli
ionnis). 

TRINIDAD: On a long-beaked species of Diatrypaceae, marked on the 
label ' 'Type gathering of Midotis infundibuliformis Durand," Emperor 
Valley, R. Thaxter (as 4126), I. 1913, FH-General Herb., NY (filed under 
Midolis infundibulifonnis). 

Notes: This fungus was correctly recognized and transferred to 
Unguicu/ariopsis by Korf (1971), in spite of its extremely large and long
stipitate apothecia. U. infundibuliformis shares the common features with 
other members of the genus in structure of apothecium, shape of hairs, and 
habitat. When Durand (1923) described the species, he did not notice the 
association between this fungus and another ascomycete on the same 
substrate. Korf and Kohn ( 1980) clearly pointed out that species of 
Unguiculariopsis occur on fungi . During my study, this concept has been 
firmly established: almost all species of Unguicu/ariopsis are fungicolous. 
The host fungus of this species is a diatrypaceous ascomycete that has 
black, long-beaked perithecia, J+ asci, and allantoid ascospores. 

The distinctions between U. infundibuliformis and U. dimorpha 
have previously been indicated, and those between U. inftrndibuliformis 
and U. parasitica will be discussed in the notes for the latter species. The 
presence of the anamorph had been noticed, and its morphology was well
described and illustrated by Durand (1923) without naming it I treat it here 
as a new species of Delrosperma. 

Deltosperma infundibuliformis Zhuang, sp. nov. (Fig. 16) 

Ab D. caespitoso pycnidiis multo longioribus, conidiis minoribus 
nodulis paucioribus in superficie conspersis, consocietate cum 
teleomorpha Unguiculariopside infundibuliformi, et habiratione in hospite 
fungo alio differens. 

Pycnidia arising from the stipe base of apothecium of 
Unguiculariopsis infundibuliformis, superficial, gregarious, elongated 
subcylindrical, cinnamon-brown to dark brown ("becoming quite black" 
according to Durand by misdescribing the color of a long-beaked 
pyrenomycete on the same substrate), 0.5-1.5 x 0.15-0.35 rum. Structure 
of pycnidial wall similar to that of apothecial stipe and excipulum except 
near the ostiole, outer layer of textura angularis, cells brown, somewhat 
glassy and thick-walled; inner layer hyphae light brown, slightly 
interwoven, more or less parallel to the outer surface. Conidiophores 
absent. Conidiogenous cells phialidic, some with repeating phialides, 
elongated lageniform to nearly cylindrical, light brown, smooth-walled, 7-
12 x 2.0 IJ.m, a few phial ides with dark brown and thick walls; some 
hyaline, thin-walled hyphae with a blunt apex protruding from the fruiting 
layer. Conidia irregularly angular, deltoid to com seed-shaped, nodulose, 
pale brown, unicellular, 2.9-3.4 x 2.0-2.3 IJ.m (1-2 IJ.m in diam according 
to Durand). 
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FIG. 16. Deltosperma infu.ndibullformis (holotype): a. pycnid.ium, b. structure of 
pycnidial wall , outer layer with angular cells and inner layer with interwoven hyphae, c. 
phialidtc conidiogenous cells, d. conidia, e. structure of pycnidial wall at apex; ax SO, b, 
ex 1000. c. d • 1580. 
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HOLOTYPE: On fruit bodies of a long-beaked species of the 
Diatrypaceae, or associated with the fungus, Emperor Valley, Pon of 
Spain, Trinidad, R. Thaxter 4126, Xll. 1912, FH-General Herb. 

10. Unguiculariopsis livida (Bacc.) Zhuang, comb. nov. (Fig. 17) 
=Pseudohelotiwn lividum Bacc., Nuovo Giom. Bot. !tal. 11: 419, 

1904. 
= Mollisie//a livida (Bacc.) Sacc. & D. Sacc., Syll. Fun g. 18: 64, 

1906. 
= Pithye//a livida (Bacc.) Boud., Hist. Classif. Disc. Eur. p. 125, 

1907. 

Apothecium discoid to cupulate, margin enrolled, subsessile, ca. 0.3-
0.6 ~J.m in diam; hyrnenium and receptacle dark brown, receptacle surface 
roughened when dry (apothecium somewhat hairy, outside brownish, and 
inside purple according to Baccarini , 1904). Hairs scattered on the 
receptacle surface; smooth- and relatively thin-walled, not rigid, sometimes 
glued together by amorphous substances outside the apothecium, with a 
swollen base and a fine, hooked apex, pale brown at base, not becoming 
pirrple in Melzer's reagent with 10% KOH pretreatment, nonseptate, 
mostly with a lumen extending to the apex, 15-32 ~J.m long. Ectal 
excipulum of textura angularis to textura globulosa, ca. 18-40 1!ffi thick at 
margin and flanks; cells dark brown, thick-walled, ca. 5-12.51J.m in diam, 
axes of cells perpendicular to the outer surface. Medullary excipulum of 
textura intricata; hyphae light brown. Subhymenium not clear. Asci 8-
spored, cylindrical, J-, pore walls not turning blue in Melzer's reagent 
with 10% KOH pretreatment, ca. 31-35 x 4.5-5.3 ~J.m, with croziers at 
base. Ascospores uniseriate, spherical, guttulate, 3.4-4.2 1!ffi in diam. 
Paraphyses filiform, septate throughout the entire length, branched, equal 
to or slightly exceeding asci, 1.8-2.5 1!ffi wide. 

HABITAT: On fruit bodies of ?Karsterwla sp. 
HOLOTYPE EXAMINED: [On fruit bodies of ?Karstenula sp.] on 

branches of Robinia sp., sui terreno ai Semplici, Italy, Settembre, 1903, 
FI-Herb. R. Musei Fl. #1846 (filed under Pseudohe/oriwn /ividwn) . 

DIS1RJBUTION: Italy. 
ILLUSTRATION: This paper, Fig. 17. 
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FIG . 17. Unguicu.lariopsis livida (holotype): • · shape of apothecium, from top to 
bottom showing hymenium, meduJiary exciputum and octal excipulum, b . paraphysis 
apices and asci with ascospores. c. hairs with lumen at apex, d. ectal excipulum; • x 50, 
b-d X 1300. 
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EXSICCATAEEXAMINED: None. 
OTHER SPECIMENS EXAMINED: None. 
Notes: The excipular structure, hair morphology and habitat of this 

species fit the generic concept of Unguicu/ariopsis well. The fungu s 
grows directly on fruit bodies of a ?Karstenula species on twigs of 
Robinia sp. There are many apothecia in the type specimen, but some 
were either ovennature upon collecting or were being parasitized by a tiny 
coelomycete. The hairs appear thin-walled, not as rigid as in any other 
species, and sometimes glued together by amorphous substances. 
Therefore the individual hairs are indistinct in a section preparation (seen 
better in the squash mount). The paraphyses of this fungus are branched 
and septate throughout the entire length, while those of other species are 
seldom so. In addition to the above features, it differs from U. ilicincola 
in smaller apothecia and shorter asci. A new combination is therefore 
proposed. 

II . Unguiculariopsis parasitic& (Fckl.) Zhuang, comb. nov. (Fig. 18) 
= Cenangium parasiticum Fckl., Jahrb. Nassauichen Yereins Naturk. 

25-26: 331, 1871. 
= Cenangella parasitica (Fckl.) Rehm in Rabenh. , Krypt.-Fl. , ed. 2, 

1(3) [Lief. 31]: 232, 1889. 

Original description together with my observation of young material: 
Apothecium discoid, orbicular or irregular, broadly stipitate to subsessile, 
1-2 mm in diarn, turbinate and closed at first, open and finally flattened, 
margin strongly elevated, involute, very dense; hymenium grey, fleshy 
when fresh, dark brown to nearly black when dry; receptacle surface 
velvety, pale dirty-grayish to yellowish brown, sometimes margin slightly 
paler. Hairs distributed mainly at margin and upper flanks, smooth-walled, 
with a swollen base and a fine curved apex, light brown at base and pale 
yellow at apex, not becoming purple in Melzer's reagent with 10% KOH 
pretreatment, nonseptate, with a lumen extending to the apex, 20-25 ~ 
long. Ectal excipulum of textura angularis, 25-33 J.Lm thick; cells brown, 
more or less thick-walled, subspherical to ellipsoid, 4-8 ~ in diam if 
isodiametric. Medullary excipulum of textura intricata, thin at margin and 
very thick at base; hyphae light brown to pale brown. Subhymenium not 
clear in young apothecium. Asci cylindrical, 8-spored. Ascospores 
uniseriate, ovate, with blunt ends, biguttulate, pale yellow, 6-8 x 3-4 J.10l. 
Paraphyses filiform, septate, ca. 1.5 ~ wide. 

ANAMORPH: Deltospenna caespitosum. 
HABITAT: on Eutypa lata (Pers. :Fr.) Tul. on Acer sp. 
NEOTYPE: [On Eurypa sp., on bark,] Milnhau, Syringa seutier Pere, 
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FIG. 18. Unguicu/ariopsis parasitica (isotype): a. shape of apolhecium, from top to 
bottom showing hymenium, medullary cxcipulum and ectal excipulum, b. two pycnidia 
arising from a common basal tissue, c . conidia and conidiogenous cells, d . ectal 
excipulum, e. hairs with lumen at apex; a, b x 50, c x 1580, d, ex 1300. 

(no collector), (no date), G 1238/4ABCD (teleomorph & anamorph) (filed 
under Cenangiwn, Pycnid. Sphaeronaema caespitosum). 
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EXSICCATAE EXAMINED: HER BIER BARBEY-BOISSIER: Herbier Fuckel 
#1131, den Pycnidium Cenangii parasitici, ad Aceris ramos punidos, 
raro, Autumno, Reichartshausen, Austria, L. Fuckel, (no date), BPI 
(anamorph), G (teleomorph & anamorph) (all filed under Sphaeronaema 
caespitosum). 

OTHER SPECIMENS EXAMINED: None. 

Deltosperma caespitosum (Fckl.) Zhuang, comb. nov. (Fig. 18 b, c) 
= Sphaeronaema caespitosum Fckl., Fungi Rhenani Exs. #2147, 

1868. 

Pycnidia gregarious, shortly cylindrical to conical, brown 0.3-0.8 (-
1.0) x 0.25 mm. Pycnidia1 walls with a few hooked hairs on the surface; 
two-layered, outer layer with brown , angular cells; inner layer with light 
brown, interwoven hyphae. Conidiophores absent. Conidiogenous cells 
annellidic, with 1-2 annellations, subcylindrical to slightly lageniform, pale 
brown, 7.0-9 .5 x 1.5 ~m . Conidia deltoid to irregularly angular, 
nodulose, with knobs on surface, light brown, unicellular, thin-walled, 
3.0-4.4(-5 .9) x 2.0-3 .5 ~m (3 ~m in diam according to the original 
author) . 

HOLOTYPE EXAMINED: FUNGI RHENANI EXSICCATI A LEOPOLDO 
FUCKEL COLLECT! #2147, an faulenden Asten von Acer platanoides, 
meist auf Eutypa schmarotzend, selten, im Herbst. lm Park zu 
Reichartshausen, Austria, L. Fuckel, (no date) , G (anarnorph) (isotypes: 
BPI (anamorph), FH (anamorph), S (anamorph) (filed under 
Sphaeronaema caespitosum). 

DISTRIBl.JTION: Austria. 
ILLUSTRATION: This paper Fig. 18. 
EXSICCATAE EXAMINED: FUNGI RHENANI EXSICCATI A LEOPOLDO 

FUCKEL COLLECT! #2147 (filed under Sphaeronaema caespitosum), see 
holotype examined. 

HERBIER BAR BEY -BOISSIER: Herbier Fuckel #1130, parasite sur 
Eurypa sur les rarneaux de I' Acer p/atanoides, Pare de Reichartshausen, 
Austria, (cultive par Fuckel), (no date) , G (anamorph) (filed under 
Cenange//a parasitica); Herbier Fuckel #1131, den Pycnidium Cenangii 
parasirici, ad Aceris ramos putridos, raro, Autumno, Reichartshausen, 
Austria, Fuckel, (no date), BPI (anamorph), G (teleommph & anamorph) 
(filed under Sphaeronaema caespitosum); Herbier Fucke1 #2201, ad 
Aceris ramos putridos, raro, Autumno, ca. Reischartshausen, Austria, (no 
collecter), (no date), BPI (anamorph}, G (anamorph) (filed under 
Sphaeronaema caespitosum). 

OTHER SPECIMENS EXAMINED: None. 
Notes: The anamorph of this fungus was flist found on a Ewypa 

species by Fuckel, and described in Fungi Rhenani Exsiccati a Leopolda 
Fuckel Collecti #2147 under the name Sphaeronaema caespitosum 
(Fuckel, 1870). Later, he found its teleomorph and named it Cenangium 
parasiticum (Fuckel, 1871). The isotypes and several addi tional 
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specimens in Fuckel's collections in BPI, FH, G, NY, and S have been 
borrowed and examined. Although the anamorph in every collection is in a 
good condition, the apothecia are absent, immature, or have fallen off from 
the substrate in all but two collections. Fonunately, C. parasiticum was 
described in sufficient detail that the careful observations of the original 
au thor provide many important characteristics of the fungus. The 
fungicolous habit, elevated and involute apothecial margin, velvety 
receptacle surface, dirty-grayish brown color of apothecium, and shape of 
ascospores are characteristic features of Unguicularinpsis. 

The young apothecia were sectioned and observed. The anatomical 
structure, brown, subspherical ectal excipular cells, presence of hairs 
which have a swollen base and a fine, curved apex, and its association 
with Eurypa lata indicate that it is a species of Unguiculariopsis. The 
ascospores, which I have not seen, were originally described as 
"uniseriate, ovate, with blunt ends, two-celled, pale yellow, 6-8 x 3-4 
Jlm." The spore shape and color are as in Unguicu/ariopsis, but "two
celled" seems wrong for this genus. From my study of the ellipsoid-spored 
species of this genus, 1 conclude that Fuckel interpreted the ovate, 
unicellular, biguttulate ascospores as "two-celled-" 

The most closely related species is U. infundibuliformis. The two 
species have common apothecial structure and congeneric anamorphs, but 
U. parasitica can easily be distinguished from U. infundibuliformis by 
the broadly and shonly stipitate (instead of long-stipitate) and smaller 
apothecia, size of ascospores, size of pycnidia, and size of conidia. In U. 
infundibuliformis, the pycnidia usually arise from the stipes of apothecia, 
while the pycnidia of U. parasitica often form directly on the host fungus 
before the apothecia appear. Even though I have not seen the mature asci 
and ascospores from the known collections, my observations and the 
original description have given enough information to transfer this species 
to Unguicularinpsis. 

12a. Unguiculariopsis ravenelii (Berk. & Cun.) Zhuang & Korf in 
Zhuang, Mycocaxon 29: 395, 1987, subsp. ravenelii (Fig. 19) 
= Peziza ravenelii Berk. & Cun., Grevillea 3: 152, 1875. 

= Cenangium ravenelii (Berk. & Cun.) Sacc., Syll. Fung. 8: 568, 
1889. 

= Encoeliel/a ravenelii (Berk. & Cun.) Hohn., Sitzungsber. Kaiser!. 
Akad. Wiss., Math .-Naturwiss. Kl., Abt. I. 119: 619, 1910 
(nom. superfl ., An. 63.1, lCBN). 

MISAPPLICATIONS: 
Mollisiella ilicincola (Berk. & Br.) Mass., J. Linn. Soc. Bot. 31: 

522, 1896 (pro pane). 
Unguiculariopsis hysterigena (Berk. & Br.) Korf, Phytologia 21: 

207, 1971 (pro pane). 

Apothecium discoid to cupulate, sometimes unequal sided, margin 
enrolled, sometimes lobed, subsessile to substipitate, 0.6-2.0 mm in diarn; 
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hymenium orange to orange beige when fresh in some collections, dirty 
orange, wann brown to brown when dry; receptacle surface furfuraceous, 
grayish brown to light vinaceous brown when dry (hymenium becoming 
reddish, receptacle white when fresh according to Berkeley and Curtis in 
Berkeley, 1875). Hairs scattered from margin to base of apothecium, 
smooth- and glassy-walled, with a swollen base and a fine, hooked apex, 
light brown to pale yellow at base, becoming light purple in Melzer' s 
reagent with 10% KOH pretreatment, non septate, margin hairs with lumen 
extending to the apex, basal hairs sometimes with solid apex, (12-)15-20(-
24) 11m long. Ectal excipulum of textura globulosa to textura angularis, 18-
5511ID thick; cells brown, somewhat thick-walled, ifisodiametric 5-15!1m 
in diam, if ellipsoid 7-18 11m long; receptacle pustulate at base in some 
collections. Medullary excipulum of textura intricata; hyphae loosely 
interwoven, walls light brown. Subhymenium of textura intricata, often 
pigmented, ll-2211ffi thick. Asci 8-spored, cylindrical, J-, pore walls not 
turning blue in Melzer's reagent with 10% KOH pretreatment, 37-51 x 
4.4-5.2(-5.5) 11ffi, arising from croziers. Ascospores uniseriate, spherical, 
uniguttulate, (2.5-)2.9-4.1(-4.5) 11m in diam. Paraphyses filiform, 
sometimes deformed at apex, oocasionally hair-like at apex, septum present 
only in lower pan, sometimes branched, equal to, or slightly exceeding 
asci , 1.0-2.0 11ffi wide. 

HABITAT: On hymenium of Rhytidhysteron rufu/um, or associated 
with this fungus. 

SYNTYPES EXAMINED: On Rhytidhysteron rufu/um (as Patellaria 
nigro-cinnabarina), Sautee Caual, Nonh Carolina, Ravenel 1778, (no 
date), FH (isosyntype: CUP-D 3603 (34-149)) (as Peziza ravenelii); on 
R. rufulum (as Hysterium bicolor) , South Carolina, Ravenel 551 , II. 
18??, K (isosyiltype: CUP-D 3604 (34-150)) (as Peziza ravenelii, filed 
under Cennngium). 

DIS"ffiWlJllON: Colombia, Jamaica, Peru, United States, Venezuela. 
ILLUS"ffiATIONS: ?Massee, G., J. Linn. Soc. Bot. 31: Pl. 18, Figs. 

15-18, 1896 (Peziza ilicincola). Seaver, F. J. , Mycologia 31: 94, Fig. I, 
1939; N. Am. Cup-Fungi (loop.). Pl. 113, 1951 (Mollisie//a ilicincola). 
This paper, Fig. 19. 

EXSICCAT AE EXAMINED: RAVENEL, FUNGI CAROLINIANI EXSICCA 11: 
Fasc. II, #46 (ftled under Peziza ravenelii), on Rhytidhysteron rufulum 
(as Hysterium rufulum), Carolina, USA, Ravenel, (no date), CUP-D 
6324 (34-151), FH, FH-General Herb., NY; Fasc. II, #47 (filed under 
Hysterium rufu/um), [on R. rufulum) on branches of Morus sp. , 
Melia sp. and others, Carolina, USA, Ravenel, (no date), NY. 

OTHER SPECIMENS EXAMINED: COLOMBIA : [on Rhytidhysteron 
rufu/um] on dead twigs, Santa Mana, C. F. Baker 103, 18. XI. 1898, 
CUP-D 7309(117-69) (filed under Tryblidie//a ?rufula); [on 
Rhytidhysteron rufu/um) on dead twigs, Santa Mana, C. F. Baker 103, 
XII. 1898, NY (filed under Tryblidie//a) ; on Rhytidhysteron rufu/um, 
vicinity Km Post 94, on the Choconta-Agualara Rd., Dpto. Boyaca, elev. 
ca 4500 ft ., K. P. Dumont, S. E. Carpenter, M. A. Sherwood, & L. A. 
Molina, I 0. VI. 1976, NY -Dumont CO 4570 (filed under 
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FIG. 19. Unguiculariopsis ravenclii subsp. ravenelii: a. shape of apothecium, from 
top to bouom showing hymenium, subhymenium, medullary excipulum and ectal 
excipulum, b. paraphysis apices and asci with ascospores, c . structure of ectal 
excipulum, d. hairs, one with a solid apex and two with lumen at apex; a from Ravenel 
551(syntype), X 50; b-d from R.P.K. 2349, X 1300. 

Ungwculariopsis hysrerigena). 
JAMAICA: On Rhyridhysreron rufulum on rotting twigs, creek below 

Pine Grove Villas, 0.9 miles north of Guava Ridge, alt. 3400 feel, St. 
Andrew Parish, R. P. Korf, T. Iturriaga, & W.-y. Zhuang, 8. XII. 1986, 
CUP-MJ 989; on R . rufulum on stems of Rubus ellipticus, creek below 
Pine Grove Villas, 0.9 miles north of Guava Ridge, alt. 3400 feet, St. 
Andrew Parish, R. P. Korf, T. Iturriaga, & W.-y. Zhuang, 8. XII. 1986, 
CUP-MJ 991, CUP-MJ 1017. 

PERU: on Rhyridhysreron rufulum (as Tryblidiel/a rufula), in jungle 
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on ridge east of Tin go Maria, H. A. Allard 21993d, 30. X. 1949 - 19. II. 
1950, BPI (flied under Mollisiella ilicincola). 

UNITED STATES: [On Rhyridhysreron rufulum (as Tryblidiel/a 
rufula)] on Cirrus, Hickans, Florida, B. 0. Dodge, IV. 1921, BPI (filed 
under Tryblidiella rufula); on [R. rufulum] on Cirrus, Avon Park, 
Floida, C. L. Shear #91, 9. I. 1937, BPI (filed under Tryblidiella rufula 
var. fusca); on R. rufulum (as Tryblidiel/a rufu/a) , Gainesville, Florida, 
R. K. Voorhees 12170, 15. X. 1937, BPI, FH-General Herb., FLAS 
3253, 48150, NY (in three packets) (filed under Cenangium ravenelil); 
[on R. ruj'u/um] on Pisracia chinensis Bunge, Gainesville, Florida, R. K. 
Voorhees 12166, 12167, 12169, 15. X. 1937, NY (filed under 
Tryblidiel/a fusca); [on R. rufulum], on Prunus persica, Florida, G. 
Weber, XII. 1937, BPI (filed under Tryblidie/la rufu/a on Lachnel/u/a 
hysrerigena); on hymenium of R. rufulum (as Tryblidiel/a sp.) on a 
branch of Persea sp., Florida, L. Aldinger, ? I. 1938, NY (filed under 
Mollisiella ilicincola) ; on R. ruj'u/um on Plwradendron, Oviedo, Florida, 
C. L. Shear, 14. II. 1938, FLAS 42778 (filed under Mollisiel/a 
ilicincola); on [R. rufu/um] on Rlwdodendron /apponicum, Orlando, 
Florida, C. L. Shear #1242, 23. XII. 1939, BPI (filed under Tryblidiella 
rufu/a and Mollisiel/a ilicincola); [on R. rufulum] on Cirrus, Maitland, 
Florida, C. L. Shear, 15. I. 1940, BPI (ftled under Tryblidie/la rufu/a 
var. fusca) ; on R. rufulum (as Tryblidiel/a rufula) , Clermont, Florida, 
C. L. Shear, 7. Ill. 1942, BPI (filed under Tryblidiella rufu/a parasitized 
by Mollisiella ilicincola); on R. rufulum (as Tryblidiel/a rufula), on 
Phoradendron f/avescens , Oviedo, Florida, C. L. Shear, 2. III. 1943, 
BPI (filed under Mol/isiel/a ilicinco/a); [on R. rufulum] on Cirrus 
paradisi, W. of Vero Beach , Florida, A. S. Rhoads, 21. II. 1944, BPI 
(filed under Tryblidiel/a rufula); on R. rufu/um on Cirrus sinensis, W. 
of Vero Beach, Florida, A. S. Rhoads, 21. II. 1944, BPI (filed under 
Tryblidiella rufula); [on R. rufulum] on dead sprout of chinaberry (Melia 
azedarach L.), Experiment Station grounds, Gainesville, Alachua Co., 
Florida, A. S. Rhoads, 13. IV. 1944, BPI (filed under·Tryblidiella 
rufula); on R. rufulum, Winter Park, Florida, F. J. Seaver, summer, 
1949, R.P.Korf pers. herbarium 2349 (filed under Unguiculariopsis 
hysrerigena); on R. rufulum (as Hysrerium bicolor) , North America, 
(no collector), (no date), FH-H1lhnel Herb. (filed under Peziza ravenelii) . 

VENEZUELA: On Rhyridhysreron rufulum on dead twig, beach 
opposite Churuata de Armando Subero, Rio Cunucunuma, on a wooded, 
humid hill , Amazonas, T. Iturriaga, 17. I. 1987, YEN 790; on R . 
rufulum on cortex of a fallen tree, Warima besides Rio Acanan, close to 
Amaruai-tepui, Estado Bolivar, T. Iturriaga, 22. III. 1987, YEN 911. 

Notes: For distinctions between this fungus and the two most closely 
related species, see notes for Unguiculariopsis hysrerigena and U. 
ilicinco/a. U. ravenelii is relatively common in the United States and 
South America. 

Fresh material was collected in Jamaica. The ascospores shot on PDA 
medium germinated within 24 hours. The germ tubes grew slowly and 
became branched, but the fungus hardly produced a colony after a long 
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time (more than 7 months). Hypha! swellings formed in the culture. Some 
of the germ tubes stopped extending, and the fungus died (Zhuang, 1987). 
In nature, this species usually occurs on the decaying fruit bodies of 
Rhytidhysteron rufu/um. 

12b. Unguiculariopsis ravenelii subsp. hamata (Chen.) Zhuang, comb. 
nov. (Fig. 20) 
= Pithye//a homata Chen., Bull. Soc. Mycol. France 34: 39, Pl. 3, 

Fig. 3, 1918. 

Apothecium discoid to copulate, sometimes unequal sided, margin 
enrolled, subsessile to substipitate, 0.4-0.9(-1.3) mm in diarn; hymenium 
grayish brown to olive brown when dry; receptacle surface furfuraceous, 
grayish brown to yellowish brown when dry. Hairs scattered from margin 
to base of apothecium smooth-walled, with a swollen base and a ftne, 
hooked apex, light brown to pale yellow at base, not or slightly becoming 
purple in Melzer's reagent with 10% KOH pretreatment, nonseptate, 
marginal hairs with lumen extending to the apex, basal hairs sometimes 
solid at apex, 15-29 llJlllong. Ectal excipulum of textura globulosa to 
textura angularis, 13-45 ~m thick; cells brown, somewhat thick-walled, if 
isodiarnetric 5-14 ~min diarn, if ellipsoid 9.5-17 x 5-12.5 ~m. Medullary 
excipulum of textura intricata; hypha! walls light brown. Subhymenium of 
textura intricata; hyphae pale yellow, 11-15 ~m thick. Asci 8-spored, 
cylindrical, J- , pore walls not turning blue in Melzer 's reagent with 10% 
KOH pretreatment, 43-51 x 4.5-6.0 ~m, arising from croziers. 
Ascospores uniseriate, spherical, uniguttulate, 3.5-4.9 ~m in diam. 
Paraphyses fJ.!iform, exceeding asci by 2-7 ~m. 1.5-2.0 llJl1 wide. 

HABITAT: On hymenium of Rhytidhysteron hysterinum or associated 
with this fungus. 

NEOTYPE: On Rhytidhysteron hysterinum on Buxus sempervirens, 
boxwood thicket , just W. of Lizonne River, Aizie, near Ruffec, Dept. 
Chanente, F. Candoussau, T. lturriaga, R. P. Korf, & W.-y. Zhuang, 20. 
IX. 1987, CUP 61819 (isoneotypes: Pers. Herb. F. Candoussau 4371 , 
YEN). 

DISTRIBUTt0N: China, France, Surinam. 
ILLUSTRATIONS: Chenantais, J.-E., Bull. Soc. Mycol. France 34: Pl. 

ITI, Fig. 3, 191 8. This paper, Fig. 20. 
EXSICCATAE EXAMINED: RELIQUIAE FARLOWIANAE: #915 (fJ.!ed 

under Tryblidie//a hysterina), [on R. hysterinum on dead stem], Huei 
Hsiang Ping, Chiang Kou Hsien, Pan Ching Shan , Guizhou (as 
Kweichow) Province, China, S. Y. Cheo 727, 17. X. 1931 , FH, FH
Genera! Herb. 

OTHER SPECIMENS EXAMINED: CHINA: [On Rhytidhysteron 
hysterinum] on dead stem of Berchemia, Ta Ho Yen, Chiang Kou Hsien, 
Pan Ching Shan, Guizhou (as Kweichow) Province, S. Y. Cheo 552, 21. 
IX. 1931, FH-General Herb., NY (filed under Tryblidie/la sp.); On 
Tryblidiella sp. [R. hysterinum], Hui Hsing Ping, Kiang Kan Hsien, 
Guizhou (as Kweichow) Province, S. Y. Cheo 640, 3. X. 1931 , 
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FIG. 20. Unguiculariopsis ravtntlii subsp. hamata (FH-Cheo 640): a. shape of 
apothecium, from top to bottom showing hymenium, subhymenium, medullary 
excipulum and ectal excipulum, b. paraphysis apices and asci with ascospores, c. hairs 
solid at apex, d . slructure of ectal exc ipulum at flank; ax 50, b-d x 1300. 
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PH-General Herb. (filed under Lachnellula hysterigena); [on R. 
hysterinum] on dead stem, Huei Hsiang Ping, Chiang Kou Hsien, Pan 
Ching Shan, Guizhou (as Kweichow) Province, S. Y. Cheo 727, 17. X. 
1931, FH-General Herb. (filed under Tryblidiel/a hysterina). 

FRANCE: on stipe and beside Rhytidhysteron hysterinum on Buxus 
sempervirens, Luz St. Sauveur (Tennis) Hautes Pyrenees, F. 
Candoussau, 5. IX. 1987, F. Candoussau 4372-A, CUP 61820, HMAS; 
on Rhytidhysteron hysterinum and Buxus sempervirens, Luz St. 
Sauveur Tennis (env. Lourdes), F. Candoussau, 27 . IX. 1987, F. 
Candoussau Pers. Herb. 437l.A, CUP 61855, HMAS. 

SURINAM: [On hymenium of Rhytidhysteron hysterinum], Kamp 8: 
500 meter path east of camp, A. L. Welden 2444, II. VII. 1961, NY 
(fi led under Tryblidiel/a insculptum); [on hymenium of R. hysterinum] 
swamp forest and adjacent mesophytic forest, along road W. to S. of 
Kamp 8, A. L. Welden 2562, 14. VII. 1961, NY (filed under Tryblidiella 
elevata). 

Notes: Three collections of Unguiculariopsis from Guizhou 
Province, China, one labelled Lachnellu/a hysterigena and two as 
Tryblidiella hysterina, were found in the Farlow Herbarium of Harvard 
University, and two collections from Surinam labelled Tryblidiella species 
were found in the New York Botanical Garden. My examination of these 
materials indicate that they are very similar to U. ravenelii but differ from 
that fungus in longer hairs which do not turn purple in Melzer's reagent, 
wider asci, larger ascospores, and occurrence on R. hysterinum instead of 
R. rufulum. 

Pithyella hllmLita Chenantais (1918) which occurs on R. hysterinum 
(as Triblydium hysterinum) on Buxus in France is very similar to the 
Chinese and Surinam fungus. But the type of P. hllmLita no longer exists 
(Baudouin, pers. comm.). A special searching trip was arranged to the 
Museum d'Histoire Naturella de Nantes (NTM), Nantes, France where 
Chenantais herbarium is located. Unfortunately, Cbenantais's discomycete 
specimens were discarded by a French mycologist who felt they had little 
or no value. In order to recognize the lost species, with the kind assistance 
of Mme F. Candoussau and Mr. E. Chollet, a successful collecting trip to 
Ruffec where the type specimen of P. hamata had been originally found 
was carried out to recollect the fungus. CUP 61819 is here designated as 
the neotype of Pithyella hamata Chen. 

13. Unguiculariopsis rehmii Zhuang & Korf, sp. nov. (Fig. 21) 
MISAPPLICATIONS: 

Unguicu/ariopsis ilicincola (Berk. & Br.) Rehm, sensu Rehm, Ann. 
Mycol. 7: 400, 1909. 

Mollisiel/a ilicincola (Berk. & Br.) Mass. sensu Htihnel, 
Sitzungsber. Kaiser!. Akad. Wiss., Math.-Naturwiss. K.l, Abt.l. 
119: 620, 1910. 

Ab U. ilicinco/a ascis fusoideis , ascosporis minoribus, et 
paraphysibus breoissimis 4 J1l1l brevioribus quam ascis dijferens. 



56 

~a 

AG. 21. U11guicu.lariopsis rehmii (holotype): a. shape of apothecium, from top to 
bottom showing hymenium, medullary excipulum and ectal excipulum, b. paraphysis 
apices and asci wilh ascosporcs, c. struc ture of ectal excipulum, d. hairs with lumen at 
apex; a x 50, b-d x 1300. 

Apothecium cupulate, margin enrolled, substipitate, 0.2-0.4 mm in 
diam; hymenium vinaceous brown when dry; receptacle furfuraceous, 
grayish brown when dry (hymenium pale yellow, receptacle pale brown, 
white pruinose when fresh, according to Rehm). Hairs scattered from 
margin to base of apothecium, smooth-walled, with a swollen base and a 
fine, hooked apex, pale brown to subhyaline, not becoming purple in 
Melzer' s reagent with 10% KOH pretreatment, nonseptate, with lumen 
extending to the apex, 22-26(-30) ~m long. Ectal excipulum of textura 
globulosa to textura angularis, 15-37 ~m thick; cells brown, somewhat 
thick-walled, isodiarnetric, ca. 5-10 ~min diam. Medullary excipulum of 
tex tura intricata, ca. 9-16 ~m thick; hypha! walls subhyaline . 
Subhymenium indistinguishable. Asci 8-spored, subfusoid to broadly 
clavate, J-, pore walls not turning blue in Melzer's reagent with or without 
KOH pretreatment (J+ according to Rehm, 1914), 29-33 x 6.0-7.6 ~m. 
Ascospores biseriate, spherical, guttulate, 2.8-3.3 ~m in diarn. Paraphyses 
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cylindrical, nonseptate, not branched, about 4 IJ.rn shorter than apices of 
asci, 1.5 IJ.m wide. 

HABITAT: On Cucurbiraria berberidis. 
HOLOTYPE: On Cucurbitaria berberidis, Ybbsitz, N-Oesterreich, 

Austria, Lambert, comm. & 0 . S. B. Strasser, CUP-D 11987 (104-91) 
(ex Rehm Ascom. #1831 , the duplicates of this exsiccata are all isotypes) 
(filed under Unguiculariopsis ilicincola). 

0JSTRIDUI10N: Austria. 
ILLUSTRATION: This paper, Fig. 21. 
EXSICCATAE EXAMINED: REHM ASCOMYCETES #1831 (filed under 

Unguiculariopsis ilicincola): On Cucurbitaria berberidis, Ybbsitz, N
Oesterreich, Austria, Lambert , comm. & 0 . S. B. Strasser, FH, FH
Hohnel Herb., NY (isotypes). 

OTHER SPECIMENS EXAMINED: None. 
Notes: When Rehm (1909) erected his monotypic genus Unguicula

riopsis, Peziza ilicincola on Myriangium was the only species involved. 
But what he actually described was another fungus that had been issued in 
his Ascomycete Exsiccati #1831, and occurs on Cucurbitaria berberidis. 
This fungus is distinguished by its small excipular cells, fusoid asci, very 
small ascospores, and short paraphyses which are 4 IJ.m shorter than the 
hymenium surface. In the Farlow Herbarium of Harvard University, I 
found among Hohnel's collections a specimen label of this fungus, on 
which the specific epithet of Unguiculariopsis ilicincola was crossed out, 
and re-written as "pistroma" by Hohnel (unpublished). I agree with 
Hahne! that Rehm #1831 is not U. ilicinco/a but an independent species of 
this genus. Since Rehm described this species, and erected the genus 
Unguiculariopsis, we named this species U. rehmii. 

14a. Unguiculariopsis robergei (Desrn.) Korf & Zhuang, comb. nov., 
subsp. robergei (Fig. 22) 
= Peziza robergei Desm., Ann. Sci. Nat. Bot. Ser. 3, 3: 365, 1845. 

= i.Achnel/a robergei (Desm.) Sacc., Syll. Fun g. 8: 395, 1889. 

= Unguicu/el/a robergei (Desm.) Dennis, Kew Bull. 10: 136, Fig., 
1955. 

Apothecium discoid to cupulate, margin slightly enrolled, sessile, 0.5-
0.8 mm in diarn; hymenium light vinaceous brown when dry; receptacle 
surface furfuraceous, lighter than the color of the hymenium (apothecium 
brick-red when fresh, becoming paler during drying according to 
Desmazieres). Hairs distributed more at margin and upper flanks than at 
base, smooth-walled, with a wider base, tapered towards the tip, ending 
with a fine and hooked apex, light brown at base, subhyaline at apex (hairs 
brick-red except at margin where the hairs are hyaline according to 
Desmazieres), not becoming purple in Melzer's reagent with 10% KOH 
pretreatment, nonseptate, apex of some hairs solid, some with lumen, 44-
65 1J.ffi long. Ectal excipulum of textura angularis to textura globulosa, II 
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FlG. 22. Unguiculariopsis ro~rgti subsp. robtrgei (isotype): a. shape of apothecium, 
from top to bottom showing hymenium, meduUary excipulum and ectal excipulum, b. a 
young ascus with four developing spores and four abortive spores, c. paraphysis apices 
and mature asci with ascospores, d. ascospores , e. structure of ectal cxcipulum, r. hairs, 
two with a solid apex and one with lumen al apex; a x 50, b-r x 1300. 
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-24 Jlm thick; cells brown, walls thicker in the outer layers, becoming 
thinner inside, isodiametric to ellipsoid, ca. 5-10 Jlm in diam, axes of cells 
perpendicular to the outer surface. Medullary excipulum of textura 
intricata, thin; hyphae slightly brown. Subhymenium indistinguishable. 
Asci 8-spored when young, 4-spored at maturity, with cytoplasm inside 
the ascus, clavate, J-, pore walls not turning blue in Melzer's reagent with 
10% KOH pretreatment, 29-33 x 5.0-6.6 Jlm at maturity, longer when 
young. Ascospores biseriate when young, uniseriate or irregularly 
uniseriate, occasionally biseriate at maturity, ellipsoid, subhyaline to pale 
yellow, bigunulate, 4.4-7.3 x 2.7- 3.5 Jlm. Paraphyses filiform, 2-3 
septate, sometimes branched at base, not exceeding asci, ca. 1.5 Jlm wide. 

HABITAT: On or among the fruit bodies of Amphisphllerel/a xylosrei 
on Lonicera sp. 

HOLOTYPE EXAMINED: [On or among Amphisphllerella xylosrei] on 
Lonicera sp., (no locality), PLANTES CRYPTOGAMS DE FRANCE: 
Desmazieres 1416, (no date), PC. 

DISTIUBtmON: France. 
ILLUSTRATIONS: Dennis, R.W.G., Kew Bull. 10: 136, Fig., 1955 

(Unguiculella robergei) . ?Dennis, R.W.G. , Brit. Ascom. Fig. 29 D, 
1968,( lst. ed.), 1978 (2nd. ed.) (Unguicu/ella robergei). This paper, Fig. 
22. 

EXSICCATAE EXAMINED: PLANTES CRYPTOGAMS DE FRANCE (filed 
under Peziza robergei): [On or among Amphisphaerella xylostei] on 
Lonicera sp., (no locality), Desmazieres 1416, (no date) , FH, NY 
(isotypes). 

OTHER SPECIMENS EXAMINED: None. 
Notes: This species differs from U. thal/ophi/a by its longer hairs 

with solid apices, its wider and 4-spored asci , and its occurrence on a 
fungus instead of on lichens. The distinctions between U. robergei and 
U. acerina have been stated in the notes of the latter species. Dennis 
(1955) placed this species in Unguicu/el/a, a genus possessing light
colored tissues, hooked hair apices and hooked paraphysis apices (Hohnel, 
1906; Raitviir, 1970). But light-colored tissues and hooked paraphysis 
apioes have never been found in the type of U. robergei. 

My examinations of isotypes indicated that the mature asci are 4-
spored, the hairs are wider at the base and tapered toward the apex, and the 
hair length is 44-65 Jlm. My observations agree with Dennis's description 
and illustration of the type (Dennis, 1955), but differ from his later 
illustrations in which the asci are 8-spored, the hairs are swollen at base, 
and the host range is extended to include Rosa sp., et al . Neither did 
Dennis describe the number of ascospores per ascus, nor explain the 
changes of the illustrations in his papers. I suspect that his later 
illustrations were based on collections other than the type specimen 
(Dennis, 1968, 1978). The new information that I find is that the host 
fungus is Amphisphllerel/a xy/ostei. 

When a collection of U. robergei on the canker of a Rosa species on 
deposit at the Royal Botanic Gardens, Kew, England was borrowed, I 
found that it differs from the type of U. robergei in a few aspects. I name 
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it as U. robergei subsp. coelomyceticola, and describe and discuss it 
below. 

14b. Unguiculariopsis robergei subsp. coelomyceticola Zhuang, subsp. 
nov. (Fig. 23) 

Ab U. robergei subsp. robergei ascosporis multo longioribus, pi/is 
brevioribus, et hospite fungo coelomycewceo differ ens. 

Apothecium copulate to discoid when dry, discoid to flat when 
rehydrated, margin enrolled, sessile, 0.2-0.4 mm in diam when dry, up to 
0.7 mm when rehydrated; hymenium light vinaceous brown to warm 
brown when dry; receptacle surface furfuraceous, brown when dry. Hairs 
distributed mainly at margin and upper flanks, smooth-walled, with a 
swollen base and and a fine, hooked apex, light brown at base, pale yellow 
at apex, not purple in Melzer' s reagent with 10% KOH pretreatment, 
nonseptate, relatively thick-walled, solid at apex, 22-45 ~m long. Ectal 
excipulum of textura angularis, 14-34 ~ thick; cells brown, somewhat 
thick-walled, isodiamenic to ellipsoid, 6-12 ~min diam if isodiamenic, up 
to 18 ~m long if ellipsoid, axes of cells petpendicular to the outer surface. 
Medullary excipulum of textura innicata, 13-26 ~m thick; hyphae pale 
brown. Subhymenium indistinguishable. Asci 8-spored when young, 4- or 
mostly 6-spored, occasionally 8-spored at maturity, clavate, J- in Melzer's 
reagent with 10% KOH pretreatment, 31-42 x 6.0-7.0 ~m. arising from 
croziers. Ascospores uniseriate to irregularly biseriate, ellipsoid to 
elongate-ellipsoid, bigunulate, subhyaline, 6.3-10.2 x 2.4-3.1 ~m . 
Paraphyses filiform, septate, branched at both apex and base, deformed 
and slightly enlarged at apex, exceeding asci by ca. 5-7 ~m. 1.5-2.0 ~m 
wide. 

HABITAT: On fruit bodies of a Septoriella-like coelomycete causing 
canker of Rosa sp. 

HOLOTYPE: On fruit bodies of a Septoriella-Iike coelomycete on 
Rosa sp., Kilmory Cliffs, Isle of Rhum, Great Britain, R. W. G. Dennis, 
13. IV. 1961, K (filed under Unguicu/el/a robergel} . 

DISlRIBUTION: Great Britain. 
lLLUSlRATION: This paper, Fig. 23. 
EXS!CCATAEEXAMINED: None. 
OTHER SPECIMENS EXAMINED: None. 
Notes : This fungus was identified as Unguiculella robergei by 

Dennis. It is, indeed, similar to that fungus in the presence of some 

AG. 23. Unguiculariopsis robergei subsp. codomycericola (hoiOtype): a. shape of 
apolhccium, from lop 10 bouom showing hymcnium, medullary excipulum and ectal 
excipulum, b. ascospores, c. hairs, two with a solid apex and one with lumen at apex, d. 
4- or 6-spored mmure asci and paraphysis apices, e. 8-spored young ascus, r. struclure of 
ectal cxcipulum; ax 50, b-fx 1300. 
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4-spored asci. width of ascospores, solid hair apex, and pale brown, inter
woven hyphae in the medullary excipulum. But Unguiculariopsis robergei 
subsp. coelomyceticola can be separated from U. robergei subsp. 
robergei by the longer and mostly 6-spored asci, much longer ascospores, 
and shorter ham. I treat these distinctions at the level of subspecies. 

The host of U. robergei subsp. coe/omyceticola is a special fungus. 
It causes the canker of a Rosa species, has stromatized pycnidia, and 
hyaline, subcylindrical, 4- to 5-septate conidia. It may be similar to 
Sept oriel/a except that lacks a gelatinous cap at the apex of the conidia. I 
am not able to name it, and I indicate it as a Septoriella-Jike fungus for the 
time being. 

15. Unguiculariopsis thallophila (Karst.) Zhuang, comb. nov. (Fig. 24) 

= Trochila thallophila Karst., Fun g. Fenn. Exs. #823, 1869. 

= Mollisia thallophila (Karst.) Karst ., Bidr. K~nned. Fin!. Natur 
Folk 19: 205, 1871. 

= Pyrenopeziza thallophila (Karst.) Sacc., Syll. Fung. 8: 370, 1889. 

= S/cyttea thallophila (Karst.) Sherw. & Hawksw., Trans. Brit. 
Mycol. Soc. 75: 489, 1980. 

Apothecium cupulate, margin enrolled, sessile, 0.2-0.5 mm in diam; 
hymenium and receptacle dark brown when dry (apothecium dark brown 
or very dark brown when fresh according to Karsten, 1870, 1871); 
receptacle surface downy. Ham occurring at margin and the upper flanks 
of apothecium, smooth-walled, with a wide base and a fine, hooked apex, 
pale brown to subhyaline at base, not becoming purple in Melzer' s reagent 
with 10% KOH pretreatment, nonseptate, with lumen extending to the 
apex, 10-34 11m long. Ectal excipulum of textura angularis to textura 
globulosa, 17-30(-50) !1ffi thick; cells brown, thick-walled, ca. 5-121'ffi in 
diam, axes of cells perpendicular to the outer surface; receptacle surface 
undulate. Medullary excipulum of textura intricata; hyphal walls pale 
brown to subhyaline. Subhymenium indistinguishable. Asci 8-spored, 
clavate, J- , pore walls not turning blue in Melzer's reagent with 10% KOH 
pretrea tment, 33-42 x 5.7-7.7 !lffi, with crozier at base, with empty asci in 
hymenium. Ascospores mostly biseriate, some irregularly uniseriate, ellip
soid, walls hyaline to subhyaline, biguttulate, (6.0 -)7.3-8.8 x (2.3-)2.8-
3.4(-3 .7) 11m. Paraphyses filiform, septate, branched or deformed at apex, 
not exceeding asci, ca. 1.5 11ffi wide. 

HABIT AT: On mycelia and apothecia of Lecanora carpinea on different 
plants. 
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FIG. 24. Un guiculariopsis thallophila (H-Herb. Karsten 2579): a. shape of 
apothecium, from top to bottom showing hymenium, medullary excipulum and ectal 
excipulum, b. paraphysis apices and asci with ascospores, c . structure of eclal 
excipulum, d. hairs with lumen at apex (two shon hairs at bouom from holotype), t. 
ascospores; a x SO. b-e x 1300. 

HOLOTYPE EXAMINED: Fungi Fenniae Exs. #823, on Lecanora 
carpinea, Tavastia australis, Tammela, Mustiala, P. A. Karsten, XII. 
1868, H (filed under TrociUia thallophila) (the duplicates of this exsiccata 
are all isotypes). 

0IS1RIBUTION: Finland, Scotland, Spain, Sweden. 
ILLUSTRATIONS: Dennis, R.W.G., Kew Bull. 1950: 186, Fig. 8, 

1950 (Mollisia thallophila). Hawkswonh, D.L., Notes Roy. Bot. Gard. 
Edinburgh 38: 171 , Fig. 3, 1980 (Pyrenopeziza thallopiU/a). This paper, 
Fig. 24. 

EXSICCATAE EXAMINED: FUNGI FENNIAE EXSICCATI II 823 (filed 
under TrociU/a thal/op/Uia), see holotype examined. 

OTHER SPECIMENS EXAMINED: ANLAND: On Lecanora carpinea, 
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Tavastia australis, Ta=ela, Mustiala, P. A. Karsten, 24. IV. 1869, H
Karsten 2579 (as Mollisia thal/ophila); on Lecanora carpinea (as Ad 
Lecanoram subfuscam var., ad Salic. vimina/em.), (no locality), P. A. 
Karsten, 24. IV. 1869, H-Karsten 2900 (as Peziza (frochila) erratica); 
[on Lecanora carpinea] , Tavastia australis, Ta=ela, Mustiala, P. A. 
Kassten, 12. XII. 1869, H-Karsten 2578 (as Pyrenopeziza and Trochila 
thallophila). 

SCOlLAND: On Lecanora chlarotera Nyl. s. lat., on Populus tremula 
twigs, Mid-Penhshire, Balliemore, by B847 road to Struan, B. J. Coppins 
156, 23. ill. 1986, E (filed under Pyrenopeziza thal/ophila), lMl 237272 
(filed under Sk.yttea thallophi/a) . 

SWEDEN: [On Lecanora], Nllrke: G()tlunda parish, Balgbergen, sklir 
9 fran bj()rk, R. Johansson & E. Julin, 29. VII. 1927, UPS; on Lecanora 
carpinea on Sorbus aucuparia, Uppland: Alsike parish, Lunsen, at the 
field S.W. of Hjortronmossen, R. Santesson, 23. IX. 1947, UPS; on 
Lecanora on Populus tremula in a small Populus grove, Uppland: 
Vendel parish, 1.5-2 km N.E. of Kjenslirge, R. Santesson, 28. V. 1955, 
UPS (filed under Sk.yttea thallophila) . 

Notes: When Nannfeldt (1932) exasnined the authentic material, he 
noted that it is not a species of Pyrenopeziza but related to Hya/oseypha. 
Dennis ((1950) indicated that the apothecial color of this fungus is different 
from most species of Hyaloseypha and that the systematic position of this 
species is uncertain. Santesson (1960) reported that he had collected this 
species in northern Spain and that the fungus is rather common in Sweden. 
He noted it under "Pyrenopeziza" thallophila, and thought that the fungus 
represents a new genus separated from Hya/oseypha. Later, this fungus 
was transferred to the lichenicolous genus Sk.yttea when the genus was 
first erected (Sherwood, et al. , 1980). In discussing the taxonomic 
situation, the authors pointed out that "this species is not made the holotype 
of Sk.yttea, however, as it differs in some important respects from S. 
mitschkei and most other species accepted in the genus." The holotype 
and three additional specimens of U. thal/ophila from Finland have been 
exasnined, and they are uniform in morphology. It is very cleas that U. 
thallophila possesses the following important features which are Jacking in 
Sk.yttea: apothecia superficial, the presence of distinct hairs that have a 
swollen base and a fme, hooked apex, asci without a thickened apex, and 
the angulas to globose excipulas cells. 

Most apothecia of the holorype from Finland, a collection from 
Scotland, and three from Sweden possess short hairs (10-20 IJ-m long), but 
those of three other collections from Finland have relatively long hairs (15-
34 J.lm long). Since the excipulas structure and other features of these 
specimens are indistinguishable, I do not treat the variation in hair length as 
significant. 

Mollisia /esdainii (Vouaux) Vouaux (1914) was also reponed on a 
Lecanora species, L. effusa. Thsough the ldndness of Dr. J. Astier and 
Prof. Y. Rondon I was able to look at the type specimen of this fungus. 
M. /ersdainii differs from U. Thal/ophila in several aspects. Fuinher 
studies will be reponed later. 
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EXCLUDED SPECIES 

Mollisia subgenus Mollisiel/a, Mollisiella, and Pithyel/a have been 
employed by some mycologists to accommodate a few species of 
Unguiculariopsis. Mol/isiel/a Boudier (1885) was established based on 
Peziza perparvula Karst., but Boudier later (1907) removed this species 
from Mollisiel/a to Micropodia Boud. Instead of discarding Mollisiella, 
he retained this generic name and added many unrelated taxa, so that the 
genus lost its original sense. The genus Mollisiel/a Rehm (1892) was 
raised from Mollisia subgenus Mollisiel/a Phill. (1887), which included 
nine unrelated species, and is entirely different from Boudier's Mollisiella. 
Pithyel/a Boud. has been reviewed recently and is an older name for 
Helotiopsis Hohn. (Korf & Zhuang, 1987). The following list, aimed at 
clarifying the taxonomic confusion between these genera and 
Unguiculariopsis is mainly based not on type studies but on original 
descriptions. The synonymies are not intended to be complete. 

I. Mollisiel/a aggregata (Feltg.) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
"Pezizel/a aggregata Feltg., Verst. Pilz-Fiora Grossherz. Luxemb., 

Nachtr. 2: 39, 1901. 
"Unguicu/el/a aggregata (Feltg.) Htlhn., Sitzungsber. Kaissrl. 

Akad. Wiss., Math.-Naturwiss. Kl., Abt. I, 115: 1281, 1906. 
Notes: This is one of Hohnel's original species of Unguiculella. 

Dennis (1949) and Raitviir ( 1970) have notes on this fungus. 

2. Mollisiel/a albido-lurea (Feltg.) Boud., Hist. Classif. Disc. Eur. p. 
142, 1907. 
"Pezizella a/bido-lutea Feltg., Verst. Pilz-Flora Grossherz. 

Luxemb., Nachtr. 2: 42, 1901. 
"Dasyseyphus albidoluteus (Felt g.) Svrcek, Cesk~ Mykol. 33: 197, 

1979. 
Notes: According to Svreek (1979) this fungus has granulate hairs· on 

the receptacle surface and lanceolate paraphyses. It is possibly a species of 
Lochnum. 

3. Mollisiella albido-rosea (Rehm) Boud., Hist. Classif. Disc. Eur. p. 
142, 1907. 
"Pezizella albido-rosea Rehm in Rabenh . Krypt.-FI. ed. 2, 1(3) 

[lief. 38]: 682, 1892. 
,. Lachnum albidorosea (Rehm) Nann f. in Sydow, Ann. Mycol. 34: 

397, 1936. 
Notes: Dennis (1949) illustrated and redescribed this fungus. It is a 

species of Lachnum. 
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4. Mollisiella albo-nivea (Rehm) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907 (ut 'a/bido-nivea'). 
= Pezizella albonivea Rehm in Rabenh., K.rypt.-A. ed. 2, 1(3) [lief. 

54]: 1231, 1896. 
Notes: This fungus has a hyaline excipulum, smooth receptacle 

surface, and J+ ascus iodine reaction . It is not an Unguiculariopsis 
species. 

5. Mollisiel/a albo-tincta (Rehm) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
= Pezizel/a a/bo-tincta Rehm, Ann. Mycol. 2: 191, 1904. 
Notes: The apothecia of this species are snow-white, sometimes 

white-yellowish, with excipular cells elongated and asci J+ in iodine 
reaction (Saccardo, 1906). Hohnel (1926) synonymized it wi th 
"Helotium" herborum (Pers. : Fr.) Fr., but Dennis (1956) disagreed with 
his treaanent. 

6. Mollisiel/a a/bu/a (PhiU.) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
= Mollisia albula Phil!., Brit. Disc. p. 192, 1887. 
Notes: According to the original author, the apothecia of this fungus 

are convex, white, shining, and smooth; the excipulum consists of 
elongated, cylindrical cells. Carpenter (1981) noted that it may be a species 
of Hymenoscyphus. 

7. Mol/isiel/a anonyma (Rehm) Rehm, Hedwigia 44: 9, 1905. 
= Pezizel/a anonyma Rehm, Hedwigia 34: 165, 1895. 

= Pithyella anonyma (Rehm) Korf & Zhuang, Mycotaxon 29: 4, 
1987. 

Notes: This is a species of Pithyella (Korf & Zhuang, 1987). 

8. Mollisiel/a apicalis (Berk. & Br.) Sacc., Syll. Fung. 18: 64, 1906. 
= Peziza apicalis Berk. & Br., J. Linn. Soc., Bot. 14: 106, 1873. 
= Pithyella apicalis (Berk. & Br.) Korf & Zhuang, Mycotaxon 29: 4, 

1987. 
Notes: This is a species of Pithyella . Korf and Zhuang (1987) have a 

note on it. 

9. Mollisiel/a auricolor (Rehm) Baud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
= Pezizella auricolor Rehm in Rabenh., Krypt.-Fl. ed. 2, I (3) [lief. 

38]: 672, 1892. 
Notes: The apothecia of this fungus are light in color, and asci J+ in 

iodine reaction, whereas species of Unguiculariopsis have dark apothecia 
and J- ascus iodine reaction. 
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10. Mollisiella ausrriaca Hl!hn., Ann. Mycol. I: 369, 1903. 
= Pithyella austriaca (Hohn .) Boud., Hist. Classif. Disc. Eur. 

p. 125, 1907. 
Notes: I have examined the holotype. This fungus is the same as 

Lachnel/u/a theiodea (Cooke & Ell.) Sacc. but the correct name for the 
fungus should be Hyphodiscus rheiodea (Zhuang, 1988b). 

II. Mollisiel/a bresado/ae (Rehm) Boud. Hist. Classif. Disc. Eur. p. 142, 
1907. 
= Pezizella bresadolae Rehm in Raben., Krypt.-Fl. ed. 2, I (3) [lief. 

38): 657, 1892. 
Notes: The apothecia of this fungus are diny cream-colored when 

fresh, yellowish brown upon drying, and smooth outside, whereas those 
of Unguiculariopsis are dark in color and furfuraceous outside. 

12. Mol/isia (subgen. Mollisiella) bullii (yV. G. Smith) Phill ., Brit. 
Disc. p. 194, 1887. 
= Peziza (Mollisia) bullii W. G. Smith in Berk. & Br., Ann. Mag. 

Nat. Hist. ser. 4, 7: 433 (no. 1324), 1871. 
= Discocisrella bullii (yV. G. Smith) Svreek, Cesk4 Mykol. 16: 96, 

1962. 
Notes: The genus Discocistella was synonymized with Dasyscyphus 

by Korf (1973), and the latter is a later synonym of Lachnum, following 
the recent International Code of Botanical Nomenclature (Haines, 1984). 
This species may be either a species of Lachnum or of Cistel/a. 

13. Mollisiella caespiticia (Karst.) Boud., Hist. Classif. Disc. Eur. p. 
143, 1907. 
,. Peziza caespiticia Karst., Not. Siillsk. Fauna Fl. Fenn. Forb. 10: 

159, 1869. 
Notes: Nannfeldt (1932) had illustrated this species under the name of 

Mollisia caespiticia (Karst.) Karst. Dennis (1950) noted that sometimes 
cells in the excipulum give rise to hyaline, short, obtuse, thin-walled hairs, 
and that ascospores are fusoid with one end rounded and one pointed. 
Though this species occurs on ostioles of a pyrenomycete, its morphology 
does not match that of Unguiculariopsis. 

14. Mol/isiella cirrinula (Karst.) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
= Helorium cirrinulum Karst. Nat. Siillsk. Fauna Fl. Fenn. Forb. II : 

238, 1870. 
Notes: Dennis (1956) placed this fungus under the genus Calycellina, 

but judging from his description and illustration, I think that it may be 
close toBisporel/a. 
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15. Mo/lisie/la col/ina (Speg.) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
= He/otium co/linum Speg., Micheli a I: 473, 1879. 
Notes: According to the original description, this species has grayish 

to slightly blue apothecia, smooth receptacle surface, J+ ascus iodine 
reaction, and cylindrical-fusoid to subclavate ascospores 10 x l -1.51!1'1l. It 
may be a Mo/lisia species. 

16. Mollisia (subgen. Mollisiella) effugiens (Rob. in Desm.) Phill., 
Brit. Disc. p. 196, 1887. 
= Peziza (Phialea) effugiens Rob. in Desm., Ann. Sci. Nat. Bot. ser. 

3, 20: 231, 1853. 
= Trichopeziza effugiens (Rob. in Desm.) Le Gal, Rev. Mycol. 

(Paris) 4: 54, 1939. 
Notes: This fungus has ivory-hyaline apothecia and fusiform 

ascospores 5-7 xI ~m. It has no close relationship to Unguiculariopsis. 

17. Mo/lisie/la elegans (Saut.) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
= Peziza elegans Saut., Flora 24: 313, 1841. 
Notes: The apothecia of this fungus are smooth, waxy, and flesh

colored (Saccardo, 1889). According to Keissler (1917) no type specimen 
has been found, and the species should be discarded ("Daher ist die An 
einfach zu Streichen."). It is surely not a species of Unguiculariopsis . 

18. Mollisiel/a epithallina (Phil!. & Plow.) Boud., Hist. Classif. Disc. 
Eur. p. 142, 1907. 
= Peziza (Mo/lisia) epithallina Phil!. & Plow., Grevillea 6: 24, 1877. 

(ut 'epithalina'). 
Notes: According Phillips (1887), the apothecia of this fungus are 

congregated, sessile, discoid, immarginate, pallid-white, and occur on the 
thallus of Peltigera canina. It is unlikely to be a species of Unguicula
riopsis. 

19. Pithyella erythrostigma (Berk. & Br.) Boud., Hist. Classif. Disc. 
Eur. p. 125, 1907. 
= Peziza eryrhrostigma Berk. & Br., Ann. Mag. Nat. Hist., ser. 3, 

18: 126, 1866. 
Notes: This is a true Pithye/la. Korf & Zhuang (1987) have noted and 

illustrated this fungus. 

20. Mollisiellafagiseda Svreek, Cesk~ Mykol. 31: 13, 1977. 
Notes: The marginal hyphae of this fungus are cylindrical instead of 

having a swollen base and a fine, curved apex as in species of Unguicula
n·opsis. 
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21. Mollisie/la filicum (Phil!. in Phill. & Plowr.) Boud., Hist. Classif. 
Disc. Eur. p. 142, 1907. 
= Peziza (Mollisia) filicum Phil!. in Phill. & Plowr., Grevillea 13: 

74, 1885. 
= Pezizellafilicum (Phill. in Phill. & Plowr.) Sacc., Syll. Fung. 8: 

281. 1889. 
Notes: This fungus was redescribed and illustrated by Bllhler as 

Pezizellafi/icum (Bilhler, 1974). It is unlikely to be either a synonym of 
Pezize/la campanu/ifonnis (Fuckel) Dennis [• Hymenoseyphus campan
uliformis (Fuckel) Rasch.) as treated by Dennis (1956) or a synonym of 
Allophy/aria chrysostigma (Fr.) Nannf. [• Psi/achnum chrysosrigmum 
(Fr.) Raitv.) as treated by Nannfeldt (1939). 

22. Mollisie/la fusco-sanguinea (Rehm) Boud. Hist. Classif. Disc. Eur. 
p. 142, 1907. 
"Pezizellafuscosanguinea Rehm, Disc. in Rabenh. Krypt.-Fl. ed. 2, 

[lief. 38) : 675, 1892. 
Notes: The original description indicates that this fungus has a 

brownish yellow receptacle, pale red hymenium, and fibrous margin with 
blunt cells. It is not a species of Ungukulariopsis . 

23. Mollisie/la graminea (Karst.) Boud., Hist. Classif. Disc. Eur. p. 143, 
1907. 
=Peziza graminea Karst., Fung. Fenn. Exs. no. 747, 1868. 
Notes: Dennis (1950) described the asci of this species as blue in 

Melzer's reagent, and ascospores fusoid , 3-septate. Species of 
Unguiculariopsis have a J- ascus iodine reaction, unicellular, spherical to 
ellipsoid ascospores. and characteristic hairs. 

24. Mollisiella granu/ose/la (Karst.) Boud., Hist. Classif. Disc. Eur. p. 
142, 1907. 
= Peziza granulosella Karst., Not. S:illsk. Fauna Fl. F6rh. 10: 180, 

1869. 
= Cistella granulosella (Karst.) Nannf., Nova Acata Regiae Soc. Sci. 

Upsal. 4, 8(2): 270, 1932. 
Notes: This is a species of Cistella. Nannfeldt (1932) illustrated this 

species. 

25. Mollisiella helotioides (Starb.) Boud. Hist. Classif. Disc. Eur. p. 
143, 1907. 
= Pezizella (Ctenoscypha) helotioides Starb., Bih. Kong!. Svenska 

Vetensk.-Akad. Hand!. 21(111, 5): 32, 1895. 
Notes: The apothecia of this fungus are yellow, excipulum of textura 

prismatica, and ascospores elongated fusoid, 10-14 x 1.5-2 ).Uil. It is not 
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related tO Unguiculariopsis. 

26. Mollisia (subgen. Mollisiella) hydnicola (Berk. & Br.) Phil!., Brit. 
Disc. p. 194, 1887. 
= Peziza hydnico/a Berk. & Br., Ann. Mag. Nat. Hist., ser. 4, 7: 

434, 1871. 
"' Mo/lisiella hydnicola (Berk. & Br.) Sacc., Syll. Fung. 18: 64, 

1906. 
• Pithye/la hydnicola (Ber:k. & Br.) Boud., Hi st. Classif. Disc. Eur. 

p. 125, 1907. 
= Claussenomyces hydnicola (Berk. & Br.) Korf & Zhuang, 

Mycotaxon 29: 8, 1987. 
Notes : This fungus is a species of C/aussenomyces and has been 

discussed by Korf & Zhuang (1987). 

27. Pithyella hypnina (Quelet) Boud. , leones Mycol. p. [4], 1904. 
= Mollisia hypnina Que!., Bull. Soc. Bot. France 25: 291: 1879. 
Notes: This is the type species of the genus Pithye /la (Boudier, 

1885). 

28. Pithyella hypnorum (Fr.: Fr.) Boud., Hist. Classif. Disc. Eur. p. 
125, 1907. 
= Peziza hypnorum Fr. : Fr., Syst. Mycol. 2: 149, 1822. 
Notes: This is a lost species, as has been noted by Korf & Zhuang 

(1987). 

29. Mollisie/la infixa (Wallr.) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
= Peziza infu:a Wallr., Fl. Crypt. Germ. 4: 470 ( no. 2504), 1833. 
Notes: According to Saccardo (1889), the apothecia of this fungus are 

white, subtremelloid when fresh, and golden yellow upon drying. It is 
unlikely to be a species of Ungwculariopsis. 

30. Pithye/la jenkinsii (Sherw. & Korf) Korf & Zhuang, Mycotaxon 29: 
7, 1987. 
= Helotiopsis jenkinsii Sherw. & Korf, Mycotaxon 3: 321, 1976. 
Notes: This is a true Pithye/la (Korf & Zhuang, 1987). 

31. Mollisie/la lilacina (Sacc.) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
= Elcve/a lilacea Wulf. in Jacq. : Fr. , Col!. Bot. Chern. Hist. Nat. I : 

347, 1786 (corr. 'lilacina', Fries, Syst. Mycol. 2: 140, 1822). 
= Niptera lilacina (Wulf.) Sacc., Atti Accad. Sci. Veneto-Trentino

Isaiana, Padova, ser. 4, #70, 1875. 
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Notes: The apothecia of this fungus are waxy, smooth, and beautifully 
lilac when fresh, pale lilac when dry; and quite different from those of 
Unguic ulariopsis. Boudier (1907) mistakenly treated Saccardo as the 
original author. 

32. Mollisia (subgen. Mollisiella) lurida (Pers.) Phill., Brit. Disc. p. 
197, 1887. 
= Peziza lurida Pers., Syn. Meth. Fung. p. 666, 1801. 
Notes: This species has linear ascospores, which have never been 

found in Unguiculariopsis. 

33. Mollisiella luteo-fuscescens (Feltg.) Boud., Hist. Classif. Disc. Eur. 
p. 142, 1907. 
= Mollisia luteo-fuscescens Feltg., Vorst. Pilz-Fiora Grossherz. 

Luxemb., Nachtr. p. 26, 1903. 
Notes: According the original author, the apothecia of this fungus 

have yellowish brown receptacle, yellow hymenium, and fusoid 
ascospores with blunt ends, measuring 6.5-7.5 x 1.5 J.Lm. I found no 
indication that this could be a species of Unguiculariopsis. HOhnel (1906) 
noted that the type collection is a badly preserved , old specimen of 
Pezizel/a teucrii. 

34. Mollisia (subgen. Mollisiella) mali (Rehm) Phill., Brit. Disc. p. 
194, 1887. 
= Pezizella mali Rehm, A scorn. Exs. no. 460, 1878. 
= Cistella mali (Rehm) Nannf., Nova Acta Regiae Soc. Sci. Upsal. 

4, 8(23): 270, 1932. 
Notes: This is a species of Cis tel/a. 

35. Mollisiella minima (Fr. ) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
= Peziza minima Fr., Elench. Fung. 2: 13, 1830. 
Notes: According to the original description, the apothecia of this 

species are finn, reddish brown, or approaching white, and on Hydnum 
farinaceum. 

36. Mollisiel/a minutissima (Karst. & Starb.) Boud., Hist. Classif. Disc. 
Eur. p. 142, 1907. 
= Helotium minutissimum Karst. & Starb., Hedwigia 26: 124, 1887. 
Notes: According to the original description, the apothecia are naked, 

light in color when fresh, pale brown when dry; and occur on leaves of 
Comarum pa/ustre. This fungus is not a species of Unguicu/ariopsis. 

37. Mol/isiella myricae (Rehm) Boud. Hist. Classif. Disc. Eur. p. 142, 
1907. 
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= Pezizella myricae Rehm in Raben., Krypt.·Fl. ed. 2, 1(3) p. 665, 
1892. 

Notes: According to the original author, asci of this fungus are J+ in 
iodine reaction, and ascospores are fusoid. It occurs on the upper side of 
dry leaves of Myrica cerifera. This fungus is not a species of Unguicula· 
riopsis. 

38. Mol/isiella myriosrylidis Rehm, Hedwigia 6: 301, 1892. 
Notes: This is a species of Parencoelia (Zituang, 1988a). 

39. Mo/lisiella nectriel/a (Karst.) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
= Helotium nectriellum Karst., Hedwigia 23: 88, 1884. 
Notes: The apothecia of this fungus are strongly convex, ascus J+ in 

iodine reaction, and excipular cells of textura prismatica. Dennis (1956) 
placed this species under Calycellina. 

40. Mollisiel/a nemophila (Sacc.) Boud., Hist. Classif. Disc. Eur. p. 143, 
1907 (as 'nemophila' ). 
• Niptera nemophila Sacc., Fung. Ita!. fig. 1382, 1883. 
Notes: According to Saccardo (1889), the ascospores of this fungus 

are cylindrical to subfusoid and !-septate, which has not been found in any 
species of Unguiculariopsis. 

41. Mollisiella obscurella Boud., Hist. Classif. Disc. Eur. p. 142, 1907. 
Notes : Saccardo and Trotter (1913) transferred this fungus to 

Mollisia. It has subglobose excipular cells, but neither hairs nor hypha! 
protrusions were noticed. Boudier' s illustration (Boudier, leones Mycol. 
pl. 556, 1906) shows that it may be a species of Mol/isia. 

42. Mollisiella olivaceo-brunnea Grelet, Rev. Mycol. (Paris) 19: 147, 
1954. 
Notes: According to the original author, the marginal cells of the 

apothecium are elongated with an obtuse apex. It is not a species of 
Unguiculariopsis. 

43. Mo/lisiel/apal/ens Boud., Hist. Classif. Disc. Eur. p. 142, 1907. 
Notes: This is obviously not a species of Unguiculariopsis . 

Boudier's illustration (Boudier, leones Mycol. pl. 557, 1906) shows that it 
may be a species of Mol/isia. 

44. Mollisiella pal/ida (Feltg.) Boud., Hist. Classif. Disc. Eur. p. 143, 
1907. 
= Mollisia pal/ida Feltg., Vorst. Pilz-Flora Grossherz. Luxemb., 

Nachtr. 3: 21, 1903. 
Notes: This is possibly a Mollisia species with apothecia brown at 

base, pale in center, and ascospores fusoid. Hohnel (1906) examined the 
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type, which was very poor and immature, and suggested discarding the 
name. 

45. Mollisia perpaf"'lu/a (Karst.) Karst., Bidrag KNnnedom Finlands 
Natur Folk 19: 191, 1871. 
"Peziza perpaf"'lula Karst., Not. Slillsk. Fauna A. Fenn. Forh. n. s. 

10: 162, 1869. 
Notes: This is the type species of Mollisiella Boudier (1885). I have 

examined the type specimen. It is a Mollisia with a vety shon stalk. 

46. Mollisia (subgen. Mollisiella) pineti (Batsch : Fr.) Phil!., Brit. Disc. 
p. 195, 1887. 
"Peziza pineti Batsch: Fr., Elench. Fung. 1: 201, 1786. 
"Pseudohelorium pineti (Bastch : Fr.) Fuckel, Jahrb. Nassauischen 

Vereins Naturk. 23-24: 298, 1870. 
Notes: This is the type species of the genus Pseudohelotium 

(Clements & Shear, 1931). Dennis (1956) redescribed and illustrated this 
fungus, and Carpenter (1981) has a note on it. 

47. Mollisiel/a plicatu/a (Rehm) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
"Pezizel/a plicarula Rehm in Raben., Krypt.-FI. ed. 2, 1(3) p. 676, 

1892. 
Notes: The apothecia of this fungus are light-colored, with the outside 

folded (Saccardo, 1889). It is not a species of Unguiculariopsis. 

48. Mollisiel/a pruinosa (Wallr.) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
= Peziza pruinosa Wallr., Fl. Crypt. Germ. 4: 487 ( no. 2564), 

1833. 
Notes: Saccardo (1889) described this species under Pseudohelo

tium. The apothecia are fleshy, membrane-like, the receptacle surface 
slightly mealy. No feature indicates that it is an Unguiculariopsis species. 

49. Mollisiel/a pudica (Rehm) Boud., Hist. Classif. Disc. Eur. p. 143, 
1907. 
,. Pezizel/a pudica Rehm in Raben., Krypt.-FI. ed. 2, 1(3) [lief. 37 & 

38]: 656-657, 1892 (July & September). 
Notes: The asci of this fungus are 1+ in iodine reaction, ascospores 

elongate-fusoid. It is not a species of Unguiculariopsis. 
It is difficult to decide on the correct date of publication of Rehm's 

species, since the name and pan of the description appeared in July, 1892, 
and the rest of the description in September, 1892. 
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50. Mollisiella rehmii (Sacc.) Baud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
,. Pezizella aconiti Rehm, Ber. Naturhist. Vereins Augsburg 26: 43, 

1881. 
'"Pezizella rehmii Sacc., Syll. Fung. 8: 282, 1889; non Pezizella 

aconiti (Saut.) Sacc., nom. superfl. 
,. Dasyseyphus aconiti (Rehm) Dennis, Persoonia 3: 31, 1964. 

'" Lachnum aconiti (Rehm) Zhuang, comb. nov. 
Notes: This a species of Lachnum. Dennis (1964) has illustrated and 

redescribed this fungus. 

51. Mollisiel/a sclerotinioides (Rehm) Baud., Hi st. Classif. Disc. Eur. p. 
142, 1907. 
= Pezizella sclerotinioides Rehm in Raben., Krypt.-FI. ed. 2, 1(3) p. 

667, 1892. 
Notes: According to the original author, the apothecia of this fungus 

are whitish in color, and asci are J+ in iodine reaction. 

52. Mollisiel/a separabilis (Karst) Baud., Hist. Classif. Disc. Eur. p. 
142, 1907. 
= Helotium separabile Karst., Mycol. Fenn. p. 118, 1871. 

= Hymenoscyphus separabilis (Karst.) Dennis, Persoonia 3: 77, 
1964. 

Notes : According to Dennis (1964), this fungus is a species of 
Hymenoscyphus and has cream-colored apothecia, hyaline excipular cells, 
1+ ascus iodine reaction, and fusoid ascospores. 

53. Mollisia (subgen. Mollisiella) stramineum (Berk. & Br.) Phil!. , Brit. 
Disc. p. 196, 1887. 
'"Peziza stramineum Berk. & Br., Ann. Mag. Nat. Hist. ser. 2, 7: 

182, 1851. 
"' Crocicreas stramineum (Berk. & Br.) Carp., Brittonia 32: 271, 

1980. 
Notes: This is a species of Crocicreas. 

54. Mollisiel/a subtilissima (Schroet.) Baud., Hist. Classif. Disc. Eur. p. 
142, 1907. 
'"Hymenoscypha subtilissima Schroet., Pilze Schles. 3(1): 70, 

1893. 
Notes: This species is excluded from Unguiculariopsis because of its 

dirty white, translucent apothecia and fusoid ascospores. I did not examine 
any specimen under this name. 
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55. Mollisiella tetraspora (Feltg.) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
= Pezizella tetraspora Feltg., Vorst. Pilz-Aora Grossherz. Luxemb., 

Nachtr. 3: 54, 1903. 
= Hyaloscypha lachnobrachya (Desm.) Nannf., Nova Acta Regiae Soc. 

Sci. Upsal. 4, 8(2): 273, 1932. 
Notes: This species was li sted as one of the synonyms of 

Hyaloscypho. lachnobrachya (Desm.) Nannfeldt by Nannfeldt (1932). 

56. Mollisiel/a teucrii (Fuckel) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
=Niptera teucrii Fucke1, Jahrb. Nassauischen Vereins Naturk. 25-

26: 335, 1871. 
Notes: This species has pale to yellowish apothecia and cylindrical, 

slightly curved ascospores. It is not related to Unguiculariopsis. 

57. Mollisiel/a teucrii (Fuckel) Boud. var. lunariae (AIIesch.) Boud. , 
Hist. Classif. Disc. Eur. p. 142, 1907. 
= Mollisia teucrii (Fuckel) Rehm forma lunariae Allesch., Ber. Bot. 

Vereines Landshut 15: 67, 1898. 
Notes: The ascospores of this species are bacteriform and about 8-12 

x 1-1.5 ).lm It is not a species of Unguiculariopsis. 

58. Mollisiel/a trinitensis Cash, J. Wash. Acad. Sci. 48: 256, 1958. 
Notes: This is a species of Parencoelia (Zhuang, 1988a). 

59. Mollisiel/a umbonata (Pers.) Boud., Hist. Classif. Disc. Eur. p. 143, 
1907. 
= Peziza umbonata Pers., Syn. Fung. p. 669, 1801. 
Notes: According to the original description, the apothecia of this 

fungus are white-bluish grey, subgelatinized, and with smooth receptacle 
surface. This is not a species of Unguiculariopsis. 

60. Mollisiella umbonata (Pers.) Boud. var. amenticola (Sacc.) Boud., 
Hist. Classif. Disc. p. 143, 1907. 
= Mol/isia umbonata (Pers.) Sacc. var. amenticola Sacc., Syll. 

Fung. 8: 335, 1889. 
Notes: The ascospores of this fungus are cylindrical and somewhat 

curved, a feature lacking in Unguiculariopsis. 

61. Mollisia (subgen. Mollisiel/a) versicolor (Desm.) Phil!., Brit. Disc. 
p. 195, 1887. 
= Peziza versicolor Desm., Ann. Sci. Nat. Bot. str. 3, 20: 238, 

1853. 
= Psilachnum chrysostigmum (Fr.) Rairv., Scripta Mycol. 1: 104, 1970. 
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Notes: According to Carpenter (1981), this species is a synonym of 
Psilachnum chrysostigmum (Fr.) Raitv. 

62. Mollisiella viridiflavescens (Rehm) Boud., Hist. Classif. Disc. Eur. 
p. 142, 1907. 
= Mollisia viridiflavescens Rehm in Sydow, Mycoth. March. no. 

1746, 1887. 
= Phialina viridiflavescens (Rehm) Raitv., Folia Cryptog. Eston. 9: 

I, 1977. 
Notes : This species has green-yellow apothecia when dry , and 

ascospores 4-5 x 1-1.5 11m. It was transferred to Cistel/a by Nannfeldt 
(1932) but was illustrated without granules on the apex of shon hairs. 
Raitviir transferred it to Phiillina, which has been treated as a synonym of 
Calycellina by Korf(l973). 

63. Mol/isiel/a xylita (Karst.) Boud., Hist. Classif. Disc. Eur. p. 142, 
1907. 
"'Peziza xylita Karst., Fung. Fenn. Exs. 645, 1867. 

= Cistel/a xylita (Karst.) Nannf., Nova Acta Regiae Soc. Sci. Upsal. 
4, 8(2): 271, 1932. 

Notes: Nannfeldt (1932) described and illustrated this fungus. It has 
shon, granulate hairs and is a species of Cistella. 
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INDEXTOFUNGALTAXA 

Allophylaria chrysostigma 69 
Amphisphaerella 22; xylostei 59 
Bisporella 67 
Calcarisporium parasiticum 10 
Calycellina 67, 72, 76 
Cenangella parasitica 46 
Cenangium 2, 18, 19, 47 , 50; 

australe II , 28, 30, 31; dimor
phum 28, 30; episphaerium 11, 
30, 31; parasiticum 46,48,49; 
ravenel ii 4, 49, 52 

Chaetocladium 10 
Cistella 67, 69, 71 , 76; 

granulosella 69; mali 71 ; xylita 
76 

Claussenomyces 70; hydnicola 70 
Cocconia I I 
Crocicreas 74; strarnineum 74 
Cucurbitaria berberidis 4, 21 , 57 
Dasyscyphus 67 ; aconiti 74; 

albidoluteus 65 
Deltosperma I, 2, 18, 20, 21 , 31, 

42; caespitosum 46, 48; 
dimorphum 30, 31; infundibu
liformis 31, 40, 42, 43 

Dermatea 2, 18; dimorpha 28, 30 
Diaponhe 22, 44 
Didymosphaeria 35; oblitescens 

34, 35 
Discocistella 67; bullii 67 
Dispira 7 
Elvela lilacea 70; lilacina 70 
Encoelia 2, 18; infundibuliformis 

30, 40, 
Encoeliella 2, 5, 6, 18-20, 28; 

austra liens is 5, 26, 28 ; 
ravenelii 5, 36, 49 

Eutypa II , 47, 49; comosa 30; 
lata 11, 21 , 47,50 

Gilocladium roseum 10 
Godronia 21, 34; confenus 34 
Helotiopsis 6, 65; jenkinsii 70 
Helotium citrinulum 67; collinum 
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68; herbarum 66; minu!ISSI
mum ? 1; nectriellum 72; 
separablle 74 

Hyalopeziza 2, 6, 18; ilicincola 38 
Hyalllpeziza subgen. Unguicula-

riopsis 6, 19 
Hy~oscypha 64; lachnobrachya 

Hydnum farinaceum 71 
Hymenoscyphus 66, 74; campa-

nulaefonnis 69; separabilis 74; 
subtilissima 74 

Hyphodiscus theiodea 67 
Hysterium 4; bicolor 50, 52; 

rufulum 50 
Karstenula 21,44 
Lacbnella 2, 18; robergei 57 
Lachnellu1a 2, 18, 22, 24, 25; 

hysterigena 4, 36, 52, 55; 
theiodea 67 

Lachnum 65, 67, 74; aconiti I, 
74; albtdoroseum 65 

Lecanora 9, 21, 64; carpinea 62, 
63, 64; chlarotera 64; effusa 62 

Mkropodia 65 
Midotis 2, 18; infundibulifonnis 

40-42 
Mollisia 2, 6, 18, 68, 73; albula 
~; .caespiticia 67; hypnina 70; 
thcmco1a 4-Q, 38; lesdainii 64; 
luteo-fuscescens 71; pall ida 72; 
perparvula 6, 73; teucrii forma 
1unariae 75; thallophila 62, 63, 
64; umbonata var. amenticola 
75; viridiflavescens 76 

Mollisia subgen. Mollisiella 4, 6, 
19, 65; bullii 67; effugiens 68; 
hydnicola 70; ilicinco1a 4-Q· 
1urida 71; mali 71; pineri 73; 
strarnineum 74; versicolor 75 

Mollisiella 2, 4-Q, 18, 20, 65, 73; 
aggregata 65; a1bido-lutea 65; 
albido-rosea 65; albo-nivea 66; 
albo-tincta 66; albula 66; 
anonyma 66; apicalis 66; 
auncolor 66; austriaca 67; 
bre~ado1ae 67; caespiticia 67; 
ctawula 67; coltina 68; e1egans 

68; epithallina 68; fagiseda 68; 
filicum 69; fusco-sanguinea 69; 
grammea 69; granulosella 69; 
he1otioides 69; hydnicola 5, 70; 
thcinco1a 4, 5, 26, 28, 36, 
38-40, 49, 50, 52, 55; infixa 
70; lilacina 70; livida 44; luteo
fuscescens 71; minima 71· 
minutissima 71; myricae 71; 
myriostylidis 4, 72; nectriella 
72; nemophi1a 72; obscurella 
72; olivaceo-brunnea 72; 
pal1ens 72; pallida 72; plicatula 
73; pruinosa 73; pudica 73; 
rehmii 74; sclerotinioides 74; 
separabilis 74; subtilissima 74; 
tetraspora 75; teucrii 75; teucrii 
var. lunariae 75; trinitensis 75; 
umbonata 75; umbonata var. 
amenrico1a 75; viridiflavescens 
76; xy1ita 76 

Myriangium 4, II, 21 , 26, 28, 
38, 39, 57 

Niptera li1acina 70; nemophila 72; 
teucrii 75 

Parasitella 10 
Parencoelia II , 72, 75 
Patellaria nigro-cinnabarina 4, 50 
Pe1tigera canina 68 
Peziza 2, 4, 18; apicalis 66; bullii 

67; caespiticia 67; effugiens 68; 
elegans 68; epithallina 68; 
e:rr.arica 64; erythrostigrna 68; 
fthcum 69; graminea 69; 
granulosella 69; hydnicola 70; 
hypnorum 70; hysterigena 5, 
26, 36, 40; ilicinco1a 4-Q, 38, 
40, 50, 57; infixa 70; 1urida 71 · 
minima 71; perparvu1a 65; 
pineti 73; pruinosa 73; ravenelii 
5, 26, 28, 40, 49, 50; robergei 
57, 59; stramineum 74; 
umbonata 75; versicolor 75 · 
xylita 76 ' 

Pezizella aconiti 74; aggregata 65; 
albido-1utea 65; a1bido-rosea 
65; albonivea 65; albo-tincta 
66; anonyma 66; auricolor 66; 



bresadolae 67 ; campanulae
formis 69; filicum 69; 
fuscosanguinea 69; helotioides 
69; mali 71 ; myricae 72; 
plicatula 73; pudica 73; rehmii 
74; sclerotinioides 74; 
tetraspora 75; teucrii 71 

Phialina 76; viridiflavescens 76 
Phyllachora 7, II 
Piptocephalis 7 
Pithyella 2, 6, 18, 39, 65, 66, 68, 

70; anonyma 66; apicalis 66; 
· austtiaca 67; erythrostigma 68; 

hamata 53, 55; hydnicola 70; 
hypnina 6, 39, 70; hypnorum 
70; ilicincola 38, 39; jenkinsii 
70; livida 44 

Pseudohelotium 2, 18 , 73; 
hydnicola 4; ilicincola 4, 38; 
livid urn 44; pineti 73 

Pseudoheloti urn 
subgen.Mollisiella 4, 6, 12 

Psilachnum chrysostigmum 69, 
75,76 

Pyrenopeziza 2, 18, 64; 
thallophila 62, 63, 64 

Rhytidhysteron II , 21, 34; 
hy sterinum 21 , 53 , 55 ; 
rufulum 4, 11 , 17, 21, 36, 37, 
50-53 

Septoriella 22, 61 , 62 
Skyttea 2, 18, 64; mischkei 64; 

thallophila 62, 64 
Sphaeronaema caespitosum 47, 

48 
Trematophoma 24 
Trichopeziza effugiens 68 
Trigonosporium 31 
Trochila 2, 18; thallophila 62, 63, 

64 
Tryblidiella 50, 53, 55; elevata 

55; fusca 52; hysterina 53, 55; 
insculptum 55; rufula 36, 37, 
50-52; rufula var. fusca 52 

Unguicularia harnatopilosa 34, 35 
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Unguiculariopsis 1-8, 10-13, 15, 
16, 18, 19, 21, 25, 28, 31, 34, 
39, 42, 46, 49, 55, 57, 67-75; 
acerina I , 8, 13, 16, 17, 22 , 
23- 26, 59; adirondacensis I , 
8, I 0, 13, 15, 18, 22, 24, 25, 
26; australiensis I , 8, II , 13, 
15- 17 , 21 , 26 , 27, 28; 
dimorpha 1, 11 , 16-18, 21, 
28, 30, 31, 42; godroniicola I , 
8, 13, 15, 16, 21 , 32 , 34; 
hamatopilosa I , 16, 17, 18, 
22, 24, 34, 35; hysterigena 8, 
11, 13, 16, 17, 21, 36, 37, 40, 
49, 51, 52; ilicincola 1, 4-{i, 8, 
II , 13, 16, 17, 20, 21 , 28, 36, 
38-40, 46 , 52, 55 , 57; 
ilicincola var. australiensis 26; 
infundibuliformis 8, 13, 15-
18, 21, 30, 31 , 40-42, 49; 
livida I , 8, 10, 13, 16, 17, 21, 
44, 45; parasitica I, 8, II, 13, 
15, 16, 18, 21 , 42, 46, 47, 119; 
ravenelii 10, II, 13, 15- 18, 
21, 34, 37, 40, 52; ravenelii 
subsp. hamata I , 9, 15, 21 , 
53 , 54; ravenelii subsp. 
ravenelii 8, 13, 15, 17, 21, 49, 
51; rehmii 1,4, 9,13, 16, 21 , 
55, 56, 57; robergei I, 13, 16, 
18, 22, 57, 59, 61; robergei 
subsp. coelomyceticola I , 9, 
16, 22, 25, 59, 61' 62; 
robergei subsp. robergei 9, 17, 
22, 57, 58, 62; thallophila I , 
7, 9, 13, 16, 18, 21 , 59, 62, 
63,64 . 

Unguiculella 2, 6, 7, 18, 59, 65; 
aggregata 65; robergei 6, 57 , 
59, 61 

New names and the page numbers 
on which such new taxa are 
proposed are in boldface. 
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THE GENUS PARENCOELIA (LEOTIACEAE, 
ENCOELIOIDEAE) 

WEN-Yn<G ZIIUANGt 

Plant Pathology Herbariwn, Cornell University, Ithaca, NY 14853 USA 

The genus Parencoelia was established by Petrak (1950) to include a 
single species, P . and ina Petrak, which occurs on stromata of 
Phyllachora species and other fungi on different host plants. The genus 
remained monotypic until this study and has probably not been examined 
by any other mycologists since it was published. Korf(1973) noted under 
the genus Unguiculariopsis in his chapter on Discomycetes and Tuberales 
that "Parencoelia, in which no hairs are reponed, may be related." During 
my study of the genus Unguiculariopsis (Zhuang, 1988), five known 
specimens of Parencoelia were borrowed and examined. My observations 
indicate that both Unguiculariopsis and Parencoelia are fungicolous, 
related in certain respects, but not congeneric. Parencoelia differs from 
Unguiculariopsis in lack of characteristic hairs which have a swollen base 
and a fine, curved apex, in possessing thin-walled instead of thick-walled 
exc ipular cells, and in possessing turbinate to discoid apothecia. 
Parencoelia differs also in being clearly hyperparasitic for its host fungi 
fail to form mature asci, in contrast to Unguicu/ariopsis where normal asci 
are produced in the host fungus . 

Parencoelia was described in great detail and assigned to the 
subfamily Encoelioideae when Petrak (1950) published the generic name. 
In his paper, not only did he thoroughly describe the morphology and 
ontogenesis of the type specimen of P. andina, but he also described four 
other specimens very carefully. He indicated that these four collections are 
somewhat or even strongly different from the rype and that it was not clear 
whether they are different forms of the same species or closely related but 
distinct species (Petrak, 1950). The apothecia of these specimens are on 
stromata of Phyllachora and of other fungi, but none is on the same 
species of host fu ngus, and none is on the same host plant. My 
examinations have shown that the five specimens are congeneric and 
structurally similar to each other. Two of them, the holotype of P. andina 
and W-16795, have ovoid to broadly ellipsoid ascospores and occur on 

Based in part on a Ph. D . thesis presented to the Graduate School, Cornell 
Univers ity. Present address: Department of Mycology, Institute of Microbiology, 
Academia Sinica, Beijing, People's Republic of C.hina. 
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stromata of Phyllachora; two others, W-16885 and W-20167, have large, 
ellipsoid spores and invade other ascomycetes; and one (W -20337) has 
spherical ascospores and is also on Phyllachora. Petrak mistakenly 
reponed that both ovoid and spherical ascospores were present in the same 
apothecium in the holotype specimen. In fact, the ascospores of that 
specimen have a very small length/breadth ratio, and are not arranged in a 
regular pattern within an ascus; when the end of an ovoid ascospore faces 
our eyes, it appears spherical. 

Cenangiwn biparasiticum Pat., a parasite on Cocconia sp., was also 
studied. My examination reveals that it is a species of Parencoe/ia. It 
differs from P. andina in ellipsoid, much larger ascospores, spore 
guttulation, large asci, and host fungus. A new combination needs to be 
made. W-16885 and W-20167, which were treated as paratypes of P. 
andina by Petrak (1950), are very similar to C. biparasiticum in excipular 
structure, length of ascospores and of asci, and probably in their closely 
related bitunicate host fungi. Although their spores are not as broad as 
those of C. biparasiticum, I tentatively place them under this species in 
onder to exclude these two collections from P. andina. Further studies are 
needed when more collections become available and the host fungi can 
clear! y be identified. 

The spherical-spored fungus is undoubtedly congeneric with the 
typical Parencoelia andina, but it is not the same. It is on Phyllachora 
pichinchae on the leaves of Acalypha sp., has a coelomycete anamorph, 
and is surely conspecific with Mollisiel/a myriosry/idis Rehm, which 
occurs on Phyllachora sp. on the leaves of Myriostylis sp. and was 
described much earlier. The type localities of the spherical spored " P. 
andina" and of M. myriosrylidis are very close (Rehm, 1892; Petrak, 
1950). The same anamorph is also found in the isotypes of M. 
myriosry/idis. The genus Mollisiella, in which Rehm put his species, was 
raised from one of Phillips's subgenera of Mollisia . The correct name of 
Mollisiel/a (Phill.) Rehm is Unguicu/ariopsis. M. myriosry/idis cannot be 
a species of Unguiculariopsis , but it is a Parencoelia. A new 
combination should be made in Parencoe/ia. 

Phaeofabraea, which has been placed in the Encoelioideae by Pfister 
(1977), may be closely related to Parencoelia. They ate similar in being 
fungicolous, in excipular structure, and in production of crystals in the 
excipulum. Parencoe/ia can be distinguished from Phaeofabraea by the 
lighter apothecial tissues and ascospores that are hyaline instead of dark 
brown with a hyaline band circling the spore (Rehm, 1909; Petrak, 1950; 
Pfister, 1977). 

Even though the original authors of Parencoelia andina, Cenangium 
biparasiticum, and Mollisiella myriosrylidis gave detailed morphological 

FlO. l. Partncoelia species and lhcir hosts: a. P. andina on Phyllachora sp. (from 
holotype), b. P. biparasirica on Cocconia sp. (from holotypc), c. P. myriostylidis on 
Phyllachbra sp. (from isotype in Z1); all x 17.5. 
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information, I redescribe and illustrate the three taxa in this paper to give a 
better understanding of the genus Parencoelia. 

Parencoelia Petrak, Sydowia 4: 349, 1950, emend. 

Apothecia gregarious, discoid, flat or turbinate, sessile to subsessile; 
hymenium beige to brown; receptacle surface furfuraceous. Ectal 
excipulum of textura globulosa to texrura angularis; cells brown to light 
brown, thin-walled; outside with short hypha! protrusions, marginal 
hyphae more or less parallel. Medullary excipulum of textura intricata to 
textura angularis; hyphae light brown to subhyaline. Crystals often present 
in excipular tissues. Asci inoperculate, 8-spored, less commonly 4-spored, 
subcylindrical to clavate, J- to faintly J+ in Melzer's reagent with KOH 
pretreatment. Ascospores spherical, broadly ellipsoid, or ellipsoid, 
hyaline, sometimes brownish at maturity, guttulate, unicellular. 
Paraphyses filiform. 

On other fungi. 
An acervular anamorph is known only in Parencoe/ia myriosrylidis. 
Type: Parencoelia arulina Petrak. 

Parencoelia andina Petrak, Sydowia 4: 350, 1950, emend. (Figs. Ia, 2) 

Apothecia gregarious, discoid to flat when dry, flat or convex when 
fresh, sessile, subsessile to very shortly stipitate, 0.2- l.O mm in diam 
when dry, 0.3-l.O mm, rarely up to 1.5 mm, in diam when fre sh; 
hymenium brown, dark brown, or vinaceous brown when dry, grey or 
bright olive-green when fresh ; receptacle usually light brown to brown 
when dry, surface furfuraceous. Ectal excipulum of textura globulosa to 
textura angularis, 25-55 ~m thick; cells brown to light brown, thin-walled, 
isodiametric to ovoid, 5.5-11 .0 ~m in diam; with short hypha! protrusions 
extending toward outside, margin with hyphae more or less parallel. 
Medullary excipulum of textura angularis mixed with textura intricata, not 
clearly distinguished from ectal excipulum; tissues light brown, wi th 
numerous pale yellow crystals. Asci 8-spored, subclavate, J+ in holotype 
(or J- in paratype) in Melzer's reagent with 10% KOH pretreatment, 70-90 
x 7.5-8.8 IJ.m, with a crozier at base. Ascospores uniseriate, ovoid to 
broadly ellipsoid, hyaline, unicellular, uniguttulate, 5.1 -6.6 x 3.5-4.8 ~m. 
sometimes with a refractive body inside the spores. Paraphyses filiform, 
1.5-2.0 ~m wide, equal to or slightly exceeding asci. 

HABITAT: On strOmata of Phyllachora species. 
SPECIMENS EXAMJNED: EcuadQr: On strOmata of Phyllachora u/ei on 

leaves of Dioscorea rrifida, Prov. Pichincha, Mindo, H. Sydow, 4. XI. 
1937, W-07295 (Reliquiae Petrakianae 482) (holotype); on stromata of 

A O. 2. Porencoelia andina (holotype): a. shape of apothccia, from top to bottom 
showing hymcnium, medullary excipulum and ectal excipulum, b. structure of 
excipulum at margin, c. structure of excipulum at flank, d. ascospores, e. ascus, ascus 
base and paraphysis apices; a x 38, b-e x liXXJ. 
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Phy/lachora massinii on leaves of Brunellia comocladiaefolia, Prov. 
Tungurahua: Hacienda San Antonio bei Banos, H. Sydow, 17. XII. 1937, 
W-16795 (Petrak 41350) (paratype, "Fonna 3"). 

Parencoelia biparasitica (Pat.) Zhuang, comb. nov. (Figs. I b, 3) 

= Cenangitun biparasirictun Pat., Bull. Soc. Mycol. France II: 219, 
1895. 

MISAPPLICATION: Parencoelia andina Petrak, Sydowia 4: 350, 1950, pro 
parte ("Fonna I, 2"). 

Apothecia gregarious, discoid, sessile, 0.5-1.0 mm in diam; 
hymenium dark brown to fuscous when dry; receptacle lighter than 
hymenium or "Cinnamon-Drab (Ridgway)" when dry (according to notes 
by W. L. White), surface furfuraceous to downy. Ectal excipulum of 
textura angularis; cells light brown, thin-walled, isOOiarnetric, ovoid to 
ellipsoid, 5.0-9.5 in diam; margin with hyphae more or less parallel, with 
numerous pale yellow crystals. Medullary excipulum of textura angularis 
to textura intricata, not clearly distinguished from ectal excipulum; cell 
walls light brown, with numerous pale yellow crystals. Subhymenium 
indistinguishable. Asci 4- to 8-spored, clavate with an elongated, narr'"'" 
base, J- in Melzer's reagent with 10% KOH pretreatment, 73-132 x (9-) 
10-13 ~m. Ascospores irregularly uniseriate, broadly ellipsoid with blunt 
ends, many guttules of different size with 1-2 larger, (8.0-)8.5-12.4 x 
(4.4-)5.1-6.9 ~m. Paraphyses cylindrical, 2 ~m wide, slightly to 
obviously exceeding asci. 

HABITAT: On pseudothecia of Cocconia sp. and stromata of 
Phyllac!wra sp. 

SPECIMENS EXAMINED: Ecuador: On pseudothecia of Cocconia sp. 
(as Phymatosphaeriaceae) on a leaf of an unidentified tree, San Jorge, 
Lagerh[eim] , Vll. 1892, FH-Patouillard Herb. (holotype of Cenangium 
biparasiricum); on stromata of a Polystomellaceous fungus on leaves of an 
unidentified tree, Prov. Pichincha: Mindo, H. Sydow, I. XI. 1937, W-
16835 (Petrak 41390) (paratype of Parencoelia andina); on stromata of 
?Phyl/achora sp. on leaves of an unidentified tree, Prov. Pichincha: 
Mindo, H. Sydow, 2. XI. 1937, W-20167 (Petrak 39145) (paratype of 
Parencoelia muiina). 

Parencoelia myriostylidis (Rehm) Zhuang, comb. nov. (Figs. lc, 4, 5) 
= Mollisiel/a myriostylidis Rehm, Hedwigia 6: 301 , 1892. 

= Mollisiella rrinirensis Cash, J. Wash. Acad. Sci. 48 : 256, 1958. 
MISAPPLICATION: Parencoelia andina Petrak, Sydowia 4: 350, 1950, pro 

parte ("Fonna 4"). 

FIG 3. Parencoelia biparasitica (holotypc): a . paraphysis apices and asc i with 
ascospores, b. structure of cxcipulum, c. shape of apolhccium, from top to bouom 
showing hymcnium and excipulum; a, b x I (X)() , c x 50. 
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Apothecia gregarious, turbinate to flat, sessile to subsessile, 0.3-0.8 
nun in diam when dry; hymenium beige to brown when dry; receptacle 
lighter than hymenium or somewhat whitish, surface furfuraceous to 
downy. Pale yellow crystals covering the outer surface, at junction of 
medullary and ectal excipula at flanks, and numerous at the base of 
apothecium, crystals partially dissolving in KOH and gradually dissolving 
in cotton blue-lactic acid. Ectal excipulum of textura angularis, (13-)19-47 
11m thick; cells subspherical to ovoid, brown, thin-walled, 5.0-15.0 11m in 
diam, sometimes with shon hairs outside, hyphoid at margin. Medullary 
excipulum of textura intricata, very thick; hyphae pale brown to 
subhyaline, loosely interwoven. Asci 8-spored, subcylindrical, J- in 
Melzer's reagent with 10% KOH pretreatment, 65-80 x 6.5-6.8 11m. with 
crozier at base. Ascospores uniseriate, spherical to subspherical, 
unicellular, uniguttulate, hyaline and thick-walled within the ascus, with a 
refractive, equatorial plate which disappears after KOH treatment, a few 
slightly brown when found outside the ascus, 4.0-5.1 11m in diam. 
Paraphyses filiform, 1.5 11m wide, not exceeding asci. 

Anamorph (unnamed): Conidiomata acervular, on the other side of the 
stroma which gives rise to the apothecia, epiphyllous, subepidermal, 
circulate, ca. 200 11m in diam (300-600 11m according to Petrak), or 
irregularly elongated. Conidiophore absent. Conidiogenous cells 
holoblastic, subcylindrical, subhyaline, parallel at base of acervulus. 
Conidia shonly cylindrical, with a blunt apex and a broad truncate base, 
hyaline, 4.2-4.8 x 2.8-3.5 11m (4-5.5 x 2.5-3 1!ffi according to Petrak). 

HABITAT: On stromata of Phyllachora pichinchae on leaves of 
Acalypha sp., stromata of Phyllaclzora sp. on leaves of Myriosrylis sp., 
and leaf of Per sea americana, probably on the fungus causing a leaf spot 

EXSICCATAE EXAMINED: Rehm Ascomyceten #1056, as Mollisiel/a 
myriosrylidis, on stromata of Phyllachora sp. on Myriosrylis sp., Prov. 
Pichincha, Ecuador, Canzacoto, Lagerheim, Vll. 1892, CUP-D 8625 (95-
124), FH-General Herb., FH-Patouillard Herb., NY, ZT (isotypes). 

OTHER SPECIMENS EXAMINED: Ecuador: On Phyllaclzora sp. on 
leaves of Myriosrylis sp., Milegalli, Lagerheim, X. 189 1, NY; on 
Stromata of Phyllachora pichinc/zae on leaves of Acalypha sp., Prov. 
Pichincha: Mindo, H. Sydow, 4. XL 1937, W-20337 (Petrak 39154) 
(paratype of Parencoelia andina). 

Mexico: [?associated with another fungus causing leaf spot] on leaf of 
Persea americana, intercepted at: San Antonio, Texas, C. Parker, 18. I. 
1971 , BPI (ftled under Mollisiel/a sp.). 

Trinidad: On stromata of a species of Phyllachoraceae, Arima, R. 
Thaxter, 1912-1913, BPI (holotypeof Mollisie/la trinitensis). 

FIG. 4. Parencoelia myriostylidis (isotype in Z11: a. structure of excipulum at margin, 
b. structure of excipulum at flank, c. stupe of apolhccium, from top to bottom showing 
hymenium, medullary excipulum and ectal cxcipulum, d. two mature ascospores nnd a 
young one with a refractive, equatorial plate inside, e. ascus nnd paraphysis apex: a, b, d, 
t X 1()00, C X 50. 
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FIG. 5. Anamorph of Parencoelia myriostylidis (isotypc): a. acervulus aild apothecium 
on upper and lower surfaces of a leaf, x 100; b. conidia and conidiogenous cells, x 1000. 

NOTES: Dennis (1970) distinguished Mollisiel/a myriosrylidis in 
Ecuador from M. trinitensis in Trinidad on the basis of apothecial color, 
size of asci, and size of ascospores given by the original authors. I have 
examined the type specimens of both species and found that the only 
difference between them is the color and shape of apothecia. Although M. 
trinitensis has dark brown excipular cells instead of brown cells, and 
discoid to flat apothecia instead of turbinate to flat ascocarps, they have in 
common many other features including the size of asci and of ascopores, 
and are conspeci fic. 1 found that some ascosporcs of the Mexican 
collection become brownish at maturity. 
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A NEW SPECIES OF DENCOEUOPSIS KORF 

A collection in the Durand Herbarium of Plant Pathology Herbarium 
of Cornell University (CU P-D 6948) which was misidentified as 
Cenangirun ravenelii is not a species of Unguiculariopsis but a species of 
Dencoeliopsis. The genus Dencoeliopsis was erected by Korf (1971) 
based on Peziza johnstonii Berk., a fungus occurring on the fruit bodies 
of Radrrlrrm arerrimrrm on Beru/a branches (Dennis, 1978). The genus 
has remained monotypic si nce then. CUP-D 6948 shares many 
characteristics with D. johnsronii and fits the original generic concept of 
Dencoeliopsis well. But it differs from the type species in lacking of an 
obvious inner ectal excipulum, possessing a well-developed and pustulate 
outer ectal excipulum, and having much smaller apothecia, asci and 
ascospores. It is a distinct species of Dencoeliopsis. 

From the anatomical point of view, CUP-D 6948 shows a few 
similarities with the type species of Encoeliopsis, £. rhododendri (Ces.) 
Nan n f. Cells in outer layers of the ectal excipulum of both fungi are 
globose, brown, loosely interconnected, and form pustules. However, the 
species of Dencoeliopsis can be distinguished from those of Encoeliopsis 
by the following characters: 1) walls of marginal hyphae th ick and 
granulate to roughened instead of thin and smooth , 2) cell walls of ectal 
excipulum less carbonized and less pigmented, 3) ascus apices strongly 
blue in Melzer's reagent, and 4) ascospores fusoid instead of ell ipsoid. 
CUP-D 6948 shows all these features and should be assigned to 
Dencoeliopsis. 

CUP-D 6948 is described as a new species of Dencoeliopsis: 

Based in part on a Ph. D. thesis presented to the Graduate School, Cornell 
University. Present address: !Xpartmcnt of Mycology, Inslitute of Microbiology, 
Academia Sinica, Beijing, People's Republic of China 
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Dencoeliopsis betulicola Zhuang, sp. nov. (FIG. I, 2) 

Ab D . johnstonii excipuli ecta/is strata interiore manifesto absente, 
receptaculi supeificie pustulata, apothecio ascisque ascosporisque parvis, 
anamorpha praesente differens. 

Apothecia cupulate, margin slightly enrolled, 0.4-0.7 mm in diam 
when dry, short-stipitate, stipe ca. 150 !lm long; hymenium pale yellow to 
beige when dry; receptacle dark brown , surface roughened to 
furfuraceous. Hairs distributed mostly at margin or on flanks near margin, 
pale brown, septate, up to 75 !ltn long, 3.5-4.5 !lm wide, arranged parallel 
at margin and extending beyond the hymenium, walls roughened to 
granulate, more or less thick. Ectal excipulum of textura globulosa, 30-90 
!lm thick, thin near margin; cells dark brown, roughened and somewhat 
thick-walled (0.7-1.0 !lm), loosely contacting each other; receptacle 
pustulate. Medullary excipulum of textura intricata, 10-35 !lm thick; 
hyphae pale brown, subhyaline to hyaline, darker near the ectal excipulum 
than near the hymenium. Subhymenium indi stinguishable. Asci 
inoperculate, 8-spored, clavate, J+, pore walls strongly blue in Melzer's 
reagent with or without KOH pretreatment, 41-52 x 5.0-6. 1 !ltn, arising 
from croziers. Ascospores biseriate, hyaline, fusiform, with small polar 
guttules and nonseptate when young, nonguttulate and !-septate at 
maturity, walls becoming subhyaline to pale yellow in at least some spores 
outside the ascus, 9.5-12.5 x 1.9-2.4 !ltn. Paraphyses filiform, simple, 0-
to !-septate, not exceeding asci, 1.5 !ltn wide. 

Anarnorph (unnamed): Pycnidia conical, nearly black, 0.9 x 0.4-0.5 
mm; structure of pycnidial wall somewhat similar to that of apothecial 
excipulum, 3-layered; outer layer of textura globulosa, cells dark brown, 
more or less thick-wal!ed, loosely contacting one other, slightly pustulate; 
middle layer of textura angularis, cells brown to light brown, thick-walled; 
inner layer of textura porrecta, cells light brown, giving rise to 
conidiophores. Conidiophores septate, light brown, producing 
conidiogenous cells laterally and apically. Conidiogenous cells phialidic, 
sometimes forming percurrently, subcylindrical, pale brown. Conidia 
fusoid, pale yellow to light brown, !-septate, with many small guttules, 
13.9-17.6 X 2.3-2.9 !lm. 

HABITAT: On bark of Betula sp. 
HOLOTYPE: On bark of Betula sp., Chocorua, New Hampshire, 

USA, W. G. Farlow, received I. 1910, CUP-D 6948; HMAS 45096 
(isotype). 

FlO. 1. Dtncoeliopsis bttulicola (holotypc): a. a granulate hair, b. paraphysis apices 
and asci with ascosporcs, c. ascosporcs, d. structure of ectal excipulum at flank:, e. 
structure of ectal excipulum at margin. f. shape of apothecium, from top to bouom 
showing hymcnium, medullary excipulum and ectal cxcipulum; a-ex 1000, rx 50. 
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AG. 2. Anamorph of Dencoeliopsis betulicola (holotype): a. conidiogenous cells and 
young conidia, b. mature conidia , c. shape of pycnidium; a, b x 1580. c x 100. 

SYNOPTIC KEY TO TilE GENERA OF TilE ENCOELIOIDEAE 

The subfamily Encoelioideae of the Leotiacene has been discussed and 
keys provided by several mycologists (Nannfeldt, 1932; Dennis, 1956, 
1978; Kimbrough, 1970; Korf, 1973; Korf & Kohn, 1976; T<;>rkelsen & 
Eckblad, 1977). The significant characteristics of the species of the 
Encoelioideae are as follows: apothecia discoid to cupulate, margin often 
enrolled, receptacle surface powdery, scurfy or furfuraceous due to loosely 
interconnected ectal cells or short hypha! protrusions; ectal excipulum of 
textura globulosa to textura angularis, cell walls varying from slightly 
pigmented to brown; medullary excipulum of textura intricata, tissues 
sometimes gelatinous; asci subcylindrical to clavate, I+ or J. in iodine 
reagents; ascospores varying from spherical, broadly ellipsoid, ellipsoid, 
allantoid, fusoid, or clavate to filiform, hyaline to brown, unicellular to 
multiseptate; paraphyses cylindrical, filiform (sometimes with apex 
swollen) or lanceolate, rarely circinate, fanning an epithecium in a few 
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genera. They grow as saprophytes or parasites on conifers, angiosperms, 
fungi or lichens. 

A detailed study of the Encoelioideae is beyond the scope of this 
paper. A synoptic key to the genera of the Encoelioideae appears useful to 
explore the relationships and distinctions among them. The concept of th is 
subfamily is here accepted in the sense of Korf (1973), with consideration 
given to the concepts advanced by Nannfeldt (1932) and Dennis (1978). 
The genera published or assigned to the Encoelioideae in recent years and 
in this paper are added. The original concepts of the genera are recorded in 
the key. The construction of the key is similar to that in "Synoptic key to 
the genera of the Pezizales" (Korf, 1972). Bold face numbers indicate that 
a genus possessing only a given character state does not possess other 
character states within the same set. A character state in parentheses shows 
that all the genera except those indicated by bold face possess that 
character. 

I. Taxon Numbers of Accepted Genera 

I . Amegluniella Spegazzini 
2. Cenangiopsis Rehm 
3. Cenangium Fries 
4. Chlorencoelia Dixon 
5. Cordierites Montagne 
6. Dencoeliopsis Korf 
7. Discocainia Reid & Funk 
8. Encoelia (Fr.) Karsten• 
9. Encoeliopsis Nannfeldt 
10. Hemiglossum Patouillard 

2. Synoptic Key to the Genera 

SUBSTRATE 
1-1. Substrate 

I I . Holwaya Saccardo 
12. lonomidatis Durand 
13. Nipterella Starb. ex Dennis 
14. Parencoe/ia Petrak 
15. Pestalopezia Seaver 
16. Phaeofabraea Rehm 
17. Sageria Funk 
18. Unguiculariopsis Rehm 
19. Velwarina Korf 

a. on fungi or lichens or associated with them 5, 6, 12, 14, 16, 
18 

b. on conifers 3, 4, 7, 13, 17 
c. on angiosperms 1, 2, 4, 5, 6, 8, 9, 10, 11, 12, 13, 15, 18, 19 
d. on duff or other substrate 10 

ANAMORPH 
2-1. Presence of anamorph 

a. acervular 14, 15, 16 
b. pycniclial 6, 18 

The genus Banksiamyces Beaton, which includes a few species of stipit:ue 
discomycetes on Banksia, is very close to Encoelia. Beaton and Weste (1982) have 
indicated some differences between these two genera. I include this genus under Encoelia 
since J did not examine any specimens of Banksiamyces and do not know the exact 
distinctions between them. 
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c. hyphomycetous 11, 17 
d. (unknown) 

FRUIT BODY CHARACTERS 
3-1. Diameter of apothecium 

a. less than I mm 6, 7, 9, 13, 14, 15, 17, 18 
b. 1-2 = I, 3, 5, 6, 7, 8, 9, 13, 14, 15, 16, 18, 19 
c. 2-5 mm 1, 2, 3, 4, 5, 7, 8, 11, 12, 16, 18, 19 
d. more than 5 mm I, 4, 5, 8, 10, 11, 12 

3-2. Shape of apothecium 
a. (discoid to cupulate) 
b. deeply cupulate I 
c. infundibuliform 4, 5, 18 
d. ear-shaped 4, 5, 10, 12 

3-3. Stipe 
a. absent 2, 3, 7, 8, 9, 11, 12, 13, 14, 15, 16, 17, 18, 19 
b. apothecia arising from a common base 1, 12 
c. simple 4, 6, 8, 9, 15, 17, 18 
d. branching 5, 10 

3-4. Color of hymenium 
a. whitish to grayish 2, 6, 9, 13, 18 
b. yellowish, orange or ochraceous 6, 10, 18 
c. greenish 4, 5, 13, 14, 19 
d. brown 3, 4, 6, 8, 9, 10, 13, 14, 15, 17, 18 
e. vinaceous brown 3, 18 
f. dark brown, dark purple to nearly black 1, 5, 7, 8, 11, 12, 

15, 16, 19 
3-5. Color of receptacle surface 

a. whitish to grayish 8, 14, 16, 18 
b. yellowish to ochraceous 2, 10 
c. greenish 4 
d. brown 2, 4, 5, 6, 8, 10, 13, 14, 15, 16, 18, 19 
e. dark brown, dark purple to nearly black 1, 3, 5, 7, 8, 9, 11, 

12,17 
3-6. Apothecial margin 

a. crenate or irregularly tom I , 3, 7, 8 
b. lobed 12 
c. (even) 

3-7. Apothecial reaction to KOH 
a. ionomidotic 1, 5, 8, 12 
b. (not ionomidotic) 

3-8. Presence of crystals 
a. outside apothecium 8, 14 
b. inside excipular tissues 14, 16 
c. (not noticed) 

3-9. Cells of excipulum 
a. vesicular cells present 19 
b. forming pustules on ectal excipulum 1, 5, 8, 9, 12, 18 
c. a single layer of brown, club-shaped cells 4, 10 
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d. (not as above) 
3-10. Presence of an obvious gel matrix in both ectal and medullary 

excipulum 
a. present 12 
b. (absent) 

HAIR CHARACTERS 
4-1. Presence of distinct hairs or tomentum hyphae 

a. present on receptacle 4, 5, 14, 17, 18 
b. only at margin 6, 9, 14, 16 
c- absent I, 2, 3, 5, 7, 8, 10,11, 12, 13, 15, 16, 19 

4-2. Shape 
a. with a swollen base, and a fine, curved apex 18 
b. short, rod-shaped, or clavate 4, 17 
c. hyphoid 5, 6, 9, 14, 16 

4-3. Hair wall 
a. smooth 4, 5, 9, 14, 16, 17, 18 
b. granulate or roughened 6, 9, 18 

ASCUS CHARACTERS 
5-1. Spore number per ascus 

a. (8-spored) 
b. fewer than 8-spored 14, 18 

5-2. Iodine reaction of pore walls 
a. blue (J+) 2, 4, 6, 8, 10, 13, 14, 15, 17, 19 
b. none (J-) 1, 3, 5, 7, 8, 9, 11, 12, 14, 16, 18 

5-3. Shape 
a. subcylindrical 2, 3, 4, 5, 9, 14, 15, 16, 18, 19 
b. clavate 1, 3, 4, 6, 7, 8, 9, 10, 11,12, 13, 14, 17, 18, 19 

PARAPHYS IS CHARACTERS 
6-1. Shape 

a. cylindrical or with apex slightly enlarged 1, 4, 5, 6, 7, 8, 10, 
12, 13, 14, 16, 17,18, 19 

b. with apex obviously swollen 3, 8, 9, 11, 15, 19 
c. lanceolate 2 
d. with a swollen, lanceolate apex which may become detached 

12 
e. curved to slightly circinate 1, 7, 12 

6-2. Epithecium formation 
a. present 9, 11, 17 
b. (absent) 

ASCOSPORE CHARACTERS 
7-1. Shape 

a. spherical to subspherical 14, 18 
b. broadly ellipsoid 3, 14, 18 
c. ellipsoid to elongated ellipsoid 2, 4, 5, 8, 9, 10, 13, 14, 15, 

16, 17, 18, 19 
d. fusoid 6, 9, 17 
e. allantoid to rod-shaped I, 4, 8, 12 
f. clavate to filiform 2, 7, 11 
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7-2. Septation 
a. non-septate 1, 2, 3, 4, 5, 7, 8, 10, 12, 14, 15, 16,18, 19 
b. 1-3 septate 4, 6, 9, 13 
c. transversely multiseptate 11 
d. muriforrn 17 

7-3. Color 
a. (hyaline) 
b. faintly or slightly pigmented 1, 5, 6, 12, 14, 15, 19 
c. brown, with a hyaline band 16 
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SUMMARY 

The yellow dung fly (ScaJophllga s~rcoraria) was found on dairy fanns 
in Upstate New York. In late spring some yellow dung flies were infected 
with the pathogen Eruomophthllra scarophllgat, a member of the E. muscat 
species complex that was previously considered a synonym of E. muscat by 
Petch (1934) and MacLeod et al. (1976). A careful comparison of the yellow 
dung fly pathogen with the characteristics of E. muscat showed that it is a 
distinct species. The conidia or E. scatophllgae are larger than those of 
E. muscat, contain an average of 15 nuclei, and are not infective to adult 
Musca domestica. The name E. scatophllgat is resurrected and the original 
species description by Giard (1888) is amplified. The present repon is the 
fust to describe an Enromophthllra sp. in any detail from wildS. sttrcoraria 
in the Nearctic. 

!NJRODUCIJQN 

In 1888 Alfred Giard described a fungus infecting the yellow dung fly, 
Scatophllga srercoraria (Diptera: Anthomyiidae), and named the pathogen 
Entomophthllra scaJophllgat (Zygomycetes: Entomophthoraceae). Giard's 
description, while brief, is valid (Dr. Richard Korf, personal communication). 
According to Giard, E. scatophllgae resembles E. muscat, the common 
pathogen of the house fly, but is differentiated from E. muscat by the 
rollowing characters: larger conidia of a yellowish color, conidia poorly 
disseminated from host, inrected flies die clinging to flowers and shrubs with 
their legs but not attached by the proboscis as in E. muscat infected insects. 
Because or the similarities in the shape of conidia of both E. scatophllgat and 
E. muscat, E. scatophllgat was regarded to be a synonym of E. muscat by 



106 

Peleh (1934) and MacLeod ct al . (1976). However, Batko (1964) considered 
E. scatophagae distinct from E. muscae, and Keller (1984) also recognized 
that E. scatophagae exisled as a separate entity in the E. muscat species 
complex, but staled that members of the species complex required further 
clarification. 

We examined a fungus infecting S. stercoraria and compared it to 
published descriptions and an isolate of E. muscat and found substantial 
differences between these two laJta. This paper clarifies the laJtonomic status 
of E. scatophagae and differentiates between the laJta E. muscat and 
E. scatophagae. Since no detailed description of E. scatophagae has ever 
been publ ished this study amplifies the description of Giard and resurrects 
the name E. scatophagae that was synonymized by MacLeod et al. (1976) and 
Peleh (1934). 

MATERIAUi AND METHODS 

Field collections of infected S. stercoraria 

S. stercoraria, the yellow-dung fly, is a predacious fly commonly found 
on manure in the spring (Fig. !) (Foster, 1967). Six dairy farms in Cayuga 
County, New York, were examined at weekly intervals for infected flies. 
Infecled S. stercoraria flies were found at one farm on May 21, 1986, but not 
at the five other dairy farms on the same date, although livingS. stercoraria 
were seen on all six fanns. On May 21, ten specimens of S. stt!rcoraria 
infected with E. scatophagiU! were collected . All infected flies were found 
clinging, head downwards, to flowers of orchard grass, Dactyl is glome raJa 
(Gramineae), with the exception of one specimen that was clinging to a leaf 
of D. glomeraJa. Infecled flies were not found on dandelion, Taraxacum 
officinale (Compositae), mustard, Brassica rapa (Crucifeme), or other grass 
species, although those plants were also present The cause of this apparent 
relationship between the infected host and the plant species chosen by the 
host as a fmal resting site, is unknown. The legs of infected flies clasped the 
plant and the mouthparts were extended but not attached to the plant. The 

Figs. 1-4: I . Live adult Scatophaga stercoraria feeding on a small sepsid 
fly. This is the typical position live S. stercoraria assume on grasses. 
2. FiveS. stercoraria infected with E. scatophagiU! on flowers of Dactylis sp. 
grass. Note the head downwards position, abdomens with conidiophores 
emerging through intersegmental membranes, curved tarsi, spread legs. and 
raised wings. 3. S. stercoraria infected with E. scatophagiU!. Note coalescing 
mass of conidiophores on abdomen, leg extension, wings twisled and raised. 
4. Individual of S. stercoraria infected with E. scatophagae. Note the way the 
legs cluleh the leaf. 
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wings were extended and extensive conidiophore growth was noted on the 
abdomen of infected flies (Figs. 2, 3, 4). The populations of S. stercoraria 
were large. Infected flies were estimated to constitute approximately 5% of 
the flies seen. 

A week later on May 28, I986 at a second farm nine infected dead 
S. stercoraria were found clinging to buttercup, Ranunculus acris 
(Ranunculaceae), and thistle, Cirsium arvense (Compositae), but not to 
grasses. All were clinging to the ends of leaves at the tops of the plants. On 
this date no infected S. stercoraria were noted at any of the other farms 
although living S. stercoraria were seen at each farm. No infected 
S. stercoraria were noted after these dates although living flies were still 
presenL This indicates that the occurrence of the mycosis may be limited to 
certain farms and to a brief period each year. 

On both of the above dates living S. stercoraria were captured and 
brought back to the laboratory to be held and observed for infections. 
Infected dead S. s~rcoraria were collected in the field and brought back to the 
laboratory for examination. Infected flies were placed on the surface of petri 
dishes containing I% water agar. Conidia were collected for examination by 
invening a petri dish containing an infected fly over a glass coverslip. 
Conidia discharged from the conidiophores fell onto the coverslip and adhered 
there. Either a drop of lactophenol was placed on the coverslip if the conidia 
were to be measured, or a drop of aeeto-orcein stain was used if the nuclei 
were to be counted. Measmements and nuclear counts were made using 
bright field microscopy at 400x. 

Infection trials were made to test the susceptibility of M. domestica to 
spores of E. scatophagae. Six fresh infected S. stercoraria cadavers were 
placed headfirst into water agar dishes (three per dish) over two cages of house 
flies following the method of Kramer and Steinkraus (1981). The infected 
flies serving as sources of conidia were removed from the cages seven days 
after inoculation. A total of 75 healthy adult M. domestica were exposed to 
conidia produced from S. stercoraria cadavers. All house flies that died were 
examined for conidia, hypha! bodies or resting spores for 34 days post
inoculation, however, no mycoses were observed. M. domestica exposed to 

Figs. 5-8. 5. Primary conidia of E. scatophagae stained in aceto-orcein to 
show the nuclei. Note approximately 15 nuclei. Bar equals 28 J.tm. 6. 
Primary conidia of E. scaJophagae stained in aceto-orcein to show nuclei. 
Note 16-I7 nuclei. Bar equals 28 J.!ffi , nuclei (n). 7. Primary conidium of 
E. scatophagae. Note the granular nature of the protoplasm surrounding the 
conidium. Bar equals 30 J.!ffi , protoplasm (pr). 8. Secondary conidium 
forming from a primary of E. scatophagae. Note the apical papilla, this 
feature was not always presenL Bar equals 23 J.!ffi, secondary conidium (sc). 
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conidia of E. muscae under similar circumstances resulled in virtually 100% 
mortality in house flies when inoculum from an in vivo laborarory culture of 
E. muscat was used (Kramer and Steinkraus, 1981 ). In the present 
experiment E. scatophagat did not infect M. domestica . This strongly 
suggesiS that E. scatophagae is host specific for S. sttrcoraria and further 
suggesiS that E. muscat and E. scatophagtu: are scparatc species in a species 
complex. 

In vitro culture of E. scaJophagtu: 

AttempiS were made to culture the isolate of E. scatophagtu: on egg 
yolk agar. Four dishes of egg yolk agar, following the recommendation of 
Maller-KOgler (1959), were prepared. Each dish had a fresh infecled field 
collecled S. sttrcoraria affiXed with a dab of petroleum jelly to the inner 
surface of the Petri dish top. The Oy cadavers were left overnight to produce 
conidial showers onto the surface of the egg yolk agar. Unfortunatcly. al l 
four plates became contaminated and overgrown with bacteria and fungi and 
were discarded 18 days after inoculation. Therefore, it is not known whether 
this fungus will grow readily in vilro . 

Amplified description of E. scawphagtu: 

Primary conidia were of the "E. muscae-type", i.e., campanulale with a 
slightly convex base and a pronounced apical papilla (Fig. 5) (MacLeod et al. 
1976). They averaged 28.7 IJtlllong by 23.21Jtll wide (90 conidia measured 
from three hosiS),length range was 27.5 IJtll- 311Jtll, width range was 21 
IJtll - 24.5 IJtll . Primary conidia were surrounded by a droplet of protoplasm 
from the collapsed conidiophore (Fig. 7). Secondary conidia averaged 20 IJtll 
long by 17.7 IJtll wide (Fig. 8) and were produced by direct budding from the 
primary. Secondary conidia sometimes had an apical papilla but more often 
did not The average number of nuclei in primary conidia was 15 with a 
range of 12- 19 (n=30) and the nuclei averaged 4 IJtll in diameter (Fig. 5 and 
6). For comparison, the average dimensions of primary conidia of our isolale 
of E. muscae from infecled M. domestica were 23.5 IJtlllong by 19 IJtll wide 
(n=100) and the conidia contained an average of 5 nuclei. This E. muscat 
isolate was initially found infecting Polltnia rudis and subsequently used to 
infect M. domtstica (Kramer and Steinkraus, 1981). Our isolate of 
E. muscae corresponds to the "group A" proposed by Keller (1984) which he 
Slates is probably identical to the E. musctu: originally described by Cohn 
(1855). Resting spores were not found in infected S. stercoraria. 

Voucher specimens of infecled S. stercoraria: CUP 61893 



Host Scatophaga stercoraria L. (Dipeera: Anthomyiidae) 

Characteristics of infected hosts 
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Dead infected hosts were found clinging to plants, usually flower heads 
or leaves of grasses (Figs. 2, 3, 4). Infected flies faced downwards, legs 
clasping the plant, proboscis extended but not attached by rhizoids, as in 
E. muscae infected insects (Balazy, 19&4). Giard (1888) also noted that the 
proboscis of S. stercoraria was not attached in his original description. The 
wings were extended away from the body and conidiophores grew copiously 
through the intersegmental membranes of the abdomen. Infected S. 
stercoraria were found only on May 21 and 28, 1986 at two farms in Cayuga 
County, New York. Infected flies were not seen at any time before or after 
these dates. Furthermore, the mycosis was not found in epidemic 
proportions during the present study. 

DISCUSSION 

From the above evidence, it is clear that E. scalophagae is a member of 
the E. muscae species complex. The similarities between these two species 
in the shape of the primary conidia and the characteristics of infected hosts 
explain why Petch (1934) and MacLeod et al. (1976), considered 
E. scarophagae to be a synonym of E. muscae. Goldstein (1927) believed 
that the number of nuc lei in the conidia was a decisive factor for the 
separation of genera in the Entomophthoraceae. Keller (19&4) used the 
criteria of nuclear number and nuclear diameter to compare isolateS of 
E. muscae from different host species and concluded that E. muscae is a 
species complex. Using these criteria and conidial dimensions Keller divided 
the E. muscae species complex into four groups. Fungal isolates in Keller's 
"group C". isolated from S. stercoraria, had 15-18 nuclei per conidium, the 
nuclei were 3.4 - 4.2 I'J1l in diameter and the conidia were 25 - 29 I'J1l long 
by 20- 23 I'J1l wide, and most likely corresponded with E. scatophagae. 
Keller believed that his results required further clarification. The fungi in 
Keller's "group C" closely resemble the isolate of E. scatophagae we 
discovered infecting S. stercoraria. The isolate of E. muscae we used for 
comparison closely corresponds to the "group A" in the E. muscae species 
complex established by Keller (19&4). Keller considered his "group A", 
which infected Psi/a rosae, Pollenia rudis, and Delia platura, to be the same 
species as the E. muscae originally described by Cohn (1855). 

It is not known how the infected flies found in this study acquired the 
pathogen. These flies were probably newly emerged adults since they were 
found in early spring. According to Hammer (1941), S. stercoraria probably 
overwinters in the pupal stage in dung or soil. One possibility is that 
resting spores are produced in some infected S. stercoraria . If so, these 
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resting spores may be deposited in dung and soil and infect newly eclosed 
adult flies in late May. Carruthers et al. (1985) noted that newly emerged 
adults of Delia antiqua probably acquired infections of E. muscae from resting 
spores present in soil. This may also be the means by which E. scaJophagae 
overwinters. However, np resting spores were found in the present study. 

While the infections caused by E. scaJophagae in the present study were 
not in epidemic proportions, epidemics have been reported. Hammer (1941) 
found that many adults of S. stercoraria died from Entomophthora sp. 
infections between May 23 and July 6, after which it was hard to fmd any 
infected flies. Hobby and Elton (1935) noted spectacular epidemics in 
S. srercoraria in April, while Foster (1967) noted thousands of adult yellow 
dung-flies dying from E. muscae at the end of April and in May in 
California It seems probable that the epidemics noted by the above authors 
were caused by E. scalophagae. However, insufficient information was given 
by the above authors to determine if the pathogens they observed were 
identical to the pathogen in this study. 

The present Study resurrects the name Entomophlhara scatophagae from 
synonomy and amplifies the description of this pathogen given by Giard 
(1888). E. scaJophagae was found infecting the yellow dung fly 
(S. stercorariiJ) in late May in New York Stale. In order to correctly 
determine the identity of a pathogen in the E. muscae species complex it is 
necessary to closely examine and describe the isolate, its conidial dimensions, 
nuclear size and number, and the host and host signs and symptoms. 
Detailed descriptions of the pathogen will increase the value of studies on 
pathogens and make it possible for future researchers to compare their work 
with that of others. 
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PUCCINIA STBNOTAPBRICOLA, A NBW NAHB FOR PUCCINIA 
STINOTAPRRI CUMMINS AND ITS OCCURRBNCB IN AUSTRALIA 

J . WALKBR 

Plant Patbolo(y Branch, Biolo(ical and Cheaical Reaearc b 
Institute, Departaent of Agr iculture N. S . W. , Private 
Mailba< No. 10, Rydalaere, N. S . W. 2116, Auatralia 

SUMMARY 

Tbe n- Puccinia atenotaphricola no.. nov . ia 
propoeed ~ the Net ot StenotBPtu-u. 
aecundat... previoualy known P\accinia 
ateuotaphri ~ina . Ita in 
AU8tral ia i8 diacuaaed. 

Stenotaphrua aecundatua (Walter) Kuntze {Poaceae), 
buffalo fraaa, ia (rown coaaonly in New South Wale a aa a 
lawn graaa and ia preaent in aoat other atatea of 
Australia ( Jacoba and Pickard, 1981 ) . Overaeaa, two 
ruata, Puccinia atenotaphri CU.aaina and Uroayce a ~ 
italicae Yoab . , have been recorded on apeciea of 
Stenotaphru• (Cu••ina, 1971) but until recently there have 
been no recorda of a ruat on thia boat genua in Auatralia . 

In March 1986 , light ruat infection waa found on a 
few plants of buffalo •raas i n a lawn at Beecroft, a 
Sydney suburb ( Walker and Priest, 1987 ). The plants were 
in an area that had not been •own, and long leavea end a 
few inf1oreacen ce a had dev e loped . Both uredinie end telia 
ware found; ao•e uredinia were paraaitiaad by 
Sphaerellopa i a filu• (Biv . Bern. : Fr . ) B . Sutton . During 
winter 1986, no further ruat waa aeen but it reappeared in 
the sa•e patch in Nove•b e r 1986 . In e arly De c e •ber, ruat 
waa found on un•own buffalo graaa at Glenbrook on the 
Central !'abl e landa, about 60 k• W of Sydney and in 
februery 1987, heavy ruat infect ion waa a a an on 
natura1it'.ed buffalo graaa (rowing on the sandy banks of 
Patonga Creek in the Hunter region, about 40 k• H of 
Sydney . In all caaea , th e rust baa been identified aa 
Puceinia atenotaphri Cu••ina and theae are apparently the 
f i rat recorda of i t i n Auatra1ia. A detailed deacription 
baaed on the New South Walea collections followa. 

Uredinia (Fig . 1d ) •• i nly epiphylloua , a few 
hypophylloua, golde n brown to pale reddish brown, alilhtly 
elongated a long th e leaf' b e twe en the veina, 0 . 2!5 - 0 . 3 
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(0.5) •• lonf x 0.1- 0 . 2 •• wide, occurring ainl(ly or 
•••rare tad into croupa 3 - 4 •• diaa ., often aurrounded by 
an area of yellowed leaf tiaaue and infected leavea having 
a yellow blotched appearance; paraphyaea preaent (Fie. 
lc), aainly aarginal in the aori 1 cylindrical to narrowly 
clavate to undulate in ahape, uaually incurved towarda the 
apex, 25- 6 0 (56) x 11 - 13 (16 ) J.m, wall hyaline, variable 
in thickneaa, froa 1- 2 p at the aidea, aligbtly thicker 
to 3-4 p at the apex. Uredinioaporcu (Fig. lb) yellowiah 
to (olden brown aingly, obovate to broadly ellipaoidal, 
31- 37 x 20-26 ,._, wall (l) 1.6 Jill thick, evenly echinulate 
with apinea 2 - 2.6 Jill apart and up to 1.6 Jill high, gera 
pore a 4 - 5 (6), equatorial to al ightly aupra-equatorial; 
basal acar 6-8 .u- wide. Telia aparae, dark brown to 
black, eruapent early to expoae the ahiny •aaa of 
telioaporea , generally aligbtly larger than the uredinia, 
0.215 - 0 . 5 •• long x 0.1-0 . 2 •• wide, aainly epiphylloua, a 
few hypophylloua and these reaaining covere d longer than 
talia on the upper leaf aurface, aparaphyaate, non
locular. Telioaporea {Fig . la} raddhh- brown singly, 
variable in ahape , aainly clavate with wider aborter 
apical cell and longer narrower baaal cell, ao•e aporea 
aborter and wider with cella of equal length , 46-64 x 18-
24 p, wall 1.5-2 .u- thick at aidea, 5 - 7 p thick at apex, 
aaooth, ger• porea not observed with certainty but in aoae 
aporea a lighter coloured area in the thickened apex 
indicates a poaaible apical gera pore; pedicel pale brown, 
abort, to 10- 12 JJa long, usually persistent. 

All collection• agree well with the deacriptions of 
Puccinia atenotephri given by Cuaaina (1945, 1960, 1971 } 
and with a uredinial collection on the aa•e boat fro• 
Jaaaica (DAR 22804}. Cu-ina {1945, 1971} described the 
1.1,redinioapores aa 25-28 (30} p wide but in both the 
N.S . W. and Jaaaica collection• no aporea wi der than 26 .I'll 
were aeen . Oer• poraa ware aoatly 4 or 5 aa deacribed by 
Cu••ina (1945, 1971} but an occaaional apore with 6 pore• 
waa observed in local apeci•ena. Pores tended to be 
ali,htly aupra-equatorial rather than strictly equatorial 
in a ainority of spores in all collections seen. 

Overseas, Puccinia stenotaphri ia recorded on apeciea 
of Stenotapbru• and Pen n iaet ua and occura in India, 
Portugueae Beat Africa, Mauri tiua, Puerto Rico and Florida 
(U . S . A. } (Cuaains, 1971 } . In New South Wales, two ruate 
have been recorded on Penoiaetua clandeatiou• Hoc hat. ex 
Chiov. (kikuyu grass}. Theae are Phakopaora apoda {Her. &. 
Pat.} Maine which ia coaaon in all coastal diatricta and 
Puccinia ap. aff . _E . aubatriata Bllia lo. Barth. var 
penicillariae (Speg . ) Raaecbar & Cuaains which baa been 
collected in the North Coast district of N. S.W . and in 

Fig. 1. Puccinie atenotaphricola (DAR 55670). A. ftree 
telioepo~ ahowing variation in abe and ahape . B. Two 
uredinioeporee . C. Two uredinial peraphyaea. D. Section 
ot uredinia . Upper bar 20 .ua (A-c); lower bar 20 p {D). 
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Queeoaland . Both of theae ruata are quite d iatinct troa 
f.. ateootaphri . The aecond ruat lh ted by Cuaaine (1971) 
on Stenotaphrua, ~ aetariae- italicae, occura in New 
South Walaa, Oueeeoaland and the Northern Territory and 
baa been recorded on Brachiaria app . in Queensland 
(Siaaonda, 1966) and the Northern Territory (apeciaana in 
DAR), on Briochloa app . in Qu eena land ( Siaaonda, 1966), on 
Panicua aaxiaua Jacq. var . tricho(luae Robyna in New South 
Walaa ( DAR 43426 ) and Queenaland (Alcorn, 1976 ) and on 
Setaria glauca (L.) Beauv . in New South Walaa (apeciaana 
i n DAR) and Queenaland {Siaaonda, 1966 ). Cu.a.ioa ( 1971 ) 
liata eleven graaa genera aa hoata for thia ruat . All 
tbeae ruata are quite disti nct fro• f.. atenotapbr i. 
Uroaycea aetariae- italicae differ• in ita aparepbyaate 
uredinia aDd UDicellular telioaporea , Pucci n ia aubat riata 
var. penicillariaa in ita aparaphyaate uredin i a and 
Phakopaora apoda in aorphology of uredinia, telia and 
telioaporea . 

An unfortunate noaenclatural problea aurrounda the 
uae of the naae Puccinia atanotapbri Cuaaina. Ori.inally, 
Cua• i na ( 1945 ) aade the new c oab i nation ~ 
atenotaphri (H. Sydow &. Sydow) Cu•• ina baaed on Urado 
atenotaphri B. Sydow & Sydow (1909) deacribed on 
Stenotaphrua (labru• Trio. fro• Portucueae Beat Afri ca. 
The Sydowa deac ri bed only uredin i a and aade no aent i on o f 
paraphya ea. Cu•aina ( 1945 ) d id not exa•ine the Sydow 
co ll ec tion, not ed that the Sydowa d i d not deacribe 
parophyaea, and gave a full deacri ption in Bncliah of 
paraphyaat e ure din ia and telia baa e d on a diffe ren t 
collectioa (froa Maurit i ua ) . Aa no Latin deacription wee 
prov i ded (heiDI obl icatory for a new apeciea after 1 Jan 
1935, Art . 36, International Code of Botani c al 
Noaenclature 1983) , Cu•aina' ( 1945) deacription and new 
co•hina t ion cannot be recarded aa valid publication of a 
new apeciea of Puccinia (even though he deacribed telia ). 
However, the na•e Puccinia atenotaphri ( H. Sydow &. Sydow ) 
Cuaaina auat be conaidered a val i d ly publ iahed and 
lecitiaate new coabination baaed on the Sydow uredin i al 
c oll ec ti o n . Cu•aina' (1960) later naae ~ 
atenotaphri Cua•ina with a Latin deacription and 
t eleo•orpbi c type ia an i ll e cit i •at e later hoaony a of the 
bino•ial f . at e no t aphr i (H. Sydow &. Sydow) cu-ina, 
typified by an anaaorpb (Art. 59, International Code of 
Botanical Noaenclature 1983 ) . 

A n e w naae ia thua required for Puccinia atenotaphri 
Cu••ina (1960) and the following aynoyay ia propoaad : 

Puccini a atenotaphricola J . Walker no•. nov. 
Syn . P . atenotaphri Cuaaina , lllll · .!..Q..r.m. !.21.· 
Club 87 40, 1960, baaed on t ali a (a later 
hoaonya o f ~ - atenotapbri (B . Sydow &. Sydow ) 
CUJtahaa, !.!!.!..!· Torrey Bot . Club 72 : 213, 1945 
baaed on uredi nia, baaionya Ure do •tenotaphri R. 
Sydow &. Sydo", A!u!· ~· 7 : 644, 1909 ). 
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The exact identity of Uredo atenotaphri H. Sydow & 
Sydow •uat await study of the type apeci•en. Bven if it 
ia found to be identical with f. atenotaphricola, it 
playa no part in the noaeoclature of thia teleoaorphi c 
apeciea, being baaed on uredinia and there having been no 
aention of any teleoaorpb in the original description 
( Art . 69.2, International Code of Botanical Noaenclature, 
1983). 

It ia poaa ib l e that the ruat of buffalo graaa ia aore 
widely distributed in Australia than the present liaited 
findings in the Central Coast and Central Tablelands 
diatricta of N.S.W. would auggeat . Infection on 
naturalized unaow n buffalo graaa at Patonga ( DAR 58980 ) 
wee heavy and the rust appeared to hav e been eatabl iahed 
there for aoae aontba at leaat. The original detection in 
the hoae garden at Beecro ft probably rep reaent e d apread 
froa aoae other source. Ruat baa not been aeen in buffalo 
graaa lawna i nepected in varioue Sydney euburba and the 
liaited collection• aade eo far have all b een on long , 
unaowa graaa . No explanation can b e liven for the 
occu rrence of thia ruat in Hew South Wale• and how, when 
and where it entered Auetralia ie not known. 

Speciaene exaained : all o n Stenotaphrua aecundatua : in 
{arden, Beec roft, N.S.W ., Auetralia, 27.111.1986, R.D . 
Perea, DAR 65664, II, III, first record in Australia 
( Walker and Priest, 1987); eaaa loc., 2.iv.1986, R . D. 
Parae, DAR 55670, II, III; aaae loc. 17.xi.l986, R.D . 
Perea, DAR 571 09 , II; n ear waterhole, Glenbrook, N.S.W., 
7.xi i.l986, P. Wong, DAR 68009, II, III; along Patonga 
Creek, Patonga, N.S.W., 4 . ii.l987, J, Walker, DAR 58980, 
II, III; Montpelier, Portland, Jaaaica, 6.iv .1961, R.I. 
Leather, DAR 22804 (ex IMI 87795 ) , II. 

The author is grateful to Dr . R . D. Pares for b ringi ng 
thia r u at to hia notice and asking observations in his 
Beecroft garde n; to Dr. J.L. Al corn (Herb. BRIP) and to 
Mr. I. Pascoe ( Herb . VPRI ) for inforaation on ruat recorda 
in Queenslan d and Victoria, and to Profeaaor G.B. Cuaains 
( Herb . ARIZ ) and Dr. B.C. Sutto n (Herb . IMI) for readinl 
and coaaenti ng on the paper during ita preparation. 
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REDISPOSALS AND REDESCRIPTIONS IN 
THE MONOCHAETIA - SEIRIDIUM, 

PESTALOTIA- PESTALOTIOPSIS 
COMPLEXES. VIII. ON THE STATUS OF 

MONOCHAETIA CAMELLIAE, M. OSYRJDELLA AND 
PESTALOTIA GAURAE. 

T. R. NAGRAJ 

Department of Biology, University of Waterloo, Waterloo, 
Ontario, Canada. N2L 3G1. 

Monochaetia camelliae and Pesta/otia 
gaurae are reduced to synonymy with 
Pestalotiopsis karstenii and Pestalotiopsis 
uvico/a respectively. Monochaetia 
osyrella is redescribed. 

12. Monochaetia came/liae Miles 
Mycologia 18: 167, 1926. 

On leaves of Camellia japonica, Columbus, Mississippi, U.SA., 
17.III.1922, S.H.Livingston # 460 (type in BPI; co-type in NY 
sterile]. 

The packet in BPI contains a single piece of leaf bearing two 
leaf spots. The fungus described by Miles (1926) is present on the 
smaller ash gray leaf spot at the distal end of the leaf. The 
revised description of the fungus given below and the 
illustrations in F'1g5. 1-7, compare well with earlier accounts of 
Pestalotiopsis karstenii (Saccardo & Sydow) Steyaert (Steyaert 
1949; Sutton 1961), based on the material on leaves of Camellia 
sp. distributed by Desmazicres in 1840 as Crypt. Pl. de France 
exsic. # 1084 under the name Pesta/otia guepini . Steyaert (1949) 
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recognised the heterogeneous nature of this exsiccatum which, 
compounded by the inadequate specific description, resulted in 
considerable confusion in delimitation of species occurring on 
Camellia spp. After examining the exsiccatum in PC and BR, he 
described three species of Pestalotiopsis: P. guepini, P. karstenii 
and P. gallica and designated the material in PC as the neotype 
of P. guepini. Sutton's account of the fungus was based on the 
exsiccatum in BM, BR, K, PC and other collections in IMI from 
Italy and England. Later, Sutton (1969) redisposed P. karstenii as 
Monochaetia karstenii. He (1975) also considered Coryneum 
camel/iae Massee apud Cooke a possible synonym of Pestalotiopsis 
guepinii (Desmazi~res) Steyaert [ = P. maculans (Corda) Nag Raj 
(Nag Raj 1985)]. The morphology of the coniwa, implied in his 
account of C came/liae, suggests that the fungus is more likely 
to he P. karstenii. The conirua of P. macu/ans are longer and 
wider, and have longer median cells. While the three median cells 
of P. karstenii are concolorous, those of P. maculans are 
versicolorous, with the central cell most darkly pigmented. P. 
karstenii is redcscribed below and illustrated in Figs. 1-7. 

Pestalotiopsis karstenii (Saecardo & Sydow) Steyaer~ Bull. Jard. 
Bot. Brux. 19: 305, 1949. 

• Pestalotia inquinans Karsten, Hedwigia 30: 301, 
1897 [later homonym of Pesta/otia inquinans 
Cooke & Harkness, 1884). 

• Pesta/otia karstenii Saccardo & Sydow in 
Saecardo, Syll. Fung. 14: 1030, 1899 [nom. nov.). 

• Monochaetia karstenii (Saecardo & Sydow) Sutton, 
Can. J. Bot. 47: 2091, 1969. 

= Monochaetia camelliae Miles, Mycologia 18: 167, 1926. 
Coryneum camelliae Massee apud Cooke, Grevillea 20: 

8, 1891; fide Sulton, Mycol. Pap. 138: 70, 1975. 

Foliicolous. Conidiomata stromatic, acervuloid to pycniruoid, 
epiphyllous, scattered to gregarious, occasionally confluent, 
orbicular to oval in outline with a central punctiform opening. 
broadly conical in sectional view, 210-350 pm wide, 90-150 pm 
deep, unilocular, glabrous, brown; basal stroma and lateral walls 
10-15 pm thick, of 'textura angularis', cells in outer layers thick
walled, brown to dark brown and encrusted, cells in the inner 
layers thin-walled, pale and smooth. Conidiophore< lining the 
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cavity of the conidioma, septate, irregularly branched, up to 30 
~m long, invested in mucus. Conidiogenous ~ ph.ialidic, 
ampulliform, lageniform or subcylindrical, hyaline, smooth, 7-14 
X (2-)2.5-3 [x = 10 X 2.7] •m, with up to 3 percurrent 
proliferations. ~ blastic-annellidic, fusiform, 4-septate, 
occasionally 5-septate, septa and periclinal walls darker, 16-23 X 
( 4.5-)5-6 [x = 19 X 5.5] •m, bearing appendages; basal cell 
obeonical with an obtuse base, hyaline, smooth-walled, subhyaline 
near the end septJ<m but hyaline for the most part, 2-4(-4.5) [x = 
3] •m long; median cells 3 (or 4), subcylindrical to doliiform, pale 
brown and mostly concolorous, but occasionally the upper two 
cells slightly darker than the second cell from the base, wall 
thick, smooth and slightly collapsed between the septa, together 
11-14.5 [ic = 12.5] •m long (second cell from the base 4-5(-5.5) [x 
= 4.5) •m; third and fourth cells 3-4.5 [x = 3.7] •m); apical cell 
obconic, somewhat swollen, hyaline, thin-walled, smooth, 3-4 [x = 
3.5] "m long; appendage tubular, coarse, flexuous, single and 
unbranched or branched with 2-3 branchlets; appendage or 
branchlets ~16(-22) [x = 9.5] •m long; basal appendage absent; 
mean conidium length/width ratio = 3.45:1. 

Habitat: On leaves of Camellia japonica. 
Specimen examined: BPI, Columbus, Mississippi, U.SA., 

17.III.1922, S.H.Livingston 11 460 (type of Monochaetia camelliae 
Miles]. 

Known distribution: England, France, Italy, U.SA. 
Teleomorph: Unknown. 

Sutton (1980) has recorded a wider host range (Allium 
sativum, Camellia cauda/a, Camellia sp., Cassia obtusifolia, 
Curcuma decipiens, Daucus carota, Pe/tophorum ferrogineum, 
Rhododendron sp., and from bird feathers] and wider geographical 
distribution to include Czechoslovakia, Dominica, India and North 
Borneo. I have not been able to verify these records. 

13. Monochaeua osyrella Saceardo & D.Saceardo 
Syll. Fung. 18: 486, 1906. 

On dead twigs of Osyris alba, S.Colomba, Italy, 1X.1903. 

Two coelomycetes were described as occurring on Osyris alba: 
Pestalotia osyridella Tassi (1904) and Monochaetia osyridella 
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Bubak (1906). Saccardo & D. Saccardo (1906) redisposed Peslalotia 
osyridella Tassi in Monochaetia and gave the species a new 
epithet. 

Type collections of both species have been examined. The 
type specimen of P. osyridella Tassi is the basis for the 
Saccardos' binomial. This specimen comprises several twigs of 
the hos~ only one of which bears sparse conidiomata of the 
coclomyccte. The type collection of M. osyridella Bubak contains 
better material on a few pieces of twigs. I consider that both 
belong in a single species of Monochaetia. The fungus, with 
the correct nomenclator, is redescribed below and illustrated in 
Figs. 8-22. 

Monochaetia osyrella Saccardo & D. Saccardo, Syll. Fung. 18: 486, 
1906. 

• Pestalotia osyridella Tassi, Boll. Lab. Ort. Bot. R. 
Univ. Siena 6: U7, 1904. 

Monochaelia osyridel/a Bubak, Bull. Herb. Boiss. (ser. 
II) 6: 484-485, 1906. 

Caulicolous. Conidiomata stromatic, accrvuloid, scattered to 
gregarious, semi-immersed, intraperidermal in origin, orbicular to 
oval or irregular in outline, applanate to broadly conical in 
sectional view, 200-450 pm wide, 70-110 pm deep, unilocular, 
loeule often irregularly and incompletely divided, glabrous, dark 
brown to black, dehiscing by an irregular break in the overlying 
host tissue; basal stroma up to 10 pm thick, of pale brown to 
hyaline, thin-walled 4textura angularis', lateral walls of similar 
tissue, but dark brown to black with thick-walled cells. 
Conidiophores arising from the upper cells of the basal stroma, 
septate, irregularly branched and up to 40 pm long, occasionally 
reduced to conidiogenous cells, hyaline, smooth·walled, invested 
in mucus. Conjdiogenous ~ phialidic, cylindrical to lageniform, 
hyaline, smooth-walled, 12-24 X 2-3( -3.5) [x = 165 X 2.5] pm, 
with up to 5 percurrent proliferations. !&!llili!/. blastic·phialiclic, 
fusiform, straight or curved, <H>useptate, 20-29 X 5.5-7.5 [x = 
24.5 X 6.5] pm, bearing appendages; basal cell obconic with a 
narrow truncate base, hyaline, with thin and smooth walls, 3·5.5 
[x = 4.2) pm long; median cells 3, doliiform, unequal with the 
central cell being the smallest, together 13-21.5 [x = 17] pm long 
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(second cell from the base 5-8 [x = 6.5] ~m; central cell 
(3-)35-55 (x = 45] ~; fourth cell 4-8 (x = 6) ~m), brown, 
periclioal wall thick, dark, verruculosc and with or without 
constrictions at the septa, end septa as thick and dark as the 
periclioal wall, 2 median septa very thin; apieal cell conical, 
hyaline, with thin and smooth walls, (2-)3-4 [x = 3.5] ~m long; 
appendages tubular, attenuated, unbranched, flexuous; apieal 
appendage single, 10-20 [x = 15] ~m long; basal appendage often 
lacking, but when present, centric and occasionally obliquely 
oriented, up to 7 ~ long; mean conidium length/width ratio = 
3.8:1. 

Habitat: On twigs of Osyris alba. 
Specimens examined: 1. SIENA [Holotype], S.Colomba, Siena, 

Italy, IX.1903; 2. BPI, Ulcioj, Yugoslavia, 18.1V.1903, F.Bub!k 
(type of Monochaetia osyridella Bubi!k, issued as exsiccati labelled 
Fungi Montenegrioi). 

Known distribution: Italy, Yugoslavia. 
Teleomorph: Unknown. 

14. Pesta/otia gaurae Guba 
Monograph of Monochaetia and Pesta/otia: 145, 1961. 

On Gaura paiVif/ora, Hays, Kansas, U .SA., 10.VII.l930, E . 
Bartholomew, # 11040 [Holotype in FH as Pestalotia 
oenotherae). 

The type specimen has been examined. Pestalotia gaurae is 
congeneric with Pestalotiopsis maculans (Corda) Nag Raj. Its 
general morphologieal features overlap those of P. uvicola 
(Spegaz:z:ini) Bissett (Nag Raj 1986) with minor quantitative 
differences. P. uvico/a conidiomata possess a thick, hyaline, 
lenticular tissue in the area of dehiscence; conidiogenous cells 
are narrower; basal cells of the conidia are longer; the two upper 
of the three median cells are unequal; the apieal cell is shorter; 
the apieal appendages are shorter and form a closely aggregated 
crest; the basal appendage is often absent, but when present is 
very short. I prefer to broaden the species concept of P. uvico/a 
to cover these differences and treat Pestalotia gaurae as its 
synonym. It is described below and illustrated in Fig. 23. 



126 

Pestalotiopsis uvicola (Spegazzini) Bissett 
Can. J. Bot. 60: 2572, 1982. 

Pestalotia uvicola Spegazzini, Riv. Viticoltura 
Enologia !tal. 2: 340, 1878. 

Pesta/otia gaurae Guba, Monograph of Monochaetia and 
Pestalotia: 145, 1961. 

Caulicolous. Conidiomam stromatic, pycnidioid, scattered to 
gregarious and often confluent, intra-peridermal to subperidermal 
in origin, orbicular to oval or angular in outline, crateriform in 
surface view, broadly conical in sectional view, 200-500 "'m wide, 
130-200 "m deep, unilocular, glabrous, black; lateral wall and 
basal tissue up to 20 "m thick, of 'textura angularis', cells 
hyaline, becoming pale brown in the zone bordering the area of 
dehiscence. Conjdiophores lining the cavity of the conidioma, 
short, sparsely branched and septate or reduced to 
conidiogenous cells, hyaline, invested in mucus. Conjdiogenous 
~ phialidic, ampulliform or lageniform to subcylindrical, 
hyaline, smooth, 5-11(-13) X 2-3 [x = 7.5 X 2.5] "m with up to 3 
percurrent proliferations. Qmidi!l blastic-phialidic, fusiform to 
ellipsoid, 4-septate, 19-21 X 6-7 [x = 20 X 6.5] "m, bearing 
appendages; basal cell obconic with a truncate base, hyaline 
below, subhyaline above, smooth-walled, 3-3.5 [x = 3.2) •m long; 3 
median cells short cylindrical to doliiform, pale brown and 
concolorous, septa darker than the periclinal wall, wall rugose 
and minutely verruculose with slight or marked constrictions at 
the septa, together 12-14 [x = 13] •m long (first cell from base 
5-6 [x = 5.5] "m; central and third cell from base 3.5-4 [x = 3.7] 
•m); apical cell conical with a somewhat blunt apex, hyaline, 3-4 
[x = 3.5] "m long; appendages tubular, unbranched, attenuated, 
Ocxuous; apical appendages 2-5, with independent loci of origin 
at the apex of the apical cell, occasionally with one or two 
inserted in a submedian position, 7-16 [x = 11.5] "m long; basal 
appendage usually present, single, attenuated, centric, 3-5 [x = 4] 
"m long; mean conidium length/width ratio = 3:1. 

Habitat: On Gaura parviflora, Vilis vinifera. 
Specimens examined: 1. LPS 11865 [Holotype of P. uvicola], 

Conegliano, Italy, C. Spegazzini; 2. FH (as Pestalotia oenotherae), 
Hays, Kansas, U.SA., 10.VII.1930, E. Bartholomew, II 11040 
[Holotype of Pesta/otia gaurae]. 

Known distribution: Italy, U.SA 
Teleomorph: Unknown. 
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Legends to illustrations: 

F.gs. 1-7. PestaJotiopsis luustenii ex type of Monocilaetia 
camelliae in BPI. Fig. 1. v.s. of a conidioma, ca X 190; Figs. 
2-5. Conidiophores with developing conidia, X 1000, arrows in 
figs 2-4 mark percurrenUy proliferating conidiogenous cells; 
Figs. 6 & 7. Mature conidia, note variation in conidium 
septation and appendage morphology. 

F.gs. 8-14. Monochaetia osyrella ex type of Pestalotia osyridel/a 
in SIENA. Figs. 8-10. Conidiogenous cells with developing 
conidia, X 1250; Figs. 11-14. Mature conidia, X 1000, note the 
verruculose walls on the median cells of the conidia. 

Figs. 15-22. Monochaetia osyrella ex type of Monochaetia 
osyridel/a in BPI. Fig. 15. v .s. of conidioma, ca X 480; Figs. 
16-18. Conidiophores with developing conidia, X 1250, arrows 
in figs. 16 & 17 indicate percurrent proliferations; Figs. 
19-22. Mature conidia, X 1000, note the verruculose walls in 
fig.19. 

Fig. 23. Pestalotiopsis uvico/a ex type of Pesta/otia gaUTae in FH. 
A. v.s. of conidioma; B. Conidiophores and conidiogenous cells 
with developing conidia.; C. Mature conidia. 
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STUDIES IN THE GENUS PHOMA. XI. 
CONCERNING PHOMA LYCOPERSICI, THE ANAMORPH OF 

DIDYMELLA LYCOPBRSICI, CAUSAL ORGANISM OF 
STEM CANKER AND FRUIT ROT OF TOMATO. 
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Agricultural Experiment Station, Auburn University, Auburn, Alabama 36849 

ABSTRACT 

Phoma lycopersici Cooke, the anamorph of Didymella lycopersici 
Klebahn, causal organism of stem canker and fruit rot of tomato, is described 
and illustrated. Colony characte ristics on agar media and pycnidial anatomy are 
documented. It is compared with other Phoma species known to occur on the 
same host, particularly P. destructiva Plowr. and P. exigua Desm. 

INTRODUCTION 

A number of taxa classified in the genus Phoma Sacc. have been recorded 

{,~~tc~r:oobes~~a~th~~~~=r.e~~~ta.¥~e;:~~r:~~it~~~f:~~~1~~~~ 
of specialization in te rms of host specificity and capacity to induce disease. 
Some, such as PhoiM Alomerata (Corda) Wollenw. & Hochapf. [described from 
tomato fruit rot as Phoma alternariaceum F.T. Brook s & Searle (1921)], which 
has been previously treated in this series of papers (White and Morgan-Jones , 
1987), and P. exiAua [isolated f rom stem and fruit rots of tomato in New 
Zealand (Laundon, 1971)] a re plurivorous and have a wide host range extending 
to other phanerogamic plant families. The latter is known to induce gangrene of 
potato (Boerema, 1967). Others, such asP. destructiva and P. lycopersici, are 
restr icted within the Solanaceae to one or, at most, a few hosts. PhomtJ 
lycopersici appears to be conf ined to tomato, although there are conflicting 
reports in this regard . Phoma destructiva has been reported to cause fru it rot of 
pepper [Capsicum frutescens L. (C. annuum L.)] as well as tomato . jamieson 
(1915) showed P. destructiva to cause a leaf spot of eggplant [Solanum 
meloflAetlll L.] and potato in inoculation experiments , but tubers of the latter 
were unaffected. No infection could be induced in pepper plants . Dennis (1948). 
while noting the observation made by Jamieson concerning the incapaci ty of P. 
destructiva to attack potato tubers, stated that P. Jycopersici does so readily. 

It is not always possible, in retrospect, to determine the extent of 
occur rence of pa r ticular species s ince identity determinations on which records 
are based are not always fully reliable and there is frequently, in the absence of 
voucher specimens, no means of verification readily available. As has been 
alluded to in previous papers in this series, ill-defined species concepts, 

Alabama Agricultural Experiment Station j ournal Series No. l8-881488P 



1 3 4 

nomenclatural confusion, and taxonomic misinterpretation are commonplace in 
the literature dealing with Phoma. Not only does a plethora of names exist for 
individual fungi , sometimes involving more than one genus, but the distinctions 
between many of them are not fully understood or satisfactorily documented. 
The situation for species occurring on solanaceous hosts is no exception. On 
potato alone, for example, the following are among the supposed species 
recorded; P. eupyrena Sacc., P. exigua Desm ., P. foveata Foister, P. 
multirostrata (Mathur, Menon & Thirum.) Dorenbosch & Boerema, P. nebulosa 
(Pers.) Berk., P. sol am· Cooke & Harkn., P. solanicola Prill & Del., P. 
solaniphila Oud., and P. tuberosa Melhus, Rosenb. & Schultz. In addition, there 
exist such binomials as Ascochyta solani·tuberosi Naumov. The latter, together 
with Phoma solanicola, P. solam'phila and P. tubcrosa, are now accepted as 
synonyms of P. exigua var. exigua (Boerema and Dorenbosch, 1973). Phoma 
foveata which, for some years, was classified as a pigment-producing variety 
of that species [P. exigua var. fovcata (Foister) Boercma] (Boerema, 1967) is 
now recognized as a separate entity (Boerema et a/. , 1987). Illustrative of the 
nomenclatural complexity and confusion extant in this group of fungi is the fact 
that over sixty binomials in eight different genera have been applied to what is 
now known as Phoma exigua var. exigua.lnadequacy of descriptions compounds 
the problem of determining which species individual authors actually had unde r 
study in particular instances. 

Aulakh et al. (1969) presented an account of cultural variability and host 
range of Phoma destructiva in India. However, as Boerema and Dorenbosch 

~~:;;i{~ rl~:vi~ f:ei~~~y o~:· so~a~ p~~8 ~~~:~yre~:~~r:,y c:i~~~a:, ~7.e (~9~~~ : 
which included a description of Phoma destructiva isolated from butter, the re 
must remain some uncertainty about proper application of binomials. In a key to 
seven Phoma ~cies, P. destructive was noted as being parasitic on tomato 
plants and ivy LHedera helix L.]. Isolates from tomato, determined by Aulakh ct 
al. (1969) to represent P. destructive , were grouped into three culturally 
distinct varieties that were said to be, to quote, "distinct biological forms" . 
Varying results were obtained when one of these was artificially inoculated onto 
eight different solanaceous hosts, but young fruits of Capsicum frutescens. 
Datura alba Nees [D . fastuosa L.], Solanum mclof~Acna and Witham·a somnifera 
Dun. were found to be susceptible to infection. In their experiments, neithe r 
leaves nor tubers of potato became infected. 

Over the years, a number of authors have discussed the resemblance 
between P. destructiva and P. Jycopersici (Brooks and Searle, 1921; Dennis, 
1946; Knight, 1960; Lawxlon, 1971; Boeremo ond Dorenbosch, 1973; Sutton, 19130) . 
It has generally been accepted that the two species are morpholog-ically closely 
similar in most respects and can only be distinguished by cultural 
characteristics. As can be expected, published accounts of these taxa vary in 
thoroughness and not all authors are in agreement over particular details, 
including colony appearance in vitro. Allowing for the fac t that both species are 
somewhat variable, they can, nevertheless, be readily distinguished. 

To facilitate better understanding of some of the species of Phoma 
associated with members of the Solanaceae, a study of P. eupyrena 
(Morgan-jones and Burch, 1988), P. exigua. P. destructive and P. Jycopersici 
has been undertaken. Our observations on the latter are reported he rein. 
Treatments of P. destructive and P. exigua will be published in forthcoming 
papers in this series. 
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A B 

PLATE I. Phoma lycopersici. A, 14-day-old colony on PDA at 25C; B, reverse 
of same; C, 10-day-old colooy on PDA at 20C; D. 14-day-old colony on PDA at 
20C; E, 14-day-old colooy on MEA at 25C; F, 10-day-old colony on MEA at 20C. 
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Phoma Jycopersici has, in the past, because of possession of one-septate as 
well as unicellula r conidia, been classified in the genera A.scochyta Lib. and 
Diplodiru~ Westd., but because of a preponderance of unicellular conidia when 
grown in vitro, it is currently classified in Phoma rather than A.scochyta. It is, 
of course, quite unlike D. microsperma (Johnston) Sutton[= D. salicis Westd.], 
the type species of Diplodina . 

TAXONOMIC PART 

Phom/1 lycopersici Cooke, Grevil/ea 13: 94, 1885 (Plates I and 2, figure I ). 

= Sphaeronae1114/ycopersici Plowr., Gard. Chron. 16: 260, 1881. 

= Ascochytct Jycopersici (Plowr.) Bnm., Bull. Soc. bot. Fr. 34: 
430, 1887. 

= Phoma Jycopersici (Piowr.) j acz., Nouv. Mem. Soc. Imp. Nat. 
Moscou IS: 350, 1898. 

= Diplodina Jycopersici Hollos, Ann. Mus. Nat . Hung. 5: 461, 1907. 

[For additional synoorms, see Wollenweber and Hochapfel (1936) and Boerema 
and Dorenbosch (1973) .] 

Teleomorph: Didymella Jycopersici Kleb., Z . Pf/Kr. Pf/Path. Pf/Schutz 31: 
12. 1921. 

Colonies on potato dextrose agar (PDA) [Difco] (Plate I. A & B) 1anose to 
felty, pale gray to olivaceous gray to brownish, margin more or less even with a 
paler, usually whitish to cream mar&inal zone, S-6 mm wide, irregularly zonate 
and frequently mottled with darker, brownish, orbicular , confluent patches, 
particularly at a::K:, with age center becoming blackish but often with irregular 
paler patches, attaining a diameter of 78 mm at a::K:. 30 mm at 25C, and 22 mm 
at 30C after 10 days; reverse black, sometimes irre,ularly mottled with paler 
areas. Ten-day-old colonies on PDA at 2tX: entirely white except for extreme 
center (Plate 1, C), becoming progressively darker with age; 14-day-old 
colonies (Plate 1, D) uniformly grayish or olivaceous brown or mottled with 
darker orbicular patches. In 21-day-old or older colonies, sterile stilboid 
aggregations of hyphae, which may assume a pseudoparenchymatous texture, 
frequently present. Colonies on malt ext ract aga r (MEA) [Difco] (Plate I, E & 
F) sparse, with little aerial mycelium in the form of thin whitish tufts, 
olivaceous, slightly striate, attaining a diameter of 75 mm at 20C, 40 mm at 2SC. 
and 29 mm at 30C after 10 days. Colonies on cellulose agar after 2D days at 20C 
thin, with ve ry little white aerial mycelium in the form of tufts but witli 
abundant super ficial or immersed black pycnidia. Mycelium composed of two 
kinds of hyphae: hyaline, smooth. branched, thin-walled, widely-septate, 2-3 urn 
wide; and pale to mid-brown, smooth, branched, thicker-walled, closely-septate, 
5-6.5 um wide (Plate 2, F). Wider, pigmented hyphae sometimes aggregated into 
strands of a few and, with age, individual cells often becomine slightly inflated. 
In 21-day-old colonies on PDA, a thin network of thick hyphae overlays the 
dense felted hyaline mycelium. Pycnidia produced on POA and cellulose aga r 
after two weeks [and on oatmeal agar, fide Boerema and Dorenbosch ( 1973)], 
usually originating f rom the wider, pigmented hyphae, immersed or entirely 
superficial, especially on PDA where they frequently form on the surface of the 
mycelial mat, scattered, gregarious or confluent in small groups of two or 



FIGURE I. Phoma /ycopersici. A, V.S. young pycnidium; B, surface view of 
portion of pycnidial wall; C, JX)rtion of wall of mature pycnidium in section; D. 
hyphae and pycnidium initial; E. conidia. 
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three, subglobose or elongate or somewhat irregular in shape, brown to blackish 
when mature, generally remaining paler above, pseudoparenchymatous, without a 
clearly defined ostiole, 120-210 urn in diameter. Numerous small pycnidlal 
rudiments, in addition to mature pycnidia, usually present in 21-day-old colonies 
on PDA and cellulose agar. Pycnidial wall composed of an outer layer, one to 
two cells thick, of ellipsoid to oblong, pigmented, thick-walled cells and an 
inner, wide layer of large, subglobose or irregularly-shaped, more or less 
isodiametric, hyaline, thin-walled cells. As pycnidia mature, the thick-walled. 
outer pycnidial wall cells become progressively flattened and somewhat 
contorted (Plate 2, D & E). Pycnidial initials at f irst made up of a solid mass of 
pseudoparenchymatous tissue, the central part of which eventually disintegrates 
to form the venter . Progress ive lysis as pycnidia mature results in increase in 
size of the venter. In surface view, pycnidial wall cells appearing appreciably 
angula r, of the "textura angularis" tissue type sensu Starbick (1895). Ostiolc 
lysigenous, formed by breakdown of cells at the pycnidial apex. Conidiogenous 
cells obscure, undifferentiated from other inner pycnidial wall cells. Conidia 
ente robtastic, hyaline, smooth, highly variable in shape and size, oblong to 
ellipsoid to obovoid, guttulate, unicellular or one-septate; when unicellular 3-9 X 
2-3.5 urn, when bicellular 6-11 X 3-4.5 urn, and slightly constricted at the septa. 
Conidial masses whitish to c ream-colored, sometimes with a yellowish tinge. 

On Lycopersicon esculentum; cosmopolitan. 

Collections examined: isolated from stem rot of tomato, Wagen..ingcn, The 
Netherlands, 1968, G.H. Boerema, PO, AUA; isolated from tomato stem, The 
Netherlands, G.H. Boerema, PD72/863, ATCC 24638. CBS J/8.671Mil7314. 

DISCUSSION 

As previously mentioned, several authors have provided descriptions of P. 
Jycopersici. Brooks and Searle (1921), in an extensive investigation of tomato 

~~~:t~es;;It!ngr ~;:;, t~=0?d:=t~so~~~i~'s02:g~r~n: E.~J:L~M.P{~~~ 
found to have relatively uniform characteristics and, together with six 
herbarium specimens, were determined to represent the same organism which 
was referred to as an ''aggregate species". The isolates were described as 
having white to grayish colonies on Dox agar and to produce pycn..idia bearing a 
small proportion of one-septate conidia in addition to unicellular ones. Four of 
the herbarium specimens, including the type material of Phoma lycopersici 
Cooke [on tomato stem, collected by j .E. Vize, circa 1884], originated in the Kew 
Herbarium. Three had been named Mycosphaerel/a citrollitUJ (probably by G.E. 
Massee, since he had identified the causal organism of a disease of tomato 
submitted to him by F.T. Brooks as "A.scochyta citrullina C.O. Sm., the conidial 
form of Mycosphaerella citrullina Gross." ). In the process of determining 
what name to apply to the fungus, various binomials were considered. DiploditUJ 
was chosen as the most appropriate generic name because of the presence of 
septate conidia. Ascochyta was conside red unsuitable since pycnidia did not 
occur in spots. In spite of having examined the type of Phoma Jycopersici, this 

~~1~~ :iet~f~d:rc~~~f~f~~/c~uV~S~eY~~ P~~~f~~:D"! r,c~~~o~; ~i 
wall of mature pycnidia in section showing compressed outer cells; F, pigmented 
hyphae; G & H, conidia. [septae indicated by arrows]. 
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name was disregarded with the cryptic comment "Cooke' s name Phoma 
lycopersici is deleted". Both Ascochyta /ycopersici (Plowr.) Bnm. [as A. 
Jycoper sici Brun.] and SphaeronaefTUl Jycopersici Plow r. were recognized as 
being possibly applicable, but Brooks and Searle seemed unaware of the fac t 
that the former name is an obligate synonym of the latter. The binomial A. . 
/ycopersici was not taken up because. in their words, "it is preferable to place 
it (the fungus) in the genus Diplodina". Sphaeronaema Jycopersici was 
eliminated because of an "apparent loss of the type specimen., and doubt on the 
part of the authors that C.B. Plow right had placed his fungus in the right genus 
since the neck of hi s figured pycnidium was ext remely shor t. Having discarded 
three of the earlier names, the binomial Diplodinalycopersici Holl6s was 
adopted [as Diplodina /ycopersici (Cooke) Ho116s emend. Brooks and Searle]. 
Three isolates (designated series 1, forms B, H and Q) from tomato fruits 
were matched with a culture of Phoma destructive obtained from C.L. Shear 
(referred to as being 'authentic' presumably because it originated with B.O. 
j amieson). These were distinguished from those to which the name Diplodina 
lycopersici was applied by, among other features, absence of septate conidia. 

Klebahn (1921) distinguished D. lycopersici from P. destructiva on the 
basis of the former not producing mature pycnidia in agar cultu re, whereas the 
latter did so readily, but produced no septate conidia. The degree of pycnidial 
prcxluction and maturation do not, however , appear to be stable characteristics 
since Brooks and Searle (1921) noted one of their isolates of P. deslructiva [Q] 
to prcxluce few pycnidia and to sporulate sparsely on all media. In cont rast to all 
investigator s who have studied these two fungi in vitro, Grove (1935), who 
harbored a self-admitted aversion to cultures, considered them to be identical. 

Wollenweber and Hochapfel (1936) provided an account of the variation in 
shape and s ize of conidia on different media and described the ste rile "stilboid" 
bodies produced by P. Jycopersici in vitro. Dennis (1946) described the cultural 
characteristics of an isolate from stem of a tomato plant (his strain ll ) , fo r 
which the name Diplodina lycopersici Ho116s was again used, on malt ext ract 
agar. No pycnidia matured on this medium but a dense layer of pycnidia was 
produced on ste rilized potato plugs. The ste rile "stilboid" bodies noted by 
Wollenweber and Hocbapfel we re said to be produced abundantly in 
three-week-old cultu res. 

A brief description of P. Jycopersici, together with its teleomorph D. 
lycopersici, was published by Holliday and Punithalingam (1970) but no details, 
beyond ascospore and conidial dimensions, of its characteristics in vitro were 
given. Laundon (1971 ) provided a brief account of the comparative cultural 
characteristi cs of P. destructiva, P. exiAua and P. Jycopersici on a potato/yeast 
extract/dextrose agar in both light and dark at 2SC. Few or no pycnidia were 
formed by P. lycopersici in the dark , whereas moderate pycnidial production 
occurred when light was provided. Boerema and Dorenbosch (1973) found that 
pycnidia of P. lycopersici are usually produced abundantly on oatmeal agar in 
daylight or under near-ultra violet illumination. 

In our experience, P. destructive and P. Jycopersici are easily 
distinguished from P. exigua on cultural characteristics, particularly colony 
appearance. Colonies of P. exiAua on PDA at 25C a re highly distinctive with an 
irregularly lobed or scalloped margin, abundant pycnidial production giving a 
blackish coloration, and much faster growth than those of the other two species. 
Pycnidia of P. exigua frequently coalesce to form la rge, irregular structures 
and have a well-defined, though somewhat inconspicuous, ostiole internally lined 
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with hyaline, papillate cells. P. lycopersici differs f rom P. destroctiva in 
having generally denser, paler colonies on POA and larger, sometimes septate 
conidia. It also produces sterile stilboid aggregations of hyphae, and has a 
different growth rate in vitro. P. /ycopersici grows appreciably faste r than P. 
destructiva at 20C on both PDA and MEA but much slower at 25C. 

Pycnidial structure in Phoma lycopersici reflects the fact that it is the 
anamorph of Didyme/Ja lycopersici, a member of the family Venturiaceae. 
Pycnidial initials resemble ascostromata of pleosporaceous fungi in their 
inte rnal organization. In the process of maturation ostioles are formed in much 
the same manner as in some pseudothecia. Although we have examined a number 
of sections, we are uncertain which cells are conidiogenous since there is no 
clear series of fertile cells lining the pycnidial venter at any one time as is the 
case in most other Phoma species. Many internal cells appear to break down and 
it seems possible that the protoplasts of such entities, or parts thereof, might 
round off and become converted into conidia. The considerable va riation in shape 
and size of individual conidia may reflect this. We have not observed typical 
phialidic conidiogenous cells with thickened periclinal walls, indicating 
production of a succession of conidia from each, in P. Jycopersici. 

It is clear that the form-genus Phoma as presently constituted is a 
heterogeneous entity. Species such as P. hoehnelii van Kesteren [anamorph of 
Leptosphaeria doliolum (Pers .) Ces. & de Not.], P. leonuri Letendre [anamorph 
of L. slovacica Picb.], P. liflAam (Tode) Desm . [anamorph of L. maculans 
(Desm.) Ces. & de Not.] , P. macdonaldii Boerema [anamorph of L. Jindquistii 
Frezzi], P. peducularis Fuckel, P. rubcfaciens Togl., and P. sydowii, now 
classified in Phoma Sacc., sect. Pleoodomus (Preuss ) Boerema, van Kesteren & 
Loerakker are unrelated to other species classi fied in the genus. Simila rly P. 
Jycoper sici must be considered to have little , if any, affinity with the majority 
of taxa classified in the genus. Whether or not a separate section of the genus 
should be established to accommodate it and similar species must await further 
studies. 

Accounts of diseases of tomato caused by Phomll lycopersici have been 
given by Schoevers (1929) , Liesau (1932), Orth (1939), Small (1940) and 
Sheard (1944) . Hickman (1946) and Phillips (1956) discussed infection of 
outdoor tomato crops, the latter from soil-borne inoculum. The teleomorph state 
has rarely been found in nature (Hickman, 1944; Fisher , 1955). 
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ABSTRACT 

Seven t een rust species d.re repo r ted occu r ri n g on 
Hypa.Ltb~~- spp. CPoaceae ) . five s peciee are desc ribed 
now, v1.z. P_u_q9.~n:l:. i!_~_ux ... a.9.9..!:1!~~~- on J:C.!~o_a.U,. from 
Zimbabwe, k'.~.\.S9~J.J...!l.ll.!!J..!!. on !l...t ... ~ ... U'-'l!. from S. Afn.ca, p_._ 
h.Y.P~.r.r.h~lll~ on !L._._P.L~-g~ from Ta n zania , Y.r.~c!2. 
9.2AJ..i.'L~!:!. on !:1.!-c_p_l,)..l..IJ.'!. f r o m Kenya, a nd \l.t..Q.e.~.:tP..tt:. 
£h..enl. .L CO!..'!.. on tl~E~9.~-I'l.~. from S. Afr ica. ~~ld....Et is 
rE-ported fo r t h e f1.r•t time on .tl~:I:.i:l!!t..l2.!!!· Thl. r ty - four ti· 
spp. a r t"'! n o w know n as hosts for r usts . On iL_.-ll!..!.P.endula, 
IL·-LY..f.l!. · and H.~JlAL~~ six rust species have been found . P_._ 
,.(...l...tf.rA.U!l.~.\ • .tt h as b .aen :found on 20 !1.· spp. A ke y to t h e rust 
spec1es and a l l.at of h ost · species combinations are 
pr o v J..ded. 

1 NTRODUCT I ON 

In his monograph on •th.:t r u s t f unqi on ce roa la . orasaes 
and ba• boos • Cu•al.na < 1971 ) listed eiqh t. t axa of r usts o n 
the genua Jiv..QAC~!U:~A~ Ander sa. e x F o urn.. t h ree of wh1.ch 
l.nh abi t i ng only thl.• qenus. Later Gjzrum (1983) add(Jd 
thre~ e o r e species to tho l ist. one of which wa s k n o wn o n ly 
on !:t.Y2.:1Lr_rJ~~ !).t~. · 

!tY...PYJJl.f:!!:!..!...f. belongs to the tri be Andropogoneae 
<Andropogonl.deao) of tho Poaceae . In h is mo nograph Clayton 
<1969 > mal. ntal.ned ~2 species dl.Yided in six sect.J.ona. Most 
apec1.ea are kn~wn o nly from A!rl.ca . b u t a low occur also l. n 
other con tinent•. a nd the re are relatively few reports of 
rusts o n Ji't.ll.l!.f..tli..~'l.~ !t outside Africa. 

The grea t er part of specl.mens dealt with in th1.a paper 
balonq to the Royal Botanic Garden s . Kew, and I a m 1nost 
i ndebted to the Di r ector !or allowing me t o study the11. A 
fA w apecimen s belong to the International Hycolo9ical 
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Institute, Kev C IHI) , and a few to the herbaria of the 
Botanical Huseu111a in Copenhagen <Cl and Oalo CO> , and I 
thank the curator• for per•ieeion to exarDine the mate rial . 

My thanks go to Dr. 8 . C, Cu••ina , Dept. of Plant 
Patholoqy, Un iversity of Arizona. Tvcaon, AZ, for the great 
interest he has taken i n thia atudy, for hie help a n d 
advice wi t h the identification of the rust epeciea. and 
together with Prot . 0 . M. Henderson, I n vereve Gardena, 
Poole••· Roaa-Shire, for comments on the draft. I also 
thank Dr . R . W. G. Dennis , Royal Botanic Gardena, Kew, for 
checking na•es ot local! ties and collectors. Prof . F . Roll
Hansen, NISI(. AS-NLH, for many diecuae ione, and Hra. 
Rannveig 0degaard, Norwegian Plan t Protection lnsti~ute. 
for preparing the 111anuscript for publica~ion. 

ENUMERATION OF SPECIES 

PHAKOPSORA INCOMPLETA <Syd. l Cu 1u1 ,, Mycologia 42: 786 , 
1950. 
On Hyparrhenia c y111baria Stapf 
Uga n da. Masaka, near Mfrungwe. 1230 •· 27.06.1929, J .0. 
Snowdon <1390, Cl. II. 
On Hyoarrhenia ruta <Naaa> Stapf 
Malawi. Nyaaaa Hochland. Station Kyi111b i la. 1000 111, 27.06.-
1912, A. Stol~ <Ol, II. 

This rust h as previously bean reported only o nce on 
Hyearrhenia, viz . on H. rufa from Uganda . but it h as been 
reported o n several other h ost genera i n Africa a nd As i a. 

PUCCINI A ANDROPOGONICOLA Har. & Pat., Bull. Mus. Hia t. Nat. 
Paris 1909 : 199 . 1909. 
On Hyparrhen ia anamesa W. 0 , Clayton 
S . Africa. Cape Prov , . George div ., Kaaiman'a River, 
03.1952, H. Wil•an <254;79 >. II . 
On Hyparrheni,a anthittirioides (Hoc hat. ex A. Rich. ) 
Andersa . ax Stapf <ayn. H . paeudocy•baria <Steud.) Stapf) 
Ethiopia. Eri~rea, Sarae, by river Hareb, 06.10.1902, A. 
Palpi < 409 l, <II • > I II. 
On Hyparrhenia bracteata ( Willd.) Stapf 
Tha i land. Phu Kradung, 1300 111, 27.11.1958, Th. S0rensen, K. 
Laraan & B . Hansen <6264 , C>, II. 
On Hyearrhania diplandra (Hack. ) Stapf 
Nigeria . NE State, Hambilla plateau, Nguroje foraat 
raaerve, 1740 •· 12.12.1975, J . D. Chap•an <4068>, II. 
On Hyparrhenia dregeana <Nee a) Stapf ax Sten~ 
Sudan. Didinga mta, Nagichot, 12.09. 1940, S .G. Hyers 
<13472 >, II . 
On Hyparrhenia fatdliaris <Steud.) Stapf 
Tanzania . Bukoba dietr., Ngon o brid9e, 10 . 06 . 1934, H. 
GillMan <61A), II, 
On Hy parrhenia fil:i.pandyla <Hochat .) Stapf 
Uganda . Hoima , Oweli, 02 . 1928, Dept. agric . < 887 >, I I. 
Ni9eria . Joe div., no d ate, W.J. Howard <960) , II. 



On Hyoarrhania i nvolucrata Stapf 
Niqeria . Zaria prov. , Sa•anu , 600 ID , 12 . 11.1948, O.V. 
Thatch!r (537> .. III. and Sa1anu 670 '• 18 . 10.1947, W.E. 
Free11an (165), <II•> III . 
On Hyoarrheni a newton!! <Hack, ) Stapf 
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Ru anda. Reg. Hutara, near Kokitumba, 1350 11'1, 24.05 . 1957, G. 
Troupin C3220, C>, II . 
On Hyoarrhenia aubolu•o•a Stapf 
Ghana. Five •ilea S of Koloqu, 12 . 11.1963 , R . Rose Innes 
<3092>, II + III. 
Liberian-Guinea border, 11.11.1964, P. Adama <748 >, II. 

P . andropogonicola, deacribed on a apeciea of Androoogo n 
<Cy•bopogon 7 ) from Congo. baa been found widespread on a 
lonoo aerie• ot Hyparrhtnia epeciee in Afr i ca, and i t h as 
a lao baen reported on !:L........:£!! <Nee a> Stapf from Cuba 
<Roaenada 1973), the only one outaide Africa. H. ana•••• . 
H drtotana , H. involucrata, and H. aubplu111ota art all ntw 
hoata for thia ruat. Othtr African holt qtntra art Aruk.2=_ 
m. Cy111bopoqon, and HyptrtheU.a. 

Sptciaene only with uredinia have aporea wi th equato ria l 
portt and a wall which ia darker at the ape x thus 
corrtlpondinq to the deacription qiven by Cum111ins <1971 ) . 

PUCCINIA ANDROPOGONIS - HIRTI Beltr,n, Htm. R . Soc . Eapan . 
Hitt . Nat. 50: 252, 1921 . 
On Hyparrh1nia arrhenobaaia CHochat. ex Steud , ) Stapt 
Ethiopia • . Addie Ababa, 14.10.1977, coll. not qiven, II+lll. 
On Hyoarrhenia c y•baria <L . ) Stapt " 
Ethiopia, Ellubabon dietr .• Gu•ero, 10 . 01 . 1977. G . Awo ke 
<1255), ll(+Ill). 
On Hyparrhenia dJ.chroa <Steud . ) Stapt 
S. Atrica. Transvaal, Kruger National Park. 7 mil!! NW of 
Punda Haria, 18 . 04 . 1950, L.E . Codd <5963), II <•III > . 
On Hyparrhtnia dreqeana <Neea > Stapf ex Stant 
S . Atrica . Natal, Eatcourt, 1170 m 05 . 05.1945, J . H.P. 
Acocka <11498>, Il+lll. 

This ruat has been deacribed on ~ <L.) Stapf from 
Spain and later reported from Tunis, Corsica <France >, and 
Turkey . A reexaMination of a apeci•en from Madeira, 
publiahed by Gj•rum (1982) aa P. hyparrheniicola J0rst. & 
Cu11., ahowed it to be P. andropoqonia-hirti <telia 
pre•ent>, new to Hacaroneaia . The boats mentioned above 
all new to the rust . 

PUCCINIA AUREOCRASSA 1p. nov. <Fiq.U 
Atcidia iqnota . Urtdinia in pagina abaxial ! fol i orum, 

cinnaeoata cue paraphyaibua clavatia, leniter curvatia, 
uaqut 60 J.l• lateralibua , pariete hyalino , ad apice• u1que 
6.5 ).1! incrattato . Ured i nioaporae 20-29 x 23-27 )Jm, 
•ubqloboidtat , ellipaoideae vel obovoideae, paritte 2 - 2.5 
)Jill craaeo, cinna•o•eo, echinulato, 3 - 4 pori• papillia 
hu111ilibut tectia tquatorialibu• inatructia . Telia in paqina 
abaxial! folioru•, expo1i ta, fuaca. Telioaporae ellip
aoidtae, aaepe truncatae api cal! vel aliquot diorchidioi-
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Fiq , 1. Puccini& aureocraaaa ap. nov . 
Telioaporea , b . The •••• teliospore before 
a nd after awellinq. c. Uredinioaporea and 
paraphyses . d. Telioaporea when partly 
dr i ed after swellin9 <all fro• type). 

deae., quum aiccae 33-39 x 22-26 JJ•, fuacae, opaqae, 
rugoaae , in liquido creacentea uaque 41-5 5 x 31-42 J.19, 
pariete 3 - 4 )JM baae, ad apicee usque 23 J.l• incraaaato, 
aureo.- pedicello usque 100 J.l• lonqo , pariete tenui, 
hyaline, collabente . 
Holotype : V .K. Blackwell 2233 (){), Ziebabwe, Saliabury, 
1450 •• OS .1920, on Hyoarrhenia newtonii <Hack . > Stapf. 
laotype in NPPI . 



Other material exa11ined: 
On Hyparrhenia newtonii <Hack. l Stapf (incl. var . !!!.£.[.A 
Stapf) 
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Malawi. Nyika approach, 25. OS . 1952. G. Jackson < 856, C & 
Kl, <11•)111; Central Req •• Nc heu diatr., Maeae hill, 8 km 
N of Hlangeni, 30.04.1970 , R .K. Brum11it (10295), <11•>111 . 

The main feature of thia ruat species is the swel linq of 
the telioaporee. When dry it is very difficul t to see 
whether the spore walla are rugose or amooth, when swollen 
in water or lactophenol they are smooth . This swelling 
takes place i n most a porea in a few seconds, increasing the 
size of the spores about 70S <Fig. lbl, meas ured in face 
view. Whe n mounted in water which soon evaporates, t.he 
spores more or less shrink t.o normal size again, and show 
clearly the wrinkle• on the wall <Fig. ld l . 

P. a ureocraasa dif~era ~ro• P. andropogonicola Har. & 
Pat., another rust on Hyoarrhenj,a spp. with equatorial 
pores, having , when swollen, wider teliospores with a much 
thicker apical wall a n d lighter coloured wall . The ured
inioaporea have fewer pores . 

P. e yleaii Doidge on ~ spp . shows the aa•e 
a welling phenoMenon, but not as quickly and obviously a• in 
P. aureocraasa. The telioaporea of P. eylesii 
regularly ellipsoid or aubgloboid. 

Doidge ( 1950 ) listed ? H. newtonii aa a host ~or ~ 
rottboelliae Syd. <= ~ <Sacc. & Si~z. . l Hagn. 
panici - sanguinalis (Rangel) Ra•achar & Cumm.). 

PUCCINIA OUTHIAE Ell. & Tracy in Ellis & Everhardt, Bull. 
Torrey Sot. Club 24 : 283, 1897. 
On Hyparrhenia bracteata ( Willd.) Stapf 
Sudan. I•atong mts, Gila, near bridge across Hgarigi River, 
13.11 . 1980 , I . Friis & K. Vollesen <201, C), Il•III . 
On Hyparrhenia (ilJ.pendu1a (Hoc hat.) Stapf 
Halawi. Kaaungu reserve. 990 m, 16 . OS . 1970, A. Hall Martin 
<1775), Il•III. 
On Hyparrhenia subplu•oaa Stapf 
Nigeria. Zaria Prov . , Anara forest. reserve, 20. 10. 1947, 
R.H.J. Keay <20109), II• III . 

Hyparrhenia ia a new host genus for this rust , 
previously known on Bothriochloa and Chryeopogon in Africa. 
In Asia and Australia Andropogon and Dichanthium have been 
reported as host genera . In India this rust was proved by 
Narasimha n (1965> to be host alternating with Barleria 
~· <Acanthaceae , not. listed in Index Kewenais> . 

Type host ia Bothriochloa pertusa <L. l A. Ca~aus <s yn. 
Andropogon pertusus L. ) . 

PUCCINIA ERITRAEENSIS Paz .• Sot. Jahrb . 17: 14, 1893. 
On Hyparrhenia anthiatirioidea <Hochat. ex A. Rich.) 
Anderaa. ex Stapf' 
Ethiopia. Aruaai Prov., near Cera, 1 700 • • 03.10. 1971, l1. 
Thulin (1322>, II•III: no loc. given, 23.09.1973, M.G . 
Gilbert <3133>, III. 
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On Hyparrhenia confinia CHochat . ex A. Rich.> Anderae . ex 
Stapf var . nudiglu•J.• <Hack.} W.O. Clayton. 
Sudan . Kordotan, Jebel Dair, Um• Ruwabe, 23.10. 1952 . J. K. 
Jackaon <241 2 >, CII•>III. 
On Hvparrhenia cya neecens <Stapf> Stapf 
Angora, Cuanza Norte , Caae ualala railway atation, 13.07 . -
1921, Gossweiler (8813) , Il•III. 
On Hyparrhenia cymbaria (L .) Stapf 
Ethiopia. Kaffa Prov., at the road between Jiauaa and 8onga, 
6.5 ka SW of Ji••• · 1750 •· 05.11.1970 , I. Fri i s, A . Hounde 
.S K. Jakobsen <121, C), IIC•III> . 
f'lalawi. S. Region, Ndirande mt , 1220 111, 03.05 . 1970 , R.K. 
Brunuait (10344 ), IIC+III>. 
Mozambique . Manica e Sofala , Spunqubara, 08.06.1942 , A. R . 
Torre <4262> , II•III, 
Zimbabwe. Wadza mta., 40 ailea 5 of Honan·dellaa ~ 1650 •· 
21.05.1968, B.K. Si•on •t al. (182 8> , II•III . 
Angola. Duque d • Braqanza, Rianz.ando, by R . Lucala, 900 JD , 

01.09 .1 922~ Goeaweiler <8813), <II•>III. 
On Hyparrhen ia diplandra (Heck.) Stapf 
French Guinea . No loc . given, 18 .01.1955, G . Roberty , 
II•III. 
On HyparrhenJ.a mutJ.ca W. O . Clayton 
l'loza•bique. Zambeeia ~ at R. Licun9o , 20 . 11.1914, F . A. 
Mendonca <2129>, II•III . 
On Hyparrhenia pilgerana C.£. Hubbard 
Ethiopia. A9hera ••rit ll <Alghe ) 30 . 11.1952, J. B. Gillett 
<14479), II•III; Sida•o~ Bala 1 2000 • • 05.01 . 1954, H.F . 
Mooney <5458 >, II•III. 
Sudan. Imatong 11ta , between Konoro and Gilo, 24.11 . 1980, I. 
Friis & )(, Vo1laaen (429, lC&C> , II•III. 
Uganda. l:::igez.i, Chehiopi 1950 •· 15, 10 . 1929, J.D . Snowden 
<1466> , <II•>III. 
On Hyparrhenia quarre J. Robyne 
S. Africa. Natal , !'lt . Proapect , Newcastle , 09.05 . 1934 , J . B. 
Pole Evans ( 3784 >, I I < • I I I > • 
On Hyparrhenia rudJ.a Stapf 
Nigeria. Tiba plateau, Adaaawa, 10.12.1965, K. Peter & P . 
Tuley (52), <II•>III . 
On Hyparrhenia ru(a CNeee) Stapf 
Zambia. Central Prov .. , Lusaka d i atr ., Lusaka, Olympia Park 
area, 1300 1111, 01.09.1972~ Arne Strid (2020. C>, II•III. 
On Hyoarrheni a echi•perJ. <Hoc hat . ex A . Rich .) Anderea. ex 
Stapf 
Malawi. Ekwendeni diatr . . l'lziaba, 1937 , S .G. Wilson <1 8), 
II•I II. 
Zaire . )(atanqa, 8 k• N of Elieabethvil le , 1300 • · 11.05 . 
1964 , J . J . Syaoene <11005>, Il•III 
On Hyoarrheni a aubplumoaa Stapf 
Sudan . Jebba, 35 111, 10 . 12 . 1927, 0. Haqerup C721, C). 
CII•>III. 
On Hyparrhenia ta11ba CHochat . ex A. Rich . ) Anderaa . 
Stapf 
S. Africa. Natal, Estcourt, 04.04 . 1945, J.P. Acocka Cll492 
or 11792), II•III Cdet. R.W.G. Dannia ). 
On Hypa rrhenJ.a varJ.abJ.lia Stapf 



Uganda. No loca.lit.y given, 08.1932 , P. Chandler <913>, 
I I+ II I. 
Tanzania. Morogoro distr . , 03.09. 1930, P. J. Greenway 
<2513) , II•III. 
Zambia. 11win ilunga, 31.05.1963, J.P. Loveridge C708), 
CIIdii i. 
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Zimbabwe. Mazoe valley, 1050 111, 15.07.1950, S.M. Rattray 
<1556>, <II•>III. 
On Hyparrhenia welwitschii <Randle) Stapf 
Sudan. Fifteen 111ilea N of Tambura , 04.10 . 1940, J. G. Hyera 
(13530), CII•>III. 

P . eritraeensis is widespread on Hyparrhenia spp . in 
Afri ca , a nd it has also been reported on H. hirta CL . > 
Stapf from Mallorca <Spain> and Socotra <People 's Oe•o
cratic Republic 'te11en>. Among the Hyparrhenia epeciee 
mentioned above H. anthi•tiri,oides, H . confini•, ~ 
cyaneac•n•, H. mutica, ~. and ~are new hoata 
for this rust . In Africa it h as been reported on Cy•bo -
12..Q.Q..Q.!l· Other host genera are Andropogon, Capillipedium, and 
Trachypogon, and it has been reported fro• Australia and 
Honduras. 

Type host ia Andropoqon ap. from Eritrea <Ethiopia). 
Without teliospores this ruat can h ardly be aeparated 

from P. andropogonia-hirti 8altr4n and P . hyparrheniicola 
Jerst. & Cum•. <cf. Cucamine 1971). 

PUCCINIA ESTCOURTENSIS sp. nov. <Fig. 2> 
Aecidia ignota. Uredinia i n pagina abaxial! folioru•, 

cinnamosaea, cum paraphyaibus clavatis, raro capitatia, 
curvatis vel qeniculatia. uaque 90 JJDI lonqia . 14-26 IJ• 
latis. pariete ad apicem uaque 8 J.l• craaao, hyaline vel 
pallido luteo. Uradinioaporae 33-37 x <23->27-41 J.IID, 
pariete 2-3 J.IID crasso, echinulate, ( 5-) 6-7 < -8) poria 
papillis humilibus teet is dispereie instructis. Telia in 
pagina abaxial! foliorua, expos it&, fusca, aaepe in 
uredi ni ia evoluta . Teliosporae 42-52 <-57> x 29-33 J.lll , 
ellipaoideae, ad aeptu11 leniter conatrictae, pariete 3-4.5 
IJIII, crasao, ad apicem 9 }Jm incrassato , laevi, cinna•omeo 
ve l castanea, poro superiors apical!, poro inferior& props 
aeptua, obscure, pedicello usque 90 }Jill lonoo. pariete 
tenui, hyalino ve l pallido brunnneo. aaepe collabente. 
Other material exaai nad : 
On Hyearrhenia finitiaa < Hochst, > Anderas . ex Stapf 
Malawi. Nyaaaa Hochland, Station Kyisabila, 1000 m, 12.06. 
1912. H. Stolz <1352, 0), II•III. 

Thie rust differs from P. eritraeensia Paz. in havinq 
larger teliosporea with thicker walla both at the a idea and 
apically, a nd a lao aoaewhat larger ure diniospores with 
thicker. not ao a tronqly pignented walla. 
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Fig . 2. Puccinia eatcourtenaia ap. nov. 
Teliosporaa. uredinioaporea and paraphyaea 
froa type. 

PUCCINIA EUCOHI DoidQe. Bothalia 3 : 497, 1939. 
On Hyparrhenia niariena ia <Fra.nch . l W. O. Clayton 
Zaire. Kiaantu. 15.05.1952, H. Callena <3610A>. II; 
Kiaantu, Lendahenda, 15 . 04.1953, H. Callens <1266), Il •III. 
On Hyparrbgnia nvaaaaa <Randle) Stapf 
Zimbabwe . Salisbury, 05.05.1934 . H.B. Gilliland <62>, II. 
On Hyparrhenia welwitachii CRendle> Stapf 
Nigeria. N , W. State. S miles S of Abiya, 11. 11 .1974. A. 
Blair Raina <249>, <II•>Itl . 

P. euco•i has been reported on Hvparrhenia tilipendula 
<Hoc hat. . l Stapf fro• UQ&nda. The three hoata 111antioned 
above are all new to the rust which elsewhere haa been 
reported on Andropogon eyco111ua Neae (type host> and ~ 
huilltntis Randle from S. Africa . 



PUCCINI A HYPARRHENIAE Cu11m., Bull. Torrey 801:. Club 83: 
226, 1956 
On Hyparrhenia cvebaria < L.) Stap.t 
Htlawi . Zo•ba 11t , 18.08.1950, P.O. Wiehe <61 2> .. II+III . 
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H. c yabaria ia a new boat for thia ruat , deacribed on lL.. 
l:lLC.A. <Naeal Sta pf .troa Ma lawi. Later it hat been reported 
froa U9anda . Other hoata are H, dreaeana and !:L... 
variabilia. 

PUCC INIA HYPARRHENI I COLA Jerat. & Cu. am. in Cu•mina. Bull . 
Torrey Bot . Club 8 : 227, 1956 . 
On Hyoarrhenia nyaatte <Randle> Stapf 
Ziababwe. Gwelu . 1380 •· 19.04.1967. H. t1. BiaQel ( 2077 >. 
<II+> III. 
On Hyparrhtnia ru{a <Heea) Stapf 
NiQaria . Saaan. 11 .198 3 , V . Sekar CII'II 285923>. <II•>III. 

The two hoata aantionad above are both new fo r th is 
rust , prev i ously known only fro• ~ <L. > Stapf, all 
belon9ing to the section Polydiatachyo phorum ( Gren . & 
Godr .> W.O. Clayton. The rust on~ haa aome wh a t 
lon9er and narrower telioaporea tha n quoted in the diaQ 
noaia, 37-57 x 13- 18 J.l•• but when atudyin9 the iaotype of 
the apeciea (0) I found te11oaporea aeasurin9 up to 58 J.lll 
lon9. The rust on H. nya••ae haa sli9htly l i9hter coloured 
uredin i oapore wall. but this eight depend on a9e . 

P. hyoarreniicola . deacribe d froa t he Canary Ia lande. 
baa previously been reported only from 11acaronesia, but as 
very often o n ly uredinia are preaent and P . androoogonia
bi..£U 8eltr4n now ia kn o wn fro• Madeira, there mi9ht be 
aoae doubtful recorda. 

PUCCINIA HYPAR RHENIIPHILA ap. nov. ( Fi9 . 3) 
Aec i d ia i 9nota. Ured i nia i n pa9i na abaxial! foliorua , 

cinnaaoaea cue paraphyaibua clavatia, c urvatia v el genicu 
latia , usque 62 J.lm lonqia, 8 - 13 J.l• latia, pariete a d apicem 
usque 4 J.l • craaeo. Uredinioaporae 20 - 25 x 17 - 21 J.lm , 
aubQloboideae, ellipaoideae vel anqulatae, pariete 1-1 . 5 JJ• 
craaao. ad apicea uaque 2-2.5 J.llll inc raaaato, caataneo, 
echinulato, (J-)4 poria papillia huailibus tectis equatori 
a11bua inatructia: . Telia in paoina abaxial! fo1iorum , 
expoaita , f uaca . Telioaporae 38 - 47 x 26 -36 ua, ell i paoideae 
vel ·obovoideae. aaepe diorchidioideae , pariete 2-4.5 JJ• 
c raaao, a d apices uaque 14 J.l• incraaaato, cinnaaomeo vel 
caataneo, lae vi. poro auperiore apical!. poro inferi or• 
obacuro, pedicello uaque 90 JJ• longo , p ariete luteolo, 
tenui . aaepe collabente. 
Holotype : R.M . Daviea 822 (Kl, Tanzania , Irinqa Prov., 
Hufindi, 1950 a, 15 .10.1937, on Hyparrhenia bracteata 
(Willd . ) Stapf. laotype in NPPI. 
Other aaterial: 
On Hyparrhe nia bractea ta ( Willd . ) Stapf 
S udan . Iaatonq eta, Gilo, 13.11.1980, I. Friia & K . 
Volleaen (201}, II. 
Zaire . Orientale Prov., 11ahaqi, Hioka , 1 5 . 12 . 1956, D. 
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Fiq . 3. Puccini& hyparrhtniiphi la ap. nov . 
T e l ios porea, uredinio aporea and paraphyaea 
fro • type. 

Fromant ( 51 >, II . 
On Hyparrhenia fil i pendula <Hochat .) Stapf 
Zi11babwe, Sibu, 10 milta W of f1tlaetter, . 19.06.1953, A.O. 
Crook <477>, II+III . 
On Hyparrheni a nwvton i i ( Hack. ) Stapf 
Tan&ania . t::eza. 14?0 m, 05 . 1950 , G. Watk i n• <422), II
( •III >. 
Anoola . Nova Liaboa - Caala , 1650 • · 06 . 03 , 1973, P . Ba•P• 
et al. <4010 ), I I. 

P . hvoarrbeniiohi la difftra fro• P . andropo gonicola Har , 
& P a t. in ha v ino amalltr ured i nioaporea with thinner walla 
and aborter, but wider t.elioaporea with aborter, yellowish, 
ofttn collapaing pedic el& , 

PUCCINI A LEVIS <Sacc. & Bizz. . > Magn . var . PANICI-SAHGUINA
LIS <Rangel> Ramachar & Cumm. , Mycopath . Hycol. Appl. 25 : 
44. 1965. 

Ooidqe ( 1950) reported this variety aa P . rottb oelliae 
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P . & H. Syd. o n " ? Hyoarrhenia new;onii Stapf" and later 
Hopkins < 1938 > reported it from Zimbabwe on the same hoat. 
It is widespread in Africa, especially on Ro;tboellia app . • 
but it has a lao been reported o n Brachiaria brizanta <A, 
Rich.) Stapf a n d Hemarthr i a sp. Rudbeck i a sp . <Asteraceae> 
have been reported as aecial hosts in Zambia <An c;Jua 1966), 
but this is not mentioned by Cu m• ins ( 1971 >. 

Outside Africa it is known on species of Ichnanthus, 
Panicum, Paspa1u•, Pennieetum, Re i maroch1oa, a nd Sorgha
~. a n d it is known in Asia and the Americas. 

Type h o s t is Pan i cu• sangui na1e L , froiD Brazil. 

PUCCINIA VERSICOLOR Diet. & Hol~t. in Holway, Bot . Gaz . 24: 
28, 1897 . 
On Hyoarrhenia collin& (Pilc;J.) Stapf 
Ethiopia. Simien Prov., A; rima, 1800 m, 09.1851. W. 
Sch imper < 1 38 ) , I I. 
On Hyparrhenia cymbaria ( L . ) Stapf 
Tanzania . Tanganyika terr • • Ub oai, Komara Estate, 1929, 
Mrs . Axel Jacobse n <C ) , I I. 
Zambia. Lu s aka, 17.06.1972, K. Ko rnaa <l914>. Il•III , 
Zaire . Kivu, Kalonqe, 16 . 02.1953, H. E . de Witte <10306}, 
II•III. 
On Hyparrhenia dichroa <Steud . } Stapf 
Ma lawi. Citala, 26 . 04.1951, G. Jackson <480> , II. 
On Hyoarrhenia dregeana <Nees> Stapf •x Stent 
Ethiopia. Aruaai Prov., Chilalo awraja. 5 km N ot Aaella. 
15.11.1971, M. Thulin <1680>, II•III. 
On Hvparrhenia madaropoda W. D. Clayton 
Zaire. Ruzizi plain, Kili b a, 850 m, 13.03 . 1960. F . L . 
Hendrick:x < 7617>, I I. 
On Hvparrhenia nvaaaae ( Randle) Stapf 
Zi•babwe . Makurro, 04. 1920, C. Mainwarny < 2203 >, I I. 
On Hvparrhenia pilgerana C . E. Hubbard 
S . Atrica . Natal, Lion's river diatr .• Benvie. no date. 
K.D . Gordon Gray <2930), II . 
On Hyparrhenia rudis Stapf 
Sudan. Jebe l Marra, 1740 m, 07 . 04. 1964, G . E. Wickens 
C1457A> , Il•III. 
On Hyparrh enia rufa <Nees) Stapf 
Uqa nd a . Murchison Fall• Park, 15.09.1967 , A . Anqua <5977), 
II. 
Sierra Leone. Muaaia. 28.02. 1946, F. C . Deighton (4205 >, I I . 
On Hyparrhen ia ••iShiana (Hook . f.> Stapf 
Cameroo n . Road t o Oku , 1840 m, 22 . 06 . 1962, M. Brunt <652>,. 
II. 
On Hyparrhenia ami thiana ( Hook, f. ) Stapf var. ~ W, 0 , 
Clayton 
Ni c;Jeria. Tiba plateau, Adamawa, 10 . 1 2.1965, K. Peter & p, 
Tuley <62), ll•III. 
On Hyparrhenia va r iabilis Stap f 
Ta n zania. Hb e y a, 06.1938, · L. Wi gq <1194), <II• >I II. 
Zaeb ia. Lusaka , 1270 m, 17 . 06.1972, J . Kornaa <1913>. 
II +III. 
On Hyparrhenia welwitschi i <Rendle ) Stapf 
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Malawi. Zo•ba, 930 111, 14.05 . 1940.- P.O. Wiehe <103), 
<II• >III . 
Zimbabwe. Hukun.ze, 40 cilea W of Mporokoao, 1300 111, 
13 .04.1961 , D.E.F. Veaay-Fitzqerald ( 3144 >. <II•>III. 
Sierra Leone. f'lusaia, 17 , 12.1946 , F. C. D•i9hton ( 4433). 
III. 
Anqola. Lunda, Henrique de Carvalho, 1015 111, 04.1937, 
Goaaweiler < 11540>, I I I. 

P. veraicolor is widespread in Africa, in Aaia eaat to 
Japan . 

P ytrt~color has previously been reported on several 
Hyparrheni,a app . .from Ethiopia to S . Africa, New hosts are 
H. collina, H. cy•baria, H. dichroa, H. nyassae .. I:L........n!.5• 
and H. ••ithiana a.lat. 

It inhabi ta a nu•ber of other genera i n Africa , Asia. 
Australia, and the Americas. and it ia alao repor'ted from 
Hallorca <Spain> . 

Type h ost is Heterooogon mela nocaroua <Ell.) Benth. !rom 
Mexico . 

Du e to its h yaline uradiniospores with a atellate lumen 
P. versicolor is quite easily recoqniz.ed even when only 
uredinia are praaent. 

The aecial ata9e , Aecidiu• plectroniae Cooke, occurs on 
epeciee of ~ <incl. Plectronia) and Lantana 
<Rubiaceae). 

A specimen < IHI 178445) prev iouely publi t hed by Ebbela 
<1974J and Ebbelt & Allen ( 1979) as P . aritraeensie Paz. 
H . madaropoda from Tanzania 11ust be transferred to ~ 
versicolor due to lack of paraphyses in the uredinia a nd 
with colour l eaa uradinioapores with a stellate lumen. 

UREDO COLLINAE ap. nov. CFi9 . 4) 
U~edinia a11phi9ena. pro maxima parte in pa9ina abaxial! 

foliorum. cinnamomea. Urediniosporae 20-27 x 20-23 JJ•• 
aubqloboideae vel ellipaoideae, pariete 3-4.5 JJ• crasao. 
cinnamomeo, echinulate, 6-8 poria diaperaia inatructia. 
Holotype : G.R. Williams 137 00. Kenya, Eldoret diatr., 
2100 m, 26.04.1951, on Hyoarrhenia collin& <Pilqer} Stapf. 
laotype in NPPI . 

Thie apeciee differa from the other species witho ut 
paraphyses on Hyoarrhenia , Uromyces clignyi Pat . & Har .• by 
havinq uredinioaporea vi th a euch thicker wall . 

Fi9 . 4. Uredo collinae ap . nov . 
Urediniospores from type. 



155 

UREOO sp . 
On Hvoarrhenia dreqeana <Nee a> Stant 
S. Africa. Tranavaal , 9 rDil e a W of Krugeradorf , 22.02.1948, 
R . J. Rodin (3822> 
On Hyoarrhaoia hirta ( L, > Stapt 
Algeria. Aloiara. 10.1878. H. Gandoqer (170). 
Moro cco. Tanger, 25 . 08 . 1926, H. Lindberq <1299>. 
On Hyparrhenia newtonii <Hack. ) Stapf 
Malawi . Fo rt Hanninq , 21.04 . 1952 , G . Jackaon (769> . 
On Hypar r henia pilqerana C . E . Hubbard 
Ethiopia. Bongo , 1800 a, 22.12.1965, G . J.H . A•ahoff ( 9444) . 
Ug a nda . Kigez.i , Nak i a .henyi , 04.02 . 1928, L . C .C. Liabanberg 
< 395); Bufu•bi r a diatr .• Kiaoro, 1800 •· 13.02 . 1945, P .J. 
Greenway & W.S . EggelinQ (7130) . 
S. Africa. Natal , Piateraaritzburg diatr . , 17 . 03 . 197 6, J . 
Lee <2 930). 
On Hyparrhenia guarra i Robyne 
S. Africa. Natal . Pietermaritzburo diatr • • Thornville 
Junction, 26.03 . 1976, J . Lee <2930 8>. 
On Hyparrhenia rufa CNeea> Stapf 
S . Africa . Tranavaal , Letaba diatr.. 960 e, 01.04. 1958. 
J.C. S c heepera. ' 
On Hyparrhenia achimperi <Hochat . ex. A . Ri c h.) Anderaa . 
S t ap f 
uoanda . Hiye•ba near Ht Eloon. 1200-1500 m, 15 . 08.1927. 
" . D. Snowden <1168). 
On Hyparrhania 1111 th!ana (Hook. f. ) Stapf 
Ni c;reria . Ba•bui 1 2 . 1945 , J . W. R. Pedder. 
On Hyparrhenia variab i lis Stapf 
Zaire. Leopoldville, 06.1957, R.E . Delhaya <119). 

The speci11ena mentioned above have all uredinia with 
clavate, c urved or oeniculate , hyaline to golden paraphyaea 
and spores, 22 - 31 x 19-25 }.1•, with <5->6-8< - 9 > scattered 
pores . The wall ia 1.5-2 . 5 }Jill thick , •oatly chaatnut 
brown . 

So•e of the speci•ena •ic;rht belono to ~ 
eritraeeneie Pa~ . or P . andropogon i s-hirti Seltr.t.n, but 
they hardly can be aeparatad when only uredinia are 
present, 1 prater to place thea hare under ~ sp. 

UROH.YCES CLIGNYI Pat . & Har .• J . Bot. 14 : 237. 1900 . 
On Hyparrhenia anthj,atirioidea C Hoc hat . ex A. Rich. > 
Anderas. ex Stap.f Cayn . H. peeudocymbaria <Steud.) Stapf> 
Ethiopia. . Ghibe , 29.09.1964, D. Yiroou CIHI 116533> . 
<II•Hll . 

Thia rust speci es occurs on several boat genera in 
Africa. Aaia a n d the A•ericaa . On Hyparrhenia app . it has 
previ ously bean reported on ~ <L.) Stapf. ~ 
papi lli paa CA. Rich. > Stapf . and H.· ap. The type boat ie 
c;riven only aa belonginQ to Andropoooneae froa Heyen Conoo 
<n ow in Mal i >. Cummine <1971) has given Chlorophytum 
(Liliac e a a ) as aecial holt CAecid i ue hartwegiae Thuee . >, 
but also ~ CAmaryllidaceae) ha• been reported <Patil & 
Thi rumalachar 1969 >. 
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UROMYCES HYPARRHENIAE Gj•rum, 11ycotaxon 18: 229, 1983. 
On Hyoarrhenia anamesa W. 0. Clayton 
Ethiopia. Sidamo , Yavello, 2150 m, 11.01 . 1954 , Hooney 
CSSlll. II+ III. 
On Hyparrhenia familiaria <Steud. l Stapf 
Angola. Lunda, Huriego , 1100 •· 04.1937, Gosaweiler 
<11710), II. 
On Hyoarrhenia nyaasae <Randle) Stapf 
Cameroon. D~erkoka, 13 km NW of Belal, 1540 m, 08.12.1964 , 
J. & A. Raynal (12355) , II•III. 

U. hyparrheniae was described from Uganda on !:!...:._ 
filipendula <Hochat.) Stapf. The h oata me n tioned above are 
all new to thia ruat apeciea. 

UROHYCES HYP ARRH ENIICOLA sp . nov. <Fiq. Sl 
Aecidia ignota. Uredinia a mphige na, linearia, cinnamomea 

cum paraphyaibua clavatis, curvatia ve l Qeniculatis. usque 
80 lJID lonQia et 12 )Jill lateralibua, parieta hyalino. ad 
apicem usque 5 )JrD incraasat o. Urediniosporae 2 8 -35 x 23-
31 ~m, ellipsoideae vel subgloboideae, pariete 1. 5-2.5 )JII 

crasso, dense echinulate, 7-9 poria papillis hum i libus 
teet is diapers is inatructis . Telia iQnota. Telioaporae 15 -
23 x 12 - 1 6 )JID, in urediniia evolutae. obovoideae. ellipaoi 
deae vel angulatae, pariete 1 )Jill crasso, ad apicel! usque 7 
).lm incrassato, laevi, pallide cinnamoraeo vel ci nn a111omeo, 
poro apicali. pedicello usque 30 )Jm lonQo , pariete tenui, 
hyalino , collabente. 

Fig. 5. Uromyces hyparrheniicola ap . nov. 
Teliospores, uredi nioaporea and paraphyses 
from type. 
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Holo~ypa: Pole Eva.na 703 <10, S. Africa, Tra n svaal, 
Pienaar ' a River., 02.03 . 1923, on ~ruY:tlLC!~9..t.U~.A <Nees) 
Stent . l ao type of II in NPPI. 

The two Y..~~f. apeciea prev1.ously known on th~R'!!"J"~ 
h..!.ni.f., viz. !J-=-.£l.A...<mi'.i Pat. & Har. and ~arrM~t;.. 
Gj•r u.111 , both lack uredinoal paraphysee. The n ew species 
differa fro• ~rl.at,id.~. i n having clavate, .1.ncurved, 
ao•eti•es genicu lata paraphyaea and shorter tell.oaporea 
with heads more abruptly thinned wall below. Th• hoat 
~tida ar1.zonica Vasey .. the only host known o! y-'
ui..f.l..i.2H, belonqa to the Eragroatoideae of Poacea~. 

GENERAL REMARKS 

On the genua ~X.£.h~.'1..~ seventeen rust speciE•& are 
recorded, seven of which are on !i~!l.£ffi..~lll-A only. In thtt 
literature available to me and fro111 my own invt!atl.ga.tion 
these seventeen species are recorded on 34 l:i.· spec1ea 
belonginq to sect . II - VI in the system used by Clayton 
( 1969). 

In the table, 11 h ost species belonq to th~ sect. 11, 12 
to sect. Ill , and five to sect. IV. while only one balonqa 
to sect. V and four to sect. VI. 

On H !ilipengyj_4.• ti.L.J:ti..r..~a., and fi· ruf.A si x rust 
apeciea have been recorded, and tl· nyassae. and !:i~.~~~-L!!!. 
both have five rust species. Te n 1::!. · app. h ave only one ruat 
each. 

P. eritraeensis haa been reported o n 20 f!· app. 
balonqinq to the aect. I I. I I I . and VI, and P. versicolQ.L 
on 17 li· app . belonqi ng on the sect. 11-V, wh1le two other 
ruat species are known to occur only on one li· species 
eac h. 

Inoculation experiments miqht show whether the o ther tl· 
spp., i ncluding aect . I, are resistant to the rusts 
hitherto known on the genus or it is due to the lack of 
•aterial . 

Aecial stages have been reported for four of the 
seventeen rust species liv ing on l:i.YR.Atl'.h.'-niA., spp .• v i:t. P...:. 
~ . • ~~~!..9£ var. ~. P~.tl~U.:. 
£212r., and ~!.sl.Iu...i.· 
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Kay to the ruat apeciea with telia on Hyparrhania 
Cbu~ on cu .. ina 1971) 

1 . Telioapona aeaaile 
1. Telioaporea pedicellate (2) 
2. Telioaporaa 1-callad 13> 
2. Telioaporea 2-celled <S> 
3 . Uredinia paraphyaate 

3. Uredini a aparaphyaate 11> 
4. Uredinioaporea with 4-7 pores 
4 . Uredinioapor .. with 7- 10 pores 
S . Uredinia aparaphyute 16) 
S. Uredlnia paraphyaate 19) 
6. Uredin i oapora wall coloured 

6. Uredinioapore wall colourless 17) 

Phakaopaora incoapleta 

Uroaycea hyparrhanii
cola 

Uroaycea hyparrheniae 
Uroaycea cliqnyi 

Puccinia levis var . 
pa n lei -aanguinalh 

1 . Urltdinioapore lueen stellate Pucc i nia vers i color 
7 . Uradinioapore lueen not stellate ( 8) 
8. Uradinioapore apex thickened to 10-19 )18 Puccinia hyparrheni .. 
8. Uredinioapora apex thickened to S-9 J.l& Puccini& eucoei 
9. Uredinioapor .. with equator ial por .. nO> 
9. Uredinioapor .. with ecattered per .. <13) 

10 . Uredinioeporee thickened apically Puccini& hyparrhanU-
phih 

10. Uredi nioaporea not thickened apically (11) 
11 . Telioaporea nellin9 in liquid Puccini& aureocruaa 
11. Telioaporea not ewellinq < 12 > 
12. Uredinioeporea with equatorial poree < 13 > 
12. Uredinioeporee with ecattered por .. (14) 
13 . Telioaporee 35- 41 JJ• lonq Pucc i ni& duthiae 
13. Te lioeporea 40 - 56 p• 1onq Pucci ni& androP()9oni-

14. Te lioapore pedicel thin-walled (15 ) 
15 . Telioeporea up to 57 pa lon9 
15 . Telioapore a acarely exceedinq 40 JJ• <16) 
16 . Telioaporea eoatly 33-40 x 20-27 JJ• 
16 . Te lioaporea eoatly 33-40 x 16 - 10 J.l• 

cola 
Puccini& androP()9onh 

hirti 

Puccinia eetcourtenaie 

Puccin i & eritnaeneia 
Puccini& hyparrhenii

cola 
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Tab . Rust species o n Hypa rrhenia a pp . 
Myparrhenu ~! 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 l7 18 

anthiatlrl.ol.dea 
arrhenobaa1.a 
brac t eata 
collin& 

c yaneacena 
cy~e~bar1a 

d1.chr a 
d1plandra 
dre9eaoa 

II 
Ill 

VI 
III ' IV 
III 
III ' II 
VI 
III 
II 
II ~i~!~~~~!~.-----+~---L--~~--~----~-------L-----

fin1tiaa 
h1 rta 
involucrata 
aadaropoda 
•utica 
newtonii 
niarianah 
nyuue 
papilhpee 
pilgerana 
uarr 1 

rudia 
rut a 

aa1t.hiana 
aubpl uaoaa 
taaba 

vari.J.bilu 
wehl'ltachli 

II 
II 
II 
IV 
v 
IV 
IV 
II 
III ' ' III ' 
II I 
II 
I I 
II 
VI 
III 
III 
III 
IV 

No. of hoata fo r 
each rust apeci a a 2 14 5 2 3 20 1 4 4 3 3 1 17 3 4 1 1 

• hoa't uncert&ln 

l • Phakopaora i ncoa pleta 
2 " Pucc1 nia a ndropc>90D lCOla 
3 "' Puccini& andrOJ>090Dl.e-hHt1 
4 a Puccin1a aureocr&aaa 
5 "' Puccinia duth iae 
6 • Puccin1a er1traeena1a 
7 " Pucc1nia eatcourt.ena1a 
8 " Pucein1.a eucoa1 
9 = Puccinu hypurheniae 

10 • Puccinia hyparrhen u cola 
1l • Pucc1nia hyparrhen1iphila 
12 = Puccin1 a lev1a var. 

panici - aanqulnall a 
13 = Puccin1a vera icolor 
J.4 a Uro•yc .. chqnyi 
15 a Ur oayc•• hyparrhen1ae 
16 ,. Uro•ycea hypar rhenucola 
1? = Uredo colllnae 

z 
3 
3 
2 

18 a No. o f ruata fo r ••ch H. species 
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ADDITI ON 

Alter this paper had been sent t o the Ed J. tor, I qot a few 
more specimens on t!YR.ALt..IJ..!li!J.....!. wi t.h rusts , of whl. c: h a few 
shoved to be new hosts for the rusts in queatl.on. 

PUCCINIA ANDROPOGONIS-HIRTI Beltr'n 
On Hyparrhenia cvmba..J:.AA Stapf 
S. Africa. Natal . Pietermarit.zbarg , 14.09. 1969, R.A. St.r a y 
<9053 . K> . uqii; Zululand, Ershowe , 0 4 .1941. A.P.D. 
Maclean <983, Kl, II<•llll. 

PUCCINIA AUREOCRASSA sp. nov. 
On !{yparrhenia sp. 
Zimbabwe. Salisbury . Springs, 13.06.1931, J.C. Hopkins 
C1627, K>, II•III. 

PUCCI NI A VERSI COLOR Diet. & Holw. 
On !fyparrhenJ,a pap1.llJ,ce' CHochat. ex A . ih c h. ) Anderss. 
S t apf 
Sudan. Nyurinqa, on the W side ot Marra mts, 2000 m. 
06.01.1934, J.E. Dandy <742 , K>, CJI•>III. 
On ~~.Q.!:.Q.u tHochat. l Anderaa. ex W. D. Clayton 
Sudan. Between Guld u and Nyurinqa. on W aide of Marra rats, 
1550-2050 m. 03.01.1934, J.E. Dandy <745, Kl, CI I •llll. 
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CAMPOSPORIDIUM, A NEW PHRAGMOCONID!AL 
GENUS OF HYPHOMYCE TES 

A. NAWAW! and A.J. KUTHUBUTHEEN 

Department of Botany, University of Malaya, 
59100 Kuala Lumpur, Malaysia. 

Camposporidium cristatum sp.nov., type of a new 
genus, is described from submerged decaying leaves 
collected from several freshwater streams in 
Malaysia. The generic characters are compared with 
those of similar genera: Camposporium, 
Chaetendophragmia, Pleiochaeta and Sporidesmium. 

Camposporidium gen.nov. 

Coloniae effusae, sparsae, brunneae. Mycelium partim 
superficiale, partim in substrate immersum. Conidiophora 
macronematosa, mononematosa, solitaria, erecta, simp licia, recta 
vel flexuosa, cylindrica, septata, brunnea vel atrobrunnea, basi 
inflata, in primis brevia. Cellulae conidiogenae holoblasticae, 
monoblasticae, in conidiophoris incorporatae, terminates, 
cylindricae, prolife rationis percurrantes. Conidia acrogena, 
solitaria, sicca schizolyt ice secendentia, cylindrica, multiseptata, 
ad apicem rotundata, ad basim truncata, colorata, apice 
appendicibus. 

Species typica Camposporidium cristatum. 

Colonies effuse, sparse, brown. Mycelium partly superficial, 
partly immersed in the substratum. Conidiophores macronematous, 
mononematous, solitary, erec t, simple, straight to flexuous, 
cylindrical, septate, brown to dark brown, basally inflated, at first 
short. Conidiogenous cells holoblastic, monoblastic, incorporated in 
the conidiophores, te rminal, cylindrical, proliferating percurrently. 
Conidia aerogenous, solita ry, dry, seceding schizolytically, 
cylindrical, multiseptate, slightly tapered at the rounded apex, 
t runcate at the base, coloured, apical cell bearing several long 
colourless, thin appendages. 
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Fig.l . camposporidium c ri s tatum. (A - C) Co ni diopho res 
bea r ing conidia at various stages of development ; (D) a 
conidiophore showing proliferations ; (E) c onidia. 
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Camposporidium crlstatum sp.nov. Figs l - 2 

Coloniae effusae, sparsae, brunneae, inconspicuae. Mycelium 
plerumque supe rficiale sed in substrata partim immersum, ex 
hyphis ramosis, septatis, pallide brunneis ad brunneis, laevibus, 1.5 

2.5 1-1m latis compositum. Conidiophora macronematosa, 
mononematosa, erecta, solitaria, simplicia, recta vel levite r 
flexuosa, cylindrica, laevia, septata, brunnea ad atrobrunnea, ad 
apicem pallidiora, prime 30 - 45 ~m alta, deinde usque ad 245 pm 
alta, 4 - 5 1-1m lata, ad basim saepe inflata ad 18 pm lata, per 
usque ad 25 non numquam etiam plures cylindricae proliferationes 
crescentia. Cellulae conidiogenae holoblasticae, monoblasticae, in 
conidiophoris incorporatae, terminates, cylindricae, proliferationes 
percurrantes. Conidia acrogena, solitaria, sicca, schizolytica 
secendentia, cylindrica, ad apicem rotundata, ad basim truncata, 9 
- 12 distoseptata, verruculosa, olivacea vel olivaceobrunnea, 7 5 -
94 ~m longa, 9 - 10 ~m lata, ad basim 6 - 7 ~m lata; apice 4 - 7 
appendicibus usque ad 60 ~m longis, 1.5 ~m latis praedita, 
nonseptata, hyalina vel subhyalina. 

In foliis emortuis submersis angiospermae, Lepar Forest 
Reserve, Pahang, Malaysia, A.J. Kuthubutheen, July 1986, IMI 
321460 holotypus. 

Colonies effuse, sparse, brown, inconspicuous. Mycelium 
mostly superficial but partly immersed in the substratum, 
composed of branched, septate, pale brown to brown, smooth 1.5 -
2.5 ).lm wide hyphae. Conidiophores macronematous, 
mononematous, erect, solitary, stra ight or slightly flexuous, 
smooth, septate, brown to dark brown, paler towards the apex, 
initially 30 - 45 ~m high, finally up to 245 ~m or more long, 4 - 5 
~m wide, often swollen at the base to 1 & )Jffi wide, with up to 25 
or more distinct percurrent proliferations along its length. 
Conidiogenous cells holoblastic, monoblastic , integrated, terminal, 
cylindrical, proliferating percurrently. Conidia aerogenous, 
soli tary, dry, seceding schizolyticaiJy, cylindrical slightly tapered 
at the rounded apex, truncate at the base, 9 - 12 distoseptate, 
verruculose, olivaceous to olivaceous brown, 7 5 - 94 ~m long, 9 -
10 ~m at the widest part, 6 - 7 11m wide at the base, apical cell 
bearing 4 - 7 divergent, non-septate, hyaline to subhyaline 
appendages measuring up to 60 ~m long x 1.5 ~m wide. 

Other specimens examined: On submerged decaying leaves of 
angiosperm, Pasuh Forest Reserve, Negri Sembilan, A. Nawawi, 10 
Dec. 19&6; Gombak Field Studies Centre, Selangor, A. Nawawi, I 
April, 1987. 
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The successive proliferations of the conidiogenous cells in 
C.cristatum arise by the extension of the half septum exposed by 
the schizolytic separation of the conidium. Before conidium 
secession a partial separation of the layer comprising the septum 
may already be seen. In optical section a wedge shaped gap 
appears on each side (Fig. 2,E). The lower half of the septum is 
apparently continuous with the inner wall of the conidiogenous 
cell, and as proliferation proceeds that part of the inner wall 
within the outer wall of the old conidiogenous cell becomes 
pigmented downwards, and together with the dark and slightly 
flared edge of the outer wall, a distinct node or band is observed 
at each proliferation point along the conidiophores. Observations 
on numerous coni diophores bearing conidia show that the conidia 
tend to remain at their detachment points, at an inclined angle 
for some time. Presumably the tear in the wall is not complete. 
Up to 5 conidia have been observed to remain in situ on a 
conidiophore . Septa, some with a clear central pore, are formed at 
irregular intervals in the conidiophores. 

The conidia of C.cristatum are very characteristic. The 
truncate, more or less rec tangular basal cell is usually darker and 
shorter, measuring 3.5 - 5 }.lm long compared to the rest of the 
conidial cells which measure 8 - 11 }.lm long. The second cell from 
the base is rather squarish in outline, with a straight or slightly 
incurved wall. The rounded apical cell is lighter in colour, 
thinne r-walled and absorbs stain readily. The last two apical 
transverse septa are usually thicker, often appearing double. 

Conidia begin to germinate very soon after their release by 
the production of a filiform germ-tube through a pore at the base. 
The fungus can be established readily in pure cultures. On CMA, 
submerged mycelial growth is dense and dark, with fluffy, ash 
grey aerial myce lium. Growth is moderate attaining a diam of 45 
mm in 60 days at 25 - 28°C. Sporulation is sparse on dry agar but 
when slivers of colonies a re suspended in dist illed water, 
sporulation is abundant on the exposed areas. Conidia formed in 
cultures are similar to those formed on the leaves. 

Conidia apparently belonging to this fungus have been 
recorded in foam by Tubaki{l965, PI.2,K} from Papua New Guinea. 
He ascribed these conidia as belonging to an unidentified species 
of Camposporium, rather similar to those recorded by lngold{l9 56}, 
also in foam from Nigeria. We have also recorded conidia of this 

Fig.2. Camposporidium cristatum. (A - E) Conidiophores bearing 
developing conidia; (F - H) conidia from leaves. Arrow indicates 
point of detachment. 
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fungus in foam from Malaysian f reshwater str eams on several 
occasions. 

We have juggled this interesting fungus among species of 
several established genera of phragmosporous hyphomycetes, e.g. 
Camposporium Chae tendophragmia, Pleiochaeta and Sporidesmium 
but without enough conviction to publish it as novel in any one of 
them. 

Cfr. Camposporium: conidia of Camposporidium crista tum 
have characteristics in common with those of Camposporium, 
particularly C.antennatum Harkn. the type species, in that the 
conidia are cylindrical, multiseptate with the apical cell lighter in 
colour and bearing severa l hyaline, non-septate filiform 
appendages. However, their similarities end here, for in 
Camposporium the basal cell is hem isphaerical, typically with a 
cylindr ical pedicel or separating cell. Conidiogenous cells in 
Camposporium are polyblastic, sympodial and denticulate. 

Cfr. Chaetendophragmia: which is characterised by the 
percurrent proliferations arising from the penultimate cell of the 
conidiophore after rhexolytic secession of conidium is different 
from t he present fungus. The truncate, elongo-triangular, 
mult iseptate, coloured conidia have a long terminal non-septate, 
hyaline appendage plus several lateral appendages downwardly 
directed arising more or less medially in C.triangularia Matsu. and 
at the base of the a ttenuated terminal appendage in C.triseptata 
Matsu. 

Cfr . Pleiochaeta: conidia of Camposporidium cristatum also 
have some characterisitics in common with those of Pleiochaeta in 
that the conidia are cylindrical, multiseptate, t runcate at the base 
with the apical cell bearing several hyaline appendages which are 
branched in severa l species. However, in P.setosa (Kirchn.) 
Hughes, the type species, the conidiogenous cells are polyblastic 
and sympodial and these characters have been considered as 
diagnostic lea tures for the genus (EIIis,l97 1 ). 

Cfr. Sporidesmium: except for the distinct morphology of 
their conidia, those of C.cristatum show the kind of percurrent 
proliferation typical of Sporidesmium, a large heterogeneous genus 
with cuneate to obovoid conidia wh ich generally have few septa, 
to those with long cylindrical, multiseptate conidia, but devoid of 
any apical appendages. We are reluctant to diversify the genus 
with the inclusion of the present fungus. 

A genus would be established on shaky ground, of course, if 
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it were defined only by an accumulation of small negative 
observations. In characterizing Camposporidium, a unique pattern 
of conidium morphology and conidiophore proliferation 
distinguishes the genus from all other phragmosporous 
hyphomycetes with some otherwise similar characters. 

We thank Professor J. Webster, University of Exeter for 
prepublication editorial vetting of this manuscript. 
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NAMAKWA, A NEW LICHEN GENUS IN TilE PARMELIACEAE 

(ASCOMYCOTINA: PARMELIACEAE) 

MasonE. Hale 

~entofBottllfY 

Smilhs011ian lmti/lllion, Washington. DC 20560, U.S.A. 

Abs.tracl: A new lichen genus, NIJnlll}cwQ, i.s described from South Africa. Closely 
related toXanthoplll'mlia (Vain.) HaJe, it is characterized by the presence of usnic 
acid, pseudocypb:cllae, uniseriate spores and bifusiform conidia. 

Namakwa HaJe, gea. nov. 
ThaUus foliaccu5, coriaccw firmwque, viridi-Oavicans, saxicola, !obis sublinearibus, superne 

pseudoc:ypbellatw., .subtw modice rhilinosus. Pycnidia i.Jllmeru, conid.ii.s bifu.siformibus. Apothccia 
substipitata, sporis simplicibus., incoloratis. 

Type: species: NamQkwQ cwmaltl (Zahlbr.) Hale. 

Namakwa o:omata (Zahlbr.) Hak, comb. nov. 
P~~nnelia c0Mubat4 var. aomlllD Zahlbt. Ann. Crypt Exot. 5:2S2. 1932. Type coUcction: Steinkopf, 

Namaquala.od, Cape Province, South Africa, P. G. Mll)'U s.n. C'JV, k:aorype; STEU, isolectorype). 
Xtu~thcptumdiiJ excmatll (Zahlbr.) Brusse &:. Knox./oum. S. AfriCIIIJ Bot. 49:150. 1983. 

Thallus adnatc on rock (Fig. 1), usually colled:ed v.ith the rock substrate (o.. peeled free of rock if 
moistened), flllD and leathery, 4-10 em broad, light to dull yellowish green, rarely turning brownish 
(as iD the type specimen); lobes sublinear, 1- 3 mm wide, relatively short to elongate, i rregularly 
dichotomously bra.Debcd, plee to convex. the tips often weakly revolute, black-rimmed, separate to 
subimbricate; upper surface strongly maculate-pseudocyphelllte, shiny, the pseudocyphe llae 
somewh at depressed (Figs. 2 -4), o rbicular to irregularly elongate, separate, 0.1-0.S mm long; 
medulla wbite; lo wer surface plane to weakly convoluted, pale brown or darkening, sparsely to 
moderately rhttinate, the rhi.xioes pale brown to brown, very coarse, simple to sparsely branched, 
1-2 mm long. Pycnidia numerous; coDidia strongly bifusiform, O.S x 4 - 6 ~m . Apothecia 
common, substipitate, 2-8 mm in diameter, the rim crenate, often U:!.rollcd, pscudocypbellate, the 
disc imperforate; hymenium 40-45 pm high; sporc:sWliseriate, subspherical, S-6 x 7-9 pm. 

Chemistry: Salarinic acid, consalazinic acid, chalybaeiz.ans unknown (:t), norstictic acid( :!::), 
connorstictic (:t), protocetraric acid (:ttrace), 4 unidentified fatty acids (:t). The fatty acids appear 
to be unique to the genus, fa.l.ling dose to but different from the c:on.stipatic acid series. 

DistributiOD! South AlriCI (Cape PrcMnce, Tru.svaal) (F'~&- 5). 
Representative specimens examined. South Africa. Tra.n.svaal: Lejuma Summit, Soutpansbcrg 

Mountain&, Grid 2329 AB, Halt 72090 (US). Cape PrcM.ncc: Scweweebpoort, Grid 3321 AD, Hale 
13505 (US); Witkransnek Pass. Grid 312S CA, Hale 73214; Swartberg Pass Road, Grid 3322 AC, 
Hale 73230 (US); Prince Albert, Karroo, Stokoe s. n. (DOL); 10 km W o f Mo ntagu , Maas 
GeuturvtW 672A {LO); 1 km S of Nuwerus. Grid 3118 AB, Hale 72247 (US); 8.4 km W of Stcinkopf, 
Grid 2917 8A, Halt 73065 (US). 

E.ss.IUtger (1977) was tbe fint to recogn.ize that the type of Pamulia conturbata var. aomata is not 
a brown Pannelia but a darkened s pecimen more appropriately placed in Xanth opamulia. The 
internal anatomy is close to that of umbilkate Xanthomoculina Hale (Hale, 1985). The upper cortCJ: 
consists of a dense., deeply vaulted layer 100-300 ~m thick (Fi&t. 6, 7). l...oose masses of medullary 
hyphae occupy tbe peaks and reach tbe surface in depre&Sed wbitc eeortieate areas which I interpret 
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Figurea 1, 2. Nam11Jcwa txC/Imata: l , Thallus (Ca.litzdorp. South Africa, Hale 77519 (scale in mm); 
2. SEM or a single lobe (Hal~ 72092). 
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Flgures 3, 4. Pseudocypbcllae of Namakwa uomoto with SEM: 3, \'Crtical view (Hal~ 72092); 4, 
oblique view (Hale 72091). 
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F"J.&Ute S. Oi.stribulion of Namttlcwa excnuna in South Afrk.a. 
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F"tgUres 6, 7. Vertical cross sections of the thallus o£ Namokwo uomala with SEM: 6, oblique view 
from lop (Hale 78505); 7, oblique view from botlom (StoktN s.n.). 
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as pseudocypbcllae. As in related Xanthomaculina, lichen, the cortex. abo\'C the thickened vaulted 
area is nonepioort icate, but in contrast to Xanthomacutino, the layer between vaul ts is not CO\'Crc.d by 
an e picortcx but breaks doYID as one fmds in true pscudocypbeUac (Hale, 1981), exposing medullary 
hyphae. In strongly white-maculate species such as X. namakMIO Hale (Hale, 1986: fig. 31), the con ex 
is entirely epico~icate and the maculae, flush with the thallus surface, tend to fuse rather than 
remain separate. 

The conidia arc st rongly bifusiform, as in most species of Xonthoprmnelio. The apothccia are 
typica lly par meli oid but the spores are uniseria te in the asci, an unusual character in the 
Parmel.iaccae. 

This remarkable genus occurs in Namaqualand, in a zone bordering the G reat Karoo in Cape 
Province, and in two isolated localities in Transvaal. II occurs on sandstones and granite, oft en on 
the tops or exposed rocks and hard-to-reach ledge& where it typically fonns large pure colonies. II is 
eas ily recognized in the fie ld by the growth habit, colo r, waxy-yellowish, leath ery thallus, and 
pseudocypheUae easily visible with a hand lens. 

Litvoturt Cittd 
Esslinger, T. L. 1977. A chcmosystematic revision o£ tbc brown Parmtlitu. Joum. llattori DOL Lab. 

42;1-211. 
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GNOMON! ELLA FRAXI Nl SP . NOV., TELEOMORPH 
OF THE ASH ANTHRACNOSE FUNGUS AND ITS 

CONNECTION TO DISCULA FRA XINEA COMB. NOV. 

S. C. Redlin and R. W. Stack 

Department of Plant Pathology, North Dakota State 
University, Fargo, NO 58105 USA 

SUMMARY 

A previously undescribed species of Gnomo ni ella was found 
on overwintered leaves of green ash (Frax1nus ~ennsylvanica 
Marsh.). Cultures derived from ascospores pro uced an ana
morph identical to that in cultures derived from 
anthracnose-infected green ash leaves. The fungu s causing 
anthracnose of ash has long been known only by its ana
morphic state, Gloeosporium aridum Ellis & Holway. 
Conidia, conidiogenous cells--ana-Gonidiomata in agar 
culture and acervu I i on leaves were characteristic of the 
genus Discula. The names Gnomoniella fraxi ni sp . nov. for 
the te 1 eomorph and Di scula frax1 nea ( Pecrrcomb. nov. for 
the anamorph are proposed. ----

INTRODUCTION 

Anthracnose of ash is caused by two species originally 
described as Gloeosporium spp. : Gloeosporium fraxineum Peck 
on Fraxinus pubeG~ens Lam., (=.E_. penns{'van1ca Marsh .) 
(PeCkTSli4T and oeosporium aridum El l S & Holway on 
Fraxi nus americana L. , separated"fiY size of lesion caused 
TETTTS"& Holway 1887). VonArx placed the species of 
Gloeoseori um with gnomoni aceous tel eomorphs that occur on 
trees 1 nto the genus Di scu l a (Arx 1957) . Th is di spes it ion 
has been accepted by botii""Barr (1978) and Sutton (1980). 
Di sc ula is characterized by acervular epidermal conidi omata 
~indric conidiogenous ce ll s (Asteroma ha s ampulliform 
to lageniform conidiog enous cells) ~1980). VonArx 
considered Q. ~ • .§.. fraxineum and Q. irregul are that 
occur on ash (Frax1nus spp.) as well as Gl oeosponum 
species causing anthracnoses of maple (Acer), buckeye 
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(Aescu 1 us), hackberry (Celtis), beech (F (tuf), sycamore 
("PTata'iiliS), oak ( Quercusr;-Tnd basswood 1 i a), in the 
01scula state of Gnomon1a errabunda (Rob.}i!iilersw. 
r=APTQ9nomoni a erraounaa-< Rob.) v . Hohn. J even though the 
teleomorph of the ash anthracnose fungus had never been 
descr ibed (Arx 1951). VonArx later argued that this 
complex of Gloeosporium species was morphologically 
indistinguishable, synonymiz ing 12 taxa including G. aridum 
under the name Discula gueViha (West.) Arx (Arx 1957r:-Tri 
his most recent~on a t e genus Gloeosporium, von Arx 
referred most of the tree anthracnose fung1 to the "Discula 
co nidial state of Gnomonia errabunda (Rob.) Auersw. --
[=Apiognomonia erraDUiida\R~ohn .]" (Arx 1970). 
Sutton showed that the name Q. ~uerci na (West.) Arx ( 1957) 
was incorrect because it was a ater homonym of D. guerci na 
(Cke . ) Sacc. ( 1884). He proposed the name Di scuTa 
umbrinella (Berk . & Br.) Sutton as the nextavaTiable com
binatlon for this aggregate species (Sutton 1g8Q). 

A 1 though the te 1 eomorphs of many of the tree anthracnose 
fungi have long been known (Gnomonia l eptosty l a [Sphaeria 
leptostyla Fries 1823], ApiogiiOiiiOiila guerc1fa [Gnomonla 
quer c1na Kleb. 1918]) , the ash anthracnose ungus has con
tlnued to be known as Gloeosporium aridum in the plant 
patho 1 ogi ca 1 1 iterature because the te 1 eomorph has not been 
reported (Ogawa et al. 1977, Sinclair et al. 1987) . A 
biological link to a teleomorph for G. aridum has never 
been demonstrated. - ---

The pri nci pa 1 te 1 eomorph genera of tree anthracnose fungi 
are Gnomonia (sensu stricto) and Apiosnomonia. Both are in 
the oraerlrraporthales, family Gnomon1aceae, subfamily 
Gnomonioideae, tribe Gnomonieae (Barr 1978). The subfamily 
Gnomonioideae is characterized by non-stromatic single 
inrnersed perithecia which occ ur on overwintered host 
tissue . Genera within its single tribe, Gnomonieae, are 
separat ed by the position and number of septa in the 
ascospore. In Gnomoni ell a ascospores are non septate, in 
Gnomonia ascospores have a single median to nearly median 
septum, in Apiognomonia they are apiosporous and in 
Ophiognomon1a they are narrowly clavoid, usually septate 
and enlarged slightly in the upper third. Within each 
genus, separation of species is readily accomplished by 
morphological characters including size and shape of the 
ascus, ascospores and shape of the ascus apex . 

Ash anthracnose, caused by the fungus widely known as 
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Gloeosporium aridum is a disease of nearly all North 
Amer1can fraxTrl'i.j'"S"Spp. G. aridum infects mai nly leaves but 
sometimesOtliei'"Plant parts~& Wagener 1g49, Snyder & 
Stack 1g83). The annua 1 1 if e eye 1 e is thought to be i ni
tiated by rain-splashed conidia produced in acervuli on 
host tissue infected the previous season. Infected 
petioles remai n on susceptible trees over winter and are 
ideally placed to be the source of primary inoculum (Ogawa 
et al. 1977). G. aridum can be readily isolated and grown 
on potato dextroseagar(PDA) (Ogawa et al. 1977, Snyder & 
Stack 1983). The optimum temperature for conidial ger
mination and growth in culture is 20 to 27 C (Ogawa et a 1 . 
1977, Redlin & Stack 1986). Acervu 1 i are produced on 
infected host tissue from which the fungus is readily iso-
1 a ted. I so 1 ates from all symptom types and p 1 ant parts had 
the same appearance in culture (Snyder & Stack 1983). 

METHODS 

Collections of anthracnose infected ash 1 eaves were made· 
from sites in North Dakota, South Dakota, and Minnesota 
from May 1984 through May 1987. The presence of acervuli 
and/or perithecia was determined by using a dissecting 
microscope. Collections containing perithecia and a repre
se ntat i ve se 1 ect ion of those with acervuli were preserved 
for herbarium specimens. 

Cultures were obtained in three ways. Naturally infected 
leaves with both small (typi cal of G. fraxine um) and large 
(typical of G. aridum) lesions were-surface d1sinfested and 
small pieces-from lesion margins were placed on POA in 
petri dishes. Transfers from colony margins were made to 
new plates of PDA. Resu ltant cul tures were grown at room 
temperature (20-24 C) ca 30 em below fluorescent lights 
(F40 WW + F40 CW) on a 12 h photoperiod for approximately 
one month . Natura lly i nfected host tissue was also surface 
disinfested and incubated in a moist chamber for 3-5 days 
at room temperature to promote sporulation. Masses of 
conidia exuding from acervuli were transferred with a 
sterile dissecting needle to PDA and cultures were grown as 
above. 

Single ascospore cultures were derived by crushing mature 
perithecia in sterile distilled water and sowing the 
resulting suspensions of ascospores onto water agar in 
petri dishes. Germinated ascospores were removed after 24 
to 48 h usi ng Moore's light location method (Tuite 1g6g) 
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and placed on PDA. After isolation, cultures were main
tained on PDA slants . Cultures were stored at 3 C. 
Cultures derived in these three ways were used for com
parisons of conidiomata and conidia . 

Herbarium material s were rehydrated in 1% Aerosol OT 
wetting agent (Fisher Scientific Company; Fair Lawn, New 
Jersey) prior to examination of host tissue containing 
acervuli or perithecia (Whiffen 1g46). Photomicroscopy was 
done using an Olympus model BHS microscope with an Olympus 
PM-lOAD photomi crographic system. Sectioned materia 1 and 
water mounts of asci, ascospores and conidia were photo
graphed on Kodak 12415 Technical Pan film. Water mounts 
were photographed using differential interference contrast 
optics (DJC) . Measurements were made using an Ol ympus 
model CH microscope with an ocu l ar micrometer. 

Standard procedures were used for the preparation and 
examination of specimens for electron microscopy . 
Specimens were prepared by passing through a graded ethanol 
series. Critical point drying was accomplished using 
liquid co2 as the transitional fluid. Specimens were 
mounted on metal stubs and sputter coated with 200 
angstroms of go ld-palladium and examined with a JEOL JSM-35 
scanning electron mi eros cope. 

TEL EOMORPH - METHODS 

Peritheci a of many gnomoni aceous fungi are produced 
naturally in overwintered host tissue or can be induced to 
form in culture (K 1 ebahn 1g1s). In the present study, 
peritheci a were ex ami ned from the following sources : 

Overwi ntered 1 eaves. 

A major emphasis in this study was the examination of 
overwintered leaves of f.. pennsylvanica. Leaflets and 
petioles were collected from several locations at several 
times of the year over a three -year period. Overwintered 
leaves with immature perithecia were incubated to maturity 
in moist chambers held under 12 h photoperiod at room tem
perature for 7-20 days. 

Overwintered 1 eafl ets with peritheci a were ex ami ned with 
a dissecting microscope and portions with numerous peri the
cia were se 1 ected, excised, rehydrated and fixed in 



179 

formalin-acetic acid-al cohol (FAA). Overwintered leaves 
containing perithecia were embedded in paraffin using stan
dard methods and sectioned at 10 or 15 ~m with a rotary 
microtome . Ribbons were mounted on glass s lides and 
stained with hemalum, safranin 0 or safranin/fast green 
(Johansen 1g40). Asci and ascospores were measured in 
water mounts prepared after rehydrating leaflets, removing 
and squash mounting individual perithecia in 0.25% phloxine 
in 25% glycerine . 

Incubated infected 1 eaves. 

Current season leaves with leaf spots were co llected in 
May 1g85, 1g86 and 1987 and stored at 5 C for sever a 1 
mo nths in sealed polyethylene bags to induce the formation 
of perithecia. Leaves were examined under the dis sec ting 
microscope at bimonthly 1 nterval s for presence of per i the 
cia. 

Herbar ium specimens. 

Herbarium specimens of Gnomon i ell a were borrowed from the 
U.S. Natio nal Fungus Collecbons (BPI) in Beltsville, 
Maryland. Comparisons were made with perithecia on ash 
leaf co llections. 

Biological evidence for an affiliation between the ana
morph of the ash anthracnose fungus and any te 1 eomorph has 
never been reported (Sinclair et a l. 1987). Experiments 
were done to establish suc h a link following the protocol 
set out by Kendrick and Di Cosmo (lg79). 

In an initial experiment several different isolates 
derived from infected host tissue were paired in petri 
dishes and grown in the light at room temperature unt il the 
colony margins overlapped, then stored in the dark at 3 C 
for 90 days. In another experiment, seven single ascospore 
isolates were paired (three per plate) in seven com
binations on PDA and on water agar (four replicates of 
each) and incubated at 3 C. In other experiments, aqueou s 
suspensions of ascospores were spread over the surface of 
water agar i n petri dishes and subsequently stored at 3 C 
for 90 days, as above. 

METHODS - ANAMORPH 

The anamorph was studied from fresh and dried naturally 
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infected green ash leaf and petiole tissue, from artifi
cially inoculated leaf tissue, from living cultures, and 
herbarium material. Although sporulation occurred on agar 
media, the resultant conid i omata, while analogous to acer
vuli, are morpho l ogically different because by definition 
acervu l i involve host tissue (Sutton 1980) . To produce 
acervuli similar to those occurri ng on naturally infected 
leaves, we used an excised leaf disc technique (Redlin & 
Stack 1985). Leaf discs (either 12 or 18 mm diam.) were 
cut from healthy leaves and disinfested in 0. 25% NaOCl, 
rinsed twice in sterile distilled water, and placed in 
corresponding sized we 11 s cut i n water agar in petri 
dishes. Discs were wounded by burning with a heated metal 
rod . Discs were inoculated with mycelium or spore suspen
sions and incubated under fluoresce nt lights for 10-21 
days. Acervuli produced on naturally i nf ected host tissue 
and those formed on leaf discs were compared. Conidia from 
inocula ted 1 eaf tissue were a 1 so compared to those from 
naturally infected leaves. 

The anamorphs were compared by examining conidia from the 
fo 11 owing sources: 

Cultu res examined. 

Oiscula stage of Gnomoniella fraxini; Single ascospore 
----rsoTate SCR2, ATCC 64469, isolated from type specimen of 

G. fraxini (BPI 71966). 
Discula stage of Gnomoniella fraxini; Single ascospore iso
--rafeSCR3, ATCC 64470, isolateiffrom type specime n of G. 

fraxini (BPI 71966). -
Discula sp.; Isolate WB - K, ATCC 64471, isolated from 
--,-;;rected Fraxinus pennsylvanica tissue . 

Specimens ex ami ned . 

Gloeosporium aridum Ellis & Holway : Fraxinus americana 
Rac1 ne , W1sCOriSTil, USA; coll. June~~ 
Davis, (NY) - holotype. 

Gl oeos~ori um fraxi neum Peck : Frax i nus pubpscknC Albany , 
New ork, USA, coll. June 18-gr-oyT. H. ec NYS)-
ho 1 otype. 

Discula sp.: f raxinus ~ennsylvanica 
~ Forks,NOi'"ffi""l)"a ota, USA: coll. June 5, 1986 by S. 

C. Redlin 86/13. 
Di scula sp.: Fraxinus pennsylvanica 

Acervuli associated with perithecia of the Gnomoniella 
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fraxi ni Redlin & Stack ho lotype on overwintered pet io 1 es, 
COTT":""":Redl in 85/10 - BPI 71966. 

Coni diomata from each of the sources 1 i sted above were 
mounted in Aerosol OT and squashed to 1 iberate conidia. 
The length and width of conidia were measured at 400X with 
light microscopy. Photomicrographs were made as described 
above. 

Materia 1 s ex ami ned were acervu 1 i on dried herbarium spe
cimens and on both naturally infected and artificially ino
culated fresh leaves. Conidiomata produced on PDA were 
compared to these acervuli. A 11 materia 1 s were cut in 
Mellonig's Phosphate buffer with a razor blade and critical 
point dried prior to SEM examination. In preliminary 
observation with scanning electron microscopy, the conidia 
and mucilaginous matrix within conidiomata obscured the 
conidiogenous cells. A fixation and binding procedure 
developed for animal tissue (Kelly, Dekker and Bluemink 
1975) and adapted to the study of the fungi by Brown & 
Brotzman (1979) circumvented this problem and was used to 
study the characteristics of conidiogenous cells and the 
i dent if i cation to genus. 

RESULTS - TELEOMORPH 

Examination of overwintered host tissue. 

Perithecia were most frequently observed on leaves over
wintered on the ground in damp locations near trees showing 
disease symptoms. Peritheci a were found sparingly in 
petioles and abundantly in leaflets of overwintered green 
ash leaves. Several of the collections did not contain 
perithecia. Trees with anthracnose were evident by the 
presence of infected overwintered pet io 1 es retained on the 
branches. Perithecia were found on collections from 
numerous locations in North Dakota, South Dakota and 
Minnesota in 1985, 1986 and 1987. Although no survey of 
incidence was made, there was no difficulty in locating 
sites where overwintered leaves contained peri theci a. 

Peritheci a were b 1 ack, immersed in the host tissue and 
thickly scattered in groups (Fig. 1). Elongate necks were 
frequently erumpent from the lower surface and were rarely 
observed in the upper surface of leaflets. Perithecia were 
nonstromatic (Fig. 2,3) and contained nonseptate hyaline 
ascospores (Fig. 7). 



182 

Because the te 1 eomorphs of other Gnomoni aceae such as 
Gnomonia or Afiognomonia have septate ascospores, par
~atten 1on was glVen to the presence or absence of 
septa by numerou s observations using several techniques . 
Asci of sequential collections were examined to determi ne 
if the the hya 1 i ne nonseptate ascospores, characteristic of 
the genus Gnomoniella, were mature or if they wer e immature 
spores of one of the other genera within the tribe 
Gnomon ieae (Fig . 4-7). Ascus walls in later collections of 
perithecia co nformed to the ascospores (Fig. 5). 
Additional evidence of maturity was that ascospores 
separated easily from the ascus in water mounts and ger
minated when placed on agar media . When leaf pieces con
taining perithecia were incubated in petri dishes 
non septate ascospores were recovered from the dish 1 ids and 
also from the tips of necks of the incubated perithecia. 
Septa were never observed. 

Neck elongation was associated with perithecial maturity. 
On overwintered leaflets collected earlier in the season 
(March-April), perithecia had black-tipped necks and con
tained no visible asci. On those collected later in the 
season (May-June), perithecia had nonpigmented elongated 
necks and mature ascospores. When immature perithecia were 
incubated under conditions of high humidity, the necks 
elongated by a nonpigmented ex tens ion. The nonpigmented 
cells formed at the tip of the perithecial neck differed 
only i n lack of pigmentation from the dark brown to black 
cells which comprise the exterior cells of the neck and 
body of the peritheci um. The earliest observed appearance 
of perithecia with elongated necks was on December 21, 1g86 
(Redlin 86/31), possibly the result of mild weather . In 

F1g. 1- 7. Gnomon1 ella fra x1 n1. 1. Penthec1al necks 
erumpent through overwintered Fraxinus pennsyl vanica leaf 
tissue. SEM Xl20. 2. Nearly~long1tud1nal section 
of ma t ure perithecium i n host tissue showing configuration 
of asci, sectioned at 15 ~m and stained with hemalum. 3. 
Longi tudi na 1 sect ion of matu re peri theci um, sectioned at 
15 ~m and stained with Safranin 0. Arrows indicate asci in 
neck. 4. Nearly mature ascus with uniseriate guttulate 
ascospores . 5. Mature ascus with ascus wall conforming to 
bi seriate ascospores . 4, 5. Ascu s apices with refractive 
a pica 1 apparatus. 6. Ri ng-1 ike appearance of ascus apex 
as viewed from above. 7. Mature ascospores with minute 
guttulae. Fig . 2,3 - scale indicates 100 ~m . Fig. 4-7 -
ore optics; scale indicates 10 ~m. 
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other years, peri theci a were usually inrnature unt i 1 May . 
In collections made after July perithecia were empty or 
contained free, occasionally germinated, ascospores. 

Asci within peri theci a deliquesced within one h when 
overwintered leaf tissue containing mature perithecia was 
immersed in water . Localized individual asci and c l umps of 
asci were occasionally observed in the perithecial necks in 
longitud i nal . sections as shown in Figure 3. Masses of 
ascospores, ascus wall remnants and apical rings of asci 
were present at the apex of necks of mature perithecia from 
nature and also when slightly inrnature perit hecia were 
i ncubated to maturity . 

Paraphyses were not observed in sectioned or squash 
mounted material at any developmental stage. Asci had the 
conspicuous refractive a pica 1 apparatus characteristic of 
the order Diapor tha l es (Fig. 4,5). This appears ring - like 
when viewed from above (Fig. 6). Rings stained deeply with 
1% aniline blue in 50% glycerine (Tu and Kimbrough 1g73) or 
in 1% aqueous nigrosin . Ascospores were initially uni
seriate (Fig . 4) maturing to an irregularly biseriate 
arrangement (Fig. 5). Ascus stalks (Fig. 4,5) became thin, 
deliquescing at maturity . Ascospores were hyaline, non
septate, ellipsoidal, obliquely arranged within asci, and 
contained minute guttulae at maturity (Fig. 7) . Ascospores 
germinated in 24 to 48 h when placed on water agar at room 
temperature . Single ascospore colonies grew at a rate of 
7-g mm per day on PDA. When centrum suspensions were 
plated on water agar, spores within i ntact asci also ger
mi nated. 

While a number of collections were examined, the descrip
tion ('descriptio typi ') presented here was based on the 
ho 1 otype materia 1 Redlin 85/10 deposited at BPI. The 
measurements presented here are the extreme range and range 
over two standard deviations about the mean. The sequence 
of centrum maturation in all of the collections of perithe
cia fit Luttrell's Diaporthe type of centrum development 
(Luttrell 1951). The fungus was keyed out to the genus 
Gnomoniella but did not fit any described species (Barr 
1978, Kobayashi 1970, Monod 1983). This material was ex 
amined by M. E. Barr of the University of Massachusetts 
(Amhers t) and by M. Monod of the University of Lausanne, 
Switzerland who both agreed that it was a previously 
undescribed species of Gnomoni ell a. 
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Gnomoniella fraxini Redlin et Stack sp. nov. Fig. 1-7. 

Perithecia in transhiemalibus foliolis et petiolibus, 
dispersa den se in globis, nigra, paene sphaerica, (114.8-) 
117.5-224.7 (-24g.2) JU11 latitudine, (109.2-) 121.7-211.2 
(-226.8) '""alta , rostrum paululum arcuatum, fere erumpens 
ab infioo folii, raro non formatum, (25.2-) 30.8-222.2 
( - 252) pm longitudine, (25.2-) 30.4-73.8 (-81.2) 1f11 latitu
dine ad basem, apex perlucidus et rotundatus. Paries 20 lAm 
cotnpositus de 6 ad 7 stratis cellarum. Asci fere cylindri
ci ellipsoidescentes nullo ordine maturitate, fastigati ad 
basem (33-) 36.3-5g.7 (-64.9) x (6.60) 6.8-12.5 (-20.4) jAm. 
Asci apex aequa 1i ter rotundatus, a nul us a pica 1 is emi nens , 
3 lAm. Ascosporae fere uni seri a 1 es, bi seri atescentes in 
media asci, (7.7-) 8.6-12.7 (13.8) x (2.2-) 2.8-5 .9 
(-6.6) lAm, ovoideae vel ellipsoideae, lateribus paululum 
imparibus, unicellulares, hyalinae, dum parvis guttulis. 
In transhiemalibus foliolis et petiolibus Fraxini ~
sylvanicae. Holotypus: Redlin 85/10 (8PI---rr966Y. 

Gnomoniella fraxini Redlin & Stack sp . nov. Fig. 1-7 

Perithecia in overwintered leaflets and petioles, thickly 
scattered in groups, black, nearly spherical, (114.8 - ) 
117.5-224.7 (-24g.2) 11m diam . , (1Qg . 2-) 121.7-211.2 
(-226.8) lAm high, beak slightly curved, usually erumpent 
hypophyllous l y, rarely not formed, (25 . 2-) 30.8-222.2 
(-252) lAm long, (25 . 2-) 30 .4-73.8 (-81.2) !Am wide near 
base, tip translucent, apex rounded. Perithecial wall 
20 lAm thick composed of 6 to 7 layers of cells. Asci 
nearly cylindrical becoming ellipsoid at maturity, tapering 
at base, (33-) 36.3-5g.7 (-64.g) x (6.6-) 6.8-12.5 
(-20.4) lAm. Ascus apex evenly rounded, apical ring promi
nent, 3 ~m. Ascospores more or les s uni seriate becoming 
irregularly biseriate, (7.7-) 8.6-12.7 (13.8) x (2 . 2-) 
2.8-5 . g (-6.6) lAm, ovoid or ellipsoid, ends tapered, 
sli ghtly inequilateral, unicellular, hyaline, with several 
small guttules. In overwintered leaflets and petioles of 
Fraxinus pennsylvanica Mar sh . North Dakota, South Dakota 
~esota, U.s.A., North America. 

Redlin 85/10- (Holotype) on overwintered leaflets and 
petioles collected on May 24, 1g85 on the ground beneath 
Fraxinus pennsylvanica Marsh. on the North Dakota State 
Un1vers1ty campus at Fargo, North Dakota . This collection 
has been deposited in the U.S. National Fungus Collections 
at Beltsville, Maryland as BPI 7lg66. Isotypes (Redlin 
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85/10) are deposited at the Cornell University Plant 
Patho 1 ogy Herbari urn as CUP 61821, Illinois State Natura 1 
History Survey as ILLS 46160 and C.A.B. International 
Mycological Institute as IMI 320031. Redlin 86/8 
( Paratype) is deposited as BPI 71g67, CUP 61822, ILL S 46162 
and IMI 320032. Redlin 87/4 (Paratype) is deposited as BPI 
71g68, CUP 61823, ILLS 46161 and IMI 320033. The i so types 
and para types 1 i sted above have also been deposited at the 
University of Massachusetts (Amherst) - MASS, New York 
Botanical Garden (Bronx) - NY and New York State Museum 
(A 1 bany) - NYS under the co 11 ector's name and number. 

Infected green ash leaves with leaf spots collected on 
May 2g, 1g86 and incubated at 5 C for four months resul t ed 
in the production of perithecia with mature ascospores. 
These leaves were accessioned as Redlin 86/10. On these 
1 eaves, peri theci a were associ a ted with numerous acervuli 
as shown in Figure 8. 

The only species of Gnomoniella similar to G. fraxinii is 
G. vasari i Monad (Monad 1983), however, the -twospecies 
aifrerTrlseveral important ways (Table 1). 

Table 1. Comparison of Gnomoniella fraxini and~- vasar11. 

Aspect . _ 
Per1 thec1 a x 

Asci x 
Ascus apex 
Ascospores X 
Substrate 

Gnomon1ella fr axi n1 
(subspheri~ 
171 x 166.4 wn 

48 x g.6 ~tm 
rounded 

10.6 x 4.4 ~m 
overwintered leaflets, 
petioles of Fraxinus 
pennsyl vani caMai'Sfi":" 

Gnomon1e ll a vasarn 
(sphenca~ 
300 X 300 IJn 

50 X 11 ~ 
flat 

13.75 x 3.75 ~rn 
dead leaves, stalks 
of Geranium 
s i 1 vatieiiiilL • 
(from Monad 1g83) 

Gnomoniella fraxini was also compared to the following 
herbar1 um spec1mens from BPI. 

Gnomon iella tubaeformis (Fr.) Sacc. on Alnus spp. 
Buzzard Creek reg1on, Colorado, 24 Jui1193"0, R. W. 
Davidson; Buzzard Creek, Colorado, 24 Jun 1g30, R. W. 
Davidson; Haines, Alaska, 2g Aug 1g23, J. P. Anderson; 
Grand Mesa, Colorado, 12 Jul 1g30, R. W. Davidson; Echo 
Lake, California - 5 Aug 1g4Q, L. Bonar; Berg, Alaska, 17 
Aug 1g48, C. L. Lefebre. 
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The average dimensions of Gnomoniella tubaeformis were: 
Perithecia 347 11m diam, 312 ~m h1gh; neck 290 IJTI long, 96 
~wide near base. Asci 65.5 x 15 ~. Ascospores 16.2 x 
7.4 11m, hyaline, broadly ellipsoid, inequilateral. 

Gnomonia artos~ora (Oearn. & House) Oearn. & House (as 
Gnomon1a pet1o ophila f. fraxini Ell. & Ev.) : Fraxinus 
mgra, London, Ontano, 3Api'l894, J. Dearness (type of~· 
petiolophila f. fraxini ). 

The average dimensions of Gnomonia artosxora were: 
Perithecia 325 ~m diam. Asc129Xb 1111· scospores ca. 9 
x 1 ~. fusoid with a submedian septum, upper cell slightly 
wider than lower. 

RESULTS - ANAMORPH-TEL EOMORPH CONNECTION 

Production in culture. 

In a preliminary experiment, anarnorph isolates from 
diseased tissue of several symptom types produced perithe
cia in the zone between colonies after warm incubation and 
90 days in cold storage. These gnomoniaceous perithecia 
were similar to those found in overwintered green ash leaf 
tissue but the centra were empty and asci never developed. 
The cultures of paired single ascospore isolates were 
discont inued after 240 days. No perithecia were formed in 
any of the pairings of isolates. When mass ascospore 
suspensions were placed on water agar and held in prolonged 
3 C storage, conidiomata and perithecia were produced. 
Conidiomata produced normal conidia, but as in the initial 
experiment, the centra of perithecia were devoid of 
cytoplasm and asci were not observed. 

Conidiomata typical of the anamorph were always produced 
in cultures derived from ascospores. Conidiomata in single 
ascospore cultures were simi 1 ar to those in cultures from 
infected tissue. Acervuli from nature and those resulting 
from inoculation of leaf discs with s.ingle ascospore isola
tes were also similar. Colony color and morphology as well 
as mycelial texture were similar for isolates from all 
sources. Conidia from isolates derived from infected host 
t i ssue (Fig. 12) were the same as those from single 
ascospore cultures (Fig. 13 and 14). 

Conidiomata typical of the Oiscula anamorph were fre
quently observed to be intimately associated with perithe-
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cia in nat urally i nfected overwintered leaves (Fig . 8), 
and when newly infected leaves were collected in May and 
he 1 d i n co 1 d storage for 3 to 4 months. Both acervu 1 i and 
perithecia were erumpent from host tissue at maturity. 

RESULTS - ANAMORPH 

The anamorph of Gnomoni e 11 a fraxi ni has been widel y known 
as Gl oeossorium andum. Von Arx exami ned material of G. 
aridum an referrecrlt to Discula . Conidiogenous cells and 
con1d1a from naturally infecteallost tissue, from artifi 
cially inoculated and incubated host tissue, from coni
diomata grown in culture on PDA plates were compared to the 
type specimens using light and scanning electron 
microscopy, and were found to be simi 1 ar. Coni diomata from 
culture were different from those on host tissue. The 
conidiogenous cells in culture were produced in a spherical 
conidioma whereas those in host tissue were produced in an 
acervulus (Fig. 9). 

Acervuli developing on natura l ly infected leaves and on 
artif i cially inoculated leaf discs were indistinguishable . 
Acervuli and conidia on inoculated leaf discs were the same 
for isolates derived from single ascospores and those from 
diseased tissue. Acervuli and conidia from local collec-
t ions, such as Redlin 86/13, were the same as those from 
the type specimens of Gl oeospori um fraxineum Peck and 
Gloeosporium arid um Elhs & Holway. 

Acervuli were subepidermal on leaf laminae and intracor
tical in petioles and were erumpent through the surface 
when mature. Conidiogenous cells were cylindrical and 
nonannellated but noticeable swellings or thickenings on 
t he otherwise smooth cells were due to the presence of the 
hilum, i.e . attachment point of the conidium (Fig . 11). 
The remnant of the conidial hilum was barely visible at the 
light microscope level of resolution as a flattened and 
slightly constricted region on one end of detached conidia 

F1g. 8-9 . Host t1ssue 1nfected by Gnomon1ella frax1 n1. 
8. Overwintered leaflet of Fraxinus pennsylvanica w1th an 
acervulus (A) on the midvein; necks of 111111ature perithecia. 
(P) on lower surface of lamina. SEM Xl80. 9. Longitu-
di na 1 sect ion of an acervulus showing raised epidermis (E) 
and conidial stroma (S) above collapsed leaf cells. 
Mucilaginous matrix and majority of co ni dia removed in spe
cimen preparation. SEM X880. 
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(Fig . 12-14). Conid ia were hyaline and nonseptate. 
Conidia from living cultures had prominent guttulae. 

Dimen sions of conidia from several specimens were deter
mined (Fig. 15). All of the size ranges overlapped. 
Although there was a 2. 5 ~m difference among means , popula
tions of conidia from six sources were not distinguishable 
(Fig . 15). Size of conidia from culture did not differ 
from conidia from dried specimens. Several collections 
were i nte rmediate in size . Due to a slightly skewed 
di stri buti on of sizes, the ranges were not centered around 
the means (Fig . 15). The e 11 i pses in Figure 16 show that 
the 96% confidence limits (+ 2 s.d.) of conidial size also 
overlapped. -

Cultures from a 11 sources grown on POA were simi 1 ar i n 
colony form, growth and color . Colony color was initially 
white (Munsell N gfO) and with age becoming purp 1 ish red 
(Munsell 2 . 5 R 3/4) when observed under daylight con
ditions. This co lor was more prominent from the reverse of 
the plate. At matu rity, conidia oozed from conidiomata in 
a dull white to pink mucilaginous mass. 

Acervuli and conidia of the type specimens of 
Gloeosporium aridum Elli s & Holway and G. fraxineum Peck 
were exam1 ned-;-ar;a-found to be the same-;- Moreover both 
were identical to the fungus under prese nt study. The only 
cr i terion used by Ellis & Holway in 1887 to distinguish G. 
aridum from the previously described (1884) G. fraxineum
was symptomatology: leaf infection by G. aridum caused 
larger irregular leafspots. Isolates from ~leaves 
displaying small spots typical of G. fraxineum and from 
large blotches typical of Q. ariduiii were 1nd1stinguishable. 

F1g. 10-14. D1scula frax1nea. lo. Pallsade of cyllndn
cal phialides--,;;--a$t~EM X2,400. 11. Conidia on 
conidiogenous cells with smooth nonannela ted surface; hilum 
i nd icated at arrows. SEM X12,000. 12. Conidia of i solate 
WB-K originally iso lated directly from infected host 
tissue. 13 . Conidia from a culture derived from a single 
ascospore isolate SCR2. 14. Conidia from a culture 
derived from a single ascospore isolate SCR3. Fi g. 12-14. 
Conidia from 1 i vi ng cultures grown on POA and photographed 
in water mounts us ing OIC optics; scale indicates 10 llffl, 
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Fig. 15-16. Diinensions-orDBcula-rrax1nea-conidla from s1x sources. 15 .. Means and 
extreme ranges of conidial d1men s1o"iiS(jiiii")based on measurement of 100 conidia at 
400X. 16 . Means and confidence limit s (+2 standard deviations) of conidial dimen
sions from same measurements as in Fig. 15. Symbols indicate means for each source. 
Lines indicate ranges (15) or confidence limits (16). Measurements in 1 through 4 
from water mounts of conidia taken from herbarium specimens, those in 5, 6 from water 
mounts of conidia from living cultures . 

1. Gloeo sporium aridum Ellis & Holway (Type) (NY). 
Mean ( 0 ) = 1l":J""X3.2 ~m; Range ( ) = 5.6-11.9 X 2.8-5.6 ~m. 

2. Disc ula fra xinea (Redlin 86/13, Grand Forks, NO). 
Meai!T•)7""6.9" x 2 .8 ~m; Range(----------)= 4.9-9.1 X 2.1-3 . 5 ~m . 

3. Gloeosporium fra xineum Peck (Type) (NY S). 
Mean ( A) - 6.TXT.T ~m; Range ( ........... ... ... ) = 5. 6-9 .1 X 2.8-4.2 ~m. 

4 . Discula fraxinea state of Gnomoniella fra xini Redlin & Stack (Type) (BPI 71966). 
Mean (e)= 8.4 x 3.7 ~m; Range (- -) = 6. 3-11 . 2 X 2. 8-5.6 ~m. 

5. Discula fraxinea state of Gnomoniella fraxini Redlin & Stack. 
STrigleascospore isolate (SCRZ), (ATTC~) . 
Mean ( o) = 8.4 x 3.5 ~m; Range ( - ·-·-) = 5. 6-11 . 9 X 2. 1-5.6 ~m. 

6. Discula fra xinea state of Gnomoniella fra xi ni Redlin & Stack . 
Single ascospore isolate (SCR3), (ATCC 164470). 
Mean ( £) = 9.2 x 3. 7 11m; Range ( ------ ) = 4.9-11.9 X 2. 8-4.9 ~m. 

~ 

:e 
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Section 3, article 11 of the International Code of 
Botanical Nomenclature states that the basionym for a new 
combinatio n must be the earliest epithet. The name 
Gloeosporium fraxineum Peck (1884) pre-dates G. aridum 
(1887) and the two species are morphologically ind1st1ng
ui shab 1 e . Even though the ash anthracnose fungus is widely 
known as G. aridum E. & H., G. fraxineum Peck must be the 
basionym 1'or""Tfi"eiiew combination 1n D1scula as follows: 

Oiscula fraxinea (Peck) Redlin & Stack comb. nov. 
~spOrTUiiifraxineum Peck, Rep. New York St. Mus. 

35:137. 1884 
= Gloeosporium aridum Ellis & Holway, J . Mycol. 3:21.1887 

Acervu 1 i erumpent when mature, on 1 eaf 1 ami nae subepi der
mal, rounded, 33-262 11 m, on ribs and petioles subepidermal 
to intracortical, cupulate, elliptical, 111 - 345 x 
67-2561!m; conidiogenous cells in a single layer, phiali
dic, cylindric, nonannelated, smooth, with slight swellings 
due to the conidial hilum; conidia hyaline, ellipsoid, non 
septate, 4.g-11.9 11m x 2.1-5.6 11 m, in life with prominent 
guttulae, embedded i n a mucilaginous matrix, dull white to 
pinkish i n mass. 

In culture on POA at 20-24 C, aerial mycelium slightly 
flocculent, white to purplish red, showing conspicuous con
centric zones of alternating dense and sparse aerial myce-
1 i um when grown under alternating 1 i ght and dark 
conditions; purplish-red pigment usually prod uced in the 
agar within the co lony margin, growth rate of freshly iso 
lated cultures 7-9 mm per day, colony morphology and 
growth on rna lt agar simi 1 ar to that on POA but with reduced 
pigmentati on . 

Conidi omata abundant after lD days in newl y isolated 
cu ltures, rounded, 100-900 11m , soon producing slimy masses 
of conidia, initially dull white becoming pink; conid i a 
i ndi st i ngui shab 1 e from those from acervu 1 i. Repeated myce 
lial transfer resulted i n reduced sporulation, often corre
lated with slower or erratic mycelial growth. 

Lesions on infected host leaves range from small discrete 
necro tic spots (1-3 mm) surrounded by a purp 1 ish margin, 
often associated with i nsect feeding injuries, to large 
rounded to irregular necrotic blotches (5-50 mm); lesions 
often spreading to affect entire leaflet. 
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DISCUSSION 

The Gnomoniaceae are known to exhibit perithecial neck 
elongation via meristematic growth (Wehmeyer 1g75). 
Elongation of the necks by nonpigmented cells during 
perithecial maturation was observed in Gnomoniella fraxini. 
In sections of mature perithecia, asci were observe~e 
perithecial necks, probably migrating up the neck prior to 
dischargi ng their ascospores at the tip. Ascospore 
discharge in this way has been reported. In Gnomonia rubi 
(Rehm) Winter in Rabenh., asci mature, become detachedrrom 
the subhymenium, migrate up the neck and then ascospores 
are discharged (Dow son 1925). Asci becoming free by de 1 i
quescence of bases is a characteristic of the Gnomoniaceae 
(Barr 1978). Ingold (1971) also found this mechanism in a 
species of Ceratostomella . 

Acervuli of the anamorph of G. fraxini resemble the 
Discula umbri nella conidioma fTgure<fliYSutton (1980 Fig. 
~Monad described the anamorphs of Apio~nomo ni a veneta 
(1983, Fig. 8 : 5) and distinguished GloeospondlUm Hahn. 
from Di scu 1 a Sacc. (sensu stricto) based on the position of 
the con1d 1ogenous cells in r elation to the host tissue. In 
our observations, the position of acervuli may be 
influenced by the host tissue in which they occur, being 
shallow (subepidermal) in thin tissue (leaf laminae) and 
deeply cupu late (intracortical) in th i cker tissue such as 
petiole cortex . We therefore accept the broader concept of 
Di scu 1 a stated by Von Arx and followed by Sutton ( 1980) . 

A protoco 1 for ordering the evidence of affi 1 i at ion be
tween anamorph and te 1 eomorph was proposed by Weresub and 
Pirozynski (Kendrick & DiCosmo 1979). Factors co nsidered 
include degree of documentation and casual, circumstantial 
or experimenta 1 evidence of connection. This procedure was 
followed to demonstrate the connection of the two states in 
both cultural studies and exami nation of host tissue. The 
criterion for the demonstration of a co nn ection was 
fu lf i 11 ed here by producing one state ( anamorph) in culture 
from single spore i so 1 ates of the other ( te 1 eomorph) as 
well as the observation of intimate as sociation of the two 
morphs. Sterile peri theci a formed in mated cultures 
derived from the anamorph. Regular cohabitation of the 
anamorph and teleomorph or their morphological similarity 
is circumstantial evidence of the co nnection. lnmat ure 
perithecia on overwintered petioles somewhat r esemble inma
ture acervuli because neither are erumpent and peri theci a 1 
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necks are not developed. 

This is the first known species of Gnomoniella with a 
Di scu 1 a anamorph. Other species of Gnomon1 ell a are known 
to have anamorphs in Cyl i ndrospore 11 a, MOnosbche 11 a (Monod 
1983) or Asteroma (Sutton 1980); however, anamorphs have 
not been reported for several Gnomoniella species (Barr 
1979, Monod 1983). Other species of 01 scu la co nnect to the 
gnomoni aceous genus Apiognomoni a ( Sutt0ill980) . Many of 
the gnomoniaceous spec1es have been studied only from her
barium specimens, so that information on the production of 
anamorph structures either in culture or on living hosts is 
lacking . 

Because the species in the Gnomoni aceae are morpho 1 ogi
cally distinguishable (Barr 1g78), the contention of von 
Arx (1957) that the separation of the species causing tree 
anthracnoses is strictly by host is incorrect and his 
grouping of these fungi into an aggregate species is 
inappropriate. Barr and others have rejected von Arx' s 
concept of an aggregate species, Gnomonia errabunda (Rob . ) 
Auersw. [=Apiognomonia errabunda--rRoo:Tv. Hohn . ), for the 
teleomorphs of the tree anthracnose fungi and therefore 
implicitly reject the synonomy of their anamorphs (Barr 
1978, Monod 1983, Neely & Hi me 1 i ck 1967). Our discovery 
that the teleomorph of Discula fraxinea is in a different 
genus ( Gnomoni e 11 a) from the other anthracnose fungi a 1 so 
supports the rejection of von Arx's aggregate species con
cept. 

Pub 1 i shed with the approva 1 of the Oi rector of the North 
Dakota Agricultural Experimental Station as Journal series 
number 161g. 
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ABSTRACT 

The physiological c haracteristics o f 194 isolate s 
representi ng 49 species of Phytophtho r a available from the 
American Type Cu lture Collect1on were stud ied under uniform 
condit ions, includ ing growth rate s, maximum and minimum 
growth temperatures , ability t o utilize nitrate nitrogen 
and starch , sensitivity to malach ite green and hym.exazol, 
pigment production a nd growth o n app l e fruit . The 
significance o f physiolog i cal criteri a i n Phyto ph t hora 
taxonomy is reviewed and discussed . 

IMTRODOCTIOM 

Phytophthora was set up as a new genus i n Phycomycetes 
by de Bary (1876) with the d escr ipti o n of Phytophthora 
infestans, the fungus ca using potato late bl1ght 1n Ireland. 
Although its biology has been extensi v e ly reviewed over the 
years, species differentiation within this genus is still 
far from satisfac t ory (Ho & Jong , 1987) . The wi de h ost 
r a nge and diver se geograph ical di s t ribution made its stud y 
complex while a shortage of c u l tures (of all species) 
available at a si ngle lab p r evented investigators fr om 
surveying the whole genus under standard cond i tiona. 
Traditionall y , morphological characteristics se r ve as t h e 
basis for taxonomy though these c harac ter s a re few and 
variable . Many i n terspecific similu:ities blur the screen 
of taxonomy and produce controversies amon g i nves tiga tors 
(Er1a1i n, 1983). It is obvious that ideally taxonomy of 
Phytophthora should be based o n the physiol ogy , pa thology , 
serology, cytology, biochem ist r y, and genetics rather tha n 
morphology alone . 

l. The resea rch i s based upo n a di sserta ti on s ubmitted by 
Li Luo t o the Gr ad uate School, Stat e Un iversity of Ne w 
York, New Pa ltz , in partial fulfillment o f the 
requirements for t h e degree Master of Arts. 

2 . Present address: Department of Plant Pathology , Ohio 
State University, Columbus , Ohio 43210 
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Although physiological characters have been used in 
most keys (Leon i an, 1934; Tucker, 1931; Waterhouse , 1963; 
Ho, 198 1 ), the physiological studies on Phytophthor.a are 
incomplete (Cameron & Milbrath, 1965 ; Hohl, 1975; Leonhn, 
1925; and Ro ncadori , 196 5} . The research described here 
concec ns the physiological chBracteristics of 194 isolates 

~~~e~~~~~~~ ~~~~~~~ ~~~ , o;t~~I~~p~~~~~a t~~o:a!~e ~~~~!~~~y 
conditions. 

MA'!'BRIALS AND ME'fHODS 

1. Iaolatea uaed in the Study: 

Type or au thent ic cultures , Al and A2 mating types 
and/or representative isol e t es were c hose n (Table 1). 

2. CultuEe Maintenance and Media: 

Isolates were maintained on c lar ified VB agar (CV8) 
slants a t 5 C and 15 C. Some cultures which showed signs 
of contamination by bacteria o r other fungi were puri fi ed 
on selec t ive a gar medium (Ribeiro , 1978) before being put 
i n to use or transferred to storage. The media used in the 
study were: cor n meal (CM) , CVB, malt extract, hymexazol , 
malac h i t e g r een, pigment production, n it rate, and s t arch 
ut ilizati o n agar media. All media wer e a utoclaved at 15 
lbs . per sq . inch at 121 C fo r 15 min utes. Unless other
wise specified, pre-sterilized disposable plastic Petri 
dishes ( 99mm) were used in all c u l ture experiments. Each 
dish was filled with abou t 29 ml agar medium. 

Halt Extract A.gar Medium: 45 g Difco malt extract and 18 g 
01fco Bacto agar were dissolved in 1909 ml d istilled water. 

Hxmexa zol A.qar Medium (HHI): Stock solution (25 mg /ml) was 
made from 2.5 g hymexazol dissolved i n 109 ml di stilled 
water . HMI agar medium was prepared by add i ng 1 ml stock 
sol ution to 50 0 ml CM agar medium giving a final HMI 
concentrati on at 59 vg ml. 

Malachite Green Medium : Malachite green stock solution 
(62.5 mg / ml ) was prepared by dissolvi ng 6 . 25 g malach ite 
green in 100 ml distilled water. 1 ml of stock solut i on 
was added t o 500 ml CM agar medi um to give a concentration 
of 125 \.l g/ml of malachi te green. 



Nitrate Agar Medium: Nitrate aga r medium used in this 
study was a modification of Ribeiro's medium (1978) with 
L- aspBragine Omitted. Pigment Production Med ium was 
prepared as described by Timmer et. al. (1979) . Starch 
utilization medium was prepared iS de&ctibed by Ho and 
Foster (1972 ). 

3 .. Grovtb Ratea and Cb-ical Seaaitivitiee: 
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Each isolate was allowed to grow first on CH agar 
phtes . Small mycelial agar plugs were made by a No . 5 
cork bo rer. Eac h plate was i noculated wi th an agar p lug in 
the center a nd i ncubated at 29 c. Growth rates on CH , CVB, 
malt , and nitrate agar media were measur ed elong two 
perpendicu lar li nes on the bottom of the Petri dish th r ough 
the center of the colony. About three days af ter 
inoculation, colony diameter (d l) was me~uured a nd a second 
measurement (d2 ) was made 2-3 days later. Daily g r ow th 
rate was calculated from the formula: 

Growth rate (mm/day) • d2 - dl 
Numbe r of days be t ween di a nd d2 

Three replicates were made for each test.. The whole 
experiment was conducted t wo o r three t imes. The fi n al 
growth rate was the aver age of all these replicates. 

Da t a on HHI and malachite green were presented as 
percentages of the growth rates on CH medium which was used 
as a "con trol". 

Colony patterns on VB, PDA a nd mlllt extract agar medium 
were also noted and classified as follows: 

9 : No growth 
1: Radiate (Uniformly radiate hyphae) 
2: Chrysa nthemum (narrow petaloid sec t ors) 
3: Rose or camellia (broad, rounded peta loi d sectors) 
4: Stellate (intermed iate between radiate a nd 

chrysanthemum) 
5: Uniform (without any obvious pattern) 

<C. Mtniaal •Dd Ka:daal Teaper•ture• for Growth: 

Each isolate was tested on CH medium at a minimum of 
5 C a nd a maximum of 35 C. If an isolate failed to grow 
at 5 C, it would be tested at 19 C and if needed at 15 C; 
if it failed t o grow at 35 C , i t would be tested at 30 C 
and if need ed , at 25 c. The tests were car r ied out in 
i ncubator c hambers wh ile water baths were employed for 
39 C a nd 35 C. Both plates a nd sl llnts were used i n the 
tempera tu re study. Three replicates we r e used for each 
isolate . 

The minimal and maximal growth temperatures were ranked 
as following: 1 • under 5 C, 2 • 5- H J C , 3 • 19-15 C, 4 • 
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25-39 c, 5 • 39-35 c, 6 "" over 35 c. 

S. Starch Utilization: 

The colony diameter was recorded before it reached the 
edge of the plate . Starch hydrolysis was determined by 
flooding the agar plates with iodine solution (1 g iodine, 
2 g potassium iodine, 390 ml distilled water). The 
nonhydrolysed starch formed a deep blue complex with the 
iodine, whereas the hydrolysed starch was not stained. A 
clear hydrolysed zone appe ared within the fungal colony if 
the isolate utilized starch as the carbon source t o sustai n 
its mycelial growth . The fungal capability to hydrolyse 
starch on aga r medium was represented by "Starch Hydrolysis 
Index" (S.H .I. ) defined by the followi ng formula: S .H. I. 
= diameter of c lear zone (d) / diameter of fungal colony (D) 
(Ho 5 Foster, 1972). 

6.. Pi~nt Production : 

The pigment production experiment was carried out on 
agar slants. Abo u t 5 ml pigment production medium was 
poured into each test tube (159 x 15 mm) , and then 
au toclaved. Every tube was inoculated with one plug and 
three replicates were made for each isolate. The slants 
were incubated at 29 C for 3-4 weeks. The degree of brown 
pigmentation produced by the isolate was checked by 
compari ng the slant with an uninoculated slant on a white 
paper under a fluorescent lamp. The degree of pigmentation 
was defined as follows: 

0 - none, 1 - slight , 2 - modera te , 3 - abundant. 

7. Apple Inoculation: 

Fresh , healthy looking Mcintosh apple fruits were first 
washed with dete r gent - chloroform mixture, then surface 
sterilized by wipi ng with a piece of cheesecloth soaked 
with 95% a l cohol. Inoculation was made by placing 
mycelial cultures about two weeks old in small slits 
3-4 mm deep. The wounds were covere d with parafilm and 
the whole apple was pu t into a plastic sandwich bag, 
sealed and incubated a t 20 c. Four wounds were made on 
each apple, three of them i nocuhted while the other one 
serving as the control. Results were recorded i n two 
weeks. The virulence or pathogenicity of an isolate to 
wounded apple f r uit was recorded as follows: 

No i n fection 
Lesion diameter below 29 rnm 
Lesion diameter 20- 59 mm 
Lesion diameter over 59 mm 

(None) 
(Slight) 
(Moderate) 
(Serious) 
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RESULTS 

The result s of all experiments are summarized in Table 
2 . 

DISCUSS lOll 

rese!~~~e~~ ~~~:~r!5 t~~e p~~~~~~~~ i~:it c~~r!~i;~f~~r~~a of 
many isolates of a ll Phytophthora species und e r t he same 
cond ition . I t ha s conflrmed the intraspecific a nd 
interspeci fi c variabi li ties reported by prev io us ..,.orkers 
and provi d ed more ne w information. 

1. Growth Rate on V8 and OU 

Growth rates va ried among isolates of one species even 
unde r the same c o nd i t ion . However, slow growth seemed t o be 
c ha rac teris t i c of !:· cland est in a , ~- fraqarlae, ~- !..!.!£!.!., 
~f ~~!e!:~~~; f~r!n~r~~, P~Yt~: f~c~~~~~~aE: and most 
bahemensis, !:· ee i stomium, !:· opercula te, !:· spinosB, and 
!:· vesicula. 

2. Growth 'l'e.peratu~:es: 

Almost all keys (Tucker, 1931; Waterhouse, 1963; Ho, 
1981) used growth at minimum and maximum temperatures as a 
useful taxonomic cr i terion which is va luable at t he species 
level. Host isolates in present study had ma ximum g r owt h 
tempe r at ures around 30-35 c. P. drechsleri (ATCC 46 72 4), 
P. melonis, P. ni co ti anae and P. in sol1 ta coul d g row at a 
t emperature Slightly higher th8n ~le s ome other 
isolates e .q., P. citricola (ATCC 52855, ATCC 52230) , P. 
fraqariae, ~· hilie~. i licis , ~· later al i s. ~- -
phaseol1 , ~· p or n, ~· syr ingae, ~· pseudotsugae , ~· 
hum1 cola a nd P. clandest1 na had lower max1mum growth 
temperatures 25- 30 C. 

Host isola t es had minimum growth 
-10 C o r below 5 C. Several species 
growth temperatures ar o und 10-1 5 C . 
f;a~l~~ ~osa (ATCC 26481) , ~· heveae, 

temperatures around 5 
had higher minimum 
These included : 
E· meadii and E· 

3. Growth on Malt Extract Agar Kediu.z 

TucJcer (1931) was probably the one who did the most 
worJc on t he growth rate on malt extract agar. He 
separated ~· phaseoli a nd ~· infesta ns whi c h failed to 
grow o n malt agar medium from the o thers which showed 
abund ant t o fair growth on the same medium . 

In our study, most isolates had similar growth rates (2 
- 10 mm/day) on this medium . ~- fragariae, E· hibernalis , 
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t. Utilization of Hitrate NitrOCJen: 

Although Phytophthora spp. generally prefer organic 
nitrogen sources, a few species appear to have an absolute 
requirement for them . Among these are strains of P. 
infestans, ~· fragariae, and !:· bahamensis (Hohl, f983). 
In ou r study, growth rate on nitrate nitrogen medium was 
generally slower than on the other regular growth medium. 
However , most of them still could grow well while the 
following isolates failed to grow or showed very slight 
growth: ~· fragariae, £._. infestans (ATCC 32835 , 16989), 
!:· phaseoli , !:· bahamensis (ATCC 28297), and ~- epistomium. 

s. Starch Utilization: 

In present study, the following isolates co uld not use 
starch as a carbon source for growth: P. cambivora, P. 

~~?:!~!n~~T;~ :~~~~!: ~: ~~, ~P. r~:a:~~:eP. Pka~su rae, 
~liS, P. gegak8rya, P. se1yos8, P. melonfs,-P-.-
Palml vo ra (ATCC 2 201), E.· ehaiehl , E.· Perri (ATCC 52729), 

J-61fi~~~u~~e i n~~~¥~!~ 1 ~~a hu!ic~l~, a~~ i::ha!~n!Y! ~n~~e (ATCC 
epistomiUm and E._. opelculata. Host isolates had a S.H.I. 
(Starch Hydrolysis I ndex ) ranging from 20- 90\. Similarly, 

:~d a~~ i~;;:~a~! 9~~~1~0~~~ :~~; ~~ ~::~~ho~:~rE..~Jf~;!~ri~~ 
is pOss~ isolates of the same species may vary in 
their ability to hydrolyse starc h. 

6. Sensitivity to Malachite Green: 

Leonian (1930) first described the differential 
inhibition of growth of Phytophthora species by malachite 
g r een and used this informat1on to construct a key for 
species iden tification, a practice followed by Frezzi (1959) 
and Leoni an (1934). Shepherd and Pratt (1973) and Shepherd 
(1976 ) employed malachite green i n the assay of 
Phytophthora iso l ate s in Australia. 
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7. Sensitivity to Hyaexazol: 

Tay et al . (1983) showed that species of Wa terh ouse 's 
group I =-xiT and v showed reduced growth on a HM I me dium 
whereas the growth of isolates from group VI was e nha nced. 
Papavizas et al. (1981 ) found that the sporangia! 
developmentor~. capsici was inhibited on a medium 
containing Hymexazol. However, intraspecif ic varia t ion in 
sensitivity to HMI ex i sted in !:· capsici . Hans en ~ !.!_. 
(1979) found that the addition of HHI 1nhibited growth of 
P. lateralis and P. cactorum . Shen and Tsao (1983) tested 
the sensit1vity of P:--rr;rest'ans to HMI and found the 
mycelial g rowth of au~lates was slightly i nh ibited 
o n selective medium with the addition o f HMI. Tsao and Guy 

~~~~7 ~e~~~!~~;e~o t~~i ~~:~ ~~~a~~~e~! f~ ih!m!:~~a s~=~~es . 
In present study, HMI had stimulative effect on the 

growth of ~· caps i ci (ATCC 52776) , ~· katsurae (ATCC 

;~s:~!' a~~:e;· P~Pjif~is:a~ : ;~!~~~~i, ~~ t~~r~~h;~ hand, 
Cla~ P~ ba hamensiS and P. batenlan~ gi"ew 
poorly on thiS medium. Phytoph thora fraqarlae showed a 
slight g rowth on frozen 11ma bean agar and frozen green 
been agar supplemented with 190 I.Jg/ml HHI. (George a nd 
Milholland, 1986). The discrepancy may be due to the 
different basal media used. 

8. Pi~nt Production: 

Galindo and Zentmyer (1967) first reported production 
of an extracellular pigment in peptone beef extract agar 
by P. drechsleri. They used it to differentiate variants 
within progeny of crosses of Al and A2 isolates of P. 
drechsleri. Since the pi gment produced o n peptone beef 
extract agar was not i n tense enough to differentiate 
var ious isolates, Timmer et aL (1979) tried several 
reagents and fi nally decidedt'hat casein hydrolysate and 
tyrosine aga r in the absence of glucose fac ilitated the 
production of pigment. 

Shepherd (1976) studied p igment product ion of 138 
isolates of 12 Australian species on a casei n hydrolysate
tyrosine medium. Phytophthora drechsler i showed the 
darkest pigment whereas no pigment was produced by P. 
cinnamomi. Phytophtho ra nicot ianae Al compa tibilitY type 
isolates produced approximately double the pigment of A2 
type isola tes. Although pigment production was said to be 
a poor taxonomic criterion, t he degree of pigment product
ion by unknown isolates might help confirmation followi ng 
species iden tification by morphological criteria, or as a 
prelimi nary screening. Pigment production was of value in 
specific c ases with regard to intraspecific taxono my, e.g . , 
a significant difference was shown in pigment production 
between groups of northern and southern ecotype isoletes 
of ~· drechsleri in Australia. 
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In present study, most isolates produced brown pigment 
on tyrosine-casein hyd rol ysate agar, ranging from slight 

!~f:=~~n~a~~T~~o;~83s~ ~=~ !s~!~~~=h e~~- ho~;y a~~~~ ~c: t fhe 
beg 1nn 1ng but eventually turned i nto brown. Absence of 
pigment production was observed i n P. areceae , P. bot r yosa, 
P . c rpsici , {except ATCC 56600) , P. -ci~, P. 
Citr cola ,~· hibernalis, ~· ~, ~· ~~ -~· 
meloni s , ~- ~· !:· phaseoll , !:· s u1n 1nea , ~
r icha r diae , ~- vignae, ~- pseudotsugae, and ~- ~· 

9. Apple Inoculation: 

Almost a l l the isolates could infect apple frui t , 
r esu l ting in brown les ion around the site of inoculation. 
Species that produce no or very slight l esion included P . 
f ragar iae , !:· ~ (ATCC 32835 , 16980) , ~- ~' - !:· 
~=~=!~~~7: ~~~c~:t6~i~~s;~828), !:· porri , !:· ~· !:· 

Phytophthora pseudo tsugae (Hamm & Ha nsen, 198 3) , !:· 
colocaslae and P . ri c hardia e (Tucker, 1931) believed to be 
non-pathogenic to wounded apple , ca used slig h t to modera t e 
lesion s on app les in present r esea r ch . While Phytophthora 
les i o ns on apple fruit were firm , lesion s c ause d by some 
aquatic isol ates e.g ., !:· qonapody ides seemed to be quite 
soft a nd watery , similar to those caused by Py thium spp •• 

Thus in general , physiological cha r acters taken singly 
o r con side r ed t ogether canno t define any Phy toph thor a 
species but they are still valuable aids t n Phytoeh t hora 
taxonomy to s upp lement classical morphological crtterta . 
Fo r instance , !:· fraqariae ca n be readily distingu ished 
from othe r Phytophthora species producing non-papillate, 
inte r nally proliferattng spora ngia by its di s tinctly 
slower growth rate a nd its inabi lity to grow o n nitrate 
nitrogen agar or malt extract agar medium. Phytophtho r a 
phaseo l i , though simila r morphologically t o !:· t nfesta ns 
(Waterhouse , 1963) ca n be separated by its s lower growth 
rate . Altho ugh Phytophthor a species often exhibited broad 
intraspecific vartat t o n t n thei!: physiological characters , 
conspic uous diffe r ences displayed by a certain i solate 
often suggest t he need for critical r e-evaluat i on of its 
taxonomic position. Thus , prompted by Hoh l' s observation 
(1975 ) that a st ra i n of " P . infestans " diffe r ed from other 
s trai ns of this species i ii" growrng-well on a medium 
containi ng nitrate as the nitrogen source , Galindo and 
Ho h l ( 1985) cond ucted further studies on the nutritional, 
bioche mi ca l, morphology and host range of this i sola t e and 
re-named i t as P . mir ab ilis. Simila r ly , whi le one isolate 
o f £_. palmi vo r a-(ATCC 26200) g rew well on starch aga r 
med i um as reported by Ho and Foster ( 1972) , the othe r 

~:~i~~: !~T~~d~~~~;! :::r~~~il:r ci~s~· m~~~h~~~~ic!~ study 
of ATCC 2620 1 (Ho , unpubl ished} shows that it produces 
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sporangia with narrow, nonoccl uded pedicel o f i ntermediate 
length, character i stic of !:· megakarya (Bra sier a nd 
Griffin 1979) . 
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WHAT IS OCHROPORUS OSSATUS ( HYMENOCHAETACEAE)? 

ERAST PARMASTO 

Institute of Zool.ogy and Botany 
202400 Tartu , Eston ian SSR, USSR 

J\ .S . Bondar zew s tated in 19 12 th:lt th ere may b e severa l 
biolog i cal vari e ties of Fomea ( = Phet.l.inus) igniariuo (L .) 
Fr. specialized on certain tree spe c ies, each having char
acteris tic basidiomata. However, he noted ( 1912 : 17) t hat 
this idea has been i nfluenced by the vie...,•s of J. Eriksson 
on bi ol ogical forms in Puccinia graminie . He described (in 
Russian) five new fo rms and il lustrated them ""' ith figures 
and photographs : f. AZ.ni , f . BetuZ.ae , £. TremuZ.ae , f. 
Que l'cua and f. Pruni (syn . F'omea f u'LtJus (Scop . ) Fr . ) . The 
three l ast mentioned forms are currently recogni zed as 
~ he l.linu s tremu lae (Bond.) Bond. & Boriss., Ph . roo bus tus 
(P . Karst.) Bourd. & Galz . and Ph . tuberaulosus (Baumg. ) 
Niem ., re s pect ively . The first two forms ( £. alni ., f. betu 
lae ) as well as f. sa licis and f . pil'i (on Mal us and So l' 
bus ) descri be d by Bonda r zew in 19 34 have long been con
s ide red to be more o r l ess eas ily di s tingui shable form s of 
Fomes/Phell inus igniar-i u s . 

In 196 3 E. Parmasto stated that Ph . ignia l'ius f. ignia
rius was the correct n ame fo r f . sal.icis Bon d ., and this 
was accepted by s ubseque nt authors (e .g., NiemeU. , 19 75 : 
109). Howe ve r, thi s was merely a name correction: Bondar
zew himse l f neve r distinguished the "typical" ignial'iu s as 
f . ignia r- ius. 

Of the four forms mentioned above f. alni deserves 
specia l attention . It is widespread in Ea s t Europe a nd has 
been described repeated ly : by Bondarzew ('1934, 19 53) , Do
maflski, Or) o~ & Skirgie).lo ( 1973), and in a number of han d
books on fores t pathology publi s hed in the USSR . 

I n 19 75 T . Niemel!t rais ed f. alni to the rank of a var
iety of Ph . igniariu s ; he a l so gave a well illus trated de
scrip ti on of th e deve lopment of on e specimen o f this va r
ie t y in 1986. In 197 6 Parmas to raised it to speci f ic r ank 
(Ph . alni (Bond . ) Parm.) and stressed one of the character
istics easily no t iceab l e macros copi cally : there is a "more 
or less well deve lope d, densely zonate ' co r e ' seen in the 
basidiocarp sections, especially in t he oldest p a rt, or 
context relatively th ick and zonate" . As an i ndependent 
species, Ph . atni \\'a s described and illust r ated also by 
M.A. Bondarccva (in Bondarceva & Parma s to, 1986); Fiasson 
& NiemeU. recogni ze d it as a s peci es of th e genus Och l'opo 
rus ( 0 . alni (Bond . ) Fiass . & Niem.). 
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Bondarzew did not designate a type fo r his f . a tni in 
1912 or subsequently; however, the protologue of his taxon 
i ncludes also a sketch (fig . 1) and a photograph of a speci
men (Tab. I, £. 2) named in the l egend (on p . SS) as 'type'. 
There has not been any confusion with this taxon; however, 
Bondan.ew has confirmed the identifications of this form 
made by several mycologists in the USSR (including M.A. 
Bondarceva, E.P. Komarova, E. Parmasto, a.o.). 

Obviously the same taxon (Fornes igniariue £. aZ.ni., Phel
l.inus aZ.ni) was recently described twice by M. Fischer 
a s a n ew species : unde r the name Oc h:rooporus ossatue Fischer 
(in Nuss, 1986: 1 59) and some months later as PheHinue oe 
eatue M. Fischer (Fischer , 1987: 37 ) . The second name is 
illeg i timate and is to be rejected as it is based on the 
same ho l otype (r.ITB 6945/3) as the first named species (cf. 
Voss et al., 1983 , Art . 63 . 1). It may not even be con 
sidered to be a new combination Ph6 l.tinus ossa t14B (M . Fisch
er) M, Fischer: i t has not been valid ly published (basionym 
not indicated as require d by Art, 33.2 of the ICBN). 

Why did Fischer describe a new species instead of using 
the available name (Phe'l.tinus) aZ.ni? The only argument 
given by him is that its type has not been designated by 
Bondarz.ew and that Niemel!i (1975: 110) has not found any 
representative material of this taxon in the Leningrad her 
ba r ium (LE). 

Certainly a holotype fo r eve r y taxon described after 
Jan. 1, 1958 (ICBN, Art . 37) must be kept in a herbarium . 
But f. aZ.ni was described in 1912! If the lack of a type 
specimen is a reason for considering a taxon to be illegit
imate , hundreds of Friesian species could be deleted by any 
myco l ogist who wants to pub l ish "new" species . Designation 
of a neotype would be the proper way to proceed in s uch 
cases. 

Fischer' s new s pecies is typified by a specimen col
l ected on f.fal.us domesti ca; according to one part of the de
scription it i s the same as Fomes igniarius f. piri Bond. 
( 1934) . Another part of the description i s in accordance 
with f. al.ni Bond . ( 1912) . The author of this paper has 

~~~~t ~h~~=c~:~ ~~x~i~eb~~:t( , ~8;~ 1 3~~~5) t~~~&~e;~~~t~~~=d 
that the monosporous strains obtained from basidiomata 
growing on AZ.nus inca11a .. A. gl.utinosa .. Coroyl.us aueZ.lana .. 
f.lalus domestica and Prunu s padus wer e compat ible in all 
combinations; consequently he noted (Fischer, 1987 : 35) 
that the ne,_. species \oo'3S described for the collections from 
all the hCists (substra ta) mentioned above . However, accord
ing to the data given by him on pp. 14, 33 and 34, the t ype 
of Oohroporous ossatus was intercompatible (conspecific) 
with the specimens collected and determined by Niemel~ and 
Parmasto as PheZ.Z.inus a l.ni , 

This is not the place to d iscuss the taxonomy of the Hy
menochaetaceae on generic level; nevertheless . one may ask 
why I use the genus name Phel.l.inus for alni instead of Och
roporus proposed by Fiasson & Niemelti. ( 1984) in their fun
damental paper on t he taxonomy of Europea n poroid Hymeno 
chaetales. The division of PhBl.l.inus s . 1. p r oposed by 
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these authors seems to be partly more or less well founded 
(the genera Pomitipcria Murr. and Pu.sooporia Murr.) but 
not convincing enough in the treatment of the Phell.inus
Po r odaedat.ea- Ochroporus-Phe Hini diu.m complex. The pheneti c 
analysis presented on pp. 17-18 in their paper does no t 
give any sound grounds for distinguishing these four gen
era, and I doubt if the phenetic approach may be 
used as the main basis for distinguishing genera in this 
group. The number of species Fiasson a nd NiemeH!. studied 
i s quite l imited and the use of the c 1 a d i s t i c me t h o d 
employed by them was also not very correct. It has been 
asserted that "arbitrary criteria and authoritarian accept
ance simply do not enter in" phylogenetic systematics 
(cladis ti cs) which makes use of s imple ana l ytic me thods 
(Schafersman, 1985) . Alas! We do not have enough trust
worthy data to decide which character sta te s are apotypic 
and wh ich are plesiotypic in the ~lymenochaetaceae. For ex 
ample, Fiasson and NiemeUi state that pileate habit, oval 
form and average size of spores are p l esiomorphic states; 
resupinate habit, sub globose form and smal l size of spores 
are apomorphic states of the characters studied. I am con
vinced in the opposite view; h oY~·ever, these alternative 
standpoints are both arbitrary , and in such cases c l adis
tic methods simpl y do not work. So let us not be in a hurry 
with taxonomic replacements of the species dealt with in 
t his paper . 

The author is greatly indepte d to Dr. D.A . Reid for re
viewing the manuscript. 
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SPECIES OF CLADOSPORIUM, ASSOCIATED WITH BIODETERIORA TION 
OF CARPET, PLASTER AND WALLPAPER 

GARETH MORGAN-JONES and BARRY J. JACOBSEN 

Department of Plant Pathology, College of Agriculture and Alabama 
Agricultural Experiment Station, Auburn University, Auburn, Alabama .36849 

ABSTRACT 

A number of dematiaceous hyphomycetes, be longing to the genera 
Alternaria. Cladosporium. Curvularia. Drechsler!. Stachybotrys and 
Ulocladium. in addition to species of Acremonium. A.sperAillus. Chaetomium. 
Penicillium and Phoma, were isolated from wallpaper, carpet and plaster 
undergoing biodeterioration in hotels in the southeastern United States. Two new 
species of Cladosporium, C. geniculatum Morgan-jones and C. breviramosum 
Morgan-jones, encountered during the course of the study, are described and 
illustrated. Comments are offered on the genus Cladosporium as presently 
constituted. 

INTRODUCTION 

Voluminous writings exist on the subject of biodegradation of natural 
polymers, such as cellulose, chitin and l.ignin, which are relatively stable 
substances that do not readi ly break down. The role of fungi in the process of 
decomposition of su<.h substances in natural ecosys tems is well known 
(Lindeberg, 1946; Kendrick and Burges, 1962; Dickinson and Pugh, 1974). During 
the past two decades, increasing attention bas been paid to the role of fungi in 
deterioration of man-made, or partly man-made materials, including plastics 
(for example by Awao et a/., 1971; Kestel'man et a/., 1972; Nyvkist, 1974; and 
Kavelman and Kendrick, 1978). Although not all experimental results have been 
consistent, and a number of conflicting reports exist in the lite ratu re, it has been 
shown that physical changes in plastic mater ials can be induced by fungal activity 
(Kestel'man et al., 1972). In general, however, a consensus bas emerged that 
synthetic polymers are highly resistant to biodegradation and where this occurs, 
decomposition is slow (Nyvkist , 1974). 

In recent years, biodeterioration of the internal fabric of buildings and of 
partly man-made materia ls such as textiles and paper bas commanded attention 
in many parts of the world. A substantial number of reports, including 
documentation of implicated fungi, have aweared. Miller and Holland (1981 ), 
for example, reported isolating thirty-nine fungal species, many cellulolytic, 
from various surfaces, including cloth, wallpaper and plaster, in two Canadian 
historic houses subjected to different environmental controls. Many of the 
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species encountered were said to have been previously found to be 
biocleteriogenic. Among those isolated most f requently were species of 
Alternaria Nees, A.sperAillus Mich., Cladosporium Link, PeniciWum Link, 
Phoma Sacc. and Trichodertn8 Pers. Two species isolated from plaster, 
Alternaria alternata (Fr.) Keissler and Cladosporium herbarum (Pers.) Link, 
were said to be often found growing on the surface of that substrate under damp 
conditions. A second species of Cladosporium, C. cladosporioides (Pres.) de 
Vries, was found frequently on cloth. Two species of Ulocladium Preuss, U. 
botrytis Preuss and U. alterntlriae (Cooke) Simmons, were isolated from 
wallpaper. The former has been reported from a variety of substrates, 
including rotten wood, paper and textiles (Ellis, 1971 ), whereas the latter was 
previously known only from its type collection on damp wallpaper in the United 
Kingdom (Cooke, 1871; Simmons, 1967; Ellis, 1976). Strezelezyk (1981) 
reviewed aspects of the biodeterioration of paintings and sculptures. Other 
examples of similar studies include the following. Marcheva (1985) reported 
isolation of Alternaria alternata , Cladosporium herbdrum and Stemphylium 
botryosum Wallr. [anamorph of Pleospora herbarum (Pers. ) Rabenh.] from 
damaged paper documents in the Bulgarian state archives and discussed their 
cellulolytic activity. In the same year, Obtsuki (1965) stated that species of 
Chaetomium Kunze, Cladosporium, and Pem'cillium are often isolated from stain 
spots on flooded papers aocl fabrics in j apan. Ohawan aocl Agrawal ( 1986) 
encountered species of Acremonium Link, Alternaria , Aspergillus. Chaetomium. 
Cladosporium. Fusarium Link, Paecilomyces &in. and Penicillium on 
miniature paintings and lithographs in India. Jeffries (1986) found 
biodeterioration of mural paintings in Canterbury Cathedral, England, to be 
caused by Beauvaria albiJ (Limber) Saccas, a species whose type isolate 
originated from a mixed culture with Penicillium jensenii Zaleski [as 
PenicilliUm intricatum Thorn, which was thought by Raper and Thorn ( 1949) to 
be P. godlewskii Zaleski, a binomial now considered to be a synonym of P. 
jensenii (Pitt, 1979)) obtained from a book cover in the U.S.A. (Limber, 1940; 
de Hoog, 1972). The fungus was thought to utilize organic binders present in the 
original paint preparation. In the same study an unnamed species of 
Cladosporium grew out from one plaster sample. 

It is appa rent from the literature that a restricted but consistent group of 
fungi is associated with biodeterioration of such substrates as paper , textiles 
and plaster. The implicated taxa are diverse in terms of classification, rangine 
from the ascomycete genus Cmetomium to dematiaceous hyphomycetes such as 
Alternaria. Cladosporium and Ulocladium, other hyphomycetous genera such as 
A.cremonium, Aspergillus and Penicillium, and the pycnidial genus Phoma. 

During the course of a preliminary survey of fungi causing damage to vinyl 
wallpaper, carpeting, plaster-board and plaster in several hotels in the 
southeastern United States, a number of taxa have been isolated (Table 1). 
Stained and damqed wallpaper, toeether with discolored carpeting and plaster, 
all resulting from damp conditions in hotel guest rooms, were sampled. In oo 
situation was free water available. The moisture problems were predominantly 
associated with warm, moist outside air and air conditioning or with 
condensation on cold or chilled water pipes in the walls. Some of the fungi 
fowx:l, such as A.Jternaria alternata , Drechslera halodes Subram. & Jain and 
Stachybotrys atra Corda, a r~ common, ubiquitous dematiaceous byphomycetes 
known previously from foods tu ffs, paper and textiles (Ellis, 1971). Others, 
such as Ulocladium alternariae, have rarely been found while two, belonging to 
Cladosporium, are novel. In the case of carpeting and wallpaper, fungi occurred 
predominantly on the under surface of the substrate and, in particular instances, 
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individual fWlii predominated. Some of the fungi occurring on wallpaper could 
possibly have been utilizing, as a food source, the adhesive paste applied to it. 
Others appeared to penetrate the substrate and their presence could be detected 
by substantial discoloration. The new species of Cladosporium encountered are 
desc ribed herein. Attempts to isolate the species of Cladosporium in pure 
cultu re were only partly successful, s ince conidia of one could not be induced to 
germinate. Those of the other did so readily. Since all the essential features can 
be discerned from the collection made, the species not isolated is described 
f rom the substrate on which it was found. It is hoped that it will be isolated at a 
later date if a viable collection is obtained. 

TABLE 1 . Fung i found on carpet (C), plaster-board (P), and wallpaper (W) . 

Cabot Lodge, 
Tollahaaaee , FL 

Air-port Holiday Inn, 
J ack aonvi lle, FL 

King and Pr-ince Hotel, 
St. SiMOn's Island , GA 

PhoNJ herborua 
Stochybotrys otro 

Choetolliu• globosu• 
Penicilliu• siapl1cisc1•u• 
Stoch~o~botrys o t ro 

Acr-e.wonium strictu• 
Alternaria alternoto 
Asperg1llu5 versicolor 
Clodo5poriu"' geniculotua 
Pentcilltunr globru• 

Aspergillus fuaigotus 
Clado5pori ua br-eviroaosu• 
Curvulorio lunata 
Drechslero holodes 
Penicillium d•plicissi•u• 
Stochybotry5 otro 
Uloclodium olternorioo 

MATERIALS AND METHODS 

Representative samples of moldy or substantially discolored carpet, plaster 
and wallpaper were removed from ceilings, walls and floors of guest rooms, 
transported to the laboratory, and incubated in moist chambers [sterile Petri 
dishes containing three layers of filter paper soaked in sterile distilled water]. 
After four days at 25C, the samples and surrounding filter paper were examined 
for the presence of fungi and microscopic preparations in the form of slides 
were made as appropriate. Following initial observation and tentative identity 
determination, fungi encountered were isolated into pure culture . Dematiaceous 
bypbomycetes were isolated by removing conidia from conidiopbores with a 
sterile needle and transferring them to potato dextrose agar plates containing 1.5 
percent streptomycin sulfate to deter bacterial growth. All dematiaceous 
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hyphomycetes, with the exception of the Cladosporium growing on plaster, grew 
out onto the filter paper and, in most instances, pure colonies were appa rent , 
making isolation relatively easy. Plate cultures for colony descriptions and 
radial growth measurements were prepared on POA and MEA by r emoving discs, 
7 mm in diameter, obtained just behind the growing edge of a colony using a 
sterile cork borer, and trans ferring them singly to fresh plates. Colony colors 
were determined according to the color ranges of Komerup and Wanscher 
(1978). Determinations of colony color were made in daylight, as recommended 
by Pitt (1979), and directly against a white background. 

TAXONOMIC PART 

Cladosporium tenicu/atum Morgan-Jones sp. nov. (Figure I) 

Colonise effusae, atrobrunneae vel atrae, densae, fuligineae, crustaceae 
vel pulveraceae. Mycelium plerumque superficiale, ex hyphis repentibus, 
ramosis, septatis, laevibus, pallide brunneis, 2-3.5 JJffi crassis compositum. 
Hyphae ex ce11u1is inflatis interdum compositae. Conidiophora semimacronemata 
vel macronemata, mononemata, ex apice lateribusque bypharum saepe ex cellulis 
inflatis oriunda , plerumque simplicia, recta vel flexuosa, saepe geniculata, 
septata, medio brunnea, laevia, crasse tunicata, apicem ve rsus cicatricibus 
ornata, usque ad 64 JJffi longa, 3-4.5 JJffi c rassa. Cellulae conidiogenae 
holoblasticae, polybtasticae, in conidiophore integratae, cylind ricae. 
indeterminatae, terminates vel intercatares. Conidia sotitaria vel catenata, in 
catenas ramosas formata, sicca, medio brunnea, globosa, subglobosa, vel 
ellipsoidea, laevia, 0-1 septata, ad bases cicat rice protrudenti et at apices 1-2 
cicatricibus protrudentibus, basi plerumque papillata, 5-8 pm X 5-6 pm, 
ramiconidia usque ad 11 pm longa. 

In gypso, Airport Holiday Inn, jacksonville, Florida , U.S.A., December 
1987, B.j . jacobsen, AUA, holotypus. 

Colonies effuse, dark brown to black, dense , crustaceous or powdery, 
appearing as sooty patches on the dry surface of the substrate . Mycelium mostly 
superficial, composed of repent, branched, septate, smooth, pale brown, 2-3.5 
1.1m wide hyphae. Individual terminal or intercala ry hyphal celts sometimes 
inflated to 6-7.5 pm wide, becoming thick-walled, mid-brown and 
chlamydospore-like. Short chains of inflated cells sometimes present but these 
never becoming as large or as heavily pigmented as when occurr ing individua lly. 
Conidiophores semimacronematous or macronematous, often not distinguishable 
from the vegetative mycelium except in the fertile portion, mononematous, 
arising terminally or mostly laterally from the repent super fic ial hyphae , 
sometimes from inflated cells , usually unbranched, straight or flexuous , 
frequently geniculate, with one or more knee- like bends distally, septale, 
mid-brown, smooth, relatively thick-walled , bearing a number of conidial scars 
in the upper, f ertile part , up to 60 pm long, 3-4.5 )Jffi wide. Conidiogenous cells 
holoblastic, monoblastic, integrated, terminal or intercalary, indeterminate 
where terminal , cylindrical, sympodial or unsynchronized, bearing up to nine 
scars, f requently protruding at the conidiogenous loci. Conidia solitary or , more 
frequently, catenate, dry, mid-brown, smooth, globose or subglobose, unicellula r 
or, when ramiconidia, ellipsoidal or clavate and 1-septate, with a single 
protuberant , thin, basal scar where produced terminally on a chain, with a s ingle 
scar at each end where intercalary in position, or with a single scar at the base 
and two apically where a ramiconidium, base sometimes somewhat papi llate, 5-8 
)Jm X 5-6 )Jm, with an occasional ramiconidium up to 11 JJffi long. 
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FIGURE 1. Cladosporium genicul11tum. Hyphae , conidiophores and conidia. 
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On plaster ; North America. 

Collection examined: on discolored wall plaster, Airport Holiday Inn, 
j acksonville, Florida, U.S.A., December 1987, B.j . j acobsen, AUA, type. 

Cladosporium breviramosum Morgan-jones sp. nov. (Plate 1, figu re 2) 

Colonise effusae, avellaneae vel griseo brunneae, gossypinae vel breviter 
pilosae. Mycelium plerumque super ficiale, ex hyphis ramosis, septatis, laevibus 
vel verruculosis, pallide brunneis, 2.5-3.5 ~ crassis compositum. Colonise in 
aga ro decocta tube rorum velutinae, pallide griseo brunneae, post 10 dies 25C ad 
38 mm diametro; reverso atro brunneo vel atro . Conidiophora macronemata, 
mononemata, erecta, recta, r igida, cylindrica, crasse tunicata, verruculosa vel 
verrucosa, septata, media brunnea, apicem versus pallidiora et 1-2 ramosa , 
usque ad 360 ~ longa X 4-6 ~m crassa, ad bases 8-10 ~m crassa, apices versus 
3-4 JJm crassa. Cellulae conidiogenae holoblasticae, polyblasticae, terminates , in 
conidiophoris incorporatae vel discretae, pallide brunneae vel subhyalinae, laeves 
vel ver ruculosae , cylind ricae vel clavatae, cum 1-3 cicatricibus, incrassatis, 
sessi libus; cellulae discretae 12-22 lim longae. Conidia catenata, in catenas 
ramosas formata , subhyal ina , laevia, ellipsoidea vel fusiformia, aseptata, 3-6 X 
2-3 pm; ramoconidia clavata, 8- 11 X 4-4.5lJm. 

In papyrus par ietis, King and Prince Hotel, St. Simon's Island, Georgia, 
U.S.A., December 1987, B.j. j acobsen, AUA, holotypus. 

Colonies effuse, covering large areas of the subst rate, hazel-brown to 
brownish-grey, becoming darker with age, cottony or shortly hairy, conidial 
heads lighter , beige to light buff. Mycelium predominantly superficial , composed 
of branched, septate, smooth or minutely verruculose, pale-brown, 2.5-3.5 IJ.ffi 
wide hyphae. Colonies on potato dextrose agar [Oifco] (Plate 1, A) velvety, fla t, 
when young Nougat (503), becoming Drab Mouse Grey (SE3) with age, generally 
evenly colored except for a 2 mm wide, Nut ria (SF3) margin, after 14 days 
Brownish Beige I Saruk (6EA) with a Chocolate (Brown) (6F4) margin and 
Light Brown (608) at the extreme periphery, attaining a diameter of 36 mm at 
20 C after 10 days, 38 mm at 25C, and 52 mm at 30C, discoloring the agar pale 
yellowish-brown [Golden (4C6) to Pompeian Yellow (SC6)] at 25C; reverse 
blackish-brown to black. After three weeks colonies on PDA generally 
uniformly colored, without a darker margin. Colonies on malt extract agar 
[Difco] Olive Brown (4E6), thin, with ve ry little aerial mycelium except for 
scattered conidiophores, but sporulating abundantly, attaining a diameter of 40 
mm on MEA at 25C afte r 7 days ( Plate I , B); reverse pale olivaceous to smoky 
grey. Conidial masses dry, cream colored in vitro. Conidiophores 
macronematous, mononematous, erect, st raight, rigid, cylindrical, thick-walled, 
verruculose to verrucose or sometimes tuberculate ( Plate 1, D & E), 
particularly distally, septate, mid-brown, paler towards the apex, up to 360 }Jm 

long X 4-6 pm wide, J-4pm wide at t!Je extreme apex, 8-10 pm w10'e at lhe 6ase, 
bearing one or two lateral, fertile, unicellular riietula-like branches 
subterminally. Where two branches are present, they originate opposite each 
other at the same level, immediately below a septum delimiting the te rminal cell 
of the conidiophore , in a manner similar to those common in Paecilomyces and 
Penicillium. Conidiophores on PDA generally a little wider than those on the 
substrate but slightly thinner-walled and variable; semimacronematous, 
subhyaline conidiophores produced on this medium in addition to the typical 
macronematous form. Conidiogenous cells holoblastic, polyblastic, terminal, 
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FIGURE 2. Cladosporium breviramosum. A, Conidiophores and conidia from 
wallpaper substrate; B, same from culture on POA. 
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incorporated in the conidiophore as lateral branches, pale brown to subbyaline at 
the apex, smooth or verruculose towards the base, cylindrical or clavate, 
straight or slightly curved when lateral, with one to three thin, terminal or 
lateral, sessile scars, where scars are lateral often on a small protuberance; 
lateral discrete cells 12-22 )Jm long. Conidia in branched chains, subhyaline, 
smooth, ellipsoid or fusiform, aseptate, with small, thin, not easily discernible 
scars , 3-6 X 2-3pm; ramiconidia short-clavate, 8-11 X 4-4.5 pm. 

On rotting wallpaper; North America. 

Collection examined: on discolored wallpaper, King and Prince Hotel , St. 
Simon's Island, Georgia, U.S.A., December 1987, B.j. Jacobsen, AUA, type 
[isolate derived from this collection deposited at ATCC]. 

DISCUSSION 

When compared with lhe many species of Cladosporium Link described to 
date , C. geniculatum has a notably distinctive morphology. The combination of a 
strikingly geniculate conidiophore, rec:ognized in the choice of its specific 
epithet, and globose, mid-brown, relatively thick-walled conidia serves to easily 
distinguish it. Cladosporium bisporum Matsushima, described from dead leaves 
of plantain banana [Musa paradisiaca L.] collected in Okinawa, japan, bears 
some resemblance to C. geniculatum but differs in several important respects. 
In that species, conidia, which are shaped and pigmented similarly to those of C. 
geniculatum, are produced in pairs. A te rminal , subglobose or obovoid conidium 
is invariably subtended by a single fusiform conidium (Matsushima, 1975). The 
conidiogenous loci, in contrast to those of C. geniculatum which are scattered 
more or less evenly over the terminal, fertile portion of the conidiophore, tend 
to be localized in clusters at swollen nodes in C. bisporum. An additional 
distinction lies in the fact that the latter produces a Dactylaria synanamorph. 
The conidiophores of C. tnlJcrocarpum Preuss have something of the aspect of 
those of C. teniculatum in being brown and somewhat geniculate. The conidial 
scars on the conidiophore in that species are, however, very dark and its 
olivaceous brown, densely verrucose, frequently septate conidia are distinctive. 
(Domsch et al., 1980; Matsushima, 1985) . Among species of Cladosporium 
reported from artificially created ecological niches and broadly similar 
environments, C. Jeprosum Morgan-jones resembles C. geniculatum in producing 
colonies of identical gross appearance. That species forms clusters of swollen 
hyphal cells in the form of rudimentary stromata f rom which conidiophores 
arise. Its conidia differ from those of C. tem'culatum in being much paler and 
mostly ellipsoid to doliiform in shape. 

Cladosporium breviramosum is easily distinguishable from other species 
of the genus by a combination of several characteristics. Many of the species 
known in vitro have olivaceous or greyish green colonies. Among those having 
colonies in various shades of brown or greyish brown, C. breviramosum bears 
some similarity in coloration to C. avel/aneum de Vries, judging from the 
desc ription of that species published by de Vries (1952). It is interesting to note 
that C. avellaneum was reported to produce a diffusing brown pigment since 
colonies of C. breviramosum, grown on POA at 25C, discolor the agar, giving a 

PLATE 1. Cladosporium breviramosum. A, 10-day-old colonies on PDA at 2SC; 
B, 7-day-old colonies on MEA; C-F, scanning elect ron micrographs of 
conidiophores and conidia. 
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yellowish-brown bue. In the absence of precise documentation of coloration 
relative to a standard color range, such as that contained in the "Methuen 
Handbook of Colour", it is difficult, however, to make valid comparisons. 
Matsushima (1975) describes several species, such as C. bisporurn Matsushima, 
C. chlamydospora Matsushima [as "C. chlamydosporis"], C. colocasiae 
Sawada, C. Jax.icapitulatum Matsushima and C. porphorum Matsushima as having 
colonies that are ''brunneae", "brunneo-griseae", "fulvae", or "fuscae", but these 
terms are approximations and are too imprecise to be of use in making a detailed 
comparison. Cladosporium breviramosum differs in morphology from species 
known to have colonies in various shades of brown, as well as !.bose that are 
olivaceous. The presence of opposite decussate, lateral, appressed or very 
slightly divergent, branches originating a short distance below the conidiophore 
apex in the manner of some species of Paecilomyces and Penici/Jium is 
infrequent in Cladosporium. Branching in most species of the genus occurs in 
the form of detachable ramiconidia. A species such as C. orchidis E.A. & M.B. 
Ellis, for example, which bears a conidial head superficiaUy similar to that of 
C. breviramosum, branches by ramiconidia rather than non-detachable, true 
branches. Both C. asterinae Deighton and C. musae Deighton have branched 
conidiophores with some branches originating in a fashion simi1ar to those of C. 
breviramosum. Branching in those two species is , however, somewhat irregular 
and branches are sometimes septate. Stover (lm) reported C. musae to usually 
have three or four terminal branches. Other branched species, such as C. 
apicale Berk., C. gallicola Sutton, and C. gynoxidicola Petrak, have widely 
divergent branches originating at separate levels along the upper third of their 

p~~~~~~~~·,. .. T~~n~~~~a ;:!;· !J;r:'o~~~?~!, ar;!tmr::eitl!k:u~~~~c~!t sk~i~s ~: 
leaves and in possessing thick-walled, dark brown, branched conidiophores it is 
very different from that genus. 

The verruculose to verrucose or tuberculate nature of the conidiophores of 
C. breviramosum is particularly distinctive. Some conidiophores are verruculose 
throughout most of their length, others are verruculose or verrucose 
predominantly towards their apices. In some instances, in conidiophores 
originating on the wallpaper substrate, the distal part becomes tuberculate. Such 
ornamentation is not unknown in the genus, however, but is much more 
pronounced in C. breviramosum than in other species. Cladosporium resinae 
(Lindau) de Vries [anamorph of Amorphothecll resinae Parbery] has 
conidiophores that are either smooth or bear irregularly scattered warts. 
Although the conidiophores of C. herbarum are smooth, the conidia are 
verruculose and those of C. Vllriabile (Cooke) de Vries and C. mllcrocarpum are 
densely verrucose. 

The penicillus-like conidial heads in C. breviramosum have a superficial 
appearance very much like those of species of Pllecilomyces . Also, the conidial 
chains, apart from being branched, look similar to those of that genus although 
their ontogeny is entirely different. It resembles a number of other 
CJ11dosporium species in this regard including C. llve/Jllneum, C. eleg11ns 
Matsushima and C. cerophilum Matsushima. 

FURTHER COMMENTS ON CLADOSPORIUM 

Although over five hundred epithets have been published in the genus 
Cladosporium and a critical revision, based on type studies, is long overdue, 
authors have continued, during the last three decades, to describe many new 
species in it. It is well recognized that the task of determining the status of 
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many of the older names is an onerous one and it is more than likely that 
difficulty will be experienced in typifying many of them. In addition, many 
species described in Cladosporium in the early literature are undoubtedly 
misplaced in it. Our current understanding of the genus stems in large part from 
the work of de Vries (1952) who described, noting their characteristics in vitro, 
C. herbllrum, the type species, And eight others which he considered to be typical 
of the genus. In spite of uncertainty about the status of many binomials, addition 
of taxa to the genus has gone unabated in recent years. Between 1970 and 1986, to 
our knowledge, some forty-six species and one variety have been added to it. Of 
these, thirty- three were described as new . This activity bas, at least in part, 
been undoubtedly stimulated by the work of de Vries and that of Ellis (1971, 
1976) , who added substantial ly to our knowledge of the genus by describing a 
total of forty-three speci~s . Some of these were transferred into Cladosporium 
from such defunct genera as Cladotrichum Corda [= Oedemium Link, fide 
Hughes (1958)] and Heterosporium Klotzch [now considered a synonym of 
Cladosporium]. Other species treated included ones recognized from the time of 
the inception of the genus in 1815 to one described by B.C. Sutton in 1973. Some 
species are host-specific plant pathogens, many implicated in induction of leaf 
spots , others occupy peculiar ecological niches. Several, for example, C. 
castellanii Borelli & Marcano, C. devriesii Padhye & Ajello and C. trichoides 
Emmons var. ch14mydosporum Kwon-Chung, have been associated with medical 
disorders of humans, whereas some, such as C. chl.,mydospora and C. elegans, 
are garden soil inhabitants. Several are hyperparasitic on other fungi, including 
rusts. A substantial number have been recorded from synthetic or partly 
artificial substrates. Cladosporium leprosum was described from a collection 
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brevicatenulatum Rebrikova & Sizova from ancient cloth. A few species are 
ubiquitous. Cladosporium resinlle has been r eported from kerosene, soil , 
creosoted wood, res in, and face cream, while C. herb6rum and C. 
sphaerospermum Penz. are known from foodstuffs, paint and textiles as well 
as dead, herbaceous and woody plants (Ellis, 1971). In view of the previously 
known occurrence of Cladosporium taxa in usual circumstances and on 
unnatural substrates, it was not surprising to come across two during the course 
of the present study. Their novelty and distinctive features were, however, 
unexpected. 

Although unified by details of conidiogenesis and conidiophore , together 
with conidium morphology, the genus Cladosporium, as it now stands, is a 
somewhat heterogeneous taxon. The characteristi cs of possession of 
macronematous conidiophores, mostly integrated, sympodial, cicatrized, 
holoblastic conidiogenous cells, and catenate conidia bearing small but distinct, 
often protuberant scars, bring together a number Of disparate elements. This is 
reflected by the fact that where teleomorph connections are known, some are 
totally un related. The teleomorph of C. resinae, Amorphotheca resinae, for 
example, is classified in the monogenic family Amorphothecaceae of the 
Eurotiales whereas C. echinulatum (Berk) de Vries and C. iridis (Fautr. & 
Roum.) de Vries, have teleomorphs, M. dianlhi (Burt.) Jorstad and M. 
macrospora (Kleb.) jerstad respectively, belonging to Mycosphaerella 
johanson, a genus of the family Dothideaceae, order Dothideales. Cladosporium 
herbarum, the type species, also has a Mycosphaerel/a teleomorph, namely M. 
tassi8Jl8 (de Not.) j ohans (von Arx, 1950, 1983; Barr, 1958; Corlett, 1988). Barr 
(1958) considered the names C. herbsrum and C. macrocarpum to be probably 
based on the same variable entity and Corlett (1988) r eported an anamorph 
closer to C. macrocarpum than C. herbarum associated with one collection of 



234 

M. tassiana. It appears that C. macrocarpum is a form of C. herbllrum having 
thicker-walled, more distinctly macronematous conidiophores, and larger, more 
verrucose conidia that bear up to three septa. Cladosporium variabile (Cooke) 
de Vries is also closely similar, being distinguished only by the presence of 
spirally coiled, aerial hyphae and pathogenicity to Spinacia oleracea L. Two 
species, C. bumile ] .] . Davis and C. Cllr pophilum Thiim, have teleomorphs, V. 
acerifJIJ Plakidas and V. carpophila Fisher respectively, in Venturi11 Sacc., a 
member of the Ventu riaceae, Pleosporales. The hete rogeneous nature of the 
genus also accounts, at least to some degree, for the variety of habitats in which 
its members are found and growth capabilities in vitro . T hose that are obligately 
pathogenic on higher plants, such as C. c11ryigeoom (Ell. & Lang.) Gottwald, the 
causal organism of pecan scab, grow poorly on agar media (Gottwald, 1982) and 
a re slow to sporulate, whereas, saprophytic species such as C. cladosporioides 
grow rapidly and sporulate abundantly in culture. Anomalies in 
anamorph/ teleomorph connections, particularly where a teleomorph genus, such 
as Venturia, has anamorphs in more than one form-genus, well illustrate the 
unsatisfactory nature of some of the currently accepted taxonomy. There is 
little doubt. for example, that the Cladosporium anamorphs of V. carpophila and 
V. accrina have more natural affinity with Fusicllldium virescens Bon., the 
anamorph of Venturill pirifJIJ Aderh. and type species of Fusicladium Bon., than 
they do with many of the saprophytic species of Cl11dosporium in spite of the 
fact that they r esemble the latter in having catenate, cicatrized conidia. The 
dilemma that arises when attempting to classify some of these anamorphs is 
fu rthe r illustrated by the nomenclatural history of C. caryigenum [syn. 
Fusicl11dium effusum Wint.], a species that has been removed from Fusicladium 
to Cladosporium and back again, only to end up recently once again in the latte r 
(Demaree, 1928; Lentz, 1957; Gottwald, 1982) . In morphology and growth pattern 
its conidiophores are s imilar to those considered typical of Fusicladium , and 
very like those of the Fusicladium state of Apiosporina morbosa (Schw .) Arx 
[Venturiaceae], the cause of black knot di sease of Prunus spp., but it has 
catenate conidia which closely resemble those of C. humile. T he fact that 
Microcyclus ulei (P. Henn.) Arx [Doth.ideaceae] has a Fusicladium anamorph 
also indicates the artificiality of these form-genera as presently conceived. 
Saprophytic forms, such as those described in this paper, and the species of 
Cllldosporium that are obligate pathogens of higher plants are , clearly. 
phytogenetically unrelated. T heir common denominator , presence of 
predominantly unicellular, cicatrized conidia borne in branched chains, reflects 
convergent evolution rather than true affinity. Even within those that are 
parasitic on higher plants, relatively clear-cut di scontinuities are apparent. A 
series of species, most of which were at one time classified in Heterosporium, 
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(Ell. & Barth. ) M.S. Ellis, C. Jocroixii Desm., C. maAnusiaoom (Jaap) M.B. 
Ellis, C. ornithoAilli (Klotzch) de Vries [lectotype species of Heterosporium], C. 
phlei (C.T. Gregory) de Vries and C. polygonati M.B. Ellis, form a natural 
group. Thei r broadly oblong, predominantly mulliscptate , verruculose, mostly 
solitary conidia borne on geniculate, sympodial, f requently nodose conidiophores 
are distinctive. Cladosporium hcrbarum, C. macrocarpum and C. variabile, all 
three of which have verruculose to verrucose conidia, are allied to them. These 
arc very different from the Cl11dosporium anamorphs of Venturill and similar 
species such as C. buteicola Cooke, C. csryigena, C. cucumerinum Ell . & Arth. 
and C. spongiosum Berk. & Curt, which have fusiform, smooth, mostly 
unicellular conidia. The genus bas also contained several species with 
micronematous conidiophores and conidia which lack conidial scars. 
Cladosporium bantiaoom (Sacc. ) Borelli, recently transferred to Xylohyphll 
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(Fr.) Mason (McGinnis et al., 1986), is one such example. 

A critical revision of Cl adospor ium will necessitate not only determination 
of the status of the plethora of binomials contained in it but a reconsideration of 
the validity and usefulness of the presently accepted concept of the genus. 
Available knowledge indicates the presence of reasonably well-defined groups 
within it as currently circumscribed, namely; saprophytic forms, one of which 
is known to be the anamorph of a member of the Eurotiales, anamorphs of 
Mycosphaerella and similar forms, and anamorphs of Venturia and similar 
forms . The segregation of these into separate form-genera would result in a 
more natural classification but it remains to be seen whether or not all of the 
taxa in this complex can be satisfactorily assigned to one or other of these 
groups. Those that are likely to be problematic in this rega rd include some of 
the species bearing branched conidiophores alluded to earlier. Taxa such as C. 
gallicola and C. asterinae, which are hyperparasitic on other fungi , or those that 
occur superficially on leaves, such as C. gynoxidicola, do not fit well into any 
of the three categories but are closer to the saprophytic forms than to the 
pathogens. A species such as C. uredinicola Speg. , which has pale, 
semi-macronematous, occasionally branched conidiophores, and is hyperparasitic 
on species or Puccinia Pers., grows well in culture and produces colonies on 
agar media very like those of saprophytic species (Morgan-j ones, unpublished 
data). 
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ABSTRACT 

Ceroiosporopsis caduca sp. nov. collected at Friday 
Harbour, San Juan Island, Washington State, U.S.A. and 
Doha beach, Kuwait is described, and compared with other 
species, in particular C. cambrensis , C. halirrrl and C. 
capillacea. S.E.M. observations o n spore appendage devel
opment is made . 

INTRODUCTION 

Zainal and Jones (1984) referred a fungus they col
lected on decayed planks of a stranded dhow in the inter
tidal zone at Doha, Kuwait to Ceriosporopsis capillacea 
Kohlm. Subsequent examination of the type and d i scussions 
with J . Kohlmeyer showed that this collection was mis
identified and should be described as a new species. 'Ibe 
fungus had previously been recorded in August-September 
1981 at Friday Harbour, San Juan Island, U.S.A. Tne 
species descr iption is based on the Friday Harbour collect
ion, since this contained more material of the fungus . 

MATERIALS AND METHODS 

Driftwood entrapped amongst boulders was col lected at 
various localities on San Juan Island, Washington State 
during August-September 1981 (Jones, 1985 ) and wood from 
the intertidal zone was collected at Doha port , Kuwait, 
January-February, 1983 (Zainal and Jones, 1984). The wood 
was subsequently incubated for several months and examined 
periodically for fruiting bodies (Jones, 1971). Scanning 
electron microscope techniques are as described by Moss 
and Jones (1977 ) • 
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TAXONOMIC PART 

Ceriosporopsis caduca sp. nov. (Figs. 1-18) 

Ascocarp! 800-900~ alti, 900-1100-.un diametro , ellip
soidei-subglobosi, immersi, ostiolati, papillati , coriacei, 
brunneoli ad brunnei. Peridium 2-stratum, 35WD crassum, 
Collum 150-lOOOIJDllonqum, 85-9Sum diametro , cylindricum, 
periphysatum. Pseudoparenchyma leptodermum. Asci 97.0-
135.0 x 20-25JJm, octospori, clavati, pedunculati, unituni
cati , leptodermi, sine apparato apical! , maturitate deli
quescentes , ad basim ascocarp! orientes. Ascosporae (10-) 
21.0-34.0 x l0.0-l7.01!1D (mediet. 27 . 0 x l2.01J1D), ellip
soideae, uniseptatae, hyalinae, appendicibus polaribus in 
utroque extrema, et append ice annular! circum septum cen
trale. Appendices polares ex parietis sporae orientes , 
10.0-54.0 x 3.0-5.0~ (mediet. 25.0 x 3.0j.UD), et cinctae 
fabrica sacciform! in aqua cadenti. Habitat: in ligna. 

Ascocarps 800-900j.UD high, 900-llOOJ,tm in diameter, 
ellipsoid to subglobose, immersed, ostiolate, papillate, 
coriaceous, light brown to brown. Peridium )S j.UD thick, 
two-layered . Neck 150-lOOOj.UD long, 85-951Jm in diameter, 
cylindrical, centrally inserted, periphysate. Pseudoparen
chyma thin-walled. Asci 97.0- 135.0 x 20 .0-25.0~ 1 eight 
spored 1 clavate, pedunculate, unitunicate, thin-walled, no 
apical apparatus, deliquescing at maturity, born at the 
base of the ascocarp. Ascospores (10-) 21.0-34 . 0~ long 
x 10.0- 17.0j.UD (average 27.0 x 12.0j.UD), (excluding append
ages) , ellipsoidal, one septate 1 hyaline with polar append
ages at each e nd and an a nnulus- like appendage around the 
central septum 5-71Jm thick. Polar appendages arising as 
o utgrowths of the spore wall, 10.0-54.0 x 3.0-5 .0~-~m 
(average 25.0 x 3.0j.UD} and surrounded by a sac-like s truc 
ture which is shed when mounted in water. 

Figs. 1-10 . Ceriosporopsis caduca . All interference light 
micrographs . 1-4. Ascospores with coiled polar appendages 
(arrowed p} and equatorial appendages (arrowed) • 5-8. 
Ascospores with uncoiled polar appendages (arrowed p) with 
the outer sac- like sheath (arrowed 0) and central part 
(arrowed c). Equatorial appendages arrowed. 9 ,10 . Asco
spores with polar (central portion arrowed c) , outer sheath 
like part (arrowed 0) , equatorial appendages (arrowed) and 
discarded outer sheath of the appendage (arrowed do) . 
Bar lines : lOj.UD. 
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Substrates: Driftwood (Pinus sp.) 

Bolotype: Slides 1-11 and dried material I.M.I. 322552. 

I so type: Dried material on driftwood, Friday Harbour, 
Washington State, September 1981, deposited at the Herbar
ium , Portsmouth Polytechnic. 

Etymology: From the Latin caducus falling with reference 
to the shedding of the outer sheath surrounding the polar 
appendages • 

Johnson, Jones and Moss (1987) in their review of the 
genus Ceriosporopsis accept 3 species (C. halima Linder, 
C. aarribrensis Wilson and C. t;ubulifera (Kohlm.) Kirk, while 
they suggest that C. capiZ.laaea and C. circwmJestita Kohlm. 
& Kohlm. be re-examined at the transmission electron micro
scope l evel for spore appendage development and ontogeny. 
Koch and Jones (1986) have described C. sundica Koch & 

Jones from collections made in Denmark and pointed to the 
uncertain position of C. barbata HOhnk, a species of which 
there is no original ma t erial l e ft. Although three species 
are accepted on ultrastructure features of the ascospores 
and appendages, there is considerable difference in spore 
ontogeny between C. halim:z and C. tubulifera. 'Ibe former 
has polar appendages that arise frcm the spore wall, and 
are surrounded by an exosporium which breaks up at matur
ity. In C. tubulifera the exosporium is persistent and 
forms an end chamber within which the polar appendage deve
lops. '!he appendage does not arise from the spore wall. 
Johnson et al. (1987) retain C. tubulifera within the genus 
until other species are examined and to enable an evaiua
tion of the degree of variation in spore ontogeny to be 
undertaken. C. tubulifera also differs from C. halirra in 
having equatori a l appendages. C. sundica and C. caduca 
appear to have appendages that ·arise from the spore wall 
(Figs. 17, 18 ) and thus agree with that of the type species 
C. halim:z. However, this aspect needs to be confirmed a t 
the transmission electron microscope level . 

Fig s . 11-18. CePiosporopsis caduca . All scanning electron 
micrographs. 11. Ascospore with long polar appendages 
(arrowed) • 12-14 , 16. Outer sac-like sheath of the polar 
appendages (arrowed) which separates from the inner part 
(arrowed 0) . 15 , 17, 18. Strap-like polar appendage once 
the outer sheath has been discarded. Bar lines: 11-17 = 
10).1111, 18 = 2.5 ).1111 . 
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Polar appendages in C. capillacea are hollow tubes 
but their origin is unknown. For exampl e, are they homo
logous with the end chambers of C. tubulifero? C. circum
vestita, unlike the type species (but similar to C. tubu
lifera) , has both polar and equatorial appenclages. However, 
unlike C. tubulifero, no mucilage is extruded from the 
polar appendages and both polar and equatorial appendages 
are persistent in C. circwm;estita, 

As can be seen from the above discussion C. caduca 
has characteristics in coumon with C. halima and C. tubuZ.
ifera. Spore appendages that arise from the spore wall are 
reminiscent of C. halilTKl but is the shed sac- like sheath 
(Figs. 9, 10, 12-14, 16) homologous with the exosporia! 
layer of C. haUrrv.? C. tubuUfera and C. caduca both have 
polar and equatorial appendages (Figs. 1- 8), but the pol ar 
appendages develop .in quite different ways. Many onto
genetic features need to be examined at the transmission 
electron microscope level before the taxonomic position of 
all these species can be resolved. Much depends on the 
availability of fresh material for examining developmental 
and ontogenetic processes. 

Spore dimensions in C. caduca (21.0-(27.0)-34 . 0 x 
10.0-(12 .0)-17 .01JJD) most closely resemble those of C. cam
brensis (29.0-31.5 x 10.5-14.5~). However, the two 
species differ in the colour of the perithecia (black in 
C. cambrensis, pale brown in C. caduca), while C. caduca 
has both polar and equatorial appendages, the latter absent 
.in C. cambroensis. 

I n C. caduca the polar appendage is composed of two 
components: an outer tube-like p ersistent component which 
separates at its point of attachment (Figs. 12 , 17) to the 
spore to r eveal an inner mucilaginous or gelatinous append
age which appears strap-like (Figs. 15, 17) • Discarded 
tubes are frequently found on the slides or membranes (when 
prepared for S.E.M.) (Figs. 9 , 10, 14 , 16). The appendage 
proper is sticky and attaches the spore to surfaces (Fig. 
15). 'nlis species differs from C. capillacea in the strap
like appearance of the polar appendage. In C. capillacea 
the polar appendage is tube-like with oil globules from the 
cells "passing" into the appendages (Kohlmeyer, 1981). 

The main collection was from driftwood collected at 
Friday Harbour (temperate water), while a collection was 
also made from Doha, Kuwait. 
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KEY TO SPECIES OF CERIOSPOROPSIS LINDER 

l. Polar appendages only 
1. Polar and equatorial appendages 

2. Appe ndages, a hollow tube C. capiZ.Zacea Kohlm. 
2. Appendages, not a hollow tube 3 

3. Ascospores longer than 28~ C. cambrensis Wilson 
3. A seas pores shorter than 28um 4 

4. Exosporic sheath, wide, C. sundica Koch & 

constricted at the septum Jones 
4. Exosporic sheath, narrow, C. barbata H~hnk 

not constricted at the septum 

5 . Mucilage released from polar C. tubu'Lifera (Kohlm . l 
appendage Kirk 

5. No mucilage released from 
polar appendage 6 

6. Polar appendage persistent, C. circwrrvestita 
equatorial appendage lobed (Kohlm.) Kohlm. 

6. Sheath surrounding polar 
appendage shed, equatorial C. caduca Jones & 

appendage not lobed Zainal 
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TAXONOMICAL STLOIES ON USTILAGINALES- D-

T egelbr'-'<av8gen 1, S- 780 41 Cagnef , Sweden. 

ABSTRACT 
Three new species of Uatil aginales ere described: Anthracoidea kukkonenll Vflnky 
on Carex dlatachya, Doaseonsia sparganii VAnky on Sparganlum erectum, and 
Thecaphora oberwinkleri V6nky on Androsace fedt.achenkoi. 

In the course of my taxonomical investigations on Ustilaginales, several 
specimens could not be identified with any earlier known species and therefore 
they are ptopOf:led here as new species. The!le are: Anthracoldea kukkonenll 
V4nky, In the ovaries of Carex distachya Deaf. from Alger ia, Doaasanaia 
aparganii Vll.nky, in the leaves of Sparganh.rn erectum L. from Czechosiovak•a, 
and Thecaphora oberwinlderi VAnky, In the seeds of Androsace fedt.schenkoi 
Ovcz. from China. 

Anttracoldaa kUdconenU Vllnky, ap. nov. 

Typus In matrlce Carex diatachya Deaf. (subgen. lndocarex), Algeria, 
Castiglione, 29.111.1925, leg. H. H~.mbert (Herb. R. Maire 8646, MPU!). 

Sori in ovariis dispersis corpuscula ovoidea, d.l ra, cca. 4 mm Ionge formantes, 
in statu juvenili membrana argentea fungo orta obtegenti sed serius dissolute et 
massam nigram agglutinatamque sporarum monstranti. Sporae forma et 
megnltudine variae, e latera albcirculares, ovoideae usque ad irregularlter 
rotundato-polyangulares, D -22 x 14-24 ~m , e latere compressae (12 - 15 lJm 
craasee), atro-rufobrumeae, parlete lnaequal lter lncraaaato, 1,5- 4 lJm crasao, in 
angulia craasissimo, in LM lenlter et dense ve rruculoeo (propterea ex trema linea 
sporar~.m undulate ve l albtUlter serrulate), gibberis 1-3 vix conspicuis U5que ad 
bene evolutls, deinde nonnunquom areis refracti vis ad partem craulsslmam 
parietls, deique Sl4ler poles pileis tenuibus instructo. Superficies sporar~.m In 
SEM verrucis dense dispositis, humilibU51 rotundatls et ad palos nonnunquam 
lineamentis irregulariter confluentlbus, verrucoels. 

Ab Anthracoidea carlcls (Pera. ) Bref. a. atr. imprimis aporia forma magis 
regularibus, obecuriorlbua et par lete ear~.m crassiore differt. 

Sori (Fig. 1) in scattered ovaries forming ovoid, hard bodies, c . 4 mm long, 
when young covered by a thin, slivery fungal membrane which flakes away 
exposing the black, agglutinated spore mass. Spores (Fig. 2) variable in form and 
size, In plan view slbclrcular, ovoid to ro unded polyangulerly irregular, 13-22 x 
14-24 lJm, flattened (12-15 JJm thick), dark reddish-brown; wall of uneven 
thlckneee, 1.5-4 ~ wide, thickest at the angles, In LM fine ly and densely 
verruculose causing the spore profile to appear wavy or finely serratulate, 1-3 
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Fig. 1. Anthracoidea kukkonenii on Carex dlstachya (Type). 
Sori in scattered ovaries. 
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hardl y visib le to well-developed lnt ernaJ swell ings present and sometimes 
li ght -refractive spots on the thi ckest area, and also thin, hyali ne caps on the 
polar regioos. Sur face In SEM (Fig. J) provided with densely situated, low, 
rounded warts, and sometimes with en irregul arl y confluent verrucu106e pattern 
on t he polar regions as a result of t he dried hyaline caps . 

Differs from Anthrocoidea caricis (Pers.) Bre f. s. str . especially in its more 
regular, darker spores possessing t hicker wall s, and in porasitising a member of 
the subgenus lndocarex. 

There is an additional repor t (Lagerheim, 1889:127) of an Anthrocoidea 
species (under the nome Us til ago caticis F uckel) on Carex longiset a Brat. (= !:; 
dis t achya), f rom Serra d Arrabida, near Convento da Serra, IV.l848, F. 
Welwitach, which I at first suspec t ed m ight refer to t his species. However, the 
examination of t he specimen preserved in Li sboa (LISU) revealed t he host plant 
to be Carex depress& Link or C . hal leriana Asso (rev. R . Berndt), and Ita parasite 
to be a di ff erent Ant lvecoidea species. Anot her collection In Maire's he rbarium 
(MPU), labelled as Cintr aclia caries on Carex dis tachya, f rom Algeria (A lger, 
20.tl1 .1942, J. Feldmann), simil arly does not belong t o A. kukkonenii; t he host 
plant not being C . distachya. 

This species is dedicated to O r. Ukka Kukkonen (B ot anical Museum, 
University of Helsi nk i, Finland) the reviver and review er of the genus 
Anthraco idea. 

Figs 2- ). Spores of Antlvacoldea kukkonenii (Type} in LM and in SEM. 
(Bars = 10 IJm). 

In several herbari a t here arc preser ved samples of ''Entyloma Typhacean .m 
N iess!" (on one label even "f. Sparganii r omoei"), "An Sparganium, BrUnn, 
v. Niess!", wi t h Niessl's handwri tten labels. The name is apparently a herbarium 
name. The examination of t he leaf - f r agments of Sparqanium erec t um L. (= ~ 
~ Huds.; verlf. C.D.K. Cook) showed that they contain spores of 
Physoderma searganii-ramosi (BUsgen) SchrOter and, in addi t ion, spore ball s of an 
undescribed Ooass ansla species. 
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Ooutawia 'PI!'Qa'lli VMky, sp. nov. 

Typus in matrice Sparganium erectum L (= ~ Huds.), una cum: 
P soderma s or anii·ramosi (BUsgen) SchrOter, Cechoelovacia, Moravia, Brno 
olim BrUnn, leg. G . Niess! von Mayendorf. Holotypus in Herbaria Ustil. Vinky 

(HUV 7411), isotypi in BP, BPI , K, M. (Unfortunately, there is no mat erial of this 
fungus preserved in BRNM, PR and PRC; K. Sutory, in lilt.). 

Sari foliicolee, inconspicui, in speciminibus ve t ustis a textis follorum sanls 
non distincti, glomerulos sporarum singulos vel agg regetos continentes, in t extia 
matrlcls lmmlssi, post dissolutionem folion.m tanll.rn visibiles. Glomeruli 
sporarUTI globosi, ovoldel, elongati vel parum irregulares, 160-200 x 160-320 
~m, permanentes, pallide bri.Klne i, e masse centraJI sporarum permultarum 
(pluries centum?), a s tratis irregularibus 2-5 cell ularum sterilium circumdeta 
compoe:iti, Sporee ellipsoideoe, elongotoe vel plen.mque irregulariter rotundato
polyanguleres, 6,5-10,5 x 9-14 )Jm, set dense collocetae, subhyalinae usque ad 
pallide flavae, parlete tenui (cca. 0,5 )Jm crasso), !eves. Cellulae steriles dense 
compoct oe , rotundatae usque ad elongato-lrregulares, aaepe parum lobatae, 
sporis majores (9-14 x 12-24 )Jm), pal lide flavobrunneae, inanes, pariete levi, 
0,5-1(-1,5) )Jm cresso. 

Sari (Fig. 4) in the leaves , inconspicuous, in old material indistinguishable 
from the healthy tissues, containing solitary or grol.fjed spore balls embedded in 
tt'e host tissue, visible only on dissection of the leaves. Spore balls (Fig. 5) 
globose, ovoid, elongate or s lightly irregular, 160-200 x 160-320 )Jm, 
permanent, light brown, composed of a central m898 of numerous (hundred?) 
spores su rrounded by 2-5 irregular layers of sterile cells. Spores ellipsoid, 
elongate or most frequently rounded polyangularly Irregular, 6.5-10.5 x 9- 14 
1-1m, rather densely si t uated, stbhyallne to pale yellow, thin· walled (c. 0.5 pm), 
smooth. Steri le cells closely compacted, rounded- to elongated·i rregular, often 
somewhat lobed, larger than t he spores (9-14 x 12-24 pm), light 
yellowlsh·brown, empty, with smoot h, 0.5-1(-1.5) )Jm thick wall. 

Another spore·ball· formlng smut in t he leaves of SparganiUTI e rectum is 
Nannfeldtiornyces searganii (Lgh.) VAnky, which Lnl lke Ooassansla sparganll has 
loose, readily disintegrating spore balls compoe:ed of spores and a network of 
thin, branched mycelia (camp. also V6nky 1981). 

4 1cm 

Fig. 4. Doassansla sparganil on Spargani um erectum (Type). 
Sori with spore balls embedded in the leaf tissue. 
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Fig. 5. Part of a spore ball of Doassansla sparganll (Type) composed of a central 
maae of spores surrounded by sterile ceiJs in se\leral, Irregular layers (Embedded 
In Spun-'s plastic, sectioned, and stained wi t h crystal-violet; Bar= 10 lJm). 

During the revision of herbarium specimens from Leningrad - Pushkin (LEP), I 
found a collect ion of Androsace fedtschenkoi parasitised by an undescribed 
Thecaphora species: 

Thecaphora oberwirtieri VA.nky, sp. nov. 

Typus in matrice Androeace fedtachenkoi Ovcz., Sine, Ozhagir, Otu-Serdzhal, 
2.VU.l897, leg. E.M. Shumakov (LEP!). 

Sari corrumpentes semina, refercientea capsulas matricis m8&8a 
glomerulorum brunnea, glomeruloso-pulverea, evacuanda per apices capsularum 
In statu dehiscendi. Glomeruli sporanm globoal, sl.bg loboei, ovoidei, raro usque 
irregulariter elongatl, 28-S6 x 28-77 )Jm, mediocriter aurantiaco-brunnei, e 
sporis multis (l0-)20-cca.100, firmiter connectis compooiti. Sporae forma et 
magnitudine varlae, prlncipaliter formam pyramidi rotundatl lmltantes: beals 
earln'l verallt •1.4Jer fici em apex vero versus centnrn glomeruli spectans, 
altltudine 10-16(-20) ~m. Basis sporarum extrorsa Jrregulariter rotundato
polyangularis, 5-12 x 6-16 ~m, papillis remote usque densiuscule sparsis, 
craasis, irregularibue, usque ad 3 ~m altis ornata. Sporae singulares, sub SEM per 
cristam levem elevatam unitae. Paries contiguus sporan.m tenuls (cca. 0,5 JJm), 
levis. 

A Thecaphora androsacina Vtsnky, in Androsace maxima L., imprimis 
glomerulis polysporls sporwum firmlter l.l'litarum, e t cristis inter sporis in 
Sl4Jerficle glomertJorun alb SEM vlslblllbua distincta, in comparatione sporarum 
minorum (16-35 x 20-52 JJm), facile separabilium, deinde glomerulorum 
2-15(-25 ?)-aporarum, atque inopiee cristarum Inter aporas Thecaphora 
androsacinae. 

Sari (F"ig. 6) destroy the seeds, filling the capsules with a brown, 
granular-O..Sty mass of spore balls which become scattered when the capsules 
open at their apices. Spore balls (Fig. 7) globose, albglobose, ovoid to rarely 
Irregularly elongated, 28-56 x 28-77 JJm , medium orange-brown, composed of 
numerous, (10- )20- 100? , firml y t.nlted spores. Spores (F ig . 7) variable in form 
and si:r:e, shape basically rounded pyramidal, oriented with b89e on the surface 
and top toward the centre of the spore ball, height 10-16(-20) JJm. The free 
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s urfaces of the spores are irregularly rounded~polyangular, 5-12 x 6-16 )Jill end 
provided wi th sparsely to moderately densely si tuated, coarse, irregular papillae, 
1..9 to 3 pm hlgh. In SEM (Fig. 8) t he spores are united by elevated, smooth ridges. 
The cont iguous walls of the spores are t hin (c. 0.5 pm), smooth. Type on 
Androsace fedtschenkoi Ovc z ., C hina, Dzhagir, Otu-Ser dzhal, 2.VII.l897 , coli. 
E.M. Sh...-nekov (LEP). 

Differs f rom Thecaphora androsacina VA.nky, on Androsace maxima L. , 
especially by its large , many-spored balls composed of firmly ~.r~ited spores, and 
by the presence of r i dges between t he spores on the surface of spore bal ls seen In 
SEM, as compared with the smaller (16- 35 x 20-52 pm), readil y separating spore 
balls composed of 2-15(-25?) spores in T. androsacine, in which ridges between 
the spores ere also lacki ng (Figs. 9, 10; comp. also VAnky, 1982). 

This species is named in honour of t he excellent botanist and fine human 
being: Professor F ranz Oberwink ler (Universi ty of TO bingen, W. Germany). 

Fig. 6. Thecaphora obcrwinkle r i 
on A ndros ace fedtschenkoi (Type). 
Sor i In the capsules dest roying 
the seeds. 

6 

F igs. 7-8. Spore ball s end spores of Thecaphoro oberwinkleri in LM ond in SEM. 
(Bars - 10 ~o~ m). 
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F'lgs. 9-10. Spore balls and spores of Thecaphora androsacina V6nky on 
Androsace maximaL. (USSR, Saratov, l.VI.l922, A. Doroschenko) in LM ond in 
SEM. (Bars 10 pm), 
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ABSTRACT 

Phoma destrucliva Plow right, the causal organism of tomato fruit rot, is 
described and illustrated. Its cultural characteristics and the anatomy of its 
pycnidial wall are documented. Differences between it and Phoma Jycopersici 
Cooke, the anamorph of Didymella Jycopersici Klebahn, are noted . 

INTRODUCTION 

In the immediately preceding paper in this series, in which Phoma 
Jycopersici was reclescribed, we alluded to the fact that it resembles Phoma 
destructiva , another species commonly occurring on tomato [Lycopersicon 
esculentum Mill.]. Phoma destructiva is, like P. lycopersici, implicated in 
tomato fru it rot, but awarently has a wide r host range. As indicated previous ly 
(Morgan-Jones and Burch, 1988), howeve r , the literature on the subject of 
occurrence of particular Pho1114 species, including the above mentioned two and 
Phoma exigua Desm ., on members of the Solanaceae is replete with questionable 
information, contradictions, and doubtful application of binomials . It is therefore 
next to impossible to determine with certainty many host records and even, in 
some instances, the association of individual taxa with specific disease 
syndromes. 

Phoma destructiva was originally described by Plow right ( 1881) as the 
cause of a black spot upon the crown of tomato fruit. In the same year 
Spegazzini (1881) described a fungus, Phyllostict• hortorum Speg. [= Ascochyta 
hortorum (Speg. ) C.O. Sm.], found as a pathogen on leaves of eggplant and, 
almost twenty years later, Ellis and Everhart (1900) stated that this was 
common on tomato leaves. 

The occurrence and characteri stics of P. destructiva were the subject of a 
detailed study by Jamieson (1915) who reported the fungus to cause a frui t rot 
of tomatoes originating in Cuba and several states in the U.S. , including Florida. 
Most infected tomatoes had conspicuous dark lesions on the side and near the 
stem end. Inoculation experiments showed it to be an active wound pathogen of 
green and r iRC tomatoes and also to cause leaf spotting of eggplant [Solanum 
melonAenll L.], tomato and potato [Solanum luberosum L.] plants under highly 
artificial conditions. In the case of eggplant, spotting was induced only when 
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plants were kept under bell jars for extended periods. In a discussion on the 
taxonomy of the causal organism, j amieson expressed doubt that the fungus 
reported on tomato leaves by Ellis and Everhart was Phyllosticta hortorvm. 
That may or may not have been so since P. hortorum is now recognized as being 
a facultative synonym of Phom4 ex.iAull va r . exiAue, an ubiquitous fungus often 
associated with leafspots and lesions on stems and roots of a variety of host 
plants (Boerema and HOweler, 1967). The long-standing uncertainty that has 
existed about identity of Phoma-complex fungi encountered on solanaceous hosts 
is illustrated by the fact that Harter (1914) concluded that P. hortorum had not 
been found in the U.S.A. Similarly, when Marchal (19CX>) recognized a Phoma as 
the cause of a new disease of greenhouse-grown tomatoes in Europe, he chose 
not to apply a binomial to it. jamieson also noted that Phoma lycopersici Cooke, 
described from stems of tomato (Cooke, 1885), had conidia twice the average 
size of those of P. destructiva. Following examination of type material of 
Phyl/osticta lycopersici Peck and compari son with her own isolates of P. 
destructiva, she correctly determined the two to be conspecific. The latter name 
has date prior ity. Apart from the descr iption of the conidia as being produced on 
"unbranched f ili form basidia", the emended account of the species given by 
j amieson is accu rate and, for its time, reasonably detailed. 

A succession of authors, including Brooks and Searle (1921 ), Klebahn 
(1921), Wollenweber and Hochapfel (1936), Dennis (1946), Knight (1960), 
Laundon (1971), and Boerema and Dorenbosch (1973), all of whom studied the 
two species in pure culture, was able to distinguish P. destructiva and P. 
/ycopersici. Grove (1935) , however , considered the two to be identical. 
Holliday and Punithalingam (1970), incidentally, incorrectly stated that Brooks 
and Searle ( 1921) considered Phoma destructiva to be synonymous with 
Diplodina lycopersici Ho116s [= P. lycopersici]. Both Brooks and Searle 
(1921) , who examined four isolates of P. destructiva , including one originating 
in the U.S.A. obtained from Dr. C.L. Shear in 1916 [referred to as an "authentic 
culture" because it was, presumably, one of C.O. jamieson 's], and Wollenweber 
and Hochapfel (1936) , who isolated the fungus once from potato, gave it the 
authority '(Piowr.) jamieson' erroneously. This was probably because of 
jamieson's emendation of the orieinal description by Plow right. The practice of 

E~~~oth:, b~~(f~Ofs P~tt~~i?1n~~~~~s~~~~m$. Y~=~~!~~::~~~~: Di~i:~i~! 
Westd., as D. destructiva (Plowr.) Petrak, but it is evident that the name was 
misapplied by him toP. lycopersici (Boerema and Dorenbosch, 1973). 

In the va rious reasonably reliable accounts of P. destructiva published to 
date, there is general consensus that the fungus usually produces pycnidia readily 
in vitro, has dark colonies when mature with comparatively little aerial 
mycelium or a thin, even mat of grayish mycelium of various shades, and 
produces small, unicellular, ellipsoid conidia. There are, however , 
discrepancies among descriptions. Brooks and Searle (1921) described their 
isolates, including the one obtained from the U.S.A. [designated forms A, B, H, 
and Q; cf. our previous discussion (Morgan-jones and Burch, 1988)], as having 
fair ly plentiful white to gray aerial mycelium when grown on Dox's medium 
amended with cane sugar. They noted, however, that the quantity of mycelium 
produced varied greaUy on different media. Unfortunately, their accounts of 
individual isolates diffe r in degree of detail with only occasional mention made 
of characteristics on media other than Dox's. Their forms A and B were said, 
when erown on potato agar, to have little aerial mycelium. Form B, when grown 
on this medium, was described as having largely submerged, dark mycelium. No 
mention was made of the characteristics of their forms H and Q under these 
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nutritional conditions. Pycnidial production was reported to vary between the 
isolates , wi th form Q form ing few pycnidia on all media. 

Grimes et al. (1932) applied the name P. destructiva to an isolate obtained 
from butter and concluded that it and Phyllosticta hedericola Dur. & Mont. 
[= Phoma hedericola (Our. & Mont.) Boerema] were identical. The fungus 
was desc ribed as "rather fluffy ", with grey aerial hyphae , when grown on 
potato aga r and its colony margin as lobed. Pycnidia were said to be few or 
absent. As a result of inoculation experiments, it was concluded that P. 
destructiva was parasitic not only on potato but also on ivy [Hedera helix L.]. As 
Boerema and Dorenbosch (1973) have pointed out, however, it is probable that 
these authors had a fungus other than P. destrvctiva under study. In the same 
publication, the name Phoma hibernica Grimes, O'Corutor & Cummins was 
proposed for other isolates obtained from butter, as well as from c ream, milk 
and water . Those isolates are now considered to have been P. herbarom Westd. 
(Boerema, 1964). 

During the past thirty years, a number of fu rther attempts have been made 
to resolve the question of the distinction between P. destructive and P. 
Jycopersici, particularly as it relates to plant disease induction and symptom 
development. Some of the literature on the subject produced during this period 
is, however, fraught with the same kinds of interpretative difficulties as are 
experienced when reviewing earlier publications because of some uncertainty as 
to which entities individual researchers had under study in particular instances. 

Phoma deslructiva has been considered a minor pathogen of tomato in 
Europe and elsewhere, causing black rot on green and mature fruit by such 
authors as Govi (1953) , Gunther and Griimmer (1958) , and Grover (1965). 
Some researche rs, particularly Ceci (1955) in Italy, Gally and Tokeshi (1961) 
in Brazil , Obrero et a/. (1968) in Hawaii, and Fournet (1971) in Guadeloupe, 
mention foliar lesions occurring independently or in association with fruit rot. 
Ceci (1955) considered that, in the absence of a teleomorph, the type of symptom 
induced can be used as a means to distinguish between P. destructiva and P. 
lycopersici; the former attacks leaves and fruit, while the latte r causes stem 
lesions. Dennis (1946) had, however, noted that rotting of tomato f ruit and 
production of lesions when inoculated to stems are not sufficient c riteria for 
identification of P. /ycopersici. Knight (1960) studied a series of Phoma 
isolates from lesions on tomato stems and f ruit and determined that they could 
be grouped into those that were pathogenic to stems and fruit and those that were 
pathogenic to frui t only. Members of the former group produced some bicellular 
conidia and were considered to be P. Jycopersici, while those in the second 
group conformed toP. destructive. Fournet (1971) stated that a distinction made 
on the basis of P. Jycopersici causing stem canker and rot was still 
controversial because of research i'eported by j ones et a/. (1966) and 
Truszkowska (1967). j ones e/ a/. stated that P. destructiva caused considerable 
plant loss by girdling of tomato transplant stems during a Fusarium wilt test. 
They referred to a Phoma stem canker of tomato as being caused by P. 
destructive. Regrettably, there is no means of knowing what species they were 
actually dealing with, although by inference, given the experience of others, it 
seems likely that they were using a wrong name and had P. /ycopersici rather 
than P. des/rue/iva. 

The most recent information on the cultural characteristics of P. 
dcstructiva is that of Aulakh el •1. (1969), Laundon (1971), Boerema and 
Dorenbosch (1973) and Sutton (1980) . Aulakh eta/. (1969) attempted to provide 
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an account of the variability and host range of P. destructiva but, as suggested 
by Boerema and Dore~sch (1973), whose views were endorsed by 
Morgan-jones and Burch (1988) , it seems probable that the authors were 
describing more than one entity. Isolates from Phoma-infected tomato fruits 
were categorized as three distinct strains on the basis of cultural 
characteristics. No account was given of morphology beyond brief comments on 
colony color and appearance, together with a statement that,in size and shape, 
pycnidia and conidia of all three were the same as given for P. destructiva in 
the literature. One type was said to produce ocbraceous mycelium and a reddish 
tinge to the substrate, another was described as being brownish-black and fluffy 
with the medium becoming dark, while the third was noted to produce a whitish, 
cottony colony. In inoculation experiments the three types, referred to as 
"distinct biological forms" of P. destructiva, varied in their capacity to infect a 
range of tomato cultivars and to colonize leaves and/or fruits. Differences in 
virulence were also observed. In addition, varying results were obtained when 
one isolate was artificially inoculated onto eight different hosts. Fruits of 
Capsicum frutescens L., Datura alba Nees, and Withania somnifera Dun. 
became infected and both fruits and leaves of Solanum melongena were found to 
be susceptible. Because of the somewhat uncritical approach to the maner of 
species identity, and bearing in mind that both P. exigua and P. lycopersici have 
also been implicated in tomato fruit rot, it is difficult to lend credence to some 
of the conclusions reached by Aulakh arid coworkers. 

Laundon (1971) reported isolating P. destructiva regularly from rots of 
tomato fruit imported into New Zealand, but it was not encountered in material 
originating in that country. Material of tomato stem rot from New Zealand 
yielded P. Jycopersici, and P. exigua was isolated from both stem and fruit 
rots. A previous record of P. destructiva occurring in New Zealand (Atkinson et 
81., 1949) should, according to Laundon, be treated with caution. A brief but 
useful comparison of the distinguishing features of colonies of P. destructiva, 
P. exigua, and P. lycopersici was provided. 

Boerema and Dorenbosch (1973), in a review of Phoma and Ascochyta 
species described by Wo11enweber and Hochapfel (1936) in a study of 
fruit-rotting, provided a brief description of P. destructiva on oatmeal agar. On 
this medium, the flll1glls was described as producing colonies with a greenish 
tinge to the mycelial mat and abundant pycnidia. Fournet (1971) also reported 
production of greenish-black pigment and numerous pycnidia on oatmeal agar. 
Sutton (1980), following a short account of the characteristics of P. 
lycopersici, stated that the distinction between it and P. destructiva is marginal, 
the latter differing in producing smaller, aseptate conidia and colonies in which 
aerial mycelium is usually lacking. Phoma lycopersici was also said to differ 
from P. destroctiva by limited pycnidial production in colonies having 
well-developed aerial mycelium and stilboid aggregations of hyphae in the 
former. 

In our ongoing effort to provide modern, comprehensive descriptions of 
Phoma species , and thereby facilitate correct application of binomials, we offer 
herein a treatment of P. destructiva. Its salient features a re documented 
although we cannot, until more isolates become available for examination, 
provide a full account of cultural variation. 

TAXONOMIC PART 

Photnll destructiv1 Plowr., Gard . Chron. 16: 621, 1881 (Plates 1 & 2, Figure I). 
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PLATE I. Phoms destructivs. A, 14-day-old colony on POA at 25C; B. 
17-day-old colony on PDA at 2SC; C. 10-day-old colony on PDA at 20C; D, 
14-day-old colony on PDA at 20C; E. 12-day-old colony on MEA at 25C; F, 
12-<lay-old colony on MEA at 20C. 
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= Dip/odin4 destructiva (Plowr.) Petrak, Ann. mycol. 10: 19, 1921. 

= Phyllostict•lycopersici Pk, Bull. N.Y. St. Mus. 219-220: 55, 1887. 

Colonies on PDA [Difco] after 14 days (Plate I , A & B) velvety to lanose at 
first, pale olivaceous-g ray to dove-gray to charcoal-gray, broadly zonate , with a 
narrow , cream-colored marginal zone, a very dark submarginal zone followed 
inwards by a broad dove-gray zone and a slightly darker center, da rkening with 
age and becoming felted, sometimes with a wide, blackish peripheral zone with 
very little aerial mycelium; attaining a diameter of 55 mm at 20C after 10 days 
in the dark and 60 mm at 25C, with no growth at 30C; reverse black, paler at the 
ext reme margin. Colonies on PDA afte r 21 days dark gray to blackish brown 
with much of the aerial mycelium over the outer two-thirds collapsed on to the 
agar surface and thereby giving the appearance of being sparse. Colonies grown 
at 20C generally more evenly colored and somewhat darker (Plate 1, C & D) but 
sometimes sectoring, velvety and never lanose. On MEA [Difco] (Plate 1, E & F) 
colonies with little or no aerial mycelium, olive-green, st riate, with several 
faster-growing fan- shaped sectors usually apparent when grown at 25C; 
colonies grown at 20C generally da rker and more distinctly striate; attaining a 
diameter of Sl rnm at 20C after 10 days and 69 mm at 25C. Mycelium composed 
of two kinds of hyphae: hyaline, smooth, thin-walled, substantially branched, 
widely septate, flexuous, 1.5-3 JJm wide; and pale to mid brown, smooth, 
thick-walled, occasionally branched, closely septate, more or less straight , 4-5 
J,lm wide. With age, individual cells of the pigmented hyphae frequently becoming 
inflated to 9-10 llm in diameter and occasionally assume a chlamydospore-like, 
toruloid appearance (Plate 2, F & G; Figure 1. E). Pigmented hyphae often 
aggregated into parallel strands of two to several (Plate 2, A) . In young colonies 
on PDA, such strands readily apparent overlying a mat of the thinner-walled, 
unpigmented hyphae. Pycnidial initials originating mostly from pigmented hyphae, 
or from both types of hyphae togethe r, subhyaline (Plate 2, 8). Pycnidia 
produced on PDA and oatmeal agar abundantly, sometimes surrounded by toruloid 
hyphae especially in older cultures, immersed or superficial, scattered and 
s ingle or gregarious in confluent clusters of several, especially on OA, 
subglobose or elongate or somewhat irregular in shape, especially when 
confluent, brown, paler above, pseudoparenchymatous, without a clearly defined 
ostiole, up to 190 J,lm in diameter, mostly 100-130 J.lffi . Pycnidial wall (Plate 2, C 
& D) composed of an outer layer, mostly two to three cells thick, of pale brown, 
relatively thick-walled, subglobose to ellipsoid or more or less oblong, angular, 
frequently compressed or, in older pycnidia, highly contorted cells, and an iMer 
layer, three or more cells thick, of subhyaline, thiMer-walled, ellipsoid to 
oblong cells. Ostiole indistinct, lys igenous. Conidiogeoous cells undifferentiated 
from other inner waH cells. Conidia enteroblastic, oblong to ellipsoid or 
nar rowly obovoid, straight or a few very slightly curved, unicellular , 
thin- walled, smooth, guttulate or eguttulate, 3.5-6 X 2-2.5 J,lm. 

On Lycopersicon esculentwn; cosmopolitan. 

Collections examined: isolated from L. esculentum leaf lesion, Kauai , 
Hawaii , U.S.A., 1967, F.P. Obrero, ATCC 24636; isolated from f ruit of L. 
esculentwn imported into New Zealand from Tonga, 1968, G.F. Laundon, CBS 
378.73. [Both of these were listed as representative cultures of P. destructiva 
by Boerema and Dorenbosch (1973).] 
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FIGURE 1. Phoma destructiva. A, V.S. pycnidium; B, portion of pycnidial wall 
in section; C, conidia; 0, pycnidial primodium; E, toruloid hyphae. 
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DISCUSSION 

Some of the differentiating features of P. destructiva and other species of 
Phoma known to occur on tomato, particularly P. exigua var. exitua and P. 
Jycopersici, have been a1luded to in the immediately preceding paper of this 
series (Morgan-Jones and Burch, 1988). In colony appearance in vitro on PDA, 
P. exigua is distinctive in having a prominently lobed margin . That species , 
which will be treated in the next paper in this se ries , can also be distinguished 
by greenish discoloration of the agar medium on which it is grown upon 
application of a drop of NaOH . Within one hour the color changes to a 
reddish-brown (Boerema and HOweler, 1967) . The black, often gregarious and 
frequently coalescing pycnidia produced abundantly by P. exigua var. exigua on 
PDA, coupled with the irregula rly shaped margin, give its colonies a bedraggled 
aspect, as noted by Laundon (1971). It is appreciably faster growing than either 
P. destructive or P. lycopersici. Conidia of P. exigua and P. lycopersici are 
generally larger, have a wider size range, and are somewhat more variable in 
shape than those of P. destructiva. Laundon (1971) noted that P. exigua, when 
grown in light on potato/yeast extract/dextrose agar, forms pycnidial clusters 
whereas, under these conditions, P. destructive and P. Jycopersici do not. 
Whether pycnidia are formed singly or in clusters is, however, a variable 
characte ri stic, in part dependent on the substrate . Phorna destroctiva, when 
grown on PDA, produces predominantly solitary pycnidia, but on oatmeal agar 
pycnidial clusters are frequent and pycnidia are often confluent. 

TABLE 1 . Main distinguishing characteristics of Pho.o s pp . associated with 
fruit and stem rots of tomato, grown on PDA a t. 2SC in tho dark for 14 to 21 
days (note : each toKen ia aomewl'lot variable a nd individual isolates may not. 
always match up in respect to all colony features). 

P. destructive 

Colonies velvety, 
olivoceous to dove 
gray, .....tth on oven 
margin, aerial hyphae 

~=~=~~!~rY ·~~,.:·~ide 
marginal zone. Dark 
hyphol s trands abundant . 

Pyc:nid i o abundant., 
soli tory or gregarious, 
often surrounded in 
older cultures by 
toruloid hyphae. 

Conidia unicellular, 

~::~~Q~i~~t!i!~;·· 
3.5-6 um long . 

P . 1ycopersic1 

Colonies gray to 
olivoceous brown, 
often mottled, 

~=~:~~Yyf~~~~d, 
abundant aerial 
mycelium, bearing 
sterile, atilboid 
tufts of hyphae . 

Pycnidio produced 
more sparsely, alow 
maturing, mostly 
solitary. 

conidia frequently 
bicellular, 3-11 urn 
long, 

P. e•iguo var. ••1guo 

Colonies somewhat 
variable, aerial 
mycelium becoming 
dark olivoceous to 
block , with o 
dist inctly scalloped 
or lobed margin, 

~!~!~~o~c~~d~~g~led 
turn i ng agar 
blue-green . 

Pycnidio generally 
abundant. , in dense 
clusters, sometimes 
confluent., aub tended 
by a matrix of 
swollen, pigmented 
hyphol cella. 

Conidia frequently 
bicellular, somewhat 
varia ble in ahope, 
4-12 um long . 

PLATE 2. Phoma destructive. A, Hypha) strands; B, pycnidial initial (indicated 
by arrow); C & D, pycnidial wall in sect ion; E, conidia; F & G, to ruloid hyphae 
surrounding mature pycnidia . 
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Distinctions between P. destructiva and P. Jycopersici are less clear cut 
than between those species and P. ex.igua. We agree with Sutton (1980) that they 
are quite close although there can be no doubt that each is a good form-species . 
Based on the isolates examined by us, although there are some essential 
similarities, they can be distinguished, among other characteristics, by gross 
colony appearance. The thick-walled, closely septate, pale brown hyphae that 
are sometimes aggregated in strands are present in both but the tendency for 
these to be arranged in parallel strands is better developed in P. destructiva. 
Colonies of P. destroctiva erow faster than those of P. lycopersici on PDA and 
MEA at 25C and are generally more evenly colored. The sterile stilboid bodies 
that are produced by P. lycopersici in three-week-old colonies on PDA and 
other media, such as oatmeal agar, are absent in P. destroctiva . A substantial 
proportion of the conidia of P. Jycopersici are not only appreciably larger than 
those typical of P. destructiva but many become medianly 1-septate. Young 
pycnidia of P. destroctiva, produced superficially on PDA, often appear hairy 
due to aerial hyphae radiating from them. In three-week-old cultures on both 
POA and oatmeal agar, pycnidia are often enmeshed in a network of 
thick-walled, inflated, frequently contorted, mid brown hyphae (Plate 2. G). 
individual elements of which are occasionally chlamydospore-like (Plate 2, F) . 
Such hyphae sometimes disarticulate into individual cells. These are somewhat 
similar (Figure 1, E) to the so-called toruloid state of Hendersofl11a toruloidea 
Nattrass , which Punitbali.ngam and Waterston (1970) refer to as thallospores . 
Pycnidial initiation occurs in a similar fashion in both species and the ontogeny 
of the pycnidia appears to be similar. Pycnidial initials of P. destroctiva are 
ascostroma-like in their structure. The remarks made about P. Jycopersici 
with regard to similarity of its pycnidia to pseudothecia ( cf. Morgan-jones and 
Burch, 1968) also bold true for those of P. destructiva. In P. destrocliva, a few 
adjacent cells in a pale brown hypha become inflated and this is followed by cell 
division, which gives rise to a ball of subhyaline cells. During the course of this 
process, one or more narrower hyaline hyphae may or may not intermingle with 
these cells. As alluded to in the case of P. /ycopersici (Morgan-jones and 
Burch, 1988), it is quite difficult to determine how conidiogenesis occurs. 
During the process of pycnidial maturation, the eventual venter of the conidioma 
is formed by pr()iressive breakdown of some of the internal cells of the 
primodium. The development of a cavity in this manner is well documented in 
Pboma, for example in P. betae Franck [anamorph of Pleospora betae (Berl.) 
Nevedovsky) by Archer (1926), and in some other genera such as Septaria Sacc. 
and Ascochyta Lib. (Punithalingam 1966, 1979, respectively). 

The sequence of events involved in conidiogenesis in at least several 
Pboma species is, however, somewhat uncertain. Although most species bear a 
series of phialidic, relatively persistent conidiogenous cells lining the pycnidial 
venter , each of which produces a succession of conidia, others apparently do not. 
In P. deslructiva and P. Jycopersici, cells from which conidia are produced 
remain wdifferentiated from other internal pycnidial wall cells and no 
periclinal thickening, indicative of the production of a plurality of conidia, can 
be observed. In the past, a number of authors have grappled with the problem of 
interpreting conidiogenesis in pycnidial fungi lacking any obvious conidiogcnous 
cells . Several have described endogenous or partly endogenous differentiation of 
conidia. The difficulty of determining precisely how conidia are differentiated 
is compounded by the small size of the conidiogenous cells, their position within 
pycnidia which makes observation troublesome. and the fact that they sometimes 
break down rather readily following conidiation. Higgins (1920) described and 
illustrated a pycnidial synanamorph of Cercospora bolleana (ThUrn. ) Speg. [: 
Pseudocercospora bolleana (ThUrn. ) Sivanesan; teleomorph = Mycosphaerella 
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bolleana Higgins] differentiating spermatia by endogenous cleavage of the 
protoplast of each mother cell into four entities. Each of these was eventually 
extruded into the venter, one at a time, through one or two so-called sterigmata. 
Von HOhncl (l923) described a process of conidium formation by cleavage 
within a conidiogenous cell and made this the basis for recognizing a division, 
named Endogenosporae, in his scheme for classifying pycnidial, acervular and 
sporodochial fungi. Such conidia were considered to be liberated by histolysis of 
the mother cell walls. The validity, in this regard, of some past observations is 
open to question and the extent of occurrence, if any, of endogenous conidium 
formation is still , at least a partially unresolved question. Petrak (1924) 
accepted the concept of endogenous origin but rep:>rted finding it in only some of 
the taxa in which von HOhnel thought it to occur. Punithalingam (1979) described 
a se ries of events during the process of conidiation in the genus Ascochyta in 
vitro whereby the pycnidial wall progressively breaks down outwards from the 
center of a more or less solid, expanding primodium. This breakdown is 
initiated prior to start of conidiation by dissolution of cells toward the center of 
the primodium, following which undifferentiated conidiogenous wall cells lining 
the venter become dislodged or sloughed off from their underlying counterparts. 
The latter are then exposed and assume a conidiogenous function. Once ooe layer 
of conidiogenous cells dislodges, the underlying layer of cells becomes fertile 
and the process is repeated continuously, resulting in an increase in size of the 
venter, but a commensurate decrease in pycnidial wall thickness. Conidia were 
described as originating as thin, apical protrusions from such cells and their 
ontogeny to be holoblastic. The dislodged cells, referred to as temporary 
conidiogenous cells, were reported to break down soon after conidiation. Each 
was found to give rise to a single conidium or, occasionally, to divide into two or 
even four daughter cells. Each daughter cell produced one conidium. 
Photographic illustrations of conidiogenous cells undergoing cleavage were 
provided, one of which is reminiscent of the drawin& of the similar phenomenon 
documented by Higains (1920). Internal disorganization of the pycnidial wall was 
said by Punithalingam (1979) to cease ''by the automatic regulation of the 
lysigenous process and also the dissipation of the internal pressure necessary to 
rupture the cell layers, by formation of an ostiole". At that stage of 
development, attached conidiogenous cells lining the venter were said to remain 
in situ and fWlction as persistent phialides in the manner normally found in a 
large number of pycnidial genera. 

In P. destructiva and P. Jycopersici, it is evident that there is progressive 
dissolution of the internal cells of the pycnidial primodium but the precise 
ontogeny of the conidia has not been determined. It seems possible that, as 
pycnidial wall cells break down, their contents become converted into conidia. 
Since our main purpose at present is to describe the morphological features of 
Phoma species in vitro, detailed studies of conidiogenesis have not been 
unde rtaken. 
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I. INTRODUCTION 
Frank (1885) first coined the term Rmycorrhi za~ to describe plant-fungus 

associations. Mycorrbizae are formed by diverse fungi spanning the Zygomycetes, 
Ascomycetes, and .Basidiomycetes (Harley and Smith, 1983). Zygomycetous 
cndomycorrhizac arc the most abundant and widespread, forming in the roots of many 
Angiosperms, Gym nosperms, Ptcridoph)1cs. and Thallophytes (Mossc ct al., 1981). In 
recent years, these associations have been referred to as ~ves icular-arbuscular 

mycorrhizae" (VAM), even though some of the fungal symbionts involved do not 
produce int raradical ves icles. D espite this di scre pan cy, zygomycetous 
cndomycorrhi7..ac will be synonymous with YAM throughout this review. The fungal 
symbionts arc ubiquitous soil·i nhabitants whi ch must colonize plant roots to grow and 
reproduce. They have been found in diverse habitats ranging from the a rct ic to the 
tropics, arid to aquatic environments, and stable plant communities to highly distu rbed 
ecosystems. Physiological specialization appears to be absent in plant hosts, with a 
single fungus capable of infecting a wide range of host species (Graw, 1979; Mosse et 
a!., 1981). 

Extensive research , especially during the past 20 years, has demonstrated that 
YAM are crucial organs for improving plant gro'Nth and survival in agricultural, 
horticultural, and nat ural ecosystems. Numerous studies have been conducted to 
elucidate anatomy and morphology of mycorrhizal infection; dynamics of infection 
es tabli shme nt, deve lopment a nd spread; mineral nutrit ion and physio logy of 
host·symbion t interac ti ons; ecology of mycorrhizal associations; and inoculum 
product ion and its application in the field. Analyses of results have been amply 
discussed in recent reviews by Abbott (1982), Barca andAzcon·Aquilar(1983), Mosse 
(1981), Mosse eta!. (1981), in a book by Harley and Smith (1983), and in books ed ited 
by Powell and Bagyaraj (1984), Safir (1987), and Schenck (1982). 

Fundamental b iological and ecological concepts, however, have been slow to 
emerge. Part ly,this can be at tributed to a stronger focus on the mycorrhizal association 
than on specific fungal symbionlS. Titles of research papers often have included the 
all· cncompassing phrases ~YA mycorrbi7.ae~ or ~vA mycorrhizal fungi~ to report 
spcci lic inte ractions, fostering a perception that different fungi function cquivalcnlly. 
However, evidence is mounting that individual species differ significantly in their 
effectiveness to promote growth with changes in soil fertility (Abbott and Robson, 
1978), soil pH (Hayman and Tavarcs, l 985), and drought (Allen and Boosalis, 1983). 
Eco types have been ide ntified wh ich are adapted to soi ls cont aining high 
concentrations of heavy metals (Gildon and Tinker, 1983), aluminum (Adelman and 
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Morton, 1986) and salt (A ll en and Cunningham, 1983). Differences in growth 
responses by different strains of a fungus even have been reported (Haas and Krikun, 
1985), although no evidence was provided to support the veracity of species/strain 
identification. 

Experiments using specific VA mycorrhizal fungi often have been difficuh 10 
repeat, either because living cultures were not available or identity of the organism(s) 
cou ld not be verified . Few experimental cultwes have been maintained or preserved 
in personal or institutional herbaria. The confusion that results in the absence of such 
a practice i.s exemplified in the •Gtomus fasciculatum· complex. This group of fungi 
has been cited as one species in studies performed worldwide, giving the impression 
of a ubiquitous organism with considerable genetic and physiological plasticity. 
Identification, however, was based on a broad species description (Gcrdcmann and 
Trappe, l974) . A more restricted definition of the fungus has led to the segregation of 
many isolates previously ident ified as G. fasciculatum into differen t taxa (Walker and 
Keske, 1987). The absence of any means to confirm or establish identity of these fungi 
prevents consolidation of biological or ecological information at the species level. 

Taxonomic changes (and progress) are pc;rsistcnt sources of fr ustration for 
many mycorrhizal researchers. This stems. in part, from the way mycorrhi1..al research 
has evolved and is structured today. Most researchers have developed a working 
expertise of VA mycorrhizal fungi to fulftll secondary, rather than primary, research 
objectives. Few scientists have been hired in recent years to develop research or 
teaching programs with a major focus on mycorrhizac. T raining is informal and 
requires considerable time and enersYwhich often is at odds with other commitments. 
Yet research priorities now demand that the identity and biology of an experimental 
organism be as ca refully defined as possible. 

The purpose of this review is to evaluate critically all crite ria present ly used to 
classify and identify VA mycorrhizal fungi, to assess problem areas, and to suggest 
some approaches needed to cla rify taxonomy concepts. 

Currently, 126 species of VA mycorrhizal fungi have been described in the 
literature. These arc listed below with authorities. Species with an asterisk after the 
name arc described as having two morphotypes. Superscripts indicate citations of 
species descriptions in this list and in Section Vll. 

Acaulospora Gerd. & Trappe emend. Berch5 

appendicula Spain et al.41 

bireticulata Rothwell!\ Trappe37 

delicata Walker et al. 
denticulata Sie~ding & Toro45 

dilatata Morton 
elegans Trappe & Gerd.14 

foveata Trappe & Janos18 

ra;~~;:~~~i0~~~~~ck & Nicot.
33 

laevis Gcrd. & Trappc14 

longula Spain & Schenck41 

me/lea Spain & Schenck41 

motTOwae Spain & Sch.fdlck41 

myriocarpa Spain et aJ . 
nicolsonii Walker ct aJ .59 

relunii Sicvcrdi.pfl & Toro45 

rugosa Morton 
scrobiculata Trappc49 

spinosa Walk. & T/ appe57 

sporoca1pia Berch 
trappei Ames & Linderman1 

tuberculata Janos & Trappc18 



Entrophospora Ames & 
Schnelde~ 

colombiana Spain & Schenck41 

infrequens (Hall) Ames & Scaneider2.LS 
sclrenckii Sieverding & Toro4 
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Gigaspora Gerd. & Trappe14 

albida Schenck & Smitb39 

candida Bhattacharjee et aJ.10 

decipiens Hall & Abbou16 

gigantea (Nicol. & Gcrd.} Gcrd. & 
Trappe14,3 

mtugarita Becker & Hall4 

rosea Nicol. & Schenck33 

Glomus Tulasne & Tulasne14
·
52 

aggregatum Schenck & Smith emend heterosporum • Smith & Schenck45 

Koske19,39 • hoi Berch & Trappe8 

albidum Walker & Rhodes55 intraradices Schenck & Smilh39 

ambisponun " Scbfrck & Smilh45 invemraium Hall15 

arboren.re McGee lacteum Rose & T rappe35 

austra/e (Berk.) Bercb6 leptotichum Schenck & Smith39 

boreale (Thaxter) Trappe & ~rd. 14•48 macrocarpum Tul. & Tu1.52 

botryoides Rothwell & Victor macu/osum Millff & Walker28 

coledonium (Nicol. & Gerd.) Trappe & magnicau/e Hall 
Gcrd.14

•
32 manihotis Howclcr ct al.41 

canadense (Thaxter) Trappe & Gcrd .14
•
48 melanospomm Gerd. & Trap:!f14 

~~:~:;{:~~~~:41 :~'u':~~f,~,tl~~~~:s~:t•'4~12 
cloroideum Schenck & Smith39 monospomm Gcrd. & T rappe 14 

clamm Nicol. & Scbj nck33 mosseae (Nicol. & Gerd) Gerd. & 
constrich1m T rappe4 Trappe14.3 
convolutum Gerd. & Trappe14 multicaule Gerd. & Bakshi13 

delhiense Mukerji et al.l 1 multisubstensum Mukcrj i ct a l.31 

deserticola Trappe et a1.51 occultum Walkf~J 
diaphanum Morton & Walk 41 pallidum Ha11 1 

dmrorph 1cum • Boyctchko & Tewari11 pansihalos Berch & Koske7 

etumcatum Becker & Gerd.3 pubescens (Sacc. & Ellis) Trappe & 

fasciculatum (~!:~.r~~~~; : ~~~1~4.SS pulvinatum (H~~:~j l;r~pe & Gerd .14 

fecundispornm Schenck & Smith pustulatum Koskc ct al. 
flavisporum (Lange & Lund) T rappe & radiatum (Thaxter) Trappe & Gcrd.14

·48 

Gcrd.14 reticulacum Bhattacharjee ~ Mukerji9 

fonnosonum Wu & Chen60 scinlillons R ose & Trappe 
fragile (Bcrk. & Broome) Trappe & Gerd.14 segmentatum Trappe ct al.50 

fuegianum (Spegazzini) Trappe & Gerd.14 tenebrosum (Thaxter) Bcrcb6
•
48 

fulvum (Bcrk. & Br?fme) Trappe & tenerum Tandy cmend
5 

McGcc27
•
46 

Gcrd. t<IIU< (Grccnall)Hall1 

geospornm (Nicol. & Gi&"d.) Walkcr32,s3 tOI'tUosum Schenck & Smith39 

gcrdemannii Rose et aJ. tuboefonne Tandy46 

globiferum Koske & Walkf r23 versifonne (Karsten) Bercb6 

glomemlotum Sieverding4 vesicullfemm (ThaxterJ ~erd. & 
ltalollohlm Rose & TrappcJS T rappc1 •4 

warcupii McGee2 
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Sc/erocyslis Gerd. & Trappe14 

clavispora Trappc49 pachycaulis Wu & Cben'.o 
coccogena (Pat.) von Hobn48 pakistanica Iqbal & Bushra17 

con:mioide.s Bcrk. & Broomc14·48 rubifonnis Gcrd. & TraR!r14 

dussii (Pat.) von Hohn14·48 sinuosa Gcrd. & Bakshi1 

microcorpus Iqbal & Bushra17 

Scutellospora Walker & Sanders56 

alborosea (Ferr. & Herr.) Walker & 
Sandcrs12 

ourigloba (Hall) Walker & Sanders15 

colosporo (Nicol. & Gerd.) Walker & 
Sandcrs32 

corolloideo (Trappe cl jL) Walker & 
Sanders1 

dipapillosu (Walk. & Koskc) Walker & 
Sanders21 

e')<l"opa (Ko~~~e~:i/,lk.) Walker & 

fitlgida Koske & Walkc,l2 

gilmorci (TrapJ:'n~e?sfid.) Walker & 

gregoria (Schenck & Nicol.) Walker & 
Sanders33 

llercrogonra (~i~~~e~sMcrd.) Walker & 

minula (Fcrr. :an~~~~}2Walkcr & 

nigra (Redhead) Walker & Sanders14.34 
pellucido (Nicol. & Schenck) Walker 

& Sandcrs33 

persico (Koskc & Walker) Walker & 
Sandcrs21 

reticulata (Ko~k:n~~:!~ Walker & 

savannicola (Ferrer & Herrera) Walker 
& Sanders12 

tricalypra (Herr. & F'crr.) Walker & 
Sanders12 

~·crru.cosa (Koslcc & Walker) Walker 
& Sanders21 

weres11bioe Koske & Wallce,.22 

II. CLASSIFICATION 
Classification involves the arrangement of similar organisms into taxonomic 

groups (taxa) of different ran kings according co selected charaeleristics or common 
devclopmenral and evolutionary relationships. Most changes in classification reflect 
altered perceptions of phylogenetic affinities as new species and facts arc discovered. 

Formulation of a classification system for VA mycorrhi1...al fungi has not been 
an easy I ask. The monograph of Gcrdemann and Trappe (1974) established a 
~t emporary" classification system and provided an orderly framework within which 
scient ists could conduct research. However, most taxonomic efforts since then have 
concentrated more on the description of new species (96 since 1974) than on the 
evaluation of taxonomic relationships. 

The fossil record has nol provided many clues of evolutionary relationships 
important in defining a stable classfication system. Efforts to study reproductive spore 
development (ontogeny) have been thwarted by the inability to culture VA mycorrhizal 
fungi axenically (Hepper, 1974). Arbuscule·likestruetures and intraradical vesicles (or 
spores) have been observed in primitive angiosperms, but fossilized spores are poorly 
preserved and bear resemblence only to taxa in two genera of VA mycorrhizal fungi 
(Giom11s and Sclerocystis) (Berch,l986). 



271 

Host specificity cannot be used in classification because few fungal taxa show 
any evidence of being limited to a~ociations with particular species. Anatomical 
features of mycorrbizae also have not proven distinctive enough among taxa to promote 
their inclusion in classification. 

Currcnlly, morphology and germination characteristics of anamorphs are used 
to classify VA mycorrhizal fungi in the division Eumycota, class Zygomycetes, order 
Endogonalcs, family Endogonaceae (Trappe, 1982). Only the type genus, Endogone, 
is classified according to characteristics of the teleomorphic stage (sporocarpic 
zygospores). Also, members of this genus show no evidence of forming V AM. 

Early history of classification of the Endogonaceae is thoroughly discussed by 
Gerdemann and Trappe ( 1975), so only a brief summary will be presented here. Most 
VA mycorrhizal fungi known at that time were sporocarpic. This habit, because of its 
evolutionary significance, wa."' given ~a priori~ primacy in classification. Thaxter (1922) 
was 1 he first to monograph the Endogonaceae, wherein he defined four genera 
consisling of sporocarpic species: Endogone Link: Fries, Glaziella Berk., Sclerocystis, 
and Sphaerocreos Sacc. & Ellis. Later, Sphacrocreos was synonymi1.ed wilh Endogone 
by Zycha (1935). Chlamydosporic species were not separated from Endogone because 
of similarities in the sporocarpic habit. Thaxter (1922} and Godfrey (1957) considered 
chlamydosporic species to be anamorphs of zygosporic taxa because of obsct\'ations 
of both stages in the same sporocarps of G.fosciculatum and G. microca!pum (Lhcn 
known as E. fasciculala and E. microcarpa}. Those fungi forming chlamydospores 
singly in soil, because of morphological affmitics to sporocarpic taxa, stiU were included 
in Endogone (Nicolson, 1968). Mosse and Bowen (1968) did not speculate on the 
relationship between sporocarpic and ectocarpic species, but they weighted the 
sporocarp habit as the main criterion for inclusion of fungi in Endogone. Gcrdcmann 
and Trappe (1974} segregated sporocarpic chlamydospore-formingEndogone species 
into Glomus, a genus originally erected by Tulasne and Tulasne (1845) . Thirty-four 
sporocarpic species forming zygospores (Endogone), chlamydospores (Glomus, 
Sclerocyslis, Glaziella), and sporangia (Modicel/a) were described or redefined. 
Another eight species which formed onlychlamydosporcs (Glomus) or "azygospores~ 
(Acoulospora, Gigasporo) also were described. Since 1984, Modicello and Glaziello 
have been excluded from Lhe Endogonaceae. The former was transferred to the 
Mortierellaccae (Trappe and Schenck, 1984) and the latter was identified as an 
ascomycete rungus (Gibson et al., 1986b). A new genus, Entrophospora, was erected 
by Ames and Schneider (1979) and Scute/lospora was separated from Gigaspora by 
Walker and Sanders (1986). 

Thaxter (1922) and Gerdemann and Trappe (1974) origina lly placed members 
or the Endogonaceae in the order MucoraJes (Zygomycetes). Hypogeous associations 
with plants, aseptatc hyphae, reproductive structures which ranged rrom asexual 
chlamydosporcs and azygospores to sexual zygosporcs. and a propensity for sporocarp 
development constituted the logic or this placement. Benjamin (1979) since has 
restricted the definition of mucoraceous fungi to encompass those organisms which 
are predominantly saprobes or nonhaustorial parasites which reproduce asexually by 
sporangia, sporangiola, merosporangia , and less commonly by chlamydosporcs, 
arthrospores, and yeasl-cells. He validated the order Endogonales as originally 
proposed by Moreau (1953) and included Endogonaceae in it as the sole family. This 
classification scheme presumed that these taxa form sporangia rarely or not at al l. 
Evidence to date neither refutes or supports such an assumption. 
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A. Reproductive structures 

1. Morphology 
Keske et al. (1983) and Walker and Sanders (1986) have suggested using the 

generic term •spore" instead of "chlamYdospore" or "azygospore" to describe 
anamorphs of VA mycorrhizal fungi, since tbc true nature of these spores remains 
unresolved . This approach minimizes misrepresentation of legitimate spore types. 
However, it also does not call attention to the significant differences which exist 
between reproductive structures of different taxa of VA mycorrhizal fungi . At the 
present time, unfortunately, not enough information is available to advance a suitable 
alternative. 

The ultimate criterion for placement of a fungus in the Zygomycetes is the 
formation of zygospores, although these spores are not commonly formed by many 
fungi in nat ural settings. Until recently, Endogone was the only genus in the 
Endogonaccac known to produce zygosporcs (Gcrdcmann and Trappe, 1974) (Fig. 
lA). Zygospores develop within a zygosporangium formed by the fusion of two 
gametangia (Berch and Fortin, 1983a; Tandy, 1975). Two haploid nuclei, one from the 
female and one from che male gametangium, may fuse within the zygospore (Gibson, 
1985) or at the time or germination. However, karyogamy has yet to be demonstrated 
conclusively. 

The formation of zygospores after conjugation of germ tubes from paired 
•azygospores• bas been reported only for Gigaspora decipiens (Tommerup, 1987). This 
find clearly p laces at least one VA mycorrhizal fungus fumly in the Zygomycetes. Mode 
of conjugation, nuclear events in karyogamy and zygospore development have yet to 
be published in detail, however. These data are needed to assess if VA mycorrhizal 
fungi have closer affini ties to Endogone or to taxa in the Mucorales. The prevailing 
assumption, lacking concrete evidence to the contrary, is that spores of taxa in Glom11s, 
Sc/erocystis,Acaulospora, andEntrophospora are anamorphs. ln the Zygomycetes, the 
anamorphic stage may consist of sporangia, unispored or mult isporcd sporangiola, 
mcrosporangia, chlamydospores, and azygospores (Hammill, 198ta). 

Spores formed by Glomus and Sclerocystis arc borne terminally on one or more 
hyphae (Fig. 1 B, C). Only in Sclerocystis are spores fonned obligate ly in sporocarps 
(Gerdemann and Trappe, 1974). Sporocarpic Glomus species form spores arranged 
randomly in glebal hyphae; taxa in Sclerocystis develop spores arranged tightly in a 
single layer aro und a ccnlral plexus of sterile hyphae (Fig. lB). The spores of both 
genera have been dcfmed as chlamydospores because of their thick, pigmented walls 
(Gerdemann and Trappe, 1974). 

Differences between Glomus and Sclerocyslis arc becoming less distinct with 
the description of presumed dimorphic species: G. ambisporum , G .ht:terosporum , and 
G . dimorplticum. The spo rocarpi c form or the firs t two species consists o r 
chlamydospores organized in a pattern similar to that found in Sclerocystis. The 
possibiHty that these similarities justify synonymy between the two genera (Walker, 
1987) still is highly speculative. F'trst, mycorrhizal status of Sclerocystis must be 
documented in more than just one species and ontogenetic events in sporoca rp 
formation must be clarified. Second, the dimorphic fonns of the above.mentioned 
species must be verified from single· spore cultures grown under gnotobiotic 
conditions. Finally, stability of the dimorphic states must be assessed under different 
ecological and environmental pressures. 
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Fig. I. Spores of 
Endogonaceous fungi: A. Endogone 
pisifonnis with Nomarski 
Interference (NJ) (350X) . B. 
Sclerocystis sinuosa (130X) . C. 
Glomus diaphanum (420X). D . 
Acaulospora spinosa (NI) (154X). E. 
Enlrophospora colombiana (NI) 
(190X) . F. Gigaspora gigantea 
(llOX). G. Scutel/ospora pellucida 
with arrow pointing to germination 
shield (165X). 
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The anamorpbs of Glomus and 
Sclcrocystis fit within a very broad 
definition of chlamydospores. Griffiths 
(1974), however, defmes chlamydospores 
as thick-walled survival structures formed 
wi thin vegetative hyphae. An outer wall 
continuous wilh the hyphal wall enclosing 
an inner (usually laminated) second wall 
is considered essent ial to lhe true 
chlamydospore (Campbell and Griffiths, 
1974; Stevenson and Becker, lm), but 
this hypothesis is highly controversial. A 
unispored spo ra ngiolum fo rmed 
blast ically, by comparison, is a spore 
which develops from a modi fication of the 
hypha! wall (Fig. 2A). It usually is 
thinner-walled than the chlamydospore, 
dehisces easily, and usually is not solitary 
(Hammill, 198lb). Both spore types 
appear to be defined more by function 
than structwe. Unispored sporangiola 
are considered primary spores because of 
t heir importance in disse mination. 
Chlamydospores may have evolved more 
for pcrrcnat ion than dissemination, and 
he nce a rc of secondary importance 
(G rirriths, 1974). Curren t evidence 
indicates that the spores of Glomus and 
Sclerocystis are primary propagative 
structures, but they also appear to be 

Q_Q_Q 
Q_Q_Q. 
no n.w c1 f - (}f- {1 

fig. 2. Comparison of events in 
the formation of (A) a sporangiolum 
formed blast ically, (B) a sporangium, 
and (C) an azygospore. nw = new 
spore wall, s • septum. (from Khan 
and T albot, 1975; O 'Donnell ct al., 
1971). 

much less efficient dessimjnators than aerial spores (Warner et al.,l987).1l is possible 
that the anamorphs of Glomus and Sclerocystis are an intermediate form between the 
two extremes of the more narrowly defined cblamydo.'>pores and sporangiola. 

Species in Acoulosporo and Entrophospora form a terminal swollen sac on a 
single hypha either singly in soil or in sporocarps (Berch, 1985). This sac has been called 
a ~mother spore~ (Mossc, 1970a; 1970b), a •vesicle• (Gerdemann and Trappe, 1974), a 
•byphaltcrminus~ (Schenck et al., 1984), and a •sporiferous saccule• (Walker, 1984). 
The spores produced by both genera have been called •azygospores• since the 
sporiferous saccule resembles an aborted gametangia! process (Gerdcmann and 
Trap pe, 1974), though evidence of any such origin or function in lacking. In 
Acoulospora, the azygospores form laterally on Lhe hypha subtending the sporiferous 
saccule (Fig. lD); in Entrophospora, the azygosporcs form within the neck of the hypha 
(Fig. 1E). Wall structure, which commonly is used in other fungi to clarify spore 
ontogeny and type, has not been a focus of attention in either genera until recently. 
Gibson (1985) and Walker (1987; 1988) suggest that Lhese anamorphs actually may be 
single-spored sporangia formed on or in the hypha attached to the sporifcrous saccule. 
Berch (1986) coins 1he term •sporogenous vesicle~ to describe •the hypha! swelling 
within which the spore develops• in Acoulospora. However, she makes no mention of 
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evidence supporting the concept of an outer wall continuous with the subtcnding hypha 
enclosing the mature spore. In Entrophospora , light microscopic evidence indicates 
more conclusively that the outer spore wall initially is continuous with the hypha! wall. 
The pore at the point of attachment for most taxa in Acau/ospora and Entrophospora 
appears to be occluded with spore wall material. Differences in wall suucture between 
that of the spore and the parental hyphae arc obvious even at the light microscope. 
Sti ll, ultrastruclUra l studies of spore ontogeny a re needed to confirm these 
observations. 

Some taxa in Acaulospora (A. appendicula, A. nicolsonii, A. sporocarpia) form 
spores on a pedicel branching from the hypha subtending thesporifcrous saccule. This 
pedicel resembles denticles auaching sporangiola to the fertile vesicles of 
Cunningllamella and Mycotypha species (Khan and Talbot, 1975). Conceivably, the 
sporiferous saccule could be a modified fertile vesicle which bears the spore either 
latteraUy or internally, with the pedicel reduced or eliminated in most Acaulospora 
species. Origin and morphological details of the pedicel region either arc ambiguous 
or not reported. 

Taxa in Gigaspora and Scutellospora form soil-borne spores terminally on 
·bulbous suspensor cells·, a term denoting their resemblance to the suspensor cells of 
zygospore-forming mucoraceous fungi (Gerdemann and Trappe, 1974) (Fig. lF, G). 
A small filiform hypha] projection often protrudes from the bulbous suspensor cell, 
branching toward, and sometimes contacting. the outer surface of the spore wall (Fig. 
lG). This combination of characteristics led to a perception that these spores were 
azygospores formed on parthenogenic gametangia (Gerdemann and Trappe, 1974). 
However, there is no indication of an abortive sexual process nor is their any evidence 
of a gametangial septum normally evident in mucoraceous fungi with obligate 
azygosporogcoesis (O'Donnell ct a!., 1m) (Fig 2C). 

Unispored sporangiola, formed by many members of the Mucorales, have 
reduced columelJae and are formed on sporophores or on fertile vesicles (AJexopoulis 
and Mims, 1979; Benjamin, 1979). The bulbous suspensor cell of Gigaspora and 
Scutellospora may be similar to a fertile vesicle. The spore, however, is significantly 
large r than sporangiola of mucoraccous fungi borne on these specialized hyphae. 
Distinctions between unispored sporangiola and chlamydospores arc not clear-cut 
(see Fig. 2) . A sporangiospore can be delineated from the sporangium by a separate 
and distinct wall. The thin. often adherent, outer walJ. enclosing a thicker laminated 
wall in spores of most Gigaspora andScutellospora species is suggestive of a sporangia! 
wall (as suggested by Walker (1987) ). Gibson (1985) conftrms that the thin outer wall, 
which stains differentially in azure methylene blue, is continous with the hyphal wall. 
However, more developmental and cytological studies are needed to ascertain nuclear 
behavior and the presence or absence of sex hormones. It is unclear if the occlusion 
between spore and suspensor is similar chemically or ultrastructurally to the laminated 
wall. If so, it would indicate that the closure is of spore rather than of hypha! origin 
(Fig. 28, C). 

Spore wall st ructure, ornamentation of auxiliary cells, and manner of spore 
germination are fundamental differences which separate Gigaspora fromScutellospora 
(Walker and Sanders, 1986). Spores of Gigaspora lack any flexible inner walls, whereas 
those in Scutellospora possess at least one flexible inner wall. Auxiliary cells formed by 
Gigaspora are sp iny or papillate to varying degrees, whereas those formed by 
Scmellospora are lumpy to knobby. The function of auxiliary cells remains unknown. 
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They do not appear to function as propagu1es for iniLiation o f mycorrhizal infection, 
but they can form hyphae from the subtcnding hypha of detached ceUs (Pons and 
Gianinazz.i·Pcarson,l985). Differences in spore germination between the two taxa arc 
discussed in the next section. 
2. Germination 

Zygospore germination has been reported only for Endogone pisiformis Link 
and E. incrossata, but the process differs significantly between lhe two species. Germ 
tubes emerge from a membranous structure forming a chamber between the zygospore 
wall and the zygosporangium wall in the former (Berch and Fortin.,1983a), but directly 
through the point of attachment to the gametangium in the latter (Berch and Fortin, 
1982). Berch and Fortin "(1983a) suggest that the germinatioo chamber in£. pisiformis 
may indicate phylogenetic ties between Endogone and Scutellosporo . However, the 
germination chamber in Scutellospora species is morphologically quite distinct from 
that in Endogone. 

Spore germination has not been described for any taxon in Sclerocystis and only 
for a few taxa in Glomus. Germination in Glomus can occur by regrowth of the germ 
tube through the subtending hypha (Miller and Walker, 1986; Nicolson and 
Gerdcmallll, 1968) or emergence of the germ tube directly through the spore wall (HaU, 
t9n; Walker and Rhodes. 1981). 1n view of the large number of Glomus species and 
the frequency with which they are used as inocuJum in empirical studies, events in 
germination of additional taxa need more documentation. 

Mode of spore germination in Acaulospora remains largely unknown. The only 
published account is by Mosse (1970a; 1970b) in spores identified as A.laevis. She 
describes the formation of an interwaU compartment which gives rise to a germ tube 
directly penetrat ing outer walls. It is unclear if more than one species is present in this 
material, since no voucher specimens are available for verification. Confttmation of 
germination events in this or any other Acaulospora species is important because 
Masse's obse rvations have been generalized to include other taxa inAcaulospora. The 
manner of spore germination in Entrophospora has not been documented in any of the 
three species currently described. Again, however, affinities in spore morphology have 
led 10 the assumption that germination is similar to that ofA. laevis. 

The absence of flexible inner walls in Gigaspora correlates so far with 
emergence of germ tubes directly through the structural wall of spores (Walker and 
Sanders, 1986). In Scure/lospora, at least one inner flexible wall is necessary for the 
formation of a membranous •germination sWe ld~ (Fig.lG). This specialized structu re 
undergoes complex development prior to the emergence of one or more germ tubes. 
Unlike other genera of VA mycorrhiz.al fungi which also possess flexible inner walls 
(e.g.Acaulospora, some Glomus species), germ tube formation often can be observed 
in spores of Scutellospora ext racted directly from field and pot culture soils. As learned 
from studies on A. loevis (Tommerup, 1983), dormancy factors appear to limit the 
occurrence of germination in Acaulospora much more so than in Gigaspora or 
Scutelfospora. 
3. Phylogeny and Diversity 

Phenotypic similarities in spore morphology and germinat ion characteristics 
have been interpreted to indicate phylogenetic affin ities among taxa in the 
Endogonaceae. Unfortunately, the fossil evidence is insufficient to show evidence of 
d istinct changes in morphological development (Berch, 1986). Phenotypic similarities 
may arise from different evolutionary trends such as: (i) convergence of phenotypes in 



277 

lines of different origin. (ii) relatively recent divergence of phenotypes in lines of similar 
origin, or (iii) paraUel evolution of phenotypes after divergence in the distant past 
(Heslop-Harrison, 1962). The ~a priori• weighting of sporocarp development in 
classification of VA mycorrhizal fungi and the limited fossil evidence has downplayed 
the possibility of convergent evolutionary trends. This and the weight of historical 
precedence undoubtedly are responsible for the continued placement o f Endogone 
and the six genera of VA mycorrhi7.al fungi together in the same family. 

The possibility that taxa witbin Glomus or Acaulospora may need to be split into 
different genera because of consistently different morphological characteristics cannot 
be ruled out. ln Glomus, for example, some species have flexible inner walls; others do 
nor. Such flexible inner walls may represent a functional complex necessary fo r 
~germination shield~ formation as observed in ScUle.llospora (Walker and Sanders, 
1986), but no evidence elcists to extend this interpretation to these genera. As discussed 
earlier, several species of Acaulospora develop spores on a short pedicel branching 
from the hypha subtending the sporiferous saccule. It i.s not known if ontogeny (and 
phylogeny) o f Lhese spores is closer to that of other Acau/ospora species or to Glomus. 

Obviously, a vacuum exists regarding light and electron microscopic studies of 
spore deve lopment and germination processes in all taxa of VA mycorrhizal fungi. 
Improved methods of overcoming p roblems associated with fwtion and sectioning of 
spores (Gibson, 1985) should stimulate new research in these areas. Changes in spore 
wall structure and morphological features at the point of attachment between spore 
and hypha must receive more careful attention. As early as 1922, Tbaxr.er suggested 
that the primary criterion to delimit species might be microscopic detail at the junction 
of the spore and subtending hypha. 

Morphological affinities of spores of E11dogo11t and VA mycorrhizal fungi have 
been presumed for the most part. Gibson (1985) and Gibson et al. (1986a) observed 
some ultrastructural similarities: septal perforations in hyphae of several Endogone, 
Glomus, and Sclerocystis species; similar staining properties o f the outer wall of spores 
of Glomus etunicalum, several Gigaspora and Scutellospora species, and the 
zygosporangium wall of E. pisifonnis. The significance of these similarities, however, 
i.s diniculc to assess. Multiperforate septa occur in other Zygomycetes (Alexopoulis 
and Mims, 1979), so that these affmitics may be most important at the class level. 

The morphological affinities pale next to more significant differences in 
reproductive stages (see above) and events in the symbiotic association between host 
and endophytic fungus . Walker (1987) already questions the validity of placing VA 
mycorrhizal fungi together with Endogone in the Endogonaccae. A formal move to 
split the two, however, probably should await more knowledge of ontogenetic 
relationships. 

B. Vegetative structures 

As obligate biotrophs (Lewis, 1973), VA mycorrhizal fungi must colonize roots 
o f a living host to grow and reproduce. All taxa in the Endogonaccac cxccpttbosc in 
E~tdogo,Je are known or presumed to form VAM associations. Haustorium-like 
arbuscules (Fig. 3A) arc the functional and structural organ which link this group of 
fungi together. Arbuscules are transitory structures, forming within the cells of the 
inner root cortex (Masse, 1973). The interface between arbuscuJe and host cell 
plasmalemma is considered the maio si te of nutrient exchange between host and 
symbiont (Gianinazzi et al.,l979). 
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Many taxa in Glomus, Scluocystis, Acoulospora, and Entropllosporo produce 
terminal thin-walled vesicles on inter- or intra-ccUular hyphae in roots (Fig. 3A) 
(Gerdemann, 1965; Abbott, 1982). The high lipid and glycolipid content in these 
structures suggest astoragefu.nction{Mosse, 1.981). Vesicles of some species may serve 
as infectious propagulcs (Biermann and Linderman, 1983), although it is uncertain if 
these structures were simply not precursors to intraradical spores. Gigaspora and 
Sculellosporo do not form intraradicaJ vesicles, though they do form fragile extraradical 
auxiliary cells (formerly called "vesicles"). Gerdemann and Trappe (1974) suggest that 
these cells may be temporary storage organs or modified subsporangial vesicles. 

Characteristics of the endotrophic phase of mycorrhizal associations have never 
been given much weight in classification below the family level. Peyronel (l924j 1937} 
associated mycorrhiza formation with several chlamydosporic, sporocarpic species 
then classified as Endogone. Later, Godfrey (1957) and Mosse (1956) observed 
mycorrhizal infection by species which formed solitary chlamydospores in soil as wcU 
as in sporocarps. Spores of other Glomus species were found, exl'racted singly from 
sieved soil, and then used to synthesize mycorrhizae in open pot cultures (Nicolson 
and Gerdemann, 1968). Many of the early sporocarpic species (58%) of VA 
mycorrhizal fungi have never been verified as forming V AM. 

The Code of Nomenclature contains no provision that fungal species must be 
established in monospccific pot cultures for valid publication (Section Ill). This is 
reflected in the number of species descriptions documenting pot culture results: 36167, 
2/9, 18122. 3/3, 4/5, and 15/19 in Glom~ts, Sclerocystis, Acau/o.rpora, Entrophospora, 
Gigaspora, and Scutellosporo species, respectively. Those taxa not cultured have been 
assumed to be mycorrhizal because of affinities in spore morphology. 

The absence of distinaive interspecific differences in mycorrhizal anatomy at 
the light microscope level bas discouraged more detailed analyses for classification 
purposes. Most VA mycorrhizal fungj have been reported as forming •typical• 
vesieular-arbuscular or arbuscular infection in pot culture, although this term has no 
precise meaning. Significant morphological differences in mycorrhizal development 
may exist among taxa (Abbott, 1982; McGee,l986; Morton, 1985), but fewer than 25% 
of these descript ions indicate method(s) of pot culture establishment or the fmal 
degree of purity. It is not surprising that significant morphological differences in 
mycorrhizal development arc ignored or go unnoticed. considering the diversity in 
hosts and growt h media used to set up pot cultures. Host or environment-induced 
variabilit y may limjt the taxonomic value of mycorrhi1..al structures in general (Hall, 
19n; Morton, 1985), but additional studies are needed to evaluate this hypothesis. 

D etailed analysis of hypha! morphology of different VA mycorrhizal fungi has 
been limited to a few published studies (Abbott, 1982; Abbott and Robson, 1979). 
Results suggest that some aspects of intraradical hypha morphology may be useful to 
distinguish among genera of VA mycorrhizal fungi. Key characteristics include: (i) 
mode of branching of hyphae, (ii) pattern and density of vesicle formation, (iii) 
constrict ions, swellings. or projections on intraradical hyphae, (iv) staining intensity of 
intraradical hyphae, and (v) hypha! diameter. These anatomical features appear to be 
stable in different host-soil enviro nments (Abbott, 1982). Generalizations about more 
VA mycorrhizal fungi are impossible, nevertheless. because of the paucity of data. 

Most species of Glomus, Acaulospora, and Entrophospora form intraradical 
a rbuscules and vesicles, but some form vesicles rarely or not at all. For a given I axon, 
vesicles can be highly variable in frequency of occurrence, size, and shape (Morton, 
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Fig. 3. Characteristics of mycorrhizal infection in roots stained with 0.05% 
trypan blue. A. Vesicular·arbuscular infection by G. diaphanum in Trifolium pratense 
L. (145X). B. Arbuscular infection by Scutellospora dipwpuruam Morton & Koske 
nom. ined. at an entry site on a root of Sorghum sudiurense (Staph.) Piper (126X). C. 
The absence of intraradical stained mycorrhizal structures of G. occultum 
dcspitcabundant sporulation inS. sudanense (62X). D. Infection by Glomus tenue in 
Andropogon virginicus {75X). 

1985). However, some fungi consistently form morphologically distinct vesicles. For 
example, vesicles formed by A. latvis, G. arborense, and G. warcupii are lobed 
(Gerdemann and Trappe, 1974), sausage-shaped (MeGee, 1986), and coated with a 
mucilagenous layer (McGee, 1986), respectively. Even in these species, however, 
stability of vesicle morphology in different environments is unknown, making their 
taxonomic value questionable. 

Because taxa in Gigospora and Scutellospora do not form intraradieal vesicles, 
only anatomical features of arbuscules and intraraclical hyphae can be studied. The 
knobby projections described for internal hyphae of Gigaspora (Abbott, 1982} rarely 
have been observed in Glomus or Acaulospora, but they are common on hyphae of a 
newly described Scutellospora species (Fig. 38) (Morton and Koske, 1988). Additional 
details of vegetative hyphae may provide important clues of affinities among taxa as 
they come to light. Shape and ornamentation of auxiliary cells (see Section IIA) formed 
by Gigaspora and Scutellospora are important only at the generic level because of high 
interspecific variability (Koslce and Walker, 1985). 

Mycorrhizal anatomy can be observed by staining host roots in trypan blue 
(Phillips and Hayman, 1970), acid fuschin (Konnanik et al., 1980), or chlorazol black 
E (Brundrett et al., 1984). A non-destructive approach i.s to view autofiuorcscing 
arbuscuJes under UV light (450-490 nm excitation range and 520-560 nm em.i.ssion 
range) (Ames ct al., 1982). Unfortunately, hyphae, vesicles and intraradical spores 
usually are not visible. Autofluorc.sccnce of suberized or lignified root tissue also may 
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mask results. Hyphae and arbuscules of many Gigaspora and Scutellospora 
myconhizac stain intensely in trypan blue, regardless of host species (Morton, unpub.). 
Some VA mycorrhizal fungi. such as A. troppei, are intermediate i.n their staining 
reaction in trypan blue (Abbou, 1982). A growing number of VA mycorrhizal fungi in 
Glomus,Acaulosporo, and Entrophospora are not visible or only weakly visible in host 
roots treated with the above--mentiooed stains: G. dimorphiwm , G.fecundisporum, G. 
leptoticllum, G. macu/osum, G. occultum, G. tortuosum ,A. myriocarpa, and E. schenckii 
(Fig. 3C). At least in G. occultum, this phenomenon is consistent in different host·soil 
combinations (Morton, 1985).1ntra.radica.l hyphae usually arc visible onJy in a limited 
number of cortical cells at sites of ingress (Schenck and Smith.l982). The non-staining 
properties of these fungi prevent monitoring of arbuscular or vesicular formation 
during infection development. A rapid increase in spore production by G. occultum 
over time suggests that the fungus is spreading in host roots in the absence of visible 
infection (Morton, t985). An incompatibility between stain and cell walls may account 
for the non-staining properties of intraradieal fungal hyphae. Isozyme analysis of 
mycorrhizal roots (Hepper et al., 1986) or immunological detection assays (Wright et 
al., 1987) are possible alternative approaches for monitoring mycorrhiz.al colonization 
by these fungi . 

Another fungal species currently included in the Endogonaceae, Glomus tenue, 
has been termed the •rme endophyte• because it produces very thin extra- and 
intraradical hyphae (less than 1.5pm) in fan-shaped patterns (Fig. 30). Mycorrhizal 
development is atypical, consisting of small structures which resemble arbusculcs and 
globular vesicles. Hall (1977) includes the fungus in Glomus because oft he tiny (10-12 
IJm) dark brown chlamydospores formed in soil. Glomus tenue most likely includes 
several species. Isolates which fit within the description of G. tcnue can stimulate plant 
growth (Powell, 1980). Still, some doubt exists as to whether these •rme endopbytcs~ 
should be included in Glomus (Walker, 1988). 

Endogone flammicor'ona Buch. (Chu-Chou and Grace, 1979) and E. lactifluo 
Buch. (Fassi et al,1969) form ectotrophic mycorrhizae, but the association is unusual 
in that no fungal mantle is synthesized. Endogone pisiformis bas been cultured 
axc nically (Berch and Fortin, 1983b), but inoculations on Pinus failed to produce a 
fungal mantle or Hartig net. Most Endogone species are considered saprobes 
(Benjamin, 1979). Although ascomycctcous and basidiomyceteous fungi also form 
mycorrhizac with higher plants, morphological features as well as physiological 
inte ractions are quite distinct in each group (Harley and Smith, 1983). Arbuscular 
development alone, from a physiological and ecological standpoint, is enough of a 
distinction to classify genera of VA mycorrhizal fungi apart from Endogone. 

Ill. NOMENCLATURE 
The naming of a VA mycorrhizal fungus is an absolute necessity before it can 

be studied experimentally. An International Code of Nomenclature was proposed by 
De Candolle at the Inte rnational Botanical Congress held in 1867 in Paris, France to 
insure that such a process was standardized for all scientists. This Code normally is 
revised every five years by an International Botanical Congress. The rules set forth in 
the ~International Code of Botanical Nomenclature~ (1983) have provided linn 
guidelines for the description of new taxa. 

The bionomial species name consists of a genus name followed by a specific 
epithet. The latter, when adjectival, must agree grammatically with the generic name. 
Changes in latin endings of specific epithets in many Glomus species were made by 
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Trappe (1982) to agree with the neuter genus name. Such minor modifications may be 
miJdlyirritating to researchers for a time, but they are necessary to preserve consistency 
in nomenclature. 

Nomenclatural types are a corequisite to naming a taxon below the rank o f 
order. The type of a family name is the genus from which the family name was derived 
(e.g. Endogone, Endogonaceac) (Article 10), lhe type of a genus is a species (Article 
10) and the type of a species is a preserved specimen {Article 9). ln the last case, a 
holotypc is designated by the author(s) or the species description (Article 7). The 
species holocype directly links the species epithet with a physical specimen of the 
organism. A holorype may not always be the most typical representative of a taxon, 
since it consists of only a single specimen, but the most representa tive specimen should 
be selected if at all possible. Holotypes of VA mycorrhizal fungi described so far have 
consisted of one or more spores mounted on a single slide, a vial of preserved spores, 
a dried or preserved sporocarp, o r an iUustration or photograph of one or more spores 
or sporocarp. The holotype should be deposited in a permanent, responsible institution 
which will conserve the material and make it available fo r study by other researchers. 
Common repositories of VA mycorrhil.al fungi include the Farlow Reference Library 
and Herbarium of Cryptogamic Botany, Harvard University, Cambridge, Mass., 
U .S.A.; The Herbarium, Department of Botany and Plant Pathology, Oregon State 
University, Corvallis, Or., U.SA.; and The Herbarium, Royal Botanical G ardens. Kew, 
Richmond, Swrey, United Kingdom. 

No provision in the Code regulates the quality of the specimen(s) used to name 
and describe an organism. This has been a persistent problem among VA mycorrhi:cal 
fungi, even to the extent that several species descriptions have been published from 
hyperparasiti.zed material (Bhauacharjec et al., 1982; Mukcrji ct al ., 1983) or spores 
collected from the stomach contents of small rodents (Rothwell and Victor,l984) . The 
condition of the holotypes either is too poor to study properly (e.g. G. bOUyoida) or 
is not accessible for study at all (G. multisubstensum, Gigaspora candida). 

Isotypcs represent duplicates of the bolotype collection. These often are sent 
to herbaria other than that in which the bolotype is deposited. This practice bas become 
more common in recent years by investigators erecting new taxa, but it is not universal. 
Type specimens of species described in Cuba (Ferrer and Herrera, 1981), India 
(Bhauacharjec et al., 1982; Mukerji et al., 1983), Pakistao.( lqbal and Busbra, 1980), 
China (Tang and Zang.1984), and Taiwan (Wu anP Chen, 1986) have been deposited 
only at an herbarium in the country of Origin. Theoretically, this should not be a 
problem, but attempts to borrow some of these materials for purposes of verification 
or comparison of species meet with failure (Koskc and Walker, 1985; 1986) . The 
validity of these species cannot be questioned if a type has been deposited with an 
appropriate institution, but the description of tbesc fungi must be viewed with 
skepticism until such types arc available fo r cxami.nation by other scientists. 

Under conditions where the holotype is not designated, or it is lost or destroyed, 
then a lectotype [selected from the original collection of the author(s)] or a ncotype 
(selected from some other collection displaying similar characteristics) is erected to 
serve as the reference for the named species. A lectotype was designated for Glomus 
macrocarpum and Glomus microcotpum from original collections of the Tulasnc 
brothers, because a bolotype bad never been designated (Berch and Fortin, l983c; 
l984a). Similarly, a lectotype of G. fasciculatum was crcd.cd from an original collection 
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of Thaxter from Quebec, although illustrations of the fungus were from a pot culture 
of an Illinois isolate (Gerdemann, 1965). 

The type specimen of non-vascular plants, including fungi. may consist of more 
Lhan one individual, but this latitude bas been a source of problems for classifying VA 
mycorrhizal fungi from the outset. Thaxter (1922) desaibed sporocarpic species in 
which single sporocarps contained more than one species. This situation led him to the 
erroneous conclusion that taxa in Endogone produced both zygosporcs and 
chlamydosporcs in the same sporocarp (see Section UA). Holotypes consisting of a 
collection of spores in a vial have been known to comprise more than one species, even 
though the specimen originally was meant to represent a population of a distinct taxon 
(Walker, 1987). When such an event occurs, serious problems develop for future 
taxonomists. A lcd.otypc must be ereaed which best corresponds to the original 
description. This becomes difficulr if the desaiption is vague and living specimens 
cannot be found. Walker (pers. comm.) bas recommended that the holotype consist of 
a single spore on one slide to prevent confusion for future investigators. A vial 
containing spores from the same population also should be included, but designated 
as an isotype. FoUowing this practice, efforts should be made to insure the holotypc is 
perserved in a permanent mountant (e.g. PVL or PVA). However, the effects of such 
preservatives on spore morphology during storage must be kept in mind (see Section 
IVC). This problem is surmountable by including one or more black and white 
photographs showing pertinent diagnostic characteristics of a freshly mounted spore 
together with the holotypc. An example of such a situation is A. bireticulata. The 
holotype specimen consists of two slides, with a single spore per slide: one stained in 
lrypan blue and the other immature. A black and white photograph showing internal 
wall structure in a broken spore also is included in the packet (Morton, unpubl.). This 
photo provided the physical evidence needed to confirm an identification despite 
discrepancies in the species description (RothweU and Trappe, 1979). 

A living culture is prohibited as a holotypc (Article 9). "Type cul turesw,as 
designated for bacteria, are inappropriate for fungi. Van Beverwijk (1961) suggested 
the term ·culto-type• to represent the living cultures from which the holotype is 
extracted. In 1985, NSF funded a project aimed at establishing an international culture 
collection of VA mycorrhizal fungi (INV AM) at the University of Florida to: (i) 
preserve germplasm, (ii) improve methods for propagation and perservation, (iii) train 
scientists, and (iv) provide source material for study. Presently, N. C. Schenck andY. 
Perez are Curator and Assistant CUrator of lNV AM, respectively. This facility 
provides tbe ideal opportunity for researchers to deposit wculto-types• or living isocype 
and paratype cultures, which can tben be preserved as living germ plasm accessible to 
future scientists. 

Part of the problem with current classification and identification of VA 
mycorrhizal fungi is tbe imperfect manner in which species are described. Names of 
fungi are valid only if they arc published in a scientific journal with a latin description 
(Articles 29 and 36). These prolologues (everylhing a.ssociared wilh a name al irs valid 
publication) include observations interpreted acrording to taxonomic concepts known 
at the time a new taxon is proposed. As facts emerge or change, it becomes necessary 
to re-evaluate descriptions of taxa. For example, recent revisions concerning 
Scutellospora species (Koske and Walker, 1985; 1986) and G. fasciculatum (Walker 
and Koskc, 1987) include redefinitions of waU types and structure which improve 
efforts to classify and identify these species. 
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The question of priority of publication (Article 11) has not been an issue yet for 
VA mycorrhizal fungi. It was exercised by Gerdemann and Trappe (1974) when they 
re-established the name Glomus for chlamydosporic species in Endogone, a genus 
originally erected by Thaxter (1922). Few studies have resulted in synonymy between 
two taxa of VA mycorrhizal fungi. The only instance of this to date is the combination 
G. epigaeum (Daniels and Trappe, 1979) and G. venifonne (Berch and Fortin, 1983c). 
More often, species (Berch and Fortin, 1983c; Walker and Koske, 1987) or genera 
(Walker and Sanders. 1986) are segregated from taxa previously described in very 
broad terms. Walker (1987) bas suggested synonymy between Sclerocystir and Glomus, 
but much has to be learned before such a move comes to fruition (Section UA). 

IV. IDENTIFICATION 
Identification involves the practical usage of information collected from 

classifying and naming an organism. For VA mycorrhizal fungi, this involves 
recognizing a spore or group of spores collected from a field or pot culture soil In 
geographic areas where no previous identifications have been, this may involve 
determining if a fungus belongs to an established taxon or differs sufficiently to be 
described as a new species. In West Virginia. for example, initial surveys of native VA 
mycorrhi7.al fungi resulted in four new species out of the first seven established in pol 
cu lture (Morton, 1986a; Morton and Walker, 1984). 

Morphology always will exert primacy in classification and identification, mainly 
because the holotype specimen (see Section Ill) provides a physical entity to compare 
against the name and a written description. As a result, this will be the main focus or 
attention in this section. It is important to note that much of this discussion is based on 
data and observations from protologues and revisions of species descript ions., unless 
indicated otherwise. 

Physical characteristics arc important because they can be visualized universally 
with a good light m.icroscopc.ldecitification is achieved by comparing individuals using 
preserved specimens. species descriptions, illustrations, and keys. Much of the 
discontent and frustration in using morphological features comes from lack of exposure 
to a range of species, not enough time to develop •an eye• for recognizing each 
structure, and only vague concepts of how to evaluate variability among specimens. 
These obstacles are overcome only through self-education in specialty courses or 
workshops or through the use of learning aids. A book on metbods applicable for 
mycorrhi1.al research (Schenck, 1982), a compilation or species descriptions under one 
cover accompanied by a ~species guide• (Schenck and Perez. 1987), and a 2 x 2 slide 
set illustrating pertinent morphological characteristics for identification (Morton and 
Koskc, in prep.) provide a start. Keys can be important tools in identifying an organism. 
Several large keys for VA mycorrhizal fungi have been published (Hall, 1984; Hall and 
Fish, 1979; Trappe, 1982). Smaller, but more manageable, keys synthesize current 
information on select groups or taxa (Gerdemann and Trappe, 1974; Koske and 
Walker, 1985; 1986; McGee, 1986; Nicolson and Schenck, 1979; Schenck and Smith, 
1982; Walker and Trappe, 1981). The species guide of Schenck and Perez (1987) 
provides a practical approach in identifying a species. It supplies just enough 
information to reduce the number or choices to a manageable level, and then requires 
that the investigator carefully read tbe species descriptions to make a fmal decision. 
Even then, some descriptions (especially in Glomus) may be too vague to make a 
definitive choice. It is for this reason that voucher specimens arc so important. Tbcy 
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accomodate reappraisal of tentative identifications as more detailed information 
becomes known. 

Most of our deficiencies ln knowledge of taxonomic features arc concentrated 
in Glomus. Many species need renewed study, especially those in which sporocarpic 
characteristics took precedence over spore morphology. A serious obstacle in this task 
is the inadequacy of type material for study. Species are difficult to redescribe 
accurately from preserved material because of modifications in spore morphology (see 
Section IVE) . In many i.o.stances, new specimens will need to be retrieved from the 
original coUection sites and examined (e.g. G. fasciculatum in Walker and Koske 
(1987)]. Even more important, new species should not be erected only from material 
stored in liquid preservatives. Spore characteristics of Glomus hoi (particularly color 
and wall morphology), for example, may not match those collected from l.bc field 
because the fungus was described from specimens stored for a number of years in 
lactophenol (Berch and Trappe, 1985). 

A. Organization ol spores 

Spores of VA mycorrhizal fungi first were thought to be arranged in 
loosely- formed dusters, randomly dispersed in a loose or dense hypbal network, or 
hishly ordered around a hypha! plexus (Gerdemann and Trappe, 1974). Emphasis on 
sporocarpic forms graduaiJy has been replaced by an awareness that many VA 
mycorrhizal fungi (70%) form ectocarpic spores singly on hyphae. Spores also can 
aggregate in animal remains (Rothwell and Victor, 1984), dead spores (Koske, 1984), 
dead seeds (Taber, 1982), insect husks (Rabatin and Rhodes, 1982), or in roots(Koske, 
1985; Morton and Walker, 1984; Nicolson and Schenck. 1979; Schenck and Smith, 
1982). In all but the last instance, spore aggregation is more likely a response to the 
physical environment than 10 inherent genetic mechanisms. Acaulospora myriocarpo, 
for example, sporulates in all of the above-mentioned habitats in South America 
(Schenck et al., 1986). 
1. Aggregation oloporesln roofs 

Most taxa forming spores in roots are in Glomus. Almost any fungus will 
produce an occasional spore in the root cortex. However, some species (G. aggregatum, 
G. clarum, G. diaphanum, G. heterosporum, G. int.raradicu, G. manihotis, G. 
microaggregatum) frequently form abundant intraradical aggregates of spores. Walker 
(pers. comm.) suggests that this habit is variable, but it ~as proven to be a consistent 
hal:iit in isolates of G. diaphanum (Morton, 1985): G. clarum, and G. intraradices from 
soils in West Virginia and swrounding states (Morton, unpubl.). Abundance of 
eetocarpiespores was a more variable characteristic in different host·soil environments 
(Morton, 1985). 

The life cycle of these fungi may be different from that of other VA mycorrhizal 
fungi in that the thin-walled vesicles cilher are transitory and replaced by intraradical 
spores or are precursors to spores (Gerdemann and Trappe, 1974; Morton, 1985). 
Identification of taxa with this type of life cycle may be important in the evaluation of 
inocula. since intraradical vesicles (or spores) can serve as propagules (Biermann and 
Linderman, 1983). 

Species in several Olher genera can form sporocarps (Sclerocystis coremioidcs, 
B. H etrick. pcrs. commun.), or spores (E. schenckii, Scutellospora erythropa, and 
Scutellospora pellucida) singly in roots. Stability of this pbenomenon bas not been 
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assessed in these fungi, but the mechanism of formation obviously cannot involve 
vesicles as precursors in Scutellosporo. 
2. AggregaUon of aporn In aporocarpa 

Sporocarps often are large enough to be seen with the naked eye, enabling them 
lobe collceled by raking !he upper soil surfaoe (Gerdcmann and Trappe, 1974). They 
also can be separated from soil debris by wcl-sieving.ln this review, sporocarps will be 
defwed as aggregates of many spores with a loose or highly organized structure which 
do not separate into individual spores upon extraction from soil. A distinction between 
organized sporocarps (spores embedded in glebal hyphae) and clusters of spores 
eventuaUy may be made once details of sporocarp development come to light. 

Only in Sclerocystis are taxa obtigately sporocarpic. Of nine species, only two 
are described as forming V AM in pot culture (S. cortmioitks, S. TUbiformis). The 
sporocarpic habit of these taxa appears to be highly stable, based mostly on 
field-collected material from dissimilar habitats. Empirical data from pot culture 
experiments is lacking. 

The sporoca.rpic habit is much more variable in Glomus. A large proportion of 
sporocarpicspecies (60%) have been collected only from field sites. For those species 
successfully propagated in pot cultures ( 40% of the taxa), spores may be formed only 
in sporocarps (e.g. G. albonn.se, G. glomerulatum, G. pallidum, G. centrum) , singly as 
wcU as in sporocarps (e.g. G. macrocarpum), or only singly (G. microcarpum). A 
continuum between single spores and sporocarps also may exist, as bas been observed 
for G. pan.sihalos (Berch and Koskc, 1986). Based on observations of G. ~rsi[om1e, 
unspecified environmental conditions in different geographic locations appear to 
influence whether a fungus such forms sporocarps (Hetrick and Trappe, 1979) or single 
ectocarpic spores (Schenck, pers. comm.). Pot culture age can be an important factor 
in appearance of sporocarps, since these fruit bodies can take 4-12 months to develop 
(Gcrdcmann and Trappe, 1974; Smilh and Schenck, 1985). All dimorpruc spec;es (G. 
ambispotum, G. dim01phicum, G. heterosporum) arc described as having one morph 
which consistently forms sporocarps. but environmcntaJ stability under different 
ecological pressures bas not been assessed empirically. 

Of the two species considered sporocarpic in Acaulospora, only one (A. 
myrioclli]XJ) has been propagaled in pol cui lure. Varmbility in sporoearp developmenl 
is not discussed in the protologue of this fungus, but it clearly is capable of forming 
single spores or tight clusters of spores in different niches (Schenck et al., 1986). 

B. Sporocarp morphology 

1. Ammgement or spores 
Spores and hyphae arc most highly ordered in sporocarps of Scltrocystis, where 

spores often are side~by·side in a single layer around a central bypbal plexus 
(Gerdemann and Trappe, 1974). The central core of thin-waDed interwoven hyphae 
does not contain chlamydospores. This arrangement is observed in most species, but 
it is most pronounced inS. clavispora. Spores are more loosely organized in sporocarps 
of S. coremioides and S. rub1jormis. 

ln Glomus, only the sporocarpic morpb of G. ambisporum and G. heterosporum 
forms spores around a central hypha! plexus similar to tbat found in Sclcrocystis. 
Scluocystis pachycaulis suspicous.Jy resembles these dimorphic Glomus species based 
on the loose arrangement of spores and the presence of double~wallcd cblamydospores 
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(Wu and Chen, 1986). Unfortunately, this fungus was not grown in pot culture to 
examine this possibility. 

Spores of most sporocarpic Glomus species are arranged randomly in 
interwoven hyphae (&leba). Spores of some species (G. au.strale, G.fuegianum, and G. 
vesiculiferum) are arranged in discrete clusters within the glebal hyphae. In other 
species (G. pubescou, G. radiatwn, and G. segmentatum ), spores radiate from the base 
of sporocarps. 

Details of sporocarp development in Acaulospora arc not known. Sporocarps 
of A . myriocarpa consist of tight clusters of spores which remain intact after the rigors 
of sieving and centrifugation during separation from soil (Schenck, pcrs. comm.). 
Sporocarps of A. sporrxarpia, which contain spores embedded in a network of hyphae 
and sporiferous saccules, arc described only from herbarium specimens (Berch, 1985). 
For this fungus, it is not known if sporoc:arp formation is genetically or environmentally 
induced. 
2. S ize of s porocarps 

Sporocarps of aU taxa in Sclerocystis are less than 1 mm in djameter, witb tbosc 
of S. clavispora being the largest ( 450-800 p.m.). Glomus species generally former larger 
sporocarps. Only sporocarps of G. fasciculatum, G. microcatpum, and G. pansihalos 
grade below one millimeter. Sporocarps of most Glomus species range between one 
and 20 mm. Sporocarp diameter appears to be a highly variable characceristic. Glomus 
po/lidum, for example, forms sporocarps ranging from 1·25 mm in diameter (Hall, 
197T}. 

Each of the two sporocarpic Acaulospora species are at opposite extremes. 
Sporocarps of A. myriocarpa generally arc less than 1 mm; tbose of A. sporoccupia can 
be as la rge as 2.5 em across. 

3. Color olsporocarps 
Color of sporocarps is determined most often by examining the fruit bodies 

under reneeted light (e.g. a disseeting microscope). Trappe (1982) distinguishes 
between surface and internal color of sporocarps. since tbc two can be quite different. 
In Glomus, sporocarp surface coloration can range from white to browni internal 
coloration can vary from white to black. Cut sporocarps with darkly pigmented 
interiors can be white on tbc surface because of crusting. For example, sporocarps 
with a white to grey surface (G. caledonium, G. canadense, G. fra~le, G. fuegianum, G. 
scgmenlatum) usually are yellow to brown inside. Generally, the internal color of 
sporocarps is similar to the color of the embedded spores. Sporocarps grading between 
white to brown on the surface are brown (e.g. in G. flavisporom, G. macrocarpum, G. 
inven11aium) or brownish·black (G. melonosporum) internally. 

Most sporocarps of Sclerocystis species are brown, wbetber intact or cut . 
Surface coloration of S. coremioides and S. dUJsii varies from white to brown and it 
appears to be a funccion of age (white wben young. brown when mature). The white 
surface coloration of S. coccogena sporocarps is attributable to numerous small hyaline 
to whitish spores intermixed within a surface pseudoperidium or hyphae. 

Sporocarps of A. myriocarpa are byaline, whereas those of A. sporoccupia dark 
brown to black. Both spores and sporocarpsofA. myriocarpa, at least, are consistently 
hyaline among different isolates (Schenck et al., 1986). 
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4. Shape ol sporocarps 
Sporocarps of most Sclerocystis species are globose, subglobose, to ellipsoid in 

shape, allbougb those of S. coremioides, S. dussii, and S. sinuosa are cushion·shaped 
(pulvinate). ln Glomus, sporocarps are more irregularly-shaped, although they often 
are rounded along the upper surface. Some species have lobed sporocarps (G. 
convolutum, G. radiatwn) or irregular surface aggregations (G. boreale, G. pallidum, 
G. versifonne, G. vtsiculiferum). Sporocarps of several species have distinctive 
characteristics which merit weight in identification. Glomus pubescens sporocarps 
appear to be elevated on short stipes and those of G. segmentatwn break into 
subpolygonal sections when teased apart. Morphological stability of these forms is 
unknown, however, since neither fungus has been cultured successfuUy. 

5. Surlace texture olsporocarps 
Texture of sporocarps is governed somewhat by whether spores are exposed or 

covered with loose or tightly interwoven hyphae. The ends of spores are exposed in 
four Sclerocystis and seven Glomus species, giving the sporocarps a warty topography. 
Structures other than chlamydospores provide a warty surface in sporocarps of other 
species. For example, S. dussii has giant globose cells overlaying chlamydospores, and 
G. aggregatum and G. vesiculifenun have irregular-shaped and thin-waDed swollen 
cells, respectively, on the surface of sporocarps. These mysterious structures are not 
found consistently on sporocarps of G. vesiculifenun formed in pol culture (Berch and 
Fortin, 1984b). 

Sporocarps of other taxa with exposed spores on the surface can appear cottony 
from interspersed hypbal wefts (e.g. G. macrocmpum, G. melanosporum, G. pallidum). 
Most fungi with loosely interwoven hyphae encasing clustered spores have a cottony 
or fclty texture on the surface (three Sclerocysris and eleven Glomus species). 

6. The perldlum olaporocarps 
Ainsworth (1971) defines a peridium as the wall of a sporangium or other fruit 

body. For most VA mycorrhizal fungi. a bypbal network covering small clusters of 
spores (e.g. G. mosseae, G. monosporum) or sporocarps bas been interpreted as a 
pcridium. Interwoven hyphae encircling individual spores bas been termed a hyphal 
mant le (e.g. in G. convolutum and G. tonuosum), although distinctions in origin and 
development are not clear cut. Walker (1983) includes the peridium as a wall type, but 
this interpretation appears to be one of convcoicncc only. The peridium covering 
sporocarps of Sclerocystis and Glomus species consists of hyphae which may be tightly 
(S. sinuosa, G. canadense, G.fuegianum, G. segmentatum) to loosely interwoven (e.g. 
G.flavispontm, G. pulvinatum, G. radiatum). The peridium covering sporocarps of G. 
pubescens is distinctive in that e rect hyphal tips arc exposed amongst the tangled 
hyphae. In other taxa, the pcridium may be present, absent, or patchy over the 
sporocarp surface (G. bortale, G. convolutum, G. macroctupU111) . Sporocarps of G. 
microcarpum may be without a peridium when small, but the peridium often is present 
in larger sporocarps (those approaching 5 mm) (Berch and Fortin, 1984a). Size, and 
possibly age, of sporocarps arc important factors affecting pcridium development. 
Three Sclerocystis, seven Glomus, and twoAcaulospora species do not form a peridium 
enclosing sporocarps. Glomus convolutum is distinctive in that each spore is covered 
with a hypbal mantle, but the sporocarp lacks a peridium. 
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7. Global hyphae olaporocarpa 
The hyphae constituting the matrix for many sporocarpic taxa in Glomus and 

Sclerocysti.s have not been described in any great detail. The hyphae of G. vesiculifuum 
arc unique, with numerous septa up to 10 um in thickness (Berch and Fortin, 1984b). 
With the exception of G. melanosponun, most Glomus speCies (e.g. G. aggregatum, G. 
invennaium, G.fascicuiOIUm) do not have extensive glcbal hyphae. 
8. Substances exuding from aporocarpa 

Sporoca.rps of some species (G. macrocarpum, G. melanosporum) exude a latex 
when cut. This material apparently originates from the lumen of spores (Gerdemann 
and Trappe, 1974). Glomw convolutum, on the other hand, exudes a yellow oil from 
cut hyphae and spores. These fungi appear 10 possess unique pbysio-chemicaJ 
properties. 

c . Morphology of Intact spores 
With care. different taxa ofV A mycorrhizal fungi often can be separated visually 

under a low power dissecting miaoscope after spores are extracted from a soil. 
Individual spores can be separated by similarities or differences in color, size, and 
shape. Even so, accurate identification of each fungus still requires careful examination 
of a number of spores under a light microscope, often at high magnifications. 

1. Color of spores 
Differences in spore color arc easily discerned under a dissctting microscope. 

As a result, color has received undue emphasis in identilication. Despite its visual 
prominence, spore color ls a highly variable characteristic (Fig. 4) . Color is influenced 
by the manner in which light passes from the object to the viewer. In many species 
descriptions., it is not clear whether color is determined from reflected light (e.g. spores 
viewed through a dissecting microscope) or from transmitted light (e.g spores viewed 
through a light microscope). Unless specified in protologues,lhe former is assumed in 
this review. 

Color differences among species may be due either to pigments in spore walls 
or pigments in the cytplasmic contents of spores. The latter has been reported in only 
a few species (Giga.spora gr"gontea, Glomus convolutum). The internal contents of G. 
F)gantea spores are greenish-yellow to yeUow-green, whereas the spore walls are 
hyaline to pale yellow. Spores can grade to dark brown in both lield and pot culture 
material (Koske and Morton, unpubl.), probably because of oxidation of contents 
during senescence or as a result of hyperparasitic activity. Spores of G. convo/utum arc 
a deep yellow from pigments in oil globules within the spore (Gerdemano and Trappe, 
1974). Stability of this characteristic is not known because this fungus never has been 
propagated in pot culture. 

In taxa which form white (translucent) or hyaline (transparent) spores, spore 
color rarely turns darker than a pale brown (Fig. 4). Glomus fecundisporum is the only 
exception in the literature, being described as occasionally forming brown to black 
spores in culture (Schenck and Smith, 1982). It is not known if this extreme gradation 
in color is a pigment change in the spore wall (possibly genetic) or in the cytoplasm 
(possibly parasitism or senescence). It should be noted that the spores of many species 
reported as hyaline actually are white. Few spores consistently are transparent, simply 
because internal oil globules scatter rcOected light and render the spores opaque. 
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SCLEROCYSTIS 

ACAULOSPORA 

OPHOSPORA 

GIGASPORA 

SCUTELLOSPORA 

Fig. 4. The range in color of spores in taxa of all genera of VA 
mycorrhizal fungi. Thickened bars indicate colors reported in species 
descriptions. Taxa with the same range in spore color are pooled on the same 
line. The combinations grey-brown or pale yeUow with greenish tinge are not 
included. 
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Spores which are pale yellow at their lightest rarely darken to more than 
ycUow-brown, although those of G. aggregatum, G. pustulatum, and SCUJeUospora 
~mlCosa can grade to orange-brown. Yellow or yellow-brown spores at their lightest 
darken at most to an orange-brown or red-brown color (e.g. G. formosonum, G. 
pansihalos,A.Iaevis,A. spinosa, Scute/lospora hetuogama). Only A. tuberculata forms 
spores with a broad range in color from yellow-brown to reddish-black. Most species 
with pale brown or brown spores rarely take on additional pigments. These spores 
usually just grade into a darker brown color (e.g. G. hetuosponun , G. invennaium, A. 
scrobiculata). Spores which are never lighter than a dark brown spores grade into 
darker shades, sometimes picking up yellow (to make orange) and red pigments. Going 
from dark to light, taxa with reddish-black or black spores rarely form spores lighter 
than a dark yellow-brown (e.g.A.tuberculata). 

Significant trends in gradation in spore color are evident at the genus level (Fig. 
4) . Spores of Glomus, Acoulospora, and Scutel/ospora species range in color from 
hyaJine to black. Spores of Entrophospora exhibit similar variability, but each of the 
three described species has a distinct color range. Spores of Sc/erocyslis and Gigasporo 
have a more restricted range of color gradation, being consistently different shades of 
brown in the former and hyaline to pale yellow-brown i.n the latter. 
2. Size of spores 

Spore diameter often is reported in species descriptions as a range from smallest 
to largest. Sometimes this range encompasses a •majority" of spores, with rare extremes 
noted in parentheses. In other instances, the range is reported as a mean value, with 
extremes noted in parentheses. Mean or range values cannot be used to make direct 
comparisons among species because of this Jack of standardization. Worse, the 
precision of these measurements cannot be evaluated because numbers of spores rarely 
are documented. A wide range in spore size could reflect either a large sample 
population or genetic variability. Conversely, a narrow range could mean that only a 
few spores were examined. 

Tomalcesomeeffort at comparisons among VA mycorrhizal fungi in this review, 
spore size is calculated as a midpoint value (mid-diam) between maximum and 
minimum vaJues (F~g. 5). The extent of variability in spore si7.e is judged by the 
difference between maximum and minimum values (Fig. 6) . Spore mid-diam of VA 
mycorrhizal fungi generally falls into two broad groups. One group includes most 
Glomus, Sclerocyslis ,Acaulospora, and Entrophospora species, where 90%,67%, 82%, 
and 100% of the taxa in each genus, respectively, form spores with mid-diams between 
50 and 250 pm (Fig. 5). For most of these species, the extent of variation in mid-diarn 
is less than 100 Jim (Fig. 6) . Variability is greatest in larger-spored species. For example, 
G. caledonium is the largest-spored Glomus (mid-diarn of l56 prn). and spores range 
from 124 to 391 pm. Similarly,A. /oevis spores (mid-diarn of 320 pm) vary from 119 to 
520 pm. The other group encompasses most Gi'gaspora and Scutel/ospora species, 
which have spore mid-diams which exceed 3()(} fl.ID· Tbe extent of variation in these 
taxa, despite large spore size, is mostly less than 100 prn. These data indicate 
considerable interspecific and intcrgeneric overlap among taxa in each of the two 
groups. Despite the possibility of errors ln interpretation because of non·statistical 
comparisons. most evidence indicates tbat spore diameter should not be weighted 
heavily in identification. 
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Fig. S. The diameter of spores in taxa of all genera of VA mycorrhizal fungi. 
calculated as the midpoint between reported maximum and minimum values (Max. 
diam. - Min. diam./2 + Min. diam.) . GLOM - Glomus, SCLER = Sclerocystis, 
ACAUL = Acaulospora, ENTRO = Entrophospora, SCUT = Scutel/ospora, and 
GIGA - Gigaspora. 

Fig. 6. Variation in spore diameter in taxa of aU genera of VA mycorrhizal fungi, 
calculated as the difference between reported maximum and minimum values (Max. 
diam. • Min. diam.) . See Fig. 5 for explanation of genus abbreviations. 
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Spore size may have greater significance in showing relationships among taxa. 
A significant relationship appears to exist berween spore size and sporocarpic habit. 
Large-spored genera ( Gigaspora and Scutellospora) form spores only individually. All 
other genera (excluding Entrophospora for which only 3 species are described) have 
sporocarpic members. Considering only those fungi with a maximum spore diameler 
of less than 125 pm (23 Glomus, 6 Sclerocystir, SAcaulospora, and oneEntTOphospora 
species), 80% of these taxa are obligately or facultatively sporocarpic. Still, some 
small -spored species (e.g. A. trap pel) show no evidence of forming sporocarps. 

More detailed and precise analyses of such relationships might eventually be 
possible if new (or revised) descriptions of species include data on size distribution in 
spore population. Such an approach has been taken for only a few species (Berch and 
Koskc, 1986; Koske et al., 1986; Schenck et al., 1986), providing a much clearer and 
concise picture of intra· and inter-specific variation. 
4. Densny ol spores 

Spore density can be determined indirectly by lhe tendency of spores to sink or 
float in different solvents. The adhesion·flotation (Sutton and Barron, 19n) and 
fl otation-bubbling (Furlan and Fortin, 1975) systems fo r separating spores £rom soil 
debris were developed to take advantage of this behavior. Unfortunately, these 
methods lacked the flexibility to manage soils or VA mycorrhilal fungi with widely 
differing physical properties. 

Spore density has n()( been used often as a criterion for separating species. Most 
species appear to have a similar tendency of sinking in water or remaining suspended 
in a solvent with higher specific gravity (e.g. suaose or glycerol). However, these 
assumptions may disguise real differences either not noticed or ignored. Distinct 
differences among a few species can be found in the literature. Rose et al. (1979) 
indicate Lhat a soil suspension containing G. guthmannii must be decanted into sieves 
in less than one minute after st irring because spores sink very quickly. At the other 
extreme, spores of G. occultum float in 10% sucrose for several minutes before sinking 
and thus can be separated easily from other species (Morton, 1985). The major 
difficulty with this fungus is separating spores from organic debris, which also floats. 
3. Shape of spores 

Spore shape also is a highly variable characteristic (Fig. 7), probably because it 
is easily affected by the physical environment in which the spores form. Small to 
medium-sized spores withoutlhick rigid walls, for example, often are ellipsoid when 
formed in root cortical tissue (e.g. G. UtrnutuJica, G. diophanum, Scutellospora 
pellucido ). Larger, thicker·wallcd intraradica.l spores are more likely to remain globose 
or subglobosc (e.g.. G. clatUm, G. manihotis). In Scluocystis, which is consistently 
sporocarpic, none or the taxa rorm globose spores. Only four species (S. coccogeno, 
S. coremioides, S.pochycoulis, S. robiformis) produce spores which are subglobose to 
ellipsoid. Oblong to clavate spores are formed in Sclerocystis species with 
hjgbly·ordered sporocarps.ln several species (S. dussii, S. sinuoso) some spores in the 
sporocarps can be obovoid or ellipsoid. Clavate spores are not ronncd in any other 
taxa of VA mycorrhizal fungi. Less than 10% of the taxa in Glomus grade from ovoid 
or obovoid to irregular or oblong. and those that do are sporocarpic (e.g. G. boreale, 
G.flavisporum, G. radiarum). 
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ACAULOSPORA 

ENTROPHOSPORA 

GIGASPORA 

SCUTELLOSPORA 

Fig. 7. The range in shape of spores in taxa of all genera of VA 
mycorrhizal fungi. A = globose, B = subglobose, C = ovoid, D = obovoid, 
E = ellipsoid, F = pyriform, G = irregular, H = oblong, I = reniform, J = 
fusiform, K = clavate. Thickened bars indicate shapes reported in species 
descriptions. Taxa with the same range in spore shape are pooled on the same 
line. 
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With the exception of Sclerocysris, most taxa produce at least some spores which 
arc globose to subglobosc. Only globose to subglobosc spores arc formed by44%, 27%, 
and 36% of the taxa in Glomus,Acaulospora, and Giga.spora, respectively. 

Few species in Acaulospora, Gigaspora, or Scute/lospora form a majority of 
spores which are elongated (unless they are formed in roots, e.g. S. pellucida ). Some 
spores ofA. sporocarpia can assume a pyriform shape, but this may be due to constraints 
of sporocarp development. 

D. Spore wall structure 
The spore wall, more than any other morphological character, defmes a fungus. 

Wall s truct ure provides important clues about vegetative growth, mode of 
reproduction, events in ontogeny of spores, and s urviva l mechanisms 
(Bartnicki-Garcia, 1968). From the discussion in Section llA. it is clear that wall 
structure must be examined in detail to determine the type of spores produced and 
how they form. 

Fungal ce ll walls consist mostJy (80-90%) of polysaccharides, the remainder 
being protein and lipid. Chitin and cellulose comprise the microfibrillar backbone or 
cell walls. Major differences in structural components rarely are observed in taxa with 
similar spore morphology (Bartnicki-Garcia, 1968). Chitosan, a poorly acetylated 
poly-glucosamine, is a characteristic component of cell walls in Zygomycetous fungi. 
Possibly, this polymer fulfills the structural role normally relegated to glucans in other 
fungi . 

Wall st ructure always has been a considera tion in classification and 
identification of VA mycorrhizal fungi (Gerdemann and Trappe, 1974; Mosse and 
Bowen, 1968; Trappe, 1982), but it was weighted equal to or less than olhcr more 
variable characteristics. The complexity of wall structure in VA mycorrhizal fungi was 
not recognized generally until descriptions of Acaulospora and Scurellosporo began 
appearing in the literature. Then, definition of separate waH types became essential to 
standardize terminology and provide a focal point from which investigators could 
recognize old and new differences among taxa (Walker, 1983). This wall terminology 
now is accepted by most workers, although it has been subject to some criticism. Berch 
(1986) has proposed that ~wall layers~ be substituted in place of •wa11s•. She reasons 
that without knowledge of lhe origin of each structural component forming the spore, 
differences among these components cannot be identified at Lhis lime. Her argument 
is valid, but it offers no additional insights into our present knowledge of wall slructure. 
Such changes in terminology should be postponed until more concrete information i.s 
available on the development of the different wall types. 

In order to examine spore wall strudure, intact spores must be extraded from 
soil, mounted on glass microscope slides, and broken under pressure. Spores from 
field-collected soil must be carefuiJy chosen to exclude specimens which have 
undergone changes in wall structure because of hyperparasitism. For example, inner 
walls can disappear (Walker et al., 1984) and outer walls may become pitted 
(Bhattacbarjec ct al., 1.982) from such adivity. This i.s less of a problem in pot cultures 
employing sterilized or pasteurized substrates. A source of variation in wall structure 
of spores from pot cultures is age. Immature spores can constitute a major portion of 
the population in pot cultures less than 2-3 months old, especially those started from 
only one to several spores. 
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Fig. 8. Murograph of wall type, number, group, and position in a VA mycorrbizaJ 
fungus spore (from Berch and Ko.ske, 1986; Morton, 1986; Walker, 1983; Walker, 
1986). (0) - ornamented surface, • • difficult to see. Lines connecting two walls 
depict a cementing layer. Walls are numbered consecutively from the outer to inner 
surface. l - expanding. 2 • evanescent, 3 = laminated. 4-7 a unit, 8 = membranous. 
9 c coriaceous, 10 - amorphous walls. Each wall group is bracketed in parentheses 
with consecutive letters from outer to inner surface. 

With emphasis on individual components of spore walls in recent years, 
charadcrl.stics of the intact •composite~ wall in unbroken or lightly broken spores no 
longer are reported in species descriptions. Color and thickness of the composite wall 
undoubtedly overlap among taxa and thus would not have much weight in 
identification. but these details would provide the working scientist with a more 
realislic picture of the intact spore wall before it is broken apart and distorted. 
1. Well type 

Wall types are identified strictly by their appearance in intact or broken spores 
under the light microscope. Ontogeny or function currently are not part of wall 
dcfmitions, but eventually this information will be needed to stabilize terminology. 
Walker (1983) flf'Sl defmed the evanescent, unit, laminated, and membranous wall 
lypes. Since then, three new wall types have been described: the expanding wall (Berch 
and Koske, 1986), the amorphous wall (Morton, 1986), and the coriaceous wall 
(Wallcer, 1986). 

Despite recent advances in delirtC•ing different wall types. the spore wall 
structure of many species described prior to (and sometimes after) 1983 are difficult 
to interpret because of scant detail. Koske and Wallcer (1985; 1986) have redescribed 
wall structure in a number of Scultllospora species, but wall types still arc not defmed 
well in most Sclerocystis, 22 Glomus, four Acaulospora, one Gigaspora, and four 
Scutellospora species. Murographic representatio ns of wall types (Walker, 1.983) are 
illustrated in F'ij!. 8. The murograpb ofthe "expanding" wall bas been revised (Schenck 
and Perez, 1987) from that proposed in the description o f Glomus pansiholos (Berch 
and Koske, 1986). Walker (1986) also proposes use of a "muronym' to aid in describing 
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wall information for input into a computerized database or key. It has proven very 
useful in the INV AM species guide to summarize succinctly the type and arrangement 
of walls (Schenck and Perez, 1987). 

The laminated wall (Fig. 9A) ;. defined as a rigid wall composed of fused 
muhiple layers (referred to as •laminae") formed succcss.ively as the spore matures. It 
breaks easily when pressure is applied to the spore. The laminae of a wall usually can 
be detected in most taxa because of differences in refraction with transmitted light, 
especially when spores are mounted in water or glycerin. In pigmented spores, the 
laminated wall usually is colored. The function of this wall probably is mainly to provide 
structural integrity to the spore and to resist dessication and predation. 

The unit wall (Fig. 9A-C) also is a rigid wall, but it is formed as a singly layer 
which fractures easily when pressure is applied to a spore. MOSI unit walls range from 
0.5-31Jm thick, but sometimes they can be less than 0.5 p.m (A. scrobiculata, S. erythropa, 
S. weresubiae) or up to 6Jim thick (A. appendicula) (Fig. 9C). So far, no VA mycorrhizal 
fungus has been reporled with only a single unit wall enclosing spore contents. When 
the unit wall provides structural integrity for the spore (G. occultum, G. aggregatum , 
G. microaggregatum, A. appendicula, A. /ongula, A. morrowae, A. myriocarpa, A. 
spinosa, and E. schenckii) two or more are found together and they often are 
pigmented. When the unit wall does not provide a structural function (e.g. thin 
outermost walls or inner walls), it most often is hyaline. 

The evanescent wall (Fig. 90) appears as a unit wall in young spores, but then 
it breaks down or sloughs as a spore matures. This wall type is much more difficuh to 
evaluate because of its transitory nature. Jn,field-collected material. adhering debris 
may give the impression of a degrading wall. Only when some spores in a population 
possess an intact wall in place of the roughened outer surface is a proper identification 
possible. Propagation of spores in pot culture provide a valuable means of determining 
the presence or absence of an evanescent wall in spores of different physiological 
maturity. A rough or granular layer on lhe outer surface of spores does not always 
indicate an evanescent wall. If such a granular layer is consistent on all spores in a 
population, especially in pot cullure, then it is not evanescent. This bas been observed 
on spores of two undescribed species in West Virgjnia maintained in successive pot 
cuhures for three years (Morton, unpubl.). This characteristic may represent a 
different wall type, but more likely it is indicative of ornamentation on a laminated wall. 
The evanescent wall has been described in spores of G. Q/bidum, G. ambisporum, G. 
dimorphicum, G. etunicatum, G. gtrdunannii, G. heterosporum, G. hoi, G. tenebrosum, 
G. vers1Jorme, A. delicata, A . longula, and A. nicolsonii. None oftbe taxa in Gigaspora 

Fig. 9. Wall types io broken spores of VA mycorrhizal fungi. Murographs (see 
Fig. 8 for explanation of patterns) indicate the wall structure most often observed. A. 
Gigaspora gigantea (NJ) (380X). B. Acau/ospora rugosa with two innermost walls 
unbroken (NI) (320X). C. Acaulospora appendicu/a (NI) (240X). D. Glomus 
illlraradice.s with arrow pointing to breakdown of outer wall (NJ) (320X). E. 
Scutellosporo helerogama with germ tube emerging at arrow (NJ) (500X). F. Glomus 
ponsihalos (NJ) (250X). G.Acaulospora dillllala freshly mounted in PYA and Melzer's 
reagent, but photographed from a 2~year-old slide (300X). H.A. dilatata preserved for 
100 days in 5% formalin and mounted in PVA (NI) (440X). 
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or Scutellospora form spores with an evanescent wall, possibly indicating significant 
differences in spore ontogeny. 

The membranous wall {FJ8. 98, E) is a thin, Oexible wall formed as a single layer 
which often wrinldes or collapses in crushed spores. It usually ranges from 0.5 to 2 pm 
thick, but it can thicken up to 3 pm (A.f0Vt41a,A. tubM:ulala). The membranous wall 
usually is hyaline. It bas been reported yeUow only in the sporocarpic morph of Glcmus 
dimorphicum, but this may be an artifact of viewing the adherent membranous wall 
through the outer yellow laminated wall. When a membranous wall is part of an inner 
waU group, it does not fracture readily in spores lightly broken (r.g. 98). This 
phenomenon has led to the term •endospore• being applied to a.n inncrmoSI 
membranous wall (Ferrer and Herrera.l981) . The membranous wall is found in spores 
of all genera of VA mycorrhizal fungi except Scluocystis. his omnipresent in spores 
of Scutellospora andAcaulospora species. 

The coriaceous wall (Fig. 9C) is a thick, hyaline, Oexiblc wall formed as a single 
layer. Like the membranous wall, it does not fracture easily in lightly broken spores. 
This wall type is termed ·coriaceous• because of its leathery appearance, the outer 
surface appearing wrinkled in a hypertonic mountant. Unfortunately, this wrinkling 
characteristic is not a consistent feature. Walker (pets. comm.) indicates that this wall 
type was erected to represent flexible walls which were Lhicker than the membranous 
wall. The coriaceous wall has been described only inS. dipapillosa and S. wererubeae 
to date, but it has gone unrecognized inA. app<ndicula (Fig. 9C) and S. p<l/ucida (Fig. 
11). Several Scutellospora species currently are being described which have a 
coriaceous wall adjacent to an inner amorphous wall (Morton and Kos.ke, 1988; 
Walker, pers. comm.). 

The membranous and coriaceous walls overlap considerably in thickness, which 
is the maio criterion to separate to two wall types. This overlap even is noted in the 
description of G. globifuum (Koske and Walker,1986). Recognition of each wall type 
as distinct entities becomes a problem that wilJ. be resolved only after variability in 
thickness of each wall type is assessed and the limits defmed. However, this problem 
would become academic if coriaceous walls could be shown to possess a similar 
function to membranous walls (e.g. associated with germination shield formation) . 
Both wall types then would constitute a functional complex which could be defmed 
with a single term (e.g. ' flexible' or "pliable" waUs). 

The "expanding" waU {F"Jg. 9F) is a hyaline unit waU which expands markedly 
(20-100 I'm) when exposed to acidic mountants (e.g. PVL, PYA, lactophcnol). The 
expanding wall bas been described only in G. pansihak>s so far (Berch and Koskc, 
1986). The wall often forms distinctive hyaline to pale yeUow roughened radial columns 
in the expanded halo surrounding the spore. The stability of the morphological changes 
in an acidic environment is not known. since G. pansihalos has not been propagated 
in pot culture and studied empirically. 

The amorphous wall (Fig. 9G) is not easily defined, because of changing 
characteristics in different chemical environments. In any mou.ntant with a pH less 
fhan 2.0 (e.g. PV A, PVL, lactophenol), this wall is plastic (Morton, 1986b ). In nonacidic 
environments such as water or glycerol (liquid or jelly), the wall appears as a rigid unit 
wall. Like the membranous and coriaceous wall, the amorphous wall does not fracture 
in lightly broken spores (F"J.&. 98). It has been mistaken for a membranous wall (A. 
mOfflJwae, E. colombiana), but this is not surprising in view of its aPpearance i.n 
squashed spores. The outer boundary of the amorphous wall is of a similar refractive 
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index to PVL or PYA, making it d ifficult to see without Nomarski Interference optics 
(Fig. 9G). The inner surface is highly wrinkled, thw mimjcing the appearance of a 
highly convoluted membranous wall. The gap between inner and outer surface is 
transparent and can be mistaken for a space between two walls. These observational 
difficuhies are overcome in Melzer's reagent., where the amorphous wall stains a dark 
rcddish·purple. To see plasticity in the wall (expansion beyond the broken outer wall 
of a spore) , the spore must be crushed twice: the first time to break the spore and allow 
infiltration of the mounting medium (thus effecting the chemical change in wall 
structure) and a second time (usually within one minute) to "pushM out the wall. The 
amorphous wall also can be identified by its transformation from a plastic wall in fresh 
spotes to a rigid unit wall in specimens preserved for longer than three months (Fig. 
9H). 

The amorphous wall has been found so far in all genera of VA mycorrhizal fungi 
except Glomus, Gigaspora, and Sclerocystis. Taxa with I his wall include: A . dilarata ,A. 
Jacunosa, A. mOITOwae, A. lacunosa, E. colombiana, Scutellospora pellucida. The 
amount of plasticity depends on the amount o r wall malerial depos.iled in what appears 
to be a genet ically determined characteristic of each taxon. The amount of wall material 
can be measured indireclly in preserved spores. For example, A. dilatata bas a highly 
plastic amorphous wall (extends up to 200 pm beyond the spore) which measures up 
to 4 urn thick in preserved material (Morton, 1986a). The amorphous wall rarely 
extends more than 50 pm from crushed spores of A . IUgosa, and it is less than 2 urn 
thick in ftxcd specimens. 
2. Wall ornamentation 

Laminated, unit, and membranous walls may possess surface topography or 
structures which give them an ornamented appearance. Ornamentations have not been 
described on walls of Gigaspora or Sclerocystis spores. Usually it is the laminated wall 
of spores in Glomus which is o rnamented (G. pustulotum and G. ambisporum being 
the exceptions). In Acaulospora, either laminated or unit walls are ornamented. In 
Scutellospora, it is the thin outer unit walls of spores which are ornamented. An 
exception isS. nigra, which bas a complex ornamented wall structure that is in need of 
redescription using current terminology. 

The laminated wa ll may be orname nted with rounded projections (G. 
multicau/e), knobs (G. scintillans), crowded spines with(£. infrequens) or without (G. 
botryoides, G. halottatum, G. monospo!Um) pitted tips, tubercles (G. tenebrosum ), 
hemispherical wa rts (G. pansihalos), and an alveolate reticulum overlayi ng 
echinulations (A. elegans ). The laminated waU also may be pitted, with the pits being 
puncticulate (A. dilalata), round-bot tomed with ridges (A.foveata,A. scrobiculota), or 
round-bottomed with raised edges (A.lacunoso). 

The unit wall may be ornamented with echinulations consisting of polygonal 
spines (A . spinosa), pustules (G. pu.stulatum), tubercles (A.tuberculata), tooth·shaped 
projections (A. denticulata), colliculate projections {A. appendicula) or a polygonal 
reticulum of ridges (A . bireticulata), low warts with tendril-like projections (S. 
dipapillosa ), patch-like warts with angular margins (S. corolloidea ), and elosely·packed 
warts with rounded tips either less than 2 pro (S.heterogama, S.persica, S. venucosa) 
or greater than 2 p.m (S .gregan·a) in diameter. Only one species (the sporocarpic morph 
of G. ambispo!Um) has an evanescent wall which, before sloughing, is covered with an 
ordered arrangement of hexagonal plates. 
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Considerable variation may exist in the degree of ornamentation on outer walls, 
ahhough this is not well documented. Rounded projections are not prescnl on the outer 
wall of all spores of G. tenebrosum (Berch and Fortin, l983c) and crater· like pits on 
the outer waU ofA. Iacunosa vary from many to few in number, depending on the isolate 
(Morton, unpubl.) 

An inner membranous wall ornamented wirh granular excrescences (giving it a 
~beaded• appearance) has been described in spores of A. delicata, A. dilotata , A . 
lacunosa, A. laevis, A. me/lea, A. rugosa, A. scrobiculata, and £ . colombiano (Fig. 
9G·H). This type of ornamentation has not been observed on flexible inner walls of 
either Glomus or Scutellospora species. So far, it appears to be a consistent feature as 
long as mountants are used with a minimum amount of phenol (see Section JVE). 
3. Number of walls 

The number of spore walls vary among taxa in any genus of VA mycorrhizal 
fungi (Fig. 10}. In general, spores of Glomus,Sclerocystis. and Gigaspora species usually 
have only 1-2 wall~ (80%, 100%, and 100% of taxa in each genus, respectively). More 
than 3 walls are present in spores of 75%, 90%, and 67% of taxa in Acaulospora , 
Scmellospora, and Emrophospora, respectively. These additional walls most often are 
flexible. For example, all species with 4-walled spores have a membranous innermost 
wall Acoulospora appendicufa is the exception. and it forms spores wilh a flexible 
coriaccous inner wall. Taxa forming spores with S-6 walls most often either have a 
membranous or an amorphous inner waU. Glomus genkmannii is the only exception, 
bur the waU structure of this fungus needs to be reevaluated. 

Fig. 10. The number of walls in spores of taxa in all genera of VA mycorrhizal 
fungi. GLOM = Glomus, SCLER - Sclerocystis, ACAUL • Acaufospora, ENTRO 
a En rropllospora, SCUT = Scutellospora, and GIGA = Gigaspora . 
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The number of walls is remarkably stable for most VA mycorrhizal fungi, being 
documented in G. occultum and G. diaphanum (Morton, 1985) and inferred from 
observations of other taxa in disparate habitats. Glomus aggregatum is an exception, 
with spores having one or rwo laminated walls. However, spore development also is 
highly variable in this fungus (Koske, 1985). Spores of G. clarum, G. manihotis, and G. 
intraradices can have a variable number (1-4) of yellow to yellow-brown inner walls 
which look like unit walls, but these most likely are laminae of a single laminated wall 
easily separated upon crushing (Fig. 90). 
4. Wall groups 

A waU group is defmed by Walker (1983) as an aggregation of walls whicb 
remain in proximity to each other after a spore is crushed. Such waH arrangements can 
be diagnostic and also are fairly consistent as long as spores are fresh, mounted in the 
same medium, and broken with an equivalent amount of pressure. The manner and 
degree spores arc crwhcd accounts for most of the variability. 

Wall groups are best depicted in murographs (Fig. 8). In a number of 
descriptions, wall groups often have been u eated as individual walls. This is best 
exemplified by comparing protologucs and revised descriptions of S. ca/ospora, S. 
heterogama, S. pellucida. All three species originally were described as having two 
walls: an outer rigid wall and an inner flexible wall (Gerdemann and Trappe, 1974; 
Nicolson and Gerdemann, 1968; Nicolson and Schenck, 1979) (Fig. 11A). Actually, 
spores of each fungus have two wall groups, with 4, 4, and 6 walls inS. calospora, S. 
heterogama, and S. pellucida, respectively (Koske and Walker, 1985; 1986) (Fig. 11B). 
Similarly , E. colombiana was described by Schenck ct al. (1984) as having '"2·3 
separable walls•. Using current terminology, spores of this fungus have 3 wall groups 
encompassing 5 individual walls. These differences in interpretation must be kept in 

Flg.ll. Spores of Scutellospora pellucida. A. Spore broken lightly to show walls 
separated into two groups; the murograpb (see Fig. 8 for explanation of patterns and 
labels) bas been modified with the development of the coriaceous wall concept 
(Morton and Koske, unpubi.)(Nl) (165X). B. Spore mounted in PVA with Melzer's 
reagent and crushed more vigorously; the amorphous wall6 is attached to wallS, but 
this connection i.s obscured by lhe focal plane (NI) (140X). 
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mind when trying to compare an unknown fungus with published descriptions. Gibson 
(1985), for example, interpreted S. heterogama and S. pellucido as having two walls 
instead of two wall groups, a perception which extended to the ultrastructural level. 
The absence of clear distinctions between individual waDs under the electron 
microscope is surprising. but the pr~ of fiXation may have obscured these details. 
Clearly, ultrastrucr:ural studies of spore wall structure must also be accompanied by 
light microscopic observations to detect such problems. 
5. PosHion ol wa lla 

Walls are numbered in murographs to indicate the position of one wall relative 
to another. While considerable diversity exists among species of VA mycorrhizal fungi, 
several consistent trends are evident. Spores of all taxa have at least one wall which 
provides structural integrity (8 in F"tg. 12). 
This usually is either a laminated wall or 
two or more unit walls. the former being 
most common. Outside this structural waU, 
spores may possess a pcridium 
surrounding spores in sporocarps (see 
Scctioo I VB), another laminated wall (e.g. 
G. aggregatum), a unit wall (most 
Scutellospora species), or an expanding 
wall. The evanescent wall, by definition, 
must be an outside wall. Only one species 
(A. rugosa) has a persistent membranous 
o ut e r wall, although this was 
misinterpreted by Morton (1986a) as a unit 
wall. 

Flexible wall s (membranous, 
coriaceous, amorphous) usually arc inner 
walls (C and D in Fig. 12). Scuttllospora 
erythropa is unusual in that spores of this 
fungu s have two membranous walls 
positioned between a thick outer unit wall 
and a thick inner laminated wall (Koske 
and Walker, 1984). However, photographs 
in 1he protologue would suggest that this 
inner laminated wall could be a Oexible 
coriaceous wall. 

It is possible for all three flexible 
wall types to be found together as inner 
walls in Acaulospora and Scutellospora 
species (e.g. S. pellucida). To date, the 
amorphous inner wall of spores in 
Acoulospora is adherent to a ~beaded• 

membranous wall and that in spores of 
Scutellospora is associated with a 
coriaccous waU (Morton, 19800; Morton 
and Koske,l988; Walker, pers. commun.). 

Fig. 12 . Illustration of the 
relative positions of diffe rent wall 
types in spores of VA mycorrhizal 
fungi . Columns represent different 
wall groups: A = outer walls, B = 
structural walls, C • inner walls, D = 
innermost walls. Any combination of 
walls in a column can form a wall 
group. 
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Laminated or unit walls with ornamentations often are outer walls. This is 
especiaUy true in Sculellospora. Exceptions areA. appendicula (unit walls 2 and 3 with 
colliculate projections and depressions, respectively), A . gerdemannii (wall 2 with 
alveolate reticulum), G. halon arum (laminated wall 2 with spines), and G. monos porum 
(laminated wall2 with short spines). 

D iversity in the number and types of walls present in a spore increases the 
difficulty in ascertaining wall structure, yet it also contributes to more accurate 
identification of species. ln many of these taxa, difficulties in recognizing a particular 
wall type (e.g. a coriaceous versus a membranous wall) can be offset by combining 
other diagnostic characteristics of wall structure. One of the major difficulties in 
separating taxa in Glomus and Gigaspora is the absence of distinct differences in wall 
structure. 
6. Reaction of walls to Melzer's reagent 

Reaction of spore walls to cotton blue (Miller and Walker, 1986; Trappe, 1979; 
Schenck et al, 1986; Walker, 1982) and ammonical Congo red (McGee,l986; Tandy, 
1975) have been reported for only a limited number of the VA mycorrhizal fungi. 
Because these stains have been used infrequently, they currently have little taxonomic 
value. 

Melzer's reagent appears to offer the greatest potential to aid in identifying VA 
mycorrhizal fungi. This reagent, consisting of 0.5 g iodine, 1.5 g potassium iodide, 20 
ml chloral hydrate, and 20 ml water, was developed originally by Melzer (1924) to 
detect ornamentations on spores of Russula species. 

A positive reaction in Melzer's reagent results in a color change in specific 
fungal structures. A blue, or amyloid, reaction has been used to separate Ascomycete 
(Kimbrough and Korf, 1967) and Basidiomycctc (Lincof£,1981; Singcr,1975) fungi. It 
has been termed ~amyl oid~ because o f simil arities to the starch react ion. In 
Basidiomyccte fungi, Lhe amytoid reaction has been attributed to the binding of iodine 
witb straight-chained a-1,4 glucosidic-linked polysaccharides (McCracken and Dodd, 
1971). A red, o r dextrinoid, reaction reported in fruit bodies of several Basidio mycete 
fungi may be due to high concentrations of the quaternary ammonium compounds 
(QACs) rather than amylose or amylopecl in (Blackwell e1 al., 1985). These QACs form 
a red periodide complex with potassium iodide. 

The true amyloid reaction has not been observed in walls of spores of VA 
mycorrhizal fungi. The dextrinoid reaction has been reported for the innermost 
membranous wall in spores of G. fasciculalum, A. scrobicu/ata, S. ca/ospora, and S. 
weresubiae and the outer wall of A. appendicula. An orange reaction has been reported 
for the hyaline laminated wall o( G. a/bidum and S. fulgida that couJd be considered 
dextrinoid if it has a reddish tinge. All other reactions grade between blue and red (e.g. 
light purple, red-purple, purple), a range not uncommon i.n other fungi (Singer, 1975). 
These color gradations relate to the chemical composition or spore walls (e.g. amylose, 
amylopectin, QACs) and the degree or polymerization of these compounds. Amylose, 
(or example, reacts with iodine to form a purple to red-purple color when the degree 
of polymeriution is between 30 and 40 glucose units (Bailey and Whelan, 1961). A 
faint red, red, and blue reaction occurs with 12, IS, and 45 glucose unit s, respectively. 
An orange or orange-red reaction in walls already containing red pigments (e.g. G. 
versifonru!) is of doubtful significance, since Melzer's reagent is orange-yellow. 
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In Basidiomycetes, the color reaction in Melzer's reagent differs with fruit body 
ontogeny (Nannfeldt, 1976) or environmental conditions (Dennis, 1978). Similar 
causes of variation undoubtedly occur among VA mycorrhizal fungi. Reaction of an 
evanescent wall wall, for example, would be seen only on young spores before sloughing 
occurs. Variability in the staining reaction oftbe laminated wall has been reported for 
spores of A. sporoCfupia, S. pellucida, S. Yenucosa, and S. weruubitu (Berch. 1985; 
Koske and Walker, 1986). However, spores of Scutellospora species were collected 
from field soils where age and degree of wall modifications by hyperparasitic activity 
may have varied rnarked1y among individuals. Spores of A. sporocatpio were described 
from herbarium rather than fresh specimens, and the type of preservation regime can 
reduce or completely inhibit Melzer's reaction (see Section IVE). 

The color reaction of inner spore walls appears to be less variable under 
different environmental conditions. The dark red-purple reaction of the amorphous 
wall in spores of A. dilotato,A. /ocunoso, A. morrowae,A. rugosa, S. pellucida, and£. 
colombiana has been consistent in field and pot culture soils and on different hosts 
(Morton, unpubl.). Innate chemical composition of the amorphous wall undoubted ly 
accounts for this distinctive chemical reaction with iodine (Morton. 1986b). The 
innermost membranous wall in spores ofA . Iongula,A. me/lea, and A. rehmii stain a 
light purple in Melzer's reagent (Schenck et al., 1984; Sieverd.ing and Toro, 1987). 
Differences in polymerization of wall components may account for this less intense 
color reaction. The inner membranous wall of A. foveata and A. tubuculata stains 
orange-brown in Melzer's reagent {Trappe and J anos, 1982). The absence of 
photographic evidence makes it difficult to ascertain if this is a chemical reaction or 
perceived coloration from viewing the inner wall through the yellow-brown outer walls. 

E. Factors modifying spore morphology 

1. Chemical effects 
The mountants most commonly used to preserve intact or broken spores on 

glass slides arc listed in Table 1. Spores also can be mounted in water, but dessication 
quickly ensues and the internal contents of spores do not clear sufficiently to resolve 
the fine details of inner wall structure. Larger numbers of spores usually are preserved 
in lactophenol (also used as a mountant) or in 5% formalin or 5% gluteraldchydc. 
These compounds were not considered to have drastic effects on the spores (Schenck, 
1982), but evidence now is accumulating to indicate otherwise. In fact, the effects or 
lactophenol are so great that this mixture should be avoided completely when mounting 
or storing spores. 

a. Spore color. The walls of many spores of VA mycorrhizal fungi can darken 
measurably in phenol-based mountants or preservatives. Hyaline-spored species (e.g, 
S. fulgida, G. occu/tum, G. diaphanum) turn light yellow in PVL or darker yellow in 
lactophenol {Koske and Willer, 1986). Spores of S. calospora, which are normally 
hyaline to pale greenish-yellow, tum a darker olive-yellow. In all ofthese species, it is 
the spore walls which take on added pigments or color intensity. The cytoplasm of 
Gigaspora gigantea, which confers a bright yellow-green cast to spores in reDccted light, 
will turn light to dark brown in almost any liquid over time. This color change is 
accelerated in phenol-based preservatives (Morton, unpubl.) . Preservatives also can 
lighten spores by leaching pigments from spore walls. For example, pale to deep pink 
spores of S. wel'esubiae fade slowly in water or more rapidly in preservatives (Koskc 
and Walker, 1986). 



Table 1. Proportion of ingre d ient s i n compound s used to mount 
s pores of VA mycorrh izal fungi on glass slides . 

\ of solutio n (v / v) 
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Solutionll Phenol Glycerin Lactic Acid Polyvinyl-alcohol 

Lactophenol 
PVL 
PVA 

25 
22 

0 

25 
0 

• 
25 
22 .. 

apvL • Polyvinyl lactophenol, PVA • Polyviny l l ac tic acid. 

b. Spore wall structure. The effects of mountants and preservatives on spore 
wall structure have been documented by Morton (1986b) . Phenol is a major culprit. It 
causes swelling of laminated walls, often obscuring laminae enough to give the 
appearance of one or more smooth unit walls. Membranous walls can sweU to appear 
coriaccous, and the •beaded~ ornamentations on inner membranous walls of 
Acaulospora species disappear. Phenol also interacts with spore wall components over 
time to retard or inhibit the dextriooid or amyloid reaction in Melzer's reagent. The 
magnitude of these effects is proportional to the amount of phenol in the mixture. 

Lactic acid affects spore wall structure and staining reactions by altering pH of 
the medium. Low pH elicits the •expanding" wall (Glomus pansihalos) and confers 
plasticity to the amorphous wall. Alone, lactic acid can retard iodine reactivity with 
spore walls. but this effect is reduced in solution m.ixtwes. 

Storage of spores in preservatives for extended periods of time (more than 90 
days) can significantly transform spore wall structure. The most marked effects occw 
with the amorphous wall. While this wall is plastic in fresh specimens (Fig. 9G), it 
appears as a rigid unit wall of varying thickness, depending on the fungus, after 
preservation Fig. 9H). A similar transformation is evident for coriaceous walls in 
several undescribedScutellospora species (Morton, unpubl .). The dark reddish-purple 
Melzer's reaction of the amorphous wall in fresh spores is replaced by a pale-brown 
to light pink reaction or no reaction after prolonged preservation. Melzer's reaction 
in spore walls also will fade on slides stored for extended periods of time if phenol is 
present in the mounting medium (Fig. 9G). 

The same storage conditions also can reduce the apparent number of wall 
groups or the number of walls in each group. For example, the 6 walls of S. pellucida 
are reduced to only2-3 discernible walls after storage for 90 days (Morton and Koskc, 
1988). Gibson (1985) reports only 2-3 walls in fiXed spores of this fungus at the 
ultrastructural level. Such transformations arc most serious in spores of most 
Acaulospora and Scutellospora species, since a number of Dexible inner walls are 
present. Thin hyaline outer unit walls also are more difficult to detect after storage 
because of adherence to the next wall. 

A positive effect of ft.xation is to improve resolution of lhe •beaded• 
membranous wall in Acaulospora (Fig. 9H) and render it impervious to the effects of 
phenol-based mountants. 
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2. Mechanical effects 
The amount of pressure applied to break spores under a coverslip varies with 

viscosity of the mounting medium. Mountaots such as glycerol, PVL. and PV A require 
greater pressure to break spores and Rpusb• inner flexible walls into a position where 
they can be observed. Too much pressure invariable will cause significant 
disintegration or excessive •flattening" of thicker laminated or unit walls. These 
problems can be avoided by mounting spores under different coverslips to examine 
separately: ( i) intact spores, (ii) spores broken lightly, (iii) spores with vigorous 
pressure applied, and (iv) spores crushed 2·3 times. The purpose of the last slide would 
be to make further attempts to separate thin inner flexible walls or to identify an 
amorphous inner wall. 

F. Morphology of the sporogenous (subtendlng) hypha 

1. Number of hyphae per spore 
Taxa in most genera ofV A mycorrhizal fungi form spores on or in a single hypha. 

The majority of taxa with multiple subrending hyphae are in Glomus. Glomus 
glomerulatum G. halonatum, G. heterosporum, and G.lacteum can form spores on 1-3 
subtcnding hyphae, with the hyphal attachments usually near one end of the spores. 
Glomus fomrosanum and G. multisubstensum can have 1-4 sporogenous hyphae per 
spore. Glomus multicaule also bas 1-4 hyphae, but the hyphae often are positioned at 
opposite ends of each spore. Two subtcnding hyphae of G. glomerulatum have been 
described at opposite ends of spores, but multiple hyphae arc rare. Many taxa have 
been reported forming mo re than one subtending hyphae (e.g. G. albidum, G. 
ambisporom, G. etunicatum, G. geosporum, G. maculosum, G. monosporum, and G. 
mosseae) , but this occurrence is infrequent and hence is of little taxonomic importance 
in these species. Similarly, two suspensor cells have been reported on spores of S. 
lteterogama, but it is rare in pol culture populations (Morton, unpubl.) . 
2. Color of hyphae 

T he color of the sporogenous hyphae of mosa Glomus, Sclerocystis, Gigasporo, 
and Scutellospora species is reported or assumed to be concolorous with the spore wall. 
Exceptions are G. invennaium and G. tenebrosum. The subtcnding hypha of the former 
is colorless, yet the hyphal wall is continuous with the dark brown laminated wall of the 
spore. In the latter fungus, a similar break in wall color occurs at the juncture point of 
spore and hypha. 

3. Shape of hyphae 
The shape of the subtending hypha is highly variable in Glomus (F"~g. 13). Most 

species have only a cylindrical hypha at the point of attachment (40%), or grade 
between a cylindrical and a flared hypha (21% ) . The subtcnding hypha also can range 
in shape from funne l-shaped (infundibuliform) to irregular to constricted. 
Funnel-shaped hyphae most commonly is associated with spores of G. mosseae and G. 
monosporum, where it is observed with high frequency. Even though a particular hypha 
shape may predominate in a spore population, it rarely is consistent on aU spores. In 
two collections of G. constrictum in West Virginia, for example, fewer than 50% of the 
spores showed hypha] constrictions at the spore base (Morton; Walker, unpubl.). 
Glomus aggregotum exhibits the greatest gradation in hyphal shape, ranging from 
cylindrical to constricted. However, the mode of spore formation is highly variable 
(Koskc,l985). Spores of most species are borne on straight hyphae, but thesubtending 
hypha of some species can curve sharply near the point of attachment. A comparison 



Fig. 13. The range in shape of the subtending hyphae of spores in 
Glomus. A - straight, B - recurved, C - cylindrical, D - flared, E -
funnel-shaped, F • irregular, G "'"' constricted. Thickened bars indicate 
shapes reported in species descriptions. Taxa with the same range in hypha 
(or suspensor) shape are pooled on the same line. 
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of taxa (Fig. 13) reveals that this characteristic is neither consistent nor diagnostic. 
However, variation in this trait among isolates must be examined to verify this 
conclusion. 

The shape of the hypha subtending spores of Scluocystis has been poorly 
documented, but illustrations and photographs suggest they most commonly are 
cylindrical or irregular. 

Spores of Acaulospora and Entrophospora are borne consistently on or in, 
respectively, a tapering hypha auacbed to the sporiferous sacx:ule. The dimensions of 
this hypha, rather than its shape, allows for some distinctions between species (see 
Section F5). 

Spores o£ Gigaspora andSculellospora are borne on inflated 'bt.dbous suspensor 
cells• which are pyrifo rm in shape. However, curvature of the sporogenous hypha can 
vary from straight to recurved. This characteristic cannot be weighted heavily, however, 
because it is not consistent on most spores in a population. 
4. Number of hypha walls 

[n most taxa ofV A mycorrhizal fungi , the sporogenous hypha bas only one walL 
At least 16 Glomus species have two or more walls extending some distance down the 
hypha from the attachment point. At least one of these walls is contiguous with a spore 
wall, but the details of wall structure at the juncture between spore and hypha have not 
been scrutinized. Hyphal wall structure appears to fall into three broad groups at this 
time: 

The first group includes G. albidum, G. etunicatum, G. intraradices, G. 
pansihalos, and possibly G. hoi (based on illustrations in the description). All of these 
fungi have a subtending hypha with two walls, with the outer wall being eVanescent and 
sloughing. The inner wall is contiguous between spore and subtending hypha. The inner 
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hypha wall can be fragile and difficult to see with sloughing of the o uter wall in several 
species (e.g. G. albidwn and G. etunicatum). 

The second group includes G. ca/ulcnium, G. invennaium, and G. pustulatum . 
These fungi also have a subtending hypha with two walls. As in the flfst group, the inner 
hypha wall is contiguous with the laminated spore wall, although this has been detailed 
only for G. pustulatum. The outer hypbal wall, which extends only a short distance from 
the spore, is not evanescent. 

The third group includes G. aggregatum, G. australe, G. clanun, G. dimorphicum 
(both morpbotypes), G. halonatum, G. ntaenXOJPUm, G. microaggrtgatum, and G. 
segmelltatum . The subtending hypha of these fungi has two walls, with the outer wall 
continuous be tween spore and hypba. ln all but G. aggregatum and G. microaggrtgatum, 
this ou ter wall is hyaline. The inner hypha wall is contiguous with the pigmented, 
laminated spore wall, and it extends only a short distance into the hypha. 

The above· mentio ned groupings are speculative at this time, because events in 
hypha! wall development, especially in relation to spore wall ontogeny, still arc 
unknown. Stability of these characteristics under different physiological or ecological 
pressures also has not been evauJated. Characteristics of sporogenous hyphae might 
have considerable mo re weight in classification and identification with such 
information. 

In stained preparations under Lheclcctron microscope, Gibson {1985) observed 
a thin outer wall on the suspensor cell of several Gigaspora and Scurcllospora species 
which was contiguous with the thin hyaline outer waU of attached spores. This hypha! 
wall docs not appear to be visible at the light microscope level. 

5. Width of hyphae or suspensor cells 
In this review, width of the subtending hypha is compared among taxa using a 

midpoint hypha width (mid-width} calculated from maximum and minimum values 
(Fig. 14). Variability in hypbal width is evaluated by comparing differences between 
maximum and minimum hypha widths (Pig. 15). Only in Glomus is the mid-width of 
the subtending hypha Jess than 5 pm (Fog. 14). Hypha nUd-width grades between 6 and 
15 pm for most taxa in Glomus (41 species). Sclerocystis also falls within these limits., 
but hypha width has been reported for only one fungus (S. clavispora). Hypha 
mid-width falls between 21 and 25 flm for 6 Glomus species. Glomus clarom, G. 
magnicaule and G. botryoides have the widest subtending hypha (mid-width of 48, 47, 
and 42 pm, respectively) . Measurements of hypha width has not been reported for eight 
Glomus species. The subtending hypha varies in width from 1 to 5 pm, 6 to tO pm, and 
llto 20 pm in 32%, 35% , and 18% of the taxa in Glomus, respectively (Fig. 15). The 
greatest range in hypha width is reported for G. intraradices, G. mag~~icaule, G. 
tenebrosum (about 25 pm) and G. clarum (65 J.Un). 

The mid-width of the sporogenous hypha of most Acaulospora species falls 
between 6 and 20 pm at the poi.nt of spore attachment. Outside this range areA. foveata, 
A. gerdemanni, and A. laevis, with hypha mid-widths between 30 and 40 pm. The 
sporogenous hypha of A. elegans is the widest (50 pm). Measurementsofhyphal width 
have not been reported for sixAcaulosporo species. Taxa inAcaulospora are divided 
almost equally into groups with the hypha varying in width from lto 5 p.m. 6 to 10 pm, 
and llto 20 pm (Pig. lS). Acaulosporafoveata exhibits the most variation, with 75 J.Un 
between minimum and maxim um widths. 
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Fig.14. Width orthe sporogenous hypha (or suspensor ccU) in taxa of a ll genera 
of VA mycorrhizal fungi, calculated as the midpoint between reported maximum and 
minimum values (Max. width - Min. widlh/2 + Min. width). GLOM = Glomus, 
SCLER = Scluocystis, A CAUL ""' Acaulospora, ENTRO = Entrophospora, SCUT 
= Scutellospora, and GIGA = Gi'gaspora. 

A------------------------------t"} 
A------------------------------f\04 

Fig. 15. Variation in width oftbe sporogenous hypha (or suspensor cell) in taxa 
of all genera of VA mycorrhizal fungi, calculated as the difference between reported 
maximum and minimum values (Max. width- Min. width). See Fig. 14 for explanation 
of genus abbreviations. 
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In Entrophospora, hypha width at the end of the spore in proximity to the 
sporifcrous saccuJe differs for each of two species (no data is available for E. 
infrequens). The hypha mid-width of E. sch01ckii is much narrower (9 pm) than that of 
E. colombiona (25 pm), but the enclosed spores also differ greatly in size (mid-diam 
of 61 and 105 pm, respectively). 

Mid-width of the bulbous suspensor cell falls between 30 and 100 p.m for most 
Scutellospora species, the exceptions beingS. pellucida (20 p.m) and S. minuto (27 pm). 
Scutellospora reticulato has the widest suspensor cell (93 pm). Variability in suspensor 
cell was small (10 p.m) for only two species (S. minuta and S. coralloidea). Suspensor 
cell widlh varied between U and 20 p.m for 37% of the taxa and between 21 and 95 ~m 
for the remaining taxa. Scutellospora erythropa and S. reliculata have the greatest 
variability, with 95 pm between maximum and minimum values for both fungi. 

None of the taxa in Gigaspora have a suspensor cell with a mid-width greater 
than 50 pm. All fall between 30 and 50 pm. Suspensor cell width has not been reported 
only for G. decipiens. Differences between maximum and minimum suspensor cell 
width do not exceed 35 pm in the descriptions to date. 
6. Spore diameter:Hypha width ratios 

Spore:hypba ratios may be useful in differentiating species because spore 
diameter and hypha width arc not proportional for most VA mycorrhizal fungi. Very 
little can be said of Sclerocystis with hypha measuremenlS being unreported for 8 of 
the 9 species. The same applies to Entrophospora, with only three species described to 
date. 

A spore:hypha (or suspensor) ratio between 5 and 10 is most common for 
Glomus, Acaulospora, Scutellospora, and Gigaspora (50%, 80%, 63%, and 100% of 
taxa, respectively) . Ratios less than 5 are found in only two Glomus species (G. clamm 
= 4.1 and G. magnicaule = 4.3), one Acaulospora (A. elegans = 4.5) and seven 
Scutellospora species (S. reticulata = 3.8, remainder = 4.4-4.8). Fourteen Glomus 
species and oneScutel/ospora (S. tricalypta) have ratios between 10 and 1S.In Glomus, 
six species have ratios between 15 and 20, and another eight have ratios berween 21 
and 25. Glomus scintillans has the narrowest hypha in relation to spore mid·diam (ratio 
= 24.5). The only other genus with spore: hypha ratios greater than lS isAcaulospora 
(A. tuberculata = 20 and A. bireticulata = 35). 
7. Features ofthe pedicel In Acau/ospora 

Currently, four described Acaulospora species form spores on a pedicel 
branching from the hypha subtending a sporiferous saccule: A. appendicula, A. 
nicolsonii, A. myriocarpa, and A. sporocarpia. 0£ lhcs.e. only the last two fungi form 
sporocarps. In ficld·colleded material, the pedicel can remain auached to spores after 
saccules arc detached. In these instances, the spores often can be mistaken for a 
Glomus species. Many spores must be examined to detect this feature and pot cultures 
should be established to follow spore ontogeny and confirm genus identity. 

Characteristics of the pedicel region are not well described. The pedicel is firmly 
attached to spores of A. appendicula, probably because of the thick walls which prevent 
detachment from spores during extraction. The pedicel is found less frequently on 
spores o£ A. myrioctupa after extraction. The outer wall of spores of A. appendicula, 
A. myriocarpa, and A. nicolsonii is not continous with the wall linking pedicel and 
saccule hypha. This outer wall is separable oo spores of A. nicolsonii and A. 
appendicllla. It is evanescent in the former (Walker et al., 1984), but persistent in the 
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latter (Morton, unpubl.). The outer spore wall appear to be continuous with the wall 
of the pedicel only inA . sporocarpia. 

G. Occlusion of spores 

Spore contents must be partitioned from lbe cytoplasm of the vegetative hypha 
to permit differentiation and maintain physiological integrity. The channel (pore) 
connecting spore and hypha of VA mycorrhizal fungi is occluded by a plug. a septum, 
wall thickening, or a flexible inner wall. All of the above-mentioned occluding 
mechanisms have been observed in Glomus, but with considerable inter- and 
intra-specific variation. The absence of any type of occluding mechanism bas been 
reported for onlY three fungi: G. invumaium, G. reliculatum, and G. tenebrosum . It is 
unlikely that the pore always remains open in these taxa. Rather, this condition 
probably is common in young spores regardless of the eventual occluding mechanism. 
Gradual occlusion of an open pore by thickening of a laminated wall has been 
documented from pol cultures only for G. fecundispomm (Schenck and Smith, 1982), 
but the same cvcnt.s probably occur in spores of most other species. The process of 
wall thickening is assumed to involve the synthesis of additional laminae during spore 
development. 

Some species (G. albidum, G. tuboruase, G. multisubstensum, G. occullum) have 
either an open pore or form a septum in spores of the same population. In other species 
(G. austTale, G. diophanum, G. microaggregatum) the pore appears 10 remain open or 
spore contents are partitioned off by an inner wall.ln these fungi. it is uncenain if the 
variability is genetic or due to stage of spore development. 

Confusion seems to pervade the literature as to what constitutes a septum. It is 
thin, often cup-shaped, and can form either at the juncture of spore and hypha (in 12 
species) or some distance down the hypha (G. caledonium, G. constrictum, G. 
cerebrifonne, G. de/hienu, G. halonotum, G. monospontm, G. mosseae, G. 
multisubstensum). Morphogenesis of septa in these species has not been examined, 
making it difficult to make comparisons with non-VA mycorrhizal fungi (see Fig. 2) . 
The septum can arise either from a lamina of the laminated wall or from the hypha! 
wall in spores of those species lacking a flexible inner wall (G. boreale, G. canadense, 
G. delhiense, G. dtserticola, G. fragile, G. fulvum, G. halonatum, G. heterosporum, G. 
monosporom, G. mosseae, G. multisubstensum, G. pulvinatum). The "septum~ may be 
a cont inuation of a membranous inner waU, when the latter is formed (e.g. G. 
cerebriforme, G. hoi). However, the protologues of these species do not shed light on 
origin of the membranous closure. Only in the description of G. maculosum is it 
mentioned that a septum develops from the laminated wall, despite the presence of an 
inner membranous wall (Miller and Walker, 1986). 

Protologues of G. diaphanum (Morton and Walker, 1984), G. geosporum 
(Walker, 1982), and G. microaggregatum (Koske et al., 1986) mention that the inner 
flexible wall "forms a septum•. Such wording suggests synonymy between a septum and 
a flexible inner wall, but each structure may have a different origin or function. The 
septum is a morphologically distinct structure, whereas Lhe inner wall often forms an 
~endospore• enclosing the spore contents. Sievcrding (1987} observes that spores of G. 
glomerularum formed on septate hyphae are occluded by a septum whereas those 
formed on aseptate hyphae are occluded by a membranous inner wall. This observation 
begins to pinpoint sources of variation i.n occluding mechanisms. 
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Based on descriptions in protologues, five species (G. ~tunicatum, G. 
gfomerulotum, G. macrocarpum, G. manihotis , G.pallidum) form spores occluded by 
either wall thickening or a septum. In G. etunicatum, a thin septum is present in young 
spores, but older spores are occluded by the laminated wall (Becker and Gerdcmann, 
1977}. Variability within a single spore population gene rally is unknown, although 
septum formation in G. macrocatpum spores is reported as occurring only · rarely" 
(Berch and Fortin, 1983<:). 

Some Glomus species form a plug to partition off spore contents, but a flexible 
inner wall (G. ambisporum, G. dimorphicum) or thickening by a laminated wall (G. 
glob11crum, G. radio tum) also can be observed. OnJy G. aggrey:atum spores are occluded 
by a wide range of medanisms: a septum, inner wall, or inner wall Lh.i.ckening. However, 
spore formation also is quite variable within single sporocarps of this fungus (Koskc, 
1985). The extensive morphological and ontogenetic variability observed in sporocarps 
of G. aggregatum needs to be confirmed from living pot cuhurcs. 

Misinterpretations o f occluding structures because of (i) spore age or (ii) 
problems in the identification cannot be reconciled easily at this time. Clarification will 
come only with reexamination of preserved and fresh material. Characteristics of spore 
closure could play as important a role as spore wall structure in identification and 
classification of Glomus species if Slructures are more clearly defmed and their stability 
can be assessed under different ecological pressures. 

The occluding mechanism in Scluocystis spores is noc: well documented, 
perhaps because most species have been examined only from field-collected material. 
Nonetheless. descriptions indicate that the pore of S. microcarpus and S. rubifonnis 
spores remains open and that a septum closes off the spore contents in spores of S. 
coremioides, S. dussii, and S. pachycaulis. Occlusion in the other four species remains 
unknown. 

In Acaulospora, the pore between spore and hypha appears to be occluded by 
wall thickening. This is surmised by the lack. of any discontinuity between the spore 
wall and the wall material in the occlusion. The site of anachment between spore and 
hypha usually can be detected by an external thickened scar which is the fracture line . 
Occlusion in Entrophospora appears to be similar to tbat of Acaulosporo. Fracture scars 
can be seen at opposing ends of spores of these taxa. Unfortunately, noljght or elecaron 
microscopic studies have been undertaken to document stages of occlusion in 
developing spores of taxa in either genus. Also, no histochemical tests been performed 
to verify the absence of differences in wall composition at the attachment site. 

Thickening of the laminated wall is the only reported mode of occlusion in 
spores of Gigasporo and Scut~llospora species. However, this has been described only 
for two and nine taxa in each genus, respectively. Most evidence indicates that the 
mechanism of occlusion is unlike that of Acaulospora and Entrophospora, where a 
spore forms as a discrete entity from anyhyphal attachment. Most descriptions suggest 
that the pore between spore and suspensor cell is occluded or partially open and that 
the laminated spore wall may be continuous with the suspensor cell wall. II is unclear 
how much the process of occlusion in taxa of these two genera differ from that in 
Glomus or Sclerocystis. 
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The color of the sporifcrous saccule formed by Acaulospora and Encrophospora 
species is not taxonomically distinctive. Saccules of all taxa are reported as being white 
when cytoplasm is present. In several species (A. appendicula,A. dilatata,A.Iacunosa, 
A. rugosa), the contents of the saccule may grade i.nto a greyish-white to cream to pale 
yellow color. The saccule of A. spinosa and A. tuberculata appears yellow and that of 
A. elegans a pale brown, but this pigmentation is due to color of the saccule wall and 
not the cytoplasmic contents. 

2. Shape of saccule 
The sporiferous saccule of most taxa is globose to subglobose. However, it also 

may be ellipsoid (A. gerdemannii, E. infr<quens), ovoid (A. myriocarpa), obovoid (A. 
trappei, E. infrequens), or irregular (A. sporocarpia). Saccule shape is not sufficiently 
difrerent among taxa to have much significance in identification. 
3. Diameter of saccule 

Diameter (mid-diam, as with spores) of the sporiferous saccule mirrors spore 
size in mosllaxa. In fact , protologues of A. laevis and A. spinosa indicate the saccule 
is rhe same size as the spore. As usual, however, there are several exceptions to this 
generalization. The saccule of A. gerdemannii grades from 290 to365 pm in diameter, 
but spores do not exceed 250 p.m. Similarly the saccule of A . sporoctvpia varies between 
210 and 275 pm mid-diam, whereas the spores are smaller than 200 p.m. 
4. Walls of saccule 

Based on only a few accounts,. the sporiferous saccule of most taxa consists of 
a "thin" (0.5-1 pm) hyaline wall continuous with the subtending hypha. Wall thickness 
may be variable, as noted in different isolates of A. fovea/a (Schenck ct al., 1984; Janos 
and Trappe, 1982). Only in Lbc case of E. infrequens docs the saccule wall appear to 
be consistently thick (2.5·10 pm), and this wall also envelopes the spore. The wall 
structure of the sporiferous saccule is most complex for A. appendicula and A. 
nicolsonii. The saccule of the former fungus consists of an outer wall with overlapping 
plate-like structures and an inner membranous wall. The saccule of A . nicolsonii has 
an evanescent, granular outer waJJ and an inner unit wall. It is unclear how wall 
structure of the saccule relates ontogenetically to spore development. 

I. lnterhyphal distance between spore and saccule 

The intercalary hyphal distance between sporiferous saccule and spore has been 
documented only fortenAcau/ospora species. This distance varies between 50 and 100 
pm for A. dilatata,A. foveata,A.Iacunosa,A. denticulata, and A. rehmi. Io several other 
species (A. mo"owae, A. mgosa, E. colombiana), this distance may extend an 
additional25-60 p.m. ln two species (A. longula and A. nicolsonii), it ranges between 
100 and 200 pm. 

J. Non-morphological characteristics 
1. Biochemical charac1eris11ca 

Biochemical criteria to separate VA mycorrhizal fungi have been limited so far 
to defming stained isozyme banding patterns from spores (Sen and Hepper, 1986; 
Hepper et al., 1988) and mycorrhizal infection (Hepper et al., 1986) afte r 
polyacrylamide gel electrophoresis. The most common enzymes assayed were esterase, 
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glutamate oxaloacctatc transaminase, hexokinase, malate dehydrogenase, peptidase, 
and phospho-glucomutase. Based on resulrs using spores of five Glomus species, 
malate dehydrogenase was mosr diagnostic for distinguishing between pairs of fungi 
(Sen and Hepper, 1986). However, the differences were not clear cut when mobility 
and intensity of staining were examined together. Mobility of six enzymes was similar 
for G. caledonium propagated under differing host-soil conditions. although intensity 
of staining was highly variable. A comparison of isolates of different species revealed 
that similar banding patterns were clustered into three groups of fungi: (i) G. 
caledonium, (ii) G. clarom and G. manih()(is isolates. and (iii) G. mosseae and G. 
monospotUm isolates (Hepper et al., 1988). Unfortunately, morphologjcal features of 
each isolate were not documented. 

A major weakness of this work is that isolate versus species differences were 
not verified on morphological grounds. No voucher specimens were saved so that other 
scientists could examine experimental material. Results of such studies can be of great 
taxonomic significance. but only if they are linked to current morphological criteria. 
To have validity, biochemical results must be connected in some way to the 
nomenclatural type of a species. Ongoing studies, fortunately, appear to be moving 
toward establishing such a connection (Rosendahl and Hepper, 1987). 
2. Immunological characteristics 

Two approaches have been used thus far to identify specific VA mycorrhizal 
fungi: the fluorescent antitxxly (FA) technique and the enzyme-linked immunosorbent 
assay (ELISA). In these assays, specificity is conferred by the antibody. Serum 
antibodies against intact hyphae with the FA method (Kough et al., 1983; Wilson et al., 
1983) or homogenized hyphae with ELISA (Aidwell ct al.,l983) reacted not only with 
the target fungi, but also with other species in the same genus. Cross-reactivity was less 
evident when target fungi were in different genera (Aidwell and Hal~ 1986; AJdwell et 
al., 1983). 

Monoclonal antibodies (MAbs), each of which is secreted by an immortal 
hybridoma culture derived from a single B-lymphocyte, are much more specific and 
therefore overcome problems associated with interspecific cross-reactions. Wright et 
al. (1987) demonstrated that MAbs against spores and hyphae of the target fungus. G. 
occultum, but did not react against 15 other Glomus species or 14 VA mycorrhizal 
fungi in other genera. MAbs reacted againsr 15 isolates of G. occultum (based on 
equivalence in spore morphology and mycorrhizal infection characteristics) , but the 
intensity of the reaction differed significantly. These data suggest that MAbs may 
differentiate strains of a fungus, but proof will come only by comparing single-spore 
isolates. Even though these workers have maintained living cultures of all isolates 
tested. they too have been guilty of not depositing voucher specimens to permit 
verification of species or isolate integrity on morphological grounds. This is being 
rectified, particularly as single spore isolates are developed for testing (Morton, 
unpubl.). 
3. Genetic charact..-lstlca 

Analysis of relatedness or difference in rRNA nucleotide sequences has been 
useful in examining phylogenetic relationships among ascomyceteous (Chen et al., 
1984) and basidiomyceteous (Huysmans et al., 1983) fungi. Assessment of DNA 
homology by hybridization has been used to separate bacterial species (Johnson, 1973) 
and more recently basidomyceteous fungi (Jahnke and Bahnweg.1986). The study of 
VA mycorrhizal fungi at the molecular level has considerable value in both 
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classification and identification, since it provides the opportunity to assess lruc 
phylogenetic affmities between species. It must be emphasi7.ed again that such an 
approach will have little impact, however, if results cannot be linked or correlated with 
morphological characteristics of the fungi under study. 

DNA bas been extracted from Endogene pisiforrni.r (Millner, 1987), but yields 
were very low (0.13%). A limiting factor in these types of studies, for the present, will 
be the amount of fungal material available fo r extraction of DNA. Not only will it be 
necessary to maximize productivity of pot or tissue cultures of target fungi, but these 
cultures also will need to be started from single spores to establish poteotiaUy 
homogeneous gcrmplasm. 

V. CONCLUDING REMARKS 
Classification and identification of VA mycorrhizal fungi remains in the 

formative stages of growth. with all the attendant turmoil. Still, much now is being 
learned about the extent of species diversity occurring in nature. This information can 
provide important clues of phylogenetic relationships among taxa in view of the paucity 
of information in the fossil record. 

Alt hough the classifica1ion system erected by Gerdemann and Trappe in 1974 
has accommodated changes so far, it continues to be plagued by vague generalizations, 
inconsistent species descriptions, restricted accessibility to type material, and too much 
·a priori• weighting or some morphological characters at the expense or others. As 
much, if not more, emphasis now needs to be placed on overcoming these problems as 
on fmding new species. Greater efforts must be made to incorporate quantitative data 
to permit evaluation of intra- and inter-specific variability so that the stability of 
taxonomic characteristics may be judged under different physiological and ecological 
pressures. Ontogeny o£ spore development mustreccive closer auention, and this will 
require a synthesis of pot culture techniques to facilitate broader application. Genetic, 
biochemical, and immunological information has the potential or providing valuable 
data on relationships among taxa at the molecular level and of also improving methods 
£or rapid and accurate identification or species or strains. Trappe (1988) points out 
the need for •mutualism• between the taxonomist and scientists in other allied 
disciplines such as ecology, biochemistry, molecular biology, and statistics to maintain 
vitality in the science of taxonomy and the study of VA mycorrhizal fungi . 
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SUMMARY 

Heterobasidion araucariae sp. nov., previously considered to be a form 
of H. annosurn (Fr.) Bref., is distinguished by larger pores, basidia
spores and conidia, by homothallic sexuality, by a restricted host 
range and distribution, and by a reduced level of pathogenicity. 
A key to the three accepted species of Heterobasidion is provided. 

Heterobasidion Bref. is a well defmed polypore genus characterised by pilei 
with a distinct cuticle, dextrinoid skeletal hyphae, asperulate basidiospores, and 
a Spiniger Stalpers anamorph. The genus has been considered as containing only 
2 species, the saprophytic H. insulaTe (Murr.) Ryv. confined to Asia, and the 
widespread, economically important root pathogen of conifers, H. annosum (Fr.) 
Bref. H. annosum was first described from Betula (Fries, 1821), and is reported 
from most temperate regions of the northern hemisphere as well as parts of 
Australasia (Anon., 1980). Comparison of the fungus described as H. anno
sum from the two hemispheres reveals differences in fruitbody morphology, 
sexuality, pathogenicity, and host range, and justifies the description of the 
Australasian fungus as a new species. 

HFITROBASIDION ARAUCARIAE sp. nov. (Fig. 1-3) 

Fructificatio annua, interdum ptrennis, resupituZta, t{fuMrrefttxa vtl pillata. 
Pileus late affi:ru.s, variabilis, applatu~lus, ungulatus vel convexus, 3.5-19 em latus, 
2.5-17 em radius, 1.5-8 em basi crassus, superficie glabra, concentricaliter sulc.ata, 
brunnea, interdum ad marginem cremea. Pori facies cremea; pori 1-2(-3) per mm, 
angulati ad subdaedalti. Contextus cremeus, ad 2 em crassus; cutis fusca, ad 170 pm 
crassa. Systema hypharum dimiticum; hyphlle generatoriae effibuliltae, hyalinae; hyphae 
skeletales dextrinoideae. Sporat hyalinae, watae, nondextrinoideae, (4.7- )5.7(-8.3) x 
(3.7-)4.6(-6.0) ~m, muris echinuliltis. 
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Holotypus: New Zealand, Northland, Waipoua Forest Sanctuary, Yakas Kauri 
Track, on fallen branch of Agathis australis, leg. P.K. Buchanan no. 85/299, 
25 Sep 1985 (PDD 48002). 

Etymology: araucariae, from host genus Araucaria (Araucariaceae). 

BASJDIOCARPS annual, occasionally perennial, resupinate, effuscd-rcflcxcd, 
or pileate; when pileate broadly attached, variable in shape, applanate, 
ungulate or convex, often irregular, usually solitary; compressible to exude 
water droplets when fresh, corky hand when dry,; pilei 3.!>-19 em across, 2.!>-17 
em radius, 1.5-8 em thick at base; when effused-reflexed and extending along 
substrate branch, up to 62 em long with numerous rcflcxcd portions; when 
resupinate up to 50 x 36 em. 
PILEUS SURFACE glabrous, concentrically sulcate in narrow to broad bands, 
brown to red-brown or dark brown, sometimes concentrically zonate with 
narrow bands of different shades of brown; at margin on actively growing pilei 
cream-coloured in a naTTOw to broad band; margin rounded or sharp. 
PORE SURFACE cream to light yellow-brown; pores angular to subdaedaleoid 
and sometimes radially elongated, 1-2{-3) per mm; tube mouths even; tubes up 
to 3.8 em deep, concolourous with pore surface; in perennial fru.itbodies, tubes 
weakly stratose and successive tube layers often receding; sterile margin 1- 3 
mmacross. 
CONTEXT cream, corky, azonate, mostly less than 1 em thick, up to 2 em thick 
at base, of intertwined hyphae; cuticle dark brown, shiny when rut, to 170 pm 
thick, composed of brown hyphae. 
HYPHAL SYSTEM dimitic; generative hyphae thin-walled, simple septate, 
hyaline, nondextrinoid, 2.5-5.5 pm wide; skeletal hyphae dominating, straight 
to flexuous, sparingly branched, hyaline except in cuticle, dextrinoid, 2.!>-6.5(-8) 
pm wide, with thickened walls to 2.8 pm thick 
BASIDIA 4-sterigmate, cylindrical to clavate or sometimes slightly constricted 
about the middle; c. 15-18 x 6-7 pm. 
CYSTIDIOLES thin-walled, elongate, cylindrical, 3-65 pm diam., with one 
(rarely two) small apical bulbs; contents often granular; sometimes projecting 
beyond the hymenium. 
BASIDIOSPORES ovate, often uniguttulate; wall minutely echinulate, hyaline 
in tubes, sometimes pale yellow-brown on pileus surface, up to 05 I'm thick, 
ll<I -; (4.7- )5.7(-83) x (3.7- )4 .6(-6.0) pm; spore print white. 
TYPE Of ROT: white. 

CULTURAL CHARACTERISTICS: 

COLONY on malt agar, usually white, sometimes pale yellow, translucent. 
Marginal hyphae appressed, widely spaced. Aerial mycelium appearing farina
ceous to subfelty, consisting of erect, simple or branched conidiophores. Colony 
reverse white or pale yellow. Optimum temperature for growth: 23-25 C. Tests 
for extracellular polyphenol oxidases, using gum guaiarum solution, tannic acid 
agar, and gallic acid agar (Nobles, 1965), positive. 
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Fig. 1. Htteroba.sidion araucan·ae: A, basidiospores; B, basidia and cystidioles; 
C, generative hyphae; D, skeletal hyphae. (POD 48002, holotype). 
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HYPHAE hyaline, thin·walled, up to 9 I'm cliam., simple septate or clamped, 
clamps present on wide, straight hyphae especially near margin; suJpho-positive 
hyphal elements present, thin·walled with short papillate side branches, cyto
plasm granular or composed of tiny oil droplets; occasionally thick-walled, 
brown, interlocking hyphae forming crust in older parts of colony. 
CONIDIOPHORES arising as erect branches from prostrate hyphae, often con
stricted at junction with hyphae, sometimes covered with granular material at 
base, simple or branched, variable in length, up to 400 I'm long, 5.5-13.5 pm 
diam., with an apical, inflated conidiogenous vesicle, 7-19.5 pm diam., from 
which develops conidia on conical denticles. 
CONIDIA subglobosc, obovoid, or pyriform, unicellular, hyaline, smooth
walled, (5-)7.6(- 16) x (~)5.3(-13.5) pm; wall up to 0.5 pm thick. 

SPEOES CODE (Nobles, 1965): 2,5,(6),7,(10),(11),(15), 33,36,(37).38,42,50,(53), 
55,57. 
SEXUALITY: homothallic. 
HOSTS: recorded on Araucariaceae (Agathis QI<.Siralis (D. Don) Lindley, A. vili
tnsis (Seem.) Benth. &: Hook. f. ex Drake, Araucnria bidwillii Hook., A. cun· 
ninghamii Aiton ex Don) and Pinaceae (Pinus ktsiya Royle ex Gordon, P. patula 
Schlecht. & Cham., P. latda l.); on stumps or dead standing and fallen wood, 
rarely on living wood. 
DISTRIBUTION: Australia (eastern Queensland, northeastern New South 
Wales), New Zealand (northern North Island), Papua New Guinea, Fiji. 

REPRESENTATIVE SPECIMENS EXAMINED: 
(Herbarium abbreviations after Holmgren et al., 1981). 

HettTObasidion araucariat: 
-on Agathis australis: NEW ZEALAND, Northland, Omahuta Forest Sanctuary, 
11 Sep !984, P.K. Buchanan 84/250 (POD 48003); Northland, Pu.kcti State Forest, 
12 Scp 1984, P.K. Buchanan 84/254 (POD 48004); Northland, Trounson Kauri 
Park, 10 Scp 1984, P.K. Buchanan 84/241 (POD 48005); Trounson Kauri Park, 
14 Sep 1984, P.K. Buchanan 84/263 (POD 4800n; Trounson Kauri Park, 25 Sep 
1985, P.K. Buchanan 85/300 (POD 48013); Northland, Waipoua Forest Sanctu
ary, 1940, G.B. Rawlings (POD 4126); Waipoua Forest Sanctuary, Yakas Kauri 
Track, 25 Sep 1985, P.K. Buchanan 85/299 (POD 48002, holotype); Auckland, 
Waitakere Ranges, Cascade Kauri Park, Sep 1948, j.M. Dingley (POD 6458); 
Coromandel, Little Barrier Is., Mt. Ohakiri, 12 jun 1984, R.E. Beever, E.P. Laracy, 
P.K. Buchanan 84/135 (POD 48006); Cornman del, Coromandel State Forest Park, 
Manaia Forest Sanctuary, 20 Mar !985, I.A. Hood (POD 49003 = NZFR13049M). 
-on Agalhis vilitnsis: FIJI, Viti Levu, Nadarivatu Nature Reserve, 18 Apr 1985, 
T.G. Raravula (POD 48008). 
-on Araucaria cunninghamii: AUSTRALIA, Queensland, Benarkin, Sandy Log· 
ging Area, 31 jul!984, ). Tierney; Benarkin, Wallaby Logging Area, 31 jul1984, 
}. Tierney; Queensland, lmbil, Araucari<z Logging Area, I Aug 1984, j. Tierney; 
Imbil, Branch Logging Area, 1 Aug 1984, J. Tierney; Queensland, Yarraman, 
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Fig. 2. Htltrobasidion araucariae, cultural characters: A, simple septate hyphae 
and sulphopositive hyphae; B, clamped hyphae from colony margin; 
C, conidiophores and conidia. (ICMP 9533, ex holotype). 
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Cooyar Logging Area, 31 jul1984, j.lierney. PAPUA NEW GUINEA, Woitape, 
9 Nov 1977, j.A. Simpson (POD 48009). 
-<>n Pinus k<siya: PAPUA NEW GUINEA, Lapegu Cmpt. I, 12 Apr 1978, J.A. 
Simpson (POD 48011). 
-<>n Pinus patula: PAPUA NEW GUINEA, Lapegu Cmpt. 6, II Apr 1978, j.A. 
Simpson (POD 48010). 

-<>n Pinus taeda: NEW ZEALAND, Northland, Waipoua Forest Sanctuary (NZFRI 
!150M). 

Heterobasidion annosum: 
UNITED KINGDOM, England, Cambridge, Brackland, on Pinus nigra, Aug 1948, 
G.H. Cunningham (POD 6383); England, Hertfordshire, Ashridge, on conifer, 
Nov 19Sl, D.A. Reid (POD 1218); Scotland, Pe.rthshire, vic. Dunkeld, The Her
mitage, on Picea sp., 26 Sep 1983, N. Hallenberg (GB 931). ?INDIA, on Picet~ 

smithiana, 10 Sep 1941 (00 3347). CANADA, British Columbia, Vancouver, 
Stanley Park. on conifer, 2 May 1939, W.O. Touzcau (POD 28209 = DAOM 
10764); British Columbia, Vancouver Is., Mesachic Lake, on Tsuga ~terophylla, 
12 Nov 1985, D. Morrison, P.K. Buchanan (POD 48012). US.A., Virginia, Nor
folk County, Great Dismal Swamp, on Pinus taeda, 11 jan 1953, A.S. Rhoads 
(CFMR FP-103826). 

Httuobasidion insulare: 
INDIA, on Abi<s pindrow, 3 Oct 1966 (DO 7908); Marra, Feb 1934, Bagchee (0, ex 
K). NEPAL, Ringmo, on Abi<s webbiana, 9 Oct 1962, j . Poe It (0); prov. Ghorapani, 
Gandaki, on Abies sp., L. Ryvarden 18706 (0). BURMA, Victoria Reg., South
em Chin Hills, Esrrakan, Nov 1956, F. Kingdon-Ward (0). JAPAN, Hokkaido, 
Furano-shi, Mt. Dairoku-san, Tokyo Univ. Forest in Hokkaido, on Picta jezoen
sis, 31 Aug 1982, S. T-Kunieda (0); Hokkaido, Furano, Yamabe, on Pinus nigra, 
26 Sep 1962, Y. Hayashi (TFM-F-11828); Mie Prcf., lchishi, Misugi, 27 Aug 1967, 
H . Furukawa (TFM-F-11825); Chiba Prcf., Kiyosumi, 23 Apr 1964, K. Aoshima 
(TFM-F-11827); Tokyo, Hachioji, Asakawa, 17 Oct 1963, Y. Hayashi (TFM-F-
10177); Nagano Pref., Chiisagata, Wada, 6 Aug 1964, K. Aoshima (TFM-F-11826). 

REPRESENTATIVE CULTURES EXAMINED: 
(Abbreviations: DFP = Division of Chemical and Wood Technology, CSIRO, 
Highctt, Victoria, Australia. ICMP =International Collection of Microorganisms 
from Plants (formerly PDDCC). Plant Diseases Division, DSIR, Auckland, New 
Zealand. LY = Universit~ Claude Bernard-Lyon, Villcurbannc, France. NZFS = 
Forest Research Institute, Rotorua, New Zealand). 

Httuobasidion araucariae: 
-<>n Agathis australis: NEW ZEALAND, (for collection data, see above), ICMP 
9529 ex POD 48007; ICMP 9530 ex POD 48003; JCMP 9531 ex POD 48004; ICMP 
9532 ex POD 48005; JCMP 9533 ex POD 48002 (holotypel; ICMP 9534 ex PDD 
48006. 
-<>n Agathis viliensis: FIJI, 1941 (ICMP 9535 = NZFS 24). 
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-<>n Pinus lillda: NEW ZEALAND, Auckland (ICMP 9536 = DFP 10220); ).W. 
Gilmour UCMP 9537, from F.F. Lombard = NZFS 167d). 
-on Araucaria cunninghamii: AUSTRALIA, Queensland, lmbil, 1 Apr 1970, BN. 
Brown (ICMP 9538); lmbil, State Forest 135, Cmpt II Araucaria, 14 )an 1985, 
). Tierney 5549A (ICMP 9539). 
-on Araucaria bidwiUii: AUSTRAUA~ Queensland, lmbil, 18 Aug 1976, L. Bol
land OCMP 9540). 

Heterobasidion annosum: 
UNITED KINGDOM (ICMP 9541 ex GB 931). FRANCE, Dordogne, Liorac
sur-Louyre, on Pinus mllTilima, Oct 1972, A. David OCMP 9542 = LY-AD 
3055). FINLAND, Ruotsinpyhtaii, on Picea abies, 2 Nov 1983, K. Korhonen, 
s-group OCMP 9543); Ruotsinpyhtaa, on Pinus sylvestris, 2 Nov 1983, K. Kor
honen, P-gnoup (ICMP 9544). AFGHANISTAN, Kaboul, 1976, Lalande OCMP 
9545 = LY-AD 2031). CANADA, British Columbia, on Tsuga heterophylla, 24 )ul 
1939, ).E. Bier OCMP 9547 z DAOM F9326). US.A., California OCMP 9546 = 
DFP 10257). 

Htterobasidion annosum sens. lat. is considered to be heterogeneous. Dif
ferences in a combination of characters separate H. araucariae from H. annosum 
sens. str. Some of these differences have been previously noted by other authors 
but in isolation they were considered insufficient to delimit a separate species. 

The fntitbody of H. arauazriat is most readily distinguished macroscop
ically from H. annosum by pore size with significantly larger pores in H. arau
cariae; mean number of pores per mm for 45 dried fntitbodies from Australasia 
ranged from 1.7-2.7, while for 80 dried fruitbodics of H. annosum from the 
northern hemisphere pone size was 2.8-5.9 pones/mm (Hood, 1985). In addi
tion to larger pores, Cunningham (1965) noted the apparent absence of strata in 
tubes of most Australasian specimens, but reported receding tube layers in old 
perennial specimens. Most collections of H. araucari.ae examined in the present 
study appeared to be annual, with tubes up to 25 mm in length. In perennial 
fruitbodies, tube length varied from 5 to 15 mm between strata, with successive 
tube layers often receding. In collections of H. annosum examined, tube length 
between strata was shorter, 2-6 mm. Ryvard.en (1976) reported up to 4 mm 
between strata for H. Rnnosum. Fruitbodies of H. araucariae were often larger 
than those typical of H. annosum, but both species display a wide range of 
fruitbody size and shape. 

Microscopically, H. araUCil1'iae can be distinguished from H. annosum by 
larger basidiospores. Mean dimensions for basidiospores of H. araucnriae (344 
spores measured from 20 collections) were 5.74 x 4.62 JJm, and for basidiosporcs 
of H. annosum (80 spores measured from 5 collections), 4.65 x 3.85 pm. The 
difference is statistically significant (p < 0.001) for both mean length (SED = 
0.06) and mean width (SED = 0.05). The range of spore size for the two species 
overlaps somewhat: H. araucariae 4.7-8.3 x 3.7-6.0 pm, H. annosum 4.0-6.0 x 
32-45 11m. Spores of both species are of similar shape, have ·an echinulate wall 
and are binucleate (Chase eta!., 1985). 
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In cuJture, H. arauazriat can be distinguished from H. annosum by larger 
conidia (fig. 3,4). Fifty conidia were measured from each of 3 strains of H. arau
cariae (Australia, New Zealand) and from 3 strains of H. annosum (France, 
Afghanistan, U.S.A.). Conidia were sampled from 6-week-old colonies using 
double-sided cellotape and mounted in 3% KOH. Mean dimensions for conidia 
of H . araucariae were 7.6 x 5.3 ~m (range: 5-16 x 3-13.5 ~m; width/length 
ratio: 0.69) and for H. annosum 5.3 x 4.2 pm (range: 3.5-8.5 x 2.5-6.5 I'm; 
width/length ratio: 0.79). Differences between the two species are highly sig
nificant (p < 0.001) for mean length (SED = 0.16), width (SED = 0.13), and 
width/length ratio (SED = 0.01). The dimensions obtained for conidia of H. 
annosum are close to those reported by Stalpers (1978), 4-8(-10) x 2.5-5Hil ~m, 
but are larger than measurements given by Courtois (1972), 3.8--5.2 x 2.9-3.9 pm, 
and smaller than those of Korhonen (1978), mean 5.9 x 4.2 pm for P-intersterility 
group and 6.8 x 5.1 ~m for 5-group; Stenlid & Hiiggblom (1985) reported mean 
size of 5-group conidia as 5.3 x 3.6 ~m. The relative int.,.terility group of the 3 
strains of H. annosum used in the present study is not known. For some fungal 
species there is a close relationship between spore size and nuclear volume 
(Tolmshoff, 1983). Considering that H. annosum and H. araucariae are closely 
related species, the larger conidia of H. araucariae might indicate a polyploid 
origin. 

ln other respects, cuJtures of H. araucariae are morphologicaUy similar to 
those of H. annosum. Colonies of both species are typically white, farinaceous, 
with a Spiniger anamorph. Temperature optima and growth rates are similar. 
Hyphae are alike; sulphopositive hyphae bearing short papillate side branches, 
as described by Gluchoff-Fiasson et al. (1983) from cultures of H. annosum and 
H . insulare, also occur in H. araucarilu! (Fig. 2a). 

Strains of H. araucariae and H. annosum can also be differentiated at the 
biochemical level. In a comparative electrophoretic study (unpublished data) the 
two species showed different alleles at two of four loci assessed, and marked 
differences in allele frequency at a third locus. 

The name Spiniger is applied to oed.ocephaloid anamorphs of several 
species of basidiomycetes, although anamorph binomials have been published 
for only two of these species (Stalpers, 1974). It is considered inappropriate to 
publish a binomial for the anamorph of H. araucariae. In a key to the genus 
Spiniger (Stalpcrs, 1974}, H. araucariae would key out beside H. insulare and 
S. meineckellus (A.]. Olson) Stalpers, the anamorph of H. annosum. 

H. araucariae is homothallic. A survey of 43 single spore strains derived 
from 6 New Zealand collections showed the presence of clamped hyphal septa 
in all strains, although clamps were often rare and easily overlooked. Korhonen 
(1978) and Chase et al. (1985) reported homothallism for 3 Australian collections, 
and J.A. Simpson (pcrs. comm.) noted that single spores isolated from material 
collected in Papua New Guinea germinated to give clamped mycelium. In 
contrast, H. annosum is heterothallic with unifactorial incompatibility (Korhonen, 
1978; Chase & Ullrich, 1983). 

Two intersterility groups within northern hemisphere isolates of H. an
nosum were identified by Korhonen (1978) but 11 strains of 'H. annosum' from 
Australasia did not mate with either group. Subsequently, Chase et al. (1 985) 
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Fig. 3. Heterobasidion arauCJlriat, conidiophores and conidia: (A, ICMP 9529; 
B, ICMP 9534). Fig. 4. Heterobasidion annosum, conidiophores and conidia: 
(A, ICMP 9541; B, ICMP 9546). 
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reported heterokaryon formation between auxotrophic mutants of Australian 
'H. annosum' and some heterothallic auxotrophs of North American H. annosurn . 
The possibility that gene flow may occur between strains of H. araucariat and H. 
annosum is being investigated by ). Stenlid (pers. comm.). In the light of other 
differences between the two taxa however, the dem>nstration of compatibility 
in vitro is not considered to negate arguments for the separation of H. araucariae 
from H. annosum. 

The known hosts for H. araucariae arc 2 species of Agathis, 2 species of 
Araucaria, and 3 species of Pinus. Most collections of basidiocarps are from 
stumps or dead wood. In New Zealand the fungus most commonly fruits on 
the trunk and branches of large fallen trees of Agathis australis (kauri), and 
on large, fallen branches shed from apparently healthy trees. It is reported to 
cause a sap rot of minor importance on living kauri (Gilmour, 1966). All known 
collections of basidiocarps on Pinaceae are from dead trunks, stumps, or logs. 
In northern New Zealand, on land cleared of kauri and replanted with several 
exotic species of Pinus known to be susceptible to H. annosum, H. araucariae 
has been recorded only on dead logs of P. tatda. In northern Queensland, 
basidiocarps of the fungus occurred on dead standing trees of Pinus patula in 
a stand showing high mortality, but it was not identified as the cause of death 
(Shain &:: Bolland, 1974). Although recorded on dead Araucaria cunninghamii in 
Papua New Guinea (Simpson, 1978), H. araucariae was not found on P. cnribaea 
Morelet and P. patula in adjacent plantations. 

Extensive plantations of Pinus radiata D. Don and Pseudotsuga mtnziesii 
(Mirb.) Franco occur throughout New Zealand. In the northern hemisphere, 
both species are susceptible to H. annosum (Gibson, 1979; Browne, 1968), but no 
Htlerobasidion species has been recorded on either Pinus radiata or Pseudotsuga 
menziesii in New Zealand. Sutton (1965) offered the hypothesis that competition 
from Phlebiopsis gigantea (Fr.) )ill. could explain the non-pathogenic character of 
'H. annosum' in New Zealand. However, pathogenicity tests using one-year-old 
Pinus taeda seedlings in a glasshouse showed that New Zealand and Australian 
strains (labelled H. annosum) were less viruJent than strains from the northern 
hemisphere (Kuhlman, 1970>. H. araucnriat is considered to be a saprophyte 
or weak pathogen with a restricted host range, unlike H. annosum which is 
pathogenic on many coniferous hosts and other trees (Browne, 1968). Recog
nition of the taxonomic distinction and difference in pathogenicity betwcer. 
H. annosum and H. araucariae has important implications for quarantine. The 
introduction of H. annosum to Australasia could threaten health of exotic and 
endemic conifers and other susceptible species. 

H. araucariae might be expected to occur on other Araucariaceae and in 
other parts of the geographic range of the family, which C?'tends from Indochina 
through Indonesia and Philippines to Australia, New Zealand, and the Pacific 
Islands, and in South America from Brazil to Chile {Willis, 1973). Materia l of 
H . annosum reported from Malaysia and Vietnam (Anon., 1980) has not been 
examined; Parmasto (1986: 64) lists H. annosum from Vietnam but states "possi
bly erroneous identification". H. annosum has been reported on members of the 
Dipterocarpaceae in the Philippines (Eusebio, 1977). In Indochina, the northern 
limit of Araucariaccac, H. annosum and H. araucaritu could possibly occur 
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together. Neither species has been definitively recorded from South Amer
ica (J .E. Wright, pers. comm.; Anon., 1980). On Norfolk Island H. araucariae 
was not found on the endemic AraucariR heterophylla (Salisb.) Franco (personal 
observation). 

The third species accepted in the genus Heterobasidion, H. insulare, can be 
readily distinguished from H. araucariae. Pilei of H. insulare are typically imbri
cate, small (2.5-9 em across, 1.5-7 em radius, 0.2-1.0 em thick) and coloured red, 
dark red or reddish brown on the pileus surface, often with a cream margin. 
The pore surface has smaller pores, 2-3(-4) per mm. with dissepiments often 
thin and pores sometimes tending irpicoid towards the base of the basid.iocarp. 
Basid.iospores measure (4.5-)5-6(-7) x (3.5-)4-5 #Jffi. H. insulare is a saprophyte, 
confined to Asia (India, Nepal, Burma, japan, Philippines) . 

Key to species of Heterobasidion: 

1. Pileus surface red; pores irpicoid to entire; Asian species; 
growing on dead wood H. insulme 

Pileus surface brown; pores entire; on dead or living wood 2 

2. Pores 1- 2(-3) per mm; spores 4.7-83 x 3.7-6 pm; southern 
hemisphere species H. araucariae 

Pores 25-6 per mm; spores 4-6 x 32-45 pm, northern 
hemisphere species H. annosum 

ACKNOWLEDGEMENTS: 

I wish to thank the following persons for herbarium specimens, cul
tures, and helpful correspondence: Y. Abc and K. Aoshima, Forestzy and Forest 
Products Research Institute, Tsukuba, Japan; F. Arentz, Forest Research Station, 
Bulolo, Papua New Guinea; T.E. Chase, Pacific Southwest Forest &: Range Ex
periment Station, Berkeley, California, US.A.; A. David and). Boidin, Univer.;ite 
Claude Bernard-Lyon, Villeurbanne, France; !.AS. Gibson, Ninfield, East Sus
sex, U.K.; J.H. Ginns, Biosystematics Research Centre, Ottawa, Canada; N . Hal
lenberg. Univer.;ity of Goteborg. Sweden; I.A. Hood, Forest Research Institute, 
Rotorua, New Zealand; G.C. Johnson, Division of Chemical and Wood Technol
ogy, CSIRO, Highett, Victoria, Australia; K. Korhonen, F'mnish Forest Research 
Institute, Helsinki, Finland; F.F. Lombard and H.H. Burdsall jr, Centre fo r Forest 
Mycology Research, Madison, Wisconsin, U.S.A.; D.J. Morrison, Padfic Forest 
Research Centre, Victoria, British Columbia, Canada; l. Ryvarden, University 
of Oslo, Norway; j.A. Simpson, Forestzy Commission of N.S.W., Beecroft, New 
South Wales, Australia; S. Singh, Forest Research Institute, Dchra Dun, India; 
j. Stenlid, Swedish Univer.;ity of Agricultural Sciences, Uppsala; j. Tierney and 
L. Bolland, Department of Forestzy, lndooroopilly, Queensland, Australia; ).E. 
Wright, Universidad de Buenos Aires, Argentina. 



336 

I also thank C.M. Triggs, Applied Mathematics Division, DSIR. Auckland, 
for statistical analyses; G. Kuschel, Entomology Division, DSIR, Auckland, for 
checking the latin diagnosis; and R.L Gilbertson, The University of Arizona, 
Thcson, Arizona, US.A., for critically reading the manuscript. 

REFERENCES: 

Anonymous 1980: Distribution Maps of P/Qnt Distas<s, no. 271 , edn 3. Corruron
wealth Mycological Institute, Kew. 

Browne, F.G. 1968: Pests and dis<ases of forest plantation trtes. Clarendon Press, 
Oxford. 

Chase, T.E.; Ullrich, R.C. 1983: Sexuality, distribution, and dispersal of Httco
basidion annosum in pine plantations of Vermont. MycologUz 75: 825-831 . 

Chase, T.E.; Ullrich, R.C.; Korhonen, K. 1985: Homothallic isolates of Htltro
basidwn annosum. Mycologia 77: 975-977. 

Courtois, H. 1972: Sporulation und KonidiengrO,Be von Fomts annosus (Fr.) 
Cooke. Phytopatho/. Z. 73: 31().325. 

Cunningham, G.H. 1965: Polyporaceae of New Zealand. Ntw Ztallznd Dtpt. 
Sci. lndustr. R.s. BuU. 164. 

Eusebio, M.A. 1977: Occurrence of heart rot in virgin forests and decay in 
logged-over areas. Sylvatrop Philipp. Forest Res. J. 2: 195-208. 

Fries, E. 1821: Systtma mycologicum 1. Lund. 
Gibson, l.A.S. 1979: DistastS of fortsl trtes widtly pllznttd as <xotics in tht tropics 

and southern hemisphere. Part 11. The genus Pinus. Commonwealth Myco
logical Institute, Kew; Commonwealth Forestry Institute, Univ. Oxford. 

Gilmour, j .W. 1966: The pathology of forest trees in New Zealand. The fungaL 
bacterial, and algal pathogens. Ntw Ztaland Forest Stro. Ttchn. Pop. 48: 
1-82. 

Gluchoff-Flasson, K.; David, A.; Dcquatre, B. 1983: Contribution a !'~tude des 
affinites entre Heterobasidion annosum (Fr.} Brcs. et les Bondarzcwiaccac. 
Cryptog., Mycol. 4: 135-143. 

Holmgren, P.K.; Keuken, W.; Schofield, E.K. 1981: Index Herbariorum. Part 1. 
The herbaria of the world. Regnum veg. 106. 

Hood, I.A. 1985: Pore width in Httn-obasidion annosum (Fries) Brefeld. Nnv 
Zta/Qnd /. Bot. 23: 495-498. 

Korhonen, K. 1978: Intersterility groups of Ht.ltrobasidion annosum. Commun . 
lnst. Fortst Ftnn . 94(6): 1-25. 

Kuhlman, E.G. 1970: Seedling inorulations with Fomts annosus show variation 
in virulence and in host susceptibility. Phytopothol. 60: 1743-1746. 

Nobles, M.K. 1965: Identification of cultures of wood-inhabiting Hymenomy
cetes. Canad. J. Bot. 43: 1097-1139. 

Parmasto, E. 1986: (Preliminary list of Vietnamese Aphyllophorales and Poly
poraceae s. str.] Scripta Mycol. 14: 1-88. 



337 

Ryvarden, L 1976: Til< Polyporaaat of North Europt 1. Fungitlora, Oslo. 
Shain, L.; Bolland, L 1974: Fomes annosus in Australia . Proc. 4th Intern . Con[. 

Fomes annosus, p.25-29. In: Kuhlman, E.G. (ed.): Forest Protection, IUFRO 
Section 24. Athens, Georgia, Sept. 1973. 

Simpson, J.A. 1978: Htterobasidion annosum on Araucaria cunninghamii in Papua 
New Guinea. Pl. Dis. Rtparltr 62: 404-405. 

Sta1pers, j.A. 1974: Spinigtr, a new genus for imperfect states of basidiomy
cetes. Proc. KDn. Ntd. Akad. Wtltnsch. , Ser. C, 77: 402-407. 

Stalpers, ).A. 1978: Identification of wood-inhabiting Aphyllophorales in pure 
culture. Stud. Mycol. 16: 1-248. 

Stenlid, ).; Haggblom. P. 1985: Macromolecular synthesis in germinating 
conidia and basidiospores of Heterobasidion annosum. Trans. Brit. Mycol. 
Soc. 84: 227-234. 

Sutton, W.R.J. 1965: Fomitopsis annosa (Fr.) Karst. - a comparatiVt study of some 
European and Ntw Zealand isolates. Special Report, Commonwealth For
estry Institute, Oxford. 

Tolmshoff, W.J. 1983: Heteroploidy as a mechanism of variability among 
fungi. Ann..U Rto. Phytopothol. 21: 317-340. 

Willis, ).C. 1973: A dictionary of til< flowtring plonts and ferns . 8th edn. Univer
sity Press, Cambridge. 



~AYCOTAXON 
Vol. XXXII, pp. 339-351 July-September 1988 

HYPHOMYCETES FROM CANADIAN STREAMS. 
I. BASIDIOMYCETOUS ANAMORPHS 

LUDMILA MARVANOVA 

Czechoslovak Collection of Microorganisms, tf. Obrancu 
miru 10, 662 43 Bmo, Czechoslovakia 

AND 

FELIX BARLOCHER 

Departg;,e;;,~~fe~~~'lf.:c~%~~~.A:~~n3g'/jversity 

Abstract 

Rbulotaenlalla canadensis gen. et sp. nov. and Taaniospora nasifers sp. nov. are 
described. Tasnfospora gracffls var. gracflfs, and T. gracilis var. snecta with an 
isolate having single-branched conidia are discussed. A presumable monocaryotic 
isolate of Taenlospora descalsii is reponed. 

Introduction 

During a study focused on the isolation ol freshwater 
~phomycete taxa from foam on several softwater streams in SE 

n~~b~;u~~w~~~i~[;,d !~hac~l~t,~e~~n~e~~vnas S~~~ · e':.6~~~\~~~dhi2~ 
these forms were obtained in pure culture; two are here described 

~~e~1;',;p:;~ ~~;ci~; ~~%gann~~at0(J~~;~~A ~e~~~~~~s vf~~Y)san°~ 
M"a9rv~ng~~su&m~al~e~~~r~~~~ ~fmt~~~~a~g~i~i~8t~~~o"~~c~f:ia~~~ 
known to have a teleomorph belonging to the Athel ieae, a subtribe 
of the Corticiaceae (Homobasidiomycetes) , which are considered 
to be restricted to the Northern Hemtsphere and part icularly 
common in the boreal zone (Juelich 1972}. 

Materials and Methods 

All cultures were obtained as monoconidial iso lates from 
fresh ly collected stream foam . A few drops of antibiotic solution 
(1 00 mg pen icill in and 100 mg streptomycin per liter acetone} 

~u~f~re~0~:r~m~~in~~~~ tgn 
51~~P~:s~if~oac~~~a~g~~nt~'A~":rt~. o T~~ 

or at 12 O C on sterile lupine (Lupinus perennis\ stems partly 
embedded in 2 % water agar, or on sterile oat flakes in water agar. 
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Sporulation was induced by submerging a section of the culture in 
standing or aerated distilled water at 9-12 or 15 ° C. Septal pores 
were stained with Talbot's ammoniacal Congo Red (Nawawi et al. 
1977). Nuclei were stained as follows : Conidia were harvested 
from one month old sporodochia on agar. suspended in distil led 
water, stained with a few drops of acrid ine orange and 

;,~~~it6g:~~e~tte~ncfe~s~in~ei~~c~Pifl~~red~~~g~~ ~fc1i;;Sc~~~ . c~~~~~1 
were bright yellow-green. Alternatively, the nuclei were placed in 
Carney's fixative for 15 min., washed in cone. ethanol and in 
distilled water, and stained with Giemsa solution for 30 min . 
Laccase and tyrosinase tests were performed as described by 
Stalpers (1978) . 

Fibulotaenletta Marvanova et Barlocher, gen. nov. 

Etym.: fibula (l.) - clamp; taeniel/a (l.), diminutive of taenia
ribbon . 

Oeuteromycetes, Moniliales. Hyphae hyal lnae, ramlllcatae, septatae, septa 
primaria libulata. doliporosa, cellulae binucleatae . Conidiophora in conidiomatis 
sporodochialibus aggregata vel singularia ad hyphas, praecipue lateralia, simplicia 
vel ramosa. Cellulae con idiogenae in conidiophoris incorporatae. indetermlnatae, 
elongationes sympodlales. Conidia scolecoldea, continua vel cum seplo uno fibulalo 
centrali in conk:liis liberalis occurente. Oehlscentla schlzolytlca. 

Species typica: Fibulotaeniella canadensis 

Hyphae hyaline, branched, septate , clamped, cells binucleate, 
sep ta doliporous. Conidiophores aggregated in sporodochial 
conidiomata or scattered on hyphae, mostly lateral, simple or 
branched. Conidiogenous cells integrated or discrete , 
indeterminate, elongations sympodial. Conidia scolecoid , 
continuous or with a clamped septum near the middle appearing 
after conidium release. Secession schizolytic. 

Fibulotaeniella canadensis Marvanova et Barlocher, sp. nov. 
(Figs. 1, 2) 

Coloniae in agaro malloso rente crescentes, albidae, in senectute dilute sordide 
fuscae, pubescentes; mycelium aereum humile, funiculos delicatos formans. Odor 
penetrans. Hyphae marglnales plus mlnusve rectae , 1.8-2.5 ~ latae, cellulae usque 
ad 100 ~m longae, rami alternall, raro subopposlti, supra baslm saepe fibulati , e 
hypha vel raro e fibu la crescentes. Septa secundaria In partibus seneclis coloniae 
praesenlia. Conidiophora praecipue lateralia, postea plerumque ramosa, usque ad so 
~m tonga, prope basim fibulata, saepe in conidiomatibus densiter aggregata. vel 
singularia, continua vel multicellularia, cellulae cylindricae vel sublusoideae, septa 
libulata. Cellulae conidiogenae slngulares vel aggregatae usque ad Ires, deinceps 
ecrescentes. supra basim fibulatae , fibulae conidiophorl saepe subopposltae, raro e 
fibu la oriuntur; initio conlinuae cum primordiis conidiorum, postea per septum 
fibulatum ab lis dlv\sae, subfusoldeae, 7-13 x 1.8-2.2 )Jm, apice saepe cum vestigiis 
fibularum ornatae, elongatlones saepe fibulis oppositae, raro ex iisdem oriuntur. 
Conidia saepe In guttulis mucosis aggregata, sed slngulariter oriunda, apicalia, basi 
fibulata, continua vel cum septo uno fibulalo cantrall tarde post llberationem 
apparente, arcuata vel sigmoidea, cylindrica, 47·85 x 2-3 ~. basi truncata, apice 
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A B 

Fig. 1. Fibulotaeniella canadensis, 12387. A-C, E-H, conidial onto
geny in culture; 0 , spent conidiophore. 
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Fig. 2. Fibulotaeniella canadensis, 12387. A-F, detached, H-K 
germinating conidia; G , clamped comdium from foam. 
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subulata, binucleata ubi continua. 

Habitat: In spuma In rtvulo acldo Allen Creek dlcto, prope locum Wood Point , 
provincia New Brunswick , Canada austro-orlenta ils, In Aprl li 1987 leg. L. 
Marvanovta et F. Barlocher. 

Holotype: K (ex 12387). 

Colonies (MA) growing slowly, 4 mm diam./21 days/10-12 ° 
C, whitis~ becoming pale isabelline with a9e , e':J:ecially when 

~~e::;r:;3 9th8 r:h6r:esu~~~~ ;,erti;~ 6'6rg~~i.ut'6rm~;;'g d~~fe h;~i~:i 
strands. Odor pungent, mushroom-like, becoming apparent when the 
colony is cut, resembling that of Taeniospora pracilis. Laccase 

f:;~ ~~fa~~i~~ - N~i~a~~ ":-~J~~Y c~ff;it~v:. toM~6gJn~m hyg~;e b'i'a~r~h~; 
alternate, rarely subopposite, usually clamped near the base, 
orig inating from the hypha or rarely from a clamp. Secondary septa 

~~":,e~~ i~~~:r sfea~;. 0~1i~einco~~~Kdi;$o6~ 1~~~~t~ ~~~~lec;{0~~t~~ 
under water or at the water·air interface. Conidiophores mostly 

~;~~~lse~~nse~r.fnag~~ in _;i~~idio~ra~~ r~~s~~8'e, c"6~~~o~:';,oe~ii~~ 
pseudodichotomous branching sometimes seen at the lowest level ; 
up to 50 11m long , but often shorter, continuous or multicellular, 
cell s cylindrical or subfusoid, septa fibulata. Conidiogenous cells 
single or up to three at a conidiophore apex, appearing in a close 

~~~i~~~~c~ri~~~~i~~dth~e~~intt~t ~~~eiu!~;~a~li ~i\f~~a;~~t;~thofl~~ 
being marked with a shallow depression \Fig . 1 E, F) , subfusoid, 
7-13 x 1.8-2.2 11m. elongations origina ing slightly below and 
opposite to the basal clamp of the preceding conidium (rarely from 
the clamp itself) ; together with the clamp vestiges resemb ling 
connected wrenches (Fig . I D). Conidia aggregated in slimy drops or 
even masses but onginating singly and apically. with a clamp at 
the base. Detached conidia are sigmoid or arcuate, 47-85 x 2-3 
11m. cyl indrical , with a truncate base and a subulate apex , 
excepllonally bearing a clamp vestige at the base (Fig . 2 E), in 
vitro remaining continuous even when suspended in water for 

~~~fdf! wc"o~~sct~d" i~it~h: ~?;1~al (~:~mp 2 ty~).allb i .f~~F:a'\~ o~~~~ 
continuous, nuclei usually near the middle or each in one half. 
Germination of conidia is accompanied by formation of one central 
and eventually two further clamps, one each near the two ends. The 
central clamp in arcuate con idia usually faces the concave side. 
~~~~ P,~~ t~~b~n i~~frg1:~~~m0,'~~d~~n 1dial ends , the subsequent 

Cultures examined: 12387, from Allen Creek, April 1987, isol. 
L. Marvanova; 14387, 14687, from St. George Creek, April 1987, 
isol. L. Marvanova; 22587, from a small stream near the Trans 
Canada Highway near Sackville, April 1987. isol. L. Marvanova. 

All isolates were obtained from conidia bearing one clamped 
septum near the center. Nevertheless, only continuous con1dia 
were formed in vitro in standing or aerated culture ; when kept in 
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water for several weeks, the con idia swelled considerably . 

~!~~fn~~io~e~t~ ~;arth('}igo~:d~~K~.o~on~§~e~~~~i~~~~d~~~~ r~~fgi\~ 
and germ tubes were more vigorous when a mixture of conidia 
from two isolates was used. 

Free conidia in foam are easily recognized by the clamped 
septum in their center. However, clampless con idia should be 

:~pe~!~?dl~m~~~{~u:s p~~~a bu~~~~e~ehf~o~~~1Xti~~;~fo~ rr;o~~~~~ 
exclusively on free conidia. ~ost likely they would resemble some 
Flagel/ospora or Sigmoidea spp.; however, all members of these 
genera have typically septate conid ia except F. penicil/ioides, 
where some con1dia may be continuous and overlap in length with 
those of Fibulotaeniel/a canadensis. However, F. penicil/ioides, as 
a species of warmer cl imates, would probably not appear in cold 
areas . 

affini~i~~o~ t~~~J:dO,:~~'s i\o m~rhebre ctg~idff1ect>"~~~~~.,:~c~/;~u~~ot,Z~ 
from water; however, the presence of a single clamp in the 

(~;~~~tall~hfhetYJ'deor)0~o?~t"\~io¥;~~r~~P~~~. ~~::,eTy01 ~nyg,;~ffi~ac~:;s 
enecta , which has spreading colonies and rather large conidia. 
However, the lack of branches in the conidia of our isolates and 

~~i~;p~r~~5oj~~~fi;~a~~;te~e~~r~~~nco~id;~:;~t=n~;~dy~~~?. conidia in 

Early stages in the con idiogenesis ot the coelomycetous 
basidiomycete Fibulocoela indica Nag Raj (1978) and of 
Cenangiomyces luteus Dyko & Sutton (1979b) resemble the conidial 

ft~~T~~a s~!ci~~b~g~~e~~e/~Pi~((~a"r~ly t~l~o m;tb:sa~)n!~~e~~a~i 
The conidiomata of Fibu/ocoe/a and Cenangiomyces are delimited 
by a distinct wall from the host tissue. 

There is another coelomycete with more similar conidia, i.e. 
Pocillopycnis umensis (Bubak & Vleugel) Dyko & Sutton (1979a) , 
with lunate conidia 60-81 x 3-4 ~m ; tiowever, mature comdia are 
septate , the conidioQenous cells and conidia are clampless and the 
conidiomata are typ1cal pycnidia (DiCosmo 1980). 

Taenlospora nasifera Marvanova et Barlocher, sp . nov. (Figs. 3, 
4) . 

Etym.: nasifera (L.) - bearing a nose (refers to the shape of 
conidia) . 

Colonlae In agaro mal!oso admodum lente crescentes, restrictae, pallidae, 
pulvlnatae , leviter larinosae, mycelium aereum sparsum, e cellulis lnflatis, 20·35 
x 5-10 ).lm. catenalis vel aggregalis valde consistens. Odor penetrans. Hyphae 
marginales undulatae, 1-2 ).lm latae, cellulae usque ad 70 ~ longae, rami allernall, 
e hypha crescentes, praeclpue late dlvergentes, breves. Septa primaria fibulata , 
dollporosa, septa secundaria elibulata. Cellulae blnucleatae. Conidiophore aplcalla vel 
lateralla, solltarla , simplicia ve l ramosa, usque ad 45 f.lm longa, septata, septa 
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Fig . 3. Taeniospora nasifera, 14887. A-C, E, developing conidia 
from culture; D, inflated cells in mycelium; F-R, detached conidia. 
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Fig. 4. Taeniospora nasifera 14887. 1, developing conid ia. 2-4 , 
detached conidia . Stained with lactofuchsin , photographed in 
inverted phase contrast light (approx . 1,200 x) . 



3 4 7 

efibulata. Cellulae conldlogenae aplcales vel raro laterates, singularies vel nonnullae 
basi saepe fibulatae, 7-10 x 2-3 ~m. lndetenninatae. A'ongatlones sympodiales. e 
fibulls basallbus conldlorum precedenlium oriuntur, rhachim fleJCuosam formantes. 
Conidia aplcalla, plerumque fascicutata, basi fibulata, axis rectus vel paulo llexus, 
cyllndricus vel subclavatuS, 14-22 x 2-2.5 JJ.ffi, basi pediformls , apice subulatus 
vet obtusus, septum unum flbulatum In parte centrall gerens. Ramus slngulus, 
horzontalls vet !eviler antrorsus, 7-10 x 1-1.5 ).Ul1, supra septum centralem axis 
insertus, sublunatus vel suballantoldeus, basi angustatus, oontinuus. 

Habitat: in spuma in rivuto acldo Sl. George Creek dicta, haud procut a loco 
Fenwick dicto. in provincia Nova Scotia, Canada austro.ortentalls , In Aprills 1987 
leg . L. Marvanovi et F. Barlocher. 

Holotype: K (ex 14887). 

Colon ies on MA restricted , pulvinate, growing very slowly, 5 
mm diam./40 days/1 5 ° C, pale beige, mealy, aerial mycelium 
sparse, low, mostly cons isting of short cha1ns or clumps of 
inflated cells, reverse pale be1ge. Odor pungent, mushroom-like , 
resembling that of Taaniospora gracilis. Laccase test negative, 
tyrosinase test weakly posit1ve. Marginal hy~hae undulate, 1-2 I'm 

~~d~ , t~=fl~ ~~a!~ Jgm~!f'm~~n~it~r~n~7:~ a ~O:~ra\~·e s~~~ . lj,'~';~l~ 
diverging. Primary septa with clamps, do8porous, seconda~ segta 

~~e~:;,, c~~fenb"~Wheal:ie~~[la~~'!,g~:~e v~~~~r~~t~~~P~~pta o-gfte~ 
clamped, but clamps obscured due to deformations by inflation. 
Sporulation rapid after submersion (in 1-2 days) at or below 
water level. Conidiophores apical or lateral, branched or simple. 
without clamp at the base , 7-45 x 1-1.5 11m. stalk septate , but 
septa mostly clampless ; conidiogenous cells apical or rare ly 
lateral , sing le or several, 7-10 x 1-2 11m. with or without clamp 
at the base, indeterminate, elongations sympodial, originating 

~t~\':ca~o~l i kt>,;'sr~chT~a{,!l~ . ~f ~~9ct~coen~~7~ .,C~g~~:aap~~:,/gg i~ 
close sequence , mostly fasciculate, delimited with a clamped 
septum. Detached conidia consist of a straight or slightly bent 

~~~~l'at;yli~~r\~~ 0.io~~b~:vad:nt~t2~a:e 2tr~·;cft~ · o~it~o~e si~fl~ri 
foot-shape'l: apex subulate or obtuse: branch single, horizontal or 
slightly antrorse, 7-10 x 1-1.5 11m, inserting in the distal half of 
the axis just above the central septum, usually facing the same 

F~~=rti;~ n~r~ow~~~~t~Ouf 1 ~~~\1~m .1 uG::~in~~io~ 11~~t~~dcir , ca~n~igugu6: 
after 48 hours, first from tho ends of tho axis , later from the 
branch. 

Cultures examined: 14887, 15887, from St. George Creek. 
April 1987, isol. L. Marvanova. 

Sporulation which was abundant with primary cultures , 
ceased totally after the first transfer; however, it could be 
reinducod in cultures established from actively growing hyphal 

~rs~ f~~~e.e'eed v:nry sl'o~H: g~t t~l:k;~10.."~6~~':,'dd~gt pT~i~id~~~~~ a'1t~~ 
drying out and submersion in distilled water. Conidiophores with 
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profusely branched heads were obtained with the latter method. 

As with Fibulo taanialla, the generic classification of th is 
species is not easy. The conidia with a straight axis and a sinQie 
branch are not typical for Taeniospora and would just1fy 
establishing a new genus. Other features, however, make 
Taaniospora a suitable Pcenus: the single clamp in the middle of 

~~~w~isof ath~al~ol'?:.i~.e t~~ ~gfla~e1 ~~~s s~~~gth~d~mailh~i~;~~f~~~ 
of the conidia make this species more similar to Taeniospora 
gracilis var. gracilis than to T. gracilis var. enecta. 

Taenlospora gracilis Marvanova (Figs. 5, A-G ; 6, M-0) . 

The two varieties recognized within this species ( T. gracilis 

~~~~gg~: &a~ta~~:~~~isw~~~ ~as~'cfc~~s i~o1~:~0tfo~a~.on~~:~l:, 
Europe and from Great Britain. Conidia of both varieties were 

ryn~~~rt~~l~n:~. th~~.~~~~~d a;yd ~~~~a~soo~~tio; ~t~~p~::'d(1d98t~)~ 
characterized by pungent odor. Conidia of var. enecta were 
reported by Barlocher (1987) as T. gracilis from the same and 
similar localities. 

Conidia closely resembling those of var. enecta (Fig. 5, 0 -G!, 
except having only the proximal branch, were collected frequent y 

~ai0~~tu~!,,~h~,::;~:tst\8:~~?cai~r{~ · v!~.9 e5~~~?a , i 5i~!~1~h~b~~i'~~~ 
was whitish, not restricted, downy, with delicate hypha! strands, 

Pft~::etia~u~~~tfr:~c~=~t~~~dr~o~~;~din a a~::.~.::;oge,f:::.-'~~ ,~g~::.; 
stems indicate that the conidia with one branch may merely be a 
depauperate morphotype of var. anacta, which appears naturally 
under unknown conditions. There is probably a basifugal sequence 
of branches in T. g;acilis var. enecla (cf. Nawawi et a!. 1977, for 
data on branch length, and Marvanova & Stalpers 1987, Fig 3 B/., 
which makes production of such conidia likely. Accordingly, shou d 

~~t:-~~s~Z~~1 sco:>;~~~ce a~V9c~ni~~al Tbrg~~~u;~;;;:;io~~afh~; C:nh ig~ 
expected to possess only the distal branch . In fact, such conidia 
were observed in 15487 and 25887. 

Cree~"~~~~· 1~~~~ii~~ : LT. J~~~~ov~~r·2fs"i;~;s~~i,i8Ztre~~ ~~0~~: 
left side of the Trans Canada Highway, near Ogden Mill Cross 
(Sackville) , April 1987, isol. L. Marvanova. 

T. gracilis var. anacta : 12287, Allen Creek, April 1987, isol. 
L. Marvanova. Isolate with single-branched conidia: 11787, Allen 
Creek, April 1987, isol. L. Marvanova. 

Taenlospora descalsll Marvanova & Stalpers (Figs. 6 A-L) . 

This species was recently described from Great Britain and 
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Fig. 5. Taaniospora gracilis var. anacta , 12287. A-C, typical 
conidia. Taeniospora gracilis var. enecta , 11787. 0-G, smgle
branched conidia. 
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Fig . 6. Taeniospora descalsii (?) , monocaryon, 12787. A-C . 
developing con idia; 0-L, detached cfampless conidia. Taeniospora 
gracilis var. gracilis , 15487. M-0, detached conidia. 
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Czechoslovakia on the basis of three isolates (Marvanova & 
Stalpers 1987). During the present investigation , an isolate of 
presumably the same species was obtained from a clampless 
conidium which gave rise to a monocaryotic mycelium. The colony 
characters matched those of the above mentioned isolates. Mating 
experiments with the CCM dicaryotic strains could not be 
performed because the Canadian isolate did not survive the 
transport. 

Culture examined: 12787, Allen Creek, April 1987, isol. L. 
Marvanova. 
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A N£1<11 SPEC IES OF IIY ALOSCY PHACEA E ON NEED LES 
Of PICE A (P TN ACE AE ) 

Wo lf - RUdiger Arendh olz 

Fachbe re ic:h Bio logie , Un ive r sitat Ka ise r s lautern 
Postfac h 3049, 0- 6750 Kaisers! a u ter n, W-Ge rrnany 

und 

Ain Ra i tvii r 

lnstit ue of Zoo lo gy and Botany, 2 1 Va ne mu i se St . 
202 400 Ta rtu, Est on ian SSR, USS R 

SUHHARY 

A new species of 1/ya l oscyphaceae . Lach num rubropunc cac um. growing on 
needles o£ Picea A.Dietr. i s described . A key t o 8 species and one 
variety of Hyaloscyphaccae growing on needl es and cones of Pinaccae 
i s provided, includi ng Cis cella acuum ( Alb. & Sch w. )Raciv . , Das ysc y
phella con i cola (Rehm)Raicv. & Arendhol z comb. nov .• Dasyscyphella 
mughonicola (Svr . )Raitv. & Arendholz comb . nov • • 1/yalooeziza tricho
dea (Ph i ll . & Plowr.)Raitv,, Tncrupila a l atavica Raitv,, ~ 
~ (MUller) HUllcr , l..achnum pul vcrulentum (l..ib.)Ka rst ., l..8chnum 
pulverulentum (l.ib . )Karst. var. ~ (Rehm)Arendholz & Raitv . 
comb. nov. 

During a va catio n trip in the Berner Oberland (Switzer 
l and) i n the s um mer 19 77 the se n io r aut h o r col lected a 
hai r y Discomycete growing on d ead, f a l le n s pru ce ne edles 
and which, a fter a th o r o ugh s tu dy o f t he lite r ature a nd 
the reinvestigation of di fferen t t ype s pe cimens, pr oved 
to be a ne"' s pe cies. 

LACH NUM RUBROPUNCTATU M Ra itv . & Arendholz sp. nov . 

f'igs .: Plate 1 , fig. 1-6; plate 2, fig . 1-3 . 

Apothecia cupulata . stipitata . pcrparvul a , ad 0.2 mm diam., plusmi 
nusve alba . in sicco ochracea margine r ufo. Excipulum e l stipes pilo 
si. pili esepca ci, rar o uniseptaci, lepcoder mi, hyal ini ad dilute ou
rantiaci per microscopium 1 grosse granulosi per materiam resinaceam 
aurantiacam . diffluentes in KOII , ad marginem 35- 45 x (5)-6-7.5 pm, 
ad excipu ium et ad stipes breviores circiter (15)-20-25 x (•0 -5-
6 JJm , 
Excipulum ectal um ex cextura prismaticB ad tcxtura intricaca , cel l u
lae hyalinae . l ep t odermae . 
Exdpulum medullatum ex ce xtura intricat a . cellulae hyalinae. lepto 
dermae . 
Asci cylindrcei -clavBti, 21-28 x 3-4 JJm, e unci s nati . poro jodo 
caerul escenee. 
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Ascosporae hyalinae . esepcacae . ellipsoi deae. 4-6 . 5 x 1. 5-2 JJIIJ, 

partim haben t es duae guctulae. 
Par aphyses perparcae . 1 . 5~2 . 5 11m la tae . cylindracese . acutae . ad 
cylindracei -Janceolatae. ascos leviter s uperantes . 

Holotypus. - In acibus Piccae obietis (L.. )Kar s t,, Wcngen . reg ione 
Ber nae montana . Alpes. Helvetia, alt. 1200 m, W.R . ArendhoJz , 7 Aug. 
1977 . In herbaria W. R.A. 1977 / 1.0 . 

Apothecia c upu late, o n a well d e\•elo ped s h o r t stipe . very 
mi n ute, up to 0.2 mm i n diom . , + wh i te , ochraceous wh en 
dry, with a reddish margin . -
Hai rs cyli nd r ical, !-ce l led, very r are!}' 2 - celled, orig
i na t i ng from a ± cuboid basal cell, hyaline to pale ora nge 
under t he microscope, thi n-wa l led, coa r sely g r a nu late, 
cove r ed by piece s of r esino u s ma t ter d issolving in KOH, at 
th e margi n 35- 45 x (5)-6-7 . 5 l! m, at the flanks of the opo
th ecium and at the stipe sme ll e r, ( 15)-20-25 x ( 4) -5-
6 urn. 
~ q·li ndr ic - clavate, with a short, definite Stipe, 
someti me s sessile, arisi ng fr om crozie r s, ... ·it h a n d without 
KO H pretreatment J+ , 2 1 -28 x (3)-4-5-(6) lJm. 
Asc.opores h yaline, aseptete, ± e llipso id, st raight, some 
times somewhat taperi n g a t the lower end, pert l y with t wo 
oil drops at each end. 
Pa ra phy ses very scanty , cyli ndri cal, poi nt ed to cylindri 
ca 1 -lonceo l a t e, slight l y exceeding t he asci , 1 .5-2.5 
urn i n diem. 

Etymology of the specif i c ep it het.- Refers to the colour 
o f the a pothecia i n t he dried condi ti on. 

Habitat.- On d ead fallen needles of Picea a b ie t i s (L.) 
Karsten. 

Type l ocality.- Wc ng cn , Ber ner Obcrl and, Alps. S ... ·itzer
la nd. 

Ho l otype . - W. R. Arendholz, 7 Aug. 1977 , in the senior 
aut h o r 's personal herbarium, W. R. A. 1977 /40 . 

Notes . - Lachn u m rub r opunctatum is macroscopically similar 
to Lac.h nu m pulver u lentum (Lib . ) Karst . o n fallen needles of 
Pin us , but t h e latt er diffe r s in hav in g l a rger diameter, 
longe r , narr o wl y c ylindrical, apical s woll e n, always 3 -
4-celled hairs (50-60 x 3-3.5 11 m) a nd l arger ((28)-30-40 x 
3 -4 l! m) asci. 
According t o the d esc r iptions L. ru bropunctatum also re
sembles Incrupila dennisii ( MUl ler ) Mi.ille r on Pinus cembra 
L . (MULLER 1967, 1977) a n d Dasyscy phu s mughonicola Svr. 
on Pinus mu g o Tu r ra subsp. mughu s (Scop. )Zenari (SV RCE K 
1967 ), b ut the letter differs from ou r s pecies by its 
co l ou r ( l emnon - co l o ured ) and the apothecia (0.4-0.8 mm i n 
d i a m. ), margi nal hai r s (80 - .1 10 x 2-3.5 urn), asci (55 - 6 0 x 
4 . 5-5 ~m ) and ascosporcs (8 . 5- 1 1 ~m ) arc without exception 
larger. 
l n co ntrast to D.mughon ico l a nearly all the me as ur ement 
e nd cha r acters of ln c rup i l a dcn n isii correspond , according 
to t he descrip t ion , with L. rub r opu nctat u m. Bu t t h e com-
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pa r ison wit h t h e ty pe specimen pr o ved tha t t h e species 
not co nspeci fi c : I ncrupila dennisi i differs f rom our 
species by its colour in the dried condition (\oi'hit ish 
to honey colou red ) and the hyaline and thin-walled, often 
2-3-septate hairs show a stil l stronger in c rustati o n, 
alt hough in L. rubropunctat um the granula r in c ru s tation is 
relative stro ng a nd massive ( cf . plat e 1, fig. 4. and 6). 
It r e ma i ns to be cla r i fied, wh ether these species are 
co ngener ic , when we understand these mi nut e, rough-h ai r ed 
hyaloscyphaceous taxa better. Fi nall y it s hould be noted, 
that the hairs o f In c rupila dennisii described by ·MULLER 
(1967) as 15-25 x 4 -6 11m are actually up t o 40 um long and 
often 2- 3-se ptate, wh i ch both authors ascertained by stud
ii ng the holotype species. 
By having mostly aseptate ha i rs L. rubropun c tatum also 
bears some resemblan ce t o the s peci e s of Cistella, but its 
hairs are totally granulate, \olhereas the hairs of~ 
a re granulated o nl y ap ic ally or have at least a smooth 
basal part, 1/ 4 to 1 / 5 o f the total hair length and are 
""it ho ut an exudation. 

Foll owi ng is a key to de t e rm ine s pecies of the Hyaloscy 
ph aceae o n needles and cones of Pinaceae: 

Hairs smooth, long ( up to 240 ~m) and thick-wa lled , 
on Pi nus sylves tri s L. ( l) 

HYALOPEZTZA TRTCHODEA (Phi 1 1. & Plovr. )Rei tv. 
I* Hai r s gra nu lated . . ... . . .. ...... . ..................... 2 

2 Ha i r s totally g r a nu lat ed or with a smooth basal part 4 
2 * Hairs with co mp letly smooth and .±. clava te tips of 

vari'ous length . . ... . . . ...... . .. . .. ... ... . .. . .. . , . .. . :3 

Asci 50-60 x 4.5 - 5 . 5 SJm, s pores fu soi d, 8.5 -1 1 x 2-
3 SJ m, on Pi nu s s ylve s tris L., Pinus muso Turr a and 
Pinus cembra L. (2) 

DASYSCYPHELLA MUG HON ICO LA ( Svr. )Raitv. & Arendholz. 
comb. n ov. 

3* Asci 30-40 5-6.5 1Jm, spores elliptic-fusoid, 6-10 
x 1 .5-2.5 J,lm, on cones of Pi nu s s ylvestris L. (3); 
plate 2, fig . 1. 

DASY SC YPHELLA CONJCOLA ( Rehm )Raitv . & Arendholz. 
comb. n ov. 

( I ) Synonyms : Dasyscvpha triglitziensis Jaap, Trichopez.iza marc hica 
Ki r schste i n; for further synonyms cf. RASCHLE (1977). 

(2) Basionym: Dasrscrphus mughonicola Svr .• Ceska mykol. n_ (1967) 
65. 

(3) Basionym: Dasyscypha pulverulenta ( Lib.)Sacc . var . conico1a 
Rehm, Ann. mycol. !!, (1910) 492. D. conicola (Rehm )Ra i tv. & 
Arendholz differs from Dasysc yphella mughonicola (Svr. )Raitv . 
& Arendholz in shorter asci (45 - 50 x 6-6 . 5 ~m) a nd ascospores 
(6.5- 10 x 1 .5-2.5 JJ m) and the absence of the bright yello"' 
colour of the apothecia-. 
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Ha ir s usual ly ± clavate, mostly wi th a smooth basal 
part (4) 

CISTELLA ACUUM (Alb . & Sch w. )Rait \' . 
Hair s t ot a ll y granulated ... . . .. .... ,, .... .. .. , ,., . . . . 5 

Asc i 30-4 0 x 3-4 um, spores cy lindric-clavate, 4-
7 x 1- 1. 5 um : the ± red exudation s o n the tips of the 
hairs a r e sol ubl e in et ha no l, KOH a nd l actic acid ; 
on Pinu s s ylv cstris L., Pinus ri g id& ( HAINES in litt. ) 
~~: dcs\b ie s alba Mi ll. (K AN OUSE 19 4 7) ; plate 2 , fig . 

L ACH NUM PULVERU LENTUM (Lib . )Karst. 
Not wit h the above ment ione d c haracters . . . . . ... . , .. . . 6 

( 4 ) Cf . e.g . i?EHM (1893) , llAITVTIR (1970) , DENNIS ( 1949.1 978) , 
BREITENBACIJ/KRXNZL IN ( 1981 ). Synonyms : Cl avidiscul um k ricscria
lli!!!!. Kirschstein. Pezizella pulchell a Fuckel. Helo t ium pul chella 
(Fuckel )Boud. 1 for further s ynonyms c f. DENNIS ( 1949) and SVRCEK 
( 1962) 
SVRCEK (1983) claims . that fiEHH (1893) and DF.NNIS ( 1949) errone
ously synonymized Pezizella pul chel la Fuckel with D~tsyscyphus 
(•Cistella) acuum ( Alb. & Schw. )Sacc ., and he states that evi
dently fiEHH ~ot know P. pul chella . SVRCEK bases his conclu
on FUCKEl..' s (1870) short descript ion of this species, which 
he cites i n part , and selects P. pulcheJla as t he type species 
o f the genus ~· During his work on a revision of chis 
genus the senior author studied a syntype specimen of the spe 
cies under discussion from Stockholm (ex herb. REHH) , which 
proves without doubt the identity with Dasyscyphus ( • Cist ello ) 
ocuum (A lb . & Schw.)Sacc . Additiont~lly the label of the type 
specimen includes notes in RHEH's handwriting. which show , 
tha t REH.'1 d id know P. pul chel la. 
Furthermore SVRCEK's t ypification is untenable . because BACHMANN 
( 1909) previously t ypified PEZIZEl..U. with P. sordida Fuckel. 
long before v . H6HNEl.. ' s ( 1926 ) typification and studi es of t his 
genus wer e published (ARE,VDHOLZ 1988 ) . 
During preparing this paper t he senior author r einvest i gated 
different specimens of Cis t el l a acuum (Alb . & Sch .... )Rait v. (c f. 
specimens exiiiiJined) and found out . that the ,t clavate hairs of 
the apothccia ar e totally g rsnulaced. whi ch is clearl y observed 
especially with DIC i n the li ght mic r oscope. Perhaps this char
acter points more to a member ship of this species t o Lachnum 
(• Dasyscyphus ) rather chon to Cistell a. Such hairs (somewhat 
more cylindrical ) are e.g. figured by BREITENBACH/ KRA'Nll..Ih' 
(1981). and DENNI S (1949) and HATHfi S (197 6) "'rite:• .. . g ran
u l ate . especiall y at the S ~>'ollen t i p , ,, . •1 •die Cr anul ierung 
ist nicht iiiJIIJCr auf den oberen Teil des Haares beschriinkt. Teil
weise (Apot hecien der gleichen Nadel) ist auch das gesamce 
1/aar zerstre ut granuliert •• •• Vielleicht handelt es sich auch 
um eine Sammel arc, d ie noch des niiheren Studiums dedarl . •, re 
spectively. BANAl. ( 1985) t akes up the idea of an •inhomogenous• 
species , coo , and he classified his finds by means of •subtiler 
Hikromerkmale•, which. however , he does not explai n in de t ai l. 

(5) Synonyms : Dasyscypha pul verulenca ( Lib. )Sacc . var. purpurescens 
Rchrtu Ann. mycol. ! ( 1910) 288t Trichoeeziut eximia Hone. & 
Sacc . , cl. also e.g . REHH (1894) , RAITVIIH ( 1970). DENNIS (1978 ) , 
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Hairs with ±ambe r colo ur ed , birefringent exuda t ions, 
wh ich are i nsoluble in ethanol, KOH and l actic acid, 
on cones on Pin u s sylvest.ris L. (6) 

LACHNUH PULVERULENTUH (Lib. )Kars t . var. FRUCTICOLA 
( Kauffm.)A r endholz & Raitv. comb . nov. 

6• Hairs not with + amber coloured, bire f r i nge n t exuda-
t io ns ........... ~ .... . .......... . ............... .... . 7 

Hairs one-, ra r ely two-celled , ( 15)20-45 x S- 7 ~m. 
apica l covered by pieces of r esi nous matter dissolving 
in KOH, on Picea abies (L . )Karst. : plate 1, plate 
3 . 

LACHNUH RUBROPUNCTATUH Raitv. & Arendholz sp. nov. 
7• Hai r s apical withou t pieces of resi nous matter , but 

densely i n c r usted with large granules of hyaline amor-
phous matter .. .. . . .. . . ........... . . .. . . ..... .. . . .. . .. 8 

Ap. shortly stl p itate , 0 . 3- 0.5 ram in diem., hairs 
30-50 x 3-5 ~m aseptate , Asci 27-30 x 3 - 4 ~m. spores 
clava te-fusoid 5 - 8 x 1.5 ~o~m ; on Picea sc h renki ana 
Fisch. & Mey. (7); pl a te 2, fig. 3 . 

INCRUPI LA AL ATA VTCA Raitv. 

8• Ap. shortly s tlp i tate. 0.15 - 0 . 25 in diam. , hairs up to 
40 x 4-6 ~m. often 2 - 3- septate, Asci 20-25 x 4.5 - 5 
~o~m, spores 5 - 6 x 1.5 - 2 ~o~m, on Pi nus cembra L. (8) 

TNCRUPILA DENNISTT (Mi.iller)Raitv. 

Besides those mentioned in the k ey above , some more h yalo 
scyphaceous species gro wi ng on dead, fallen needle s of 
Pinaceae were described. Since their first description 
these names do not appear in the literature BRain. with 
the exception of t h e works such as RE II M ( 1887-1896 ) , 
SACCA ROO ( 1889), BOUDIER ( 1907) and VELENOVSKY ( 193'). 
The mai nt e nance of these names as separate species is 
impossible by the i n terpretation of t he often poor de
scriptions, and it remains to be r ese r ved for a rei n ves
tigat io n of the type specimens, as far as the se still 
exist. 
The mai n chara c ters of these "species " are men t ioned i n 
a "key" be l ow : 

Ap. 3-4 mm in diam. Asci 80-100 x 5 11m, spor es acicular 6-8 llm 
(VELENOVSKY 1934) 

l.ACHNUM PICEUM Vel . 
1* Ap. up to 1 mm or hardly reaching 0.5 111111 in diem ............... 2 

(6) &sionym: Dssrscroha pulverulents (Li. b . )Sacc. var. fructicols 
Ksuffm. Paper Hich. Acad. Sci. . J_ ( 1923) 106. 

(7) Cf. RAITVIIR (1981): this species is very closely r el ated to 
Tncr upils dennisii. (Hilller)Hilller growi ng on fal l en needl es 
of Pinus cembra L. in the Alps. Both species csn ser ve as an 
example of geographically vicllrious s ibling species. The Tien
Shlln fungus differ s f r om t he Alpic species mainly in mor e slen
der. tapering hairs and J. n slightly longer asci. 

181 Cf. ~UUER (1967, 1977) . 
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Ap. up to I liiD in dlam., hairs up to 200 x 3-4 11m, sulphur 
yellow, g r anu l ate, flex ible ; (VELENOVSK'f 1934) (9 ) 

DASYSCYPHA PULVERULENT A (Lib. )Sacc. \'Br , PTCEICOLA Vel . 
2* Ap . up to 0.7 lliD o r smaller than 0 . 5 mm i n diam . ... ~ . . J 

Ap. up t o 0. 7 mm in diam., spores acicula r to f usoid, with 
oil drops, up t:o 10 11111, (10) 

ER!NELU SERINELU Que!. 
3* Ap . smalle r than 0.5 mm in diam ... . , ...... , ................. ,. ,4 

Ap. up to 0 .3 mm in diam., asci 30-40 x S-6 11m, s pores acicular, 
3-5 , m, ( VELENOVSKY 1934) 

LACHNUH ACICULARUH Vel. 
4* Ap. 0 . 1-0.2 mm in diem. , s pores acicular to fusoid, 5 11m (QUELIT 

1884) (10) 
ERINEI.I..A PUBERULA Quel . 

(9) This v~riety is mentioned b y BARAL & KRIEGELSTEINER (1985) , but 
the affiliation of this fi nd to this variety without studH.ng 
the type is somewhat speculative , especially since VELENOVSKY' s 
description is rather empty . Furt:her1110re he does not descr ibe 
the cl earl y discernible (+ red ) e :Kuda t:ions of the h.airs, nei ther 
fo r the species nor for his variety. ~hich are characteris t ic of 
l..achnum (• Dasyscyphus) pulverul entu.ar . 

( 10) Neither in Paris nor i n Uppsala exsicca t:a of these species ar e 
present: . Only a variety of Erinella puberul a Ouel. (£ . puberultt 
var. abi et:is Ouel . : France . Vall es des Charbonniers . 25 . 5.1885 . 
leg. Ouelet: ) ~as available to the senior author . This spec i men 
consists of a single needl e of Picea abies (L .)Karst .• on tt~hi ch 
one hairy. !.. buff and stipitote apot:heciUJD ( diam. about: 0. 5 .arm . 
s t: ipe about: 0. 6 mm long ) and soa~e st: i pes rclfJIJin. Because of c:he 
scanty taat:eriol no detailed microscopic s tudies ~ere possible. 
The hairs are up to 100 x 4 IJflt • totally . fine g ranulate and 3-5-
sept:a t:e and some~hat: t:aperi ns t:o~ords t:he tip 1 asci, spores and 
paraphyses not seen . Although no precise exuin,tion of the ex
cipulum and t:he hymeniuiJJ were practicable. it: i s rather clear. 
that: t:his species is a member of the genus l..ACHNW'f, lt'hich may be 
.,-ort:h a species of :i.t:s Olffl . because it differs dist: i nct: Iy from 
all species mentioned in the key on page 355-357. But because of 
the insufficie nt material no ne"" species ~as founded. 

Plate 1 

LACIINUH RUBROPUNCfATUH Roitviir & Arcndholz sp. nov • • W.R.A. 1977/ 1,0 . 

Fig, I: Two apothecia sholt'T'I from above, ISO x. 
Fig. 2: A group of apot:hecia on a spruce Aeedle . i ncident: light:. 

dark fiel d , 30 x. 
Fig. 3: Apot:heclum showing downy excipulum, SEH picture. 270 x. 
Fig. I,; Some ha irs of t he exclpulum sho~ing r esinous matter . 2800 x. 
Fig. 5: Part of the st:ipe . sho.,.ing hairs ~ith r esinous IDBtter . 

1500 x. 
Fig. 5• : Some hairs of the excipulua as seen under t he light: micro

scope . DIC (1), 1220 x. 
Fig. 6: The same as i n f ig. t, , but more enlarged. SEH picture. 

7600 x. 
F' i g. 6" : A hair from t:he st:ipe as seen under the ligh t mj c roscopc , 

bright fiel d, 1220 x. 
Ptrotographs : Arendholz 

~(~1 )~DI~C~•~Di fferential in t erfer ence con t rast according t o NO.''IARSKI. 
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Fig. 1: DASYSCYPHELU CONI COLA (Rehrt~)Rai r:v. & Arendhol% comb. nov. 
A hair, an ascus llfith oscospores and paraphyses! Sydow, 
m;co. germ, 907, LE. 

Fig. 2: LACHNUH PULVERULEN1VH (Lib. )Karst.; a hairr f r om a collec
tion by D. Benkert. 

Fig. J: INCRUP!U. AUTAVICA Rair;.,, r a ha i r , an ascus , I!Jscospores and 
paraphyses, holotype (TAA 63531a). 

Rair:viir/Arcndholz del. 



PlBte 3 

U.CHNUH RUBROPUNCTA.TUH Raitviir & Arcndholz sp. 

Fig. 1: Hairs at the margin. 
Fig. 2: Part of the ectal excipulum. 
Fig. 3: Three asci with ascospores. 
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nov. , W,R.A. 1977 / 40. 

Arendholz del. 
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Srecimens examined 

CTSiEU.A ACUUH (Alb . 8 Schw . )Raitv . 

Habitat . - On needles of Abies alba Hnl., PicelJ abies (L. ) Karst. and 
Pinus sylvestris L. 

J, Pare du Libiscy. January 1846: Plantcs crypt. Fr. ed . I 1536 
(IIBG). 2. Im Ostricher Wald, F'rankcnstcincr Kopf , im Herbst : f'ungi 
rhen. ITS:J (G) . 3. Bel bstrich . Friihjahr . Fuckel: Nabenh. F. europ. 
1116 (HBC). 4. Ostrich. 1• }/erbst und Friihjah r . Fuckel: syntype 
of Pezizella Pulchella Fuckel. F. r hen. 2077 (S) • .1- Schweiz. zu
rich. llerbst 1876, G. Winter (JIBC). ~- SchOncbcrg/Berlin. April 
1890 , P. Sydow (JIBC). Z..· GraDer Winterber g , Siichsiche Schwetz , 
September 1892 . C. Wagner: Krieger F.sax. 884 , Rehm Asc. 1054 (JIBG) • 
.§... GrofJer Winterberg , Siichsische Schweiz, August 1893 . C.Wasner 
(HBC). 2,. Brandenburg , Trigli t z / Prign1tz , Hiirz 1896, 0 . Jaap ( HBC) • 
.!..Q. KOnigstein, Siichsische Schweiz . August 1902 . W. Kriegerr l ecto
type of Cl avidisculum k r iegerianum Kirschs t. (B) , i solcctotype 
(HBC) . ll· Brandenburg. Trislitz/PrignHz , April 1905, 0. Jaapr 
Syd . Hyc. germ . 598 (JE) . 12. CrUnauer Forse. Rathenow/ Havel. Juni 
1905 , W.Kirschsteinr Rehm Tsc. J054b ( JIBG). 11.· Osterreci. Sonntag 
bcrs , Rosenau. April (without year), P. Strasserr Kryptog. exs . 1442 
(J£, HBC). li· Brandenburg. near Beelitz, October 1934. H. Sydowr 
Sydow Hyc. germ. 2946 (IIBC). 

DASYSCYPJIELI..A CONICOU (Rchm)Rai tv . & Arendholz 

Habitat. - Cones of Pinus sylvestris f.. . 
L• Brandenbur g. Kupferhammer bei Hixdor f bei HUllrose . August 1909. 
P. Sydo~ . syntype of Dasyscypha pulverulcntn (Ub.)Sacc . var . coni 
cola Rehm1 Sydo'"' Hyc. ge r m, 907 (HBC, f..E), 1_. Brandenburg . Triglltz l 
Prignitz, October 1913, 0. Jaapr syntypc of DBsyscypha conicola 
Rchm in litt. 1895 , nom. nud. (Dasyscypha pulverulenta (Lib . )Sacc. 
fori#O ~ Rehm i n litt. , nom. nud .)r Jaap F. sel. exs . 676 (IIBC) 
1· R.S.f.S.R., Tambovskaya obliest. September 1928 , A.S. Bondar:t.c~t~ 
(I.e) . 

DASYSCYPHELU HUGHONTCOU (Svrcek)Raitv. & Arendholz 

Habitat.- On needles -::f Pinus cembra f..., Pinus mugo Turra and Pinus 
sylvcstris L. 

U.S.S.R., t he Sverdlowsk Region , the Ur a l mounto ins . October /966, 
A. Sirko (TAA). 

ERINELU PU8£RULA Ouel. var. ABIETIS Ouel. nom.nud. ? 

Habitat. - On needles of Picea abies (L.)Kar st. 

france, Valles des Charboniers. Hay 1885, Ouclct (UPS). 

IIYAWPEZIZA TRTCHODEA (Phi11. & Plowr. ) Raitv. 

Habitat.- On needles of Pinus syl vestris L. 

Brandenburg. Triglitz / Prignitz. October 191 5 , 0. Jaop r syntype of 
Dasyscypha trigl itziensi.or; Joap. Jaap F. scl . cxs. 756 (HBC). 

INCRUP!LA ALATAVTCA RaH v. 

Habitat . - On needles of Picco schrcnkiana Fisch. & Hey. 

The Ko:zokh S.S.R •• the Zailiiski Alautau Mountains (Nor thern Tien-
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Shan), Dzhenischka , in the valley of the Kara- sha river. ca. 3000 m 
alt ., June 1976, A. & H. Raitviir (TAA). 

INCRUPILA Dt:NNISII (Hi.iller ) HUller 

Habi ta t.- On needles of Pinus cembra L. 

Schveiz, Al etschwald , Belalpweg . September 1962 . £. Hiillcr. holotypc 
of Oasyscyphus dennisii HiJ' ller (ZT) . 

U.CHNUH PULV£RUL£NTUH (Lib . )Karst. 

Habitat . - On needles of Abies alba Hill .• Pinus rigida Hill. and 
Pinus sylvestris L. 

l · Boeckhorst . Hay 1861, Th. Spree, Rabenh. F. eur op . 514 (HBG) . 
l_. Baden, Rastodt. Friihjahr 1877, SchrOten de Thiimcn Hyc. univ. 917 
(HBC). l_. Gr unewald/Berlin. Hay 1885, P. Sydow1 Syd. Hyc. march . 781 
(HBC). !· Brandenbur g. Tamsel . April 1905, P. Vogel! Rehm Asc. 1730, 
Syd . Hyc. germ. 606 (HBG). 1· Klosterfelde bei Lichtenwalde , June 
1905, 11. Sydow (1/BG). £_. Brandenburg, Triglitz/Priglitz. July 1908. 
0. Jaap: Rehm Asc . 1877 ( HBG) . L· Potsdam , Hoy 1973 , D. Benkert 
(TAA). !· Belgi um , Liege , no date , presumed holotype of Trichopeziza 
eximia Hone. & Sacc. (PAD). 

LACJJNUH PULV£RUL£NTUH (Lib.)Ka r st . var. ~ (Kauffm.)Arendholz 
& Raitv. 

Habitat.- On cones of Pinus sylvestris L, 

Tolland. Colorado. September 1920, C. H. Kauffman. holotype (HICH). 
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PULVINULA BOUO. , A SYNONYM FOR PULPA.RIA KARST. 
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1\BSTRACT 

The holotype collection of Pulparia arctica Karst . 
18&6 has been studied and a re-eva luat ion of micro 
scopic characte r s reveal t h is taxon t o be con9encr ic 
wi th the you nqer genus Pulvinula Boud . 1885. 

I NTRODUCTION 

Karsten ( 1866: 205) described t h e genus PUlparia with 
one species: Pulparia arctica Karst. ll. c.: 205 - 206). 
Pulparia ~ was ment1oned later by Karsten, f.i. in 
1868 (as Peziza a rctica) a nd 1871 (as Pulparia a rctica), 
but otherwise it was either forgotten or "long a doubtful 
o ne" ( Korf, 197 2 : 978) unt i l Korf et al . (in Korf, 1971) 
emended the genus after having studie d t h e holotype 
material. Rogers, Pfister a nd Kerf found this material to 
be congeneric with the much younger genus Marcelleina 
Brumm . , Korf and Rifai (in Brwrrnelen, 1967) . They 
consequent ly (in Kerf, 1971) transfe rred t hree Marcelleina 
species to Pu1paria, a disposition which was accepted by 
several contemporary authors. 

DESCRIPTION 1t.ND DISCUSSION 

The present author has also studied the holotype 
material of Pu1paria ~. together with o ne additional 
collection from the same locality . The holotype collection 
is well preserved and rather rich. Karstens description 
( 1. c .), which is fairly detailed runs as follows: 

!: · arctica n . s p. - Czspitosa : cupUla primum clavaformis va l 
oblongata, tandem dlscoldea, applanata, marginata , s ubgelatinosa, 
C<~sia , deorsum in atipitem brevem crassum prot r acta ; asci 
clavato-cylindracl, longlt .circit . 173 rtm. (pa r s sporife r a 
80-84 rmrn ) , c rassit . 11 - 13 rmm .; pa r aphyses flliformes, graci
liacentes, flexuosa! , longisaimae; sporae sphatr oidea , uniseriales, 
hyallna! , longit .et c r assit. 10-11 !miD . Syn . Peziza umbonata Pers. 
p.p. 

Ad lignum mucidum salicinum in salicotis wnb rosis uliginosis 
haud procul a Ko la ve r sus Tuloma , d ie 27 Julii. 
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Macroscopically very little can be added to this 
description on t h e basis of the studies of the two collec 
tions mentioned above . The holotype is labelled "Herbarium 
Petter Adolf Karsten (1834-1937) No. 3001". The second 
collection bears No. 3002. Both collections are made on 
27 . vii.l861. Kola now belongs to Russia (68°58'N,33°20'W). 

The apothecia are disc-shaped to low turbinate 
(Fig. la), 0.5-2 mm broad, marg i n inconspicuous or 
lacking, all over light brown . 

From the holotype collection one apothecium 
soaked in water overnight and cut into two portions. One 
half was fixed and sectioned according to the method 
described by o.Issing and Sivertsen ( 1988} . Details of 
asci, paraphyses and spores were studied from the second 
half where the water afterwards was substituted by Cotton 
Blue (Figs l c-e). 

The outer excipulwn (Fig. 1b) is made up of angular 
cells; medullary excipulwn of densely interwoven hyphae
like cells. Asci 180-200 x 10-11.5 ~, with d eeply forked 
base (Fig. lc). The spores are 10.0-10.8-11.2 urn, 
perfectly globose, smooth, uniseriate (Fig . ld) . Para
physes hooked to circinate, 1-1.7 J.llll broad, below often 
branched and anastomosing {Fig . le) . 

All characters pictured in Figs le-e point to a 
species of the genus Pulvinula rather than a species 
congeneri c with any Marcelle ina . This has already been 
accepted by some authors (cf. Pfister 1985 and Moravec 
1987). 

For nomenclatorial reasons it would be very 
unfortunate for Pulparia to replace Pulvinula . This 
problem is treated in a separate paper whe re it is 
proposed to conserve Pulvinula o ver Pulparia. 

Finally it should be mentioned that even if i t 
becomes widely accepted that Pulparia arct i ca is a 
Pulvinul a, no other Pulvinula species is known with a 
light bluish colour I c<l!sia = greyish or bluish} nor is any 
other species of this genus known to be wood-inhabiting. 
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Fig. 1. Pulparia arctica , holotype. a & b. Ultramic r otome sections, 
2 IJ.II'I thick, method according t o Dis s ing & Sivertsen, 1988 . a. Survey 
of apotheci um. b . Details of outer excipulum, and medullary exci 
pulwn suppor ting the hyroenium. c . .Distinctly forked bases of asci , 
in Cotton Blue. d. Perfectly unise r iete, globose, ascospore&, in 

~i~:?s ,e. b .C~r~15~a.te ,c. b;a;~:~ r.r:p~6:;~· 8 ~nx ~~~on Blue . 



368 

ACKNOWLEDGEMENTS 

Dr. H. Harmaja kindly arranged the loan of Pulparia arctica fran 
the Botanical Museum, Helsinki. s. Sivertsen , Trondheim made valuable 
suggestions during preparation of the paper. Ruth 8. Jakobsen IMide 
t he sections and photos . Anne-Greta Kreiborg typed the manuscript. 
Thei r co- operation is greatly appreciated. 

LITERATURE CITED 

Brunmelen, J . van. 1967. A world-monograph of the genera Aacobolus 
and Saccobolus . - Persoonia, suppl. 1 : 1-2&0. ---

Dis sing. ~ivertsen, 1988. Lathraoodiscus a rct icus gen.nov., 
sp.nov. {Pezizalea). A new Discomycete from North Greenland and 
svalbard. - Mycologia, in press. 

Ka.rsten, P. A. 18&6 . Enumeratio Fungorum et Myxomycetum in Lapponia 
Orientali aestato 1861 lectorum. - Not. Sllllsk. Fauna et Flora 
Fennica Hkh. 8. Ny aerie 5, 1882: 193- 224 . 
1868. Monographia Pezizarwn fennicarum. - Not. ~llsk. Fauna et 
Flora Fennica !Orh. , 9: 101-206. 
1871. Hycologia Fennica, Pars Prima, Dlscomycetes . - Bidrag 
Kannedom Finlands Natur och Folk, 19: 1-264. 

Korf. R.P. 1971. Some new Discomycete names. - PhytolOCJia, 21 : 
201-207 . 
1912. Synoptic key to the genera of the Pezizales . - MycOlOCJia , 
64: 937-994. 

Moravec, J. 1987. A taxonomic revision of the genus Marcelleina. -
• Mycotaxon, 30: 473-500 . 

Pfist er, D.U. 1985. North American PezbGles : Greletia and 
Marcelle i na . - Sydowia. Ann. Mycol. , 38: 235-240. 



MYCOTAXON 
Vol. XXXII, pp. 369-374 july-September 1988 

A GREENISH GREY SPECIES OF SYMPOO IOPHORA ARNOLD (HYPHOMYCETES) 

G.R.W. ARNOLD 

Pllzkulturenscwrrnlung, Fr.-v-Stein-A il ee 2 , F 16/329 
Weim.ar 5300, G. O. R. 

W.l. lUMAN 

Dept. of Biology, 
Carleton University, 

Ottc1wa , On tario, Canada KlS 586 

and G.P. WHITE 

Plan t Hea lt h Div is ion , Agriculture Canada, 801 Fallowfield Road 
Nepean, Ontario, Canada K2H 8P9 

ABSTRACT 

INTRODUCTION 

growi~e o~e~~! ~*Sf01~~9~~:a ;:r~~!~a~~:~?!e:a~~d c~~~~ i~e~~~;e~~Y l: 
which prollferate in regular S}'Tllpodially . fashion in contrast to the 
irregular disposition of con idiogenous loc i in the genus 
Pseudohansfordia described a few months earlier by Arnold (1969). De 
Hoog (1978). on the basis of similarity of axenic cultures , be lieved 
them not to warrant separate generic ranking. Deighton and 
Pirozynskl (1972) descr i bed four new species of S}'!llpodiophora and 
transferred an additional t hree from the genera Eriomycops1 s. 
Dacty lar i a and Acremonium . Carey and Rogerson (1981)0escr1bed the 
an.norph of Hrpryt~s ~olyporinus as Srspodiophora pol>ioricola, and 
provided a key o e nown spec 1es of flod1ophora . atsush1ma 
{1981) added another species described aS seudohans ford i a ponapens is 
sp . nov. All of these are described as form1ng wh1t1sh co lon1es 9 
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~~;~~~ ~~f~~h d!~frla l~~c~e~~/41 in ~!~~;!~~. g~e~~ 1 ~~~~~o~~~ ~~r~ . 
~~~s~~a~~: ~a~;~!~~e~L P~~~!;eas Q~~~~~:~u~r~~r (~u~!!fi value 4. 51) 
by prolific production of distinctly pigmented conidia. It 
apparently war r ants description as $ympodiophora viridiqrisea ll· 
nov.; its mode of conidiogenesis appears to match that of the type of 
"£'Fi'e genus, S. stereicola , as il lustrated by Cole and Samson (1979). 
LatiO co lorncmes follow Dade (1943) and English nM!es Kelly and Judd 
(1955). These names are supp 1 emented by Munse 11 (1942) no tat ions . 

Srmpodioehora virld iqr isea G.R.W.Arnold, G.P. White, et W.l. 
Illman, sp. nov . 

Colonia in substrate naturali effusa, superficialis. subiculosa, 
priml.l'l so rdida alba demliTI vi rdigrisea. Hyphae ramosae, sep tatae , 
hyalinae, 2.5-6 .8 }Jm crassae. 

Conidiophora rM~osa. intrlcata, 4-8 p m diM!., septata, hyalina, 
in extremitates conidia generant. 

Conid ia acrogena apice cellu larl.ITI sporogenarl.ITI et denticulorum 
oriunda , cyl indrica ve l obovata vel obpyrifonna, sicca , levia, 
1-2(-3) septata, co lorata prime subvirida (5G9/2.5) postea, in 
desiccatae, olivacea-bubalina (5Y8/3) luc e transmissa; hilo nitida 
praedi ta, 14-27x6-10 I" (fig . 1; Plate 1). 

Chlamydosporae in natura rarior sed i n cultura agaro abundantes, 
luteae (lOYR 7 .5/12) luce transmissae, 10-18 pm crassae x 13-19 pm 

~~~~~e c~~!~~. 2b,;ta~~~~t~~~~k:i~;s 6~!~~~~~~ ~~~!!!Ji, PJQ~H} l. i~~9~ 
G.P. White, DAOM 113666. lsotypi in JE; SYRF. 

Sympodiophora viridiqrisea sp . nov. 

Colony upon the natural substrate s ub iculate, effuse, at first 
dingy 'f«lite (5Y9/1) becoming at maturity, upon sporulation and 
drying , greenish to dark greenish gray (5G4.5/1). In axen ic growth 
on PDA and 1.25% ma It agar dr ied cu 1 tures show a centra I area of 
aerial myce l il.ITI of moderate yel low-brown (10YR4/4) color surrounded 
by submer ged , darker, deep brown ( 2. 5YR3/5) mycelium, the co lor of 
t he reverse bein~ dark brown (5YR2/3) . The conidiophores, 4-A pn in 
dilmeter, are profusely branched and intricately intertwined to 
produce a dense felt up t o 1 nm or more deep. Their ult imate 
branchlets function as conidiogenous cells, and are at first simp le 
and awl-like producing one or more conidia at the apex, then 
pro li ferat ing S)1Tlpodia11y several times to form a geniculate and 
denticulate structure (Fiq. 1; Plate 1) with successive conid iogenous 
loci. 

Conidia aerogenous at tip of con idiogenous ce l l and later on 
denticles of geniculate structure, cylindric to obovate to 
obpyrifonn, dry, smooth, 1-2( - 3) septate (F1g. 1; Plate 1) not 
usually constricted at septa, at first colored very pale green 

~;:~~~i~~~ 1 fi~~i; ura~e d~{~~g i ~~ ~ ~t~~~~~ s~ i ru!! 0i4~~~f~~~ )~l-1o }lm. 
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Fig. 2 . i~PC~~~~~~~ho;!r{~~r!~3a~onidia from re-growth on PDA of 
culture from type collection stored under minera l oil. 

8. Chlamydospores from dl"led PDA culture on POA made from 
type collection; camera Iucida using oil irnnersion 
objective. 

C. Ch 1 amydospo r es from stored stock cu 1 ture. ~ermi nated on 
frest'i PDA medium; camera lucida. high dry objective. 
All I ines represent 10 JX" for their respective drawings. 
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Plate 1. Sympodiophora viridi qrisea . conidi a and conidiophores 
photographed under hi~h dry microscopy; scale • 10 pm. 

Chlamydospores occasiona l on the natural hos t but abu ndant in 
axenic cultures on agar. produced sing ly or in short chains on side 
branches or in intercalary chains (Ftq. 2). 10-18 Jlfl diam. by 13-19 
~ long, the walls up to 1 .8 IJrT1 thick and strong orange-ye ll ow 
(10YR7 .5/12) in transm i tted I ight. 

This species notably differs from the type of t he genus. S. 
ster e leo 1 a Arnold. and a I so f r on described species, by produc i n9 
~colored conidia in abundance givi ng the mature co lony a 
dis tinctive qr eenish gray aspect (value 4.5) and by the variable 
nt.mber of septa (1-3) in the con idia. Connect ion w1th a teleomorph 
is not est ab lished. living and dried cultures are deposi t ed in the 
culture co l lec t ion of t he BRC . Ottawa, P1lzk.ulturensMJnl ung, Weimar 
and the Co I I ege of Forestry, Syracuse, N.Y. 
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ABSTRACT 

This first paper on the Myxom)u'tcs of Ark3.ns3s Includes 87 taxa, with one spc::de<i, 
Machrideola declhraJa, described as new to science. It is charaaeriz<..>d by dichotomously 
brmc:hing capillitial thre:lds th:u arise at the apex of the columella and then arch downward 
becomlng attaChed 10 the pe:ridium in the basal pan oC the sporangium. Approximately 40 of 
me l lsl:ed species occur in corticolous habilal.S on living trees and vines, including the seldom 
collected C/asloderma ptJCb;pus, C. microcarptun, Didymium synspcron, Ecbinoslellum 
coelocepbalum, Iicea inccmspicua, L perexigua, and L scypboides. Ground sites yielded 
Retlcu/arla jumna (previously only knoc\TI £rom Texas in the United States), Didymium 
ovoideum and CaJonema aurewn. Three species, possibly new 10 sdcnce, remain unnamed 
but arc given brief descriptions and are iiiUSlnted 

INTRODUCDON 

A search of the penincnt literature dealing with the Myxomyceres of North 
America, which includes the works of Macbride and Manin (1934), Hagelstein 
(1944), Martin (1949), and Manin and Alexopoulos (1969), reveals no species that 
has been reponed in prim asocrurring from the state of Arkansas. An invemoryor all 
s lime mold specimens deposited in !he University of Iowa Myxomycete Collection, 
Iowa City, Iowa, Included no voucher specimens from Arkansas. Lack of published 
information on lhe myxomycetes of Arkansas is surprising. This State, because of Its 
varied habitalS and mcx:!crate temperarures, should be expected to have an 
interesting myxomycete bioca 
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Based on topography, geological conditions, and dominant vegetation ()'peS, 
Arkansas can be divided into two main regions: the Interior Highlands and the Gulf 
Coastal Plain (Arkansas National Area Plan, 1974). The Imerior Highlands comprise 
the Ozark Mountains and the Oachita Mountains. The Ozark Mountains are made up 
of three plate-Aus in the nonhernmost pan of the state with Upland Hardwood as the 
general vegetation type. The Oachita Mountains occupy the western central pan of 
the state and display extensive folding and faulting; this mountain system is 
essemial ly a series of east-west·uending ridges with ShortlcafPine (Pinusecbinma) 
- Upland Hardwood as a generaJ vegetation type. The Gulf Coastal Plain comprises 
the Wcsl Gulf Coastal Plain in the south with Loblolly Pine (Pinus taeda) as a general 
vegemtion cype, and 1he Mississippi Alluvial Plain with lloltomland Hardwood and 
Lowland Prairie as the general vegetation typeS. The Iauer is, apan. from the 
Crowley's Ridge, primarily a deha land. Ead1 of the subregions memioned can be 
funher subdivided lmo smalle r sections with geological, topographical, and 
vegel3tional charaaeristics (Arkansas Narural Area Plan, 1974). Dilferenl ecological 
conditions and a wide range of different substrata offered by a varied flora of vascular 
plants create excellent conditions for a rich myxomycete biota. Extensive field work 
after favorable weather conditions is likely to result not only in a large number of 
species, but aJso in sp<."Cies new to science. 

The prcsem paper deals with 87 species or myxomywes recorded 10 dale from 
Arkansas. 1be true number of species is likely to be more dun twice as large. This 
paper may encourage Others to search prOOuaive habitats throughout Arkansas and 
wil l give interested persons a greater appreclarlon of the biotic diversity of this state. 
h also contains species of great taxonomic and ecological interest. One species is 
described as Oe'Qol' to science. Three species probably new to science are illustrated 
and discussed withoUl being formally described as new due 10 lack of ample 
ma1erial. Although myxomyce1es In general are n01 likely 10 be a group of grea1 
ecological importance, when given the right conditions, some species may be locally 
very abundant and at least temporarily a conspicuous element in the field. Although 
the solution of many taxonomic problems will involve culturing under conlfolled 
conditions, extensive field work is n<."Cded to obtain material displaying the 
intraspecific variation of many p<:x>rl>• known species, and ro provide more material 
for a better undersWlding of the biological diversity in this special group of 
organisms. 

Myxomycetes of different species are often found close together, sometimes so 
intermixed that they can nor. be separated without spoiling a large pan of the material 
(Fig. 1). Occasionally sporangia of one species may develop on lop or fruaificalions 
of a diffcrenl species (Fig_ 2). This means that pans of the plasmodium of one spec.ies 
crawled up on top of the sporangium of another species before fruiting. 

Counties, localities within counties, colleaion dates, and kinds of substrata are 
cited where available. Collection dates are not g iven for moist chamber culrures, as 
the bark samples were sometimes taken long before the culture was started. We 
regard information on the substrata as imponant. Many species grow only on cenain 
substrata; there also seems to be a difference between the myxomycete biou on 
living trees and that of fallen dead trees. Specimens are deposited in the herbaria of 
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Arkansas State University,jonesboro, Universicy of Arkansas at Fayetteville, and the 
National Fungus Collection in Bei!Sville, Maryland (BPI). 

Nomenclature and order of species follow Manin and Alexopoulos ( 1969), except 
for Badhamiops;s ainoue ( = Badhamia ainooe Yam.) and Hemilricbia calyculata 
( = H. Slipitala (Massee) Macbr.). Abbreviations used' HWK = Harold W. Keller; 
jAH = james A Hutchison; TEB = Travis E. Brooks; UHE = Uno H. Eliassen; 
MC = Moist Chamber colleaion. 

F;gures I, 2. F;g. I Pbysarum ,._ow, (plasmodiocarps) and Didymium minus (spocangja) 
on dead leaf (HWK 2688). Bar, ca. I mm. F;g. 2. Didymium ovoideum on lop or sporangium or 
D. minus (HWK 2680). Bar' ca. 0.5 mm. 

TAXONOMY 

Ceratiomyxaccae 

Ceratiomyxa ftl<liculosa (Mull.) Macbr. 

Craighead Co., Bayou de View, on well-decayed wood, November 1966,JAH 34. 
Slone Co., Barkshed, on well-decayed wood, Aprill967, HWK 1145. Washington 
Co., Devil's Den Sute Park, on decaying log of Ulmus, 5 October 1987, UHE 3725. 

Uceaceae 

Licea biforis Morgan 

Crawford Co., 5 September 1964, TEB 2692. Craighead Co. ,)onesboro, on bark of 
Catalpa speciosa (MC), HWK 2717. Jonesboro, on Vilis sp. (MC), HWK 2716. 
jonesboro. on bark from living Tilia americana (MC), HWK 1705. 
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licea castanea G. Uster 

Cra\\ford eo., On bark of living junipems virginiana, 7 February 1965. Tim 
2678. Washington eo. , 7 February 1965, ITB 2784. 

Licea cbelonofdes Nann.-Brcm. 

Cra"ford eo., (MC) ITB 2701, (MC) 2759. 27 October 1964, TEB 2754. 

Licea de>tudl!scens Keller & Brooks 

Cra\\{ord eo.,(MC) ITB 2697. 5Scptember 1964, Tim 2674. 270ctober 1964, ITB 
2748, 2779. Logan eo., 17 May 1964, Tim 2642. Sharpe eo. , Ncar Hardy, on 
moos-covered trunk of Ulmus sp. (MC}, HWK 2000. 

Ucea incon.spicua Brooks & Keller 

Ashley eo., Ort <AUll{xl sp. (MC), Tim 2670. Cra,ford eo., On juniperus 
virginiatta, 27 October 1964, TEB 2756. 

This is a distinctive species. Fructifications w ith an outer dark brown peridial 
layer may be Strikingly different in color from those where the bright orange 
spore mass is surrounded by a thin membranous peridium. The large reddish 
orange spores with uniformly and minutely papillose ornamentation lack the 
thinner wall area seen in many spt:ciesof Ucea. This facilitates identific:uionofthe 
species. 

I.Jcea kleislobolus Martin 

Craighead eo., jonesboro, on bark from living Pinus Iaeda (MC}, HWK 1675. 
jonesboro, on Pinus taeda (MC}, HWK 2686, 2718. Cra,ford eo., On bark of 
living jwtipem s virginiatlll, 7 February 1965, Tim 2678. St. Francis eo., 2 miles N 
offorrestCity,onbarkfrom living Taxodiumdisllcbum (MC}, HWK 1671, 1717. 

Licea operculata (Wingate) Manin 

Craighead eo., jonesboro, on bark from living Vilis sp. (MC}, HWK 1670. 

I.Jcea parasitica (Zukal) Man in 

Craighead eo., jonesboro, on bark from living Tilia americana (MC), HWK 1710, 
1711. jo nesboro, on living Ulmusparvifolia, 30july 1976, HWK 1895. jonesboro, 
o n bark of Ulmus (MC}, HWK 2063. Cra\\{ord eo., On bark of living juniperus 
virginiana , 5 September 1964, Tim 2677 (inte rmixed with I. pediceliata). 
Mississippi eo., Blythville, on bark from living Ulmusparvifolia (MC}, HWK 1638. 

Licea pediceliata (H. C. Gilbert} H.C. Gilbert 

Cra,ford eo., On bark of living juniperus virginiana, 5 September 1964, Tim 
2677; 27 October 1964, n:B 2744. 
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liaa perexiglla Brooks & Ke lle r 

Cm,ford Co. , (MC)TI:B 2700,2759. On bark of jun;perusvirginiana, 27 October 
1964, TI:B 2747, 2753. Logan Co., (MC) TI:B 2695. 

liaa scyphoides Brooks & Keller 

Mississippi Co. , Blythville, on bark fro m living juniperuS virgin/ana (MC), HWK 
1672. 

iiaa sp. 

Craighead Co., jonesboro, on juniperuS virginiana (MC), HWK 2719. 

This species has a black spore mass and a minutely roughened spore surface 
with a sharply defined colorless area on one side. Specimens were identified by 
Nannenga-Bremekamp as L cas/ani!Q. Our concept of the latter species differs 
from the specimen cited most ncxably in the spore mass being pallid to brown 
with the spore surface smocxh and the wall paler and thinner on one side. 

Reticulariaceae 

Dictydiaethalillm plllmbeum (Schum.) Rost. 

Stone Co., Blanchard Springs, on we ll-decayed wood, November 1986,)AH 80. 

This is a true corticolous myxom)'Cef.C but also occurs on decaying logs on 
ground sites. Forays in southwestern Ohio yielded numerous collections on the 
bark surface of living juniperuS virgin/ana, fo und alo ng the trunk and extending 
up into the crown of the tree. Our forays into Arkansas were made under Jess than 
ideal conditions for corricolous myxomycetes. Under suitable weather 
oonditions, this species will also probably be found abundantly on j. virgin/ana in 
Arkansas. 

Lya;gaia epldendrnm (L) Fries 

carroll Co., Holiday Island, on decaying wood, 8 October 1987, UHE 3747. Clay 
Co., St. Francis Bayou, on decaying wood, May 1967, HWK 1157. Flood plain near 
St. Francis, on bark of decaying log,)AH 152. St. Francis Co., Beatty Lake, Forrest 
City, on decaying wood, June 1968, HWK 1158. Slone eo., Barkshed, on decaying 
wood, October 1967, HWK 1149. Blanchard, on well-decayed wood, November 
1966, JAH 64. Washington Co. , Oevil's Den Swe Park, on decaying wood, 5 
October 1987, UHE 3706, 3724. 

Lycogala exiguum Morgan 

Washington Co. , Oevil's Den Sm1e Park, on decaying log of Ulmlls, 5 October 
1987, UHE 3726. 
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Reticularia jurana Meytan 

Clay Q>., St. Francis Bayou, on weii.<Jecaycd wood, May 1967, HWK 1148. Stone 
C<J. , Blanchard Springs, on well-decayed wood, November 1966, )AH 54. 
Washington Q>., Devil's Den State Park. on decaying wood, 5-6 October 1987, UHE 
3707, 3735, 3743. 

Although one of the pulvinate aethalia has a longest extension of more than 2 
em, most of the about 10 fruaifications seen do not exceed 1 em. The smaller size 
and the less robust capillitium distinguish this species from R. splendens Morgan. 
Both species have pulvinate brown aethalia and a oonspicuous white h)VOtha.llus 
forming a white margin around the fruaification. The basic structure of the 
pseudocaplllltlum is the same in the two species, although that of R. splendens. is 
more robust with a lesser tendency to be frayed into lhreads. Martin and 
Alexopoulos (1969) cite R.jurana only from Texas in the United States, whereas 
R. spletulens is said to be very common in North America 

Cribrariaceae 

Cribraria viclaaa Rex 

Craighead Q>.,Jonesboro, on bark from IMng juniperus virginiana (MC), HWK 
1719. Polk C<>., Near Lake Wilhelmina, on bark of Quercus alba (MC), UHE 3760. 

Dictydium canc.ellatum (Batsch) Macbr. 

Lee Q>., St. Francis National Forest, on weii.<Jecaycd wood, March 1966, )AH 2. 
Washington C<J., Devil's Den State Park, on decaying wood, 5 October 1987, UHE 
3723. 

Echinosteliaceae 

Echincstellum coelocepbalum Brooks & Keller 

Craighead Q>., Jonesboro, on bark of Cercis canadensis, 7 February 1974, HWK 
1171. Crawford C<J., On bark from IMng juniperus virginiana (MC), TEB 2688. 
Polk C<J. , Queen Wtlhelmina State Park, on bark of Quercus alba (MC), UHE 3769. 

Ecbinostelium elacbl.ston Alexop. 

Crawford Q>., (MC) TEB 2764. 

Ecbinostelium fragile Nann.-Drem. 

Craighead C<>. jonesboro, on bark from living Uquidambar styraciflua (MC), 
HWK 1169. 
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Echinostelium mlnutum deBary 

Craighead eo., Jonesboro, on bark from living Vilis sp. (MC), HWK 1793. 

Ecblnostelium sp. 

carroll eo. , Holiday Island, on bark of Quercus alba (MC), UHE 3767. Craighead 
eo., )onesboro. on bark from living Ulmus(MC), HWK 2015. Polk eo. , Near Lake 
Wilhe lmina, on bark of Quercus alba (MC), UHE 3nO. 

These sporangia were numerous in all collections. Total height of erect 
sporangia extended up to 350 ,.m with a pinkish spore mass. Spores disperse 
leaving a single, persistent, spore-like body 8 ,.m In diam. This spore-like body 
appears to be a columella and is subtended by a vase-like structure. Spores are 7-8 
,.m in diam with spore walls uniform in thickness and lacking ornamentation. 
This taxon resembles E. apitectum Whitney since both have spore·like 
columellae. However, in E. apitectum the spore-like lxxiy covers an elongate or 
conical columella, in contrast to the above taxon which lacks this kind of 
columella. Spores or these rwo taxa differ In size and surface markings. Sporangia 
of E. aplteaum are much smaller In overall dimensions. 

Dianemaceae 

Calomyxa metallica (Berk.) Nieuwl. 

carroll eo. , Holiday Island, on bark surface of Tilia americana (MC), UHE 3768. 
Polk eo., Queen Wilhelmina State Park, on bark of Quercus alba (MC), UHE 3761. 

This species is common on the bark surface of living trees, especially species of 
JunipeTUs. When L-ncountered in the fie ld on living trees the fructifications are 
usually widely scattered and sporansiate. Many of the fructifications on UHE 3768 
are plasmodiocarpous with abundant capillitium. The caplllltial threads appear 
solid, marked with a surface ornamentation or minute papiUae giving a roughened 
appearance. 

Trichiaceae 

Perichaena cbrysosperma (Currey) A. Lister 

Craighead eo.,)onesboro, on decaying wood (MC), HWK 2685, 2686 (Intermixed 
with Macbrideola decapillata). Jonesboro, on Fraxinus pennsylvanica (MC), 
HWK 2701. Lee eo., St. Francis National Forest, on deeayinS wood, October 1966, 
JAH 22. 

Perichaena depressa Ubett 

Craighead eo. , Bayou de View, on bark, November 1966, )AH 31. 
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0/tgonema flavldum (Peck) Peck 

Ctalghead eo. , Bayou de View, o n decaying wood, November 1966, jAH 33. 
Washington eo., On decaying wood, I january 1965, lCB 2734. 

0/igotwma scbwelnitzil (Berk.) Manin 

Ctalghead eo., Bayou de View, o n well-decayed wood, November 1966,JAH 32. 
Lee eo., St. Francis National Fores~ on decayed wood, March 1966, jAH 5. 

Calonema aureum Morgan 

Washington eo., On we ll -<k.'Cayed wood, I january 1965, lCB 2726. 

Arcyrla cinerea (Bull.) Pers. 

Craighead eo. , Craighead Park, o n well-decayed wood, August 1967, JAH 10; 
October 1966,JAH 19. St. Francis eo. , Forrest Ciryat Beany Ukc,ondecayed wood, 
June 1968, HWK 1147. Ali oolleaions represent the digiwe form. 

Arcyrla denudala (L) Wettst. 

Carroll eo., Ho liday Island, o n decaying wood, 8 October 1987, UHE 3759. Clay 
eo., St. Francis Bayou, o n well -decayed wood, May 1967, HWK 1156. Lee eo., St. 
Francis National Forest, on decaying wood, October 1966, jAH 20. 

Arcyrla incamaJa (Pers.) Pers. 

Phillips eo., Helena, on decaying wood, I April 1967,jAH 82, 88. Washington eo. , 
Oevil's Den Swe Park, on decaying log of Ulmus, 5 October 1987, UHE 3727. 

Arcyrla magna Rex 

Washington eo., On bark, 20 December 1964, lCB 2722. 

Arcyrla nutans (Bull.) Grev. 

Washington eo., Oevil 's Den State Park, o n decaying log, 5 October 1987, UHE 
3718. 

Metatrlchla vesparium (Barsch) Nann.-Brem. 

carroll eo., Holiday Is land, on bark o f decaying log, 8 October 1987, UHE 3746, 
3749. Clayeo. , s t. Fr.mcisBayou,ondecayingwood,May 1967, HWK 1157.Leeeo., 
St. Francis Natio nal Forest, on decaying wood, October 1966,JAH 26; March 1966, 
jAH 7. Uttle River eo., Near Cross Roads, o n decaying wood, 4 October 1987, UHE 
3702. Phillips eo., He lena, o n well-decayed wood, I Aprill967, jAH 90. Sevier eo., 
Alo ng Highway 41, near border ofUttle River eo.,on decayingsrump, 4 October 
1987, UHE 3703 (intermixed with Tricbtafavoginea), 3704. Washington eo., On 
decaying wood, I January 1965. TEB 2729. Oevil's Den State Park, on decaying log, 
5 October 1987, UHE 3714, 374 1. 
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Hemitricbia calyculala (Speg.) Farr 

Carroll eo., Holiday Island, on suongly decayed wood,8 October 1987, UHE 3754. 
Craighead Co. ,jonesboro, on well -decayed wood, HWK 1151. Lee Co., St. Francis 
National Forest, on well-decayed wood, March 1966,JAH 4; October 1966,JAH 19, 
24. Washington Co., Devil's Den State Park, on decaying wood, 5 October 1987, 
UHE 3710, 3733. Devil's Den State Park, on decaying log, 6 October 1987, UHE 
3738 (inte rmixed with H. c/auaJa and Comatrlcba typboldes). 

Hemilricbia c/auaJa (Pers.) Rost. 

Carroll Co., Holiday 1sland,on &rongly decaye<lwood, 8 October 1987, UHE3753, 
3756. Washington Co., On decaying wood, I january 1965, TEB 2727,2733. Devil's 
Den State Park, o n decaying log, 6 October 1987, UHE 3736, 3737. Devil's Den 
State Park, on decaying log, 6 October 1987, UHE 3738 (intermixed with H. 
calyculala and Comatrlcba I}Pboldes). 

There is generally a difference in habit between H. calyculma and fl. c/auaJa 
in so far as the former species has a distina stipe whereas the sporangia o f the 
latter SJX.'cies gradually narrow into the stipe. The capillitium of H. c/avala is 
normally rougher than that of H. calyculala with more distinct and more 
numerous spinules. The spores of H. clavata are often f'aintly reticulate whereas 
those of H. calyculala are normally punctate. Although the two species in mOSt 
cases appear distina , differences are quanti[3tive rather than qualitative, and a 
single fructificatio n may display characteristics normal ly ascribed to different 
species. Both species may be found in close association on decaying wood. 

Hemitricbia serpula (Scop.) RO&. 

Carroll Co., Holiday Island, on decaying wood, 8 October 1987, UHE 3745. Stone 
Co., 8arkshed, on well-decayed wood, October 1967, HWK 1146. 

Tricbia corllorta (Ditmar) Rost. 

Crawford Co., Love Cemetery, on bark ofliving juniperus vi'1!i11ia1Ja, 27 October 
1964, TEB 2746, 2749. 

Tricbia faroginea (Batseh) Pen;. 

Little River eo., Along Highway 8, near Cross Roads, on decayed wood, 4 October 
1987, UHE 3700. Phillips Co., Helena, on well-decayed wood, I Apri l1967,JAH 87. 
Sevier eo., Along Highway 41 near border of Little River Co., on decaying Stump, 4 
October 1987, UHE 3703 (intermixed with Melalricbia ""'P<'rium). Washington 
Co., On decaying wood, 1 january 1965, TEB 2730,2732. Devil's Den State Park, on 
decaying wood, 5 October 1987, UHE 3708, 3713, 3717. 
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Tricbia varia (Pers.) Pers. 

Carroll co., Holiday Island, on decaying log, 8 October 1987, UHE 3750, 3752. 
Craighead co., Bayou de View, on bark, November 1966,JAH 30. Washington co., 
On decaying wood, 1 january 1965, TEB 2731. Devil's Den State Park, o n decaying 
wood, 5 October 1987, UHE 3728-3732. 

Stemonitaceae 

Enertben~ paplllatum (Pers.) Rost. 

Sevier CO., Along Highway 41, near border of Unle River CO., on bark of 
Taxodium distlcbum (MC), UHE 3764. 

This taxon was found in Ohio on living bald cypress trees (Taxodium 
dtsticbum) (HWK 1227, 1228), on white cedar (lbuja occidentalis) (HWK 1179). 
and on grapevine (HWK 1101). Abundant fruitings were collected in the field in 
siru. It ls interesting to ncxe that the late Dr. Travis E. Brooks did nOt list this taxon 
In his study of corticolous myxomycetes (1967). Manin and Alexopoulos (1969) 
describe d1is species as having .. capillitlum depending from the apical disk, the 
threads long, dark, flexuous, sparsely brandled. .. ln the material whe re a cupulate 
apical disk is conspicuously present some or the capillltial threads arise from this 
point. However, capillitiaJ threads also arise throughout the length of the 
columella. Spore size ( 10-12 ..,.m), ornamentation, and color agree with previous 
monographers' descriptions. Gapillitial threads arising from the apical disk fo llow 
the horizontal contour of the upper surface of the sporangium, unlike in some 
specimens where the capillitial threads are oriented downward. The specimens 
dted above in some cases lack an apical disk and capillitiallhreads arise only from 
the columella. Further study is needed to determine the taxonomic status of 
collealons from ground sites and living trees. 

Stemonilis axifera (Bull .) Macbr. 

Clay co., Flood Plain near St. Francis, on bark or decaying log, May 1967,JAH ISO. 
SL Francis Bayou, March 1967, on decaying log, March 1967, HWK 1153. 
Washington co., On decaying log, 1 January 1965, TEB 2728. 

Stemonllis fusca ROth 

Carroll co., Holiday Island, on deca)ing log,80ctober 1987, UHE 3744. Craighead 
co., Wiener, on decaying log, june 1968, HWK 11 54. Lee co., St. Francis National 
Forest, on decaying wood, October 1966, JAH 21, 29. 

Stemonitis hyperopia Meylan 

Stone co., Blanchard Springs, on decaying wood. May 1966, JAH 10. 
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Stenzonitis pal/ida Wingate 

Washington Co., Devil's Den State Park, on decaying wood, 5 October 1987, UHE 
3709. 

Stemonilis smilhii Macbr. 

carroll eo., Holiday Is land on Tablerock Lake, on oak leaf litter, 21 june 1986, 
HWK 2427. Holiday Island, on decayi ng wood, 8 October 1987, UHE 3 751, 3 758. 

Clastoderma microcorpum (Meylan) Kowalski 

Crawford Co., On bark from living juniperus virgin/ana (MC), TEB 2682. Sharpe 
Co, , Near Hardy, on living Ulmus sp., 31 july 1976, HWK 1897. Near Hardy, on 
moss-covered bark of Ulmus sp. (MC), HWK 2006. 

Clastoderma pacb;pus Nann.-Bre m. 

Crawford Co. , On bark fro m living junipen,; virgin/ana (MC), TEB 2698. 

Macbr-idrola cornea (G. US<er & Cran.) Alexop. 

Crawford Co. , On bark of jtmipen,; virgin/ana (MC), TEB 2699. 

COllections of this species from other states were frequently made by HWK on 
the bark surface of living lr<'<!S, CSJX.'Cially SJX.'Cies of juniperus. 

Macbrideola decopillaza H.C. Gilben 

Craighead Co., j onesboro, on decaying wood (MC), HWK 2685,2687 ( intc rrnixed 
with Peridxuma cbrysosperma). Logan Co., (MC) TEB 2671. On bark from living 
juniperus uirginiana (MC), TEB 2693. 

Macbrideola decllnata Brooks & Keller, sp. nov. Figs. 6-8,13-16. 

Sporangia sparsa, stipitata, globosa, nicida vel rugulosa, argentea vel aenea vel 
au rea vel atropurpureo-brunnea, frequenter allquantum iridescentia, 0.1·0.2 mm 
diam, 0.2-0.35 mm ahirudine tCX3; peridium membranaceum, translucidum vel 
aliquatenus opacum, aliquamisper remanens, ad basim sporangii tamquam 
annul urn reliquens; Stipes erectus, subulatus vel cylindricus, atratus vel atroruber, 
cum hypothallo exiguo rotunda rubeo cominuus, 80-180 J.Lm altitudine; 
columella pulla, ad medium sporangii attingens, ad apicem in 2-4 ramos 
prirnigenos divisa; capillitium abundans, laxum, e filarnentis purpureo-brunneis, 
indivisis vel disperse dichotome divisis ramis altemis, generaliter gradatirn 
declinatis cornpositum; sporae in cumulo brunneae, globosae, irnpariter 
verrurosae, 7-8 J.Lffi diam. Plasmodium album. 

Holozypus' T.E. Brooks 2687 (BPI). 
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Sporangia (Figs. 6,13) solitary 10 scattered, globose, usually smoorh, silvery, 
bronze, o r gold<Oiored ro dark purpl ish brown, rarely rugulose, especially when 
premarurely dried, frequenrly wirh meiallic rellecrlons and somewhat lridescen~ 
0.1-0.2 mm diam, 0.2-0.35 mm In roral height; peridium membranous, per.;islen~ 
marked on !he Inne r surface wlrh dark papillae, !he basal portion per.;isllng as a 
small collar (Figs. 7,8,14); stipe erect, subulare o r cylindrical from an expanded 
base, hollow, pale ar !he base, becoming progressively darke r red, !he upper. 
portion nearly black, 80-180 1Lffi in height; columella dark, opaque, about 112 10 
213 !he he ight of !he fructification, giving rise ar !he apex 10 2-4 primary capillitial 
branches (Figs. 7,8,14); capillilium moderarely abundant, lax, consisling of 
purplish brown threads extending ar more or less right angles ro !he columella 
when short, or when longer rending ro arch and dellex towards !he base of !he 
sporangium, simple or once to several times dichotomously divided, OOl 

attenuating at the extremities, the tips of the threads frequendy anached w the 
peridium, wirh peridial fragmenrs often adhering after dehiscence; spores (Figs. 
15,16) brown In mass, pale violaceous by transmitted light, globose, dislinctly and 
unevenly echinulate, 7-8 1Lffi in diam. Plasmodium whire, each apparenrly giving 
rise to a single sporangium. 

Erymology; From !he !.1tin decllnatus, meaning bem or curved downwards, In 
reference 10 !he arched capillitial rhreads. 

Habirar; All of !he collections cited below were olxained from living j. 
vlrginiana wirh !he exception of UHE 3762. 

Collecrlons examined; Arkansas; Crawford Co.; (MC) TEB 2679, 2684, 2687 
Holo<ype, 2763. 5 September 1964, TEB 2673. Polk Co.; Queen Wilhelmina Srare 
Park, on bark of Quercus alba (MC), UHE 3762. Kenrucky; Cumberland Co.; 8 
Augusr 1965, TEB 2886, 26 Augusr 1966, TEB 3046. Ohio; Adanrs Co; Serpem Burial 
Mound (MC), HWK 1345, 2287. Tennessee; Picker Co.; 20 Augusr 1966, TEB 3007. 

Macbrideola declfnata is a conicolous myxomycete restriaed to living trees, 
primarily j. vlrginiana. There is ample material available from II collections over 
a widespread area of Arkansas, Kenrucky, Ohio. and Tennessee on which we base 
!his species description. Pararypes of !his species have been sem to NYBG, K, and 
GB. 

This species most closely resemblesMacbrideolascinltllans. Differences In !he 
rwo species can be summarized as follows; !he overall size dimensions of 
sporangia are larger In M. declinata alrhough !he size range overlaps in !he rwo 
species; In M. dec/inaJa !he inner peri dial surface is noliceably roughened as seen 
wlrh !he light microscope whereas in M. scinltl/ans ir appear.; smoorh; in M. 
dec/inaJa !he capillitial threads arise ar !he apex of !he oolumella branchiilg 
several times and arching downward (Figs. 7,8,14), becoming frrmly attached 10 
!he lower portion of !he peridium, whereas in M. scintlllans rhe caplllitial threads 
are srrongly arrached 10 !he upper portion of rhe pertdium (Fig. 4), never 
undergoing any further branching. Collectively these charaaeristlcs easily 
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separate these rwo species. No specimens were seen that suggest a series of 
intermediate peridial and capillitial charaaers in these two species. 

Recently Nannenga-Bremekamp and Yamamoto (1983) described 
Macbrldeola verrucosa based on twO sporangia preserved as slide mounrs. 
Apparently only a single specimen exists even though two numbers are dted; the 
collector's number Yamamoto 1286 and a second number assigned as NEN8 
12,909 to the same specimen. No informatlon Is given concerning the location of 
the holocype. 

The specific epithet verrucosa refers to the prominently warted peridium, a 
character also exhibited by M. decllnala. Overall size dimensions of M verrucasa 
fall within the range of M. decllnala and M. scinllllans. The capillitlum of M 
verrucasa Is described as "absent or scanty, just a few, tltick, shon branches (about 
3·15 IUD long) connected to the apex of the columella". One of us (HWK) has 
often observed that caplllitial sys<ems can be extremely variable, sometimes 
becoming suppressed by premature drying. 

The capillitium of M. dec/inaJa differs from that of ali other species of 
Macbrideola in the extensive dichotomously branching threads arched 
downward and becoming firmly anached to the peridlum in the basal portlons of 
the sporangium. 

Macbrldeola scinJillans H.C. Gilben Figs. 3-5, 9·12. 

Carroll eo., Holiday Island, on bark from living ~alba (MC), UHE 3763. 
Uwrence eo., Near Black Rock, on bark from livingJ. virginiana (MC), HWK 2040. 

This species appears morphologically most similar to Macbrideola d«llnala. 
Abundant sporangia developed In moist chamber cultures served as the basis for a 
more complete species description. 

Sporangia (Fig. 9) scattered, stipitate, 125-300 IUD in total height, 50- 150 IUD In 
diam, globose, metallic bronze or silvery; stalk hollow, yellow and broader 3l base 
(Fig. 5), tapering and translucent reddish brown above, 50-200 IUD In height, 
continuing into the sporangium as a columella 60-90 14m In length (Fig. 10); 
peridium thin, the outer surface shiny (Fig. 9) (like tin foil) , the Inner surface 
smooth, persistent and often clinging to the tip of the columella, leaving a collar 3l 
the juncture of the stipe (Figs 3, 10); columella tapering and usually forking 3l the 
apex (Fig. 4) into one or twO branches firmly anached to the peridium by their tips 
(figs. 3,4); caplllitlum scanty, consisting of only the apical branches arising 3l or 
near the apex of the columella; spores (Figs. 11,12)globose, 8-11 f!.m, dull brown 
In mass, regularly splnulose. 

This description differs in several respects from previous published 
descriptions. The inner peridial surface is smooth without any kind of 
ornamentation as seen with the oil (lOOx) phase objeaive. The peridium remains 
firmly anached 3l the apex making it difficult to pull free with dlssecting needles. 
Spore omamenratlon is more conspicuous than in many species of Macbrldeola 
and appears spinulose in optical sea.ion. 
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Figures ~. Macbrideola sdnJiiJans (Fifp. 3-5; UHE 3763) and M. decilnala (Fifp. &<I; UHE 
3762). Flg. 3. Emp<i<dsporangiwn with peric!Wrollu(arrow) and peridium persisting at top 
o( sporangium. Bat: 100 l'fll. FJg. 4 Top o( dehlsced sporangium with peridium attached to tips 
o( the b""""""' (arrow) columella. Bat: 30 JUn. Flg. 5. l.oweT pan ol Stipe showing hollow 
translucent bas<. Bar' 30 l'fll. Flg. 6. Hllbit of sporangium. Bat: ca. 0.2 mm. Flfp 7, 8. Emp<i<d 
sporarl8l2 showing lax downwordly ardtJng capillltlal branches. N<xe perldJal collar (arrow). 
sm, ca.50JUn. 

l.amproderma biasperosporum Kowalski 

Craighead eo., jonesboro, on bark from Dio:pyros sp. (MC), )AH 857. Locality 

unknown' On bark from Dio!pyros sp. (MC), HWK 2721. 
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Figures 9-16. SI!Ms of Macbrldeola sdniiJJans (FIS"- 9-12; UHE 3763) and M. decllnata (Fig>. 
13-16; HWK 2287, Ohio.) Fig. 9. Spo~um with srnooffi peridium. Fig. 10. Emptied 
spor>ngium wilh collapsed spores •dherlns 10 !he perldlal collar. Fig. 11 . Collapsed spore. Fig. 
12. Spore omamenwlon. Fig. 13. Spor>ngium wilh wrinkled perldlum. Fig. 14. Dehisced 
spor>ngium wllh rellexed capllUilal br.lnches and narrow perldW collar a1 base (arrow). Fig. 
15. Spore. Fig. 16. Spore ornamentation. 

ComalridXl ftmbriala G. Lis1er & Cran. 

St Francis Co.: 10 miles SW of Forres1 Cily, on bark from living Taxodium 
disticbum (MC), HWK I6n. 

Comalricba typboldes (Bull.) Rosl. 

Clay Co.; SL Frands Bayou, on well-decayed wood, july 1967,JAH 23. Lee Co. St 
Frands National Fores1, on decaying wood, Oclober 1966, JAH 27. 
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Figs. 22, 23. 

Carroll eo., Holiday Island, on bark from living Quercus alba (MC), UHE 3766. 

This collection cons isis of only two sporangia mounted on slides. The paucity of 
material makes it difficult to assign a name with any degree of confidence; the 
species appears to be undescribed and identical with the one discussed and 
illustrated by Nannenga-Bremekamp and Yamam01o ( 1983, fig. 19) and cited by 
them as "MaciJrilkola sp. ". 

Our material is considered a species of Comalricba because the lower portion 
of the stalk appears to be opaque and probably 001 ho llow. Stalks of specimens 
such as this one need to be sectioned to determine whether hyaline Strands 
partition the interior. The overall dimensions of 450-550 IJ.m (tOtal height) x 300 
ILm (sporangium diam) are s lightly smaller than the spedmens discussed by 
Nannenga-Bremekamp and Yamamoto (700 IJ.m x 350 IJ.m). The Arkansas 
specimen has a colume lla that extends up to 213 the height of the sporangium (Fig. 
22), dividing at the apex Into <k> primary branches that again branch (Figs. 22 ,23) 
cllchotomously into a loose network united at the periphery into a partial surface 
net. C3pillitial threads arise from aU sides and throughout the length of the 
columella The spores are minutely and uniformly splnulose and 10-11 ILm in 
diam. Additional coUealons are needed to determine the la.XOnomic scatus of this 
taxon, especially because of the large number of spedes described in recent years 
in the genera ComaJricba and MaciJrilkola. 

ComaJricba sp. B. Fig;. 17-21. 

Crawford eo., On bark of living]unq.>erus virgin/ana, 27 October 1964, lOB 2742. 

This taxon was given the name "MaciJrilkola robusta" by Or. Brooks In his 
thesis dissertation (1967), but the name was never formally published One of us 
(HWK) has nume rous collections of this taxon on ]. vlrginiana mostly from 
Ohio. The fo llowing brief description is provided. 

Sporangia scattered, stalked, dark reddish brown, 0.2-0.5 mm In dlam, 0.3-0.7 
mm in total height; perldlum n01 apparent; stalk dark redcllsh brown, collapsing 
laterally to become irregularly fluted, translucent red by uansmined light, 
extencllng as a columella (fig. 17) 1/3 to 112 the sporangial diameter; capillitium 
abundant, originating at or near the apex of the columella as a lax: system of pale 
reddish brown threads which branch and anastomose to fo rm a close meshwo rk 
of threads with many free ends ( f ig;. 18,19); spores dark reddish brown In mass, 
globose, ntinutely waned (Fig.21) with patches of darker wans in scancred 
clusters, 8-10 ..,m in dlam. 

Stalks of this taxon give the o utward appearance of a MaciJrilkola species. Air 
bubbles were never seen trapped in the lumen of the stalk as is the case for many 
spt:des of MaciJrilkola. Observatlon of the Stalks with phase optics did nOt reveal 
any imemaJ structure. Stalks embedded. sectioned, and stained with methylene 
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blue clearly showed a netWork of internal hyaline threads tha1 panillon the s!alk 
(Fig. 20). This 13XOn Is a Comatricba if one separ.uesMacbrideola, in pan, on Lhe 
basis of having a hollow s!alk. 

This 13XOn has only been found on the bark surface ofllving rrees. 11 should be 
compared wirh specimens of Comatricba /axa Rost. and many species of 
ComalridJa recen~y described by Nannenga-Bremekamp. 

Figures 17-23. 1Wo pr=mubly undescribed species of Comalrid>a (FJ8$. 17-21, HWK 1284, 
Ohlo; fi8S. 22, 23, UHE 3766, Arbnsas). FJs 17. Spon.nglum In tnnSmiued llgt>L Bar' 100 JUn. 
FJs 18. SI!M of sporangium FJs 19. Peripheral pan of capillltium. Bar, 50 ,un. F"og. 20. Stipe m 
cross-sealon. Iruern21 hyaline lhreads partltion stipe. FiS 21. Spore 0rtl2111e0tKion with 
truncate pro=ses. FJs 22. Spon.nglum m u.nsmlued UghL COlumella dMdes at apex IIlio ~ 
pr1m2ty brmches liw rebranch Bar, ca. 100 JUn. FJs 23. Peripheral pan of caplllltlum. Bar. ca. 
50 JUn. - The species IIIUSU'a!ed In Figs. 22 and 23 Is identiCIJ with the one discussed and 
iliUSU'31ed by Nannenga-Bremekamp and Yamamoto (1983) and cited by them as ''M4cbrldeola 
sp.". 
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Physaraceae 

I.rocarpusfragilis (Dicks.) Rost. 

carroll eo., Holiday Island on Tablerock Lake, on oak leaf liner, 21 June 1986, 
HWK2430. 

Badbamlopsis ainoae (Yama) Brooks & Keller 

Crawforp eo., On bark from living juniperus virgin/ana (MC), TEB 2675, 2680, 
2714, 2m. 

This cortirolous species is only known from living trees and occur> mo& 

Crequendy on species of]tmiperus in the United Stales. Umeless specimens can be 
identified by the vertical orientation of the capillitial threads that bifurcate at the 
point of attaChment at the base of the fruaifications. 

Badbamla ajfinis Rost 

Crawford eo. , On bark from livingjuniperusvirglnlana (MC), TEB 2696. On bark 
of living juniperus virglnlana, 27 October 1964, TEB 2741, 2752. 

Fruitings several feet in extension have been found on the bark of living trees, 
especially when mo6S<Qvered. Fruidngs may occur all along the trunk, extending 
into the crown of the tree. 

Badbamla armi//aJa Nann.-Brern. 

Crawford eo., On batk from living trees (MC), TEB 2696, 2770. Logan eo., On batk 
from living trees (MC), TEB 2773. 

Badbamla gracilis (Macbr.) Macbr. 

Craighead eo. , Jonesboro, on decaying batk on log, August 1969, HWK 1139. 

Badbamia rogulosa Brooks & Keller Figs. 24,25,30. 

Washington eo. , Devil's Den State Park, on batk of living Vilis sp., 5-6 October 
1987, UHE 3719, 3721 , 3740. 

These ample frultings covered extensive areas of the batk surfaoe of grapevines 
occurring in close proximity. The sporangia show signs of weathering due to 
exposure to the elements for several weeks. Some sporangia were moldy, other> 
had prematurely dried with agglutinated spore masses, still other> appeared 
typical in every respect. Premature ly dried sporangia retain their bright orange 
rolor. Peridial coloration varies from bright orange to white in fructifications 
bleached after periods oflong exposure. In properly matured sporangia the outer 
peridiallayer Hakes away. The perldium may be iridescent in forms with scanty 
lime. The capillitium is bright yellow, especially where still buried in the spore 
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mass, and whire where exposed lO the elements. The SJX>re mass is brown with 
powdery free spores. 

Figures 24-31.8adl.>=la rugulc5a (Figs. 24, 25, 30; UHE 3721) and a presumably undescribed 
species of Badl.>=ia (Figs. 26-29, 31; UHE 3722) with clustered spores. Fig. 24. Sporangia on 
v.-ood and bark of Vllts sp. NO<e pbsmodiallr.ld<s in the foreground J1ar, ca. 2 mm. Fig. 25. 
Spore. f"ag.. 26. Sporangium oo wood ofVilissp. Bar: ca2mm. Fig. 27. Spore. Fig. 28. 1ntaaspore 
duster In transmitted Ug)tL The inner f:lces of the indivklu21 sp0<es adhere <ogether around a 
central caviry. Bar: ca. 20 p.m. Fig. 29. Spore cluster broken apart durtngsllde prep:andon. Note 
darker (spiny) outer race and paler (smoodler) inner bee. Bat: ca. 20 p.m. Figs. 30, 31. Sp:lre 
omamcnlallon. 
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&ldhamta versicolor Lister 

Crawford Co.o On bark from living and dead lreeS (MC), TEB 2781, 2782. 

Badhamia sp. Figs. 26-29, 31. 

Washington Co. D<:vil's Den State Park, on bark of living Vilis sp., 5 October 1987, 
UHE 3722. 

FructifiCIIions gregarious (Fig, 26), varying from shon stipicue to sessile, 
globose sporangia 0.2 • 0 .3 mm In diam, merging Into plasmodiocarps 0.45 - 1.6 
mm In le ngth; peridium bright orange, bearing limy thickenings appearing as 
veins; capillitium consisting of strongly calcareous, bright o range tubules with few 
lime less threads; spore mass black, spores (Figs. 27, 29) ovate to pyriform, 10 - 12 x 
10 - 14 JLm , vio laceous brown, adhering in compact, ho llo w clusters (Fig, 28) o( 18 
to 32, the inwardly direaed spore surface smoo<h, the exposed surfuce minutely 
spinulose (Figs. 27, 31). 

This collection was found on the same kind or substratum {but on a different 
grapevine specimen) as B. rugulosa. Based on general appearance these two taXa 

were In itially confused, but the clustered·spored characteristic readily separates 
this taxon from B. rugulosa. 

Fullgo cinerea (Schw.) Morgan 

Craighead Co.o Jo nesboro, on oak leaf line r, 24 May 1981 , HWK 2703. 

This is pan of an extensive fruiting developed after a garden was fertilized with 
horse manure. The aethalia are very thin, mostly 1-2 nun, and up to4 em In longest 
extension. The conex is bright white. 

Fuligo seplica (L ) Wiggers 

Lee Co.o St. Francis Natio nal Forest, o n decaying wood, October 1966, )AH 23. 

Cralerlum /euax:ephalum (Pers.) Dltmar 

Randolph Co.o On leaf liner, 16 October 19n, HWK 2702. 

Pbysarum auriscolplum Cooke 

Craighead Co.o j onesboro, on bark of Cems canadetiSis (MC), HWK 2722. 

Physan1111 bivalve Pers. 

Carroll Co.o Holiday island o n Tablerock Lake, on oak leaf liner, 21 June 1986, 
HWK 2428. Craighead Co.o jonesboro, o n living lawn grass, August 1967, HWK 
11 50. )Onesboro, o n grass, june 1978, HWK 2704. Stone Co.o Barkshed, on 
d<'Ciying wood, April 1967, HWK 11 53. 
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Pbysamm craJerifonne Petch 

Craighead eo., Jonesboro, on bark from living juniperus virgin/ana (MC), HWK 
2629-2700, 2723, 2724. Jonesboro, on bark of living juniperus vlrglniana, 30 July 
1976, HWK 1893. Crawford eo., On bark from living juniperus virginiona (MC), 
TEB 2769, 2n1, 2956. On bark of living juniperus virginiana, 5 September 1964, 
TEB 2676; 27 Qaober 1964, TEB 2745. 

Whenever extensive lime depositS are presem, the white peridlum, the 
columnar columella reaching the sporangia! apex, and the badhamoid 
capillitium, coupled with the cylindrical to obcmte sporangia! shape and black 
stalk, make this species easy to klentify in the field. Occasionally, however, It can 
be troublesome to Identify because of extreme variability In sporangia! shape and 
degree of calcific:Jtion. Some frultings may be sessile and appear to lack lime 
anywhere in the fructific:Jtion. ln these cases the C3pillltium may conslsl of hyaline 
threads lacking lime knots and also a columella The sporangia then ohen appear 
brownish in contraSt to the typical white coloration. Unless typical sporangia are 
present it Is impossible to identify these fru itings to species with cenainty because 
the other possible identifying fearures, such as spore size and ornamentation, fall 
within the range of so many other species. 

Sporangia may withstand the weather elements and survive fo r long periocls of 
time on the bark surface of living trees. In these cases the peridial surface may 
unde'l!o drantatic changes that lead to the reprectpitation of lime as plates, giving 
the surface a roughened appearance, o r lime may be washed away, finally giving a 
brownish peridium with no evi<k.'llce of lime on the sporangia! surface. These 
sporangia arc more difficult to see with the naked eye but nevertheless can be 
identified rather easily if the columella and caplllltlal system are present 

Frultings of P. aalerlfonne usually oocur as widely SCitlened sporangia or in 
small groups of usually less than six. This Is quite unlike many other physaraceous 
species, such as, fo r example, Badbamia affin/s and Badbamia rugulcsa, which 
may extensively cover the bark surface with masses of fructific:Jtions. The fruiting 
habit of P. croterlfonne suggests that on living trees the phaneroplasmodium 
remains ralher small and probably either gives rise to one or a few sporangia. 
Anempts to culture this species on agar have filled 

This species has been recorded from ground sites such as dead wood or 
herbaceous stalks from the o ld world tropics (Uster, l925). lt Is interesting to note 
that one of us (HWK) has lle\-er collected this species on ground sites in the United 
States. It oocur> commonly throughout the central and southeaslern United States 
and can probably be found wherever junipers, oaks, elms and grapevines are 
abundant and ample rainfall oocur> be!ween June and September. 

This corticolous species is very common on living trees, especially on juniperus 
virgir~iarltl . There It serves as an incllc:Jtor species that easily can be se-en with the 
naked eye because of its mOStly whlte peridial coloration and relatively ia'l!e size. 
When present on the trunks of trees, it incllcates that there has been suffident 
rainfall, so lhat other myxomycete species more difficult to see because of their 
smaller size. such as members of Licea, Clastoderrna, and Cribrarla, may also be 
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present Pans of the tree, such as crevices along the trunk surfilre, algal or mossy 
covered areas, the underside of lateral branches, o r natural pathways where water 
nows down the tree, will usually yield additional frultlngs of myxomyceres. 

PbysaTum didenncides (Pers.) Rost. 

Craighead eo., jonesboro, on decaying log and ground liner, August 1969, HWK 
1140. 

PbysaTum globuliferum (Bull.) Pers. 

Carroll Co., On decaying leaf liner, 8 October 1987, UHE 3748. Craighead Co., 
Craighead Park, june 1968, HWK 1142. Wiener, june 1968, HWK 2726. 

Physarum leuccpus link 

Clay Co., St. Francis Bayou, on leaf litter, May 1967, HWK 2693. Craighead Co., 
Craighead Park, on decaying wood, june 1968, HWK 2691. 

PbysaTum nuJans Pers. 

Sevier Co., Along Highway 41, near border of Little River Co., on bark of 
Taxodium disticbum (MC), UHE 3765. 

Physarum po/ya!phalum Schw. 

Craighead Co., Jonesboro, on Zoysia grass, 2 October 1981, HWK 2705. 

PbysaTum roseum Berk & Br. 

Washington Co., Devil's Den State Park. on mosses on decaying log, 5 October 
1987, UHE 3712. 

Physarum superlJum Hagelst Fig. 1. 

Craighead Co., jonesboro, on decaying leaf liner, 30 July 1976, HWK 1886. 
Jonesboro, on decaying leaves, 3 August 1976, HWK 2688 (intermixed with 
Didymium minus; Fig. 1.). 

Didymiaceae 

Dldenna cbondrlotkrma (deBary & ROSI.) G. lister 

Craighead eo., Jonesboro, on bark of Ulmus elala (MC), HWK 1558, 2682. 
jonesboro, on bark of Cercis can«knsis (MC), HWK 2683, 2725. Crawford Co.: 
(MC) TEB 2765. Mississippi Co., Blythville, on bark from living Ulmus porvifolla 
(MC), HWK 2684. 

Dldenna florifonne (Bull.) Pers. 

Stone Co., Blanchard Springs, o n well-decayed wood, November 1966, )AH 75. 
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Mucilago CTUSJacea Wiggers 

Craighead Co, , jonesboro, on decayed bark of log on ground, August I 966, HWK 
11 41. 

Didymium megak>!porum Berk. & Cun. 

Carroll Co., A1. Holiday Island o n Tablerock Lake, on oak leaf Iiiler, 21 june 1986. 
HWK 2531 (intermixed withLrocmpus.fragi/is); on leaf liner, 21June 1986, HWK 
24n (intermixed with l£ocatpus.fragilis and Didymium owideum). 

Didymi11m minus (A. Lister) Morgan Fig. I. 

Clay Co,, St Francis Bayou, on declying wood, May 1967, HWK 2689, 2692. 
Craighead Co.,Jonesboro, on decaying leaves, 30 july 1976, HWK I BB9.)onesboro, 
on leaf liner, 3 August 1976, HWK 2688 (intermixed with Pbysarnm SIJ{>i!rlmm). 

Didymium OfJOideum Nann.-Brem. Fig. 2. 

Craighead Co.; jonesboro, on decaying oak leaf liner, 30 July 1976, HWK 1886 
( intermixed with Pbysarnm bivalve), 1891, 1892. jonesboro, on decaying leaf 
litter, 3 August 1976, HWK 2679, 2680 (intermixed with Didymium minus; Fig.2), 
2708-2712. Cowles-Sy1van Hill Dr. , on leaf liner,junc 1979, HWK 2714, 2715; o n 
dead Pinus needles on the ground, june 1979, HWK 2713. 

Didymium synsporrm Brooks & Keller 

Crawford Co. , On bark of juniperus virgin/ana, 27 October 1964, TEB 2743. 

When this species was first described as new (Keller and Brooks, 1973 ), 15 
collections were cited, all from the bark surface of living juniperus virginiana. 
One of us has colleaed additional specimens of this species from Ohio (HWK 
1332, 1458, 1459, 1460, 1466, 2143) and Georgia (HWK 2179), also from j. 
virgin/ana trees. Didymium synsporon usually forms widely scmered white 
frualfications that are difficult to see because they blend in wilh the light colored 
background of the bark. 

It is apparent that}. virgin/ana supporu a greater diversity of myxomycete 
species than <Xher tree species, and is the only tree species where certain 
myxomycete species have ever been found Apparently the roughened surface 
and fibrous bark texture serve to readily hold and absorb available moisrure, thus 
providing a more optimal substratum for conicolous myxomyceres. 
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~ 

ABSTRACT : The species, Paraparmelia aranaea Elix & 
Johnston, Paraparmelia ballingallii Elix & Johnston, 
Paraparmelia brownlieii Elix & Johnston , Paraparmelia 
columbariensis Elix & Johnston , Paraparmelia 
fumarprolOCetrarica Elix & Johnston, Paraparmelia ltucopluKa 
Elix & Johnston . Paraparrrtelia neomongaensis Elix & Johnston, 
Par~!ia norcapnt.Kks Elix & Johnston, Paroparmelia poeltii 
Nash, Elix & JohnsiOn, Parap<~T1MIIa roderickil Elix & Johnston, 
Paraparmelia sammyU Elix & Johnston , Paraparmelia sargenrii 
Elix & Johnston, Paraparmelia sublineola Elix & Johnston, 
ParapartMJia subrugulosa Elix & Johnston and Paraparmelia 
tropica Elix & Johnston are described as new. AU the species, 
except the Venezuelan P. poeltii, occur in Austtalia. 

As a result of further study of the lichen genus Paraparmelia in the Southern 

~lix~~~r;t~.g~~1fo~~~~ra:~~~~~~~:1:~·i.~~~~~~s8~~:~~~~~ 
1985, Kurokawa & Filson 1975, Nash & Elix 1987}. we are describing IS new species. 
Throughout the present work chemical constituents were identified by thin layer 
chromatography (Culberson 1972; CU!ber>On, Cuiber>On & Johnson 1981; Culber>On 
& Johnson 1982), high petfonnance liquid chromatography ( Lumbsch & Elix 1985) 
and comparison with authentic samples. 

Parapannelia aranaea Elix & Johnston, sp. nov. Figure I 

Species cum thallo ut in Parapo~lia gregoria sed ab hac spec ie !obis latioribus 
et acidum protoccuaricum continente diffen. 
Type. Australia. Queensland. On rocks in Eucalyplus dominated grassland, Paluma 
Reservoir-Hidden Valley track, 341an SSW of Ingham, 18°55'S, 14600S'E, 880 m, J. 
~- Eli>: 20294 & H. Srrelmann, 18.vi.1986; CBG-holotype. 

Thallus small foliose , saxicolous, rightJy adnate, pale grey to grey or darkening 
with age, to S em in diameter, lobes irregular to sublinear-elongate, separate at the 
apices, ± contiguous within, barely imbricate, sutxlichotomously divided, 0.2-1 .2 mm 
wide. Upper surface plane, shiny and black-margined towards the apices, becoming 
dull with age, emaculate, moderately isidiate , isidia globose tO short-cylindrical, simple, 
often black-tipped, shon, less than 0.2 mm high; medull a white. Lower surface blac k, 
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±with narrow brown marginal z.one, moderately to sparsely rhizinate, rhizines simple, 
black. Apothecia and pycnidia not seen. 
Chemistry: Cortex. K+ yellow~ medulla K+ pale yellow-brown, C-, P+ red--orange; 
containing atranorin, protocetruric acid. 

This characteristic species resembles Paraparmelia gregoria Elix & Johnston in 
overall thallus morphology but the lobes are broader (0.2-1.2 mm wide). separate and 
radiating at lhe apices while those of P. gregaria are narrower (0.2-0.8 mm wide), 
contiguous and crowded. Furthermore P. arOJUJea produces medullary protocemuic acid 

~~· ;~r:;~~~~ w~ ~!~'hl~e~~:~r~~!~~c~~~ ~::~2- At present 

Sp<cinl<ns E:xamiMd 
QUEENSLAND. Typ< locality, J. A. Eli.t 20304 & H. Streimann, 18.vi . l986 
(ANUC); on granite rocks on edge of escarpment in Eucalyptus-Casuarino dominated 
woodland, Clarke Range, 46 km south of Proserpine, 20°50'8, 1480J2'E, 800 m,J. A. 
Eli.t 20915 & H. Streimann. 29.vi.l 986 {ANUC). 

Paraparmella ballingallii Elix & Johnston, sp. nov. Figure 2 

Species cum thallo ut in Paraparmelia proloJa sed ab hac specie thallo arcte adnato 
et acidum lobaricum conrinente diffen. 
Type. Australia. Queensland. Qmi. On rocks, rocky ridge in mulga scrub, Highlands 
Sta tion, south of Emmet, west of Blackall, on road to springs, c. 6 km south of 
homestead, 25°00'S, 144°23'E, 300 m, M. E. Ballingall 2282.4, 26.ix . l986; 
CBG-holotype. 

Thallus foliose, saxicolous, tightly adnate, pale mineral grey, darkening to 
grey· black with age, to S em in diameter, lobes irregular to sublinear, 1· 3 m.m wide, 
subrotund at the apices, contiguous or subascending at the margins, barely imbricate. 
Upper surface shiny and black-nwgined at the apices, then dull, emaculate, becoming 

~~~::U1h~.ck~~~,%~~~~.~~~~~~~:g~:a;~~gt!:~~th~:.: 
moderately rhizinate, rhizines concolorous with the lower surface, simple or tufted at 
apices, short. c. 0.2-0.3 mm long, slender. Aporhecia adnate to substipitate, concave at 
first then flattened or convex , to 3 mm in diameter, disc dark brown, becoming 
stellate-cracked, margin thin, involute at ftrst , then incised, amphithecium smooth; 
spores (8), colourless, ellipsoid, 6-7 x 3.5-4 J.lm. Only pycnidia of a fungal parasite 
present. 
ChLmistry : Cortex K+ yellow; medulla K-, C-, KC-, P·; containing atranorin, lobaric 
acid, scabrosin 4,4'-d..iacetate, scabrosin 4-acetate 4'-butyrate, scabrosin 4,4'-dibutyrate, 
scabrosin 4-acetate 4'-hexanoate. 

The pale lower surface, the medullary scabrosin d~vatives and the lack of soredia 
and isidia immediately bring the South African species, P. prolata (Hale) Elix & 
Johnston, to mind. However the latter has linear-elongate, loosely adnate lobes and 
lacks meduiJary lobaric acid, whereas P. ballingallii has tightly adnate. sublinear to 
irregular lobes. Morphologica lly this new species resembles P. spodochroa (Kurolc. & 
Filson) Elix & Johnston as both have similar, tightly adnate thalli with a pale lower 
surface and lack soredia and isidia . However the apical lobes are sublinear in P. 
ballingalW but irregular in P. spodochroa. Funhennore these two species are readily 
distinguished chemically as P. spodochroa contains medullary salalinic acid (K+ 
yellow-deep red) while P. ballingallii contains lobaric acid and the scabrosin derivatives 
{K-). At present this species is known only from the type collection . 
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Parapar melia brownlleil EHx & Johnston, sp. nov. Figure 3 

Species cum thallo ut in Parup~lia spodochroa sed ab hac specie !obis apicibus 
subascedens et acidum hyposticticum, acidum hypoconsticticum et acidum 
hyposalazinicum contineme differt. 
Type. Australia. New South Wales. On open rock with no bush, top of Mt. Lindsay, 
(30°16'5, 150°II'E}, 1440 m, Sue Brownlie A65, 1969; MEL 1023429-holmype. 

Thallus foliose, saxicolous, adnate to tightly adnate, pale ash·grey, forming 

~~a)1!J:S:.5i~:u~~~~nb~~~:~~i:~~~a~o~u~~\~ ~~~~~iu~~r:;~ ~·:i~~~~. 
subascending at the apices. Upper surface plane, smooth, shiny and black margined at 
the tips, slightly arachnoid·pruinose subapically, becoming tangentially cracked, rugose 
and even tually areolate within, cmaculate, lacking soredia and isidia; medulla white. 
Lower surfau chestnut brown, moderately rhizinate, rhizines ofien grouped subapically, 
concolorous with the lower surface or darkening, simple or tufted at the tips. Apothecia 
adnate, to 4 mm diameter, the disc dark brown, concave at fli"St then ± plane, margin 
thi n, involute at fU"St, then undulate; spores (8), colourless. ellipsoid, 7-8 x 4-6 ~m. 
Pycnidia minute, black, punctiform, immersed; conidia bifusiform. 5.5·6.5 x 1-1.5 ~m 
Chemistry. Thallus K+ yellow; medulla K+ yellow- pale red, C-, P- ; containing 
atranorin, hypostictic acid (major), hypoconstictic acid (minor), hyposalazinic acid 
(trace). 

Morphologically this new species resembles P. spodochroa (Kurok. & Filson) 
Elix & Johnston as both have similar, adnate thalli with a pale lower surface and lack 
soredia and isidia. However the apical lobes P. brownUeii are subascending bu t are 
plane and adnate in P. spodochroo. Furthermore these two species are readily 
distinguished chemically as P. spodochroa contains medullary salazinic acid (K+ 
yellow-deep red) while P. brownlieii contains hypostictic acid and hypoconstictic acid 
(K+ yeiJow-very paJe red). P. brownlieU appears to be the fertile progenitor of the 
common isidiate species. P. neoquintaria (Hale) Elix & Johnston. This new species is 
known only from the rype location. 

Parapan nelia oolumbariensis EHx & Johnston. sp.nov. Figure 4 

col~~~~b~~ ~~~~~~ia:J~::~c~~~c=~~~~oJ:~ adnato. 
Type. New South Wales. On sandstone rocks, summit of Pigeon House Mountain, 15 
!em west of Ulladulla, 720 m, J . A. Elix 3950a, 29.ix.l977; CBG-holotype. 

Thallus foliose, saxicolous, adnate to loosely adnate, pale mineral grey, to 4 em in 
diameter, lobes irregular, crowded and imbricate, 1.0-3.0 mm wide , subrotu nd at the 
apices. Upper surface shiny towards the apices, dull with age, emaculate, the margins 
blackened at the apices, isidiate; i.Jidia dense in the cenb'C of the thallu s, scanered on the 
marginal lobes, globose at ftrSr, then C)'lindrical and inflated, especially at the apices, 
branched and becoming coralloid; medulla white. Lower surface dark brown to brown, 
often black-brown at the apices, shining, rugulose, very sparsely rhiz.inate, rhizines 
simple or tufted, robust, concolorous with the lower surface or darkening. Apollu!cia 
adnate to substipitate, to 4 mm in diameter, disc irregularly concave at fli"S t but becoming 
undulate-distoned with age, pale to dark brown; margin thick and involute at frrst, 
persistent, margin and amphithecium isidiate; spores (8), colourless, ellipsoid. 8-9 x 
4.5-5.5 ~m. Pycnillia common, punctiform. immersed, conidia bifusiform, 4-6 x 1 J.Ull. 
Chemistry. Thallus K+ yellow; medulla K+ yellow-deep red, C-. P+ omnge; containing 
atranorin, norstictic acid (major}, salazinic acid (major), constipatic acid (minor), 
protoconstipatic acid (minor), connorstictic acid (trace), consalazinic acid (trace). 
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FigW<S 1-4. New species of ParQ{XJT111elia: I, Par~ia arana<a (holo<ype in CBG); 
2, Par{lfXU11Jelia ballingallii (holotype in CBG}: 3, Parapa1'11telia browniiei; (holotype in 
MEL); 4, Parapa.nnelia columbar~nsLr (holotype in CBG). Scale in mm. 
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This new species appears to be related toP. saginara Elix & Johnston as both 
species have a pale lower surface, develop inflated isidia on the upper surface and 
produce salarinic acid as a major medullary acid. However they an: separated clearly by 
their morphology asP. saginata has a tightly adnatc thallus with a light tan to brown 
lower cortex, while P. columbariensis has a moderately adnate thallus with a dark 
brown to blaclc-brown lower cortex. These two species are also distinguished 
chemically asP. sagin.ara only contains salazinic acid and consalazinic acid in the 
medulla. while P. columbariensis contains substantial amounts of norstictic acid, 

=fstv~~&f(=~eti~~~~~~!:!:n~~~!~~~eF~=~ 
saginara is confined to the inland arid areas of South Australia and Northern Territory, 
while P. columbariensis is found on rocks in a moist hinterland area of southern New 
South Wales. At present it is known only from the type. 

Paraparrnelia rumarprotocctrarica Elix and Johnston, sp. nov. FigureS 

Species cum thallo ut in Para~/la nU/1UnbaMnsis sed ab hac specie thal.lo laxe 
adnato et acidwn fumarprotocetraricum c:ontinente diffen. 

~tad,· ~~~~!8·<~ri~~:).d2~~zrs:u\es~5~~r,s c~ foo'':/{Pft~ i,~~g;r~ttJ;~~t 
IS.vi. l983; MEL-hol01ype. 

Thallus foliose, saxicolous, adnate to loose ly adnate, grey to dark grey. 
blackening with age, to 8 em in diameter, lobes sublinear to irregular, subrotund at the 
apices, irregularly branched, highly imbricate, 1.0·2.0 mm wide, rarely developing 
narrower (0.4-l.O mm wide) secondary lobes centrally. Upper surface plane for the 
most pan, shiny, emaculate, slightly brown at the apices, the margin often blackening, 
isidiate; isidill dense in the centre of the thallus, scauered on the marginal lobes, 
cylindrical, slender, becoming coralloid-branched; medulla white. Lower surface black, 
sometimes brown at the margin, smooth, moderately to sparsely rhi.zinate, the rhizines 
simple, black. Apothecia and pycnidia not seen. 
Chemistry: Conex K+ yellow: medulla K+ pale yellow·brown, C·, P+ brick red; 
containing atranorin, fumazprotocerraric acid (major), succinprmocetraric acid (trace), 
protocetraric acid (trace), ursolic acid. 

This new species resembles P. nwninbalt.ensis (Elix) Elix & Johnston in overall 
thallus morphology and the nature and the disposition of the isidia, but differs in being 
more loosely adnate and in medullary chem1stry. Thus P. numinbaMnsis contains 
hypostictic acid, hypoconstictic acid and hyposalazinic acid (medulla P·) while P. 
fumarprorocerrarica contains fumarprotocetraric acid (medulla P+ brick red). P. 
fumorprol/Xetrartca appears to be the isidiate counterpart of P. roderlcldl. At present this 
new species is known only from the type collection. 

Paraparmelia leucophaea Elix & Johnston, sp.nov. Figun:6 

Species cum thallo ut in ParapQI'1m/ia ceru.ssaJa sed ab hac specie thallo adnato, 
)obis imbricatis et acidum salazinicum et acidum consalazinicum connnente diffett. 
Type. Ausrralia. New South Wales. On granite rocks in wet sclerophyll forest. Brown 
Mountain, below the Lookout, 60 km south·east of Cooma, 850 m, J. A. Eli.J: 5458, 
6.xii. l978; CBG-hol01ypc. 

Thallus foliose, saxicolous, adnate, pale to darlt grey, to 9 em in diameter; lobes 
irregular, moderately imbricate, 1.0·2.0 (·4.0) mm wide, apices often subrotund, 
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occasionally developing narrower (0.5-1.0 mm wide), irregularly divided, markedly 
imbricate secondary lobes in the centre of the thallus. Upptr surface smooth, dull, shiny 
and black-marginate at the apices , the centre becoming cracked and areolate with age, 
lacking soredia and isidia; medulla white. £,ower surface brown to dark brown, 
becoming dark brown to brown-black at the margins, smooth for the most pan, spanely 
rhizinate, rhizines grouped subapically, simple or often tufted, robust, concolorous with 
the lower surface. Aporhecia substipitate, to 7 mm in diameter, disc shallowly concave 
at fll'St but becoming undulate-distoned with age, red-brown to dark. brown; margin thin, 
crcnulate, persistent; s~res (8}, colourless, ellipsoid, 7-9 x 4-6 ~· Pycnidia minute, 
plane, punctiform; corudia bifusiform, S-6 x 1 IJ.m. 
Chemistry . Thallus K+ yellow; medulla K+ yellow becomin~ deep red, C-, P+ 
yellow-orange; containing atranorin, chloroatranorin, norstictic aCld (major), salazinic 
acid (major), connorstictic acid (minor), consalazinic acid (minor). 

Morphologically this new species resembles P. cerussata (Kurok.) Elix & Johnston 
as both species have similar irregular lobes, a pale lower surface and lack soredia and 
isidia. However P. ctrwsa.ca is more tightly adnate than P. ltucophat a and the 
underside is pale tan, while in P. leucophaea the lower surface is brown to dark brown. 
These two species also have distinct geographic distributions within Australia. Thus P. 
cerussara is found in northern New South Wales (New England Tableland) while P. 
leucophaul is restricted to southern New South Wales and eastern Victoria, particularly 
in the Snowy Mountains and adjacent ranges. Funhennore these two species differ 
chemically: P. leucoplwea contains atranorin , norstictic acid (major), salarinic acid 
(major), connorstictic acid (minor), and consalazinic acid (minor) while P. cerussara 

~=~ ~~oc~~~~0C~~ ~~~~t~=k!~cati(It:~~~ ifstr.cimen contains no 

Specimens Examined 

~e~~t~~~~i~::-~:ti~~re~a~~J~~f!Jrxv~~~~u~~~F~~;4·.!?,~ 
(ANUC); on rocks in black Acacia scrub, Kosciusko National Park, Byadbo Range, 50 
km west of Bombala, 1100 m,J. A. Elix /0878A & M. F. Day, 16.ii. l983 (ANUC). 

~~~~:~~~~i~r~s3~~fPs.~~:~~~ ~00~. ~~~~ i;~e~9fsuJd~hHr:'~~;t~n~ 
27.ix.I98S (ANUC). 

Paraparmelia neomongaensis Elix & JohnstOn, sp.nov. Figuz<7 

Species cum thaUo ut in Paraparmelia mongaensis sed ab hac specie acidum 
norsticticum, acidum lobaricum, acidum connorsticticum et acidum hyposalazinicum 
continente diffen. 
Type. Australia. New South Wales. On exposed sandstone rocks in dry sclerophyll 
forest, trail to Pigeon House Mountain, 19 km west of Ulladulla, 350W'S, 150°16'E, 
460 m,J. A. Elix 21302 &: H. Streimann, 2.xii. 1986; CBG·holotype. 

Thallus foliose to subcrustose, saxicolous, tightly adnate, pale m.inen.l grey but 
darkening to grey·black in older lobes, 1·3 em in diameter, but sometimes coalesing into 
larger patches; lobes sublinear, crowded, contiguous within, barely imbricate, 0 .2·0.6 
(...0.8) mm wide, areolate at the centre but radiating at the periphery. Upper surface 
smooth, shiny and black margined towards the apices, inward becoming dull, fissured 
and rugose and eventually areolate, emaculate, lacking sored.ia and isidia; medulla white. 
Lower surface black, brown towards the margins, moderately rhizinate, rhizines simple. 
Apothecia and pycnidia not seen. 
Chem is try. Thallus K+ yellow; medulla K+ yellow·deep red , C·, P+ orange·red: 
containing atranorin, chloroatranorin, norstictic acid (major),lobaric acid (major), 



405 



406 

stenosporonic acid (major) , colcnsoic acid (minor), connorstictic acid 
(tracc),hyposalazinic acid (tnlee), divaronic acid (tnlee), unknown (!niCe). 

Johnst~~o~~~ ~o~~sh~~~:=~~~~gy ~~:~J;~fi::! 
~J~."~~=cb:ci~h!::V:5~c~4f~~e"~~~~;:,:;~ o~t!]~~~tiooi~ 
norstictic acid and lobaric acid (K+ ycllow·red). However as these two species have 
markedly different distribution patterns ·P. neomongcunsis is much rarer and has a 'Very 
restricted distribution, while P. mongaensis ranges from north Queensland to Victoria, 
and also occurs in South Africa - they are considered distinct species (Elix, 1982). At 
present this new species is known only from the type locality. 

S~cimen ExamiMd 
NEW SOUTH WALES. Type locality, J. A. Eli:< 2/304 & H. Srreimann, 2.xii.l986 
(ANUC). 

Parapannelia norcapnodes Elix and Johnston, sp. nov. Figun:8 

Species cum thallo ut in Paraparnulia azrocapnodes sed ab hac specie acidum 
salazinicum deficiente differt. 
Typus. Australia. New South Wales. On granite rocks in pasture, Countcgany-Kybean 
Road, 361an east-south-eaSI of Cooma, 36°19'S, 149"30'E, 1000 m, J. A. Eli:< 11450 
& H. Strtimann, 15.xi.1983; CBG-holotype. 

Thallus foliose, saxicolous, adnate to loosely adnate, grey to dark grey, 
blackening with l.ge. to 10 em in diameter. l..obes sublinear to int:gular, subrorund at the 
apices, irregularly branched, imbricate, 1.0-3.0 (-4.0) mm wide, rarely developing 
narrower (0.4-1.0 mm wide) secondary lobes centrally. Upper surface plane for the 
most pa.rt, but developing transverse cracks with age and becoming rugose, shiny at the 
apices then dull, emaculate, slightly brown at the apices, the margin often blackening, 
isidiate; isidia dense in the centre of the thallus, scattered on the marginal lobes, 
cylindrical, slender, becoming coralloid-branched; medulla white. Lower surface black:, 
sometimes brown at the margin, rugulose, moderately to stJarsely rhizinate, the rhizines 
simple, black. Apothecia adnate to substipitate, to S mm 10 diameter, the disc concave 
then undulate-distorted, pale brown to dark. brown, margin thin, involute at first then 
undulate, margin and amphithecium isidiate; spores (8), colourless, ellipsoid, 8-9 x S-6 
Jlnl. Pycnidia not seen. · 
Chemi.srry: Conex K+ yellow; medulla K+ yellow-deep red, C·, P+ orange; containing 
atranorin, norstictic acid (major), connorstictic acid (minor), constipatic acid (±). 

This new species resembles P. acrocapnodes Elix & Johnston in overall thallus 
morphology and the nature and the disposition of the isidia. but differs in medullary 
chemistry. Thus P. arrocapnodes contains norstictic acid (submajor), connorstictic acid 
(trace), salazinic acid (major) and consalazinic acid (minor) while P. norcapnodes 

~~r:~~!:~.ri!=i~u~~~ ~~ =~=ir~~~~~~~e;~ ~~ :::b~} 
salazinic:norstictic acids is either 2:1 or 0) even when sympatric, they are considered 
distinct taxa (Elix 1982). P. norcapnodes is a relatively common species in the 
hinterland ranges of south·eastem Australia. This species is considered the isidiate 
counterpart of P. lie hop hila (Kurok.) Elix & Johnston. 

Specimens Examined 
NEW SOUTH WALES. On granite rocks in dry sclerophyll forest, SS km west of 
Dorrigo along the Armidale road, 1310 m. J. A. Eli:< 238/ , 17.viii.l976 (ANUC); on 
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C:~.n :;~0'::::1. ;~a:;~s:.W~~-~9s~el~tnc)~~ !~suir:;~~;~~E~~ar;;:r;r 
woodland, Weddin Range , IS km west of Grenfell, 33°54'S, 148001 'E, 430 m, J. A. 
Eli.< 17686 & H. Streimann, 17.x.l984 (ANUC). 
AUSTRAUAN CAPITAL TERRITORY. On sandstone rocks in dry sclerophyll forest, 
western slopes of Black Mountain, Canberra, 7f:JJ m, J. A. Eli.x 1010. 2.vii.1975, J. A. 

i~r~~h;o:~9"~~ <A~\~~~r.-:~~ ~~~~p~~soo;u~~dA~~~fr '6f2~ 
ll.vii.1979 (ANUC). 
SOUTH AUSTRALIA. On rocks in Eucalyplu.s woodland, western slopes of Mt. 
Oawford, MI. Lofty Ranges, 490 m, J. A. Elix3804, 3805, 2.ix.I9TI (ANUC). 

Parapannelia poeltii Nash, Elix & Johnston, sp. nov. Figure 9 

Thallus adnatus ad saxa, cinerascens. 2 em diametro; !obis angustatis et lineariter, 
0.2·0.6 mm latis, planis; supeme isidiis sorediisque destitutis; subtus nigra, dense 
rhizinatis, rbizi.nis concoloris, simplicibus. Thallus atranorinum, acidum protocetraricum 
et acidum virensicum continens. 
Type. Venezuela. Cordillera de Ia Costa, Distr. Federal : Punta El Avila , Uber Caracas, 
gegen Gilla, 2200-2500 m, B. & J. Ob<rwinJ:Iu & J. Potlr, ili.l969; GZU-holotype. 

Thallus small foliose to subcrustose, saxicolous, adnate to loosely adnate, pale 
ash· grey, forming irregular rosettes to 2 em in diameter. lobes linear, radiating at the 
apices, ± imbricate, narrow, 0.2·0 .6 mm wide, subdichotomously branched. Upper 
surface smooth and shiny, the older lobes becoming tan~entially cracked, emaculate, 
black marginate towards the apices, lacking soredia and 1sidia; medulla white. Lower 
surface jet black, brown at the apices, densely rhizinate, rhizines black, simple or tufted 
at the tips, to O.S mm long, often ~rojecting beyond the margins and appearing 

t::!n"rs~~~~:u~~~~~:~ ~ed::f:! ~~:~·yellow· brown, C· , P+ orange·red ; 
containing atranorin, proc.ocetraric acid (major), virensic acid (trace). 

This distinctive new species is characterized by; the formation of tiny rosettes with 
paJe ash·grey, very narrow (0.2-0.6 mm wide), linear, radiating lobes; the black lower 
surface and the production of protocetraric acid in the medulla. P. subrugulosa Elix & 
Johnston e,;hib1ts similar features, but differs in having broader (0.5·1.0 mm wide), 
tightly adnate. sublinear to irregular lobes with sparse rhizines. P. poeltii by contrast is 
moderatelr to loosely adnate, with narrower (0.2-0.6 mm wide), linear lobes and is 
densely rhizinate. At present this species is known only from the type. 

ParapamtUa roderie:kii Elix & Johnston, sp. nov. Figure 10 

Species cum thallo ut in Paraparmelia lithophila sed ab hac specie acidum 
fumarprotocetraricum, acidum succ inprotocetraricum et acidum protocerraricum 
continente differt. 
Type. Australia. Queensland. On rocky outcrop, summit of Mt. French, Mt. French 
National Park near Boonah, 27°S9'S, IS2°37'E, >200m, R. W. Rogers 8632, 
24.x.I98S; MEL. 

Thallus foliose, saxicolous, adnate to tightly adnate, pale ash·grey, forming 
im:gular parches to 10 em in diameter;/oMs irregular to sublinear, narrow, 1.0.3.0 mm 
wide, irregularly branched, crowded and imbricate, subrotund at the apices. Upper 
surface plane, smooth, shiny and black-margined at the tips, becoming dull, tangentially 
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cracked, rugose and eventual ly areolate within, emaculate, lacking soredia :1nd isidia; 
medulla white. Lower surface black, brown-black at the margins, moderately to 
sparsely rhizinate, rhizines black, robust, simple or rufted at the tips, to 0.5 mm long. 
Apothecla adnate, to 5 mm diameter, the disc dark brown, concave at flrst then± plane 
or undulate, margin thin, involUie at first, then undulate; spores (8), colourless, 
spuriously monoseptate (containing oil droplets), ellipsoid, 8-9 x 3.5A.S ~m. Pycnidia 
minute, black, punctiform, plane; conidia bifusiform, 5.5-6.5 x 1-1.5 )lm. 
Chemistry. Thallus K+ yellow; medulla K+ pale yellow-brown, C- , P+ brick-red; 
containing atranorin, fumarprotocetraric acid (major), succinprotocetraric acid (trace), 
protocctraric acid (trace). 

This distinctive new species is distinguished readily by the sublinear lobes which 
lack soredia and isidia, the black to brown-black lower surface and the production of 
fumarprotocetraric acid in the medulla. The other nonisidiate, saxicolous Parapa~/itu 

t~o:~~~~~eti!h'o':~~~Wes~~~~t£ti:~~~~~~:~~~ ; .' ~~~:c1~:ao~li;~ 
Johnston and P. ru.gulosa Elix & Johnston. The fonner three species are confined to the 
cool temperate areas of south-eastern Australia and contain salazinic acid, norstictic acid, 
or combinations thereof {medulla K+ yellow-deep red). On the other hand, P. ru.gu.losa 
and P. roderick.ii react K+ pale yellow-brown, and seem to be confined to trOpical and 
subuopicallatitudes, although P. rugu.losa has a more nonherly distribution {Cooktown, 
15°39'5). These two species are most reliably distinguished by their medullary 
chemistry , as P. rugulosa contains protocetraric acid and P. roderickii. 
fumarprotocetraric acid. P. rodericlcii is considered to be the fenile counterpan of P. 
fwnarprotocetrarica Elix & Johnston. This species is named after its collector, the 
Australian lichenologist Dr. Roderick W. Rogers. At present this species is only known 
from the type localiry. 

SpecirMn ExaminLd 
QUEENSLAND. Type locality, R. W. Rogers 8631, 24.x.1985 (ANUC, CBG). 

Paraparmelia sammyii Elix & Johnston, sp. nov. Figure II 

Thallus adnatus ad saxa, plumbeus, 6 em diametro; lobis angustatis et lineariter 
elongatis, 0.3-0.6 mm la tis, saepe revolutis et distonis; supeme nitidis, isidiis 
sored.iisque destituris; subtus fusco- vel pallido-brunnescentibus, sparsim rhizinatis, 
rhizinis concoloris, simplicibus vel caespitosis. Thallus atranorinum et acidum 
4-0-methylhypoprotoceuaricum continens. 
Type. Australia. Western Ausrralia. On exposed granite rock in pasture, Yilliminning 
Rock, 20 km east of Narrogin on road to Harrismith, 32°56'S, 117"22'E, 1. A. £/ix. 
21634 & M . V. Sargent, 18.vili.l987: CBG-holotype, MEL·isotype. 

Thallus foliose , saxicolous,loosely adnate to adnate,lead-grey, forming irregular 

=~. O.tM tf~: ~~~:. ~~~~~~~~~~v=c:~.tw~;;;!~~~~~:tl; 
and shiny at the apices, the older lobes occasionally becoming cracked, convex. 
emaculate, black marginate towards the apices, lacking soredia and isidia; meduJia white. 
Lower surface pale tan to brown, darker towards the apices, spmely rhizinate, rhizines 
often grouped subapically, concolorous with the lower surface, simple or tufted at the 
tips. Apothecia rare, substipitate, to 2 mm in d iameter. disc concave at flrst but 
becoming flattened with age, dark brown; margin thin, entire, smooth; spores {8). 
simple, colourless, ellipsoid, 7-10.5 x 4.5-6 ~m. Pycnidia numerous. minute, 
emergent, black; conidia bifusiform, 5.5-6.5 x 1 ~m. 
Chemistry. Thallus K+ yellow; medulla K-, C-, KC-, P- ; contai ning atranorin, 
4-0-methylhypoprotocetraric acid {major). hypoprotocetraric acid (minor), hypostictic 
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Figures 9-12. New species of ParaplJT1'Miia: 9, Paraparme/iapoelrii (holotype in GZU); 
10, Parapai'TtU!Iia rotUrickii (holorype in MEL); 11 , Paropal7ttelia sammyi (holotype in 
CBG); 12, Parapamt<!lia sargentii (holotype in CBG). Scale in mm. 
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acid(± uace). 

This unusual species is characterized by the narrow,linc:ar-elongate lobes which 
are revolure.twisted so that the lower surface often is seen from above. 

specie;t::~~~~~~:S'7-fJ~~~ili~~u~~~:J~:~:~~~~a:Sm:;~an:j~i~~:u?1~ 
substance. This acid occurs in trace quantities in P. arida Elix & Johnston, an isidiate 
species, and is found in the related genus Xanrhoparmelia. This species is named after 
the Australian lichenologist, Nathan Sammy who flJ'St collected it and brought it to our 
attention. At present this species is known only from the type locality. 

Spec~n E.xaminol 

~~J?2~~~~~~~~- -rs.;~~~~·~·s~;~ - ~~~~ ~~~Jc~i6J.3s;,::,;}a:~~ff: 
5.x.l981 (PERTH). 

ParapanneUa sargentii Elix & Johnston, sp. nov. Figure 12 

Thallus adnatus ad saxa, cinerascens, 3.S em diametro; !obis angustatis et 
lineariter, 0.3-0.6 mm latis, convexis; supeme pruinosis, isidiis sorediisque destitutis; 
subtus fuse«>- vel pallido-brunnescenribus, sparsim rhizinatis, rhizinis concoloris. 
simplicibus. Thallus atranorinum, acidum protoconstipaticum et acidum constipaticum 
continens. 
Type. Australia. Western Australia. On exposed granite rock in pasture. Yilliminning 
Rock, 20 km east of Narrogin on road to HDJTismith, 32°56'5, 117~2'E, J. A. EIU 
21641 &. M. V. Sargent, 18.viii .1987; CBG-holotype. 

Thallus small foliose to subcrustose, saxicolous, adnate, pale ash-grey, forming 
irregular rosettes to 3.5 em in diameter; lobes linear, radiating at the apices, rarely 
imbricate, narrow, 0.3-0.6 (-1.0) mm wide, subdichotomously branched. Upper 
surface smooth and shiny at the tips, the older lobes becoming centrally rugose and 
areolate, convex, emaculate, black marginate towards the apices, developing dense 
granular pruina subapically.lacking soredia and isidia; medulla white. Lower surface 
pale tan to brown, darker towards the apices, sparsely rhizinate, rhizines concolorous 
with the lower surface, simple or tufled at the ups, thick. to 0.2 mm long. Apoihtcia 
scattered, substipitate, to 3 mm in diameter, disc concave at fm:t then undulate-distorted, 
pale brown to brown; margin thick, entire then ± cracked, pruinose; spores (8), 
(immature) simple, colourless, ellipsoid, 3.5 x 2 JUn. Pycnidia numerous, minute, 
punctifonn, slightly emergent, black; conidia bifusifonn, 6-7 x I ~· 
Chemistry. Thallus K+ yellow; medulla K-, C-, KC-, P- ; containing atranorin, 
protoconstipatic acid (major), constipatic acid (minor). 

This new species is characterized by the formation of tiny roseues with pale 
ash-grey, narrow (0.3-1.0 mm wide),linear, radiating lobes; the pale lower surface and 
the production of fatty acids in the medulla. P. pinguiacida Elix & Johnston exhibits 
similar features, but differs in having brOader (0.5-1.5 mm wide}, deep lead-grey. 
contiguous lobes. 

Both species contain fatty acids from the same chemosyndrome but do show 

:~~=~~s~~~~~~~sc~ (~a~~).e~~~:ic0!~cf(~~~r~~~~i:;~~n:cit(tztra~~~~~ 
protoconstipatic acid (±trace); P. sargenlii produces protoconstipatic acid (major), 
constipatic acid (minor}. This species is named in honour of the Australian organic 
chemist and field companion, Melvyn V. Sargent. At present this species is known only 
from the type locality. 
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Spec~n Examined 
WESTERN AUSTRALIA. Type locality,/. A. Elix 2 / 635 ,2 /636 & M. V. Sargent, 
18. viii. l 987 (ANUC). 

Parapannelia subUneola Elix & Johnston , sp. nov. Figure 13 

Species cum thallo ut in Parap~/ia subtropica sed ab hac specie colore subtus 
brunnco ct acidum protocetraricum continente diffen. 

~~-~r:a:; .:drsR~d."~6 ~Sv!~f"~~kls8°~9·#.rr4~~~3~~~~~1 n:,o;~~~· 
Elix 20404 & H. Srrelmann, 19.vi. l986; CBG-holotype. 

Thallus small foliose, saxicolous, tightly adnate, pale grey to grey or darkening 
with age, to 5 em in diameu;:r; lobes sublinear-elongate, separate at the apices, ± 
contiguous with in, barely imbricate, subdichotomously divided, O.S-1.2 mm wide. 
Upper surface plane, shiny and black-margined towards the apices, becoming dull with 
age, emaculate, moderately isidiate; lsidia globose to shon-cylindrical, simple, often 
black-tipped, less than 0.2 nun high ; medulla white. Lower surface pale brown to 

~~: =:~~~:~~ '::~~~~:.p~==~te~dt~~~!yn~~~~~e. rhizines 
Chemistry. Cortex K+ yellow; medulla K+ pale yellow-brown, C-, P+ red-orange; 
containing atranorin, pt"?tocetmric acid. 

This charactenstic species resembles P. subtroplca Elix & Johnston in overall 
thallus morphology and the nature and distribution of the isidia. However the lower 
surface is pale brown to brown (black at the margins) in P. subUneola, but jet black inP. 
subtropica. Furthermore P. sublineola produces protOCetraric acid as the medullary acid 
(K+ pale yellow-brown) while P. subtropica contains norstictic acid (K+ yellow-deep 
red). Morphologically P. sublineola closely resembles P. maccauleyen.sis (above), but 
the latter also differs chemically (containing norstictic acid and reacting K+ yellow-deep 
red). At present this species is lcnown from several hinterland localiues in north 
Queensland. 

Specimens Examined 
QUEENSLAND. On granite rocks in dry scleropyU forest with Pandanus and I.AIIlQIUJ, 
Hervey Range, 45 Ian WSW of Townsville, 19"22'S, 146"28'E, 350m, / . A. Elix 
20470 & H. Strtimann, 20.vi .l986 (ANUC). 

Para panndia subrugulosa Elix & Johnston, sp. nov. Figure 14 

Species cum thallo ut in Paraparmelia mon.gaensis sed ab hac specie !obis 
latioribus et acidum protocetraricum continente diffen. 
Type. Australia. Queensland. On granite rocks in Eucalyptus-Casuarin.a woodland, 
Helensvale-Rossville Road, 29 k.m south of Cooktown, 15°45'5, 145° IS'E, ISO m, J. 
A. Ell:.c 17407 & H. Strelmann, S.vii.l984; CBG-holotype. 

Thallus small foliose , saxicolous, tightly adnate, pale grey to grey, to 3 em in 
diameter, lobes irregular to sublinear-elongate, separate, barely imbricate, 
subdichotomously divided, (0.2-) 0.5-1.0 mm wide. Upper swface plane, smooth, 
shiny and black-margined towards the apices, becoming dull with age, emaculare, 
lacking soredia and isidia; medulla while. Lower surface black± with narrow brown 
marginal zone. smooth, moderately to sparsely rhizinare, rhizi nes simple, black. 
Apothecia and pycnidia not seen. 
Chemistry. Cortex K+ ye llow; medulla K+ pale yellow-brown, C-, P+ red-orange; 
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containing atranorin, chloroatranorin, protocctraric acid. 

This characteristic species resembles P. nwngaensis (Elix) Elix & Johnston in 
overall thallus morphology but the lobes are broader (0.2-1.0 mrn wide), separate and 
subradiating, while those of P. mongatnsis are narrower (0.2-0.6 mm wide), 
contiguous and crowded. Furthennore P. subrugulosa produces protocetraric acid as the 
medullary acid (P+ red-orange) while P. mongatnsis contains stenosporonic acid. 
colensoic acid and divaronic acid (P-). 

P. rugulosa Elix & Johnston might be confused with P. subrugulosa as it also 
produces protocetraric acid, has a black lower surface and lacks soredia and isidia. 
However P. rugulosa has much broader lobes (2-3 mm wide), a markedly rugulose 
upper surface and contains minor quantities of medullary norstictic acid and virensic 
acid. P. subrugulosa, on the other hand, has a smooth upper surface, narrower lobes 
and lacks the accessory medullary acids. At presem this species is known from several 
hinterland localities in nonh Queensland. 

Paraparmelia tropica Elix & Johnston, sp.nov. Figure 15 

Species cum thallo ut in Paraparmelia saginata sed ab hac specie colore subtus nigro 
et acidum protoeetraricum continente diffcrt. 
Type. Queensland. On granite rocks in Eucalyptus dominated woodland, near summit of 
Mt Leswell, 32 km south of Cooktown, 440 m, J. A. Elix 17364 & H. StreimiJnn, 
5.vii.I984; CBG-holotype. 

Thallus foliose, saxicolous, adnate, pale mineral grey, to 5 em in diameter; lobu 
irregular, crowded and imbricate, 1.0-2.0 mm wide, subrorund at the apices. Upper 
surface shiny towards the apices, dull with age, emaculate, the margins blackened at the 
apices, isidiate; isidia dense in the centre of the thallus, scattered on the marginal lobes, 
globose at flTSt , then elongating but inflated especially near the base, moderately 
branched but rartly becoming coralloid, brown-black apically, to 2 mm high; medulla 
white. Lower surface black to black-brown, chocolate brown at the apices, shining, 
smooth, very sparsely rhizinate, rllizines simple or mfred, robust, concolorous with the 
lower surface or darkening. Apothecia and pycnidia not seen. 
Chemistry. Cortex K+ yellow; medulla K+ pale yellow-brown, C-, P+ red-orange; 
containing atranorin, protocetraric acid. 

This new species appears to be related toP. saginata Elix & Johnston as both 
species have adnate thalli and develop inflated isidia on the upper surface. However they 
are separated clearly by their morphology: P. saginata has thalli with a light tan to brown 
lower cortex and isidia that are inflated at the apices; P. tropica has thalli with a 
chocolate brown to black lower conex., and isidia that are inflated near the base. These 
rwo species also are di stinguished chemically asP. saginata contains salazinic acid and 
consalaz.inic acid in the medulla (K+ yellow-deep red), while P. troplca contains 
protocetraric acid (K+ pale to dirty yellow-brown). P. tropica might also be confused 
with P. aranaea as both species have a black lower surface, isidia and medullary 
protocetraric acid. However the lobes of P. tropica are broader (1 -2 m.m wide), 
crowded and imbricate and the isidia are large (to 2 mm high), branched and inflated, 
while in P. aranea the lobes are narrow (0.2-1.2 mm wide), separate and the isidia are 
simple, shon (to 0.2 mm high), cylindrical and not inflated. At present it is known only 
from the type. 
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II 0 I II I I I ill IIUIJII I II I I I I II I II ill I I 1111 I I I I I I I I I I II it 
Figures 13-15. Species of Paraparme/ia: 13, Paraparmelio sublitWJia (ho1ocype in CBG); 
14, Paraparmelia subrugulosa (holotype in CBG); 15, Paraparmelia uopica (holotype in 
CBG). Scale in mm. 
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A NEW SPECIES OF AMAIIITA FROM NORTH AMERICA: 
AMANITA liEVISTRIATA 

David T. Jenkins 
Department of Biology , University of Alabama at Binningham 

Surrmary 
During one week of collecting at the 1987 meet i ngs of the North 

PJner i can Mycological Association in Gulfport, MS, several col lect ions 
of an undescribed Amanit a were made at different locations. The pre
sence of nonalll.Yloid spores in conjunction with a bulbous base placed 
this organism i n Section Amanita . The s ize, pileus color, and non
striate to slight ly striate pileus margin were, in combination, 
striki ngly different from other organisms in this section. Therefore, 
Amanita levietriata fs described as new and is assigned to Section 
Ananit<r , Subgenus Amanita . 

Amanita levi stt'iata Jenkins, sp. nov. (Fig. 1 & 2). 

P 11 eus 17-30 rrm latus, tenui s, convexus dei n pl ano-convexus, 
margine nonstriata ve l leviter striata, s i ccus vel subvisicidus, mel
leus, mJtrgine interdum pallide ochraceo, discus decoloratus vetustate, 
fragment i s vo 1 vae fl occosi s, ochracei s di spersus . Lame 11 ae 1 iberae, 
subconfertae, albae . Stipes 29-42 rrm longus, 5-8 nm crassus, albidus, 
subfibrillosus, bulbo submarginato vel ma rginate. Valva ochracea, 
limbo 1-2 nm lata , floccose. Annulus membra naceus, albus vel pall ide 
ochraceus, superus . Sporae (6.7) 7.8-9 .3 (9.97) x (5.5) 6.3-7.8 
(9.5) um, globulosae vel subg lobul osae, nonamyloideae, al bidae. 

Etymol ogy: From latin leviter • slightly and striatus • striated. 

Holotypus: Black Creek Wilderness Area, Perry Co., MS, 16. vii . 
87, Oavid T. Jenkins, 2790(DTJ). 

Basfdfocarps small, solitary . PI LEUS: 17-30 rrrn diam, convex 
when young to plano-convex at maturity; margin slightly fncurved when 
young, nonstriate to slightly striate, flesh occasionally splitting 
between gills; pile1pe11is membranous, easily separable from pileus 
f lesh, glabrous, dry to very slightly viscid; disc honey-colored, 4C8, 
(Kornerup & Wanscher, 1978) to yellowish, 4A5, becoming lighter, 4A4 to 
488 toward margin, in older specimens disc fading t o 486 and margin to 
4A2 to 4AJ; f l esh white, unchanging, thin, up to 2 rrm on disc, tapering 
toward margin, pale yellowish, 4A2 to 4AJ, beneath pileipe111s; rem
nants of universal vei l as delicate floccose patches, 4A5 to 488, ran
domly distributed, deters11e, becoming flocculence toward margin . 
LAMELLAE: moderately crowded, free, white, edges flocculose; lam
ellulae mode rately abundant, abruptly truncate. STIPE: 29-42 x 5-8 mn, 
tapering slightly toward expanded apex, glabrous to slight ly f ibrillose, 
whitish, becoming pale yellowish upon handling, lumen stuffed, flesh 
white; basal bu l b turbinate, up to 19 x 16 rrm, submarginate to margin
ate, whitish; remnants of universal veil as a floccose rim at bu•lb 
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Fig. 1 . Amanita Zevistri.ata 2790(DTJ). 

apex, with flocculence on bulb margin, dete rsile , 4A5 to 488; partial 
veil very thin, membranous , superior , persistent, frequently adhering 
to stfpe , whitish to very pale yellow, striate above, slightly floc
cose on underside. Basidiocarps hav ing no distinct odor or taste. 

PILE IPELLIS: suprapellis gelatinous, hyphae radially interwoven, 
but frequently difficult to recognize; subpellis only slightly gela
tinized, hyphae moderately branched, radially interwoven, pigmented, 
2 . 5-7 vm diam, without c lamps; no i nfla ted cell s. PILEUS TRAMA: 
f ilamentous hyphae undifferentiated, moderately branched , 2.5-6 . 5 lllll 
diam, without clamps; inflated cells abundant, elliptic , clavate to 
fusiform, terminal, up to 155 x 31 lJm . LAMELLA TRAMA : bilateral; 
filamentous hyphae undifferentiated, without clamps, 2-7.5 u= diam, 
moderately branched ; inflated cells clavate to fusiform to slightly 
i rregu lar, tenninal, up to 145 x 32 um . SUBHYMENIUM: ramose to 

:~ah~~~ ~~:!:~:~ ~~~~!~i~!~~~S t~~~~!!r~=~: w~~~~~iA~la~~s~0 48 X 
UNIVERSAL VEIL: Pileus - filamentous hyphae sparse, branching i nfre 
quently, 2.5-6 1.1m diam, without clamps; oleiferous hyphae sparse; 
inflated ce l ls composing most of the t issue, most ly globose to sub 
globose, up t o 69 x 69 \Jm , occasionally sub tended by elliptic to 
clavate cells, up t o 63 x 25 \lm , usually in short. tenninal, inter
twined chains: Basal bulb - inflated cells and filamentous hyphae 
equally abundant; hyphae infrequently branched, 3-7.5 1.1m di am. wi thout 
clamps; oleiferous hyphae sparse ; inflated cell s similar to those of 
pi 1 eus uni versa 1 vei 1 • but with a greater number of sma 11 , subtending 
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elongate cell s, up to 49 x 20 1.1m. STI PE TRAMA : fi l amentous hyphae 
abundant, undifferentiated , moderately branched, 2.5-8.5 ~m di am, with
out clamps; inflated cells slenderly c lavate , terminal, up t o 320 x 
21 vm, longitud inal l y oriented. PARTIAL VEIL: almost completely fi l a 
mentous hyphae, undiffe rentiated , moderately branched, interwoven, 
2-7.5 \.lm diam, without clamps; infla t ed cells clavate , terminal, up to 
24 X 10 um. 

(E. ~Ag~~~~~~o~s~ l (fi)~ ~ i ~b~;~ ~~-~~~g~o~~;~~ ~d~;;~~ 1 ~9i~~t~:ne d , 
thin-walled, hyaTine, nonamyloid, contents guttulate, apicu l us sub
la t eral, truncate; white in deposit. 

Habitat and distri bution: terrestrial, solitary, sandy soi l, 
mixed coniferous and decfduous forests, to date known on ly from 
Mississippi. 

Collect ions examined : Packard Pond, near Gulfport, MS, 15. vii. 
87, Oav 1d T. J enklns 2822(DTJ )t Black Creek Wilderness Area , Pe r ry 
Co . , MS, 16. vi t. 87 , Oavid T. Jenkins 2790(DTJ); Black Creek Wilder· 
ness Area, Perry Co., MS, 16. vii. 87 , James Ti nius 2793(DTJ ); Black 
Creek Trail , Perry Co. , MS, 17 . vii. 87 , Rod Tu lloss, 7-17 -87 - 0(RET}**; 
Parkers lake, Jackson Co. , MS, 17. vii. 87 , C. Skeffington, 7-1 7-87- H 
(RET) ; Jackson Co., MS, 18. vit. 87, Igor Alexander, 7-18-87-E(RET); 
Parkers l ake , Jackson Co., MS, 18. vii. 87, A. G. Parks, 7-18-87- 1 
(RET). 

Discuss ion : Based upon the characters of nonarny1oid spores , a 
disti nct basal bulb, and usua ll y str i ations on the pil eus marg in , 
Amanita lezris triata i s placed in to Section Amanita , Subgenus Amanita . 
This species can be distinguished from other s in th i s sect i on by the 
fo llowing combination of characters : the small fruitbody size , the 
go lden-yellow pileus which f req uent ly pa les with age, the pal e 
yel l owish, f loccose patches of un i versa l vei l on the pileus, the ve ry 
slight marg inal striat ions of the pileus, t he thin, superior annulus, 
the submar gi nate to marginate bas a 1 bu 1 b with a s 1 igh t rim of uni ve r sa 1 
vei l at the apex , and the gl obose to subg1obose basid i ospores. 

For the members of Section Amanita in North America the presence 
of globose spores is not co1111lon . Of the 22 recognized taxa (Jenkins, 
1986), onl y 4 have such spores: Amanita cl"enulata, Amanita fa.rinosa , 
Amanita frostiana , and Mranita mac:rospora . Based upon sma ll f ruitbody 
size and pileus co lor only two of these might be comfused with Amanita 
levi striata, vi z., Amanita fros tiana and Amanita macrospora . Both have 
orangi sh or ye l lowish pileus color and similar small size. Amanita 
frostiana , however, has a wh ite stipe , an ovoid basa l bulb wi t h 
yell owi sh, deters i 1 e, floccose patches of uni versa 1 vei 1 , and has much 
orange in the pileus color . Separation from Amanita macrospom can be 
achieved due to its pale or angish-yell ow stipe and its white universa l 
veil remnants, as warts on the pileus and a t i gh tly boo ting free margin 
on the basal bu lb. 

'* OTJ • Herbar ium of Da vid T. Jenki ns 

** RET = Herbarium of Rod E. Tulloss 
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Fig. 2. Ant::znita l.evistroiata . A. Volval material from pileus. 
B. Volval material from basa l bulb. C. Basidia & subhymenfum. 
D. Basidiospores. E. Stipe trama. 
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The organism that Amanita lellistriata appears to most closely 
resemble is Anwl:ita pulcheZl.a Imai (1933) sensu Hongo {1958). This 
Japanese mushroom possesses several macroscopic characters which are 
very similar to those of Amanita levis t riata . These include pileus 
and stipe color. universal ven color and orientation, and the color 
and location of the annulus. Amanita pulchell.a can be disti nguished 
due to its tuberculate·striate to sulcate-striate pileus margin, the 
subbu lbous stipe base with friable universal veil material, spores 
that are broadly ell ipt ic to elliptic, basidia which are 2,3, 4- sterig
mate, and the abundance of oleiferous hyphae in the universal veil. 
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AMANITA SINICOfl.A VA: A NEW SPECIES 
FROM EASTERN NORTH AMERICA 

Rodham E. Tulloss 
21 Lake Drive 

Roosevel~ New Jer.ey 08555 

Summary 

Amanita sinicojlava is described as new with a range from Maine 
to southwestern Virginia. Previously unavailable, detailed 
microscopic data on collections of A. mortenii Knudsen & Borgen 
and A. submembranacea (Bon) GrOger are supplied for comparison. 

Aman.ila sinicojla...a Tulloss sp. nov. Holotypus: New Jersey. Sussex County, 
Stokes Slate Fores~ New Jmey Mycological Assoeiatioo foray participant 10-6-85-A 
(NY'). 

Etymology: sinico-ftat~u.s, Chinese yeUow. 

Pileus suboliveo-alutactu.s vel briUJnto·olivaceus, 25-66 mm in mensura 
diametrica, umbonatus, primo ovoi<kus, sed dtintk qui fit late campanulatus vel late 
plant>-convaus. margiM striata, Mnappendiculata; materies \10/vica infrequens. alba, 
ciNrta ut sen.escit. l...a.rMIItu contU~. li~rae, albae vel cremeae. Stipes ~135 x 
4-12 mm. pallidus. Volva submembranacta. alba, cinerea ut senescit, 26--39 mm alta. 
Basidia< t<trast<rigmaticae: fibulae absenl<s. Sporae (8.0-) 9.1-12.2 (-15.4) x (7.0-) 
8.4-1 1.5 (-15.4) Ill"· globuiosae vel su!Jglobu/osae, nonamyloid<a<. 

Belonging to section Voginatae,Amanita sinicojlava {Fig. 1) has a small to medium 
sized basidiocarp with a pale olive-tan to brownish olive, umbonate pileus with suiate 
margin; an exannulate, pallid to paJiidly concolorous stipe sometimes decorated with 
darkening fibrils; a graying membranous to submembranous valva as a basal sac; and 
globose to subglobose spores. At many forays one finds it classified as A. fulva 
(Schaeffer) Persoon; however, macro-characters alone serve 10 separate them. 
Microscopically, the structure of the universal veil is of inlCreSL Very thin layers of 
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longitudinally oriented hyphae make up very delicate inner and outer layers; the bulk of 
the tissue contains plentiful inflated cells which contribute to weakness and collapse in 
age very similar to those phenomena in the universal veil of " A. iMwala" ss. Pcck.1 

PILEUS: 25-66 mm diam, from pale olive-tan to olive-yellow to curry to brownish 
olive sometimes darker in disk (4B3, browner than 483, 4-5C4, 4-5C8. browner than 
4C4, browner than 4C8, much more olive than 5C4, 5F7-8 (over disk in one specimen), 
6043), sometimes pigmentation developing/darkening after rupture of universal veil, 
occasionally paler to cream a t margin, at first ovoid with umbo, expanding to broadly 
subcampanulate to convex to plano-convex with clowncurved margin, always retaining 
small pronounced umbo, dull, subviscid 10 dry; margin striaiC ((0.3R-) 0.4R (-0.5R)); 
unjversal veil not present or rarely as one or very few small whitish to sordid patches 
graying with age; contex t (1 -) 2.54 mm thick at disk. white to off-white, sometimes 
darker or yeUowish under disk , unchanging, thinning evenly for about 6()..80 pet cent of 
the radius, then very thin to margin. LAMElLAE: close to subcrowdcd, 4-7.5 mm 
broad, free to narrowly adnate, occasionally with minute decurrent tooth . white to off
white to cream occasionally with faint orangish tint in mass, white to pale cream in side 
view, unchanging, after drying cream to pale tan sometimes with darker margin to light 
brown (between 3A3 and 4A3 10 4A3 10 4-5A4 to 584-5 10 5C-D4); margin minutely 
fimbriate (lens); lamellulae in many ranks most longer than half pileus radius, tru.nc:atc 
to subbuncatc to subtruncatc with small to broad attenuate tooth at auac.hment to pileus. 
STIPE: 6()..135 x 4-12 mm, white to off-white to pale cream to grayish, palest toward 
apex, becoming yellowish to tannish to brownish from handling, narrowing upward, 
Oaring at apex, without bulb; surface Iongiwdinally striate or faintly so at least near 
base, fibrillose for most of length, fibrils concolorous with pileus or paler or slightly 
sordid, coloring/darkening with exposure and handling, minutely punctate/pulverulent 
near apex, occasionally with fain t lines at apex; context white, unchanging to mrely 
becoming brownish, larvae tunnels conc:olorous to rarely sordid tan, hollow with 
occasional white, couony stuffing; central ca..-ity 3-5.5 mm diam; exannulate; universal 
veil white to whitish at first becoming gray with exposure or handling , sometimes with 
small rusty or brick-red spotS, interior pale orangish or pinkish becoming gray, 
submembranous to membranous, saccate to Lim bate, at first Oaring above a constriction 
at about mid-height of sac with interior longitudinally pleated above point of 
constriction, collapsing on stipe with age, occasionally in large patChes or smears or a 
ring on lower stipe and leaving only lower portion or very little of sac, highest point of 
limb reaching 26-39 mm from stipe base; thin, fibrillose. cottony internal limb at about 
point of constriction of sac: rarely seen. Odorless. L-tyrosine spot. test fo r tyrosinase 
(Marr, 1979) positive. 

2. 

3. 

Since lbc synonym)' o{ A. ccci.lillc {Bcrll:eley &. Broome) Bas and lhe North American "A . ilwJ~VG&a" is 
not linnly al.abliahcd, I distinau.Uh !hem !Of lhe p.ifJJO'U of this di1CUJ1ion. 

Color coda are from (K.omerup &. Waruchcr 1978). Rearenably this re&OUtce doe1 not prove oomple~e.ly 
1atisfae10ry in rcnderina !he cdof o{ J\.olwl.'!ila ,U.icof/42'11(1. 
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Pll.E!PELUS: 40-70 ~thick, composed of undiiTcrentialed, filamentous hyphae 
interwoven, subradially arranged, sometimes gelatinizing; branching oleiferous hyphae 
nonradially arranged; pigment intracellular (not dissolving in water or ethanol). evenly 
distributed, not becoming guu.ulatc in 2% KOH or in Melzer's Reagent. Pll.EUS 
CONTEXT: branching, undiiTmntialed, filamentous to inHaled hyphae, 2.1-16.1 ~ 
diam, interwoven; inflated cells to 62.3 x 25.9 IJ,Jn; branching, olciferous hyphae 2.1· 
12.2 ~ diam, plentiful. LAMEU..A TRAMA: bilatetal; branching, undiiTerentiated, 
filamentous to somewhat inHaled hyphae 1.5-14.0 ~ diam; inHaled cells 2i.4-68.6 x 
17.6-44.1 ~; branching, oleiferous hyphae common, 2.8-6.6 ~ diam. 
SUBHYMENTUM: frequently branching hyphae with closely spaced sept&-

subcellular to subramose. 4 BASIDIA: (41.7·) 49.0-62.3 x 12.6-16.8 (-21.0) ~.clavate 
to broadly clavate, 4-spor<d to rarely 1- or 2-spor<d, thin-walled; no clamps seen. 
UNIVERSAL YEn.: on stipc base, interwoven, lnnching, undifferentialed, 
lilamcntous hyphae, 2.1-5.6 (·7.0) ~ diam; branching, oleifcrous hyphae singly or in 
lallgled cluSters, up to 10.5 ~ diam; plentiful globose to subglobose to ellipsoid 
inflated cells single or, infrequently, in chains of two (rarely three), terminal, difficult to 
reinflate, 19-45 (-60) x 15-39 (-46) ~; tissue becoming slightly denser toward inner 
surface; outer surface occasionally with somewhat scauercd remnant palebes of a layer 
(one or two hypha! diameters thick) of longiwdinally arranged, undifferentiated, 
filamentous hyphae up to 7 J.Ul1 diam; inner surface also occasionally having such 
remnants, but here gelatinizing or nearly entirely gelatinized: no clamps seen. STIPE 
CONTEXT: acrophysalidic; branching, fi lamentous, undiiTen:ntialed hyphae 2.8-5.6 
J.Ul1 diam; acrophysalides very long and narrow to 635 x 50 J..Uil; occasional , branching, 
oleiferous hyphae 5.6-9.1 ~ diarn; no clamps seen. Ali tissues pale yellow in 
ammonium hydroxide. 

BASlDIOSPORES: [505 from 26 specimens] (8.0·) 9.1·12.2 (·15.4) x (7.0·) 8.4· 
11.5 (-15.4) ~.(average length per collection= 9.5·11.1 (· 11.7) ~;average length 
(overall)= 10.6 ~;average width per collection= (8.7·) 9.5-10.8 ~; average width 
(ovetall) • 10.0 ~; Q • 1.0-1.14 (-1.26); average Q per coUection = 1.04-1.10; 
average Q (overall) = 1.06), inamyloid, thin-walled, hyaline, globose to subglobose to 
occasiooally broadly el~psoid, f"'!uently s~ghtly adal<ially flattened; contents 
guuulate; apiculus sublateralto rarely lateral, truncate conic tO cylindric, can be rather 
large relative to spore size; white in deposit. 

Distribution and habitat: Solitary to occasionally subgregarious, June to October, at 
10-1.000+· m elev., in a variety of habitats from Vermont to southwestern Virginia. 
Apparently with a wide variety of mycorrhizal symbionts. On the summit of Mt 
Greytock (Massachusetts) this fungus appeared in a thin layer of damp loam over rock 
in moss under A.bits balsanwJ (I....) Miller. The Mariaville. New York: collection was 
made in wet loam in a mixed deciduous woods composed of Acer sp. , Carya sp., 
Quercus coccinea Mucnchh. and Quercus rubra L. The Floodwood, New York: 

4. 
Followina C. Bu' application ln the cueol A. sw.bwlil4riD (Murrill) Mutrill. See Faa. II. p. 319 cl (Bu, 
1969). 
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collection was made in duff over acid, glacial out-wash sands under Tsuga cO!llJlknsU 
(l..) carr, Fagus gro.ndifolia Ehrh., and Prunu.s sp. The Adams, Massachusetts 
coUection was made in loam under Acu sp. , Fraxinus sp., Berula papyri/era Marsh, 
and scauered Fagus grandifolia. At the Shark: River site, A. sinicojlava has been found 
both in typical, sandy, oak-pine bam:::ns (Quercus spp. and Pinus rigida Mill.) and in 
sandy soil in deciduous woods (Acu rubrum L., Q. alba L., Q. velurina Lam. , 
Rhodotkndron sp., and Spirea sp.). In Stokes Slate Forest, lhe larger associated 
vascular plants were northern hardwoods and hemlock (Betula Jwea Michx. f., Tsuga 
can.adensis, Tilia sp., and Ulmus sp.). No data is available on vascular plants in the 
area of the Vermont or Virginia collections. In addition lO the collections listed below, 
I have seen this distinctive fungus in West Virginia and Maine; regrettably, no 
collections from these states have been preserved. 

Collwions l!Xlll>liMd: UNITED STATES OF AMERICA, MASSACHUSETTS. 
Berkshire Co., Adams, M. A. King & R. E. Tulloss 8-15-86-C (L), Balance Rock Sl 
Pk., Rhoda Roper 8-15-86-L, Cheshire, Camp Mohawk, S. Sheine 8-15-86-F, summit 
or Mt. Greylock, R. E. Tulloss 8-17-86-A, border Hampshire & Hampden Cos., Mt 
Tom St Reservation, E. Greer 9-27-86-EGS; NEW JERSEY, Mer<:er Co., Hopewell , 
R. E. Tulloss 7-6-81-B, 7-7-81-C, 7-18-84-D, Monmouth Co. , Sharlc River Co. Pk., 
Susan Hopkins 7-8-84-F, R. E. Tulloss 8-28-85-D, 8-28-85-F, Bruce Vansant 8-3-86-H, 
Sussex Co., Stokes SL For., M. A. King & R. E. Tulloss 6-15-85-A, NJMA member 
10~85-A (hoiOtype, NY), Wallpack Center, Neal Macdonald I0-6-85-E; NEW 
YORK, Essex Co., Noeth Elba. Northeast Mycological Foray (NEMF) panicipant 
8-21-87-L (DTJ), Franklin Co. , Floodwood, Joe Arnold 8-22-87-E, Harrietstown, 
Smilh 8-21-87-K (DTJ), Hamilton Co., Raquette Lake, Bill Roody 8-21-87-P, Otsego 
Co., Arnold St. For., Ray Fatto 8-16-85-C. Schenectady Co., Mariaville, M. A. King & 
R. E. Tulloss 8-18-86-C; PENNSYLVANIA, Pike Co., Pocono Environmental Educ. 
Ctr., M. A. King & R. E. Tulloss 6-20-81-A, 6-20-81-H; VERMONT, Bennington? 
Co., NEMF 1981, NEMF panicipant 8-30-81-A, Pownal Co., NEMF '81 , NEMF 
panicipant 8-29-81-D; VIRGINIA, Grayson Co., Grayson Highlands St Pk., Cabin 
Creek Trail, 9.i.x.I986 Roben S. Williams 323. 

DISCUSSION 

In examining the universal veil tissue, I found very thin patches of longitudinally 
arranged hyphae on the outer swfacc. Th.is character is liable to be noted only when a 
scalp of the volval sac is examined. The feature could be absent or unrecognizable in a 
longitudinal section especially in the portion of the volvai sac which is sa-etched the 
most by the expansion of the pileus. In this area, lhe superficial layer is stretched so 
that gaps are opened in it; and it has the appearance of an expanded, net bag. Atkinson 
(1914) finds that tissues in the universal veil of A. Yag;nala ss. Atk. become 
~gressively denser from the outer surface inward and notes the absence of an outer, 
entirely hyphallayet such as is found in A. sinicoflava . Atkinson knew of homologous 
suuccures in other agarics; for he ci tes the presence of "radial" hyphae found on the 
outer surface of the universal veil of Lepiota clypeolario (Bull. ex Fr.) Kummer. As a 
check, I examined the outer surface of the universal veil in a specimen of A. fu!va 
(collection 7-7-85-D). I round lhat lhe surface exhibited largely loogitudinally 
oricnl.Cd, but sometimes disoriented, partially gelatinizing hyphae in fascicles. FW"lher 
pursuit of this character in other taxa may prove taxonomically valuable. 
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Fig. I Amanita sinicojiava. Tulloss 8-29-81-D [x 1.6). Fig. 2 A. mortenii. Universal 
veil tissue from volval sac showing thick-walled elements (Borgen TB.85.257). The bat 
in Fig. 2 represents 10 JJ.nl . 
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There arc two taxa which closely resemble A. sinicojlava macroscopically: A. 
mortenii Knudsen & Borgen (from Greenland) and A. sub~mbranoua (Bon) GrOger 
(subalpine, from Europe). I was able to obtain material representing both of these taxa; 
since neither has been described in detail microscopically, I include here the results of 
my observations. 

Amtutila mortenii Knudsen & Borgen. 1987. Arctic and Alpine Mycology II: 244. 

PrLElPELL1S: 1QO..l30 J.Ull thick, composed of undifferentiated, filamentous 
hyphae 1.0-7.0 11111 diam (mostly less than 3.0 11111 diam), densely interwoven, 
subradially arranged, partially gelatinizing; branching, oleifcrous hyphae 2.4-52 11111 
diam, not radially ananged. PILEUS CONTEXT: branching, undifferentiated, 
filamentous hyphae 3.5-10.5 ~ dia.m, interwoven, some appearing to have thickened 
walls; olciferous hyphae to 12.2 J.U11 diam present; inflated cells tcnninal, mostly 
elongate, sausage shaped or elongate ventricose, also clavate to broad.Jy clavate to 
barely inflated, to 159 x 49 J.Ull, less commonly subglobosc to broadly ellipsoid, to 52 x 
42 J.Ull , thick-walled. LAMElLA TRAMA: bilateral ; inflated cells mostly ellipsoid to 
elongate to irregular, some subglobosc, to 83.3 x 32.9 J.Ul1 , in chains; frequently 
branching, filamentous, undifferentiated hyphae 2.4·5.6 ~ diam; oleiferous hyphae 
present to 5.9 11111 diam. SUBHYMENIUM: cellular (small subglobosc cells terminal 
oo chains of larger inflated cells). BASIDIA: 54.9-75.6 (-8 1.5) x (13.3-) 15.4·16.811111, 
4· and occasionally 2·spored, lhin·wallcd; no clamps seen. UNIVERSAL YElL: in 
volval sac: dominated by inflated cells-globose to subglobose to 51.8 x 45.5 Jllll, 
clavate to broadly clavate to 56.0 x 38.5 ~. tenninal, singly or in short chains, thick· 
walled; frequently branching, filamentous, undifferentiated hyphae plentiful, 3.8-12.6 
11111 diam, many segments (particularly ncar-terminal segments) thick-walled; 
oleiferous hyphae present to 4.9 J.Lm diam; no clamps seen. In possible ' 'ochraceous 
flake" on surface of volval sac: hyphae and inflated cells both plentiful; some hyphae 
coiling; surface somewhat gelatinizing; scattered small patches of parallel hyphae a few 
hyphal diams thick, slightly gelatinizing to gelatinizing, mutually parallel and possibly 
longitudinally arranged; oleiferous hyphae lO 7.0 ~; otherwise little difference from 
remainder of universal veil. STIPE CONTEXT: acrophysalidic ; branching, 
filamentous, undifferentiated hyphae 2.1-13.3 J.Lm diam dominating, many appearing 
thick-walled; acrophysalides clavate to narrowly clavate, thick-walled, to 220 x 55 JUn; 
branching, oleiferous hyphae plentiful, 1.44.5 J.UTI diam; no clamps seen. All tissues 
pale yellowish in ammonium hydroxide. 

BASIDIOSPORES: [80 from 4 specimens) (8.0-) 9.8-14.0 (-14.3) x (7.0-) 9.1-13.3 
(-13.6) 11111. (avernge length per collection= 10.7-12.211111; average length (overall)= 
11.3 11111; average width per collection = 10.3-1 1.4 11111; average width (overall) = 10.7 
11111; Q = 1.0-1.12 (-1.24); average Q per collection= 1.04-1.07; average Q (ovcrall) = 
1.06), inamyloid, thin-walled, hyaUne, globose to subglobose, rarely broadly ellipsoid, 
frequently adaxially flattened, sometimes swotlcn slightly at one end; contents 
guuulate; apiculus sublateral, truncate conic, can be rather large relative to spore size; 
white in deposit. 

Collections examined: GREENLAND, Equaluit fjord 25 krn from Paamiut, 
29.viii.l985 T. Borgen TB.85.I33 (Jllor), 24.viii.J986 T. Borgen 1'8.86.257 (Jllor), 
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Qunqua Valley, 27.vii. thru 23.viii.l983 Knudsen, Borgen & Pctcr.;cn 462 (L, pan of 
par.nype). 

The following are characters of A. morlenii distinguishing it from A. sinicojlava: 

- The occasional presence of small, ochraceous flakes on the exterior, upper surface 
of the volval sac. 

- Thick·walled, inflated cells throughout lhc context of pileus and stipe, lamella 
trama, and the universal veil . These are easily seen if the tissue is stained with 
Congo Red and viewed with an oil immersion lens a1 lOOOx. The wall thickness is 
I.().l.211fll. 

- Many thick-walled hyphae throughout the basidiocarp. Orten the ceU walls of such 
hyphae are not as thick as the walls of the inflated cells. 

- A cellular subhymenium. 

- Shorter acrophysalides in the s lipe contexL 

- A thicker pilcipellis. 

- Generally narrower and possibly more plentiful, oleifcrous hyphae. 

- Basidia slightly longer. 

- Spores slightly large<. 

Ama!lila submembranau a (Bon) GrOger. 1979. Boletus 3(2): 27. 

-Amllnitopsis submtmbranacea Bon. 1975. Bull. Mem. Soc. Linn. Lyon 44(6): 176. 

PILEIPELUS: approximately 230 11f0 thick; radially arranged, interwoven, 
gelatinizing, undifferentiated, filamentous, branching hyphae 1.7-9.4 j.U11 diarn: 
oleifuous hyphae pruen~ 4.9-8.4 l1fll diam. PILEUS CON1EXT: undifferentiated, 
filamentous, branching hyphae 4.5-14.0 11f0 · diam with inflated bcanching cells and 
hypha! tips to 29.0 11f0 diam: oleiferous hyphae presen~ 6.3-9.111"' diam; inftaled cells 
subgtobose to globose, to 60 x 60 J.UU, ovoid, elongate, clavate to irregular, to 175 x 55 
~- LAMELLA TRAMA: bilateral; dominated by inflated cells which are elongate, 
clavate, ovoid, subglobose, irregular, occasionally in chains, to 118 x 41 J.Ull; 
undifferentiated, filamentous, branching hyphae 4 .2-9.1 J,Un diam, seen to be 
dominating near subhymenium when tissue is crushed; branching olelferous hyphae 
plentiful, 2.8-7.0 11f0 diam, extending into hymcnium; subcoralloid clements extending 
into hymenium. SUBHYMENlUM: cellular (single cells at the tennini of hyphae) to 
undifferentialed hyphae to "subirregnlar (slightly coralloid?)" (C. Bas ' noies in L). 
BASIDIA: (39-) 5().84 (-92) x (13.5-) 14-18.5 (-20) IUO.' 4-spored, thin-walled; 
"r.nely clamped" (C. Bas' notes in L). UNIVERSAL VEIL: On stipe base: an outer 

5. The buidia from the type f~ all.. (Borl740917) ~the lower end a{ the distribution rw.ac.; 
howeYet, buidia from lhc. Olhcr Boa collection at L (740920) were lhc lar&«t obsc:M:d. 
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layer, about 3 hypha! <Iiams thick of longitudinally orienu:d, parallel hyphae; plentiful 
inflated cells ovoid to globose to subglobose, to 72.1 x 66.5 ~; oleiferous hyphae 
present. 4.9-5.6 J.UD diam; and interwoven, undifferentiated. filamentous, branching 
hyphae 2.8-8.4 fJm diam; inner surface gelatinizing. On pileus: similar. STIPE 
CONTEXT: acrophysalidie; dominau:d by acrophysalides to 310 x 60 fJm; 
undifferentiau:d, filamentous, bronching hyphae 3.5-8.0 fJm diam; branching, largely 
longitudinally oriented, oleiferous hyphae 4.2-15.4 ).1m diam, common to locally 
plentiful; no clamps seen. All tissues pale yellowish in ammonium hydroxide. 

BAS!DIOSPORES: [146 from 8 specimens) (g.J-) 9.8-12.6 (-13.6) x (7.3-) 8.4-
11.6 (-13.4) fJm, (average length per specimen= (9.8-) 10.3-11.5 fJm: average length 
(overall)= 10.8 fJm ; average width per specimen= (9.2-) 9.6-10.9 fJm; average width 
(overall) = 10.1 fJm; Q = 1.0-1.14 (-1.26); average Q per coUcction = 1.06-1.10; 
aver-age Q (overall) = 1.07), inamyloid, thin-walled, hyaline, globose to subglobose, 
slightly adaxially 8attcncd; contenlS guttulate: aptculus rather large, subcylindric to 
cylindric; white in deposit 

Collections aamined: AUSTRIA, Tirol, PilZtal, Tiefental, 2.ix.1962 M. Moser 
62116 (IB), near Anleralm ober PiOsmes, 26.vii.l967 M. Moser 67n.l (IB); FRANCE. 
Haute Loire, Fontanet ncar Le Puy, 17.ix . l974 Bon 740917 (holotype, fragment in L), 
ML Mezenc, 20.ix.1974 Bon 740920 (L); ITALY, T=tino, Valsugana, Cinque Valii 
btwn. Rooeegno & Vetriolo Tcrmc, 3.ix.1987 Bas 9144 (L); POLAND, Kielce Prov., 
near Kielce, Willkovska valley in Swietokrzyskie mountains, IO.ix.l966 Bas 4746 (L); 
SWITZERLAND, GraubUnden Canton, SL Moritz, 26.viii.l976 C. Bas 7021 (L), 
Schwyz, Satr.cl, Mosselbcrg, 9.ix.l976 G. & F. Tjallingii s.n. (L). 

Judging from the specimens of A. submembranoua and accompanying 
transparencies in L, from the pileus dimensions and illustrations of submembranacea in 
(Bon, 1975: 176) and (Merlo & Traverno, 1983: 48), and from a coUection with 
accompanying watercolor painting in IB (Moser 62/16), A. submembra.NJcea produces 
a larger, more robust basid.iocarp than does A. sinicojlava. Judging from exsic:catae in 
L and LB, A. submembranacea is much more likely to have a large patch of universal 
veil on its pileus than is A. sinico.flava. Amanila submembranaua (including "A. 
su.balpina" Moser incd. (C. Bas, private communication)) is known only from 
coniferous woods on acid soils (Bon, 1975 and Moser, 1983). 

In the volva of A. submembranacea, a broken. thin fibrillose-felted 10 
submembranous outer layer is visible to the naked eye in many, well-preserved 
exsiccatae; remnants of the outer layer superimposed on the grayish unbroken inner 
volval layer may give the appearance of bits of ftaking paint on old canvas. This 
character is completely absent in A. sinico.flava. 

The spores of A. submembranacea are about the same size as, or slightly larger 
than, those found in A. sinicojlava. Spores of "A. subalpino" may be as large as 
12-17 x 12-15 fJm (Moser, 1983). 

In addition, the following characters of A. submembranacea serve to distinguish it 
from A. sinicojlava: 

- A cellular subhymenium. 
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- Shaner acrophysalides in lhe stipe contcxl 

- A thicker pileipellis. 

- Slightly longer basidia-in most specimens. 

AmarUta mortenU and A. sub~mbranacta seem to be more closely related to each 
other than either is to A. sinicoflava. ~ major differences between them lie in the 
thick-walled cells of A. 1t11Jrtenii, which are slightly smaller than the corresponding 
thin-walled elements in A. sub~mbranocca, and in the slight.l y larger spores of the 
former. Thick-walled cells have not been evaluated as a character throughout 
Amanita.6 Knudsen & Borgen ( 1987) have used them for the first time as a character on 
which to establish a species concept. 

In addition to the two taxa examined in detail above, there are a number of others 
which require mention because or some similarity to A. sinicofiava. The fungus 
illustrated as A. strangulato (Fries) Qul!lct by Merlo & Traverso (1983) has pileus 
coloration which is similar to, although paler than. lhat of A. sinicojlava. This 
European entity is distinguishable-at least by its large r spores ( 12· 14 Jim diam) and its 
smaller ratio of striation length lO pileus radius. 

The literature contains five other taxa in Amanita section Vaginaltu with globose 
cells dominant in Lhe universal veil and globose lO subglobose spores. The universaJ 
veil in A. sinicojfavo is similar to that of A. ucilitu of Europe (Comer & Bas, 1962 and 
Bas, 1984) and "A. inauroto" ss. Pk. of North America (description and discussion 
Wldcr A. ctdliae (Jenkins, 1986)). However, A . sinicojlava can be distinguished from 
either of these fungi by its pileus with olive tones, a smaller habit, and a commonly 
more robust universal vei l frequently appearing as a constricted, saccate volva on the 
stipc base rather than as warts on the pileus which Iauer occurrence is more common in 
A. uciliot and "A. inauroUJ " ss. Pk. Tile acrophysalides in the slip: of A. sinicojlova 
are up to twice as long as those of "A . inauroto" ss. Pk. (Jenkins. 1986). Amanita 
cincripu Comer & Bas (Comer & Bas, 1962) of southeast Asia has a Wliversal veil 
similar to Lhat of A. ctciliat, but sometimes appearing in small pyramidal wans on the 
pileus: its spores are reponed to be smaJier than those found in A. sinicojlava; A. 
cincti/)f!s lacks an umbo; and its coloration is said to tend to grayish tones. Amanita 
croseodtrma Bas (Bas, 1978) of the Amazon region has even smaller spores than A. 
cinctipes. a "very dark brownish grey" pileus, and considerably narrower basidia than 
A. sinicojlavo. The pileus of A. craseoderma lacks an umbo. Amanira groenlandica 
Bas ex Knudsen & Borgen has a larger pileus than A. sinicojfovo with shoncr (0.1· 
0.2R) marginal striations, no umbo, and frequently a patch or patches of universal veil. 
Knudsen & Borgen (1987) also describe A. grotnlondico as "relatively shon· 
stemmed' ' and robust-another difference. 

Three additional Western Hemisphere species of Amaniro exhibit a universal vei l 
somewhat similar to that. in A. sinicojfovo- A. anti Ilana Dennis of Trinidad (Dennis, 
1952 and Bas, 1978), A. cooc/a Bas or the All137.0n region (Bas, 1978), and A. 
constricra Thiers & Ammirati of California (Thiers & Ammirati, 1982). However, all 
exhibit an average Q greater than that (1.06) seen in A. sinicojfavo- 1.2 in A. 
011till011a, 1.3 in A. coocto, and approximately 1.2 in A. constricto . The closest of these 
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to A. sinicojfawJ is the last named which can have a submembranous universal veil; 
however, A. corulricla is further distinguished from A. sinicojla110 by a gray·brown to 
hair brown pileus, red staining in the universal veil when moist. and striations lhat 
rcprescnl ooly aboul 0.2R (Thiers & Ammirati, 1982). 

lt should be noted that the col~ns of A. sinicojlavo made in the Coastal Plain 
ocologtcal region (those from New Jersey's Mercer and Monmouth counties) had, with 
but one exception, smaller spores than all other collections examined. 1 conjecture that 
this is due, at least in pan. to the rapid loss of surface moisture due to lhc soil of the 
Monmoulh County collection region being entirely composed of sand. Unlike many 
radicating species of Amanila section Upitklla whK:h occur in the Coastal Plain, 
basidiota~ps of A. . sinicoflava sit high in the soil-even to the extent of the volval sac 
being almost entirely above ground. This fact can be confi..nned even in exsiccatae 
because one finds fragments of leaves (and almost no sand at all) attached to the 
surface of the very bo«om of the stipc. 

In the field in eastern North America. A. sinicojlava is distinguished from taxa close 
to A . ...aginata (Bull. per Fr.) Viuadini and A.fulva by pileus coloration. These taxa do 
not exhibit the graying, submcmbranous 10 membranous volval sac of A. sinicojlava. 
The prominent orange-rusty stains frequently found on the volva of A. fulvo do not 
occur in A. sinicoflava. 

Amanita sinicojlaWJ is the entity to which I have applied the name "species 2" in 
recent correspondence. 
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SUI"! MARY 

A new species of Pr o lixandromYces (Laboulbeniales, Ascomycotina) , 
parasitic on Velia caprai ( Hemiptera, Veli idae) is described and 
illustrated: P. triandrus. This is the f i rs t european species of a 
genus that was only known from Central America. 

INTRODUCTION 

The genus Prolixandromyces was established by Benjamin 
(1970) by the description of two species : P . veliae and 
P. cor niculatus , both on species of Velia f r om Mexico. 
Later, this same author (Ben jamin, 19§'i'"'fdescribed three 
more species: P. li ngulatus, P. rh i noce r alis and 
P . tenuis , on the same host genus, !rom Nicaragua and 
Costa Rlcaj he also added some new data and localities 
( El Salvador, Nicaragua) for the two first species. The 
species here proposed, named Prolixandromyces t r iandrus 
is the only one in the genus collected outside of Central 
America. Its presence in Europe widens considerably the 
area o f distribution fo r the genus. Like t h e other fi ve 
species , P . triandrus parasitizes a hemipteran of the 
family Veliidae , Vella caprai Tamanini, a semiaquatic 
bug wh ich is very common In areas of t he Iberian Penin
sula flooded with fresh waters. 

The genus Prol ixandromyces ( Laboulben ieae , 
Stigmatomycetinae) is characterized by its three-celled 
receptacle (three superposed cells) , a primary ap pendage 
that i ncludes the antheridia, with long and sinuate dis 
charge tubes, and the perithecium with apical outgrowths. 

DESCRIPTION 

Prolixandromyces t r iandrus San tamaria, sp . nov. 
(figs. 1-9 ) 

Coloratio aeneralis aurantiaca diluta . Receptaculum triquetrum, ab 
oris d irectis sive levite r sinuatis. Cellula I angusta, ter sive 
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quater longior quam amplior. Cellula II angustior quam prima, duplo 
sive ter longior qua~a amplior. Cellula II angustior quam prima, 
duple sive ter lonaior quam amplior. Cellula III subtriquetra levi 
ter longior quam amplior . Appendix primaria a quattuor eellulia 
stcrili bua et tribus antheridiia fermata. Cellula basalis triqueter, 
a subbasali cellula separate saepto forti ter oblique. Cellula sub
basalis in forma parallelograJMii, a super iore parte appendicis sepa
rate saepto forti ter oblique. Tria antheridia a duabus cellulis 
relic tis sterilibus in te r poai ta. Antheridia cUJn long is et curvatis 
tubis. Relictus apex sporae perspicius et in inverse antheridio 
med io collocatus. Perithecium direc tun~ . Cellula VI robusta, constric
t& prope basem. Cellula VII subtrlquetra. Cellulae basales perithe
eii (m, n, n') l ongae. Seeundua ordo horizontalis cellularum parieta
lium anaustus, anulum clare notatum forman& . Cellula apiea lis ord i 
nis verticalis cellularum parietalium ( a cellula m surreetarum) cum 
excreacentta longa, directs, apice truncate , et duabua parvis expan
sionibus obtuaia in i nfra directis. 

f.ongitudo receptaculi: 42-55 ~. f.ongitudo appendieis prima
rise: 65-125 )Jm. Venter antheridii : 20-25 )Jill. 1\.Lbus antheridii: 30-
65 ~· f.onaitudo cellulae VI : 30-62 um. Perithecium: 150-280 um x 
41-70 )Jm. Exc rescentia perithecii: 19-28 )Jm. Aaeosporae:50-62 Jllll . 
Totua fungus 220-400 )Jm longus. 

Holotypua: S$743 . BCB-Mycotheca. In locis Gerundae (Catalonia , 
Hiapania). 

Overal l color, pale orange, more intense in the primary 
appendage and the peri theeium. 

Receptacle: Pyramidal, with even or slighly sinuate 
surface (42-55 ~m long). Basal cell ( I) narrow, 3-4 times 
as long as broad. Suprabasal cell (II) narrower than I , 
2-3 times as long as broad. Cell III subtriangular in 
lateral view, slight ly longer than wide. The suprabasal 
cell gives rise to the perithecium and its basal ce lls 
(cell VI included). The three cells of the receptacle 
are usually in contact with the stalk cell (VI) of the 
perithecium , although sometimes the basal cell (I) is 
not in contact. The p r imary septum (located over cell 
III) is marked by a constric tion and is not deeply 
p i gmented. 

Figures 1-9. Prolixand romyces triandrus. 1. Mature !so
type (SS739a). General arrangement of cells. a, primary 
septum. 2. Immature specimen after· f ertili zation . Perithe
cial outgrowth starting to develop (e x ). 'flall cells of 
internal tier (w2 ) . ( 55739b, isotype). 3. Ascospore just 
implanted o n the host tegument. 4. Mature i ndividual 
(55743, holotype). 5 . Apex of the perithecium showing 
the arrangement of apical wall cells . 6. Ascospore. 7 . 
Early stage of development. The perithecial initial ce ll 
(d) derived f r om suprabasal cell ( I I) (55748b). 8. Bran
ched trichogyne (SS768g) . 9 . Immature s pecime n before 
fertilization. tc , trichogyne. cp, carpogonial cell. 
(SS768g) . 
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Appendage: Formed by four ste rile cells and three 
antheridia 85-125 )..lm long. Basal cell t ri a ngular i n la
teral view, separated from the suprabasal cell by a 
strongly obliq_ue septum. Suprabasal cell with parallel 
wall s " separated from the three antheridia and the other 
two s terile cells by an oblique septum. The three anthe
ridi a are separated from each other by t wo long and slen
der sterile cells. Anthe r idia long and slender, with dis
charge tubes longer ( 25-65 J,Jm) than the venter ( 20-25 
).ltn). The rest of the spore apex (spine-like ) remains on 
the dorsal side of the central antheridium. 

Perithecium: Stalk cell (V I ) 30- 62 J.lm long , with 
a small constriction near the base. Secondary stalk cell 
( VII) subtriangular. Basal cells (m, n, n ' ) long in matu
re specimens. Body of perithecium straight , 150- 280 ).lm 
l ong by 4 1- 70 ).lm wide . In each vertical row of ou ter wall 
cells of the perithecium there are 4 cells of unequal 

height. The subapical horizontal row of wall cells very 
short, pro t ruding externally in an even curve beyond the 
surface of the cells above and below. The apical ce ll 
of the posterolateral wall cell row, borne on cell m 
(that also shows the trichogyne stump), forms an elongate 
subterminal outgrowth ( 19-28 JJm) with a truncate apex 
and two small rounded expansions pointing downwards. 
The trichogyne is branched. The ascospores ( 50- 60 J.llll 
long) are hyaline, having a lower cell slightly longer 
(30-35 urn) than the upper one (21-27 llJll). 

To t al length from base of the foot to the apex of 
perithecium, between 220 J.llll and 400 urn. 

Etymology. - From t r i -, three, and -andrus , male , 
r eferri ng to the p resence o f three antheridia. 

Ho lo type .- SPAIN: Torrente de Can Plana, Riells i 
Viabr ea (Gerona, Catalunya), 9-VIII- 87, UTM : 31TDG6120. 
On legs of Vella caprai Tamanini (Hemiptera, Veliidae); 
BCB-Mycotheca, 55743. 

Isotypes.- SPAIN: Ib idem. On legs, antennae and head 
of Vella caprai Tamanini; slides SS739a , SS739b, SS747a , 
S$7476, SS747c, SS748a, SS748b , SS748c, SS748d, SS748e, 
SS748f, SS748g , SS748h, SS748i , 55749; BCB-Mycotheca. 

All slides of the holotype and isotypes are i n the 
herbarium of the "Departament de Biologia Animal, Vege tal 
1 Ecologia" of the "Universi tat AutOnoma de Barcelona" 
(BCB-l>!ycotheca), except slides SS747c and SS748h sent 
r espectively to Dr. 1.1. Tavares and Dr. J . Balazuc. 

DISCUSSION 

The first European species of Pr olixandromyces differs 
in a number of ways from the previously known species : 
( 1) the perithecial outgrowth is subapical instead of 
termina l , in add! tion to having a parti cular ly complex 
structure , (2} t hree functional anthe r idta are present, 
instead of t wo, as i n the other species, and the anthe-
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ridial nec ks are proportionally much shorter, (3) there 
are four ste r ile cells in the primary appendage, as oppo
sed to three in the rest of species, two of these cell s 
function a s stalk cells of the antheridia, the ext r a 
antheridium therefore has an extra stalk cell, ( 4) the 
antheridial stalk cells are longer and different in form, 
and (5) the apices of the uppermost wall cells do not 
extend upward very much. 
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ABSTRACT 

A new species of Phialophora, P. intermedio Iwatsu, 
Udagawa et Toyazaki, is described and illustrated 
from a collection made on house-dust in Japan. 

Recently the re has been increasing interest in the 
occurrence of special i zed sa prophytic fungi, s uch as black 
yeasts, in foods or in indoor environments and their 
potential haza r ds to human health (Kazanas, 1986;Nishimura 
et al., 1987; Iwatsu et al., 1988) . This was prompted 
primarily by concern over the infectivity of some poten
tiall¥ opportuni s tic i nvade rs (e.g. Exophiolo der matitidis 
(Ka no) de Hoog) for a maiTITla lian host by oral i ntubation 
(Kaza nas , 1986 ) . Dur i ng a publ ic health survey of fungal 
popu lations i n househo ld dust, one of the authors (N. T.) 
isolated a hyphomycete belonging to t he genus Phialophora 
Medlar . A comparison with known spec i es of Phialophora 
and allied genera indicates that the fungus represents 
an undesc ri bed ta xon. Therefore, it is described as a new 
species here i n. 

TAXONOMIC PART 

Phialophora intermedia Iwatsu , Uda gawa et Toyazaki, 
sp . nov . (Figs. I, 2) 

Coloniae in agaro "potato-dextrose" sa tis crescentes, 

*To whom correspondence should be addressed. 
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post 14 dies ad temperaturam 27°C 3.4- 3.8 em diametro, 
fl occosae, gri seo-o 1 i vaceae; revers urn a trio 1 i vaceum. 
Exsudatum nullum et odor absens. Mycelium partim immersum 
vel partim superficiale, ex hyphis ramosis, subhyalinis vel 
pallide olivaceis, septatis, laevibus 1.5- 2.5 urn crassis 
compos itum. Coni di ophora mi cronemata ve 1 semi -macronemata, 
mononemata, ex hyphis oriunda, simplicia, subhyalina vel 
pallide olivacea, laevia . Cellulae conidiogenae mono
phialidicae, laterales vel terminales, ex hyphis statim et 
singulatum oriundae, ve l ex conidiophoris singulatim vel 
diverse oriu ndae, discretae, rectae vel modice sinuosae, 
subcyl i ndri cae, am pull i formes ve 1 1 ageniformes, subhya 1 i nae 
vel pallide olivaceae, laeves, 6-15 x 2- 3.5 (mediae 10.8 x 
2.4) um; collare plerumque inconspicuum sed interdum con 
spicuum, si adsunt, cupulatum, 1 um altum, 1.5-2.5 um eras
sum. Conidia unicellularia, plerumque ellipsoidea, minus 
plerumque subglobosa, subcylindrica vel reniformia, hyalina 
vel pallide olivacea, laevia, 4-6 x 1.5-2 . 5(-3.5) (mediae 
4.7 x 2 . 2) um, in massa mucida aggregata vel nonnumquam i n 
ca ten is fragil i bus cohaerent i a . Ch 1 amydosporae ads un t. 

Holotypus: cultura NHL 2979, ex materia pulveratus in 
domo, Suita, Osaka, in Japonia, in 5.iv.1984, a N.Toyazaki, 
isolata . In co llectione fun9orum "National Institute of 
Hyg i enic Sciences (NHL), Tokyo, Japan". 

Etymology: Lat. intermedia, referring to its inter
medi ate characteristics between sect. Phialophora and 
sect. Cotenulata. 

Colonies on potato-dextrose agar growing moderately, 
atta ining a diameter of 3.4-3.8 em in 14 days at 27°C, 
f l occose, Gray 01 i vaceous (Rayner, 1970); reverse Oark 
01 ivaceous (Rayner). Exudate and odor absent . 

Mycelium partly immersed or partly supe rficial, com
posed of branched, subhya 1 i ne to pale o 1 ivaceous, septate, 
smooth, 1.5- 2.5 urn wide hyphae. Conidiophores micro-
nema taus to semi -macronema taus, mononematous, arising from 
t he hyphae, simple, subhyaline to pale ollvaceous, smooth. 
Coni di ogenous cells monophia 1 i di c, 1 a tera 1 or termina 1, 
borne directly and singly on the hyphae, or singly or as 
divergent forks on the co nidi ophores, discrete, s traight or 
more or less sinuate, subcylindrical, ampulliform or la ge
niform, subhyaline to pale olivaceous, smooth, 6-15 x 2-3.5 
(av. 10.8 x 2.4) um; cellarettes usually inconspicuous but 
sometimes conspicuous, when present ·cupulate, 1 um in depth 
and 1.5-2.5 urn in width. Conidia one-celled, predominantly 
ell i psoidal, less commonly s ubglobose, subcylindrical or 
reniform, hyaline to pale olivaceous, smooth, 4- 6 x 1.5-2.5 
( - 3.5) (av. 4.7 x 2.2) um, aggregated in a slimy mass or 



Fig . 1. 
A-D) 
E, F) 

44 1 

Phialophora intermedia . Ph ia l ides a nd con idi a . 
Light microsco pi c photographs. Bar=5 ~m . 
Scanning electron microscopic photogra phs. 

Bar=! ~m . 
A, E) NHL 2979 . B, C, 0 , F) NHL 2978. 



442 

Fig . 2. 
) 

Phiolophor . a-e NHL 2979 a mtermedio . . f-h) NHL 2978 Phlal ides and .. . conl d>a . 
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sometimes forming fragile chains. Chlamydospores present. 
Growth is slower at 37°C than at 27• c. 
Specimens examined : NHL 2979 ( ho 1 otype) i so 1 a ted from 

house-dust in Senrigaoka, Suita City, Osaka Pref., Japan, 
April 5, 1984, on OG-18 agar by N. Toyazaki; NHL 2978, 
isolated from dried salted food (powder of salmon and 
"wakame" ( Undaria pinnatifida (Harvey) Suringar)), in 
Nagoya City, Aichi Pref., Japan, September, 1984, by H. 
Tsubouchi. The specimens studied and living cultures 
derived from them are preserved at the National Institute 
of Hygienic Sciences, Tokyo, Japan. 

DISCUSSION 

In 1976, Gams and Holubova-Jechova introduced a new 
section, sect. Catenulata W. Gams, in the genus Phialo
phora for species producing catenate, cuneate or dacryo id 
conidia. For the remaining species having ellipsoidal or 
allantoid conidia, which are aggregated in a slimy mass, 
sect. Phialophora was reserved . It is noteworthy that 
the conidia in P. intermedia are usually aggregated in a 
slimy mass at the apex of the phial ides, but sometimes 
form .chains. Phialophora intermedia may be a fungus 
which pro vi des a 1 ink between the two sections. 

Severa 1 morpho logi ca 1 features and cul tura 1 character
istics, as well as ability to grow at 37°C, serve to dis
tinguish P. intermedia from its nearest relatives . 
Phialophora intermedia is somewhat similar to P. fasti
giata (Lagerb. et Me 1 in) Conant, P. melinii ( Nannf.) 
Conant and P. malorum (Kidd et Beaumont) McColloch, but 
in these species the phialides often occur in verticill ate 
cl usters (Schol-Schwarz , 1970). Furthermore, the margin 
of the colonies in these species is colorless, and they 
have no ability to grow at 37°C. Phialophora parasitica 
Aje 11 o, Georg et Wang differs from P. intermedia in pre
dominantly producing allantoid conidia (de Hoog, 1g83). 
Phialophora intermedia somewhat resembles P. lagerbergii 
(Melin et Nannf.) Conant and P. r epens (Davidson) 
Conant, but these spec ies are more rapid-growing and 
produce predominantly allantoid conidia (Schol-Schwarz, 
1970). Phialophora bubakii (Laxa) Schol-Schwarz is also 
similar to the authors' fungus, but produces predominantly 
allantoid conidia in young cultures (Schol-Schwarz, 1970; 
Morgan-Jones, 1978) . Lecythophora hoffmannii (Beyma) 
Gams et McGinnis and L. lignicola Nannf. differ from P. 
intermedia in producing colonies with a tinge of orange 
to pink and in more commonly producing adelophialides 
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rather than discrete phial ides (de Hoog, 1983; Gams and 
McGinnis, 1983) 

Some members of the genus Phialophora , such as P. 
verrucosa Medlar, P. richordsiae (Nannf.) Conant, P. 
parasitica, P. repens, and P. cyanescens de Vries, de 

Hoog et de Bruyn, are known as human pathogens (de Hoog, 
1983; de Vries et al., 1984), most of which have ability 
to grow at 37° C. Phialophora intermedia is also able to 
grow at 37° C. The ability of a fungus to grow at 37°C is 
thought to be an useful criterion in sepa r ating human
pathogenic species from nonpathogens (Wang and Brownell, 
1967). If P. intermedia has potential pathogenicity, 
this fungus might possibly be isolated as an opportunistic 
pathogen from man in the future. 
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SUMMARY 

A new genus and spec ies of the Xylariaceae, Cal
ceomyces lacunosus, is described and illustrated 
from an isolate obtained from activated sludge in 
Japan . It is characterized by non-stromatic peri
thecia and shoe-shaped ascos pores with ridges 
formi ng a coarse reticu lum. The associated ana 
morph is referrable to Nodulisporium. 

As saprophytes or weak pa ras i tes, most members of the 
family Xylariaceae are collected from decay i ng wood, roots 
and old stumps of Angiosperms . Even coprophilous repre
sentatives of the family are nour ished primarily by decay
ed Angi os perms and are considered to be specialized Angio
sperm saprophytes (Rogers, 1g7g) . Isolations of Ceni
culosporium and Nodulisporium frqm decayed Angiosperms 
also show t heir association with xy lariaceous teleomorphs 
i n soil. However, evidence is still incomplete beca use 
there is only one report of an isolate 1 inked to the 
te leomorphic state, Hypoxylon serpens (Pers.) Kickx, in 
culture (Barron, Jg68), or few records and collections of 
terricolous species in the Xylariaceae. 

During microbio l og ical studies on the environmental 
poll ution in the Nagasaki Prefecture, southwestern Japan, 
a remarkable ascomycete was encountered colonizing a plate 
of activated sludge from the Nishiyama water reservoir. 
The ascospores are di st inct i ve in being composed of a 
wooden shoe-shaped dar k cell with a few ri dge s forming a 
very coarse reticulum. The anamorphic state referrable to 
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the form-genus Nodulisporium which deve 1 oped on the ex
ternal surface of the perithecia was also observed. This 
ascomycetous fungus is characterized by dark non-stromatic 
perithecia, cylindric asci with an amyloid "apica l ring 11

, 

dark-colored inequilateral ascospores having a longitudinal 
germ s 1 it and the Nodulisporium anamorph. Members of the 
family Xylariaceae typ i cally form their perithecia embedd
ed in a true stroma composed entirely of funga l tissue with 
only the perithecial ostioles protruding (Alexopoulos and 
Mims, 1g79) . Recent studie s have indicated that a number 
of genera from severa 1 families, with pe ri theci a borne 
singly, are closely related to the stromatic Xy l ariaceae. 
For example, Ascotricho species are probably more closely 
related to species of the stromatic Xylariaceae than to 
other members of the Chaetomiaceae, regardless of whether 
the perithec ia are non-stromatic or borne on a subiculum 
(Khan and Cain, 1977). Besides its non-stromatic perithe
cia, the other features of this fungus are typical of the 
Xylariaceae and, since no other xylar iaceous genus is known 
with this comb inat i on of characteristics, it is described 
here as a new genus of the Xylariaceae. 

Calceomyces Udagawa et Ueda, gen. nov. 
Perithecia dispersa, superficialia vel semi-inmersa, 

non - stromatica, pyr i formia vel ovoidea, atribrunnea vel 
ni gra; peridium membranaceum, multi-stratosum. Asci uni
tunicati, cylindracei, annulo apicali distincti et amyloi
dei, in fasciculo paralle lo dispositi. Paraphyses numero
sae, filiformes. Ascosporae unicellulares, atribrunneae, 
calceiformes, reticul atae cum cristis irregu l aribus et 
depressionibus non profundis a superficie visis sed com
planatae et l eves a solo visis, strata gelatinoso circum
datae, fissura germi na 1 i paratae . Status anamorphus ad 
Nodulisporium pertinens. 

Typus generi s: Ca/ceomyces lacunas us Udagawa et Ueda. 
Etymology: co/ceo =to shoe and myces =fungus, referr

ing to the ascospore shape. 
Perithecia scattered, superficial to sem-i mmersed, 

non-stromatic, pyriform to ovoid , dark brown to black; 
peri di um membranaceous, severa 1-layered, composed of an 
outer dark brown layer and inner hyaline layers. Asci uni
tunicate, cylindrical, prov ided with a distinct ring in the 
apex, amyloid, arranged i n a parallel fascicle. Paraphyses 
numerous, filiform. Ascospo re s one-celled, dark brown, 
shoe-shaped, trapezoid in side vi ew, reticulate with irreg
ular ri dges and shallow depressions in face view but flat
tened and smooth in reverse view, each surrounded by a 
gelatinous sheath. Germ slit extending full length of the 



Fig. I. Calceamyces lacunosus , NHL 2983. 
A. Perithecia. 8. Hairs. C. Peridium. D. Ascus. 
L Apical portion of the ascus. F. Ascospores. 
G. Conidiogenous cells and conidia. H. Conidia . 
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spore. Anamorphic state: Nodulisporium . 
Ca/ceomyces /acunosus Udagawa et Ueda, sp.nov. 

(Figs. 1-5) 
Stat. Anam. Nodulisporium. 
Perithecia di spersa, superficialia vel semi-inmersa, 

non-stromatica, pyriformia vel late ovoidea, 210-310 x 105-
170 um, atribrunnea vel nigra, circum basim calli pilis 
paucis brevibus tecta; pili brunnei, stricti, parce sep
tati, leves, 30-65 x 4-5 um; collum coni cum vel brevi-
cyl indraceum, 80-130 x 65-95 um, atribrunneum; peridium 
membranaceum, ex "textura i ntri ca ta" ve 1 .. textura angula
ri s" compos i tum, 3-5- stra to sum . Asci 8-spori, cyl i ndracei, 
90-125 x 8-9 um, annulo apicali parvo iodo caerulescentes, 
inferne in stipitem brevem vel satis longum attenuati; 
paraphyses numerosae, hya 1 i nae, septatae, fil i formes ve 1 
al iquanto inflatae . Ascosporae uniseriatae, atribrunneae, 
calceiformes, (9.5-)10-14 x 5-6 x 6-6.5 um, trapezoideae a 
latere visis et fusiformes vel ellipsoideae a vertice 
visis, reticulatae cum cristis irregularibus et depressio
nibus non profundis a superficie visis, complanatae et 
leves a solo visis, strata gelatinoso circumdatae, fissura 
germi na 1 i para tae. 

Conidiophora ex hyphis prostratis surgentia, erecta 
vel suberecta, recta vel plus minusve flexuosa, brunnea, 
septata, verrucosa, 70-160 x 2.5-3 um, superne saepe rami
ficantia. Cellulae conidiogenae polyblasticae, discretae, 
terminales et in penicillis ordinatae, 2-4 verticillatae, 
cylindricae, 10-25(-30) x 2-3 um, pallide brunneae, verru
culosae, ad apicem nodulosae. Conidia ex denticul is termi
nalibus successivis singulatim producta, continua, hyalina, 
obovoidea vel ell ipso idea, 4.5-10 x 3-4 um, levi a ve l parum 
verrucu l osa , ad basi m cicatrice parva affi xa. 

Coloniae in agaro "potato-carrot" tarde crescentes, 
pl anae, fl occosae, cons tantes ex myce 1 i o bas a 1 i coacto 
tenui et peri theci is numeros is, brunneo-gri seae ve 1 vi noso
bubalinae vel submurinae; conidia limitata; reversum brun 
neo-griseum vel muri num . 

Ho lotypus : cu 1 tura, NHL 2983, ex 1 imo ad 1 acunam arti
ficia lem, Nishiyama, Nagasaki, in Japonia, 14. i .1987, a S. 
Ueda, isolata. In collectione fungorum "National Institute 
of Hygienic Sciences (NHL), Tokyo, Japan". 

Etyma 1 ogy : Latin, lacunas us =covered with depressions, 
referring to the depressions on its ascospore wa 11. 

Perithecia scattered, nearly superficial to semi
irrmersed, non-stromatic, pyriform to broadly ovoi d, 210-310 
x 105-170 um, dark brown to black, usually covered around 
the base of the neck with a few short hairs; hai rs brown, 



Figs . 2-5. Calceomyces lacunosus, NHL 2983. 
2. Apical portions of asc i . xlOOO. 3. Ascos pores. 
xlOOO. 4 . As cos pores (SEM photograph). x2000. 
5. Coni di ogenous cells and conidia. xlOOO . 
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straight, sparsely septate, smooth-walled, 30-65 x 4-5 ~m 
near the base, tapering abruptly to the rounded apex; neck 
conical to short cylindrical, 80-130 x 65-95 ~m. dark 
brown, covered with small black papillae, with a wide 
ostiole. Peridium about 15 ~m thick, membranaceous, with 
an outer surface of a loosely interwoven network of hyphae, 
composed of textura intricata or textura angularis, 3-5-
layered; with an ·outer layer consisting of dark brown, 
radially compressed, thick-walled, 2.5-5 ~ diam cells and 
inner layers of hyaline, angular and flattened, thin-wall
ed, 3-10 ~m diam cells. Peri physes numerous, hya 1 i ne, 
filiform, septate, inflated at the base, tapering to the 
apex. Asci 8-spored, cylindrical , 90-125 x 8-9 ~m (p.sp. 
60-70 ~m long), rounded above, with a small, flattened, 
ring-like structure in the apex (staining blue in Melzer's 
solution) measuring 3 ~m diam and 1 ~m high, tapering below 
into a short to fairly long stipe, rather persistent; para
physes numerous, mixed with the asci, hyaline, septate, 
filiform to somewhat swollen, measuring 3-5 ~m diam. Asco
spores obliquely uniseriate, initially hyaline and smooth, 
then becoming dark brown and opaque, wooden shoe - shaped, 
(9.5-)10-14 x 5- 6 x 6-6.5 ~. more or less acuminate at 
both ends, nearly trapezoid in side view and fusiform or 
ellipsoid in face view, reticulate with irre9ular ridges 
and shallow depressions, one side (sole-face) flattened and 
smooth-walled, with a longitudinal germ slit which extends 
almost to the ends of ascospore along the sole-face, upon 
germination rupturing at the germ slit and producing one to 
two germ tubes; gelatinous sheath hyaline and thin. 

Myce 1 i urn composed of hya 1 i ne to pa 1 e yell ow-brown, 
branched, often anastomosed, 1.5- 2.5 ~m diam, septate, 
smooth -walled hyphae . Peri theci a 1 i nit ia 1 s composed of 
coiled branches of the vegetative hyphae. Conidiophores 
arising from prostrate hyphae, erect or suberect, straight 
or more or 1 ess flexuous, brown, septate, verrucose, 70-160 
x 2.5-3 ~m. often bearing one to two branches in the upper 
portion; branches brown, 12-36 x 2-3 ~m. verrucose. Coni
diogenous cells polyblastic, discrete in a whorl at the 
apex of the conidiophore stipe or branched, arranged peni
cillately, 2-4 in the verticil, appressed or divergent, 
cylindrical, 10-25(-30) x 2-3 ~. pale brown, verruculose, 
fading above and tapering abruptly, inflated, nodulose, 2-
2.5 ~m wide at the apex. Conidia acropleurogenous, sym
podially produced on short denticles, forming a f alse head, 
continuous , hya line, obovoid or ellipsoidal, 4.5-10 x 3-4 
~m. smooth-walled or very s light l y verruculose, with a 
small sear at the base. 
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Colonies on potato-carrot agar (PCA) growing slowly, 
attaining a diameter of 25-27 mm in 21 days at 2s• c, plain, 
more or less floccose, consisting of a thin basal felt, 
with surface growth becoming granular in appearance due to 
the deve 1 opment of numerous black peri theci a, overgrown but 
not obscured by a l oose network of aerial hyphae, brownish 
gray (M. 7D2, after Kornerup and Wanscher, 1g78) or "Vina
ceous Buff" to "Pa le Mouse Grey" (Rayner, 1g7o); conidia 
limited in number, not influencing the colony appearance; 
odor slightly mo ldy; reverse brownish gray (M. 8E2) or 
"Mouse Grey" (Rayner). 

Colonies on oatmeal agar growing as on PCA but rather 
velvety, producing abundant perithecia and conidia, red
dish brown to grayish brown (M. gE4-3) or "Mouse Grey" to 
"Fuscous Black" (Rayner); odor moldy; reverse grayish brown 
to brownish oran~e (M. gF3-6C3) or "Vinaceous Grey" to 
"Fuscous Black" (Rayner). 

At 37•c, growth is nil. 
Isolation: activated sludge, Nish iyama water reser

voir, Nishiyama, Nagasaki-shi, Japan, 14.i.1g87, coll. S. 
Ueda, NHL 2g83 (Holotype). 

The culture of the holotype of C. locunosus was sent 
for deposit to the Cryptogamic Herbarium, Department of 
Botany, University of Toronto (TRTC). 

From scanning electron microscope observations, the 
light-color ed ascospores of some applanate Hypoxylon 
species have intricately pun ctate or reticulate walls 
(Rogers, 1g77). Ascospores of species of Comilleo are 
also observed to have similar reticu l ated surfaces (Rogers, 
1g7g). Jong and Davis (lg74) isolated Areo/osporo, a 
monotypic genus, from a soil sample collected in Colombia, 
South America. Subsequently Hawksworth (lg8o) reported 
that Sordorio bosensis Das (lg62) and Coniochoeto micro
sporo Reddy et Bi 1 grami (lg6g) were found to be cons pee i
fie with Areolosporo terrophilo Jong et Davis. Thereby 
the combination Areolosporo bosensis (Das) D. Hawksworth 
was proposed. Areolospora bosensis produces stromatic 
perithecia and conidial structures referrable to Sporoth
ri x in pure culture; characters of both morphs are typical 
of the Xyla ri aceae. Its ascospores are characterized by 
an ornamentation consisti ng of a verrucose wall with irreg
ular nodules and devoid of distinct germ slits. The 
coarse ly reticulate ornamentation on the ascospores of 
Ca/ceomyces lacunas us is quite unique in that un 1 ike most 
forms with this type of ornamentation, it consists of ir
regularly arranged thick ridges and large shallow depres
sions. 
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Studies of conidial states of xy lariaceous fungi indi
cate that the form-3enus Nodu/isporium and morphological
ly allied hyphomycetes are characteristic for severa 1 mem
bers of Hypoxylon, especially in sections Hypoxylon, 
Annulata and Papi llata, as well as some of Biscogniauxia 
(=Nummulariel/o ) , Daldinio and Entonoemo (Greenhalgh 
and Chesters, 1968; Jong and Roger s, 1972; Mar t in, 1967 ; 
Rogers, 1979, 1982 ; Callan and Rogers, 1986) . Therefore , 
the product ion of t his type of anamorph in C. /ocun osus 
indicates a ta xonomic relationship with these xy la riaceous 
fungi. 

The amyloid pl ug structure in the ascus of C. lacuna
sus i s typical of those found in genera of the Xylaria
ceae such as Hypoxy lon (sec tion Applanata), Camorops, 
Nummulariel/o, Theissenio and Comilleo (Marti n , 1967); 
thi s apical plug is a f urther indi cation of similarities 
wi th some of these fungi included in the Xylariaceae. 
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Lawsonia inermis L. is known as host of Leveillula 
taur~ 1'r'Oiii'mdia and Saudi .&rabia. ~lactin:Ia 
guttata s.l. has been recorded ·on Lageratr6ea indica 
from the U.S.A. (.Amano 1986) .. La.wsonia and Lageratroe
mia belong to the family Lythraceae. Recently a coni
<rrii:l state belonging to ~vllaotinia ( Ovulariopaia) 
has been collected in Bytii=abad (Iiidia). The foot-cells 
ot the conidiophores are twisted. Ph:rllactinia dalber-
8!!.! on legumes is the only known species In this ge
nus with twisted toot-cells ot the conidiophore& (Braun 
1987) . The fungus on Lawsonia is different and must be 
described as new spec~ 

Ovule.riopsis lawsoniae spec . nov. 

Mycelium hypophyllous, whitish- greyish, hyphae in
ternal and external, hyphae straight to flexuous, sub
nodulose, subgeniculate, septate, 2-7 .51\lm wide, appres
aoria solitary or in pairs., opposite, nipple-shaped, 
curved or irregularly lobed, ca 2- 5 ..um, conidiophore& 
arising !rom the outer mycelium, erect, long and slen-

!:~ f~~-fo~i~~;~~ t~5~6-) i:~0 (~~ ~~~~~=~da~fo:l 
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. 0 
0~1 

~~~idi~. ~~rf~£:!~ !:;~~~!~~i::e~:r. ~e::!~~ob~orea' 
Braun del. 

cells, terminal conidiogenous ce ll occasionally swollen, 
basal part o! the toot-cells undulate to helically twis
ted, basal septum occasionally somewhat away from the 

~r~~~, P5~i2~t x t~iJ~0i~=~· ( ~~~}~. :f~~!d o~~~!Y' 
Or occasionally subacute, genn tubes 1 or 2 per conidium, 
subapical or near the base, twisted, 10-100 x 2- 5 ,..um, 
simple, rarely branched . Pig. 1. 

Myce lium hypopbyllum, griseolo- a lbidum, et:fusum. Hy
phae rectae vel undula tae , subnodulosae , aubgenicula tae , 
septatae, 2-7. 5 JUIIl latae. Appressoria non lobata v el lo-
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bata. Conidiophora h;ralina, (100-) 120-200 (-250) x 
5-10 ,um, 0-J-aeptata, recta, prope basim tlexuosa-tortu
o.aa. Conidia so.litaria, clavata, 50-120 x (13-) 16-23 
(-28) -· Tubi germinativi prope apicem vel baaim oriun
di, 10-100 X 2-5 -· 
Bolotypua: on La.waonia inermis L. (Lythraoeae), India, 
ll;rderabad, llov~lony, lov.-Deo. 1987, leg. Bag:ra
nara:rana (IUL) . 

A.ddi tional .at erial : on La.wsonia inermis L., India, Byde
rabad, 18-l-1988, leg. lliVTiiCiir(~ 
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Dendryphiosphaera parvula sp.nov., a dematiaceous 
hyphomycete isolated f rom a submerged decaying 
twig is descr ibed and compared with Brachysporiella. 
A key to the known species of Dendryphiosphaera is 
provided. 

The genus Dendryphiosphaera was erected by Lunghini & 
Rambelli(l978) with D.taiensis as the type species. The genus is 
characterised by having large , simple, setiform conidiophores 
bearing small, 2-septate conidia on subglobose to ovoid often 
catenate conidiogenous cells t~rmina lly and in verticils along the 
apical zone of the conidiophores. D.taiensis iS known only from 
the type locality. Dendryphiosphaera remained monotypic until 
Rao & Hoog(l986) described D.minuta from India. It differs from 
the type species in having smaller, obovoid con idi a. 

Recently we found a dematiaceous fungus belonging to this 
anamorph genus, sporulating on a length of an unidentified 
decaying twig collected from the bottom of a freshwate r stream 
at Pasuh Forest Reserve, Malaysia. The tw ig had been incubated 
in a moist chamber for several days at 25 - 28°C. The Malaysian 
isolate appears to be quite distinct and is described below as a 
new species. 

Dendryphiosphaera parvula sp.nov. Figs. I - 2 

Fungi Imperfecti, Hyphomycetes de matiacei. Mycelium ex 
hyphis laevibus, ramosis, septatis, brunneis, 1..5 - 2.5 ~m latis 
compositum. Conidiophora ex hyphis vegetativis lateralia, 
macronematosa, mononematosa, setiformia, solitaria, s implicia, 
erecta, recta vel modice curvata, laevia, et tenuitunicata, 
atrobrunnea, sursum pallidiora, 83 - 185 ~m alta, basi inflata, 
supra basim 5 - 8 ~m c rassa, ad 3 - 4 ~m attenuata, 5 - 11 
septata; septis 16 22 ~m distantibus divisa. Cellulae 
conidiogenae terminales et in verticillo dispositae, dilute brunneae, 
subglobosae vel ovoideae, 5 - 6 ~m x 3.5 - 4 ~m, laeves, fere 
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Fig. I. Dendryphiospha.Cf'a parvula. Conidiophores and conidia from twig 
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crassitunicatae. Conidia laevia et fere crassitunicata, pallide 
brunnea, obovoidea, 8 - 12 J.lm x 3.5 - 4.5 J.lffi, biseptata, septo 
basali atra. 

Ex ramulum putridum in flumine immersi, Pasuh Forest 
Reserve, Negri Sembilan, Malaysia, A. Nawawi, 24.9.1987, IMJ 
322553 holotypus. 

On the natural substrate the mycelium appears to be mainly 
superficial, brown, smooth, septate, measuring 1.5 - 2.5 pm wide. 
Conidiophores lateral, macronematous, mononematous, setiform, 
solitary, simple, erect, straight or slightly curved, smooth, 
thick-walled, dark brown below, becoming paler above, basally 
inflated to 16 - 20 J.lm, 5 - 8 1-1m wide above, narrowing to 3 - 4 
~m, &3 - 1&5 ~m tall, 5 - II septate; septa formed every 16- 22 
J.lm. Conidiogenous cells polyblastic, pale brown, moderately 
thick-walled; apical conidiogenous cells slightly longer measuring 7 
- 9 )Jm long, lateral conidiogenous cells subglobose to ovoid, 5 - 6 
).lm x 3.5 - 4 ).lm, arranged in verticils of I - 4 cells along the 
apical zone of the conidiophores. Lateral conidiogenous cells 
mostly arise just below a septum. Each conidiogenous cell can 
produce up to 7 conidia. Conidia smooth, moderately thick-walled, 
pale brown, obovoid, 2-septate, basal septum distinctly dark and 
euseptate, while the distal septum is lighter and distoseptate, 8 -
12 x 3.5 - 4.5 ).lm with narrow, th in, unpigmented scar. Apical 
conidia from the terminal and lateral conidiogenous cells tend to 
be larger. 

Conidia germinate slowly on agar media by producing a 
germ-tube from the basa l scar. On CMA the colonies are 
slow-growing, compact, pulvinate, pale at first, becoming light 
brown to brown and covered with a beige to brown powdery 
accumulation of conidia. Mycelium immersed and superficial, 
composed of branched, septate, smooth, light brown 1 - 2 ).lm wide 
hyphae. Conidiophores arise laterally or terminally from the 
repent vegetative hyphae, macronematous to semi-macronematous, 
and are much shorter and narrower than those formed on the 
natural substrate . Many are only 1 - 2 cells in length terminating 
in a conidiogenous cell. Occasionally the conidiogenous cells arise 
di rectly from the vegetative hyphae. Conidia produced in cultures 
tend to be narrower with slightly incurved lateral wall. 

In terms of conidiogenesis, spore morphology and colour, 
O.parvula is very similar to D.minuta. However, there are 
essential differences between the two species. Conidia of 
D.parvula are smaller, rarely exceeding 12 ).lm long x 4.5 ).lm wide. 
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A 

Fig.2. Dendryphiosphaera parvula. (A) Conidiophores and conidia 
from twig; (B) conidiophores and conidia from culture 
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Fig.3. Brachysporiella gayana. Conid iophores and conid ia 

They are formed on polyblastic conidiogenous cells that rarely 
proliferate. 

Key to the species of Dendryphiosphaera 

Conidia cylindrical wi th rounded apices, up to 16 ~m long; 
septa equally spaced . • . . . . . . . . D.taiensis 

Conidia obovoid up to 14 ~m long x 5 - 6 lJm wide with the 
distal septum near the middle; basal cell small and 
light-coloured • • • . . . • • • . . • • . D.minuta 

Conidia obovoid up to 12 lJffi long x 3.5 - 4.5 lJffi wide with 
dark basal euseptum . . . . . . . . • • D.parvula 
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Rao &: Hoog(l986) commented that there is little difference 
between Dendryphiosphaera and the t ype species of 
Brachysporiella, B.gayana Batista in their conidial apparatus, but 
they were reluctant to lump all Brachysporiella-like fungi into one 
genus and preferred to maintain Dendryphiosphaera as conceived 
by lunghini & Rambelli(i978). 

After examining different isolates of B.gayana from Malaysia 
we a re of the opinion that Dendryphiosphaera is quite different. In 
B.gayana the conidiophores are rather variable. Some consist of a 
simple main stalk with a terminal conidiogenous cell . Others bear 
solitary or pairs of conidiogenous cells or short 1 - 4 celled 
branches which themselves bear a solitary terminal conidiogenous 
cell (Fig.3). These lateral branches may bear secondary and 
occasionally tertiary branches, each ending in a conidiogenous cell. 
Further the conidiophores and their lateral branches proliferate 
percurrently after conidial secession which does not occur in 
Dendryphiosphaera. Conidia of Brachysporiella spp. a re generally 
bigger 1 darker and thick-walled. 

Oendryphiosphaera, therefore, has come to encompass those 
dematiaceous hyphomycetes with rather large, simple setiform, 
septate conidiophores bearing terminally a cluster of subglobose to 
ovoid conidiogenous cells that may proliferate to produce chains 
of ceiJs . Beneath the upper one to three septa the conidiophores 
also bear conidiogenous cells which may be solitary or in clusters, 
usually in whorls. Conidia are blastic, comparatively small, 
2-septate, pale to brown, cylindrical with rounded apices to 
obovoidal, moderately thick-walled with narrow, thin, unpigmented 
basal scars. 

We thank Professor J. Webster, University of Exeter, for 
reviewing the manuscript. 
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BOTRYQSPQRIUH HUGHES II, A NEW SPECIES FROM AFRICA 

Michael A. Vincent and Will R. Blackwell 
Department of Botany, Miami University, Oxford, Ohio 45056 

During the course of our nomenclatural study (Vincent 
& Blackwell, 1987) and ongoing revision of the genus 
Botryosporium, a single herbarium specimen was discovered 
out of nearly one thousand examined which did not 
correspond to any previously published species . It is 
here published as a new species, ,!. ~. in the hope 
that additional material of the species will be 
discovered . This fungus is named in honor of ita 
collector, Dr. Stanley J. Hughes. 

Botryosporium ~Vincent & Blackwell, sp. nov. 
Figs. 1, 2. 

Myceli um superficiale, hyalinum, septatum; 
conidiophore erects, non dichotoma, hyaline, septata, 
usque ad 2300 l.J. m x 13-16 l.J. m, cum ramulis fertilibus 
lateralibus, et spice obtuso; ramuli laterales recti 
acrpetalio maturantes, (70-)80(-90) lJm x 11.5 l.J. m, cum 
&lobo inflato in extremo ad 21 lJ.ID diametrum, et cum (2-)3 
ampullis lateralibus; ampullae specie paulo trilobae, 
circa 16 x 16 lJm, efferentes simu1 b1astoconidia in lobis; 
conidia levis, non septate, elliptica vel obovata , 
(l0-)13(-14) ~ m x (6-)7(-8) ~ m. 

Mycelium superficial, hyaline, septate. 
Conidiophore& erec t , simple, hyaline, septate, to 2300 l.J. DI 
x 13-16 tnz~., with fertile lateral branchlets and a blunt 
apex. Lateral branchlets straight, maturing acropetally, 
(70-)80(-90) ~ m long, 11 . 5 ~m wide at the midpoint, with a 
terminal spherical vesicle to 21 l.J. m in diameter, and with 
(2- )3 ampullae arising laterally from the vesicle . 
Ampulla e slightly 3-lobed, ca . 1 6 x 16 l.J. m, producing 
conidia blastically on the lobes. Conidia smooth-walled, 
aseptate, ellipsoidal to obclavate, (10-)13(-14) 1J m x 
(6-)7(-8) 1.1 m. Conidia slightly rugose when viewed with a 
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scanning electron microscope. but appearing smooth at 
lOOOx in the light microscope. 

HOLOTYPE: On leaves of Saccharum officinarum, S.J. 
Hughes 488, 10 May 1949, Takoradi, Ghana. West Africa ( IMI 
38568). Photographs, negatives and microscopic slides 
prepared from the type are deposited at KU. This specimen 
was cited by Hughes (1953) as Botryosporium 
longibrachiatum (Oudemana) Maire . 

The type specimen is too mature to allow complete 
observation of branchlet morphology, and thus the 
description of the species may need to be emended if 
additional material is found . However, the new species is 
readily distinguishable from_!. longibraehiatum, which it 
most closely resembles, by the structure of the 
branchlets. In.!_. hughesii, the inflated apices of the 
lateral brancblets are spherical, while those of.!_. 
longibrachiatum are hastate or at least oblong and more 
pointed at the apex. Lateral branchlets in A· hugheaii 
are persistent, while those of.!_. longibrach iatum are 
deciduous as the fungus ages. 

This work was supported in part by grant no. 62 from 
the Willard Sherman Turrell Herbar ium Fund (MU). We wish 
to thank Connie Bricker for her able assistance on the 
scanning electron microscope, without which certain 
characteristics of this species could not have been 
elucidated. Dr. Judith de Luce, Chair, Department of 
Classics, Miami University, assisted with the Latin 
diagnosis. The manuscript was reviewed by Dr. S.J. Hughes 
and Dr. K.A. Seifert. 
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FIG. 1. a. apical portion of conidiophore b. lateral 
branchlet· with ampullae c. mid-portion of conidiophore 
with old branchlets which have lost the ampullae d. 
basal portion of conidiophore, showing attachment to hypha 
(all x485). 
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FIG. 2. a. light micrograph, conidiophores. x80 b. 
light micrograph, fertile portion of conidiophore, x350 
c. scanning electron micrograph, collapsed branchlet 
vescicle, ampu lla and conidia, x2230 d. scanning 
e lectron micrograph, conidia, showing attachment to 
ampulla, x6260. 
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GLOEOSYNNEMA, A NEW GENUS OF SYNNEMATOUS 
HYPHOMYCETES WITH BASIDIOMYCETOUS 

AFFINITIES 

KeHh A. Senert, 
Biotechnology and Chemistry Dept., Forintek Canada COrp., 

800 Montreal Road, Ottawa, CSnada K1G 3Z5 

and 

Gen O!<ada, 
Japan COllection of Microorganisms , 

The Institute of Physical and Chemical Research, 
Hirosawa2-1, Wako-shi, Saitama 351-01, Japan. 

Abstract 

A new anamorph genus, G~aynnem1 Seifert & Okada, is 
established and the type species G. ochroleucum (Panz'9 & Sacc.) 
Seifen & Okada Is redescribed and illustrated as a new combination. The 
genus is characterized by subgelatlnous, determinate synnemata, 
percurrantly or rarely sympodially proliferating conidiogenous cells on 
sparsely branched conidiophores, and oblong-ellipsoidal, slimy, 
dikaryotic ameroconidia. ctamp connections on the stipe hyphae and 
the dikaryotic conidia Indicate that the species is a Basidiomycete, but 
the teleomorph is unknown. 

Introduction 

In his revision of species aHributed to Stilbum auct. non Tode and 
Stilbella Lindau, SeWert (1985) excluded Stilbum ochroteucum Penzlg & Sacc. 
from Stilbella, commenting that the slipe hyphae had clamp connec1ions. We 
here present a description and Illustration of the species, discuss ns affinHies, 
and describe a new anamorph genus for H. The descriptive terminology for 
synnema morphology and conidiophore branching was explained in detail by 
Seffert (1985). 

Gloeosynnema Senert & Okada, anam. gen. nov. 

Gsnus Hyphomycstum synnsmatlcum, conldiomatibus dett~rminaris, 
subgelatinosis, in KOH haud discolorantibus, massam conldiorum apicalsm mucidam 
fsrtmtibus. Hyphae stlpitis parallslas, hyalinss, lsves, fibularae. Conidiophora vsl 
simplicia vol semsl monochaslalia. Cellulae conidiogsnafl cylindricao, hyalinae, 
percurrsnter vsl raro sympodialitsr prolffsrantss. Conidia unicelfu/aria, eiUpsoidsa vel 
ob/ongo-gUipsoidoa, hyalina, '-Yia. dikSI)'Oiica. ho/ob/aslica. 

Teleomorphosis ignota. 
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Holotypus: Glooosynnsma ochroleucum (Penzig & Sacc.) Seffsrt & Okada. leg. 
Penzig no. 40, Indonesia, Java , hetb. 80 10143 

Conidiomata synnematous or sometimes sessile, determinate, 
subgelatinous, not changing colour in 2% KOH or 85% lactic acid. Hyphae of 
slipe parallel , hyaline, with clamp connections. Conidiogenous cells cylindrical 
or slightly subulate, hyaline, usually proliferating percurrently or rarely 
sympodially. Conidia amerosporous, ellipsoidal to oblong-ellipsoidal, hyaline, 
dikaryotic, holoblastic, accumulating in a slimy mass. 

Teleomorph unknown. 

Type species: Gloeosynnema ochroloucum (Penzig & Sacc.) Seifert & 
Okada. 

Gloeosynnema ochroleucum (Penzig & Sacc.) SeHert & Okada, 
comb. nov. FIGS 1-16 

Stilbum ochroleucum Penzig & Sacc., Malpighia 15: 250. 1901 . 
(Baslonym) 

Synnomata 125-500 um tall , 25-250 um wide, orange-brown, reddish 
brown, or light yellow, translucen1, subgelatinous, slender to robust , cylindrical, 
clavate, cylindrical-cap~ate, rarely sessile and pustulate, unbranched, scanered 
to gregarious, sometimes w~h a white, filmy subiculum around the base. Hyphae 
of stipe 2-3 um wide, hyaline, with clamps at most septa, frequent anastomoses 
and smooth walls up to 0.5 um thick. Marginal hyphaolrregularty swollen and 
constricted in some collections, 2-6.5 um wide, wtth smooth walls up to 0.5 urn 
thick. Conidiophores unbranched , or branched once monochasially. 
Conidiogenous cells 30-65 urn long, 1.5-3 urn wide, terminal or lateral and 
terminal, cylindrical to slightly subulate, usually proliferating percurrently to 
produce inconspicuous annellations 1.5-2 urn apart , or rarely sympodially, 
without obvious denticles or detachment scars, often with a basal clamp, 
hyaline. Conidial mass 50-275 urn diam., yeUow, orange or reddish brown, 
concolourous with or slightly darker than stipe, globose to subglobose, or 
somewhat fla«ened. Conidia 7-15 x 3·5 um, one-celled, oblong-ellipsoidal to 
ellipsoidal or slightly clavate, o«en w~h a slightly truncate baso, sometimes w~h a 
medial constriction, often with distinct guttules, hyaline. 

Habitat: Ro«en wood. 
Distribution: Indonesia, Japan. 
Illustrations: Penzig and Saccardo , 1904, leones tungorum 

Javanicorum, tab. LXXII, fig 3. 
Material examined: Indonesia, Java, leg. Penzig no. 40 (holotype BO 10143, 

isotype PAD). Indonesia , Java, Bogor, on white-ron9d wood, May 1924 (80 8698). 
Japan, lbaraki Pref. , Mt. Tsukuba, leg. G. Okada nos 93, 94, 95, 5 Aug. 1982 and nos 

FIGS 1·8. Gloeosynnema ochrolflucum. 1. Habit photograph of synnema from isotype 
collection (PAD), x 30. 2. Habit photograph of synnemata from Japanese specimen, 
G.O. 94, x so. 3. Habit photograph of sessile conldiomata from Japanese specimen, 
G .O. 105, x 50. 4. Conidia from isotype collection (PAD), x 1860. 5. Conidia from 
Japanese specimen, G.O. 105, stained with Safran in 0 , arrows indicating nuclei, x 2260. 
6. Hypha from stipe of Japanese collection, G.O. 103, x 3040. 7. Detail of the apex of a 
conidiogenous cell showing annellations, G.O. 95, x 3170. 8. Synnema from G.O. 95, x 
160. (Figs. 4, 6, 7. Nomarski oplics. Fogs. 5, B. Bright field oplics) 
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221 , 222, 30 July 1983 (herb. Okada). Japan, lbaraki Pref. Tsuchirua. Shishlzuka Pond, 
leg. G. Okada nos. 103, 104, 105, 6 Aug. 1982 (herb. Okada). Japan, Akita Pref., 
Kazuno, Osarizawa, log. T. Aokl, 29 May 1986 (herb. Okada no. 722). 

Discussion 

G/oeosynnema is characterized by the determinate gelatinous 
synnemata, clamped hyphae, sparsely branched conidiophores, percurrently or 
sometimes sympodially proliferating conidiogenous cells, and ellipsoidal to 
oblong-ellipsoidal , dlkaryotic ameroconldla. Among superficially similar 
synnematous hyphomycetes wnh ascomycetous affinities, G. ochro/eucum 
should be compared with species of Stilbella Lindau , which produce fleshy 
synnemata, and Dendrostilbella Hllhnel, which produce subgelatinous 
synnemata. Species of both genera have more highly branched conidiophores, 
phlalidic conldiogenous cells, and smaller conidia (Senert 1985). Several other 
genera ol synnematous hyphomycetes are known that have basidiomycetous 
allinnies. Rlessla semiophora Fres. (teleomorph unknown) has petaloid conidia, 
produced on indeterminate synnemata and the hyphae ol the stipe have clamp 
connections (Goos 1967, Goos and Tubakl 1973). Scterostitbum 
septentrionale Povah (teleomorph Collybia, see Watling and Kendrick 1977) 
and the species ol Antromycopis Pat. & Trab. (teleomorphs P/eurotus, see 
Pollack and Miller 1976) all produce ameroconidia in thallic-holoarthric chains 
(Cole and Samson 1979). 

Recently, Bandon! and Oberwinkler (1982) described a genus ol the 
Tulasnellaceae, Stilbotulasnella Oberw. & Bandon!, lor a single species, S. 
conidiophora Bandon! & Oberw. Scattered tulasnelloid basidia are produced on 
a subiculum and upon the Stipes ol the synnemata, which proruce dikaryotic, 
ellipsoidal ameroconidia in slime from percurrentty prolilerating conidiogenous 
cells. We believe that Gloeosynnema o.chroleucum has afflnnles wnh the 
unnamed anamorph ol S. conidiophora, which has smaller conidia and lacks 
clamp connections. Despite careful searching, we have been unable to locate 
basidia on any ol the collections ol G. ochroleucum we have seen. A decision 
on whether these two anamorphs are actually congeneric must awan a critical 
evaluation of the oomerous similar species, described and undescri>ed, that we 
have encountered. 
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FIGS 9-16. Glo90synnsma ochrofBucum line drawings. 9. Habit. 10. Conidiogenous 
cells lrom isolype (PAD). 11 . Conidia lrom isolype (PAD). 12. Conidia lrom BO 8968. 
13. Conidia from G.O. 105. 14. Portion of the capitulum of G.O. 105. 15. Clamp 
connections on stipe hyphae, G.O. 105. 16. Marginal hyphae from isotype (PAD}. 
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STUDIES IN THE GENUS PHOMA. XIII. 
CONCERNING PHOMA EXIGUA VAR. EXIGUA, A COSMOPOLITAN, 

UBIQUITOUS FUNGUS ON DISEASED AND DEAD PLANT MATERIAL. 

GARETH MORGAN-JONES and KATHERINE B. BURCH 

Department of Plant Pathology, College of Agriculture and Alabama 
Agricultural Experiment Station, Auburn University, Aubu rn, Alabama 36849 

ABSTRACT 

Phoma exigu11 var. exigua is described and illustrated. An account is given 
of some of the perplexity surrounding the taxon, resulting f rom the application 
of numerous binomials to it. Its cultural characteristics and the anatomy of its 
pycnidial wall are documented. The distinctions between it and taxa with which 
it can be confused, including the other recognized varieties of P. exigua, are 
noted. 

INTRODUCTION 

As has been alluded to several times in preceding papers of this series 
(e.g. Morgan-jones and White, 1983; White and Morgan-jones, 1984), much 
confusion has existed in the past over definition of species in the genus Phoma 
Sacc. This has occurred, in part, because species concepts have not been based 
predominantly on detailed morpholotical characteristics, but rather tied unduly to 
host relationships . In essence, a largely subst rat e-based taxonomy has resulted 
in literally hundreds of binomials being proposed for what are, in actual ity, a 
few ubiquitous species. The m8(D.itude of the r esultant chaos was the subject of 
a review by Shear (1923) who concluded that referring a fungus to Phoma was 
"about as scientific and satisfactory a method of classifying fungi as dumping 
miscellaneous lette rs into a waste-basket would be of filing correspondence." 
That may have been a bit of an over-reaction but it nevertheless indicates the 
long-standing dissatisfaction that has been felt by researchers confronted with 
the over two thousand specific epithets extant in the genus. A parallel situation, 
but with somewhat fewer names involved, exists in several other genera of the 
Coelomycetes, for example in Ascochyta Lib. (Punithalingam, 1979). Because of 
the number of names involved and the problem of typifying with certainty many 
of them, a comprehensive revision of all described species is a dauntingly 
difficult, if not impossible, task . With the present resources and effort given to 
the subject, we can, at best, only hope to provide improved accounts of the 
distinguishing characteristics of the most commonly encounte red species and 
give some indication of synonymies. Where a particular species is restricted in 
its bost range, mostly by being a specialized plant pathogen, taxonomic problems 
are more easily resolved since compa ratively few names have, in most cases, 
been applied to such entities. Where species are ubiquitous and widespread in 
their distribution, more often than not an inordinately large number of binomials 
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have been applied to them, making for long lists of synonyms and confusion in 
the literature. Such is the case with P. exitu4 Oesm. and the type species of the 
genus Phoma, Phoma herbarwn Westd., which form, respectively, the subject of 
this and the succeeding paper of this series. The same is true of P. macrostoma 
Mont., treated previously (White and Morgan-jones, 1984). These species have a 
wide host and substrate range and, not surprisingly, many different names and 
ranks have been applied to them, including numerous 'formae' and varieties. As 
could be expected, they have also, on a number of occasions, been confused with 
each other. For example, P. exigua var. minor Desm. and P. exigua var. 
ranunculorum Desm. are P. herbarum, whereas P. herbarum f. brassicae Sacc., 
P. herbarum f. schoberiae Sacc., and P. herbarum var. dulcamaricola Bub. are 
P. exigua var. exigua (Boerema, 1970; Bocrema and HOweler, 1967)! Phoma 
herbarom f. lilacis Sacc. is now P. exigua var. lilacis (Sacc.) Bocrema 
whereas P. herbarom f. rubi Sacc. is considered to be a synonym of P. 
macrostoma (Boerema and Oorenbosch, 1970). In addition to being confused with 
other species intragenerically, P. exigua var. exigua, because of frequent 
production of both non- and one-septate conidia, has suffered the nomenclatural 
fate of some other Phoma seecies, such asP. Jycopersici Cooke [anamorph of 
Didymella Jycopersici Kleb.J, having the same characteristic. Such fungi have 
often been classified in either Ascochyta Lib. or Diplodina Westd. In fact, of 
the more than one hundred names that have been proposed for P. exigua var . 
cxigua well over twenty binomials are in Ascochyta (Boerema and Oorcnbosch, 
1973), including the widely used A. phaseolorom Sacc. (Boerema, 1972). 

Phoma exigua is a fungus associated with stem and leaf lesions of a wide 
variety of host plants and with rotting fleshy roots and tubers. It is also 
ubiquitous on decaying plant material, particularly herbaceous stems, and in soil 
(Boerema and HOweler , 1967; Domsch et al., 1980). It has been recorded on 
more than two hundred phanerogamic plant genera (Boerema and Dorenbosch, 
1973). Crossan (1958) reported what he believed to be P. exigua var. exigua [as 
Ascochyta phaseolorum] from a wide range of host plants including cotton, 
cowpea, eggplant, hollyhock, okra, pepper, snapbean, soybean, tobacco and 
tomato, in North Carolina, U.S.A. Isolates from these hosts were found to be 
morphologically, physiologically and pathogenically similar, as reflected by 
cross-inoculation studies. Six additional specific epithets in Ascochyta, 
originally applied on the basis of association with one or other of these hosts, 
were considered by Crossan to be untenable. Not all his conclusions in this 
regard can, however, be upheld since, for one thing, he considered A. 
Jycopersici (Plowr.) Brun. Las A. Jycopersici Brun.] to be a synonym of A. 
phaseolorum. AscochytcJ Jycopersici (Plowr.) Brun. [: Sph.!eronaema 
Jycopersici Plowr ., now accepted as a facultative synonym of POOma 
Jycopersici Cooke, the anamorph of Didymella Jycopersici Kleb., (see 
Boerema and Oorenbosch, 1973; Morgan-Jones and Burch, 1988)] is a different 
fungus. In addition, A. . abelmoschi Harter and A. gossypii Syd., considered by 
Crossan to be synonyms of A. ph.!seolorom, are also based on entities other than 
P. exigua (Boerema, 1972). Ascochyta ~ssypii Syd. is a synonym of A. 
gossypii Woron., the causal organism of "wet weathe r blight" of cotton 
(Holliday and Punithalingam, 1970) . In spite of a rather extensive investigation, 
certain lack of critical consideration of morphology, together with absence of 
type studies, makes the work of Crossan less useful than it could otherwise 
have been. Alcorn ( 1968) also reported a wide host range for P. exigua [again as 
A. phascolorum] in Australia. Sutton (1980) reported collections and cultures, 
worldwide in origin, from seventy-four different host genera , and from soil, 
dung and litter . 
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While recognizing that the numerous names extant in the literature 
represent one entity, which functions as a saprophyte, a weak wound pathogen, 
or a secondary invader of diseased tissue, attention has been paid to the fact that 
a number of morphologically similar or identical forms differ in their 
pathogenic capacity, in host specificity, and sometimes in colony appearance in 
vitro. With this in mind, a varietal concept has been adopted to accommodate 
these differences and those isolates having demonstrably variant physiological or 
cultural characteristics have been segregated accordingly. As we shall discuss 
later, there has been uncertainty about 8ppropriateness of varietal rank 
application. In the genus PhotM in general, as we have mentioned previously 
(Morgan-jones and Burch, 1987a, 1987b), uneven varietal application, in the 
sense of being based on unequal degrees of difference, raises a question about 
the usefulness of the varietal concept and the suitability, or even practicality, of 
its utilization. The same type of problem is often encountered when authors 
adopt 'formae' or 'formae speciales' concepts. As pointed by Hawksworth 
(1974), the form ('forma') is probably the most misused rank in taxonomy and 
is best avoided except where there is a clear source of variation. [n the case of 
special form ('forma specialis' ), physiological reaction to particular host 
plants is the central distinguishing feature, although minor morphological 
differences may be included (Hawksworth, 1974). 

The causal organism of damping off and footrot of flax [Linum 
usitatissimum L.], long known as Ascochyta linicol.t Naoum. & Vass., was 
recognized by Maas (1965) as being morphologically similar toP. exiAua but to 
diffe r from it in its cultural characteristics, parti cularly by slower and more 
compact growth. On the basis of these observations, Maas transferred A. 
linicola into P. exiAua as a variety [var. Jinicola (Naoum. & Vass.) Maas], 
thereby bringing P. exigua var. exiAu.t automatically into existence. Dennis 
(1946), in his detailed study of some British fungi ascribed to POOma, had 
earlie r described some isolates belonging to the P. exiAua complex under his 
group ll designation and recognized his strains 8 and 9, originating from stem rot 
of flax, to represent "a species distinct from the other fungi in group ll" [which 
also included seven isolates of var. exiAua and one (strain 6) of var . 
inoxydabilis Boerema & Vegh (see below )J (Boerema, 1'176). Boerema and 

~s~~~~~ M!?>oa%5f.t~t~ar:?~~nr= ~~:~"d'%8fi~:~/~~tr:~:!~~~,y ~ 
special form on the basis that it is distinguishable physiologically but scarcely or 

~~~~ 1.1 ~~R~~i(~~~!~&~~~~) ~=1~!~:~ ~:a~~T~i~~~~eisJ ~~~~~= 
has subsequently been upheld (e.g. by Boerema, 1976; Sutton, 1980). Boerema 
(1976) described it as having relatively uniform colonies with dominating black 
tinges and growine- appreciably slower than var. exiAu.t on oatmeal agar at 
20-22C. 

Boerema (1967) added a third variety toP. exiAua [var. foveata (Foister) 
Boerema] when he reached the conclusion that P. foveata Foiste r , a fungus 
associated with gangrene of potato, was essential ly similar to the former except 
for pie-ment and crystal production in vitro. Malcolmson (19S8a) had earlie r 
determined P. fo veata, P. solanicola Prill . & Del. (:s P. exiAua var. exiAua] and 
P. tuberosa Melhus, Rosenbaum & Schultz [ = P. exigu.t var. exiAua] to represent 
one species. In a separate publication (Malcolmson, 1958b), the combination P. 
solanicola f. foveata (Foister) Malcolmson was made. Dennis (1946) described 
P. foveata, segregating it from other P. exiAua isolates (his group ll) as his 
group I (strain 1 ). The varietal status adopted by Bocrema (1967) was taken up 
by Logan and Khan (1969), Boyd (1972) and Sutton (1980), but Ma!colmson •nd 
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Gray (1968) maintained that the differences between P. exitua and P. foveata 
warranted separation of the latter as a 'forma specialis' , as they did in the case 
of A. Jinicola. Accordingly they made the combination P. exigua f. sp. foveata 
(Foister) Malcolmson & Gray. Logan and Khan (1969) upheld the varietal status 
of the foveata epithet on the basis of differences between it and var. exigua in 
temperature/growth relationships, pigment production and pathogenicity to 
potato. Boerema (1969) discussed at length the use of 'formae speciales' within 
the genus PlrJTM, particularly in relation to the epithets foveata , liru'cola and 
sambuci·m·grae (see below), and concluded that these entities can be 
differentiated by their combined morphological and cultural characteristics 
without dependence on host and pathogenicity factors. He also noted that, by 
adoption of the 'forma specialis' concept , they lose their official nomenclatural 
status and went so far as to express a preference for their maintenance as 
separate species rather than their demotion. Boerema (1976) reite rated the 
distinctions, again pointing out that categorization as 'forma spccialis' was 
inappropriate since this suggests only pathogenicity differences. OtazU eta/. 
(1979) reported the probable geographic origin of P. exigua va r . foveattJ to be 
the highlands of South America. It was found parasitizing plants of 
Chenopodium quinoa Willd. in Peru, causing brown stalk rot (Boerema, tm; 
Otazii and Salas, 19'n; Otazii ct •1., 1979). Boerema et •1. (1987) in the belief 
that it is indigenous to the Andean region, and on the basis of differences in 
growth and production of anthraquinone pigments between it and P. exigua, 
reverted to the use of the binomial P. foveattJ for the potato gangrene fWJ.gUs. 
The nomenclatural history of this entity , where the original specific epithet 
foveata has been tossed around from being a 'forma' to a 'forma specialis' to a 
variety and back again to a species , well illustrates the often unsatisfactory 
nature of intraspecific categories in the genus Phoma. 

A fourth variety, var. sambuci·nigrae (Sacc.) Boerema & HOweler [: 
Phoma herbarum Westd. f. sambuci-nigrae Sacc.], was added to P. exigutJ by 
Boerema and HOweler (1967). It occurs on Sambucus ru'gra L. where it is 
associated with leaf lesions and dead shoots. It has olivaceous green colonies 
with even mar(ins unlike those of var. exigua which are typically lobed or 
scalloped (Boerema, 1976). A fifth va riety, var . inoxydabilis Boerema & Vcgb, 
which causes leaf spots and stem blight of Vinca spp. and other plants, differ s 
from var. exigua by showing no color reaction when NaOH is added to colonies. 
indicating absence of a metabolite 'E' [from exigua] (Boerema and Dorenbosch, 
1973; Vegh eta/., 1974). 

Popkova et al . (1974) proposed classifying the fungus associated with 
gangrene symptoms of potato in the U.S.S.R. as ''PhomtJ cxitua var. solanicola 
Prill . & Del." . Boerema (1976), however, has pointed out that that variety was 
not validly published. It was thought to be the anamorph of Ophiobolus 
porphyrogonus (Tode) Sacc:: . Examination of cultures obtained f rom K.V. 
Popkova, two from gangrened potatoes and two originating from a suspension of 
ascospores of 0 . porphyrogooos, showed them to be identical with P. exigua 
var. exigulf (Boerema, 1976). The binomial Leptospora rubella (Pers.) Rabenh. 
was used by Boerema (1976) for the supposed teleomorph. A study by H.A. van 
der Aa of isolates derived from single ascospores (obtained from perithecia on 

PLATE I. Phoma exigulf var. exigua. A, 14-day-old colony on POA at 25C; B, 
reverse of same; C, 14-day-old colony on PDA at 20C; 0, 14-day-old colony on 
MEA at 20C; E, 14-day-old colony on CEL at 25C; F, 14-day-old colony on CEL 
at 20C. 
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a potato-stem piece received from K.V. Popkova) indicated cultural 
characteristics different from those of P. exigu11 var. exigua (Boerema, 1976). 
Perithecia, but no pycnidia, were produced in vitro on cornmeal agar with lupin 
stems at 18-24C under nur ultra-violet light. There is thus some doubt 
concerning the suggested teleomorph I anamorph connection. Ophiobolus 
porphyrotooos was listed by Walker (1980) under 0 . Jeptosporus Saccas 
although he was uncertain, not having examined its type, of the exact identity of 
the latter. He noted that it probably belongs in Leptospora but to differ from L. 
rubellll in size of asci and ascospores. Tarr (1962) had earlier commented that 
0 . /eptosporus was similar to L. rubella [as 0 . porphyroi/OfiUs] and Walker 
(1980) stated that it was also similar to 0 . trichisporus Ell . & Everh., a name 
that he and Shoemaker (1976) considered to be a synonym of L. rubella. 
According to Walker (1980), no conidial states have been found for Leptospora 
Rabenh., a genus based on L. rubell~. to which he added L. imp/ex~ (Ell. & 
Everb.) Walker [: Lophiostoma (Lophionema) implexum Ell. & Everh.; = 
Ophiobolus implexus (Ell. & Everh.) Ell. & Ever h.]. Leptospora helminthospor~ 
Rehm, a species added to the genus in the last century, is a synonym of 
A. canthoplu'obo/us helicosporus (Berk. & Br.) Walker. 

More recently, two further varieties have been added to P. exigu11, namely 
var . diver sispora (Bubak) Boerema (: Phoma diversispor~ Bubak] and var. 
lilacis (Sacc. ) Boerema (: Ph:Jma herbarum Westd. f. Ji/~cis Sacc.) (Boerema 
and van Kesteren, 1980; and Boerema, 1979, respectively). The former had been 
originally described from snap beans grown in the Italian T irol (Bubak and 
Kabat, 1905). Reported to be a serious pathogen of Ph~seolus vulg~ris L. in 
Europe, it was said by Boerema et 111. (1981), in common with var. inoxyd~bilis, 
to lack capacity to produce metabolite 'E' [also referred to as antibiotic 'E' 
(see below)]. Other differences between it and var. exigu~ included colony 
appearance, pycnidial and conidial characteristics when rrown on low nutritional 
arar (Nirenberg, 1976) to which pieces of filter parr were added, as well as 
pathogenicity. Variety exigua [as A.. phaseolorum has also been recorded 
frequently on beans (e.g. by Crossan, 1958; Alcorn, 1968; and Boerema, 1972) 
but Boerema et ~/. (1981) sugrest that at least some records in the literature 
(but not necessarily those cited above) of serious attacks by A.. ph~seolorum 
may have referred to P. exigua var. diversispora. Boerema (lm) had 
previously expressed the view that the European isolates named A.. ph.!seolorum 
studied by Crossan (1958) were different from P. exigua. Variety Jil~cis, which 
causes damping off of lilac seedlings, differs appreciably from var. exigua in 
colony characteristics when grown in vitro and it also does not produce 
metabolite 'E' (Boerema, 1979). 

Ph:Jma exigu~ var. exigua is a saprophyte or a weak pathogen. Some 
account of its distinguishing characteristics has been given by Boerema and 
Howeler (1967), Dorenbosch (1'170) and Laundon (1'171). A description by Sutton 
and Waterston (1966), under the na.me A.scochyt~ phaseo/orum Sacc., appears to 
be based on another fungus [conidial measurements of 13-16.5 X 3.5-5 1-1m are 
appreciably outside the range of A. . ph4seolorum (= P. exigu~ var. exigua)]. 
Saccardo (1878), in the original description of A. . phaseolorum, gives conidial 
dimensions of 10 X 3 J.lm and these are in accordance with the currently accepted 
concept of var. exigua (Boerema, 1972) . To facilitate better understanding of 
this entity, a comprehensive description of it in vitro is offered herein and an 
attempt is made to identify hallmark characteristks whereby it can be 
differentiated from other Ph:Jm~ species. 
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TAXONOMIC PART 

Phoma exigua Desm., Ann. Sci. Nat., ser . 3, 11: 282, 1849, var. exigua (Plates 1 
and 2, figure I). 

= Ascochyta phaseolorum Sacc, M ichelia 1: 164, 1878. 

= Phoma solanicola Prill. & Del., Bull. Soc. mycol. Fr. 6: 179, 1890. 

= Phoma tuberos• Melbus, Rosenb. & Schultz, f . ,;.gric. Res. 7: 251, 1916. 

For additional synonyms see Boerema and HOweler (1967) , Boerema and 
Dorenbosch ( 1973), and Boerema (!972, 1976). 

Colonies on potato dextrose agar (PDA) [Difoo] (Plate 1, A & C) variable 
in color and growth rate, lanose to densely felted, particularly in older cultures, 
irregularly lobed, ranging from white through various shades of gray to dark 
olivaceous-gray to blackish-brown or blackish, evenly colored or concentrically 
zoned with broad bands, sometimes with a whitish band alternating with darker 
ones, frequently with a paler margin after 7 days particularly when grown at 
20C, attaining a diameter of 47-59 mm at 25C, 20 mm at 20C, with no growth at 
30C; reverse black. Periphery of colonies on PDA after 14 days sometimes 
appearing spotted due to the production of abundant clusters of gregarious 
pycnidia (Plate I. A). Colonies occasionally bear scattered, aerial, loose tufts of 
whitish to gray mycelium . Colonies on malt extract qar (MEA) [Difco] (Plate 1, 
D) dark olivaceous, mycelium mostly immersed in the form of radial strands, 
attaining a diameter after 7 days of 58 mm at 25C, 70 mm at ~. with no 
growth at 30C. Colonies on cellulose agar thin, with little aerial mycelium, pale 
gray ofivaceous, producing abundant pycnidia after 14 days (Plate 1, E & F). 
Mycelium composed of hyphae of two types; hyaline to subhyaHne, thin-walled, 
smooth, sparsely branched, straight or slightly flexuous, 3-4 pm wide; and pale 
to mid brown, thicker-walled, smooth, abundantly branched, straight, flexuous 
or contorted, 4-8 pm wide. Tbe latter type frequently with individual cellular 
elements inflated to 15 Jlffi wide (Figure l,D) and somewhat 
chlamydospore-like, but not thicker-walled where swollen, constricted at the 
septa, aggregated and interweaving, especially in the vicinity of pycnidia.l 
clusters to form loose, stroma-like masses or mounds subtending the 
conidiomata (Figure 1, A) . ln older colonies on PDA abundant development of 
such hyphae results in blackish coloration. Pycnidia produced abundantly on PDA, 
MEA and cellulose agar, maturing less readily on MEA, scattered or, more 
frequently, gregarious in clusters of several, sometimes confluent but mostly 
maintaining discrete venters, more or less rlobose to subglobose, superficial or 
partly immersed, inconspicuously ostiolate, brown to black with qe, 110-160 pm 
in diameter. Pycnidial wall (Figure l ,C; Plate 2, C & D) made up of five to 
seven layers of cells; consisting of an outer zone, two layers thick, of 
isodiametric to ellipsoid, thick-walled, pifTJlented cells, sometimes rather 
loosely organized with interweaving byphal elements discernible in surface 
view, and an inner zone, three to five layers thick, of more or less 
isodiametric, angular, thin-walled, subhyaline cells. Accumulations of brown, 
non-g ranular, extra-cellular deposits present between celts of the outer zone and 
on the exposed surface. Ostiole inconspicuous, discrete, lined with papillate, 
subhyaline cells. Conidiogenous celts phialidic, hyaline, simple, smooth, 
ampulliform, with a thickened periclinal wall, borne on pycnidial wall cells 
lining the venter. Conidia enteroblastic, somewhat variable in shape and size, 
hyaline, smooth, oblong to ellipsoid or narrowly obovoid, st raight or very slightly 
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PLATE 2. Phoma exigua var. exigu11. A & B, sections of mycelial matrix in 
young and older colonies, respectively (pycnidial wall indicated by arrow in B); 
C & 0, sections of pycnidial walls showing extra-cellular deposits (indicated by 
arrows); E. section of pycnidial cluster; F. conidia. 
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curved, often biguttulate, unicellular or becoming 1-septate, very occasionally 
2-scptate, 4-12 X 2.5-3.5 pm. 

Ubiquitous; cosmopolitan . 

Collection examined: isolated from tuber of Solanum tuberosum L., The 
Netherlands, G.H. Boerema PO 75/'17, ATCC 28980 [representative culture, fide 
Boerema (I '176)]. 

DISCUSSION 

Phoma exigua var. exijua possesses a number of characteristics by which 
it can easily be distinguished from other taxa. Although colonies derived from 
single conidia can be somewhat variable in vitro on PDA and other media, 
particularly in coloration and in amount of ae rial mycelium produced, a strong 
tendency for their periphery to be appreciably lobed or scalloped is a distinctive 
feature (Plate 1, A; see also illustration in Dorenbosch, 1970). This results 
f rom a few lead hyphae along the colony margin assuming growth dominance. In 
colonies on cellulose agar (Plate 1, F), each marginal lobe has a fan-shaped 
appearance. Some isolates, considered to be the more typical, have prominently 
lobed colonies while others have colonies with less deep mar&'inal indentations. 
With the production of pycnidial clusters, the overall effect of the unequal radial 
growth pattern is to give colonies, as aptly described by Laundon (1971), a 
"rather dirty, irregular and bedraggled appearance". When grown at 20C, 
colonies frequently have a broad, white marginal zone but their margins are not 
as deeply lobed as at 25C. The scattered tufts of inflated pale brown hyphae 
associated with pycnidial clusters and eventual formation, in older colonies, of a 
matrix of tightly interwoven hyphal elements below and around the conidiomata 
is another feature useful in recognizing var. exigu~ . 

The anatomy of the pycnidial wall of P. exigua var. exigua is also 
distinctive, as it is in the other species of Phoma described previously in this 
series of papers. Although only sporadic attention bas been paid in the past to 
this criterion, it can be an important differentiating characteristic between 
species. In our experience and that of Morgan-jones and White (1987a), the 
pycnidial wall anatomies of individual species are discernibly different. 
Morgan-jones and White (1987a) recognized four reasonably distinct wall 
texture types within the genus Phoma as presently constituted. They reported, 
following examination of over thirty species, considerable diversity in cell 
shape, pigmentation, waH thickness and organization to exist among different 
taxa. It is evident that the use of loosely descriptive terms, such as 
"prosencbymatous", "pseudoparenchymatous", "pseudosclerenchymatous" and 
"scleroplectenchymatous", in the literature, in reference to pycnidial 
conidiomata, does not adequately document important differences. In some 
pycnidia, pigmented, extracellular deposits are present between outer wall cells. 
Such is the ease in Phom• glomerat•(Corda) Wollenw. & Hochapfel (White and 
Morgan-j ones, 1987), where the deposits have a somewhat granular texture. 
Similar material occurs in the pycnidial walls of the Fusicoccum state of 
Botryosphaeria ribis Grossenb. & Duggar (Morgan-jones and White, 1987b). 

~:~~~r~falps:!;;:,~r;:,~~ ~;e~~~~~~c{S:c~:~mH~~t~~~t~~~~~:.r ~~~:ru~~~s~: 
are present around and in-between outer wall cells in older pycnidia of P. 
herbarum and P. lerrestris Hansen (unpublished data). The presence of such 
inclusions in P. ex.igua var. exigua is an additional characteristic by which the 
taxon can be distinguished. 
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Boerema and H5weler(l967) reported synthesis of a colorless metabolite 
[variously referred to as metabolite 'E' or substance E] by P. exigua and 
several other Phoma species. The metabolite was said to be easily oxidized to a 
pigment 'o<' and a piement ·~· successively. Production was found to be 
stimulated by daylight and to vary according to agar medium on which colonies 
were grown and medium pH. The presence of this substance can be 
demonstrated by adding a drop of concentrated NaOH to the margin of colonies 
on malt agar which produces an initial blue-green color reaction, turning to 
brownish-red (Dorenbosch, 1970; Boerema and Dorenboscb, 1973). Pigment 'oc' 
is blue-green at pH < 12.5 and pigment ·~· is red at pH > 5.5 (Boerema, 1976). 
Logan and O'Neill (1970) showed the metabolite to have bactericidal and 
fungicidal properties and , as a result, referred to it as "antibiotic 'E' ". In 
combination with other characteristics, presence of this substance seems an 
useful diagnostic featu re but, as Dorenbosch (1970) has pointed out, not all 
isolates show a strong color reaction .. Metabolite 'E' is not, as mentioned above, 
produced by all presently accepted varieties of P. exigua. Some isolates of P. 
fove411J produce the substance and appear to be more pathogenic to potato than 
isolates that do not (Logan and Woodward, 1971 ; Rogers and Stewart, 1974). 
Both P. exigua var. exigua and var. inoxydabilis have been reported to produce 
cytochalasin B (Boosquet and Barbier, 1972; Scott el al., 1975). 

Phoma exigua var . exigua can be distinguished from P. herbarum, with 
which it has sometimes been confused in the past on host material, in a number 
of respects. Phoma herbarum, which is much less common on herbaceous stems 
than P. exigua (Boerema and HOweler, 1967), has substantially smaller, 
unicellular, eguttulate conidia (Boerema, 1964; Sutton, 1964; Sutton, 1980). 
Colonies of the two species are quite different in vitro. Those of P. heriMrum 
on PDA are generally grayish to olivaceous-green in color, with sparse aerial 
mycelium, an invariably even margin, and are appreciably slower growing. 

;r1~~e~:fi~~~~i~r~s~l~~u~~~~:=~{:~~-roon:~~~:~~o1Wb)~ 
Both P. lycopersici and P. exigua var. exigua are known to be associated with 
stem and fruit rot of tomato (Lauodon, 1971) and both produce conidia that 
become medianly one-septate. They can, however, be readily differentiated by 
colony characteristics, production of sterile "stiJboid bodies" and absence of 
metabolite 'E' [negative NaOH test] in the former, and by conidiomatal 
morphoiOtlY (cf. Morgan-jones and Burch, 1988). 

Although considered a weak pathogen P. cxigua var. exigua is often 
associated with distinct disease symptoms such as leaf lesions and dieback 
(Boerema, 1976). On decayifla orvanic matter near the surface of soil it is one 
of the most frequenly found pycnidial fungi (Oomsch et a/., 1980). There are 
also a number of reports of its occurrence in soif (e.g. by Gams et al., 1969; 
Tiwari and Agrawal, 1972; and Youssef, 1974). Koodakova (1976) reported 
finding it colonizine' cysts of the potato cyst nematode G/obodera rostochiensis 
(Wollenw.) Stone. 
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PEZICULA TASMANICA: 
PHYLLOCLADICOLOUS, NOT FOLIICOLOUS 

RICHARD P. KORF1 and WEN-YING ZHUANG2 

I plant Pa1hology Herbarium, Cornell University, Ithaca. NY 14853, USA 
2fnstitute of Microbiology, Academia Sinica, Beijing, People's Republic of China 

We described !he new species Pezicula rasmanica Zhuang & Korf 
(1988) as occurring on "leaves of Phylloc/adus aspleniifolius in 
Tasmania." Our friend and colleague, Professor William I. Ill man, recently 
re1ired from Carleton University in Ottawa and currently at the Bio
systematics Research Institute, Central Experimental Farm, Ottawa, has 
very gently reminded us !hat Phylloc/adus (variously assigned to the 
Coniferae, Podocarpaceae, or most recently to the Phyllocladaceae) is 
characterized by its lack of leaves, and by the formation of phylloclades 
(alternatively, cladodes), modified leaf-like branches wilh photosynlhetic 
function . Our characterization of the new species as being foliicolous was 
lhus wholly false, as it occurs instead on !he phylloclades. 

Indeed, !he genus Pezicu/a is so characteristically wood-inhabiting 
and bark-inhabiting, most frequently on branches of various angiosperms 
and gymnosperms (and also on canes of Rubus), !hat at first we strongly 
resisted placing the new species in Pezicula, despite its clear resemblance 
in microanatomy to olher species of !he genus. We later concluded !hat 
since "The leaves of Phylloc/adus are exceptionally tough and rigid" we 
would nonelheless place !he species !here, on a substrate (leaves) new for 
!he fungal genus. Obviously Peziculas are better morphologists !han we: 
Pezicula tasmanica knows it ought not to occur on leaves, and should be 
on branches. Our misidentified "leaves" are branches after all! 
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THE FIFTH KINGDOM, by KENDRICK, B., vii+363 p., ill., 15 x 22 em, 
paperback, 1985. Mycologue Publications, 331 Daleview Pl., Waterloo, Ontario N2L 
5M5, Canada. ISBN 0-9692237-0-6. 

~ Ia premi~re page qu'illusrrent deux jeunes crapauds ~mergeant d'un carpophore 
disco'ide de .. toadstool",le Professeur Kendrick iveille Ia curiositt du lecteur et developpe 
tout au long du livre son int&!t pour ce monde nouveau qu'est le ~gne des champignons. 

Ce ~gne, le ci nqui~me mais pas le moindre puisqu'il est maintenant reconnu A Ia 
suite de Whittaker! l'tgal de ceux des plantes et des animaux, il en explore les faceues les 
plus ttranges, les plus caracttristiques aussi, conduisant son lecteur au travers de tou te Ia 
mycologic. De Ia taxonomic A Ia nutrition, de Ia symbiose A Ia pathoge~se. de Ia toxicitt A 
Ia comestibilit~. des activit~s fermentaires lla compttitivit6 biologique, des hallucinog~nes 
aux mycoses. tous ces chemins, marques d'un vocabul~ nouveau mais bien difini, sont 
faciles l parcourir au travers des 23 chapitreS du cours. 11 tmnent A un bon ape~u de ce 
monde fascinant. et de sa relation avec les autres Ctres vivants etl'homme. Documente de 
rtf~rences bibliographiques, ce livre pennet d'aborder des ouvrages plus approfondis. II 

~~o3~~~~~e~~c~~~e8~~:~:~~~iign:a~~~ 1:~a;:l~g~~cauun pd~:~~·iv~~~s~ tp:~~-~~ 
personne curieuse d'explorer un autre monde. 

NEW OR CRrriCAL HYPHOMYCETES FROM INDIA , by RAO, V. and G.S. 
DE HOOG, Studies in Mycology n° 28, 84 p., 34 fig., 16 x 24 em, paperback, 1986. 
Centrnalbureau voor Schimmelcultures, P.O. Box 273,3740 AG Baam, The Netherlands. 
ISBN 90-70351-11-0 CIP. 

The senior author, a known mycologist from Hyderabad, India, collected leaf litter 
and rotten wood Hyphomycetes for alflX)St twenty years in South, Central and East India. 

A selection of thirty-two taxa including twenty new species, are described in 
Brachydesmiella , Monolosporella , Dendryphiosphaera, Cheiromyces, Monodicrys, 
Hermalomyces, l.Lplodontidium, Ramichloridium, Spadicoides, CordiJn.a, Exserticlava, 
Vermispora, Hap/ographium, Menisporiopsis, Craspedodidymum, Bahusurrobeeja, 
Cyrithrix and He/minthosporium, a new variety in Brachydesmiella bisepiOIO and two 
combinations in Monodicrys. 

The publication is also interesting for the quality of Vasant Rao's drawings of these 
peculiar and unconunon fungi, most from natwal substrate in the tropics, some from pure 
culrure. A few species are described in their various synanamorphs, as are RanUchloridiwn 
fasciculatum, Cordano solitario. The ontogeny of bulbilous dictyoconidia like those of 
Btrkleasmium, Dictyosporium, Cheiromyces, Pithomyces, Monodktys, Hermalomyct:s, is 
carefully observed. Type material is preserved in CBS herbarium at Baarn, together with 
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material of 55 other identified tua listed at the end of the paper, collected from similar 
localities. 

A REVISION OF THE GENUS GEOTRICHUM AND ITS TELEOMORPHS, by 
DE HOOG, G.S., M.Th. SMJTII and E. GUEHO, Studies in Mycology n"29, 131 pp. , 32 
fig., paperback, 16 x 24 em, 1986. Centraalbureau voor Schimmelcuhures, P.O. Box 273, 
3740 AG Baarn, The Netherlands. ISBN 90-70351-13-7. Hfl45.-

This excellent monograph of Geotrichum includes twenty-three taxa, founeen as 
anamorphs of Dipodascus species, two of Galactomyces. One hundred ninety-two names 
from these genen. and Endomyces have been critically revised. 

The taxonomic treatmen t integrates morphology, physiology and DNA base 
composition. DNA-DNA reassociation data have been acquired but proved to be of less 
taxonomic value. Selected physiological characteristics are used as key characters: growth 
responses to xylose, sucrose, raffrnose, cellobiose, sorbitol , 0-manitol, 0 -glucitol, 0-
glucono-d-lactose, salicin, arbutin, citrate. absence of vitamin and temperature 37° venus 
40°C. Many more have been investigated and are recorded. A few species, Geotrichwn 
fermentan.s, G. klebahnii, G.fragrans, are fermentative on 0 -glucose and 0 -galactose. 

Geotrichwn is characterized by serial arthroconidia that often originate from typical 
sympodial branching, but some species are pleoanamorphic. Geotrichum fermentan.s 
produces also blastoconidia in c lusters. Dipodascus ambiosiae and G. fragrans show 
repetitive peTCU.rTent growth of arthroconidia. Dipodascus capitatus produces endoconidia 
in hyphae and secondary sympodial conidia. From 29 strains of Galnctomyces geotrichwn 
(Geotrichum candidum), twelve strains are heterothallic bipolar and four strains are 
homothallic. The investigated characteristics indicated the possible existence of two groups 
in the species, but without sufficient consistency; also, members from both groups would 
be interfertile. 

The identification of Geotrichum species and of their teleomorphs is no longer 
possible on herbarium material. The correct recognition of Geotrichum species must be 
made on pure cu lrures. 

CBS COURSE OF MYCOWGY, by GAMS, W., H.A. VAN DER AA, A .I. VAN 
DER PLAATS-NI'IERINK, R.A. SAMSON and J.A. STALPERS. 137 pp., 74 fig., 17 x 
24 em, cloth hardcover, 1987. Centraalbureau voor Schimmelcultures, P.O. Box 273, 
3740 AG Baam, The Netherlands. ISBN 90-70351-12·9 GEB. 

This third edition is fully updated . 11le flrst pan provides with the techniques for the 
study of fungi: isolation, microscopy and preservation in culture and in herbarium. A short 
inttoduction to the fungal system and its nomenclature is given. The main pan deals with a 
didactic description of the classes of Fungi. with good terminology and many illustrations. 
The illustrations are mostly well-reproduced from other sources. Only the one of 
Phytophthora infesrans (fig. 18A} is very inaccuntte and inadequate. The references to 
literature have been largely expanded. The course is a good and easy introduction to the 
fungi, especially as a support to demonstration sessions in the field and at the laboratory. 

ADVANCES IN PENICILLIUM AND ASPERGILLUS SYSTEMATICS, by 
SAMSON, R.A. and J.l. Pm, Ed., Series A: Life Sciences, Vol. 2, x-+484 p .. ill .. 16 x 
25 em, cloth hardcover, 1985. Plenum Publishing Corporation, 233 Spring Street, New 
York, NY 10013, U.S.A. ISBN ().30fK2222-0. US $85.- (U.S.A., Canada), $102. · 
(elsewhere). 

Several monographs or revisions of the genus Penicillium appeared in the last 
decades and demonstrated a lack of agreement in the taxonomy of the group. Species 
descriptions need a more consistent ten:ninology and a true evaluation of the variability of 
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morphological criteria. New characteristics are also being investigated to evaluate their 
potential use in taxonomy as well as to test the morphologically based taXonomy. Similar 
efforts are also brought in the taxonomy of Aspergillus. 

This book contributes thirty-four papers from a large panel of specialists. Some 
contributers analyse critically the actual descriptive terminology and methodology. and 
claim for better standardization. Several contributers also e;~~:plore new characteristics of 
these fungi with taxonomic purposes: nucleic acid relatedness, immunological reactions, 
profile of primary and secondary metabolites, protoplast hybridization, scanning electron 
microscopy of spores and conidia . A paper like the one by the CMI mycologists reports 
research progress towards a reappraisal of morphological criteria and the edification of a 
more comprehensive taxonomy. The authors investigated new criteria such as enzymatic 
activities and secondary metabolites. 

Morphology is however not left aside. A new scheme of infrageneric subdivision 
base on conidiophore branching, on shape of phialides and on shape and ornamentation of 
conidia is proposed for Penicillium by Stolk and Samson. A new key to the subgenus 
Penicillium is offered by Pin and Williams. The relationship of teleomorphic Penicillium 
and Aspergillus with the other Ascomycetes and the connecnon teleomorph-anamorph have 
received full anenrion . 

Tile OOok, editing the proceedings of a NATO workshop held in Amsterdam in May 
1985, is a milestone on the long way to a better definition of the Penicillium and 
Aspergillus taxa and stabilization of their nomenclarure. 

PLEOMORPHIC FUNGI: the Diversity and Its Taxonomic lrnplicalions, by 
SUGfYAMA, J., xv+325 p., ill., 15 x 22 em. cloth hardcover, 1987. Elsevier Science 
Publishers. 2S Sara Burgerhartstraat, P.O. Box 211 , 1()(X) AE Amsterdam, The 
Nelherlands. ISBN 0-444-98966-8. US $111.-, DO. 250.-

Most fungi are pleomorphic, producing a diversity of reproductive ceUs. From 
Tulasne up to the present days, an increasing number of publications have pointed out 
pleomorphism in the field and in culture and demonstrated the connections becween 
teleomorphs and anamorphs or between synanamorphs. It cannot be ignored therefore in a 
fungal1axonomy based on reproduction, which conidium or spore ontogeny is a major 
criterium of recognition. 

The book results from a symposium convened by the author at the 1983 third 
ln<emational Mycological Congress in Tokyo. 

The purpose of the Symposium is to contribute updated knowledge and bener 
understanding of pleomorphic and pleoanamorphic fungi, and to indicate implications of 
pleomorphism in taxonomy and nomenclature of the fungi . 

Important contributions describe the diversity of reproductive forms in the 
Hypocreales (Samuels and Seifert), the Sordaria1es (Lodha), the Halosphaeriaceae 
(Nakagiri and Tubaki), the hyphopodiate Ascomycetes (Hughes), the sooty moulds 
(Sugiyama and Amano), the plant pa1hogenic Ascomycetes (Tsuda and Ueyamo), the 
Holobasidiomy<etes (Stalper.;), the yeast-like Hyphomyce<es (de Hoog), the helicosporous 
Hyphomycetes (Goos) and !heir geographical distributions. 

The plasticity of conidiogenesis is made a significanc feature of pleoanamorphy by 
Minter, that must be considered as such in the taxonomy of the whole fungus rather than as 
a basis for the discrimination of different patterns of conidial ontogeny, and consequently 
of several anamoiJihS. Nomenclatural implications of such pleoanamorphy are a1so 
investigated up to their extreme ends and lead to the same conclusion. 

The book is, after Kendrick's TaxtJMmy of Fungi lmperfecti and The Whole 
Fungus, anocher step ahead tOwards a ·more comprehensive knowledge of the pleomorphic 
fungus. 
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CHESNUT BUG/IT, OTHER ENDOTHIA DISEASES, AND T HE GENUS 
ENDOTHIA, by ROANE, Martha K., Gary J. GRIFFIN and John R. ELKINS, APS 
Phytopathological Monograph Series, 53 pp., 34 fig .• 20 x 26 em, paperback, 1986. The 

~:f~~·~"s~~~'S~~~~~c;_li.ocJs'~1~~?A~tr!"m"~~:s/;;~(:,~~~,;!l~~~,. 55121, 

This monograph is the ninth one of the series and is devoted to End01hia diseases. 
The first part deals with the chestnut blight and its causal agent. Endothia parasitica. 
Virulent strains of the fungus have almost destroyed the American chestnm, while 
hypovirulcn t strains saved the European chestnut. Comparative biological and 
phytopathological studies of both virulem and hypovirulent strains. and of the mycovirus 
associated with the latter, led to the transmission of the hypovirulence genes to the virulent 
strains and the obtaining of biological control o f the disease. Enhancing c hestnut resistance 
to blight by using Chinese clones in selection is another promising way of control. Other 
diseases caused by Endcthia species are also revised (Part rt). 

In Part IU, Manha K. Roane proposes an interesting monographic treatment of the 
genus Endothia based on a critical study of one hundred collections and literature. The 
name Endothia is revea1ed to be not a teleomorphic but an anamorphic name by type. 
However the author uses it as teleomorphic and proposes that it should be conserved as 
such. Barr's treatment of Endothia based on stromatic tissue organization is no longer 
accepted. Orsenigo's subdivi sions of the genus are adopted but both subgeneric names 
Proendorhia and Eut!ndorhia are invalid. The genus divides into two sections, one with 
cylindric or allantoid nonseptate a.scospores for the type £ . gyrosa and 2 species, the other 

;!~ ~i~~~a=~~~~=~s~re~~~!d~8in~i~5iiJ.b~it~~ ~ad~e~uag:l~~ 
Endothia, seven regarded as doubtful. Endorhill is rec:lassified in the Diaporthaceae. 

In the last part dealing with physiology of Endothia, the author di scusses 
environmental and nutritional factors at one side and the secondary metabolite producrion 
like pigments and aroma at the other side. 268 references to literature document this 
valuable monograph. 

COMPENDIUM OF BEET DISEASES AND INSECTS, by WHITNEY, E.D. and 
J.E. DUFFUS, 76 pp., 36 fog., 243 coL ph., 21 x 28 em, paperback, 1986. The 
American Phytopathological Society, 3340 Pilot Knob Road, St. Paul, Minnesota 55121, 
U.S.A. ISBN 0-89054-070-5. US $17.- (member), $20 (non-member). 

Ce quatorzi~me Disease Compendium o£ the American Phytopathological Society 
conceme l'es~ Beta vulgaris sous routes ses vari6tts cultiv6es: Ia benerave sucrim, Ia 
betterave fourragCre, Ia benerave rouge, Ia bette et d'autres. Sur le meme sc~ma que les 
Compendiums prictdents, il t tudie (Pan I) les ma1adies biotiques, d'abord les maladies 
d'origine fongique des semis (Aphanomyus, Py1hium, Rhiux:roria) et ceUes des feuilles ct 
des racines, ensuite les maladies bact&iennes et virales et les &gits par ntmatodes. 

Dans Ia partie U, les insectes, sp6cialement les aphides, et les anhropodes sont pass6 
en revue. La partie Ill couvre les d~sordres abiotiques panni lesquels les dtficiences 
mint rales et les d6g§.ts climatiques. Ce Compendium est particulihement bien illustrC de 
243 photos couleun et de nombreuses photos blanc-noir et dessins. Les descriptions sont 
surtisantes pour orienter efficacement !'identification des champignons et autres agents 
phytopathog~nes . 

COMPENDIUM OF RHODODENDRON AND AZALEA DISEASES, by 
COYIER, D.L. and M.K. ROANE, vll+65 pp., 12 fig., 80 coL ph., 21.5 em x 28 em, 
paperback, 1986. The American Phytopathological Society, 3340 Pilot Knob Road, St. 
Paul, Minnesota 55121, U.S.A. ISBN 0-89054-075-6. US $15.· (A PS member), $20.· 
(non member). 
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Ce Compendium sur les Rhododendrons et Azal~es est destint non seulement aux 
scientifiques mais aussi aux sptcialistes de l'horticullurc, pfpinit:ristes et amateurs. II 
constitue un des rares ouvrages qui existent sur Ia pathologic de ces plantes omementales. 

~~~~~.R=~:8n ~~u~; ~~~~~}:~:~~ ~~s d~J~;:~~~~u~~ ~n~ 
Phytophthora (12 es~ces), l Armil/aritlla, Phymatotric~opsis, Cylindrocladium, 
E:cobasidium, Ovulinia et aux rouilles du genre Chrysomy:ca. Des insectes col~opt~res 
causent aussi d'importants d~g5ts, de m€.me la pollution de l'air par des agents chimiques 
auxquels ces plantes sont paniculi~rement sensibles. Des index et de nombreuses 
illustrations aideront une premihe identification rapide des agents palhog~nes. 

COMPENDIUM OF SORGHUM DISEASE, by FREDERIKSEN, R.A., 82 pp., 44 
fig ., 11 8 col. ph., 22 x 28 em, paperback, 1986. The American Phytopathological Society, 
3340 Pilol Knob Road, S1 Paul, Minneso1a 55121, U.S.A. ISBN 0-89054-069-1. US 
$15.- (APS member), $20.- (non member). 

Ce Compendium sur le Sorgho (Sorghum bicolor} int6ressera les rigions tem¢rees 
chaudes autant que les subuopicales et tropicales. Les maladies du Sorgho les plus 
nombreuses sont celles des feuitles , dues aux champignons E.xserohi/um, Collerorrichum, 
Gloeocercospora, Ramulispora, Acremcnium, les mildious. Sur les ~pis, les charbons, 
Sporisporium reilianum et S. sorghi sont d'importants pathog~nes. Les Fusarium anaquent 
sunout les tiges et les racines. Les virus sont ccux aussi de Ia canne l sucre. Apr~ les 
maladies biotiques et les d~gits abiotiques, les auteurs n'ont pas omis de consid6rer les 
champignons endomycorhiz.og~nes, Gigaspora, Glomus et autres dont le sorgho ~n6ficie. 
118 illusttations en couleurs des sympt6mes pathologiques rendent ce compendium 
ai~ment utilisable. 

COMPENDIUM OF ORNAMENTAL FOUAGE PLANT DISEASES, by CHASE, 
A. R., 92 p., 69 fig. , 133 col. ph. , 2 1 x 28 em, paperback, 1987. The American 
Phytopathological Society, 3340 Pilot Knob Road, St Paul, Minnesota 5512 1, U.S.A. 
ISBN 0-89054.077-2. US $20.- (U.S.A.), $25.- (elsewhere). 

La diversitf des 38 cs~ces de plantes l feuillage omementales appartenant A 8 
families vtgftales fait de ce 17~me Compendium de leurs maladies un repertoire plut6t 
qu'une monographic d~llte. Les maladies fongiques de ces plantes sont ~ nombreuses 
et diversififes. Plusieurs sont propres A Ia culture en serre. Les champignons 
phytopathog~nes considtrts appartiennnent A Acremonium, Alternaria, Aspergillus, 
Botrytis, Calonectria , Ceratocystis, Cercospora, Colletotrichum , Coniothyrium, 
Corynespora, Curvularia, Cylindroc/adium, Cytosporina, Dactylaria, Fusarium, 
Gliocladium, Helminthosporium, Exserohilum, Drechslera, Kurilakesa, Leptosphaeria, 
Myrothecium, Pesralotiopsis, Phomopsis, Phytophthora, Pythium , Rhizoctonia, 
Sclerotinia, Sclerotium, Rhizopu.s, Stemphylium, VerricUJium. Les maladies bactbiennes et 
virales ne sont pas moins nombreuses.Tr~ utilement, une illustration de plus de 200 
photos illustre ce guide. 

Cette deuxi~me tdition du Compendium sur les maladies du froment remet A jour Ia 
description des symptOmes et des agents pathog~nes dans plus de 44 maladies fongiques, 
10 attaques par nfmatodes, 33 symptOmes viraux et de nombreux dtsordes abiotiques. Les 
champignons C/aviceps purpurea, Microdochium nivale, plusieurs Fusarium, des 
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Altun.aria, Ascochyta, Colletotrichum, Bipolaris, Dilophospora, Ordium, Seproria, 
Scltrotinia, Platyspora, Puccinia, Tilletia , Ustilago, Sclerophthora, et sur les ncines, 
RhitocU>nia, Gauemannomycu, Pythium et Polymyxa, pour ne citer que les ~ncipaux . 
Tous soot dUrits de mani~re documentte avec sympt6mes et cycles ~pid6mologiques. 
L'illustration de cette 6dition est ponte l190 photos ct dessins. 

A LITERATURE GUIDE FOR THE IDENTIFICATION OF PLANT 
PATHOGENIC FUNGI, by ROSSMAN, A.Y., Mary E. PALM and Linda J. 

~~~~y~t~ ~~or~\~~~~. ';;'?u;~~~~·ss-r2ttrs.~·~s~~~89o~~~~ 
2. US S24.- (U.S.A.), US $30.- (elsewhere). 

This pocket size guide to the literature wilt prove very helpful to many plant 
pathologists and mycologists in locating sources of descriptions, illustrations, diagnoses of 
plant pathogenic fungi and basic information on the diseases. The literarure on the major 
taxonomic groups, classes and orders, to which plant pathogenic fungi belong, makes a 
fii'St list. Peninent liu:nture on the genera and their species follows in the alphabetical order 
of the generic names. Key words and comments are added to the references under most 
generic names , pointing out particular pathogenic species and their hoslS or divergent 
taxonomic positions or nomenclatures of species. The guide ends with an author index and 
a host index. It is, without doubt, a very needed tool. 

DIAGNOSE.-METHODEN, by WETZEl. T., in Diagnose von Krankheiten und 
Beschlldigungen an Kulturpflanz.en, edited by Spaar, D., K.leinhempcl, H. and Friu.sche, 
R., 198 pp., 103 fig., 24 x 17 em, cloth hardcover, 1984. Springer Verlag, HeidelbeTger 
Platz 3, D-1000 Berlin. ISBN 3-540-13313-5. OM 59.-. US S21.50. 

uue ~=~f~:~~~~~: =n~:e~ ~~sC:C ::~~1i:J:q;;.~s ~a;:~~~~ 
material to the demonstration of the effectiveness of the suspected cause. This handbook 
provides an overview of the most available melhods in the identification of a disease or 
mjury causal agent, either abiotic or biotic, viruses, mycoplasms, bacteria, fungi , 
nematodes, insects or mltes . ln the cha(>ter aOO..n fungi, the proposed methods are classical 

~~~~;.,=::~!f~~;:i'!~a:o!C:,~ ~~~:r=~~= 
culture, spore mass or suspension and calibrated inoculum and the testing of fungal 
pathogenicity in vitro and in the fiekl. 

GEMiJSE, by SPAAR, D .. H. KLEINHEMPEL and R. FRITZSCHE, in Diagnose 
von Krankhcitcn und Beschldigunten an Kulru~flanzen, edited by the same, 406 p., 151 

~~b~frJj tf~iin~4Q~~. ci1o;~N ~~e[)~t!~. sg~~:-o~erlag. Heidelberger Platz 

A picture book that may help rapid identification of common diseases and injuries in 
over 30 cultivated vegetables. Amongst those, edible Agaricus is considered. IS 1 types of 
disease and injury are illusuated in full pa'es facing with a description. SymptOmS on host 
plant and animal agents arc: represented m color. On the forty plates illustrating fungal 
diseases, microscopic features of the pathogenic fungi are drawn coarsely and the fungus is 
not described. Keys based on symptoms are provided for each of the 18 groups of 
vegetables, that lead to the identification of more diseases or injuries than those illusuated. 
The edition is of quality. Tile book wiU surely be useful to fieldmen. 
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THE BIOWGY OF YEAST, by BERRY, D.R., S!ud;es ;n s;ology n• 140, 60 p., 
ill., 144 x 22 em, paperback, 1982. Edward Arnold Pub!. , 41 Be(!rord Square, London 
WCI 3DQ, UK. ISBN ()-7131 -2838·0. £3.25.-

La levure de boulangerie, Saccharomyces cerevisicu, estla sculc e~ce considtrCe 
dans ce petit fascicule sous ses diff~rents aspects cellulaires: Ia suucture cellulaire, Ia 
nutrition, le mttabolisme, le gt nome, lcs enzymes, Ia croissance ct Ia division, les 
biosynth~scs, Ia reproduction scxueUe, )'~~itt et les manipulations du gtnome. Ces 
aspects prc:nncnt alo~ tous un scns pratique lorsque le lecteur d6couvre leur application 
dans !'usage industricl de Ia levure, dans les fennentations boulang~res,les fermentations 
alcooliques.les productions de biomasse. d 'autolysats et d 'enzymes. Ce livre, par aiUeun 
&:onomique, est destin6 aux 6tudiants. 

A CUNICIAN'S GUIDE TO FUNGAL DISEASE, by ROBERTS, S.O.B .. R.J. 
HAY and D.W.R. MACKENZIE, 252 p., ill., IS x 23 em, cloth hardcover, 1984. Marcel 
Dekker, Inc., P.O. Box 5005, Cimarron Road, Monticello NY 12701, U.S .A. ISBN 0-
8247-717()-7. us $59.50.-

Young medical graduates are ill-prepared to approach and diagnose human mycoses. 
They are also confused by the profusion of mycological tenns and by the frequency of 
change of the fungal names. The authors of this book succeeded in providing clinicians and 
smdents with brief, readable information on diseases caused by fungi, to give the 
laboratory workers a clearer understanding of fungal diagnosis and to show that laboratory 
and research work on hwnan mycoses may best serve bcKh physisians and patients. After 
an introduction to fungi and fungal ecology, the authors consider the superficial mycoses, 
the subcutaneous ones, the systemic ones, the oculomycoses, the otomycoses, the allergies 
to fungi , the mycotoxicoses and the symptoms of other possible fungal infections 
successively. In each pathogeny, the caus4.l organism, its epidemiology, pathogenicity, 
occumnce, sites, symptoms are described. Ways of laboratory diagnosis (microscopy, 
histology , culture, ecology) and ways of therapy are also given. At the end of the book, 
treatment principles and p~nies of drugs such as polyenes, flucytosine, imida:z.ole, 
griseofulvrn, are detailed. nus book, briefly said. gives everything the clinician needs to 
know for a professional approach of the human mycoses. 

CLE DE DETERMIN,\TION MACROSCOPIQUE DES CH,\MPIGNONS 
SUPERIEURS DES REGIONS DU NORD DE LA FRANCE, by COURTECUISSE, R., 
473 p., 392 fig .. 16 X 23 em, paperback, 1986. soc;flt Myeolog;que du Nom, 109 Bd. 
de Founnies, 59100 Roubaix, France. 

Tile more mushroom species a flora describes and from the more restricted area, the 
more accurate it has to be. Most illustrated floras for beginners do not describe over 200 or 
250 species, the most common from a large geographic area. The disadvantage of such 
floras is that the beginner does not learn to d isti nguish close species and instead 
agglutinates them under a unique name. Only a very few books exist that teach him to 

!frme~a~~~~= sci~r~~t~ ~a~!!1~s= ~~~::~=;~ 
1500 species from the ecologically homogeneous northern portion of France. To remain a 
field tool, the 1:1 dichotomic keys exclusively use macroscopic characteristics, covering the 
higher Ascomycetes and the Basidiomycetes. AU characteristics are also outlined. Drawings 
are made of the 240 species. Differing from the famous Flore analytiq~a des Champignons 
supirieurs by KUhner and Romagnesi, this key book uses correct updated nomenclature of 
the fungi . Perhaps is it a challenge identifying ISOO species by macroscopic characteristics 
only, but the author clearly says that no cenific:d identification can be secured by using 
these keys only. The microscope and the use of good monographs are then required, at the 
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end of the bridge. In the last pan of the book, he purposefully introduces the student to 
observation of microscopic characters of the fungi. 

GUIDE TO LOW COST MUSHROOM CULTIVATION IN THE TROPICS, by 
QUIMJO, TRICITA H .. viu+73 p., 30 col. pl., IS x 23 em, hardcover, 1986. Dept. of 
Plant Pathology, College of Agriculture, University of the Philippines, Los Banos College, 
Laguna, Philippines. 

Utilization of low cost materials and locaJly available agricultural wastes by 
individuals and cottage industries in both rural and suburban settings for the cultivation of 
mushrooms is what Dr. Quimio explains in her book. She describes the three steps of 
mushroom cultivation as the mushroom mycelium bank, the spaw production and the 
carpophore production. The first step is of importanCe, she says: "a good mycelium culrure 
is the nucleus of the mushroom cultivation and its maintenance alive, healthy and in a 
condition as close as possible to the original condi tion is the ftnt critical stage in the 
success of the mushroom cultivation." The spawn quality depends only on the com:cmess 
of the procedures awlied for asepsy, sterility, inoculation and incubation, if the strain is of 
quality. The carpophore production shall also depend on specific procedures for each 
species. Volvariella volvacea, the most popular mushroom of Southeastern As.ia, is not 
soictly restricted to straw and can be cultivated outdoors or indoors. Plewotus species are 
mostly cultivated indoors in plastic bags. The ear fungi Aun'cula polyrricha and A. auricula 
and shiitake, Lentinu.s edodes, grow on logs or sawdusL After production, conservation 
and commercialization are rightly advised; otherwise the author suggests a savory cooking 
in eastern style. 

/L VA.STO MONDO DE/ FUNGHI, distrunori e rigeMratori della materia, by 
ONORATO, V., 246 p ., 28 col. pl., liS fig. , 16 x 24 em, paperback, I98S. Edagricole, 
31 Via Emilia Levante, 40139 Bologna,ltalia. ISBN 88-206-2300-S. L 20.000.-

The world of fungi is immense and extends itself to air, water and soil, far beyond 
the visible. The illustration of all its aspects, malnly microscopic or of chemical nature, is 
the object of this introductory work written for the layman. Fungi from the air, water, soil, 
wood or living beings are shown in their activities of biodegradation and biosynthesis, 
association, symbiosis and parasitism, and in their utility or noxiousness in respect to 
man. The text is clear and easy, ornamented with numerous illustrations, some of artistic 
fantasy. 

I FUNGHI FRESCHI, SECCHI E CONSERVAT/ NEUA PRATICA ISPETTIVA, 
by TOGNI, N. and F. FIANDRI, 279 p., col. ill. , 16 x 24 em, paperback, 1987. 
Edagricole, Calderini, 31 Via EmiUa Levantc, 40139 Bologna. Italia. ISBN 88-206-2961-
S. L 28.000.-

Les champignons soot d'une importance alimentaire croissante. Les chasseurs de 
champignons sont de plus en plus nombreux. Aussi ce livre veut·il, au..<felA de sa partie 
inuoductive A la mycologic, foumir une mise en garde du public contre les intoxications par 
CJTeUr d'identifteation ou par ignorance des propri~t6s de comestibilit~ des e¢es. Pour ce 
faire, il d~t les syndromes d'empoisonnement par les diff&entes esp«es v~n~neuses et 
toxiques et les premiers soins A prendre. De plus tes auteurs veulent fonner le dtbutant A 
l'observation correcte des caract~res diagnostiques des genres et des es~ces, centrant 
!'attention sur les confusions possibles si souvent fatales. lis le poussent jusqu'll'usage 
du microscope etla mesure des spores. Par ailleurs un chapitre particulier attire !'attention 
sur !'absorption prH~rentielle par les champignons des m~taux lourds, polluant 
l'environnement. Un aspect enfin que n'oublient pas les auteurs est Je cont:rOie sanitaire et 
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d'identit6 des champignons conservts et commercialis6s et la rCglememation en vigucur l 
ce sujet Ce livre sera utile aussi aux m&lecins et pharmaciens. 

FICHAS TECNICAS IVa SERlE, cards 73-122 , 17 x 21 em, paperback, 1986. 
FICHAS TECNICAS Va SERlE, cards 123-163, 17 x 21 em, paperback, 1987. Societal 
Catalana de Micologia, Facuhat de Farmacia, Catedra de Botanica, Universitat de 
Barcelona, Av. Diagonal643, 08028 Barcelona, Espanya. 

These two new series including 90 descriptive sheets of fungi are prepared by 
mycologists of the Catalan Society of Mycologia. The contents consist of Latin names and 
synonyms, descriptive macroscopic and microscopic charateristics, habitat, collections and 
accurate line drawings of carpophores, cystidia, basidia and basidiospores. The author 
citations of names in the older series have not been amended in agreement with the present 
Code of Nomenclature, but weU in the recent one. 

BOLETS DE CATALUNYA, V Colleccio, plates 201-250, BOLETS DE 
CATALUNYA , VI Colleccio. plates 251·300, 17 x 21 em. Edit. by Societat Catalana de 
Micologia, Facultat de Farmacia, Catedra de Botanica, Universitat de Barcelona, Av. 
Diagonal643, 08028 Ban:clona, Espanya. ISSN 0212-3460. 

Two new sets each including fifty 20x 13 em color photographs of fungi, 
Myxomycetes, Ascomycetes and Basidiomycetes, are offered printed on the back side with 
the Latin name and a description of the illustrated specimen and its origin in both Catalan 
and Castilian languages. Although the fungi are often not photographed in their original 
position and habitat, the sets give an overview of a large range of species, including 
noteworthy uncommon fungi . To cite some of them, Cerariomyxa fruticulosa var. 
porioides, Ascocoryne cylichnium, Auriculariopsis amp/a, Clavulina rugosa, 
Endoprychium agaricoitks, Delastria rosea. No doubt these records are a valuable 
contribution to the Spanish fungus flora. 

THE NEW SAVORY WIW MUSHROOM, by McKENNY, Margaret and D.E. 
STUNTZ, revised by J.F. AMMIRATI, 264 p., 200 col. ph. , 14 x 22 em, paperback, 
1987. Universil)' of Washington Press, P.O. Box C·50096, Seattle, Washington 98145· 
0096, U.S .A. ISBN 0-295-96491 -X (cloth) -4 (Pbk). US $12.50.-

In this completely revised and enlarged edition, Joseph F. Ammin.ti, student and 
colleague of late Dr. Stuntz, adds new descriptions of genera and species and provides new 
and excellent 10x.7.5 em colour photographs for all of the 200 species described. The 
species are named by Latin binomials. Tiley represent common mushrooms, edible or not, 
in the Pacific Northwest region of United States. A newly revised chapter by Dr. V .E. 
Tyler, of the School of Pharmacal Sciences at Purdue University, delivers the most up-to-
date scientific information on mushroom toxins and poisonning. 

MUSHROOMS, by McKNIGHT, K.H. and VERA B. McKNIGHT, Peterson Field 
Guides, xii+429 p., 48 pl., 12 x 19 em, cloth hardcover, 1987. Houghton Mifflin 
Company, 2 Park St., Boston 02108, U.S.A. ISBN 0-395-42101 -2. US $19.95.-

This pocket size field guide is a fine o ne, allowing recognition of 508 species 
amongst 1000 species considered for comparison. Those species are thoroughly described 
in almost 330 pages and are illustrated in 48 plates arranged in the middle of the book. 
Most of these illustrations are excellent accurate water·colour paintings on while 
background by Vera McKnight, resembling the style of the well known Jakob and Monen 
Lange's field guide. Other illusuations are fine pencil drawings. Full descriptions include 
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Latin name - which unfonunatel y does not appear on the plates -, macroscopic and 
microscopic featureS, comments on similar species and on habitat, odor, comestibiliry and 
taste. There are no keys, but fungi are arranged according to their outlook as defined in the 
introduction and mostly corresponding to taxonomic categories. Another feature of this 
guide is the attention to the variation of species depending on age and environment and the 
use of italics in the text and arrows on the plates to pinpoint the key characters. 

CHAMPIGNONS , by BECKER, 0., 319 p. , ill., 256 col. pl. , 22 x 30 em, cloth , 
hardcover, l986. Griind, Rue Mazarine 60, 75006 Paris, France. ISBN 2-7()()0.. 1516-9. 
FF 54.50.-

Georges Becker, author of many other French lx>oks on fungi, presents in this 
luxuous album water-colour paintings by Bohumil Vancura and descriptions of 255 
species, mostly Basidiomycetes but 10 Ascomycetes. Tile mushrooms are carefully painted 
on a background of elements of their substtate or habitat. They are assorted with precise 
line drawings of their spores. The text is accessible and easy for anyone. On the contrary of 
many mushroom guides for beginners, this album illustrates many uncommon fungi of 
Western Europe that surely will spur the interest of mycologists. It is a fine mycological 
book that one shall love to have on the home bookshelf. 

POISONOUS MUSHROOMS OF THE NORTHERN UNITED STATES AND 
CANADA , by AMMIRATI. J.F., I .A. TRAQUA!R and P.A. HORGEN, 396 p .. 234 fig. 
( 99 col. pl.), 22 x 28 em, cloth, 1985. University of Minnesota Press, 2037 University 
Ave S.E .. Minneapolis 55414. U.S.A. ISBN 0-8166-1407-5. US $75.-

Careless identification and indiscriminate tasting can result in poisoni ng. The 
mushroom hunter may not escape the event. Physicians, apothecaries, chemists, biologists. 
even mycologists, all face the task of identifying the implicated mushroom or debris of it. 
This book is designed to help accurate and quick identification of poisonous higher fungi of 
Northern North America. The fmt pan is introductive to fungi , methods of study and 
classification with a key to genera and species. The main pan deals with the seven distinct 

~~~e~~ ~l~~~~df:a::~~x:!. bj2 °~~~orar~~~~~nP!(:On~i;~, 8 ~~Z,~~~.f 
Coninarius, Ga/erina, Lepiota and Naei1Jllk)/ama. Technical description with colour phues, 
habitat, disaiburion , seasonal occurrence and comments on toxicity, symptomatology and 
on poisonning cases are given fo r each taxon within each type of toxin . 
Monomethylhydraz.in, the GyronUrra toxin, is found in 10 species, coprin in 4 spe<:ies of 
Coprinus and Clitocybe, muscarin in 30 species of Amanita, Bo fe1us, Hebefoma, b wcybe, 
Clirocybe, Hygrophoropsis, Mycena, Omphalotus and Russula, itx>tenic acid and muscinol 
in 6 species of A.manita , the hallucinogens in 26 species of Conocybe, Panaeolus, 
Gymnopilw, Plutew, Psilocybe, Stropharia and the gasttOintestinal initants, the most 
cormnon, in more than 83 species within 30 genera. 

GIFTPII.ZE, Ein Handbuchfiir Apotheur, Artz< und Biologen, by BRESINSKY, 
A. and H. BESL, xii+29S p., 24 x 27 em, 96 col. pl., 113 fig. , cloth hardcover, 1985. 
Wissenschaftliche Vertagsgesellschaft, Postfach 40, D-7000 Stuttgan 1, Gennany. ISBN 
3-8047-0680-0. DM 136.-

This luxuous large sized book is all together a scientific work and a quality pictorial 
at las of poisonous fungi from Central Europe. Knowledge on poisonous fungi is 
multidisciplinary and calls for chemisay, pharmacology, toxicology and medicine. But, at 
the basis, it requires a serious acquaintance with fungal taxonomy and identification. This 
book is however not arranged like a taxonomic flora. Aiming help to medical practitioners 
or biologists to recognize poisonous species, these are disposed according to their 
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poisoning syndromes. Eight syndromes are defined and called phalloides, orellanus, 
gyromitra. muscarin, pantherina, psylocybin , coprinus and gastrointesti nal syndroms. In 
each of them one or more.species are described and illustrated. Similarities with other taxa 
and diagnostic difficulties are commented upon. Toxi ns are chemically defined and 
characterized. Poisoning cases are documen ted. Beside those syndromes, poisoning by 
uncooked mushrooms is considered. Fundamental differences exist, as stated in the 
introduction, between those syndromes and mycoses, mycotoxicoses, allergies, 
intoxications by heavy metals. The text is elaborated from the authors' research results and 
from 837 references to literature. It is to be appreciated as a full review of the subject. 

AN ANNOTATED INDEX TO THE MYCOWGICAL WRITINGS OF FRANZ 

~fo~tf.c; ~1in~u:in~ ~~,:;:tk:\,~1, ~~~~N:.: 2d·j,_ ~:;; ~~j;~-~{.f~ f[ 
em. paperback, 1982. 1983, 1985, 1986. DSIR, Science Information Publishing Centre, 
P.O. Box 874 1, Wellington, New Zealand. 

These are parts 2 to S of the voluminous index of the fungus names used or created 
by Franz Petrak in his mycological writings. Names are disposed alphabetically, with 
reference to Petrak's writings. Ann01ations are compiled that originated from literature 

~~~~~~a~~s~;:~~:C~:~~~-~e~~~~!~~t:s~ 
and substrate are also mentioned. All specific ep ithets with their generic name in 
parentheses are indexed. These indexes are cumulative and appear anew in each volume. 

THE LACHNOCLADIACEAE AND CONIOPHORACEAE OF NORTH EUROPE, 
by HALLENBERG, N. and l. ERIKSSON, 96 p., 63 fig ., 15 x 22 em, 1985. 
Fungiflora, P.O. Box 95, Blindem, N-0313 Oslo 3, Norway. NOK 80.-

This volume is a complement to Coniciaceae of North Europe and comprises 
descriptions of species which belong to the corticioid fungi. The family Lachnocladiaceae is 
characterized by the presence of skeletal or binding hyphae with dextrinoid or cyanophilous 
waUs. Four genera are included. Aslerostroma is a noticeable one for its stellate branched 
setae and for its oc:cunence in domestic buildings. Coniophoraceae are ch~terized mainly 
by their brown cyanophilous spores with germ pore. Three genera are considered with 
four species in Coniophora, two in Serpula and two in Uucogyrophana .. Coniophora 
puteana is an important fabric wood-destroyer. Serpula lacryman.s and Serpu /a 
himantioides also occur in buildings. They are very close species and difficult to 
distinguish. The authors indicate the non-cyanophilous and narrower skeletal hyphae, the 
non·gelatinized hyphae under the subhymenium. the thinner frui1bodies and the wider 
spores in the latter species and its adap1ation to a much higher substrate moisture. This 
work is an important addition to the Coniciaceae of Europe and also will draw the attention 
of people in building survey and wood protection. 

GILB~~f[gN~r.t~~At_ :~r~g~~:4;;0~~."foo1fig .. AI~~rf{~U:,:I;:~1~:~9:l. 
Volume 2 . Megasporoporia-Wrightoporia, by GILBERTSON, R .L. and L. 
RYYARDEN, 437-485 p., ill., 16 x 23 em, half calf, 1987. Fungiflora, P.O. Box 95, 
Blindem, N-03 13 Oslo 3, Norway. 

After The Polyporaceae of Norlh Europe and A preliminary Polypore Flora of Eas1 
Africa, L. Ryvarden assumes an01her task: with R.L. Gilbenson, his North American 
colleague in the study of the Polyporaceae, 10 revise the Nonh American polypores.Two 
volumes result from long years of collaborative work in the reexamination of type material 
from numerous American and European herbaria. With the concise style, precise 
lenninology and high drawing standards that we already know in Ryvarden's publications, 
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the authors redescribe almost all known species of polypores (in a broad sense) of Nonh 
America. After the classical Friesian conspectus of the group by L.O. Overholts and its 
amendements made by J.L Lowe, and because of the extends1ve use of new valuable 
taxonomic criteria such as hyphal types , sexuality. chemical reactions, type of rot and 
cultural characteristics, a taxonomic and nomc:nclalural revision was needed 

The authors do not pretend to offer a system of the polypores but merely a revision of 
poroid genera and species disposed alphabetically. One hundred genera are revised, sixty
four of them in the Polypornceae, six in the Coniciaceae and the others from eight other 
families. The genera Antrodia, Fomitopsis, lnonotus, 0/igoporus, Perennipora , 
Polyporus, Trameces and Tyromyces are described with ten or more species. A totlll of 399 
species are described and their microscopic features illusD"atcd. Addition of photographic or 
outlined illustrations of C3.1p0phores might have been valuable for the beginner. Species in 
genera and genera themselves are keyed out dichotomously. A synoptic key based on 
twelve major criteria is provided for genera; similar keys to species are also given in large 
genera. Easy to use, this book should enhance greatly the study of the polypore flora in 
America. 

COMMON MUSHROOMS OF MAU.W/, by MORRIS, B., 108 p., 8 col. pl., 15 x 
22 em, paperback, 1987. Fungiflora, P.O. Box 95, Blindem, N 0313 Oslo 3, Norway. 
NOK 130.-

African people have given proper names in their own language to many mushrooms 
for a long time. MycologistS are repealing the task bm in a unique Latin language typifying 
the names for stabilization of the nomenclature. CoUcx:ting and identifying Basidiomycetes 
in Malawi (Africa), the author has taken notice of the African names and uses of the 
mushrooms. Of the 77 recorded species, thiny-three are currently eaten by people either as 
food or as condiment. The most appreciated are five species of Canrhllrellus and six of 
Termilomyces, but also Amanira hemibapha, A. zambiana, Cymatodenna tkndriticum, 
Lacrarius 'IJel/ereus, Russula arropurpurea and Suillus granulatus. The descriptions of the 
laXa are very short . Twenty-eight taxa are illustrated in color plates. 

Voi. /Af!ffa~~ijf",~tf9~t. ~~r V1~~~:?I~'fs-, ~B~-~r.:~olbJ m~f.i~tt 
868 p., ill., edited by L. Vogelenzang, IS x 23 em, cloth hardcover, 1985. Boerhaave 
Press, P.O. Box 1051 , 2302 BB Le;den, The Nelherlands. ISBN 90-70153-12-2. on. 
200.- (vol. 2), 250.- (vol. 3). 

Charles Horton Peck (1833-1917), Botanist at the State Cabinet of Natural History of 
New York from 1867 to 1883 and State Botanist of New York from 1883 to 1915 at the 
State Museum of Natural History in Albany, N.Y., was reporting yearly on his botanical 
activities at the Museum. ln 1869 he published his first report (in the 22nd of the Museum) 
and he wrote 66 such repons u~ to 1912. In those, he set down his identifications and 
descriptions of plants and of all kinds of fungi from material collected by conuibutors or by 
himself. Vtty soon he contributed largely to the existing knowledge of the Nonh American 
Agaricales and Boletales. The repons consist mainly in listS of identified plant and fungus 
material deposited in the Museum Herbarium and series of short descriptions of laXa not 
reported before amongst which many new species of Deutcromycetes, Ascomycetes and 
Basidiomycetes are named and described. Very early, Peck included in his reports 
monognaphic revisions on Basidiomycete genera, with keys, redescriptions and comments. 
These monographs were illustrated with engraved plates of drawmgs at first and with 
colour plates from 1894, sometimes with many of them like the 43 color plates of the 1894 
report. These plates are reprinted in black and white in the present edition. 

Working on the grounds of Schweinitz and in collaboration with M.C. Cooke and 
J.B. Ellis, Pock made one of the major contribution of his time to the North American 
fungus flora. The Boerhaave reprint of the reports is thus most welcome. 
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f/ .C./.0. DESCRIPTIONS OF PLANT PATHOGENIC FUNGI, / -6, maps, 23 x 
29 em, loose leaflets, 1986. H.C.I.O. Herbarium Cryptogamae lndiae Orientalis, Div. of 
Mycology and Plant Pathology, Indian Agriculrural Research Institute, New Delhi 110 
012, India. 

This new series is closely similar to the CMI Descriptions of Pathogenic Fungi and 
Bacteria. Fonnat, illustration and text style and contents are almost the same. It aims to 
document plant pathogenic fungi from India, provides their correct name, nomenclature, 
description, hosts disposed in plant families and alphabetically with localities, geographical 
distribution reported on a map of India and references to pertinent Indian literature . Each 
document consists of four printed pages. Each set shall contain six documents. The first 
one deals with Erysiphe species. The nomenclature is unfortunately out of date, not taking 
into account, in author citations, new article 13.1 and recomendation 50.E in the actual 
International Code of Bolanical Nomenclature (Sydney Code, 1983), about starting point 
date and sanctioned status of names of fungi. 

BRITISH FUNGUS FLORA , 4. Agarics and Boleti: Pluteaceae: Pluteus &: 
Vo /variel/a, by ORTON, P.O. , 99 p. , 78 fig ., 15 x 24 em, paperback, 1986. Royal 
Botanic Garden, lnverleith Row, Edinburgh EH3 5LR, UK. £ 8.-

Pan 4 of the Brirish Fungus Flora deals with two genera of the Agaricales with pink 
colored spores, Plweus and Volvariella. The 43 British species of Pluteus are disposed in 3 
infrageneric sections and 17 stirpes. In Volvariella, II species disposed in 6 stirpes are 
recorded. As in previous parts of the Flora, descriptions consist of macroscopical, 
microscopical and ecological data followed by comments and line drawing. Dichotomous 
keys to the species are provided in both genera . Four species that are not recorded in 

~~~: ::~:; l.!~~~c~::. ~~e:~~; ~~:.e:~~~~~~~C: ~~~~:::f:ti~~:; 
used in consuucring the keys. A list of species according their substrate, index of the 
described taxa and of rejected names. index of synonyms and misidentifications and index 
of specific epithets are added. For the attention of mushrooms growers, a list of references 
to the literature on the cultivation and the development of fruit bodies of those fungi ends the 
publication. 

AN ANNOTATED INDEX TO SPECIES AND /NFRASPECIFIC TAXA OF 
AGAR/CALES AND BOLETALES DESCRIBED BY WIWAM A . MURRILL , by 
HALLING, R.E. , Memoirs of the New York Botanical Garden, Vol. 40. 125 p., 17 x 25 
em, paperback., 1986. New York Botanical Garden , Scientific Publications Dept., Bronx, 
NY 10458, U.S.A. ISBN 0-89327-306-6. US $21.70 (U.S.A.). US $22.85 
(elsewhere). 

An imponant archival work has been necessary to orderly compile the information 
included in the index on species and intraspecific taxa described and on types or specimens 
collected by William A. Murrill. Murrill (1869-1975) was assistant then curator of the New 
York Botanical Garden from 1904, to which he added Jots of collections in the 
Hymenomycetes including Boletales. Following the American Code of Nomenclature, he 
brought a number of new names and new combinations into the classical Saccardoan 
system. The author of the index compiled all names used or created by Murrill. Each name 
is listed with its reference, type locality. type material, authentic and Other material,locarion 
in herbarium with numbers, nomenclatural and taxonomic comments with references. Most 
of the names created by Murrill proved to be superfluous according the Sydney Code and 
are marked by asterisk. This index is a new tool usefu l to the taxonomy and nomenclature 
of the Agaricales and Boletales. 
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10 JAHRE ARBEITSGEMEINSCHAFT MYKOLOGIE OSTWUERTTEMBERG 
(AMO), Beitrtge zur Kenntnis der Pilze Mitteleuropas: Band 1: 1-208, fig., col. pl. , 17 x 
24 em, paperback, 1984. Band 2: 1-240, fig., col. pl., 17 x 24 em, paperback, 1986. 
Einhorn-Verlag, Eduard Dietenberger, Postfach 1280, 7070 Schwiibisch Gmund, 
Germany. 

This publication celebrates the tenth anniversary of the Workgroup Mycology in the 

~f=~~f~=~ls8:CJ::N~[~u~~~~~{t~~~f:h~!~~f.~~~~ 
two pans consisting of 20 scientific papers each. In part I, papers deals with LaclwUula, 
I.Amprotkrrno., J..,epidoderma, Kodaboea, TricMphaea, Pycnopeziza, Cyatlu'cula, Carinel/a, 
Coprinus, Cyphellosrereum, Psathyrella, Pluteus, Psilocybe, Uucogyrophana , 
Phanuochaete, Clitocybe, Emoloma, Uredinales. Pan 2 deals with Pyrenomyates, 
Heyderia, Melasriza, Macrolepiora, Volvariella, Agaricus, Russula, Picoa, Psilocym, 
Amanita, Upista, Stropharia. 

SYSTEMA ASCOMYCETUM, by ERIKSSON, 0. and D.L. HAWKSWORTH. 
Vol . 5, pan I, 184 p., 15 x 24 em, paperback, 1986Vol. 5, pan 2, 139 p., 15 x 24 em, 
paperback, 1986Vol. 6, pan 1. 200 p .• 15 x 24 em, paperback, 1987.Institute of 
Ecolog ical Botany, University of Umea. S-901-87 Umea, Sweden or CAB International, 
Farnham House, Farnham Royal, Slough SL2 3BN, UK 

Systema Ascomycetum is a serial publication now, published twice a year from 
1986. The publication is noc: a mere alphabetical list of generic names proposed for 
Ascomycetes with mention of their synonyms and taxonomic position. The list is actually 
followed by "Notes on Ascomycetes systematics. N° 1-224" wherein the 224 flt'St listed 
names are commented upon (Sept. 1986 issue). The comments deal with the taxonomic 
position of the taxon, its diagnosis, its typification, its circumscription, with reference to 
published literature or personal opinions. In July 1987 issue, notes on names n° 225 tO 463 
are offered. Funhermore, three papers on Ascomycete genera are contributed by J.R. Boise 
on Mycopepon, by P.F. Cannon on Spirogramma and by E.B. Gareth Jones and S.T. 
Moss on the Halosphaeriaceae. 

From that issue, notes or short papers peninent to the objectives of Sysrema 
Ascomycetum, i.e. revision of taxonomy and nomenclature of Ascomycete genera, are 
invited from all mycologists for inclusion. This serial publication is becoming a joumaJ that 
all mycologists will welcome, appreciate and support. 

These are the four fll'St sets of a collection of loose cards held in a portfolio intended 
to be completed in 12 sets and covering 3000 species of fungi. The collection is divided 
into seven groups: Polyporales, Boletales, Agaricales, Russulales, Aphyllophorales, 
HeterobasidiomyceteS and Gasteromycetes. 

Each card is made of colour photographs of one or two species from the same genus. 
Cards are to be classified in the groups and within the alphabetical order of generic names. 
Printed sheets are delimiters between genera and bear infonnation on nomenclature, type 
species, diagnosis, habitat and literature and are printed in German, English, French and 
Italian. The flrst sets 1 and 2 include 56 genera and 253 species, among which 54 are in 
IIIOC'jbe, 16 in Lactarius. Set 3 contains 7 genera, set 4 17 genera representing together 221 
species, 75 of which are Cortinarius species. In each new set is an updated list of the 
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some others show the fungus on a light blue cleaned background. Most reproduce natural 
colors very closely. 

Tile true value of the complete work can be guessed at from the scientific n:liability of 
the authors, the high quali ty of the illustrations, and its international scope. It seems 
destined to become a European reference flora for the higher fungi. 

This contribution to the fungus flora of Bavaria covers 153 species and varieties of 
Russula collected over seven autumns. Many of the species and varieties have not yet been 
recorded or idemified in Bavaria. The taxa are described and discussed critically, with 
reference to J. Sch!iffer's and H. Romagnesi's monographs of Russula. Morphological 
data include careful spore diameter measurements, with the exclusion of the wans, unlike 
Romagnesi's spore measurements that include warts. Furthermore: spore volume has been 
calculated with the statistical fonnula 0.53.1-W cubic microns. This value appears to be a 
crilerion in the synonymy of R. gigasperma toR. adulterina. A long dichotomous key ends 
the work. The nomenclatural au thor citations are not consistently provided nor updated in 
accordance with the Code. Similarly to Romagnesi's monograph, there is no use of 
nomenclatural references nor publication dates. Many taxa are designated by names as 
interpreted (or misapplied) by authors ("sensu"). The regular misuse of ":" indicates a 
misunderstanding of the rules of nomenclature. Abbreviation "ink.l. var." is used as, 
supposedly, to indicate the non acceptance of the variety, instead of formally listing the 
variety as syrionym. Also varieties are synonymized in the text without being listed in the 
nomenclator. Such a uemendous taXonomic work clearly deserved better nomenclatme. To 
be noticed: a new variery gilva is created in Russulafragilis . Thiny eight species, varieties 
and forms are illustrated by truly vivid full page water-colour paintings by Mrs. H. 
Marxmuller. 

CONSPECTUS FLORUM AGARICAUUM FUNGORUM (AGAR/CALES s.l .) 
LITHUANIAE. LATVIA E ET ESTONIAE (mal<ries 1778-1984 annorum), by 
URBONAS. V., K. KALAMEES and V. LUKIN, 138 p., IS x 22 em, cloth hardcover, 
1986. Insti tutum Botanicae Academiae Scientiarum Lithuaniae Sovieticae Soc. Rep., 
Vilnius "Mokslas", Tartu, Lithuania, SSR. 

The first edition of this Index dates from 1974. This is a new edition, that includes 
1449 species, 62 varieties and 12 forms of the Basidiomycetes in Lithuania. Tiley are 
disposed in orders, families and genera . A list of 506 bibliographic references and an 
epithet index are added. 

DEUTEROMYCOTINA DE CUBA . HYPHOMYCETES / , by CASTANEDA 
RUIZ, R.F. and G.R.W. ARNOLD, Revis1a del Jardin Botanico Nacional, 2(1): 67p., 21 
x 27 em, paperback, 1985 (repri nt): DEUTEROMYCOTINA DE CUBA. 
HYPHOMYCETES II, by CASTANEDA RUIZ, R.F., Serie Taxonom;ca del INIFAT, 24 
p., 14 fig. , 21 x 27 em, paperback, 1985. Ill, by CASTANEDA RUIZ, R.F .. Serie 
Taxonomica del INlFAT, 102 p., 30 fig ., 2 1 x 27 em, paperback, 1985. N by 
CASTA NEDA RUIZ, R.F., Serie Taxonomies del !NIFAT, 38 p .. 19 fig. , 2 1 x 27 em, 
paperback, 1985. lnstituto de Investigaciones Fundamentales en Agriculture ., Alejandro de 
Humboh", Academia de Ciencias de Cuba, Santiago de Las Vegas, Calle 2 esq. 1, Ciudad 
de Ia Habana, Cuba. 
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The first fascicle which is a reprint starts a serial publication devoted to taxonomy. 
The four first issues deal with Hyphomycetes from Cuba. It immediately appears that the 
authors initiated a very fruitful study. The species collected are numerous and noteworthy. 
Already , of the 88 Hyphomycetes recorded in these four issues. 43 species were 
proposed as new and needed the creation of four new genera. These genera are 
Bisseomyc~s (B. havanensis) with dictyoseptate conidia on long denticles, Holubovo.nella 
(H. elegans) with successive clusters of brown phialides, dedicated to Dr. Vera Holubova
Jechova, Cz.echos1ovakia, lnifatiella (/. Mctandrae) with fascicu late conidiophores bearing 
long multiseptate brown conidia , dedicated to lNlFAT and Kostuman.sindiopsis (K. 
theobromae) with dictyoseptate conidia in acropetal chains on fasciculate conidiophores. 
Each new taxon is illustrated by large line drawings. Type material and other collections 
are deposited in Castaneda's herbarium at the IN1F AT. 

/CONES MYCOWGICAE 75-92 , by RAMMELOO, J. , edit. , 17 p. + 16 col. 
drawings+ 2 pl. phot.,leaflets in paperback map, 1985. /CONES MYCOWGICAE 93-
110, by RAMMELOO, J., edit., 39 p. + 13 col. drawings + 5 pl. phot., leaflets in 
paperback map, 1985. /CONES MYCOWGICAE 111-/30, by RAMMELOO, J., edit. , 
51 p. + 8 col. drawings+ 12 pl. phot.,leaflets in paperback map, 1986. Jardin Botanique 
de Belgique, Domaine de Bouchout, B-1860 Meise, Belgium. 

The National Botanic Garden of Belgium has been publishing the leones mycologicae 
serially si nce 1982. The ftrst issue was devoted to the master work of Louis Imler, a 
Belgian specialist of Russula. Subsequent issues provided more paintings of Imler and 
others. The folder 75-92 contains plates prepared by A. DeHaan. Folder 93-110 contains 
10 more plates by L. Imler and 8 by J. Rammeloo. The next folder has 4 more plates by 

Imler,Je bk!~~!~~~/ ~~~· ~~:"~f Galerina. These very small fungi are 
delicately painted, with a photographic plate of spores under the scanning microscope. The 
plates painted and drawn by Louis Imler in the next two folders represent Am411ir.aflawr 
rubens, Boletellu.s ru.ssellii, Boletu.sfrosri, Boletus pallidu.s, Sui/Ius pictus, Xantlwconium 
affine, Xerocomu.s illudens, Leucocoprbw.s bresadolae, Gyrodon meruiioides, Russula 
grisea, Russula nign·cans and Amanir.a spi.ssa. On all Imler's plates, carpophores are richly 
coloured and spores and hypha! elements are outlined by ink and faintly coloured. A plate 
of Geopora sumneriana is contributed by Heineman. F. De Raeve has prepared three 
plates, Agrocybe pusiola, lnocybe aerugifiOScens and Melanoleuca cinereifolia. J. 
Rammeloo composed 3 plates of colour photographs of Agaricales and 15 photographic 
plates of the Myxomycetes in scanning microscopy. 
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AUTHOR INDEX, VOLUME THIRTY-lWO 

Arendholz, Wolr-ROdiger, and Ain Railviir, A new spec ies of Hyaloscyphaceae on 
needles of Piua (Pinaceae) 353-364 

Arnold, G. R. W. , W. I. lllman, and G. P. White, A greenish grey species of 
Sympodiophora Arnold (Hyphomyce<es) 369-374 

Bartochcr, Felix, see MaraJlCl'W and 85rlochcr 
Bagyanarayana, G., U. Braun, and V. B. Hosagoudar, Ovulariopsis lawsoniae spec. 

nov. 457-459 
Blackwell, WiU H., see Vmcent and Blackwell 
Braun, U., see Bagyanarayana & al. 
Buchanan, P. K., A new species of Hererobasidion (Polyporaceae) from Australasia 

325-337 
Burch, Katherine B., see Morgan-Jones and Burch 
Di.ssing, Henry, Pulvinula Boud., a synonym for Pulpan'a Karst. 365-368 
Eliasson, Uno H., Harold W. Keller, and James A. Hutchison, Myxomyce tes from 

Aritansas 375-398 
Elix, John A., and Jen Johnston , New species in the lichen genus Paraparmelia 

(Ascomycotina) from the southern hemisphere 399-414 
Gjrerum, Halvor 8 ., Rust fungi (Uredinales) on the genus Hyparrhenia (Poaceae) 143-

160 
Hale, Mason E., Namakwa, a new lichen genus in the Panneliaceae (Ascomycotina: 

Panneliaceae) 169-174 
Hennebert, G. L., Book Reviews 493-508 
Ho, H. H., see Luo & al. 
Hosagoudar, V. B., see Bagyanarayana & al. 
Hutchison, James A., see Eliasson & al. 
Ill man, W.l, see Arnold & al. 
Jwatsu, Tokio, Shun-ichi Udagawa, and Noritsuna Toyazaki , A new species of 

Phialophora 439-445 
Jacobsen, Barry J., see Morgan-Jones and Jncobscn 
Jenkins, David T., A new species of Amanita from North America: Amanita levistriara 

415-419 
Johnston, Jen, see Elix and J ohnston 
J ones, E. B. Gareth, and A. Zainal , Cuiosporopsis caduca sp. nov., a marine 

lignicolous Ascomycotina from submerged wood 237-244 
Jong, S. C., see Luo & al. 
Keller, Harold W.,soe EJiasson & al. 
Korf, Richard P., and Wen-ying Zhuang, Pezicu/a tasmanica: phyllocladicolous, not 

foliicolous 491 
Kramer, John P.,seeStcinkraus and Kramer 
Kuthubutheen, A. J ., see Nawa\o\i and Kuthubutheen 
Luo, Li , H. H. Ho, and S. C. Jong, Study on the physiological characteristics of the 

genus Phywphthora 199·217 
Maranovli, Ludmila, and Felix Di'i rlocher, Hyphomycetes from Canadian srreams. I. 

BasidiomycetOus anamorphs 339-351 
Morgan-Jones, Gareth , a nd Kather ine B. Burch, Studies in the genus Phoma. XI. 

Concerning Plwma lycopusici, the anamorph of Didymella lycopersici, cuusal 
organism of stem canker and fruit rot of tomato 133-142 

Morgan-Jones, Gareth , and Katherine B. Burch, Studies in the genus Plroma. XU. 
Concerning Plwma de.srrucriva, a second species implicated as a pathogen of tomnto 
253-265 

Morgan-Jones, Gareth , and Katherine B. Burch, Studies in the genus Phoma. XIII. 
Concerning Plwma v:igua var. txigua, a cosmopolitan, ubiquitous fungus on 
diseased and dead plant material 477-490 
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with biodeterioration of carper. plaster and wallpaper 223-236 

Morton, Joseph B., Taxonomy of VA mycorrhizal fungi: classificarion, nomencl3ture, 
and identification 267-32A 

Nag Raj, T. R., Redisposals and redescriptions in the Monochaeria-Seiridium, 
Pestalorio--Pestaloriopsis complexes. Vlll. On the status of Monochaetia caJmlliae, 
M . osyridella and Pescaloria gawae 121 -132 

Nawawi, A., and A. J, Kuthubutheen, Camposporidium, a new phragmoconidial 
genus of hyphomycetes 161-167 

Nawawi, A., and A. J. Kuthubutheen, A new species of the genus Dendryphiosphaera 
461-466 

Okada, Gen. soe Seifert and Okada 
Parmasto, Erast, What is Ochroporus ossarus (Hymenochaetaceae)? 219-222 
Raitviir, Ain, see Arendholz and R.aihiir 
Red lin, S.C., and R. W. Stack, Gnomoniella fraxini sp. nov., teleomorph of the ash 

anthracnose fungus and its connection to Disculafraxinea comb. nov. 175-198 
Santamaria, Sergio, Prolixcndromyces rriandrus sp. nov. (Laboulbeniales) from. Spain 

433-437 
Seifert, Keith A., and Gen Okada, GlotozynntmiJ, a new genus or synnematous 

Sta~P~~W:,= R~inbaa!!:~~cerous affinities 471476 

Steinkraus, Donald C., and John P. Kramer, Entomophlhora scarophogae descr. amp!. 
(Zygomycetes: Entomophrhorales), a fungal pathogen or the yellow dung fly , 
Scarophaga stercoraria(Diptera: Anlhomyiidae) 105-113 

Toyazaki, Noritsuna, see lwatsu & at. 
Tulloss, Rod ham E., Amanita sinicojlava: a new species from eastern Nonh America 

421-431 
Udagawa, ~hun-ichi, see lwatsu & at 
Udagawa, Shun-ichi, and Seiichi Ueda, Calceomyces, a new genus or the Xylariaceae 

with shoe-shaped ascospores 447-455 
Ueda, Seiichi, see Udagawa and Ueda 
V'nky, Kliln:Wt, Taxonomical studies on Ustilaginales. D 245-251 
Vincent, Michael A., and Will H. Blackwell, Borryosporium hughesii, a new species 

from Africa 467470 
Walker, J., Puccinia srtnotaphricola, a new name for Puccinia srtnotaphri Cummins 

and its occurrence in Australia 115-120 
White, G. P., see Arnold & al. 
ZainaJ, A., see Jones and ZainaJ 
Zhuang, Wen.yinJ:, 1ne genus Parencoelia (Leotiaceae, Encoelioideae) 85-95 
Zhuang, Wen·ymg, A monograph of the genus ·unguiculariopsis (Leotiaceac:, 

Encoclioicleae) 1-83 
Zhuang, Wen·ying, A new species of Dencoe/Wpsis and a synoptic key to the genera of 

the Encoelioideae(Leoriaceae) (/7-104 
Zhuang, Wen-ying, see Korfand Zhuang 
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INDEX TO FUNGOUS AND LICHEN TAXA, VOLUME THIRTY-TWO 

This index contains the names of genera. infrageneric taxa, species. and infraspecific taxa. 
New names are in boldface, as are the page numbers on which such new taxa are 
proposed. 

AcanlMphiobolus 
helicosporus 4 82 

Acaulospon 268,27 1,272,274-279,285-
287, 289-295, 298-300. 302, 305, 
307-3 10,312,313 

appendicula 268, 27S, 296. 298-300. 303, 
310,313 

bireticul:ua 268. 282,299,310 
dclicata 268, 296, 300 
dcnticulata 268, 299. 3 13 
dilatata 268,296,299,300,304. 313 
clcgans 268, 299,308.3 10,313 
ro ... eata 268.298,299,304.308. 313 
getdemannii 268,303,308,313 
locunosa 268, 299.300,304,313 
Jacvis 268,276,279,290, 300, 308,313 
longula 268,296, 304, 313 
mellea 268, 300. 304 
morrowae 268,296.298.299,304.313 
myriocarpa 268, 280, 284-286, 296, 3 10, 

313 
nicolsonii 268,275,296,3 10,313 
rclunii 268,304, 313 
rugosa 268, 296, 299, 300, 302.304.313 
scroblcuJata 268, 290. 296. 299, 300, 303 
sp;nosa 268,273, 290, 296, 299, 313 
sporocllpia 268,275,286. 294.304, 310, 

3 11 , 3 13 
trappei 268. 280, 292. 313 
tubc:rculata 268, 290, 298, 299, 304, 3 10, 

313 
Acremonium 223, 224, 369 

suiaum225 
Accidium 

hanwegiae ISS 
plcctJOniae 154 

AUophylaria 
chrysosligma 69 

Alternaria 223. 224 
altemata 224, 27S 

Amanita415,429, 430 
subg. Amanita415, 417 
sea. Amanita 415,4 17 
scct.Amidclla430 
sea. LepidcUa 430 
sect Phalloideae 430 
sect Vagill3lae421 , 429 

anlillana429 
cociliae 422. 429 
cinaipes429 

ooaaa429 
constricta 429. 430 
crascodcrma 429 
crcnulata 417 
farinosa 417 
frostiana417 
fulva42 1, 424 , 430 
groen1andic:a 429 
inaurata 422, 429 
levistriata41S-419 
macrospora 417 
mortenii 421.425-427, 429,430 
pcltigora430 
phalloidcs430 
p.llchella419 
sin.icoRava 421, 422. 424-430 
stnngulata429 
suba1pina428 
sutwnembranacea 421 . 426-430 
subsoUwia 423 
vaginata 424, 430 

ArnaniiOpSis 
subm<mbranaceo 427 

Amcgtiniella 101 
Alnofpl1olhcca 

resinae 232, 233 
ArnphisphaereUa 

xylosti 22, 59 
"""""'"dea247 

caricis 245,247 
kukkonenll 245 -24 7 

Antromycopis 474 
Apiognomonia 176, 182, 196 

errabunda 176. 196 
quercina 176 
venda 195 

Apiosporina 
morbosa 234 

An:yri> 
cinerea 382 
dcoodata 382 
inc:amata 382 
magna382 
nutans 382 

Arco1ospora 453 
bosernis453 
terrophila453 

Asoochyta 136, 138.256,262.263, 4TI. 478 
abclmosdti 478 
citrullina 138 
gossypii 478 



51 2 

hortorum 253 
linicola479, 480 
lycopcrsici 136, 140,478 
phaseolorum 478, 482, 484 
solani-ruberosi 134 

As<;ooicha 448 
AspergiUus 223. 224 

fumigar.us 225 
versicolor22S 

Asterorna 175. 196 

Bildhamia 393, 394 
affanis 392. 395 
ainoaem 
armillau.392 
gracilis392 
rugulosa392-395 
versicolor 394 

Badhamiopsis 
ainoae Jn. 392 

Banksiamyces 101 
Beauvaria 

alba224 
Biscogniauxia 454 
Bisporeua 67 
Bolryosphaeria 

ribis486 
Bouyosporium 467 

hughesll 467 . 469 
longibMIChiatum 469 

Brachysporiella 461.466 
gayana 465, 466 

Calcarisporiwn 
parasiticum 10 

Caioeom)US 447, 448 
lacunosus 447-450, 451 ' 453. 454 

Ollomyxa 
metallica381 

Caloncma 
aureum 375, 382 

CalyoeiHna 67, 72, 76 
Camarops 454 
Camillea 453, 454 
Camp>Sp<>ridium 161, 167 

aiDium 161-163, 164, 166 
Camposporium 161. 164, 166 

<Wltennaturn 166 
Cenangella 

parasitica 46. 48 
Cenangiom yces 344 

luu:us 344 
Cenang;opsis 101 
Cenangium 2, 18, 19, 47, SO. 101 

austtale It, 28, 30, 31 
biparasiticum 86, 90 
dimorphum 28. 30 
episphac:rium 11 . 30, 3 1 

parasilicum 46, 48, 49 
ravenelii 4, 49, 52, 91 

Cermiomyx.a 
fruticulosa 3n 

Ceratostomcl.la 195 
Cen:ospon 

bolleana262 
Cc:riosporopsis 240, 243 

bazbala 240, 2A3 
- 237, 238. 240, 242. 243 
cambrcno:;is 237,240.242, 243 
capillaoea 237, 240, 242. 243 
circurnvesrita 240. 242, 243 
halima 237, 240. 242 
sundica 240, 243 
tubulifcra 240. 242, 243 

0\aetendophnlgmia 161, 166 
triangularia 166 
lriseplata 166 

Olaelocladium 10 
Olactomium 223, 224 

globosum 225 
Chlorencoelia tO t 
Onu>clia 

caries247 
Cistella 68, 70, n , 71, 355,356 

acuum 353, 356, 362 
granu.losella 70 
mali72 
xylitaT7 

Oadosporium 223-226, 230, 232-235 
albiklepoe 234 
apc.Je 232 
astcrinae 232, 235 
avellaneum 230, 232 
b3Wawm234 
bisporum 230. 232 
brassicae 234 
bl<vicau:nullllUm 233 
~ 223, 225, 228-230, 232, 235 
buteicola234 
talpC)philum 234 
caryigenum 234 
castellanii233 
o::rophilum 232 
chlamydospora 232, 233 
chl~mydosporis 232 
cladosporioides 224. 234 
oolocasiae 232 
ruauncrinum 234 
dcvricsii 233 
cchinulatum 233 
elegans 232, 233 
gallicola 232, 235 
~ 223,225, 226,227.230 
gynoxidicola 232, 235 
hcrbatum 224, 232-234 
hwnile234 



iridis 233 
lacroixii 234 
laxicapitulalwn 232 
leprosum 230, 233 
macrocarpwn 230. 232·234 
magnusianwn 234 
musac 232 
nigreUwn 233 
orchidis 232 
omilhogali 234 
phlci 234 
polygonati 234 
po<pho<um 232 
resinae 232. 233 
sphacrospermwn 233 
spongiosum 234 
uichoides 
var. chJamydosporum 233 

uredinicola 235 
variabile 232, 234 

O adouichum 233 
03.St0derma.395 

microcarpum 375, 385 
pachypus 375, 385 

C aussenomyoes 71 
hydntco1a 71 

Oavidisculum 
kriegerianum 356, 362 

Cocconia II. 86, 90 
Collybia474 
Comauicha 390, 391 

fimbriata389 
taxa 391 
sp. A 390 
sp. B 390 
typho;des 383. 389 

Coruochacta 
microspon 453 

CordieriteS 101 
Coryncum 

camelliae 122 
Cr.:ueriwn 

k:uccx:cphaJwn 394 
Cribraria39S 

violacea 380 
Crocicreas 75 

suamineum 75 
Cucutbitaria 

bcrtcritlis 4, 21,58 
CUnninghamella 275 
Clrvu1aria223 

IW1013225 
Cylindrospon:lla 196 

Daaylaria 230. 369 
Daldinia454 
Dasyscypha 

conico1a 355, 362 

pulverulenu 
var. conicola 355. 362 
var. fructicola 357 
var. piceicola 358 
var. purpurescens 356 
f. conorum 362 

triglitziensis 355, 362 
Dasyscyphclla 

- 353. 355, 360. 362 
J1'l.ll!l1mla>b 353, 355, 362 

Dasyscyphus 68, 356 
acuum 356 
aconiti 75 
aJbidoluteus 66 
dennisii 363 
mughonicola 354. 355 
~I, 3, 18, 20, 21, 31 ,42 

cae,sptosum 42, 47, 49 
clrnorphum 30, 31 
lnfllndlbulllom-Os 31, 40. 42 , 43 

Dencoeliopsis 97. 101 
be!ulkola 98' 100 
johnstonii 97, 98 

Dendrostilbella 474 
Dcndtypttiosphar> 461, 465, 466 

minuta461 . 463,465 
porwla 461465 
t.aiensis 461 , 465 

Dcnnatea 2. 18 
dimorpha 28, 30 

[);aponhe 184 
[);ctydiacthalhm 

plwnbcwn379 
[l;aydium 

canccl1arum 380 
[);dcnna 

chondriodenna 396 
floriformc: 396 

[);dymella 
tycopersici 133, 136, 141,253, 478 

Didymium 
megalosporu.m 397 
minus ~n. 396. 39, 397 
synsporon 375, 397 

Didymosphaeria 35 
oblitescens 34, 35 

Diplodina 136,138,140, 254. 478 
destructiva 254, 258 
lycapersici 136. 140,254 
miaospc:nna 136 
salicis 136 

Discocainia lOt 
[);soocistdJa67 

bu.llii 67 
[);scuial7l , 176, 180, 187, 189. 194-196 

n-ax1nea m . 190. 192. 194, 196 
qucrcina 176 
umbrinella 176, 195 
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Dispir.l7 
Doassansia 24 7 
~ 245 , 248.249,251 

Dn:dlslera 223 
halodes 224, 225 

Echinosleliwn 381 
apl<dUm 381 
coelocephalum 375. 380 
clAchislon 380 
fragile380 
minurum 381 

Elevda 
lilaoea 70 
lilacina70 

Encoelia 2. 18, 101 
infWldibulifonnis 30,40 

En<:ccliclla 2. 5, 6, 18-20,28 
ausualiensis 5. 26, 28 
ravcnclii S. 36, 49 

Encoeliopsis 97. 101 
rhododendri97 

Endogone 271, 272, 276-278. 280-283 
fasciculata271 
Oammicorona 280 
incnssata276 
lactiflua280 
microcarpa 211 
pisiformis 273,276.277,280,315 

Er.:.nhc:ncma 
paplla!Um 384 

Enlonlopl-dlora I OS, 112 
muscae 105, 106, 11~112 
scatopha3ae 105, 106, 108, 110-1 12 

Eruonaema 454 
Emrophospora 269,271. 2n, 274-276,278, 

289-293,300. 307. 309. 3 10, 312, 
313 

colomb;ana 269,213, 298-301,304,310, 
313 

;nn.quens 269.299.310,313 
schencldi 269,280.284,296, 310 

Enlyloma 
typhaeeaNm 247 
f. sparganH rnmosi 247 

Erinella 
puberula 358 

var. abictis 358, 362 
serinella358 

Eriomycopsis 369 
Eutypa II , 47,49 

comosa 30 
lata 11,21 , 47,50 

E.opRala 
dcrmatitidis 439 

Fibulocoela 344 
indica 344 

FlbuloCaetUella 340 . 344. 348 
canadensis339, 340-342, 344 

Aqellosporn 344 
penjcillioides 344 

Fornes 
fulvus219 
igniari~ 219 

r. alni 219,220 
f. betulae 219 
f. piri 219,220 
f. pruni 219 
r. quercus 219 
r. salicis219 
r. uemulae219 

Fomitiporia 221 
Fuligo 

cinerea 394 
sep6ea394 

Fusarium 224, 2SS 
Fuscoporia 221 
FUsicladium 234 

effusum 234 
virescens234 

Fusiooccum 486 

Oc.niculosporiwn 447 
Gigaspora 269,271,275,276,278-280,289-

296.299. 300, 303.306-310. 312 
all>da269 
candida 269,281 
deeipiens 269. 2n. 310 
gigantea 269, 273, 288. 296. 304 
nwgarita269 
rosea 269 

Glariella271 
Gliocladium 

rooeum 10 
Gk)eosporidium 19S 
Gloeosporiwn 175, 176 

aridum 175-117, 180, 189, 190, 192. 194 
fraxineum 175. 177. 180, 189, 190, 192, 

194 
;nq:u~an: 175 

Glomsynnema47l, 474 
ochroltua.lm 471 , 472, 474, 475 

Glomus 269-272, 274, 276-280, 283-295. 
299.300.303,306-3 12,314 

aggrcgatum 269. 284.287, 288, 290,296, 
301.302.306. 308.312 

all>dum 269,296,303,306-308,311 
ambisporum 269, 272, 28.5. 296, 299, 306, 

312 
arborense 269,279,285, 311 
austnle 269,286,308.3 11 
boreale 269, 287. 292, 311 
botryO;des 269. 28 1, 299, 308 
caledonium 269, 286, 290, 308, 311, 314 
c:anadense 269. 286. 287, 311 



ccrebriforme 269,311 
citricola269 
claroideum 2Q) 
clatum269. 284,292.301,308,3 10,314 
c:onslrictum 269.306,311 
convolurum 269, 287, 2&8 
dc.lhiense 269, 311 
desertioota 269, 311 
diaphanum 269,273, 279,284,292, 301, 

304.311 
dimorphicum 269, 272, 280, 285. 296, 

298, 308. 312 
cpigaeum 283 
etunicatum 269,277.296,306-308,312 
fasciculatwn 268.269,281,282,284,286. 

288.303 
fecundisporum 269, 280, 288. 311 
Oavisporwn 269,286,287, 292 
formosanwn 269, 290, 306 
fngile 269, 286. 311 
fuc:gianum 269, 286, 287 
fulvum 269,31 1 
goosporum 269,306.311 
gerdemannii 269, 292. 296. 300 
globiferum 269.298.312 
glomc:rularum 269,285,306,3 11 ,312 
halonawm 269,299,303,306,308.311 
heu,.osporum 269, 272, 284, 285. 290, 

296, 306, 311 
hoi 269,284,296.307,3 11 
intraradices 269,284.292.296.301.307. 

308 
invermaium 269. 286. 288. 290. 306, 308, 

311 
lacleum 269, 306 
lepcc<iehum 2QJ, 280 
macroearpwn 269,281, 285·288, 308,312 
maculosum 269, 280.306.311 
maplicaule 2QJ, 308, 310 
manihotis 269.284.292, 301, 312, 314 
mclanosporum 269,286-288 
m.icroaggrcgatum 269, 284 , 296. 308, 311 
microcarpum 269,281,285-287 
monosporum 269.287,299. 303, 306, 

311,314 
mosseae 269.287,306.311.314 
multicaule 2QJ, 299, 306 
multisubmnsum 269, 281, 306, 3 11 
oeeulrum 2QJ, 279.280,292.296.301, 

304. 311,314 
pallidwn 2QJ, 285·287, 312 
pansihalos 269, 285, 286, 290, 295, 296, 

298, 299, 305. 307 
pubescens 2QJ, 286, 287 
pulvinatum 269,287.3 11 
pustularum 269, 290, 299, 308 
radiatum 269,286,287, 292,3 12 
JUiculatwn 269. 31 1 

SIS 

scintillans 269,299.310 
segmc:ntatum 269, 286.287.308 
tc:nc:brosum 269. 296. 299. 300. 306. 308. 

311 
tc:nerum 269, 285 
tenue 2ffi, 279, 280 
to<tuOSUm 269, 280, 287 
rubaefonne 2ffi 
verslrorme 269.283. 285 , 287,296. 303 
vesieuliferum 269.286-288 
warcupii 269. 279 

Gnomonia 176, 182 
artospora 187 
c:rrabunda 176. 196 
lepfoslyla 176 
peUolophila 

f. fnuini 187 
quc:tcina 176 
Nl> 195 

Gnomonic:Ua 175, 176, 179. 182, 184. 186, 
196 

tl:'axlnl175, 18().182, 185, 186. 189, 192, 
195 

tubac:Jormis 186, 187 
vasarii 186 

Godronia 21,34 
confcrtatus 34 
confc:nus 34 

Hc:lolk>psis6,65 
jc::nklnsii 70 

Helocium 
citrirldum67 
oollinum 68 
helb&lum 66 
minutissimwn 71 
ncctricllum72 
pulehd1a 356 
separabile 74 

Hc:mig.losswn 101 
Hemilrichia 

calyculata 3TI, 383 
cl.avau.383 
serpula383 
stipitatam 

Heterobasidion 325, 334. 335 
annoswn 325, 3J0.335 
........... 321327-335 
insula,. 325, 330, 332. 335 

Hc:~c:rosporium 233, 234 
Holwaya 101 
Hy>lopeziza 2, 18 
subg. Unguiculariopsis 6. 19 

ilieincola 38 
tric:hodea 353. 355. 362 

Hyaloscypha 64 
lacblobradlya 75 

Hydnum 



516 

farinaceum 71 
Hymcnoscypha 

subtilissima74 
llymenoscyphus 66,74 

campanulifonnis ff.J 
separabilis 74 

Hyphodiscus 
1heiodea67 

Hypomyces 
polyporinus 369 

Hypoxylon 453 
sec:t. Annulata4S4 
sect. Hypoxylon 454 
sect. Papillata 454 

serpens 447 
Hysterium4 

bicolor 50, 52 
rufulumSO 

lncnJpila 
alatavica 3.53. 357, 360, 362 
denn.isii 3.53-355.357. 363 

Ionomidoti s 101 

Karstenula 21, 44 

I....achncl1a2, 18 
robc.rgei57 

LachneUula 2, 18, 22 , 24,25 
hysterigena ~. 36, 52, 55 
lheiodea67 

Lachnum 65, 67, 74.356,358 
acicularum l58 
IIQliUd I, 74 
aJbidorosea 65 
piccwn 357 
pulverulemum 353, 354, 358, 360, 363 
var. tructialll 353, 357, 363 

,.,.,.._wnl53·355, 357,358,361 
l.amprodcnna 

biasperosporum 388 
Lecanora 7, 21.64 

carpinea 62-64 
ch1arocera64 
effusa 62 
subfusca 
var. (umamed} 64 

Lecytl'<>pho .. 
hoffmannii 443 
tignioola 443 

Lcocalpus 
fragilis 392, 397 

t.cp;oca 
dypcolaria424 

LeptOSphaeria 
doliolum 141 
lindquisti.i 141 
macu.tans 141 

slovacica 141 
l..ep10<p01>482 

helminlhospora 482 
implexa482 
rubc.lla480. 482 

Lcvcillula 
taurica457 

Licea 378, 379, 395 
biforisJn 
castanea 378, 379 
chelonoidcs 378 
dewdcsccns378 
inconspicua37S. 378 
kleistobolus 378 
open:ulata378 
paras:itica 378 
pedk:dWa 378 
pcn:xiaua 375, 379 
scyphoides 375, 379 

Lophiostoma 
impl.exum 482 

L~gala 
cpidcndrum 379 
exiguum 379 

Macbridc:ola 387, 390, 391 
cornea 38S 
dccapillw 381, 38S 
dedinala 375, 385·389, 398 
robuSla 390 
scintillans 386-389 
verruoosa 387 

MarceUeina 36S, 366 
Metatricbia 

vespariu.m 382, 383 
Microcyclus 

ulci234 
Micropodia65 
Midotis2. 18 

infundibulifonnis 4042 
Modkdla271 
Mollisia 2, 6. 18, 68. 72, 73,86 
subj:. Mollisic:lla 4-6. 19, 6S 
sect.Mollisiella 19 

aJbula66 
t:..illii67 
caespiticia 67 
effuaiem 68 
hamulala20 
hydnialla 70 
hypnina 70 
ilicincola 4-6, 38 
lesdaW 64 
lurida71 
lutco-fuscescens 71 
mali 71 
pollida72 
perparwla 6, 73 



pineti 73 
suamineum 74 
teucrii 

(. Junariae 75 
lhallophila62-64 
wnbonala 
var. amenticola 75 

versicolor75 
viridinavescens 76 

MollisieUa 2. 4-6. 18, 20, 65, 73, 86,92 
aggregw6S 
all>do-1\Uea 6S 
albido-nivea 66 
albido-rosea 65 
alOO.nivea66 
albo--tinaa66 
albuJa66 
anonyma66 
apicalis66 
auricolor66 
austriac:a67 
bresaclotae67 
caespiticia 67 
citrinula67 
collina68 
clegans 68 
epithallina68 
fagiseda68 
filicum69 
fUS<::O--sanguin:a 69 
graminea69 

"""""'"'"' 69 helolioides69 
hydnicola 5. 70 
iiK:incola 4, 5, 26, 28, 36, 38-40, 49, 50, 

52, 55 
infixa70 
lilacina70 
livida44 
luteo-fuscescens 71 
minima 71 
mirutissima 71 
myricae 71 
myriostylidi s 4, 72, 86, 90. 92, 94 
nectriella72 
ncmophila T1. 
obscun:J.Ian 
olivacco-brunnea n 
pallensn 
pallida72 
plaauoa73 
pruinosa 73 
pudica 73 
rehmii 74 
sclerotinioldes 74 
separabilis74 
subtilissima74 

tetrasp:>ra75 
tcucrii75 
var. lunariae 75 

lrinitensis 15, 90, 92, 94 
wnbonata75 
var. amcnticola 75 

viridillavescens 76 
xy1ita76 

Monochactia 124 
camelliae 121-123, 128 
Wstenii 122 
osyrclla 121 , 123, 124, 128 
osyrideUa 123·1lS, 128 

M..-chella 196 
Mucilago 

crustacea 397 
Myoosphaerella 233. 235 

boUeana 262·263 
ciuullina 138 
dianthi 233, 234 
macrospora 233, 234 
tassiana 233.234 

Mya>typha 275 
Myriangium 4, II, 21, 26, 28, 38, 39, 57 

duriae 39 

Nama1cw11169 
ecomata 169· 173 

Namfeldtiomyces 
sparganii 248 

N"q>lenl 
lilacina70 
ncmophitan 
teuaii75 

NipcereUa 101 
Nodulisporium 447, 448, 450, 454 
NummularieUa 4S4 

OchropoNS 219-221 
alni219 
ossatus 220 

Ocdtmium 233 
Otigonona 

Oavidum 382 
schweinitzii 382 

Ophiobolus 
implexus482 
lcp<ospoous482 
porphyrogonus 480. 482 
trichisporus 482 

Ophiognomonia 176 
Ovulariopsis 

lawsoniae 457. 458 

Paecilomyces 224, 228, 232 
Parapannelia 399. 402, 405, 408-410, 413 

aranaea399. 400,402,412 
arida4 10 
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auocapnodcs 406 
bolllnpDil 399, 400, 402 
brvwnlldl 399, 401 ,402 
cerussata 403, 404 
-399,401-403 
l&n•pcAcJc.dl•ica399, 403, 40S, 408 
aregaria 399, 400 
leua>pha .. 399, 403-405 
lilhophila 406-408 
lilhophiloides 408 
maocauleyensis 411 
mongaensis 404, 406, 411,412 
~ 399, 404-406 
ncoqu.Uuria 401 
~399,405 , 406 
nwninbahmsis 403 
pingulacida410 
~ 399, 407, 409 
prolala400 
rod ... lckil399, 403, 407-409 
rugulosa408, 412 
sagi1Ull40!, 403, 412 
~ 399,408-410 
__.; 399, 4()9, 410 
spodoc:hroa 400, 401 
- 399, 411,413 
aubruauJosa 399, 407. 411-413 
subspodochroa 408 
subtropica 4 It 
tropico 399,411, 413 

Pnnlsildla 10 
Parenooelia II, 72, 7.5, ss. 86, 88, tOt 

andina 85, 86, 88 , 90, 92 
~86.90 
Jl11rioslylldls 86, 88, 90, 92, !>4 

Parme.Ual69 
contwbala 

var. exomata 169 
Patellaria 

nigrtKinnabarina 4, so 
Pl:lrlsen 

canina68 
Penicillium 223, 224, 228, 232 

slahlum 225 
socflewskii 224 
inbicatwn 224 
jensenii224 
simplicissimum 225 

Ptrichac:nl 
cluysospc:rma 381,385 
del'f"S'381 

Pestalopezia 101 -· gaurae 121. 125, 126, 128 
gucpini 121 
inquinans 122 
karstenii l22 
oenotherae 125, 126 

osyridclla 123, 124, 128 
uvioola 126 

Peslaloliopsis 122 
gallical22 
gucpini 122 
kamcnii 121 . 122. 128 
maculans 122, 1~ 
uvicob. 121. 125, 126, 128 

Pczicula491 
tasmaniel491 

Ptziza 2. 4, 18 
apicalis66 
llQX:a365 
bullii 67 
caespiticia 67 
effugiens68 
clegans68 
epilhallina68 
emtica64 
erythrostigma 68 
filicwn(/J 
g.raminea 69 
granulosclla (/} 
hydnioola 70 
hypl()rum 70 
hyst<rigena 5, 26, 36, 40 
ilicincola 4-6, 19, 38, 40 . .50, .57 
infix.a 70 
johnsonii 97 
lurida 71 
minima 71 
myriangii39 
petplrvula 20, 65 , 73 
pinc<i 73 
pruirosa 73 
ravenel.ii .5 , 20, 26, 28, 40, 49, SO, .52 
roberaei .57. 59 
straminewn 74 
umbonata 7$, 365 
versicolor7.5 
xylita76 

Pl:zizella3.56 
aconiti 74 
_..65 
aU>do-1 ..... 65 
aJ.bido.rosea6S 
albonivea66 
altx>tincU 66 
anonyrna66 
auricolor66 
bresadolae 67 
campanulifonnis fb 
6lio..un69 
fuscosanguinca 69 
helocioides 69 
mali?! 
myric:ae72 
pliclluiA73 



p.~dica 73 
pulchcllalS6 
rdmii 74 
sclcrolinioides 74 
sordida 356 
tctraspora75 
tcUaii71 

Phaeofabraea 86, 101 
Phaeoramularia 232 
l'llakopsora 

apoda 116. 118 
incompleta 144, 158, 159 

Pbc:llinidium221 
PheUinus 220, 221 

a1ni 219. 220 
igniarius 219 
r. igniarius219 

ossatus 220 
punctatus 369, 371 
robustus 219 
tn::mulae 219 
ruberculosus 219 

Phialina 76 
viridifiavescens 76 

PIUalophora 439. 443. 444 
sect Cattnulau. 440,443 
sect. Phialophora 440, 443 

bubakii 443 
cyane=s444 
fastigiJUa443 
~439. 441444 
laa<obcriii 443 
malorum 443 
mclinii443 
paruitica 443, 444 
repens 443, 444 
richatdsi8C 444 
,_ ... 

Phlebiopsis 
gigaruea334 

Phoma 133. 134. 136. 141 .223.224. 253· 
256. 260. 262. 263. 417-480. 482. 
486.487 

secl Plenodomus 141 
allcmariaoeum 133 
bctat262 
desuuctiva 133, 134, 140, 141,253-260, 

262.263 
diversispora 482 
eupyrena 134 
exigua 133, 134, 140,253, 256,260, 262, 

477-480. 482. 487 
var. divtrsispon. 482 
var. exigua 134,254,260. 4n-480, 482-

487 
var. foveata 134,479. 480 
var. inoJ:.ydabilis 479,480,482, 487 
var. lilacis 478, 482 

var. linicola 479 
var. minor 478 
var. ranunculorum 478 
var. sambuci-nigrae 480 
var. solanicola 480 
r. sp. rovcau. 480 
f. sp. linicola 479 

rovu.a 134,479,480, 487 
glomcrm 133, 486 
hedericola 2.55 
hcrbarum 225. 255. 478. 486. 487 
var. dulcamaricolJ 478 
r. brassicae478 
f. Wacis 478. 482 
r. rubi478 
f. sambuci-nigne 480 
r. schoberiae 478 

hibcmica 255 
hoeMelii 14 1 
leonuri 141 
linpm 141 
lycopeBici 133-138. 140. 141.253-2.56, 

260. 262. 263. 478. 487 
macdonaldii 141 
macrostcma 4 78 
multirostnlta 134 
nebulosa 134 
pcducularis 141 
rubcfacims 141 
solani 134 
solanicola 134,479, 484 

r. roveat.t479 
solaniphila 134 
sydowii 141 
terrestris486 
tuberosa 134,479,484 

PhyUachora 7, II, 85, 86, 88, 90, 92 
massinii 90 
pidtinchae 86. 92 
ulci 88 

Phyll.mnia 457 
dalbergiae 457 
guam4S7 

Phyllosticu 
hoclericola25S 
honorum 253, 254 
lycopersk:i 254, 2.58 

Phyaazum 
auriscalpium 394 
bivalve 394, 397 
craaerifonne395 
ctidennc>des 396 
globuliferum 396 
leucopus 396 
I'Litans396 
po1ycephalum 396 
roseum396 
superbum 317. 396. 39? 
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Physodenna 
sparganii-ramosi 247. 248 

l'llytOphtho111 199,200,203,204,206,208, 
2 12 

aqualica 206,208.212 
areccae 206, 208. 212 
bahamensis 203-206, 208,2 12 
baternaneruis 205, 208, 212 
boehmeriae 208.2 12 
bouyosa 204 , 206, Z08, 212 
cactorum 205,208.212 
cambivora 204,208,212 
capsici 204-206.208,209.212 
c:imamomi 204-206.209.213 
citricola 203.204,206. 209.213 
ciuophlhora 209, 213 
ctandestlna 203-205,209. 213 
colocasiae 206,209,213 
cryptogea 209,213 
drcchsleri 203,205,209,2 13 
cpistomium 203,204. 209, 213 
crylluoscp<ica 204,209,213 
fragariae 203-206,209.214 
gonapodyidcs 206,209,214 
heveae 203, 204,209.214 
hibemalis 203, 204,206,209,2 14 
humicola 203.204,2 10,2 14 
iUcis203-206, 2 10,2 14 
infcstans 199,203-206,210,214 
insol..ila 203. 204, 210. 2 14 
irartica 203. 206.210.2 14 
katsurae 204,205. 2 10,214 
latenlis 203-20S. 210. 215 
meadii 203, 206,210,215 
megakarya 204,206,200,210,215 
megaspenna 204,206.2 10,2 15 
mclonis 203, 204. 206. 210.215 
mexicana 206.210,215 
mirabilis206 
nicotianae 203, 205,210.215 
opertulata 203,204.210,215 
palm iV01'111204·206, 210, 215 
plwcoli 203·206, 210, 2 16 
polymorphica 210,216 
porri 203-206,211, 216 
primulae 203, 204,211,216 
pseudolSugae 203, 206, 2 t I, 216 
quininea 204,206,21 I, 216 
richardiac 204 . 206. 2 11. 216 
sinensis2 11, 216 
spioosa 203, 204, 206 

var. Iobata 2 11, 216 
var. spinosa 204, 205 , 211, 216 

syringae 203. 204,2 11 .216 
vesicuJa 203, 206. 211, 217 
vignae 204.206,211,217 

Pi~is7 
Pithyella 2, 6, 39, 6S, 66, 68, 70 

anonyma 66 
apicatis66 
ausuiaca 67 
erytluostig.ma 68 
hama!al3, ss 
hydnioola 70 
hypnina 6, 39, 70 
hyplOrum 70 
ilicinc:ola38 
jenkinsii 70 
livida 44 

Pk:iochaeta 161 . 166 
sttoSa l66 

Pl=pora 
bct>c262 
hertxuum 224 

Pleurophoma 
pleurospora 4S6 

Plewotus474 
Pl>c:illopycnis 

wncnsis 344 
Porodaodalea 22 1 
Prolixandromyces 433, 436 

comiculatuS433 
lingularus 433 
rhi.ooceratis433 
1Cnuis433 
triandrus 433.434 
vcliae 433 

Pseudoceroospora 
bolleana262 

Pseudohansrotdia 369 
ponapensis 369 

Psc:udohelolium 2, 4, 18, 73 
subg. MollisicUa 4, 6. 20 
St.Ct.Mollisiella20 

hydnicola4 
ilicincola4, 38 
lividum44 
pincli 73 

Psilacl1num 
chrysostigm urn 69, 15, 76 

Puccinia 116, 11 8,235 
andropogonicola 144. 145, 147, 152, 158. 

159 
andropogonis-hirti 145, 149, lS I , ISS, 

15S·I60 
aureoc:rus:al 43, 145-147, 158-160 
duthiae 143, 147, 157-1 59 
ey~i 147 
c ritraccnsis 143, 147, 149, 154, I SS, 157-

159 
... murtoruls 143, 149, ISO. ISS, IS9 
eucoml 150. 158, 159 
graminis219 
hypanheniae Ill , ISS, IS9 
hypanheniicola 145, 149, 15 1, 158, 159 
hyponte>liphila 143, 151, 152, ISS, IS9 



levis 
var. panici-sanguinalis 147. 1.52. 1.58, 1.59 

roc:tbodliae 147, 1.52 
SlellOillphri liS, 116, 118 
-..- 115, 116, 118,119 
substriata 

vat. pcnicilJ.ariae 116,118 
versicolor 1.53, 154, 1.57-160 

var. panici-sanguinalis 1.57 
Pulparia 365. 366 

an:tica36S·368 
Pulvinu!a 365. 366 
Py=opcziza 2, 18, 64 

lhallophila 62-64 
Pythium 206 

Radu1um 
atenimwn en 

Reticularia 
jurana 37.5, 380 
splcndcns 380 

Rhytidhysteron 11 . 21.34 
hysterinum 21, 53, SS 
rutwum 4, 11 , 17, 21 , 36, 37, S0...53, SS 

Riessia 
semi~474 

Russula 303 

Sagc:ria 101 
Sclerocystis 27(}.212. 274, 276-278, 283. 

285·295, 298·300, 306-310,3 12 
clavispora 270, 285, 308 
cocoogena 270, 286, 292 
coremioides 270, 284-287, 292, 312 
dus.sii 270,286,287. 292. 312 
microcarpus 270. 312 
pachycaulis 270.285,292,312 
poltisunica 2 70 
rubiformis 270, 28.5, 292, 312 
simK>Sa 270, 273, 287, 292 

Sclerostilbwn 
sepfefllrionale474 

Sculellospor> 270,271, 275·280, 282,285, 
289·295, 298-300, 302-310,3 12 

alborosea 270 
aurigk>bca 270 
e.alospor> 270,301 , 303, 304 
coralloidea 210.299.310 
dipapillosa 270. 298. 299 
dipuiJ'Ire<eens 279 
erythropa 270,284,296.302.310 
Mgida 270, 303. 304 
gilmolci 270 
gregaria 270, 299 
he<emgama 270, 290. 296, 299, 301. 302. 

306 
minuta 270,310 
nign270.299 

pdlucida 270, 273, 284, 292, 294, 298, 
299. 301, 302, 304,305. 310 

persiea 270. 299 
rcticulu 270,310 
savamicota 270 
lricalypca 270,310 
verrucosa 270, 290, 299. 304 
wen:subiae 270. 296, 298 , 303, 304 

Sep<oria262 
ScptOriella 22, 61 , 62 
Sigmoidea 344 
s•ynea 2. 18, 64 

mitschkei 64 
lhallophila 62, 64 

Sordaria 
bosc:nsis4.53 

Sphaerellopsis 
fdum 11.5 

Sphaeril 
lep<ostylal76 

Splucroaus 271 
Sphaeronaema 

caespitoswn 47, 48 
lycopcrsici 136, 140.478 

Spiniger 325. 332 
mcineckeUus 332 

Sporidesrnium 161, 166 
Sporoduix 453 
SI>Chybottys 223 

ana 224,225 
Stemonitis 

axifera384 
fusca 384 
hyperopta 384 
pallida38S 
smithii 38~ 

Slemphylium 
bolryosum224 

Stilbclla471,474 
Stilbowlasnella 474 

conidiophora 474 
Stilbum471 

ochroleocum 471, 472 
Sympodiophor> 369 

didyma 371 
polyporicola 369 
stcreicola 369, 371,373 
·~ 369-371,372, 373 

Taeniospora 344, 348 
d<scalsii 339, 348. 350 
gracilis 339,343.347,348 
var. enecta 339, 344, 348, 349 
var. gr>cilis 339, 348, 350 

nas1rera 339, 344-346 
1bccaphon 249 

m:lrosacina 249·251 
- 245, 149,250 
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Thcisscnia 454 
Triblydium 

hysterinum 56 
Trichia 

c:ontona 383 
favoginea 382, 383 
varia 384 

TricOOdcrma 224 
Trichope2iza 

effugiens 68 
eximia 356, 363 
marchica 355 

Trigonosporium 31 
Trochila 2. 18 

thallophila 62-64 
Trybl idic:Ua 50, 52, 53, 55 

elevata55 
fusca52 
hystc:rina 53.55 
inscuJptum 55 
rufula 36. 37,50-52 

var. fusca52 

Ulocladium 223. 224 
altemariae 224, 225 
botrytis 224 

Unguicularia 
hamatopilosa 34, 35 

Unguiculariopsis 1· 8, 10-13, 15, 16, 18, 19, 
21. 24. 25. 28. 31. 32. 39. 42. 46. 49. 
55. 51. 65·15. 85. 86. 97. 101 

ace:rina I, 8. 13. 15-17, 22-24, 26. 35,59 
adiron<la<mslsl. 8. 10. 15. 11·18. 22. 24· 

26 
..........-I . 8. II . 15·11. 21 . 26·28 
dlmorpho I. II. 15· 18. 21. 28. 30. 31.42 
&Q<Ironikolo I. 8. 15. 16. 21. 32 
hamatopilooll. 16·18. 22. 24. 34.35 
hystcrigcna 8. II, 15- 17, 2 1, 36, 37, 40, 

49. 51 . 52 
ilicincola 1. 2, 4-6, 8, It, IS-17, 20, 2 1, 

28. 36. 3840. 46. 52. 55. 51 
var. au.straliensis26 

infund.ibulifonnis8,11- 13,15- 18, 21,30, 
31.4042.49 

1\ida 1. 8, 10. 15-17. 21, 44 ,45 
,...- I. 8. II. 15. 16. 18. 21. 31. 42. 

46. 41.49 
ravenelii 10, II , 15-18,21,32, 37.40. 52, 

55 
subsp. - 1. 9. 13. 15. 21. 53. 54 
subsp. l'll.vcnelti 8, 13 , 15. 17. 21 , 49,51 

refunl 1, 4, 9, 15-11, 2 1, SS -57 
roberJ<I 1.15.16.18. 22. 24. 57. 59. 61 

subsp. coo1orny<e11a>1 1. 9. 16. 22. 25. 
59.61.62 

subsp. robergei 9. 17, 22 , 57 , 58. 61 , 62 
lhalloptilo I. 1. 9. 15. 16. 18. 21. 59. 62· 

64 
Unguiculclla 2, 6, 7, 18, 59.65 

888"'SOUl 65 
robergei 6, 57, 59.61 

Urodo 155 
mUinae 143, 154, 159 
stenouphri 118, 119 

Uromyces 157 
aristidae 151 
c1ignyi 154. 155. 157-159 
hypont>eniae 156-159 
h~ 143. 156. 158. 159 
setariae-italicae 115, 118 

Ustilago 
caricis247 

Velutarina iOI 
VcnlUria 234, 235 

aoerina234 
C21p0Phila 234 
pirina 234 

Xanthomaculina 169. 114 
namakwa 174 

XantOOpannelia 169, 174,410 
exonwa 1fR 

Xylohypha 234 
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86 
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